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ﬂmpérometrie

» Metoda, pri niz je na pracovni elektrodu viozen
konstantni potencial (na rozdil od voltametrie) a
meri se proud ji tekouci v zavislosti na Case.

» Velikost tohoto proudu v pritomnosti analytu
(depolarizatoru) je mirou jeho koncentrace.

» Konstantni potencial je zpravidla zvolen takovy, pri
nemz elektrodou tece limitni proud analytu.

» Jde o metodu odvozenou od metod voltametrickych a
polarografickych, lze pfi ni pouzit stejné
Instrumentace.
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Transport hmoty k elektrode

> Uéinnost elektrochemické reakce

- difuze elektroaktivni komponenty k povrchu pracovni
elektrody

- prutokova rychlost mobilni faze

Coulometrie
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AI‘W prutokovych metodach

Typy usporadani
- tenkovrstve (thin-layer)
- wall-jet
- wall-tube
- tubularni
» Elektrodové materialy

- ruzné formy uhliku (uhlikova pasta, skelny uhlik,
borem dopovany diamant)

- vzacné kovy (Pt, Cu, Au)

- amalgamy
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Amperometrie v praxi

» Ampérometrické detektory pro prutokové metody
- FIA
- HPLC
- elektroforetické metody

» Ampéerometricke senzory
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HPLC separace aminobifenylu

Chromatogramy smési 2-AB, 3-AB a 4-AB v koncentracnim rozmezi
(2-10).10°° mol.L'! na koloné ChiraDex
MF: acetatovy pufr o pH 5,0/acetonitril/methanol (40/30/30)
Fy =1 ml.mint; E,, = +1,2 V, tenkovrstvé usporadani
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Pr_(acovnl parametry amperometrickych detektoru

>
>

citlivost S = AR / Ac

sum (konstantni slozka — pozadi, vysokofrekvencni
sum, nizkofrekvencni sum, posun — drift, spiky)

mez detekce / stanovitelnosti

spolehlivost méreni — presnost / spravnost — stabilita
a reprodukovatelnost signalu

charakter zavislosti signalu na koncentraci —
dynamicky rozsah, linearni dynamicky rozsah

selektivita

dynamické charakteristiky — prechodova
charakteristika 1



Hydrodynamicke voltamogramy

Tenkovrstvé usporadani
Eyet = +1,2V vs. Ag/AgCl/ 3M KCI

Z2-Ab \ ' '
|, (NA) sl oo (NA) LADAY e ZAB 1 |l (n
4-AB . o 40\ ,
20} s N | | {1200
> .\f 200 300yt i
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0 = * | 10 ()7 : Y Gl )I\v/ *. . 110
500 1000 E_ (mV) 500 00 10001000 Eg (M

Wall-jet

E, =+1,0Vvs. SCE

det

Zavislost vysky piku |, 2-AB, 3-AB a 4-AB (c = 1-10~ mol |I7*) a proudu
pozadi na vlozeném potencialu detekce E .. Mobilni faze acetatovy pufr o
pH 5,0/acetonitril/methanol (40/30/30), davkovano 20 pl; prutokova rychlost
1 ml min-L, 12
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Transport hmoty k elektrode

>

U&innost pracovni elektrody
- je zavisla na elektroaktivni plose elektrody:

- elektrodepozice meziproduktu a produktu
elektrochemicke reakce (aromatické aminy a fenoly)

- adsorpce

Regenerace povrchu pracovni elektrody
- elektrochemicka

- mechanicka (brouseni, lesteni Al,O,)

- tepelna

- chemicka 13
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Mechanismus oxidace aromatickych aminu

-e’ "
NH2 —_— NH2

anilin anilin radikal kationt
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hydrazobenzen

gy

14



"
Shrnuti hydrodynamickych principu
a) Latkovy tok J; slozky I v roztoku

‘]i — ‘Ji,dif +‘]i,mig +‘]i,kon

J. =—D.gradc. —z;Fu.c.orad ¢+ .V
Proudova hustota j; slozky | v roztoku
Ti = Z ZiF(ji,dif T ji,mig T ji,kon)

=-» z,FD,gradc, + xgrad ¢

k=Y 7 Fuc specificka vodivost
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b) bilance zmeny koncentrace slozek nesoucich naboj v Case

M _[‘]i (X+Ax) =, (X)]A
ot
oc,  0J,
ot OX
2
oc =-D 0 ii 2. Fickdv zakon
ot OX e

Celkova bilance

OC. 0°C. ocC.
' =_D | —voradc + z.Fu.grad poradc. + |
- (axz j gad 2 Fugadogadc, +



'LW viiv prutokove rychlostsi

|, (nA) | | | 2-AB o« A (nA:

R e e
./ -

40} /'Q/MB
R i
- 1600
g — Q'DA B ;\A
04 08 12 f (oimnd)
0.4 0.8 L2 £ (ml.min?)

Zavislost vysky | a plochy A,
piku 2-AB, 3-AB a 4-AB (c = 1.107°
mol I-1) na pratokové rychlosti F_
Mobilni faze acetatovy pufr o pH
5,0/acetonitril/methanol (40/30/30),
davkovano 20 ul, E4 = +1,0 V.

i, =knFCD*"°Fn*

X dle typu usporadani

logi, =log K + xlog Fm
K =knFD?"°C

e

analyt |x (teorie)| x (exp.)
2-AB 1,67
3-AB 0,75 1,60
4-AB 1,62
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Limitni proud

TABLE 34 Limiting-Current Response of Various Flow-Through Electrodes”

Electrode Geometry Limiting-Current Equation
Tubular i = LolnFC(DAIry* U™

Planar (parallel flow) i =0.68nFCD v " (AlB) U™
Thin-layer cell i=14TnFC(DA/b) U

Planar (perpendicular) i = 0.903n FCD* v A"
Wall-jet detector i =0.898nFCD v g A“Uw

© Definition of terms: a = diameter of inlet, A = electrode area, b = channel height, C' = concen-
tration (mM), F = Faraday constant, I = diffusion coefficient, v = kinemaltic viscosity, r = radius
of tubular electrode, U = average volume flow rate, i = velocity (cm/s). n = number of electrons,
Sowrce: Adapted from Ref. 54,

18
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Priklad

Example 3.6 Flow analysis of a urine sample at a thin-layer amperometric
detector, with a flow-rate of 1.25mL/min, yielded a limiting current value of
1.opA for its unknown uric acid content. A larger current of 2.4uA was
observed for a sample containing 1 x 107 M uric acid and flowing at a rate of
0.9 mL/min. Calculate the original concentration of uric acid in the sample.

= KCU"?
2.4 =K(1x107)0.9" K =2.49 x 10
1.6 = 2.49 x 10*(C)1.25'3 C=6x10"M

19



AI‘W prutokovych metodach

Typy usporadani
- tenkovrstve (thin-layer)
- wall-jet
- wall-tube
- tubularni
» Elektrodové materialy

- ruzné formy uhliku (uhlikova pasta, skelny uhlik,
borem dopovany diamant)

- vzacné kovy (Pt, Cu, Au)

- amalgamy
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Ampérometrie v prutokovych metodach
»Typy usporadani

- tenkovrstvé r

(thin-layer) W.J
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Ampérometrie v prutokovych metodach
»Typy usporadani

Tubularni

| ¥

n

|
|
.|
I\'l
o ~
|



" S
Typy analytu

» Oxidovatelné

» Redukovatelné

23
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Oxidovatelné analyty

» Ar-NH, Ar-OH Ar-SH
- oxidovatelné na pevnych elektrodach
- biologicky aktivni latky: neurotransmitery
hormony
aminokyseliny
léCiva
environmentalni polutanty

pesticidy

24
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Oxidovatelne analyty

» Oxidovatelné na pevnych a rtutovych elektrodach

- R-NH-NH-R R-N=N-R Ar-NO

= NH~ NH- on-5,-OH on -K)-VHy Hy N <5 M¥y
“NEN- p=4=xo0 0={Z)=Nh HN = (e M
D g E)-Vnon

on own

- - - ~\—-

- e
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Redukovatelne analyty

H wIN
= - A G(EA) ~1.3(AA) =1.# (PA+WIGHER) 0.1l Ko™
PO T—— ) : -2.3 (ACE TONE) (Lion)
_— -CHOH=CHON=
l \-’ag&o ;i;o(pm)-l.s (pH44) ~ergoM BR=-Na04/ 1))
™ m =4 m=2Z
]
@'C’C" m:2 ~2Y4(sTrRENE) -2.4(STILBRNE) -tny“Ch > 75%0D
] i
17 « . - ”ns
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Redukovatelneé analyty

0.\ =1.0 BT tPT IR Ry

{ =0-0=- m:?

- — N - -\.0
| $=S ~32 0.4 -\ g
‘ ovE Ect(pH
-0.%-0.0b Z,bﬁothD' R “

OS&,- E:o m=H
N &’X /*"?, = A [Cﬁbﬂ.) -).6 (CH;&V* -).6 (CN))) Eliz*‘ ”l]
v 0.y (t®y) ~ 1:5 (CHy Brd)
m2t-0.b - LS (cnbBry) M9
@—X -2.6(]) -z.41Br) ~1.6(1)

BFi-x ~t -ro(@

)
02C=C=X =Yy

]
=NO2 m=2y,0 ke )
o g b | n: b(bH,R)
<NHAOH m:=12
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Tubularni a mikrocylindricky detektor

Tubularni

5

K /YJ\

Mikrocylindricky

1,¥
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Tubularni a mikrocylindricky detektor

Detekce smési amino a hydroxy derivatu naftalenu

Mikrocylindricky detektor Ep =112V
12
2-AN
10l : .
0 1-AN Mikrocylindricky d.
c=1.10°M
8T Tubularni detektor
- i _ -6
E c=110"M
— 6f
al 2-ORIN 1-OHN
2 B
4 6 8 10 12 14

t (min) 29



Vyuziti BDD elektrody ke stanoveni
aminobifenylu

Mikrokrystalicky Si/BDD: Pripraven v komeréné
dodavaném reaktoru (1,5 kW, ASTeX Inc., Lowell, MA)

na Michiganské statni univerzité, East Lansing, USA)

tloustka filmu 5 ym
velikost krystalku 1 — 3 um
hydrogenovany povrch
aktivace v 0,1 M H,S0O,,
60 min,E=+24V

YV V VYV V




» Ampéerometricky detektor s bérem dopovanou
diamantovou filmovou elektrodou v usporadani

o

- tenkovrstve wall-iet

Ag/AgCIl/3 M KCI, E =+0,242 V SCE, E =+0,204 V vs. SHE



Tenkovrstve usporadani

1. utahovaci sroub
vstup m(_,,j ‘Wj’ﬁtup 2. spodni Cast tela cely
| 6 3. mosazna lamela
3 i 2 4 Si/BDD elektroda
g |—= S =4 mm?
5. horni Cast téla cely
|

6. pomocna elektroda

7. referentni elektroda
Ag/AgCl/3 M KCI

» V=10 pl 8. tésnéni z vitonu



Usporadani wall-jet
BDD elektroda — diskova varianta

teflonove telo
elektricky kontakt
Sroubovaci nastavec
kovova pruzina
mosazna lamela

o 0 s~ Wb E

BDDFE na kfemikové podlozce
S =126 mm?
7. tésnéni z vitonu

8. usti elektrody — kontakt s roztokem

9. dutina ovyscel, =1,5mm

» Referentni nasycena kalomelova elektroda
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HPLC separace aminobifenylu

Chromatogramy smési 2-AB, 3-AB a 4-AB v koncentracnim rozmezi
(2-10).10°° mol.L'! na koloné ChiraDex
MF: acetatovy pufr o pH 5,0/acetonitril/methanol (40/30/30)
Fy =1 ml.mint; E,, = +1,2 V, tenkovrstvé usporadani
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Vyuziti elektrod na bazi BDU

nizké hodnoty sumu a zbytkového elektrického proudu

!

Analytickeé aplikace

> Aminy: Alifatické aminy a polyaminy

Aromatické aminy

Aminothioly

Katecholaminy
Pesticidy (N-methylkarbamaty)
Xanthin a jeho N-methyl derivaty (kofein, theofylin)
Farmaceutika
Thioly; disulfidy: homocystein, glutathion
Chlorofenoly
Polycyklické aromaticke uhlovodiky
Biomolekuly (NADH, DNA)

vV V. V V V VYV V



" GEEEESTKROELEKTRODY
Platinové, uhlikové ¢i diamantové




End of separation capillary

chromatographic screwed joint

Kel-F screws for exact positioning of capillary in x axis
Teflon nut

Kel-F screws for exact positioning of capillary in y axis
Platinum wire for connecting high voltage

Platinum wire as a counter electrode

Ag/AgCl referent electrode

Working diamond microelectrode

37



Neurotransmitters Neurotransmitter precursor
OH o CH —COOH
CH— CHy,—NH, NHz

3,4-d|hyd roxyphenylalanine (DOPA)

Epinephrine metabolite
OH

HO
HO

OCHg4
Metanephrine (MN)

OH

Norepinephriorge metabolites

CH— CH,—— NH,,

HO

OCHg4
Normetanephrme (NM)

CH — CH,—— OH

HO

%,4—dihydroxy(p)Henylethyleneglycol (DOPEGi
lesssrsrrsannnnnnna OHuernnnnnnnnnnnnns |

HO
Epinephrine (Adrenaline, E) Dopamine metabolites 1
- T T T «-Methoxy-4- hydroxyphenfletyleneglycol (MOPEG)
CH,—— CH,——NH, = CH;—COOH
2 2 21 2
T CH—— CH,—— COO}
HO HO
OH i OCHg4 : HO
4 Methoxy 3 hydroxyphenylacetlc aC|d ocH
3
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Vanillylmandelic acid (VMA)
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CE-EC Separation of Neurotransmitters and Metabolites

v Borate complexation with cis-diol group of catecholamines

D L-DOPA
NE DOPEG
300 | E
MM VMA
— MOPE
< OPEG HVA
o
= 200}
c
Q
8 EOF
100 | \J K‘ K{ Mk
O N 1 N 1 N 1 N 1 N
0 200 400 600 800

time (s
Conditions: 0.25 M BB buffer pH 8.80, c(a%)illary 70 cm, 27 um 1.D.,separation
voltage 24 kV,electrokinetic injection 15 kV/4s., BDD: detection potential +0.95 V
vs. Ag/AQCI, teor = 443 s (methanol)

Concentrations: 5 uM MN, NM; 10 uM D, E, NE, MOPEG; 30 uM L-DOPA; 50 uM
DOPEG, VMA, HVA
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"EgreZnr coulometricky detektor

Channel 1 Channel 2 Channel 3 Channel 4

Inlet 1 Outlet

Frit

Counter

41
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Detekce na souborech elektrod (array)

J E (V vs. SCE)
' - 0.8350
oo
3.5 7 . _|. - é]js?gsé]
z-g _ L\ '- - 9250
= = ' - 0.570
2204 [ | - - b.230
% 15 ] ~ 0.490
< Ui N = 080
= 10 4 A T___—-0.
e 1 1
0.5 : — 0.590
G.D LI L I LI I LI I L] | T rird | LI I | | GrEEG
0 50 100 150 200 250 300
Time (s)
Figure 3.31 Three-dimensional chromatogram for oxidizable biological compounds

at a multichannel amperometric detection system, consisting of an array of 16 carbon
paste electrodes poised at different potentials. { Reproduced with permission from Ref.

90.)
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Vanillylmandelic acid (VMA)
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'qerometrlcke senzory

Clarkovo cidlo

m Named after its generally recognized inventor (Leyland
Clark, 1956), originally known as the "Oxygen Membrane
Polarographic Detector*”

m [t remains one of the most commonly used devices for
measuring oxygen in the gas phase or, more commonly,
dissolved in solution

m The Clark oxygen sensor finds applications in wide areas:
Environmental Studies
Sewage Treatment
Fermentation Process
Medicine
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Ampeérometricke senzory

1,5V
““'“““E; Clarkovo cidlo

Ohir. 13.18. Schema Clarkova detekiioru
Evsliku Detadlnd struktura dedekior v mistd,
kde dochizi k detekei, je zndrzomeéna ve

#vétient. Tloustka filmu elekirolviu bvva
fadove 10 pm, doustka permeaabiln
membrany (napi. z polv-tetrafluorcethylénu)
by wd asi 20 wm




C)2
dissolved . O
02
OZ
analyte solution .. electrolyte

O, permeable membrane
(O, crosses via diffusion)

f

At the platinum cathode

—

At the Ag/AgCl anode:

—

ly=4F P, AP(O,)b

Iy - measured current

F - Faraday's constant

P., - permeability of O,

A - electrode area

P(O,) - oxygen concentration
b - thickness of the membrane

platinum electrode

(-0.6 volts)



\ Plunger

T Locking ring

____—‘O’ring

Incubation Chamber

// ‘0O’ ring
[ — _ Teflon membrane

Electrode Base

— Connecting lead

LTI

-
t(:
‘ ]

Working electrode
Clamping screw
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Clarkuv detektor je tvpickvm piikladem ampeérometrnického detektoru pro stanoveni
plynnveh  latek v plynne 1 kapalne fazi vV tomto detektoru  jsou elekirody  od
analvzovancho prostiedi oddéleny permeabilni polvmernt membranou. kiera dovoluje
pouze plynnyvm molekulam projit 2 analvzovancho prostredi K pracovni elektrodé. Plvny
tak lze stanovit 1 v kKomphkovanych vzorcich, napr. v biwologickyeh tekutinach ikrev):
a prave pro stanovent kvsliko v kv byl tento detektor puvodng navrzen.

Schema Clarkova detektoru pro stanovem kyshiku e na obr. 1318 Kyshk
permeuje membranow z analvzovancho prostiedi do Dilmuo elektrolytu a jm k platinove
katode, na mz je redukovan,

Oy + 4H" + de <= 2Ha0; 1 3-16
redukcnt proud je mirou koncentrace kvsliku Stribrna anoda v prostredi KOCT slouzn jako
referentni Ag/AgCl elektroda. Detektor pracuje jako elektrolyzer, potrebné elektrony jsou
dodavany z externiho zdroje.

YVhodnou wvolbou matenalu anody [ze sestavit detektor kvsliku pracujict jako
calvamcky clanck, 1. bez wnéjstho viezencho napétic Takovym matenalem je napr.
Kadmium. Kyshik se redukuie na katode dle rov. 13-16, potiebne elektrony  jsou
produkovany pi oxidac: anody:
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Typickou aphkact detektoru Clarkova tvpu je napr. stanoven hologicke spotreby
kysliku ve wvodach, Jsou visak pouzivany 1 K deteker mnoha pnyveh elektrochemicky
akttvnich plvnu. Pro kazdy plyn e tieba zvolit vhodne slozem elektrolyiu, matenal
clektrod a membrany a velikost viozencho napeti.

Detektory Clarkova tvpu jsou 1 dulezitvm prvkem biosensoru (kap. 1.2.2). Velky
prakticky vyznam maj biosensory pro stanovent glukozy v krvie Toto stanoveni je dulezite
predevaim pro dhabetiky, kteri s1 podle wysledku analvey aphkupn hormon mzuling YV bio-
sensorech glukozy je na permeabilnt membrane kyvshkoveho detektoru imobihzovana
vistvicka enzyvmu glukozosxadazy. Je-h tento brosensor exponovan prostredi obsahujici
clukozu, dochazt K jep osadact, pi niz se spotichovava kvslik. Na abviek kyvshiko reague
kyslhikovy detektor poklesem proudu; pokles proudu je mirou koncentrace glukozy.
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Amperometrické senzory

Wittmann and Hock®** measured atrazine in drinking and groundwater samples, reaching dete Cl
tion limits close to 1 ng L' without using any preconcentration or cleanup step. The presence
atrazine has also been analyzed in estuarine and seawater samples using other immunological tec )\
nigues like magneto ELISA and FIIA with very low detection limits—close to 50 ng L-'.2¥ Sevei AN
clectrochemical immunosensors have been described for atrazine detection in food and aqua N N
matrices, like the one presented by Zacco et al..**" who developed an amperometric immunosens |
based on modified magnetic particles with antibodies that are captured by a graphite-epoxy ma s
neto composite, also used as the transducer for the electrical immunosensing; the LOD for drinki: N N
water samples was 6 ng L', Figure 8.5 shows a schematic representation of the biosensor. H

o ib) Chemical reaction
H-+O HAa0-
(a) R ()
X [HEER Re
1] s Red O II-_-
Wash step Amperometric
using a magnet = measures

FIGURE 8.5 Schematic representation of an electrochemical magneto immunosensing strategy for the
detection of low-molecular-weight compounds. After the immunoreaction, the antibody-modified magnetic
beads are captured by the m-GEC electrode. Chemical reactions occurring at the m-GEC surface polarized at
=150V (versus Ag/AgCl) upon the addition of H,0, in the presence of mediator (hydroguinone) are recorded.
(From Zacco, E. et al. 2006, Anal. Chem. 78: 17801788, With permission.)

N~ N
H
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