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6 Pu dién cuc di kem pu héa hoc


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

1 Hé dién hdéa va phan ung dién cuc

= Giao dién dién cuc/dién ly

Pién cuc: dan dién dién t& — kim loai rén, 16ng (Hg, hdn héng),
ban dan (Si, cac oxid) ..

Pién ly: dan dién ion — dung dich trong nudc hodc dung moi
khéng nudc, mudi nong chay, polymer dan ion (Nafion, PEO-
LiCIO,),.. Pién ly ran (sodium B-alumina...)
diéu kién: dién tré nho.

Phan ¢ing chung bang téng 2 ban pu déc lap.

b/c c6 ban pu dugc quan tam: d/c lam viéc (working electrode).

D/c c6 thé khdng dbi: d/c so sanh (reference electrode)
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Cac murc nang luong

= Mdrc chan
==9 Mdrc khéng
trong

> Mdrc

S Mkc 14p \HOMO Fermi [

- day
- —

Nguyén to Mot phan tw MOt phan tr Vat lieéu khoi

nho &N
Tinh chat héa hoc dwoc quyét dinh b&i trao déi dién tir
chuyén d&i ttr mirc day — trong.

Mdrc Fermi trong KL giong nhw mirc HOMO trong 1 phan tir +

4
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MUrc Fermi

« quan tdm dén & & gan ranh gidi lap day/trong.

« M4i vat liéu c6 mdt sy phan bb cac trang thai nang lwgng — murc
Fermi khac nhau.
* Trong pttr, cac mirc LUMO va HOMO xac dinh, nhwng trong

KLc6 rat nhiéu trang thai xung quanh mdc Fermi

Nang ’ E = 0 (mtc chan khéng)
lwong toi
thiéu can Er (Fermi)
thlet de Er (Fermi)
tach e
KL 1

e Dién tlr cang nam gan mdrc chan khéng th| cang lién ket yéu
v&i khoi vat liéu 5
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Thé — Thudéc do nang lugng cua dién tu trong

dién cuc
n Tiéu phan
bién cwc o,
T hoat dién S
Thé dién
cwc E ng
voi khong 4—LUMO
co dong Fermi level >
electrons (number |
of «| €lectrons
of the —~ ~
electrons) :H: of the
metal species S

Mdrc Fermi trong KL giong nhw mirc HOMO trong 1 phan tir

6
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@ Bién cwc | Dung dich bién cwc | Dung dich
>
™
Vacant
‘ MO |
Thé A
Energy level
of electrons
1 | Occupied |}
T Mo n

Khi thé d/c dich vé am so v4i gia tri thé E.-,, NANg lugng muc
Fermi tdng l1&n va c6 dong chuyén ddi é cla dién cuc vao van
dao tréng (LUMO) cula tiéu phan hoat dién S trong dung dich.

Xayraqtkhi: S+é—S-
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bBién cwc | Dung dich bign cwe | Dung dich

Vacant

MO

Energy level
of electrons

l ;
v

@ ]‘ Occupied el e

)
| MO |

N&ang lugng muc Fermi giam di khi dat mot thé dién cuc
duong han gia tri thé E,_,, ti€u phan hoat dién S cé thé nhudng
é tt HOMO clia minh cho dién cuc.

Qt oxyhdéa xayra: S-é— St
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Kha nang trao doi dién tir trén ranh gi&i d/cwe/dddly
Thé dat vao dién cuc KL

chi phéi nang lugng clia é

trong KL.

Thé ©,

leerd

|

pién cwe  Chéathoat dién S /

Fermi level

electrons
of the —F

metal

Mbi cap S/S-va S+/S c6 mot gia

(number
of
electrons)

_ M

LLIRO

L HOMO

ele-::lmrrs
of the
spacies 5

tri thé dac trung cho can bang
tuong Gng, thé cdn bang E_,,.
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N Oxyhéa: & “dd” — d/c

Fermi

Fermi

L~ LUMO

- S0MO

Qt Khor: € d/lc » “dd”

's

evel

m+
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Td: Xem xét qua trinh khu:
S+e—> S

Tang dan thé dién cuc vé phia &m dén mot ltc nao doé sé dat
mot ngudng:

v am hadn gia tri nay thi dang khi& S-1a dang bén trén bé mat
dién cuc,

v dudng hon gia tri nay thi dang oxyhda S la bén.

Gia tri ngudng nay dudc xem la thé tiéu chuan cta cap S/S-.

10
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AG®

S—»S8+6€" S+E€—»S§"

>

Toa do phan trng

Bién thién ndng lwong tw do theo tién trinh phan trng cho hé:
S+é=2S- taigia tri thé cadn bang E_,

11
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AG®

S+C™—§"

fo=
Toa do phan trng

Bién thién ndng Iwong tw do theo tién trinh phan teng cho hé:

S + & = S~ tai gia tri thé dwong hon E_,
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AG®

S—S+€°

Toa do phan wrng

Bién thién nang Iwong tw do theo tién trinh phan &eng cho hé: S
+ & = S~ tai gia tri thé am hon E_,
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Pbién ti trong KL chiém linh mic Fermi (giai hoa tri ~ HOMO),
Thé dat vao dién cuc KL chi phéi nang lugng cua é trong KL.
Khi thé d/c dich vé phia am (so vdi gia tri thé khi dong = 0,
E,_,), ndng lugng muic Fermi tdng Ién va c6 dong chuyén ddi
e cla dién cuc vao van dao tréng (LUMO) cua tiéu phan hoat
dién S trong dung dich. Xay raqtkhti: S+ e —» S-

Tuong tu, nang lugng muc Fermi giam di khi dat mot thé dién
cuc duong hon E,_,, tiéu phan hoat dién S c6 thé nhudng é tu
HOMO cla minh cho dién cuc. Qt oxyh6éa xayra: S-¢€ — S+
Moi cap S/S- va S+/S c6 mot gia tri thé dac trung cho can bang
tuong ung, thé tiéu chuan Ee.

14
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H¢ thuan nghich H¢ khong thuan nghich
Zn (kI) / Zn?* (dd) Zn (kI) /' H,SO, (dd)
Bptranod: Zn (kl) = Zn?* (dd) + 2& |, Zn (kl) > Zn* (dd) + 28

Bptr catod: Zn?* (dd) + 2& — Zn (kl) l.  2H*(dd) +2& — H, (k)

Thé can bang: E, Thé dung, nghi, 6n dinh, in mon,
EI:O \ (Ia)Ecb (Ic)Ecb Ech ~ 0 (Ia)Er (Ic)Er » ler =
Bao toan dién tich Bao toan dién tich
Bao toan vat chat KHONG béo toan vat chat

Trang thai cin bang Trang thai dung, 6n dinh, ...

15
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— Puong cong phan cuc — dudng cong Dong - Thé

Chi c6 thé do hiéu thé binh: hiéu dién thé gilia cac dién cuc
1V =1J/C:thudc do nang lugng lam é chay trong mach ngoai
giia cac dién cuc.

Bb/c ¢6 ban pu dugc quan tam: d/c lam viéc (working
electrode).
P/c co6 thé khdong doi: d/c so sanh (reference electrode)

16
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Pién cuc so sanh

= B4n pin c6 th& khdng déi c6 thé s dung dé lam déi chiing cho
cac phép do thé.
* Yéu cau: thé én dinh — déng trao déi (i,) I6n
= Ché tao tU céc vat liéu bén, dé ki€m va dé dang s’ dung.
= Khéng doc hai khi st dung cho cac hé sinh hoc.
= Kich thudc va khéi lugng phu hgp, c¢6 vé boc dé cé thé sl dung
ngoai hién truéng.
= C6 nhiéu loai:
- Hydrogen tiéu chuén (Standard Hydrogen Elctrode -SHE)
« Bac — clorua (Ag/AgCl)
 Calomel : nhiéu loai, théng dung nhat la d/c calomel bdo hoa
(Saturated Calomel Electrode - SCE)
 Cac dién cyc so sanh ky thuat (Cu/CuSQ, , ..)

17
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Mot s6 d/c so sanh thong dung

Tén Cau tao d/cuc E, V (NHE)
SCE Hg/Hg,CI,/KCI bh + 0,241
Calomel Hg9/Hg,Cl,/1M KCI + 0,280
Sulphat Hg |Hg/Hg,S0O,/K,SO, bh + 0,640

Hg/H9,S0O,/0.5M H,SO, + 0,680
Oxid Hg Hg/HgO/1M NaOH + 0,098
Bac Clorua | Ag/AgCI/KCI bh + 0,197
Sulphat Cu |Cu/CuSQO, bh + 0,316
Zn/nuéc bién | Zn/nudc bién - 0,8

18
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Xét dinh tinh mdt dudng cong dong-thé:

Pt

Nguon dién

©

Chua bat nguén dién,
do hiéu thé — thé mach
hé (OCP, thé nghi, thé
dong bang khéng,..).

Chu y: hé bén khéng
thuan nghich do:

- d/c Pt/H+*,Br- khéng
thuan nghich,

- du d/cuc Ag/AgBr/Br-
thuan nghich:

AgBr +é < Ag + Br-
E°=0,0713 V (NHE)

19


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

Dong

PU Khit H*
trén Pt bat

dau
\ A

D. anod

Pu Oxy héa Br-
trén Pt bat dau

D. catod

NGi nguon dién, dat thé
am hon vao d/cuc Pt:
PU dau tién xay ra trén Pt
sé la:

2H*+2e > H,
Chiéu clla dong é : tu
d/cuc sang proton trong dd
— dong khu (dong catod)

Trén d/cuc AgBr xay ra pu
oxy hoa:

Ag + Brr > AgBr + e
VGi dong vua phai, thé
d/cuc AgBr hau nhu khéng
déi ([Br]l=1 M)

(Epy vs. NHE = Hidu thé + Exager = Epy vS. Ag/AGBI + 0,0713 V)

ongThanCong.com

20
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Pat thé duong hon vao d/cuc Pt: & chuyén tu pha dung dich
(qua ranh gidi) vao dién cuc, xay ra p’ oxy hda :

2 Br--2 e > Br, dong oxy hda; dong anod (CD)

Trén d/cuc AgBr xay ra pu khu: AgBr + é — Ag + Br-

V&i dong viia phai, thé d/cuic AgBr hau nhu khdéng déi vi thanh
phan giao dién Ag/AgBr/Br (hoat do clia ching) hau nhu khong
doi.

(chu y: Pac diém cla d/cuic so sanh |a thé dién cuc khéng déi
khi c6 dong nho di qua).

Poan AC: Gidi han nén, ving thé chua xay ra phan Ging d/cuc

21
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Hé 3 dién cuc: do thé chinh xac han (gidm thay doi thé

BATTERY

cla d/cuc so sanh khi cé dong di qua)

POTENTIAL | (POTENTIOSTAT)
CONTROLLER

Ci AMMETER

—

VOLTMETER

@
)" |
@j\

Pién cuc déi (d/cuc phu tro)

AE: auxiliary electrode hoac
CE: counter electrod

22
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source of emf ammeter voltmeter

OO

| Dién tich AE (CE) >>
| dién tich WE

reference electrode

counter (auxihary)

electrode
working electrode

electrolyte

23
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Mao qudan Luggin: giam sut thé gita WE va RE

POTENTIOSTAT

RE

LUGGIN CAPILLARY
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1.2 Qua trinh faraday va non-faraday

a) Qua trinh faraday

= P kém theo su chuyén ddi @ qua giao dién dién cuc -
dung dich (pU oxy héa hoac kh).
= Tuan theo d/l Faraday.

25
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bién lugng qua hé: Q (C) ; Dong | = dQ/dt; mat dé dong i = I/A
1 C tudng duong 6,24.10'8¢é (g, = 1,602.10-1°C).
b/l Faraday: Q=n.FM

F =96485 C qua hé — 1 mol pu’ don-é xay ra trén d/cuc.

M — s6 mol phdn tng; n — sd é trao doi; | — cuong do dong

v - toc d6 phan tng : mol/(tho1 gian.dién tich); 1| — mat do dong; A — dién
tich d/c

dQ | dM
—=—=nF.—=nF.v i —
Adt A Adt '=nkv

Mat dé dong qua mach ty 1é thuan vdi téc dé phan uing dién cuc

26
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b) Qua trinh non-faraday

Trong mot s6 diéu kién, tai giao dién dién cuc-dung dich cé
thé c6 mot ving thé ma tai dé khédng xay ra pd chuyén dién
tich, do yéu t6 nhiét dong hodc dong hoc (thi du doan AC
cho d/cuc Pt/HBr: 0—-1,0 V vs. AgBr).

Qt : hdp phu, giai hap, thay déi cau tric giao dién d/cuc-
dung dich khi th& hodc thanh phan dd thay déi.. - qf khéng-
faraday.

Tuy é khédng chuyén ddi qua giao dién nhung van cé mot
dong di trong mach ngoai khi thé, dién tich dién cuc hoac
thanh phan dung dich thay déi.

27
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Khi hé dién héa, dong qua mach bang téng cua
dong faraday va dong khong-faraday.

Phan tich chinh xac Giam dong non-
> Tbc d6 phan tng dién cuc ~ faraday
Nghién ctru 16p ke
> S RO” > Giam dong faraday

Hap phuy

28
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I1.3 Qua trinh non-faraday va tinh chat
cua giao dién dién cuc — dung dich

11.3.1 Dién cuc phan cuc ly tudng

1.3.2 Ranh gid&i dién cuc — dung dich. L&p dién
kep

11.3.3 Dién dung I6p kép va dong tich dién trong
phép do dién hoa

29
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11.3.1 Dién cuc phan cuc ly tuéng

Pién cuc phan cuc ly tuéng: IPE (Ideal Polarized
Electrode)

Td: Hg/KCI dudi O, c6
Hg + CI- > %2 Hg,Cl, + € ~+ 0,25V vs. NHE
Kt+ée - K(HQ) ~-2,1V vs. NHE

Trong vung thé& gilia cac qué trinh nay sé khdéng c6 pu chuyén
dién tich ndo dang ké : giéi han nén réong khoang 2V — IPE
(PG H,O + & > %2 H, + OH- vé nhiét dong hoc c6 thé xay ra
nhung véi mot toc do rat cham trén Hg, trd khi dat mot thé rat

am,). A
Nhé)c lai: B/c KHONG phdn cuc ly twong

30
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P/c phan cuc ly tudng (IPE)

Dong hau nhw = 0 khi thé thay
d6l trong mot khoang rong.
Nghién ctru I&p keép

Phan tich dién hda

CuuDuongThanCong.com

P/c khong phéan cuc ly tudng (IRE)

Thé& hau nhu khdéng déi
Cac d/c so sanh

Thwong co thé nhé : dlc H,
, bac-clorua, calomel,...

31
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O dk can bang dong téc dd pt thuan va nghich bang nhau

Ox + ne 2 Red

(ia)cb = - (ic)cb = io » Nigng = ia T ic =0 tiE=E,

|, — mét dé dong trao doéi = mat do dong anod riéng phan (ban ptr
oxy hoa) & méat dd dong catod riéng phan (bén ptr khiy) tai thé can
bang E_,

i, cang I&n thi toc dé ptr can bang cang I&n (nang lweng hoat
hoa dién héa cang nhd) — cho biét khd nang xuc tac hodc kim
ham cla vat liéu dién cwc doi véi mot pur.

32
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—(AG, — anFAD)

=(ia) g = NFK,.CRreq EXP

o RT
_ —(AG. + SnFAD)
, = (i), =NFK,.C3, exp C = ch
|, phu thudc vao: Xac dinh i

- ban chéat pw

- ban chat va thanh phan dién cuc
- thanh phan va néng do dung dich
- cau trac 1&p kép (hap phu,...)

- nhiét do, ...

- cac pp dién hoa
- cac pp phan tich
- pp hguyén t& danh dau

i, ddc trueng cho 1 pir d/c don trén 1 d/cwe trong 1 dd cu thé
0 33

33


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

Thi du: 1, ptr thoat khi Hydro & 25°C trong mt acid

potential / V

H* + &= H

Hg - Fe

106

W W W

103 10 |

log (current density) / (A m™)

34
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I, cho mét so plr & 25°C

P b/c |Dd l,, Alcm?
Ag*/AQ AgQ AgNO; 10% 1,1.10~2
Cd#*/Cd Cd CdS0, 1M 2.102
Fe2*/Fe Fe FeSO, 1M 5.10°°
Hg,2*/Hg Hg Hg,(NO3), 2.10° M 0,5
HY,(ClO,), 2N 15
H*/H, Hg |HCI H,S0, 7.10-13
H*/H, Pb  |HCI, H,S0, 5.10-12
H*/H, Pt HCI > 0,1

35
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11.3.2 Ranh gigi dién cuc — dung dich. L&p dién kép

LSp khuéch tan
104 — 10" A

b/c Q@O OO
Noye  O®

SOLUTION

@®®5 ® O

@ @ - Bé sau dung dlchl

Vi gt non-
faraday —
dién tich
khoéng thé
chuyén qua
giao dién cla
IPE khi thé
dat vao thay
déi nén giao
dién dién
cuc-dung
dich tuong
duong nhu
moOt tu dién.
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bién tich (q) va dién dung I&p kép (C,)

c_d
Xe E

| T Pon vj : fara (F)
1F=1C/N

Td: dat 1 nguén 2 V qua 1 tu dién c6 dién dung 10 pF, thi sé
c6 1 dong chay trong mach cho dén khi lugng dién 20 uC tich
tu trén cac ban cua tu dién — dong tich dién.

(Cudng d6 dong tich dién phu thudc vao dién tréd cia mach.)

Giao dién d/c-dd c6 tinh chat giébng nhu tu dién: Iép dién kép

37
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SPECIFICALLY ADSORBED
ANIONS

9u = - qs

-gy - Mat do dién tich
trén d/c. Tap trung &
I6p mdng (< 0,1 A)

3&
35

SOLUTION
- O3 q° C%g - s : Mat do dién tich
= pha dung dich; rai ra
q trong toan bd bé day
X1 Xz IGp kép

[HP OHP

MO hinh I&p kép khi cé anion HPDB

C, phu thudc vao thé E dat vao

38
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ELECTRODE IHF OHP

BULK OF SOLUTION

| ]
'[I)Sﬂl I 1
A= mmpmmp=—==

- - -

>

2 DISTANCE FROM THE
ELECTRODE SURFACE

g
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Cac tinh chat cua 16p dién kép déu phu thudc vao cau tric
16p kép:

- Hap phy

- Pién tich trén bé mit dién cuc / Dién thé dién cuc

- Thanh phan dung dich, nong d6 dung dich,...

— Anh hudng quyét dinh dén toc do phan trng dién cuc tai
mo1 gia tr1 thé dat vao.

40
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Phuong phap nghién cuu Iép dién kep

- Nhém phwong phap “truyén thong”: pp duong cong
dién mao quan, pp dudong cong tich dién, pp dudng cong
dién dung, .... Tk y > q, C, hap phu ....

- Nhém pp “hién dai”: tong trd, quét thé (vong, tuyén
tinh ...), .... Tk C —> q, v, hap phu,...

- Két hop véi cac pp pho nghiém (in-situ hodc ex-situ):
IR, Raman, quang dién, chup anh bé mat, ...

- Pp nguyén tir danh dau (dong vi phong xa)

41
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3.3 bién dung I6p kép va dong tich dién trong phép
do dién héa

2 e ob Xét hé g(“Sm 1 IPE va IRE. M6t cach
gan dung :
1 C, R, SCE
= a{[—NA—— b
Hg Do:
= 3
KCI dd Y SCE Co R E.p, ~Ec + Eg

bién cuc phan cuc ly tudng (IPE) c6 C, tuong doi nhd

B/c thuan nghich ly tudng IRE (khéng phan cuc ly tudng) cé C

rat I6n — d/c so sanh. "

ongThanCong.com https://fb.com/tailieudientucntt


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

a— A , | Hé RC phan ung thé nao
déi voi cac bién thién dién
dat vao?

Cyq=f(..,E,.) q=C,.E.

a) KT budc thé (Potential Step) bieén do E khong ddi

Apnlied

E’[ | (3 t=0:9=0;0>E

E Gili E khéng déi, do | theo ¢ (thdi gian)

g
E=E.+E.=IR +—
, , R C S Cd
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KT budc thé (Potential Step) bién do E khong ddi

9
E:ER+EC:|RS+C—

d

I-t ? IRS:E—i

Cd
dqg dq g E
Thay | = — — =— + —
i dt dt RC, R

Dk bién:t=0,q=0

giai — q, [y viphan | _E t/IRC,

44
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KT budc thé (Potential Step) E = const

I giam theo thoi gian t
E -t/RC, giam theo thoi g
| =—o¢ theo ham sé mii.
Rs Hang sé thdi gian:
Resultant (;) T = I:‘S(:d
Ir = 37% Io ; I3r = 5% Io
T_d: RS — 1Q, Cd — ZOMF, E=1V > =
20 us

L&p kép tich di€én dugc 95% sau 60 ps.
Sau 60 ps |, rat nho va o6n dinh

T=RCs f Xld: R, ; C,

Dong tich dién 16p kép (gt non-faraday): giam nhanh theo tho1 gian
45

ongThanCong.com https://fb.com/tailieudientucntt


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

b) KT buoc dong (Current Step)

Tich dién cho mach RC béng dong | khéng déi, do E — ¢

t
Thay q=I|dt=|J'dt véoE:ER+EC:|RS_|_i
0

d
bugc:

t
| t
E:IRSIC -(!;dt hay E:I(RS IC )
d d

Thé tang tuyén tinh theo thoi gian!
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Applied
(i)
KT bucdc dong (Current Step)

| khéng déi, do E — ¢

Resultant (E)

Xld: R, ; C,

47
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c) KT quét thé (Potential Sweep)

Quét thé tuyén tinh: ti mot gia tri thé ban dau, thé dat vao tang
tuyén tinh theo thdi gian. Do dong | theo théi gian (hodc thé).

Gia st E,_, = 0; toc d6 quét: V (V/s) - E,= V.t
V&i mach RC :

E-E.+Ec=IR+2-  vt=R(dq/dt)+q/C,
d
Giai pt véi dk bién: t
| =VvC,|1—eX
tait=0c6 q =0 thi: d[ p( RSCd )]

Rt ra:
[I=0—->1=0

t=00—)I=VCd

Dong tang theo t (hoac E) theo ham
mii va dat tri khéng déi vC,khit — o

48
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¢) KT guét thé (Potential Sweep)

E

Né&u hang s6 thdi gian T << V;
(7 = RCy)

Applied E(1) Thil = VCdZ do d(‘)ng tuc thoi

| | . ¢6 thé xéac dinh sy phu thudc

@ : " cla C,theo E.
o Resultant ¢
i A
d Ildt
Cd — —q = —
t=0w—1=vC, v dE dE
| { . NéudE = 1V thi : Cy=Eldt

t

(b)
C = luong dién tich can cho tu dién dat 1V — dién tich gi61
han béi1—thay (I—E) vo1i AE=1V).

49
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c) KT quét thé (Potential Sweep)
Quét thé tam giac (vong):

t mét gia tri thé ban dau E_, E, = E_ + vi, dén E, thi quay vé:
E, =E, - vt. (f- forward; b — backward; E, - vertex potential)

Véi hé c6 C, khong doi

Applied E
Y
E Slope = —v Resultant [i = f{E)]
t [~ UCd
; Y |
A E E
L T Resultant [ = £(#)] — A
UCd [ _UCd
. Y } Y
: A t
— —Ucd
| ¥ | — E
| — 1

50
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1.4 Qua trinh faraday

I1.4.1 Phuwong phap dién héa va cac bién thién
trong hé dién hoa

11.4.2 Cac yéu t6 anh hudng dén téc do phan ung
dién cuc va dong

51
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I1.4.1 Phwong phap dién héa va cac bién thién
trong hé dién héa

Trong cac phép do DH:
- gili nguyén mot s6 théng so;
- ki€ém soat mét (vai) théng sé (tin hiéu kich thich);

- do su bién thién cta théng s6 quan tam (phan hoi) theo
sy thay déi ctia théng sé kich thich.

Td: phép do dién thé (potentiometric), gili | = 0; xac dinh E
theo C.

Thudng E dudc quyét dinh bgi t/c nhiét dong clia hé

Nhiéu théng s6 (m, A, chuyén chat,.. ) khéng anh hudng
truc tiép 1én thé E.

52


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

Bién sé
Pién cuc

Material
Surface area (A)

Geometry

Surface condition \ A

Bi€n sd chuyén chat

Mode (diffusion,
convection, . . .)

Adsorption

Surface concentrations

Bién sd dung dich

Bién s6 bén ngoai

Temperature (7T)
Pressure (P)
Time ()

Bién so Dién

Potential (E)
Current (i)
Quantity of electricity (Q)

Bulk concentration of electroactive
species (Co, Cg)

Concentrations of other species
(electrolyte, pH, .. .)

Solvent

CuuDuongThanCong.com
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a) Nguyén tic chung

Kich thich — Hé ——— Phan hoi

b) Phé nghiém , \
) ghie D6 hap thu, néng do, ..

’ Q—-A——:m— e O £ /\/\

Lamp-Monochromator Phototube
A P Optical cell A

with sample

L1

c) Phép do dién hoa
N NDH;

Q déng hoc,
E ' . \
Power

phan tich
supply L &I
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V (mol.s™.cm™) = ﬁ = LF (i = Alcm?)
n n

Trong nhiéu phép do dién hda, thuéng xac dinh dong nhu mot
ham cula thé: thu dugc cac dudng cong dong thé (I — E).
M6t s thuat ngli quen dung:

- Su phan cuc : hién tugng thé Iéch khéi tri can bang khi cé dong
faraday di qua mach.

- Mtic d6 phan cuc dugc xac dinh bdi qua thé (n):
hay

- Budng cong | — E: dudng cong phéan cuc.
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4.2 Cac yéu té anh hudng dén téc doé phan
ung dién cuc va dong

O+neoR

Noéi chung, dong (toc do pu d/c) duge quyét dinh bdi tdc do cla
cac gt nhu:

1) Chuyén chat (td: O tu khdi dd dén bé mat d/c, ...)

2) Trao déi dién ti trén bé mat d/c (chuyén d/tich)

3) Cac pu hh di truéc hodc sau g/d trao dbi dién tii: cé thé 1a qt
dong thé (td: proton hda, polymer héa,..) hay di thé (td: phan
hiy cé xuc tac) trén bé mat d/cuc.

4) Nhiing qua trinh bé mat khac nhu: hap phu, giai hap, két tinh
(dién két tinh).

Mot sé qt c6 téc dé phu thudc vao thé (td trao déi dién tu trén
bé mat d/c hay hap phu, ...)

56
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. Khoi dung dich
Vung giao dién dc/dd (bé sau dd)

Pién cuc

|
. i
Chen?lcal ! Mass
reactions !

i

Qt _
trao 4 P& héa i Qt
. hoc di kém | chuyén
dien 1 ! / chat
tich !

Chemical |

reactions i

https://fb.com/tailieudientucntt
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Céc pU d/cuc don gian nhat chi bao gobm g/d (1) va (2): g/d
chuyén tac chat dén d/c; g/t di thé trao dbi € gilia d/cuc va céac
ti€u phan khéng hap phu, gt chuyén san pham vao khéi dd.

Td, pit khit 9,10-diphenylanthracene (DPA) thanh gdc¢ anion trong dung mdi khong
nuGc (N,N-dimethylformamide):

DPA — DPA-

Tuy nhién, thong thudng cac pu d/cuc rat phic tap va bao
gdbm mdt chudi cac giai doan trao déi é , proton hda, cac pu
song song, cac bién déi trén bé mat d/cuc, ..

Tai mbi gia tri Thé, khi trang thai diing dudc thiét 1ap, téc do cla
tdt ca cac giai doan noéi tiép déu nhu nhau va dugc quyét dinh
b3i t6c dd clia giai doan chim nhit.
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Moi gia tri mat dé dong, i, ing v3i mot gia tri qua thé n,

Qua thé& tong co6 thé xem nhu 14 tdng cac quéa thé thanh phan lng
v3i moi giai doan cla pu: 1, — qué thé chuyén chat; n, — quéa thé
chuyén dién tich; n,, — qua thé do pu hoéa hoc, ..

| Mmt Mot Mou
%
AN\ AVAVA A
Rmt RCZ‘ Rpl]

P d/cuc cé thé mo phong bang 1 mach cau tao tu cac dién tré
(tré khang) tuong Ung véi nhiing g/d khac nhau cua pu: R, R, ..

G/d nhanh ung véi R nho; g/d cham ung véi R I6n.

Khéac véi cac thanh phan dién théng thudng tat ca cac tré khang
R mo6 phong hé dh la ham cua E hoac | tri khi E va | dao ddng vdi
bién d6 rat nho
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Pién tréd cua hé dién hoda
Xét hé gom
: Td: SCE/KCI/SCE

Pac trung | — E gidong nhu clia mét dién tré don gian vi chi cé
dién tré dd can tré dong dién.

Hg/Hg,Clo/KY, CI'/Hg,Cly/Hg———

E

appl || 1 /_\
i (D

Eappl

Ideal electrodes
------ Real electrodes

e

Hé gém 2 d/c khéng phan cuc ly tuéng dugc ding dé do R cua
dd.
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bién tré dd R, co tinh chat clia dién tré thuan tay.

Trong hiéu thé E phai tinh ca sut thé do dién trd thuan, iR,
Egatvao = Ewe - 1As = Eywg, op + 7 - IR
Giam dién tré :
- Chat dién ly nén

- Giam A — vi dién cuc

- Mao quan Luggin
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Working
electrode
Auxiliary electrode

Ref

Y

62
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« Budng kinh mao quan Luggin dthi x,, = 2d
* (tranh hién tugng shielding)

P/cyc phang: R, =

u

X/cA (R=p|—; p=£; I=X; S=A)
S K
S vs b 1 X
Bb/cuc cau ban kinh r,: R, =
Arrr, \ X+T,
1
(Ru )x:rO :E( u)X>>rO

R, - Dién tr& khéng bu trir (uncompensated resistance)
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1.5 Phan Ung kiém soat bdi chuyén chat

I1.5.1 Cac cach thiic chuyén chat
11.5.2 Chuyén chat trong trang thai diing

11.5.3 Yéu té thgi gian

64


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

Phan Ging kiém soat béi chuyén chat:

v'Ban pu chuyén dién tich (dj thé) - nhanh
v'Céc pu hoa hoc (déng thé) di kém — nhanh

> Pu hoa hoc di kém & trang thai can bang.
> Nong dé bé mat clia chat hoat dién tuan theo pt

- Nernst.

> T6c dd pu d/cuc = t6c dd chuyén chat hoat dién
dén bé mat d/cuc (hoac chuyén sp ra khéi bmdc).

% nFA nF
PG thuan nghich, “phan tiing Nernst”

65
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11.5.1 Cac cach thiic chuyén chat

« Chuyén chat xay ra do su khac biét vé dién thé&, hoa thé&
hoac do c/d cla khoi chat 16ng:

v Dién di: c¢/d clia hat tich dién dudi tac dung cla dién
trudng (gradient dién thé).

v Khuéch tan: c/d clia hat dudi tdc dung gradient hoa thé
(gradient ndong do).

v’ Déi luu: c/d theo dong chat 1dng — doi luu tu nhién
(gradient ty khoi..) va doi luu cudng btic.

— dong chuyén chat
— s mol hat i qua 1 dv dién tich (1 cm?) trong 1 dv thoi gian (1 gidy)
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Dil’f-L',l.-ai_r:rr; > _‘:..- -. J D oC, (X)
I, diffusion I ax

=4

-
=& o . R R A , A, o x o 2
—t_g T e _ 00 @& Ti€u phan hoat dién: tdc chat va san pham
— ]
. —. ..,
* 2 2 8 8

B
—@ @ : B zFDCa¢(x)

_@ LS T —
8"" {L_j_. + Jl,mlgratlon RT 8X

@_:_@ -® Tiéu phan tich dién: tat ca ion trong dd

Convection L

TS| comesion = CV(X)

JI ,convection

L
L
-----'-n---.-l
.
| e
» ®
.
.l
s ®
» ®
9

Moi tiéu phan trong dung dich

AANNNNNNY
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Pt Nernst — Plank : J = Z ]

Khuéch tan Dién di

Doi lru

J; (x)

J.(x) — Tébng dong chuyén chat clia hat i (mol.s-'.cm2) tai khoang
cach x tinh tu d/cuc; (phwong x: phwong vuéng goc véi bé mat dién cuc).

D, — hé so khuéch tan cla hat i (cm?/s)

ACi(X)/x — gradient ndng d6 hat I tai khoang cach x;

JK(X)I & - gradient dién thé tai khoang cach x;

v(x) — t8¢c dd chuyén déng clia khdi chéat 1dng theo phuong x.
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Giai pt Nernst — Plank phtc tap néu ca ba cd ché chuyén chat
déu tac dong.

Thudng céac hé dién hda dugc thiét 1ap sao cho c6 thé bd qua
1 ho&c vai cc ché& chuyén chét. Td:

= Giam dién di bang chat dién ly tré (nén) vSi néng do 16n.

= Loai d&i luu bang cach khdng khudy va dao déng.

» Chuyén chat trong trang thai 6n dinh

= Lép kép 6n dinh theo thdi gian

= Chi cé ndng do chat hoat dién bién doi

= C chi phu thuéc vao khoang cach tinh ti dién cuc
= C — E tuan theo phucong trinh Nernst
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Dién di: tai dién qua dung dich, thuc hién boi tat ca cac ion hién dién trong

dd.
| = | S zFDC6¢(x)
iz I’mlgr Jl,mlgratlon RT 8X

Véi 1 dong I qua mach, phan dong dién do mdi loai ion tai (j) ty 1é
thuan vd1 ndng do va linh do cua ion do

- chat dién ly manh : phan ly hoan toan

- tro: khong tham gia pl’r dién cuc (khong khuéch tan)

- nong d6 16n : Gia sanéu C_;, = 100 Cioat dien thi néu ion nén va
hoat dién c6 cung linh d¢ thi phan dong dién do hoat dién tai chi

bang 1/100 so véi dong dién di ciia ion nén —
70
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5.2 Chuyén chat trong trang thai én dinh
(thé dirng)

Xét hé : O+né=R

Binh 3 d/cuc: anod (CE) — Pt, RE — SCE, catod (WE) — Pt

Gia thiét luc dau dd;

Khi xay ra dién phan O, Cs, (x = 0) < C’, trong khoi dd (xa
dién cuc).

Gia thiét khdng co doi lwu — téc do ¢/d clia dd tai x = 0 khong
dang ké.

Lép khuéch tan Nernst co bé day 1a 8,
Cso (X > 80) - C*O
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Cb)

Concentration of Electroactive Substance

O
=

CuuDuongThanCong.com

Distance from
electrode surface

https://fb.com/tailieudientucntt

72


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

Tong quat: Ap dung d/1 Fick dé tim bién thién C, theo X vat — j, i

C =f(x,t) | L
Diéu kién bién: oC [f' ') — i}_{']['E' ) phang
o o=
Co(x,0) = Co* | -
t=0->Co*=Co" ¢ _ (513{’_' 2 aC iU
t>0—Co(0,) =0 o \a2 Tr e
Va Cy(ot) = Co*
. , N R \ oC(x,1)
Tim C =f(x,t) — gradient ndng d6 0C/ox, Thay vao  1(t) =nFAD p
. X
Nhan duwoc pt Cottrell *
‘ NFAD,C,
bé day ktan § = (nDt)¥2 | (t) = T
(7D, 1)

Dong giam ty 1¢ vai {2
73
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Gia thiét chi cé tac dong clia khuéch tan:

VCC ~ (dCO/dX)x=O = DO(dCO/dX)x=O (2)

gt  trong I6p khuéch tan gradient nong do la tuyén tinh
dc, C.—-CS 2) C.—C3
,=const=—2—2%" (3 > V,.=D,—2—2 (4
( I )x<o0 5 (3) e =Po 5 (4)

Do kho xac dinh 55 nén thudng gop né véi Dy thanh mot hé so
don giadn, m,— hé sé chuyén chét, cm/s.
([Dg] = cm?/s; [6p] = cm; mg = Dy/6g )
Thu nguyén nay cé thé xem nhu tuong duong cm3.s'.cm? = thé tich/s.cm?.

(5)
(Td RDE: mg = 0,62D32¢01/2y-1/6)
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P/c cau:

i)

1. Khi Cs = C,/2
2. KhiCs=0

nFADACq(b)

(mDgr) '~

CuuDuongThanCong.com

nbADACh

p

}
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Néu

x i . .
CO>CSO %:mo[co—co] (6)

* i IS *

Csg va Csg phu thudc vao thé dién cuc E theo pt Nernst.
T&c dd chuyén chat I6n nhat khi Cs, << C, (hay CS, = 0) — i,

I = nFmyC*, (8)
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i —i

CS =1—.L (9) Co =

= (10)
C; i nFm,

Cs, phu thudc tuyén tinh vao dong:
Csq = C*okhii=0va Cs,~0khii=i.
N&u dong hoc chuyén dién t nhanh, c6 thé gia thiét néng

d6 cha O va R tai b& mat dién cuc can bang véi dién thé
dién cuc theo pt Nernst:

E=E° - RT InCO
nF C;

(11)

Co6 thé dan ra d/cong i — E cho trang thai diing & nhiing
diéu kién khac nhau.
77
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a) C'r =0 (trong dd ban dau khéng c6 san pham R)

|
Tt (7) — — =M CS (12)
Nk "R

.. ‘ i

i i T (12) > C: CS — 13
CS =t (10) T WFm,

nFmO RS . 1
Co mg (i, —1)
Thay Cg® (13) va C3 (10) vao (11): CS m i
R @)

e R RT (0]
I

Khi | = 1,/2 thi: RT
E,,=E° —In— (15
E, ,- thé ban song Nk Mg
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#1000 —

L1m|t||'|-g_c:urrE;n1 RT m
0t o'
200 E,,=E"———In—2
nF  mg
+B0. 0 —
e Khi mg =~ mg thi E,, = E©
+ 30,0 —
e | L~ O O
1.'?1&1
_ 1 | |

~20.00 —-nlu.z —l:lu.-q —0.5 —(1 B —1.0

E,, khong phu thudc vao ndéng dd, ma déc trung cho hé O/R.
I, ty 1& thudn vé&i nong do tac chat O trong dd ltc ban dau.
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(14) & (15)

RT (i, —i
E=E,6+—In =
1/2 nE ( i j (16)

E - log[(i, — i)/i] 12
dudng thang, do déc
2,3RT/nF

log [(i; - )]

(b)
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b) O va R cung hién dién trong dd ngay tu dau

|
O+né:éR

Can phén biét i ,vai, .: i, ,khiCg#=0,vai_ khiCys=0

l
iL,a = nFmRC*R (17) ) > C; — ‘ aila (18)
S . .

Cff ! 19) 1) | s _ i -]

oN i . °  nFm,
. RT m RT , . —I

FE=F° — In— +—1In _L’C : (20)
nF m;, nF L,
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(=)

DPuong cong phan cuc | — E trong trudng hop
O, R tan va cung hién dién ngay tu dau trong dd
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c) Rkhong tan: Td:Rla KL, ag=1

RT Ncone = (Compltett:

' ration

E=E°+—InC; ( O oatior
Nk

Thay _ .
C. | ‘

(9) : O —1——
Co I
vao (21) :

-, E:EO'——FInCO+—In[|L__Ij (22)
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. . RT .
CB:i=0: %, E=E,=E”+—InC, Pt Nernst
l nk
. RT 1, —I
| ¢O ﬂconc — E|¢0 - ECb (22) —_— Ei;tO — ECb +_In L_
nF I

RT I, —1 S
Neone = ——IN| = (23) Neonc — qua thé nong do

Neonc —> = (Complete Va 1n.onc = © khil =1,
concentration
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2

Phan cuc nho: e* =1+ X+ +...=1+x  khixnhd
. = 2!
24 | N
)= 1_-_:1+—7700nc
| RT -
L - RT 1 25)
conc — -
oo — | tUyén tinh — nk 1,
n RT
m i "™ nF|i|

R_,— co thi nguyén cla dién trd — dién tré chuyén chat

— Chi & qué thé& nhd thi pd d/cuc khdng ché chuyén chat mdéi
giong nhu moét thanh phan dién tré
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5.3 Xét phan hai tuc thaéi (gan dung)

- cac tham so phu thudc vao thai gian

- Td: gt phat trién I6p khuéch tan (trudc khi dat trang thai én
dinh), trong dd c6 khuay hoac khong ..

(4): Ve = DolC o — C31/80(1) (26)

Ap budc thé E, dd chtia O,

v Ph&n Ging Nernst: [O] va [R] thay dbi va tuan theo pt
Nernst.

v Lép khuéch tan la tuyén tinh.
v DO day 1op khuéch tan tdng theo thdi gian.
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Co(x - 0)

I I I I

o(z) olt,) ofzy) d(z,) x
do(t) tang theo thai gian, Thé tich I6p khuéch tan : Ady(t)
[O] gidm dan.
S0 mol [O] da dién phan trong I6p khuéch tan:
AS(t) ¢ ldt
2  JnF
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~[C; —C?2] (27)
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Lay vi phan (27) va thay (26) vao:
Ado(t) | DJA

C:_Cs — C,—C¢ (28)
[Co —Col— 5~ = oF 5(0[0 ol
Hay:
do(t) _ 2Dg (29)
dt o(t)
Vi 3(t) = 0 tai t = 0, giai (29) dudgc : S(t) = 2./Dgt| 0

D6 day I6p khuéch tan tang theo thoi gian ~t"2;

Va: - 1/2

[Co _ Cé] (31)

88


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

Dong tuc thoi giam theo
thoi gian: ~t"?

With convection

No convection

Néu khoéng cé doi luu: dong giam lién tuc
C6 déi luu: dong dat tri 6n dinh, Gng vdi &,
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