Pruto¢ne detektory — FIA, ECLC

inlet4 * outlet

- Amperometricky mod ///f /// / /// outlet +—

*Pulsni mod /

—outlet

WE WE
(@) (b)
The Limiting-Current Response of WVarious ‘ZEnA
Flow-Through Electrodes
9 min

Electrode Geometry Limiting Current Equation
Tubular i = 1.61 nFC(DA/r)*? U
Planar (parallel flow) i = 0.68 nFCD*3v=1%(4/b)/2 U2
Thin-layer cell i = 1.47 nFC(DA /by U'/? N
Planar (perpendicular) i = 0.903nFCD?*v=1/043/%1/2 g
Wall-jet detector i = 0.898nFCD?Py=>/12g=12 438 3/4 S
a =diameter of inlet; A=electrode area; & =channel height; M
C =concentration (mM); F = Faraday constant; D = diffusion coefficient; J J
v =kinematic viscosity; r=radius of tubular electrode; U= average } J M
volume flow rate; u = velocity (cm s™'); n=number of electrons. jh i QJLJTJLJ!— djjc -G




Detektor pro kapilarni elektroforézu
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Multielektrodove techniky Seriove usporadani:
eméfeni recovery
rozliSeni latek se stejnym retenénim Casem,

ale jinou elektrochemii
sgenerace aktivni formy latky pro detekci

*Rozliseni latek s reverzibilni elektrochemii

Paralelni uspofadani:
*Mg¢feni pi1 vice potencidlech - fingerprints

*3D chromatogram
5-HIAA

Series
DOPAC
AA NE

(a)
DA
HVA

E(Vvs SCE)

- 0.850
- 0.810
- 0.770
- 0.730

0. 690

S s/
. 'I_J.P\ A\

Parallel adjacent I A
0.0 -*T-r"r-r"T-v—l—l—!—I—l—l—!—l—rl—l—l—l—rl—l—H—l—l—v—l—lT 0. 250
100 150 200 250 300

(b)
Time (sec)




Coulometricky detektor (ESA Coulochem)

REF and AUX electrodes

Elektrolyza probih4 kompletné
Jontova sila nosného elektrolytu
nemusi byt prili§ vysoka
*Porovité elektrody (uhlik)

Channel 1
Channel 2

Working
electrode 1 (E,) o

Channel 3
Channel 4

Flow-through Channel

Working
/ electrode 2 (E,)

*Screen mode
°Difference mode Flow ————
*Redox mode

e

Counter & reference
electrodes



Spektroelektrochemie

Thin layer cell, OTE (Pt mesh, ITO, Sn0O,)

Chronoabsorptometry
{ — 2CoerDy 12

T1/2

Steady state
M¢feni std. (formalniho) potencialu

Absorbance

_ 100 | |
400 450 500
Wavelength (nm)

I
550

Photon beam

reference and auxiliary

electrodes \
T T
T A“"'---...
2
1 B
.—52 c
=
-
z D
=
<
W
<
=]
1 | ! 1
-300 -500 -700 =900

E (mV vs SCE)

Detector



IR spektroelektrochemie (IR-SEC)

IR Radiation

wh /
| AN / |
Thin solution layer \/

External reflectance mode

Reference Electrode

P é ]
F '
+ .

IR Radiation

Disc Shaped .
Working —— Working ElectrodeHolder
Electrode ! H
i
IR Window

r—’/%“‘“ Gas bubbler

Secondary Electrode

Mal¢ signaly — modulace a
subtraktivni metody

EMIRS = electrochemically
modulated infrared reflectance
spectroscopy

SNIFTIRS — subtractively
normalized fourier transform
infrared spectroscopy

SEIRA — surface enhanced
infrared absorption



Detector

PSD

Data acquisition

7=
A

J"‘%MI;

Cell

Source b —=——= Monochromator —/(]— a-—%.%
Polarizer i
i
Power % ~
supply M3 =
Oscillator —  Potentiostat
I
M1
Source = ==—— Interferometer —/E - 3-—1\
PEM i
|
Powaer %u
supply M3 ™~
Driver Potentiostat

Detector

PSD

Data acquisition

EMIRS

SNIFTIRS
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AR/R |

F 0.2Vus H'H,

3050
F
4.0x= 107"
04V
] I
3000 2900

Wavenumbers, cm ™

1511

40x10™

|

1437

1500

1400

Wavenumbers, cm™

AR/R

AR/R

1300
1212

1085

4.0x 107

1012

1300 1100
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RAMAN

Excited electronic
state with sublevels

© 1Y E R R R, _
NeelaStICky il dubek alnd ik Auinke Virtual state
rozptyl
1 Ground electronic
T } state with vibronic
sublevels
MNormal Raman effect
/" Tl: Sapphire | _ A Ar* Laser

4. — Laser

I

[

| —

I .

I Bandpass L Triple CCD

: Filter & Monochromator —

l
R 5 N

Focusing Lens .
Sample
Polarization Scrambler

{

(=

E

Resonance Raman effect

Camera Lens

PC

SERS
SERRS

(Ag, Au,
Cu)



TCNQ + e = TCNQ*

NC i:::: CHN

NC CN
Identifikace

(mezi1)produkti

Transienty — pozorujeme
zvolenou ¢aru

2200 1800 1400 1000 600 200



Elektrochemie a MS spektroskopie

(a)
PA
13() p

—

7
—d=—— Electrometer

-2 amplifier
MS-inlet ] \4
Cell MS-control
Potentiostat —= 1‘
- L Computer |-
geunn;g?gr 1

Other electrodes
/ gas inlet, outlet

« Working electrode

T~ Frit and PTFE
membrane

()

Reference

electrode

—_—
Ar.g

Counter electrode

Electrolyte inlet

_—Glass insert
|_— Cell body

1

rr* Working electrode

Electrolyte outlet
PTFE O-ring
Steel frit

PTFE membrane
Screw coupling

to MS

PTFE O-ring
Platinum
FTFE

Frit



Elektrochemie a EPR

Radikalové 1onty
Spin trapping

Reference

Platinum wire \
silver wire

Teflon sleeve — | J
I |§— Counter
electrode

Glass wall —_

L— Working
electrode

1cm




Elektrogenerovana chemiluminiscence
L . R*+R*—'R* + R
anthilace radikalu R* + TMPD?® — IR* + TMPD
RY+ BQ*— 'R* + BQ
rubrene (R), N,N,N',N'-

ITMPD" + R tetramethyl-p-

phenylenediamine
8 STMPD" 4 R 'BQ* + R (TMPD), and p-
benzoquinone (BQ)

00
- COCC
ols

— R +R? R* + R ‘BQ* + R

Pl

R=+ TMPD!

-~ RT+BQT .

AG®, eV

lon precursors




Concentration, mM

S aT cesta

ECL step, RRDE

1.0

()

R* + TMPD' — 3R* + TMPD
3R* + IR* - IR* + R

pouziti , koreaktantu*

Ru(l:q::y}%Jr —> Ftu(l::al_':_*,w)gJr + e
C,05” = C,0; + e
C,0; — CO, + CO,~
Ru(bpy)3* + CO," — Ru(bpy)3 ™ + CO,

ECL jako detek¢ni metoda pro HPLC
svyuziva Ru(bpy),; — imobilizovany na elektrodé v Nafionu
* detekce NADH, aminll a aminokyselin (koreaktanty)

Elektrogenerovana chemiluminiscence klasickych CL
indikatora

(luminol, lucigenin) — stopy peroxidu vodiku, vizualizace
,.horkych mist“ na elektrodach



Magnetic Antibody Antigen Labelled
Bead Antibody

(a) Sample with no antigen (labelled antibody not attached to bead)

PMT Magnetic
Cell Beads
Window
| |
O-ring
Cell body
Working/
Electrode
Solution Solution
inflow outflow
Magnet
PSA — prostate specific antigen
EtCH,NPr, — EtCH,NPr;, + e tri-n-propylamine, TPrA

EtCH,NPr; — EtCHNPr," + H*
Ru(bpy)3* + EtCHNPr," — Ru(bpy)? " ™ + EtCHNPr}



EQCM = electrochemical quartz crystal microbalance

_ —2Amnf,

v Aup

Sauerbrey equation

Am zména hmotnosti

n harmonicka frekvence

f, zakladni frekvence

A plocha elektrody

1 modul pruznosti ve smyku pro S10,
p hustota Si10,

Top view




Counter

Reference

Potentiostat Computer
Working
. Frequency
Qscillator Counter
EQCM - Frequency Measurement
. Redugtion; _ e
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3I|JD D - BL:ID *'EELJB
E (mV) (vs. Ag/AgCl)

Iontoménic¢

- 300

0.4

e

0.0

04 0.0 04 08 12
EN vs_ s0e
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EN' s 500

Pt povrch



Elektrochemicka STM (SECM)

Tunnelling
current

amplifier Reference electrode

Tip

Counter electrode

qé

orking o

I i
EECtde+ Potentiostat }—l

Electrode Vo

Solution

il

Mikroelektrodové tipy

Potenciometricke tipy (pH)



UME

0 R
o} / I o]
o Conductive substrate
(a) ip..= 4nFDca ®)ir>ip.,
UME

A: elektroda
vzdalend od
povrchu — steady
state current iy

T

Insulating substrate

(c)ip<ip.

,,positive feedback mode*

Sledovani distribuce
Aktivnich mist
elektrodovych povrchu

Elektrochemicka
fabrikace povrchu

RozliSeni nedosahuje atomarnich
rozméru,
Single molecule techniky

|=— 20nm --|

wax
sheath

— \ll/ ~ conductive
substrate
—



Bipolar electrochemistry

Driving
Electrodes

Electrolyte
Solution Bipolar

Electrode




P3MT
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