Miniaturizace v analytické chemii

Predpoklady pro miniaturizaci

,micromachining, microfabrication* (litografie, reactive
plasma etching ...)

- vyroba ,&ipt“ (,microfabricated devices®)

kapilary, mikrokanalky, mikrovialky
- priméry 100 — 102 um

lasery
- moznost zaostfit na plosku o priméru ~ pm
- kompatibilita s mikrokanalky a kapilarami

piezoelektrické mikropipetory, mikroelektrody, mikroreaktory,
mikroc¢astice atd.

Vyhody miniaturizace

mensi objemy vzorku

rychlejsi analyza (redukce délky transportu, optimizovany
transport hmoty pro chem. reakce a separace) — vysoky vykon,
snizena cena na analyzu jednoho vzorku

redukce spotreby cinidel - redukce odpadu, vysSsi reakéni
vytézek — redukce reakéniho ¢asu + pfiprava vzorku

moznost integrace a spojovani

“Lab-on-chip”, miniaturizované systémy totalni analyzy (,u-TAS")
paralelni analyzy

opakujici se motiv na jednom ¢&ipu, vysoky vykon

« snadna prenositelnost #TAS 2006
* masova vyroba = nizka cena _

mikroanalyzatory na jedno pouziti

Lab on a Chip

Zakladni typy ¢ipt

iy

. 2D pole
- afinitni pole: nejprve zakoncentrovani specifickych latek, poté
MALDI MS pfimo z ¢ipu
- pole vialek se $pickami pro ESI: zvy$eni reprodukovatelnosti
analyzy

N

. Fluidni systém (Cipy s kanalky)
- systémy pro paralelni analyzu— pro ESI, MALDI ...
- systémy integrujici nékolik krokd (“Lab-on-chip”)
davkovani, Uprava vzorku, reakce, separace, detekce ...

Spojeni mikro + makro?
napf. ¢ip a hmotnostni spektrometr

Trendy

TAS (total analysis system) ... systémy, kde vzorkovani, Upravy
vzorku, reakce, separace, detekce aj. jsou integrovany do jednoho
pristroje, nejlépe miniaturizovaného - nTAS

Vyuziti TAS
- env. chemie: kontrola znecisténi a zdroju kontaminace
- farmaceuticky a agrochemicky vyzkum resp. biomedicinalni
- screening
- uméla ¢idla, napf. umély nos

Rozmér nebo objem? Mikro — nano — piko?
100 pum X 100 pm x 100 pm = 102 m2 = 10° | = 10 nl
10 um x 10 um X 10 um = 1015 m2= 1012 =10 pl

Nevyhody miniaturizace

« zmény poméru délky, plochy a objemu vedou ke zménam vlivu
fyzikalnich parametrl na signal napf. kapilarni efekty — TRIBO
polarograf

< zvySeny pomér plocha/objem — sorpce, kontaminace

« krat$i doba analyzy

« zvySeny transport tepla a hmoty

(uvedené parametry mohou byt vyhody i nevyhody)



http://www.conferences.jp/microtas2006/index.html

Fig_ 15.1-1. Concept comparison between (a)
a chemical sensor: (b} a total analysis system
and (c) a miniaturirzed total analysis systermn

)

Technologie vyroby cipt

D. Mijatovic, J. C. T. Eijkel and A. van den Berg ,Technologies for
nanofluidic systems: top-down vs. bottom-up — a review" Lab Chip,
2005, 5, 492-500

Procesy pf¥i vyrobé ¢ipt

« vytvoreni vzoru (litografie — hv, e, ionty ...)
» mechanické obrabéni

* leptani

« odlévani (silikonova guma, polyakrylat)

« taveni

photoresist
|

= "~ protective layer

Photeresist development protective layer
eiching

© channel ctching

protective layer removal

I. M. Lazar, J. Grym, F. Foret ,Microfabricated

Devices: A New Sample Introduction

FIGURE 2. Photolithographic microfabrication process with a positive
photoresist.

Approach To Mass Spectrometry” Mass
Spectrom Rev. 2006, 25, 573— 594

GC na Cipu

Fig. 1 Photograph of a gas chromatograph integrated on a planar silicon wafer fabricated by Terry
and co-workers at Stanford University.

de Mello, Lab Chip, 2002, 2, 48N-54N

LC na Cipu




LC na €ipu

Fig. 3 Micrograph of Liquid Chromatograph chip manufactured by Manz and co-workers at
Hitachs Lid.

de Mello, Lab Chip, 2002, 2, 48N-54N

Mikrofluidika ... kanalky

de Mello, Lab Chip, 2002, 2, 48N-54N

Fig. 4 SEM image of a cleaved diamond microchip without a continuous bed. Adapted with
permission from ref. 33. © 2001 Elsevier Science BV.

LC: stacionarni faze

Fig. 5 SEM image of the inlet splitter and initial part of a micromachnined stationary phase
support. Adapted with permission from ref. 39.©) 1998 American Chemical Society.

de Mello, Lab Chip, 2002, 2, 48N-54N

Fluorescence, a.u.

GE na cipu

Protein sizing on a microfabricated
device. A: Schematic of an 11 multi-
sample microfabricated device that
performs protein sizing by integrating
on the chip the following steps:
noncovalent fluorescent labeling of
SDS-denatured proteins, separation,

virtual destaining by dilution of the
& SDS below critical micelle
concentration before detection, and
- detection; wells A4 and C4 are for the
e separation buffer and waste; B4 and
& D3 are used as load wells; D4 is the
H I SDS dilution well; all other wells
T ! I contain sample; (B)
H l Electropherogram of a standard
& 1 protein ladder separation with SDS
i containing buffer and laser-induced
1 fluorescence detection. Bousse et al.,
. Anal. Chem. 2001, 73, 1207- 1212.

Time since injection, s

Cipy: detektory

elektrochemické
proud
napéti
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Elektrochemicka detekce
pro mikrokolonové separace

PR I

Portable capillary electrophoresis instrument
with amperometric, potentiometric and
conductometric detection

Thomas Kappes, Benedike Galliker, Maria A. Schwarz, Peter C. Hauser*
Department of Chemistry, The University of Basel, Spitalstrasse 51, CH-4056 Basel, Switcerland

The prototype of a field-portable battery-powered

capillary
includes a high voltage supply capable of delivering
the standard 30 kV at both polarities. The instru-
‘ment has dimensions of 340 mm x 175 mm x 175
mm (wxhxd) and a weight of 7.5 kg. Data
acquisition is carried out with a portable laptop
or palmtop computer. Electrochemical detection
cras $ !

d: it ly For
robustness, the amperometric and potentiometric
detection modes are carried out in a fixed wall-jet
cell without decoupler. Both methods rely on the
electrophoretic ground electrode as reference and
counter electrode. For conductometric detection
the only recently reported contactless version was
implemented. The availability of the three comple-
; ; the

Y
for great versatility, which includes the ability to
determine inorganic cations and anions as well as
‘many organic species of interest.




Fig. 1. Sketch of the instrument with the cover opened: (1)
high voltage power supply, 2} carouselfor sample ials, 3)
capillry holder, (4) detector comparument, (5) detector
dectronics.

Amperometric
or

2
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and porenciometric detection. (1) Capillary, (2) perspex
1cm halder, (3} ground electrade, {4} working electrade.

Fig. 9. Schematic drawing of the cell used for contactiess

condutivity devection. (1) Capillary, () a

electrade,
(3) tramduscer electrode.

Fig. 4. Amperometrie detection of earbohydrates and amino
Iwm acids on a copper electrode in a mixture of standards
(3%107* mol 1) (A) and in diluted grapefruit juice (B).
A (1) Arginine, (2) saccharose, (3) glucose, (4) fructose,
(5) tryptophan, (6) histidine.
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Fig. 8. i tion of anda
B preservative in two samples of the same soft drink purchased
in France (A) and in Switzerland (B) (reproduced with per-
mission from [ 16).
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1 uM bromide, chloride, nitrate, sulphate and oxalate.
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Recent developments in detection methods for microfabricated "
analytical devices

2z
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Sensitive detection in microfluidic analytical devices is a challenge because of the extremely small detection
volumes available. Considerable efforts have been made lately 1o further address this aspect and to investigate
techniques other than fluorescence, Among the newly introduced technigues are the optical methods of
refraction and as well as the methods of amy
y and . Develops are also in progress to create miniaturized plasma-emission
spectrometers and sensitive detectors for gas-chromatographic separations,

Lab on a chip, 1, 1-6 (2001)

Detection on a micromachined
electrophoretic separation device may be
carried out amperometrically with a single
electrode. In this case the electrophoretic
ground electrode serves additionally as
pseudo-reference and counter electrode.
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Chiral separation of neurotransmitters
Normetanephrine, Methoxytriamine and
Metanephrine on chip

Electrochemical
Gas-Sensors with
High Sensitivity

Amperometric detection of b 100
acetaldehyde and ethanol in steps L
of 25 ppb LR !

5 200 nA

Coulometric
Microtitrator

Titration curves and calibration
plot for different ammonia
concentrations

Optické detektory pro separace na Cipu

Verpoorte ,Chip vision — optics for microchips® Lab Chip, 2003, 3,
42N-52N

Absorpcéni detektor pro CE

(a) Cross-sectional diagram of a pigtail
absorption detector for capillary
electrophoresis. The fused-silica capillary
is located at the centre of the diagram,
and is sandwiched between two slits, that
are 50 mm 3 500 mm wide.

(b) Photograph showing a GRIN lens

® o pigtailed to an LED. The cylindrical lens
is visible within the LED body, where it
was fixed with refractive index

matching (RMI) glue.

(c) Schematic diagram of a flow cell, which
was formed by precision manual drilling
in the body of an LED. H: entrance/exit
channels; F: optical fibre leading to a
photodiode; P: opaque PEEK sleeve; C:
emitting chip; L: LED.

U Verpoorte Lab Chip, 2003, 3, 42N-52N

Absorpcni detektor

INLET QUTLET

Top and cross-sectional views

CELL .
of the silicon flow cell.

QOPTICAL

WINDOWS o
lightin  light out

Verpoorte Lab Chip, 2003, 3, 42N-52N




LIF na ¢ipu pro CE

HVPW&(WETﬂ
— LIF = laser induced
M= Y fluorescence
Protamutpler i\ i Rers
Esconkc| ) T
g B konfokalni detekce

¢ip misto kapilary

] // Fig. 1538, Expcpm:n’.al setup for a CE
| _ 1 experiment on a chip

LIF detektor pro cip

®)

Contact Pad

Glass

Fig.9 Design of an amorphous integrated silicon photodiode and optical system for fluorescence
detaction in microchip electropharesis chips. (A) Cross-sectional view. (B) Top view of the ring-

shaped detector. (Reprinied with permission from ref. 67 Copynght 2002 Kluwer Academic
Publishers)

Verpoorte Lab Chip, 2003, 3, 42N-52N

Detekce LIF v sekvenovani DNA

True single molecule sequencing
(sequencing by synthesis)

stépeni DNA [ zé&znam pozic
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Prameny

Y. C. Lim, A. Z. Kouzani, W. Duan: Lab-on-a-chip: a component view
Microsyst Technol 16,1995-2015, 2010

Cipy v hmotnostni spektrometrii

M. Lazar, J. Grym, F. Foret ,Microfabricated Devices: A New Sample

Introduction Approach To Mass Spectrometry“ Mass Spectrom Rev. 2006,
25, 573- 594




Mikrometody v hmotnostni spektrometrii MALDI

Close-up of
chip nano vials

7
Automated
MALDI-TOF MS

Microdispenter '\

Nanovial
arrays

Laurell, T.; Nilsson, J.; Marko-Varga, G. Trends Anal. Chem. 2001, 20, 225-231.

Cipy pro ESI MS

A Microchip configurations with
R inserted ESI needles
e N Liquid junction A R
V Reaciveie's 179KV (A) Schematic representation of
msearance  the microchip configuration
———— — forMSinfusion with an inserted
12 cm capillary pump capillary that acts as an
7 o IS electroosmotic pump and

Reservoir 2

transfer line between the chip
G R , and ESl interface. Figeys et al.
B e T Anal Chem 70:3728-3734.):
(B) Schematic representation of
the microchip configuration for

Septum Al 22
il
CE separation and MS

) Sample —_
Scparation bofter Z@{ analysis using a capillary ESI
|55 Namectrospray @Mt

Waste ~
Cllpbelier B » Li J, Anal. Chem. 2000, 72, 599—
609.
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& g

Emitor pro ESI MS

Microchip with integrated
electrospray emitter.
(A) SEM image of a
microfabricated silicon
electrospray nozzle;
(B) Schematic

B
representation of a
pityarsba “-m-v complete chip handling
- ﬁ ke’ 28 and fluid delivery
4 N e SyStem.
Hﬁ il Schultz et al. Anal. Chem.
P e ey (L e e b agern <n-v=-“'--|~- 2000, 72, 4058-4063.
'yf:>
Anstrt i ..'.Ti.'.'.:?',‘.‘.',”' .

Emitor pro ESI MS

I mm

SEM image of a planar ESI emitter fabricated from negative SU-8
photoresist. Le Gac S, Arscott S, Rolando C. Electrophoresis

2003, 24, 3640-3647.

Priklady analytickych cipu

« Agilent/Caliper

Cip pro HPLC-MS: zakoncentrovani vzorku, RPLC a ESI

. —
Prototyp%:hlp/valve setup

Top view
@ e
R

Fluid

connections
6 port
rotary
valve

Stator

Rotor Side View

Waste

Nano-
electrospray
tip
Samplein  sample enrichment nano | C
column Pump

Top View

LC Column




Paralelni ESI MS

gas distribution chanaels

_—oooooo' o' - MS sampling orifice extension
00000000
00000000 stationary HV "
[~ /
translation stage . 96 well ESI microdevice

Liu H.H., Felten C., Xue Q.F, Zhang B.L., Jedrzejewski P., Karger
B.L., Foret F. Development of multichannel devices with an array of
electrospray tips far high-throughput mass spectrometry. Anal Chem
2000 72:3303-3310.

MALDI MS z &ipu

WWW.gYros.com

Cip pro paralelni CE - MALDI MS
infazni kapilary do sondy\

spole¢ny kapalinovy spoj

separacni kanalky

kapilary pro davkovani
vzorku z mikrotitracni desti¢ky

o\olje (o olo{[1¢

Cip CE — MALDI MS vs. konvenéni zatizeni

Techniky levitace

« slouzi k eliminaci ,,krusty” kolem kapalného vzorku za ucelem
minimalizace sorpce vzorku

pouziti v bioanalytické chemii — biolog. kompatibilita a snadné
ovladani, nizké naklady na pofizeni pfistroje a ovladani, snadny
pfistup ke vzorku, stabilni poloha vzorku — splfiuje pouze akust.
levitace

Druhy levitace:

- opticka, elektrostaticka, aerodynamicka, akusticka

- hybridni (aerodynamicka akusticka, elektrostaticka
aerodynamicka, elektrostaticka akusticka)

- Vyhody akust. levitace: nevyzaduje specialni vlastnosti vzorku
(napf. el. naboj event. index lomu vzorku,

- Takfka vSechny vzorky (pevné vzorky, kapaliny) mohou byt
levitovany.

Experimentalni usporadani

Instrumental set-up for
airbome c
flu

Digital Camera

onti
through droplet disper
a lens system, another interfer-
ence filter (510nm), a CCD
camera and a computer

Water
dispenser
Levitator dispensers




Experimentalni usporadani

PC
Wultiplexer
Gas supply
Pump contral
Video manitor Magnetic valve
v, d —+

Reagent
Intelligent CCD camera Telecentric
with 50-mm objective IR lliumination
and long-pass filter (780 nm) (880 nm)

Optical fibers with
microlenses and
protective shutters.

Akusticka levitace

Droplet levitated in the nodal points of a standing
ultrasonic wave. (a) Reflector (b ultrasound transducer (¢) flow-
through liquid microdispenser and (d) capillary. The ruler displays
the scale in centimetres of the experimental set-up. The levitated
droplet is less than | mm in diameter.

Akusticka levitace

.2 Dispenser droplet addition o the levitated drop. The dis-
Fig 1 A S00-nLwater drop levitated in a node in a standing wave — penser trajectory is seen as the thin white line conneeting the dis-
created between an ultrasonic transducer (botton) and @ solid ¢+ pnger nozzle on the right with the levitated drop

flector (top) :

Extrakce v levitujici kapce

Phase 1
A '—tPhase 2

Phase 1
Phase 2

Figure 3. Twophase formation in a levitated drop using two
imrmiscible iquids {water and rbutancl). The levitated drop is mixed
by disturbing the ulirasonic fleld. (A) A drop of each liquid was
postioned together in the same wirasonic node. (8) Phase separation
starts when Ihe ultrasonie field is reaciusted to oplimal conditions
(G} Smaller drops eoalesce into fewer, larger ones. (D) Complete
phase separalion. Left, pholographs; right, sketohes. Phase 1 cor-
responds to the n-butanol phase and phase 2 1o the aqueous phase
identified by HPTS)

Fig.3 Two-phase (ag fone.) system in levitated drop. The aquzous
phase s in yeffow and the organic phasc in orange

Levitated sample droplet pick up using the separation
capillary (50 pm 1D.. 375 pm 0.D.). The tip of the capillary was
on purpose filled with air (dark) in order to verify that liquid
(light) actually entered and forced the air bubble further into the
capillary.

Strobascopic images of a 65 p droplet approaching the
Knitated drop. The imges are fom thrse experiments
thercfioes the levitalad drep sizs varics

CE s detekci v levitujici kapce

Dns-Val

0.2 mAU

Dns-Gly

T T T T T d
4 6 8
Time (min)

°

CE analysis of in all 36 000 sample droplets (2.3 ul) enriched in an acoustically levitated drop for 25 min. Droplets (6000) were
added to the diminishing levitated drop every fourth minuie. Capillary 45 emx 50 pum LD., electrolyte 100 m3f borate buffer (pH 9.0),
sample 0.1 b DusVal and 0.05 i Dus-Gly in ethanol, voltage 10 kV, curent 14 A, detection wavelength 200 nm.
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