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where is the knowledge we have lost in information

Zdravy selsky rozum
Neprestat pro stromy videt les
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Obecné uvahy o Cipech v analyticke
chemie

Obecna charakteristika diamantovych
filmu
Typy diamantovych filmu

Amperometricka detekce v prutokovém
usporadani
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Lab-on-a-Chip

Lab-on-a-chip is an advanced technology that integrates a
microfluidic system on a microscale chip. It is the miniaturization of a
laboratory to a small device. The 'laboratory’ is created by means of
channels, mixers, reservoirs, diffusion chambers, integrated
electrodes, pumps, valves and more. With lab-on-chip technology,
complete laboratories on a square centimetre can be created!

Efficiency

The goal of the lab-on-a-chip technology is to automate standard
laboratory processes. This makes it fast and cost efficient; the
results of a research can be obtained within a few seconds instead
of hours or days.

Applications

Lab-on-a-chip devices are commonly used in biotechnology, drug
discovery and chemistry. It is also a large research field. As lab-on-
chip has many benefits for the end user, it is applied more and more
In laboratory processes.

Knihovny latek
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History of Microfluidics

* Microfluidics already started twenty years ago,
principally in inkjet printer manufacturing. The
mechanism behind these printers is based on
microfluidics; it involves very small tubes
carrying the ink for printing. The tubes can
combine and isolate from each other to change
the tone of the colours as they appear on the
page. Thanks to microfluidics, inkjet printers
became much faster and more precise than the
common dot-matrix printers.



MICROFLUIDICS

* Microfluidics concerns handling and
manipulation of minute amounts of fluids;
volumes thousands of times smaller than a
common droplet. Microfluidics means measuring
In microliters, nanoliters or even picoliters. The
microfluidics field lies at the interfaces between
biotechnology, medical industry, chemistry and
MEMS (micro-electro-mechanical systems). In
these markets, microfluidics is a popular
research field, which includes study of
microfluidic possibilities and design of
microfluidics systems.



Microfluidics: A new Approach

Microfluidics is a disruptive technology that asks people to take a whole
new approach if it comes to liquid handling in a laboratory
environment. Most of the laboratory processes for high throughput
screening are based on titer plate processing: the parallel
processing of liquid in wells of a few up to hundreds of microliters.

For years, titer plates have been miniaturized. However, evaporating
liquids leads to more and more problems. Additionally, transporting
liquids to and from the wells becomes increasingly difficult when
decreasing well volume and size.

Microfluidics offers a solution for all these problems. By turning a
batch process into a continuous flow process the volume of liquid
used for one experiment can be decreased by three orders of
magnitude. Therefore, microfluidics results in a significant reduction
of the cost per analysis.



First LOC

* The first LOC analysis system was a gas
chromatograph, developed in 1975 by S.C. Terry -
Stanford University. However, only at the end of the
1980’s, and beginning of the 1990’s, the LOC research
started to seriously grow as a few research groups in
Europe developed micropumps, flowsensors and the
concepts for integrated fluid treatments for analysis
systems. These uTAS concepts demonstrated that
integration of pre-treatment steps, usually done at lab-
scale, could extend the simple sensor functionality
towards a complete laboratory analysis, including e.g.
additional cleaning and separation steps.



Advantages of LOC

low fluid volumes consumption, because of the low internal chip volumes,
which is beneficial for e.g. environmental pollution (less waste), lower costs
of expensive reagents and less sample fluid is used for diagnostics

higher analysis and control speed of the chip and better efficiency due to
short mixing times (short diffusion distances), fast heating (short distances,
high wall surface to fluid volume ratios, small heat capacities)

better process control because of a faster response of the system (e.qg.
thermal control for exothermic chemical reactions)

compactness of the systems, due to large integration of functionality and
small volumes

massive parallelization due to compactness, which allows high-throughput
analysis

lower fabrication costs, allowing cost-effective disposable chips, fabricated in
mass production

safer platform for chemical, radioactive or biological studies because of large
integration of functionality and low stored fluid volumes and energies



Disadvantages of LOC

novel technology and therefore not fully
developed yet

physical effects like capillary forces and
chemical effects of channel surfaces become
more dominant and make LOC systems behave
differently and sometimes more complex than
conventional lab equipment

detection principles may not always scale down
In a positive way, leading to low signal to noise
ratios



Battery-powered lab-on-chip may
be near

* It is possible to generate enormous
electric fields--a volt per 5 microns in our
current device, but potentially as high as a
volt per 100 nanometers--while using a
very low supply voltage, about 1 volt, and
very low current too--on the order of
milliwatts



CCD

« Contactless conductivity detection is also suitable for detection in
lab-on-chip devices. The capacitively coupled electrodes can be
placed underneath the chip, so that it is not necessary to incorporate
these during the production of the devices.
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Conductimetric detection

Detection electrodes are used to measure the local electrical conductivity or
impedance of the liquid in a fluidic channel. These electrodes are used for
example for detection on capillary electrophoresis chips, but can also be
used to count and characterize particles or biological cells.

Position

Depending on the application the electrodes are placed in direct contact
with the liquid or they are electrically insulated from the liquid. In the latter
case the signal is coupled capacitively through the insulating layer to probe
the liquid. These capacitively coupled electrodes can be placed directly
below or above the fluidic channel using an silicon oxide layer for insulation,
but more commonly the electrodes are positioned in the same plane slightly
aside of the channels.

Detection electrodes can be integrated into almost any glass chip, standard
or customized. Integration of electrodes in silicon chips is done on request.

Specifications

Below the specifications of detection electrodes are given.
Materialsany metal; standard is platinumSizeminimum 5 ymDistance

between electrodesminimum 10 uym



NMR LOC

Christian Hilty is a member of the Alexander Pines research group and
principal author of a paper in which it was demonstrated that Nuclear
Magnetic Resonance or NMR spectroscopy can be used with
microfluidic “lab-on-a-chip” devices.



FIA na Cipu se sit’otiskovou elektrodou

Capillary electrophoretic system with
electrochemical detection. A - glass
microchip, B - separation channel, C -
injection channel, D - pipette tip for the
buffer reservoir, E - pipette tip for sample
reservoir, F - pipette tip for reservoir not
used, G - plexiglass holder, H -buffer
reservoir, I - sample reservoir, J - unused
reservoir, K - detection reservoir, L, M -

/6 — el screen-printed working electrode, N -
Q;‘- ------ T mglicee (0 silver ink contact, O - insulator, P - tape

. ﬁ‘” T V (spacer), Q - channel outlet, R - counter
Al electrode, S - reference electrode, T - high-

voltage power electrodes, U - plastic
screw. For clarity, the chip, its holder and
the screen-printed electrode strip are
separated, and dimensions are not in scale



Current

FIA na Cipu se sitotiskovou elektrodou
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Klasifikace elektrodovych materialu
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Pozadavky na nove elektrodove
materialy

Sirsi potencialové okno

Pouzitelnost v ruznych rozpoustédlech
Odolnost vuéi pasivaci

VyssSi mechanicka stabilita

Kompatibilita se zelenou analytickou chemii



Uhlik jako elektrodovy material

I. sp? modifikace » skelny uhlik, uhlikova vlakna,
grafit, uhlikové pastové elektrody

Ii. sp3 modifikace » diamant

» nizke hodnoty sumu

a zbytkového elektrického proudu &
Sirokeé potencialove okno > nejCasteji~ 3,5V

nizka adsorbce na povrchu » mala
pravdepodobnost pasivace

> mimoradna mechanicka a chemicka odolnost

biokompatibilita s tkanemi



Vliastnosti diamantu

v'sp3 alotropicka modifikace uhliku \ .
v'’krychlova soustava, mimoradna tvrdost “\
v'nizka chemicka reaktivita ©

v'izolant, nutno dopovat, nejcastéji borem

Vlastnosti diamantu dopovaného borem

v'nizka kapacita elektrické dvojvrstvy

v'Siroké potencialové okno

v'nizka adsorbce — mala pravdépodobnost deaktivace
zablokovanim aktivnich center na povrchu

v'stabilita, biokompatibilita




PASIVACE ELEKTROD

Na adsorpci polarnich latek jsou citlivé
témeér vSechny sp? uhlikové elektrody,
hlavné kvuli pritomnosti polarnich skupin
na jejich povrchu. Naproti tomu borem
dopovany diamant je diky svému sp?3
charakteru zna¢né rezistentni vuci
pasivaci latkami naadsorbovanymi na jeho
povrchu.



CVD - Chemical Vapor Deposition

Metoda pripravy pevnych filmu depozici par na horkych povrsich

Ve smesi methanu a vodiku se tvori radikaly a dalSi reaktivni Castice,
které difunduji k povrchu rostouci diamantové vrstvy. Na povrchu reaguji
a usazuji se ve formé diamantu.Vysoka koncentrace vodikovych atomu
zabrariuje tvorbé sp? forem uhliku.

Mechanismus nebyl presné objasnen:

a) nabohaceni rostouciho povrchu uhlikem

) depozice amorfniho uhliku na nabohaceném povrchu
) odstranéni amorfniho uhliku atomarnim vodikem

) konverze uhlikem nabohacené vrstvy na diamant

) dalSi nabohaceni rostouciho povrchu uhlikem

(
(b
(c
(d
(e

Dopovani borem: z pevnych (BN) nebo plynnych zdroju (B,Hj)



Schéma reaktoru pro pripravu diamantovych
filmd metodou CVD
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SUBSTRAT BDDFE

Zatimco rada aplikaci borem dopovaneho
diamantu k uplné elektrochemickeé oxidaci
organickych polutantu pfi jejich odstranovani

z zivotniho prostredi vyuziva mikrokrystalicke
filmy borem dopovaneho diamantu nanesene na
mechanicky pevnych kovech (Nb, Ta, W Ci
podstatne levnejsi Ti), témer vSechny
publikované elektroanalytické aplikace byly
provedeny na borem dopovanych diamantovych
filmech nanesenych na kremiku



,»AS grown CVD films*

Maji na svém povrchu monovrstvu
vodiku, coz souvisi s jejich rustem

v atmosfere bohate na vodik. Povrch
diamantu s volnymi vazbami
ukonCenymi vodikem je tudiz
hydrofobni a pomerne malo aktivni.



Oxidovany povrch diamantu

obsahuje kyslikaté funkcni skupiny a je
tudiz hydrofilni. Predpoklada se
pritomnost etherovych Ci karbonylovych
funkCnich skupin, pricemz posledné
uvedené mohou byt vyuzity k chemicke
modifikaci povrchu BDDFE umoznujici
dalsi ladeni jejich elektrochemickych
vlastnosti



ELEKTROCHEMICKA
PREDUPRAVA BDDFE

Katodickou Ci anodickou polarizaci ve vhodnem vodném
zakladnim elektrolytu

BDDFE jsou mimorfadné odolné vuci korozi i pfi
extrémnich potencialech v silne agresivnich prostredich
Dlouhodobé cyklovani potencialu BDDFE ve smesi 1M
HNO, a 0,1M HF v rozmezi potencialu od katodickeho
vyvoje vodiku do anodickeho vyvoje kysliku nema
pozorovatelny vliv ani na morfologii povrchu ani na
pomer diamantoidni a nediamantoidni faze na povrchu
teto elektrody

Za stejnych podminek dochazi k vyraznemu poskozeni
elektrod ze skleného uhliku Ci pyrolytickeho grafitu).



Modifikace povrchu anodickou
oxidaci

Vyrazne zvyseni selektivity k nekterym
analytum, napr. dopaminu Ci kyseliné
mocove, které pak Ize stanovit |

v pritomnosti velkeho nadbytku kyseliny
askorbove. Vzhledem k biologicke
kompatibilite diamantu se tak nabizi k jeho
vyuziti pro in vivo sensory rady biologicky
vyznamnych latek



VLIV OBSAHU DOPANTU

» Elektrochemické reakce probihajici mechanismem vngjsi
sfery (outter-sphere) jsou na BDDFE reversibilngjSi neZli
reakce probihajici mechanismem vnitrni sféry (inner-
sphere) pri nichz dochazi ke vzniku Ci zaniku vazeb mezi
atomy.

« Systémy s relativne pozitivnejSim rovnovaznym
potencialem jsou reverzibilnejsi nezli systemy
s potencialem negativnejsim

* Na silne dopovanych BDDFE s kovovejsim charakterem
povrchu probihaji reakce reverzibilngji nezli na povrsich

s mensSim obsahem dopantu a tudiz spise
polovodicovym charakterem.



VIL KVALITY BDDFE NA
ELEKTROCHEMICKE CHOVANI

« V zavislosti na charakteru, kvalité a pripadné preduprave
BDDFE muzeme tudiZz pozorovat reverzibilni,
kvazireverzibilni Ci ireverzibilni chovani rady testovacich
systému

« Tvar téchto voltamogramu neodpovida ucebnicovym
charakteristikam pfisluSnych systému, coz zifejmé
souvisi s ruznou rychlosti pfenosu elektronu na ruznych
Krystalovych rovinach

« Stejné jako u jinych elektrodovych matrialu i v pripadé
BDDFE je sytém Ru(NH;)¢>*/ Ru(NH,)s2* relativne
nejmene citlivy na aktualni stav elektrodového povrchu,
takze poskytuje prakticky stejne cyklické voltamogramy
BrSDrrllz%chanicky, katodicky i anodicky predupravenou



TESTOVACI SYSTEMY

SO
-@__GLJ —(A.B,C)

A - BDDFE mechanicky
vylesténa aluminou

B — BDDFE po anodicke
preduprave cyklovanim
potencialu v 1M HNO,
mezi 0 a + 5V proti
nasycené kalomelové
elektrode

C — BDDFE po katodicke
preduprave cyklovanim
potencialu v 1M HNO,
mezi 0 a -2V proti
nasycené kalomelové
elektrode.



OBNOVENI POVRCHU BDDFE

» LeSténi emulsi oxidu kovu Ci
diamantovych casticek

» Pusobeni vodikove, fluorove Ci kyslikove
plasmy

» Pusobeni extrémnich katodickych i
anodickych potencialu

» Desorpce pusobenim paprsku elektronu i
intensivhim UV zarenim



LASEROVA AKTIVACE

Prevazne o termalni proces vysoce lokalizovany na
povrchu elektrody

Kratka doba pulsu (radove 10 ns) umoznuje aktivaci bez
nadmerneho zahrati celé elektrody. To umoznuje
pracovat se systémy tradicne pasivujici elektrody

Tepelna energie se v diamantu rychleji rozptyluje a
v dusledku optické transparentnosti diamantu se
nekoncentruje na jeho povrchu

Negativhim dusledkem je ovSem omezena moznost
odstranovat laserovou aktivaci opticky transparentni
filmy, jaké vznikaji napfiklad pfi anodické oxidaci fenold,
Ci velmi malé ostruvky deponovanych kovu



CHEMICKA MODIFIKACE BDDFE

* Po jejich plasmatické Ci elektrochemicke preduprave

» Elektrochemicka funkcionalizace dusikatymi funkCnimi
skupinami v kapalném amoniaku

* Fotochemicka kovalentni modifikace nejruznejsimi
organickymi funkcnimi skupinami, ktera umoznuje
kovalentni imobilizaci enzymu Ci proteinu na jejich
povrchu. Takto pfipravene sensory byvaji velmi citlive
k oxidovatelnym analytum napf¥. fenolického typu
s minimalni interferenci kysliku diky jeho mimoradné
vysokemu prepeti

* Prosta adsorpce vhodného hemu a krenoveé peroxidazy
poskytuje stabilni sensor s enzymatickym pokrytim
pouzitelny pro konstrukci biosensoru zalozenych na
detekci peroxidu vodiku.



DETEKCE VE VSADKOVEM
USPORADANI

Cyklicka voltametrie
Diferencni pulsni voltametrie
Square wave voltametrie
Hydrodynamicka voltametrie
Laser ablation voltametrie
Chronoamperometrie

Chronocoulometrie
Sonoelektrochemie



H-BDDFE
Pripravena metodou CVD na

kfemikoveé destiCce

v komercéné dodavaném reaktoru
(1,5 kW, ASTeX Inc., Lowell, MA)

na Michiganské statni univerzite

tloustka filmu 5 um

velikost krystalku 1 — 3 uym
pouze sp3 uhlik

hydrogenovany povrch




BDDFE - velky potencialovy rozsah - nizky Sum-
nizka pasivace- mechanicka robustnost -

biokompatibilita
1 1. Teflonové t€lo
72, Kontakt
3. PfiSroubovany
nastavec
4. Kovova pruZina
5.  Mosazny plisek
2 6. BBDFE on Si(1,1,1)
7.  Silikonové té€snéni
8. Kontakt s roztokem

DFE

Vessel

O-seal ring

< (Contact

Pastic

D plate



Elektrochemické vilastnosti diamantu
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Cyklické voltamogramy mé&fené na dvou Cyklické voltamogramy A - 1mM Fe(CN),** v 1M KCl,

polykrystalickych diamantovych filmech B - 1mM Ru(NH3)s"2* v IM KCI, C - 1mM IrCl¢>"* v
v 0,1M H,SO, pfi 0,1V/s M KCI, D - 1mM dopamin v 1M HCIO,, 0.1 V/s

Granger M.C.; Witek M.; Xu J.; Wang J.; Hupert M.; Hanks A.; Koppang M.D.; Butler J.E.;
Lucazeau G.; Mermoux M.; Strojek J.W.; Swain G.M. Anal.Chem. 2000, 72, 3793



Potencialové okno na diamantovych elektrodach
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Figure 4. Comparison of CV curves for BDD, fluorinated BDD,
platinum, and gold electrodes, in 1 M HCIO,. Scan rate: 0.2 V s71



Fluorovana

BDDFE
Vylucovani vodiku
evidentne probiha

cestou tvorby
volnych vodikovych

radikalu

Figure 1. Scanning electron microscopy images of a pristine BDD
sample (A) and a fluorinated one (B).



Fluorovana BDDFE
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Testovani elektrody redoxnim systémem
ferrokyanid/ferrikyanid

CV 1mM Fe(CN) *** v 1M KCI na n-BDDFE; S = 12,6 mm’ I v AE lea/loxl
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Potencialové okno na BDDFE
BR pufrpH 2 - 12
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CV 2-nitrofenol na BDDE
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AMPEROMETRICKA DETEKCE V
PRUTOKOVEM USPORADANI

« Pouziva ve spojeni s miniaturizovanymi separacnimi systémy
« A. technologie vyroby miniaturizovanych elektrod a detekcnich
obvodu je dostate¢né zvladnut3,

« B. zmeéna elektrodovych ploch z milimetrovych na mikrometrove
rozmery zpravidla nesnizuje detekcni limity,

« C. elektrické obvody kontrolujici detekCni systém je mozno
integrovat s fidicimi obvody separacnich systému a zachovat tak
kompatibilitu celého zarizeni,

« D. naklady na vyvoj, vyrobu a provoz zarizeni predstavuji ziomek
ceny srovnatelné vykonnych detekénich systému jiného typu,

« E. elektrochemické detektory poskytuji informaci o koncentraci
detegovanych latek pfimo ve formé snadno zpracovatelnych
elektrickych signalt. Odpada tak konverze jinych forem signalu
(svételny tok, hmotnost, teplota atd.) na elektricky signal.
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Schéma detektoru
s diamantovou mikrocarovou
elektrodou

diamond film

olass plate

T

Cu wire

Surface area: 300 pm= 50 um



Viastnosti mikroelektrod

Proc¢ mikroelektrody ?

v malé proudy, nizky ohmicky ubytek napéti,
moznost merit ve velmi malo vodivém prostredi
v’ rychly transport k elektrodé, sledovani velmi rychlych déju

v malé rozméry, méfeni in-vivo, vyuziti v miniaturnich detekénich celach

Mikroelektrody dnes — disky, vlakna

uhlikova vlakna nebo tenké kovové dratky utésnéné v polymeru nebo ve skle

Nevyhody: omezené potencialové okno, adsorbce analytu na povrch elektrody




BDD mikroelektrody

Elektrochemickeé leptani:
17% CaCl, ve smesi
aceton/voda (1:1), 45 sec,
12V (76 um) ¢i 3,5V (10 a
25 um)

Cisténi a zavedeni
krystalizacnich center:
Sonikace v acetonu 5 min.,
pak v suspenzi diamantoveho
prasku (5 nm castice) 30 min

Chemicka depozice par

z plazmy - smes CH,/H,
dopovani borem z B,H,

Kontrola pokryti - CVA

Platinové dratky s leptanim pfipravenym hrotem o priméru (a) 76 um,
(b) 25 um, (c) 10 um a pokryté BDD filmem. Zvétseno 300x.




Charakterizace diamantovych mikroelektrod

CYKLICKA VOLTAMETRIE - POSOUZENiI KVALITY POKRYTI
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Cyklické voltamogramy mérené v 0,1 M HCIO, pfi 0,1 V/s.
(a) elektroda kvalitné pokryta diamantem, (b) elektroda s nesouvislou diamantovou vrstvou
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Zmenseni plochy elektrody {?@QOO}

ZATAVENI DO POLYPROPYLENU POKRYTi LAKEM NA NEHTY
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Cyklicky voltamogram 1mM K,[Fe(CN),]
v 1M KClI pfi 10 mV/s. 75 um elektroda
pokryta polypropylenem / lakem na nehty.

Cyklicky voltamogram 1mM [Ru(NH;)4]Cl,
v IM KClI pfi 10 mV/s. 75 um elektroda
pokryta polyimidem.



Detekc¢ni cela pro BBDF mikroelektrody

J
Il

1) Konec separacni kapilary

2) Chromatografické Sroubeni

3) Kel-F Srouby pro pfesné nastaveni mikroelektrody proti

kapilare v x pozici

4) Teflonové jadro

5) Kel-F Srouby pro pfesné nastaveni mikroelektrody proti
kapilare v y pozici

) Platinovy drat pro pfipojeni vysokého napéti

) Platinovy drat jako protielektroda

) Ag/AgCl referencni elektroda

)

6
7
8
9) Pracovni BDDF mikroelektroda



Charakterizace systému CZE s diamantovou mikroelektrodou

ZBYTKOVY PROUD SUM
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Zbytkovy proud a Sum pfi riznych detekénich
vlozenych napétich.

50 cm kapilara, 75 um 1.D. , 10 mM fostatovy pufr
pH 7, separacni napéti 8 kV,

VAZBA S VYS. NAPETIM - “DECOUPLING”
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Vliv separaéniho napéti na potencial
pracovni elektrody.

50 cm kapilara, 75 um I.D., Ep,, katecholu
(0.1 mM roztok v 10 mM fostatovém pufru
pH 6) byly méfeny v CZE detekéni cele.



CZE, parametry kalibrac¢ni krivky

Parametr dopamin katechol
opakovatelnost vysky piku [%] 3.0 4.0
opakovatelnost plochy piku 2.6 4.1

kfeka piku w, , [s] 3.6+0.2 3.7+0.2

linearni dyn. rozsah [mol/L] ?x 108-1x100 1x107-1x10*
citlivost (smérnice) [mA.L.mol- 129.7 85.2

kbrelagni koeficient 0.9997 0.9979
koncentraéni LOD [mol/L] 7.8 x108 1.2x 107
hmotnostni LOD [fmol] 1.7 2.6

30 cm kapilara, 75 um 1.D. , 10 mM fosfatovy pufr pH 6, sep. napéti 8kV elektrokinetické davkovani 3s pfi 8kV,
detekce pfi +1.1 V vs. Ag/AgCl, Opakovatelnost odezvy analytu byla vyhodnocena z 15 nastfikd 10 uM analytu
v pufru.



Elektroforéza na Cipu 2-NP
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Fischer J., Barek J., Wang J.: Electroanalysis 18, 195-199 (2006).



Prazské analytické centrum inovaci
Projekt CZ.04.3.07/4.2.01.1/0002 spolufinancovany ESF a Statnim rozpoétem CR
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