a
Depasit
Silicon wafer photoresist Silicon wafer
Add mask =500 nm — 500 pum
/ ~500 nm — 500 pm
[4 Mask

—_—

UV light exposure;
remaove mask;
dissolve photoresist

Pour on PDMS; /

cure (65°C); peel away PDMS

Master

Embossed microstructures

MINTATURIZACE

MASTER FABRICATION

1. Spin-coat photoresist on a silicon wafer

Photoresist

Silicon wafer

2. Expose photoresist to UV light through a
photomask oV

Photomask

3. Develop exposed wafer with photoresist

Photoresist exposed to UV

PDMS REPLICATION MOLDING

1. Pour PDMS monomer and cross-linker
mixture onto master
PDMS

Master

2. Cure and peel-off PDMS

3. Cut devices, create access ports and
bond to glass slide Acgess ports

Glass slide

Pokrocild kapalinovd
chromatografie

Jifi Urban, Ustav chemie, Pfirodovédeckd fakulta, Masarykova univerzita, Brno, urban(@chemi.muni.cz



| MICROFLUIDNI TECHNOLOGIE

,, Microfluidics deals with the behavior, precise

control and manipulation of fluids that are

geometrically constrained to a small, typically

sub-millimeter, scale. “

wikipedia.org

oy i

100 um

- o
<

99.9pL
c- maohile phass bottle

To column
02 p L/ min

Split before 2-solution mixing

To column
0.2 2 L/min

Discharge as
L—p-naste after the

n}
|

r‘\
l.l:‘.‘ﬁ-ﬁbﬂn
m

10082 Lieniny

199.8pLimin

htia b e

phase B Split after 2-solution mizing el

Position A Position B

MOBILE F'HASE ShMPLE MOBILE PHASE SAMPLE

VENT/
COLUMN WASTE

‘\\r}” 4{1

4

VENT/
COLUMN WASTE

\}4{1

}./

UNUSED
sSLOT



POLYMERY

Kopolymer cyclického olefinu (COC) Polymetylmetakryldt (PMMA)

Polydimethylsiloxan (PDMS)

HgC HaC  CHg CHg
O Si ek
/ o s \

O O
HsC CHy

- 4n




| RAZITKOVANI (HOT EMBOSSING)

Step2:Embossing  Step4:Demolding
(velocity controlled by relative motion of mold
/force controlled) insert and substrate plate

Substrate plate

with rough\

surface

Adhesion of the
residual layer on
the substrate plate

Polymer
film

Mold with —

microstructured
mold insert

Stepl:Heating

of mold and substrate

plate up to molding  Residual layer, Step3:Cooling

temperature produced by a surplus of mold and substrate to
of polymer material demolding temperature

J. Micromech. Microeng. 24 (2014) 013001 (23pp)



RAZITKOVANI (HOT EMBOSSING)

Plate-to-plate (P2P) Roll-to-plate (R2P)

y o S :

: : ) : : :

: B T I e A
P T e T G S I S I
T L B e e
) ) : : ' o
SRR Ty T Y T T S Yoo Y ¢

(b) (a) LOKN

(¢) 0.4 m/min

N 3

(/) 1 m/min

(a)

meJ

1oy ettt dirnibo it fons il s

. -

49

(2) 2 m/min

(¢) L8 kN

e

”~

(d) 3.0 kN (/) 3 m/min

(d)

J. Micromech. Microeng. 24 (2014) 013001 (23pp)



VSTRIKOVANI (INJECTION MOLDING)

"Computational Fluid Dynamics Technologies and Applications”, ISBN 978-953-307-169-5, 2011. ; Lab Chip, 2006, 6, 1346-1354.



LITOGRAFIE

Silicon wafer Ultraviolet

—

Spin-coating

Replica
molding

Inlets

—

Nature Biotechnology 32, 760-772 (2014)



LITOGRAFIE — RAPID PROTOTYPING

A Fabricate master
by rapid prototyping

/ ks / 28 cm i

B Place posts to
define reservoirs

/V—'/ =

C Cast prepolymer | 2

and cure

D Remove PDMS
replica from master

A7—7 rorem
/ 2

E Oxidize PDMS
replica and flat in
plasma and seal

replica —__ /-
flat — L=

Anal. Chem. 70 (1998) 4974-4984.



SPE-CE

A

Separation module

Solid phase ﬂirntliﬂ;n

\Iunulﬂl
Peristaltic

1

B Control layer
i template-22 pm tall features

=g

PDMS base: curing agent (4.4:1)
¥

. S

.-'%F e

o

—

1 br (@ 30+°C, peeled and hole punched

y 4=

Cured PDMS-

C  Fluidic layer

5i template-18 pm tall features

Z

PDMS base: curing agent (19:1)
L4

i

1 hr @80°C

D COC layer

Sitemplate-25 pm tall features

COC clamped against etched Si

4

Hot embossing @ 138°C for 26 min

PDMS
Pump

i =)

Control layer* &
Bonding @ 80+C

P ol

E

Top plate

waumu;

Base plate

28 min@110*C

Peeled and hole punched

+ curing agent

Bonding: O, pnm% 7\54
C 4

Monolith

m;:mf/F

Completed device

s

Analyst 141 (2016) 1660-1668.



SROVNANI TECHNIK

Master fabrication

L,
Hot embossing Inject Soft lithography
replica molding

+ contact pressure

|

Water cooler

+ contact pressure
Polymer casting
AN NN TN NN N

y U

| |
Il Plasma treatment
Water cooler f'm',,_,

WSNNENENEN

+ contact pressure E222X) Thermo-polymer 0ot ﬂ pressure
B Master template [ ] | |

BRRRRIRRTBY  Thermal 1 Cover glass SN SN Bondin

@%@ bonding PDMS polymer 8

Journal of Biomedical Optics 16(8), 080901



| LEPTANI SKLA

Cross-Sectional View of Fabrication Steps

i1 Fisher Finest Microzcope Slide (25 mm = 75 mm x 1.1 mm)

m Chromiom (300 nm)

m  Shipley 1813 Photoresist (2 pm) The glass shides are pre-cleanied in a fresh piranha

(/_’i_ chromium laver is deposit\ed\\\l

solonon (3 H50, - 1 H;O,) for 10 minures.

on the glass with the Denton
Discovrery 18:

* Power - 130 W

* Argon flow rate — 12.5 scem
* Zpurter time - 6 min

* Depozition mte - 30 am/‘min

» Preszure - 25 mT _/'

e

The expozed chromim
laver 1z removed br

immersing the sohstrate
m CR-14-5 chrominm

etchant for 90 zeconds.

The backside of the substia.:c—m —_— =
masked with a 1 mil polvimide /

tape (Kapton) with =ikcone —
adhesive. The substrate 13 then
immerzed in an etchant bath of

1 HF : 3 HNO, : 10 H,0 w© . . . | \
etch the exposed glass at 2 rate

\of 15 pm/min. J /

{The channels are sealed by sandvnching the etched substrate and a blank glass
slide betveen graplute papes, which iz then zandwiched berween 0.3 kg stamles:
steel blocks. This stack iz heated to 600°C at 2 rate of 10°C,/min, baked for 4
hours, and then allowed to cool Thiz fuson process ceeates a single glass
subzrrats with embedded channels.

ﬁh& photoresist 13 deposited \

and parrerned:
* Spim rate - 2000 cpm
* Spn time - 30 sec
* Soft bake - 90 zec (@ 93°C
* UV - 8 zec exposuge
[EW 420 Mazk Aligner)
* Developer - 60 zec

(Shipler 332

Q—Iaxdbake- 5 min @ 15:::-:/

All photoresist 1= remored
wrth  acstone, and the

subztrate i3 tmmeszed in
the CR-143 unzl all

chrommsm 15 removed.

\ f’/_-":ccess holes are made with a

Dremel rotary tool (30,000
tpm), 3 Diremel tool press, and a
diamond-tipped  Dremel bt
Water 1z used as a coohng fluad.
All preces are then cleaned 1 a
pezanha bath,

jon.chem.usu.edu/~tapaskar/nanoutah07 /P 3.pdf

Materials and Fabrication Techniques for Nano- and  Microfluidic

in Detection Science: Lab-on-a-chip Technologies, 2014, pp. 1-28.

Devices, in  Microfluidics

e
e

L.

www.indiamart.com

www.anff.org.au



LLCE-ESI-MS

ifotal ion count

BSA tryptic digest

1200 —

800 |

800 —

g

LI | T T " TTrfrre "r TT r""""r".'"[ TITE[ITTT T[T TTY : L L I L L
1.6 1.8 40 2.2 24 -] 28 3.0
time (minutes)

Anal. Chem. 80 (2008) 6881-6887.



MEKC

MEKC-CE

V1

SW1

SW2

25 um

IZZS uwm

480 um
75 um
630 um
1D Inject ’7
1D Run
2D Inject I I
2D Run

1l

/-
T T T #T

0 1 2 466 467 468 469 470
Time (s)

T T T

MEKC Elution Time (s)

BSA tryptic digest

8004 W
i
-
700 - a
L]
s -
600 -
. .
500 .
_._
400 4 )
.—-—P‘-‘ - >
T - >*
300 -
T T T T T
05 06 07 08 09 1.0

CE Migration Time (s)

i

Anal. Chem., 2003, 75 (15), pp 3758-3764



UPLC-LLCE-MS

ESI corner °
s Waste A Dlges.l-ed IgG2
Ly ‘.\ d
}&O R s
Y. > CE channel .~ /
- = /& 3
NiEiE ] & .--"";é’e 400
& eBeE \ &9 50
\ i = 300
H -1 ™
L 3 200 ®
Power Supply . > 100
40 -
| Function Generator H Control Cornputerl E .:. O i b .
B 3 B2 a2 =
g G s~ () ———
F 30 B0 -
A1GO € = 3
@ 3
A1GOF N-vazané oligosacharidy 9 - . - 2
- &, :
A2GOF v @ o5 =
4 A0 - ———
A2G1 @ N-acetylglucosamine 10
A2G1F .
.mannose U'l’l[llllllllll‘lllll'[lllllll]lll]lllll'!'l]ll’l
A2G2 12 14 16 18 20 22
CE Migration Time (sec
A2G2F A core fucose ’ el
A2S1G1F
o galactose
A251G2F

A2S2G2F © sialic acid (N-acetyl neuraminic acid)

M5 Anal. Chem. 85 (2013) 4100-4106.

A A A BARSRR]



| LC-EC-ESI

LC pump

BPl count

bl
| I

I I I I I I [ T
10 12 14 16 18 20 22 24

Time {min)
|
|

BPI count
2
1

0

I T UL I

Time {min)

Anal. Chem. 83 (2011) 842-849.

28

I T 1
208 209 210 211 212 213 214 215 216 217 218

<
£
o}
=
-
o
-
=
2
Q
o
O
-

E. Coli lyzat

BPI
Count

- 400
A S 300
- 200

25— . 100
g - e 0

| | | |
9 10 11 12

| I | | | I
13 14 15 16 17 18

CE Migration Time (s)

19



ENZYMATICKE STUDIE

P

enzyme

/

Cover Plate

substrate

Mixing-tee

|
}Mixing
3)

Channel

buffer

P

~/
Reaction

Cross
Chann

5
waste

10 mm

Reaction

4
\—)inhibitor

el

Glass
Substrate

Anal. Chem. 69 (1997)

3407-3412.

OH
HO 0,
O
On N pH=78
I

1, [min./uM resorufin]

35

30 |

25

20

o [ Pou
je) O (o] O
o e
P
N OH
n I

Lineweaver—Burk

/” g - . - ”!> ]
1"7 * )

* P
x g

”
it

.

0 002 004 006 008 0.1

1/RBG [uM]!

heater elament

A

2.3 mm

0.4 mm

insulation

B

heated region—|

Tharmocoupla 2

Thermocouple 1

enzym /substrat

reaction channal
27 mm

separation channal
20 mm

derivatizace

©

J. Chromatogr. B 745 (2000) 243-249.



| FREZOVANI (MICROMILLING)

~ Device

ol

pubs.rsc.org

www.sfb516.tu-bs.de

www.oxfordlasers.com

www.cnc.info.pl



FREZOVANI A LITOGRAFIE

Dynamometer A. Micromilled metal master with B. Positive PVS mold

semi-circular cross-section channels

Brass PV
Brass

\

C. Surface passivation

o

. Metalmaster
Miniature Machine Tool (MMT) y Release agent:
Fluorinated trichlorosilane
or 1% gelatin solution

! P T 3
e o R - L

F¥5

F. Circular channel assembly

from two PDMS slabs E. Negative PDMS mold D. PDMS molding
PDMS f@ « € oms
POMS PD#AS PVS



| MICROFLUIDNI 2D-LC

Flow collector

AT

|duueyd uonesedas q,

212D separation channels

2D flow distributor Inlet 2D flow

J. Sep. Sci. 38 (2015) 1123-1129., J. Chromatogr. A 1434 (2016) 127 — 135.



MICROFLUIDNI 2D-LC




MICROFLUIDNI 2D-LC




DISTRIBUCE TOKU

. Design 1

4 um &
A
128 pm ! . 320 pm
- ® o D F o
inlet 200 pm
D.5em .
separation separation
inlet waste
‘ | 235¢cm | ‘
05¢cm
05 em i Design 2 Design 3
wm
sample
waste 128 pm

J. Chromatogr. A 1289 (201 3) 80-87.



SEI 15.0kV  X7,000 fgm WD 40.0mm 200

Rl SR

intensity (a.u.)

68 7 1] ) - %0
tis)

J. Sep. Sci. 35 (2012) 1877—1883.



| PILIRE A POREZNI MONOLIT

. Bulk monolith Decreasing interpillar distance (IPD) >
I Ll

(a) (b) (c) (d) Jedna vrstva

MTMS

TMOS

J. Chromatogr., A 1216 (2009) 7360-7367.



PILIRE S POREZNI VRSTVOU

5.0 -
4.5+
4.0-
354
3.0 -
f 2544
2.0 4
1.5 4
1.0 4
0.5 -
0.0 . . : : : . . . . .
0 2 4 8 8 w12 14 18 18 20
vy
124 - S 450
114 - ' ﬁ
104 - * i
S 94 - . s % C460
8 £ : 3
z ¥ SN A f \\ S
2 74 S
2 64 ” E i FIE
54 - R T
44 4 [ f
34 - : _ . . :
0 10 20 30 40 50 60

time after injection (s)

Anal. Chem. 80 (2008) 5391-5400.




| PILIRE S POREZNI VRSTVOU

1.00

ENT = 1506V Sigrel A = InLens. Date 16 Nov 2011
Wo= 3mm Meg= 423KX Time :1222:12

intensity (mAU)

\ |
" . ‘\W/U.,JJ UM&W

Albumin

o e —

(B)

X78 ZB8nm 4 25 ¢ 1.25

1.00

S /
EHT = 1.50kV Signal A = InLens. Date 15 Nov 2011
W= 4mm Mag = 61.78KX Time :11:48:43 A
355 N o q N 3% ’

0.75 A

intensity (mAU)

time (min)

X858 ~ Z8rm = & - m‘§r2§01 !!E§A+
— J. Sep. Sci. 35 (2012) 2010-2017.




AGILENT HPLC/MS CHIP

Inert polyimide

Analytical column

s (B)

Sprayer-tip

12 1§

min

J. Chromatogr. A 1200 (2008) 55-61.



| WATERS [ONKEY/MS

e : _.." Silica packed channel Alprazolam OH Oxytocin
U 100- ionKey/MS 100- ionKey/MS :
40X 27X

%
%

KJ mm |.D. rj mm |.D.
O +Time Time

140 180 220 260 3.00 340 250 3.00 350 4.00 450 500 550

Small Molecule

o . 75 pm |.D.
RENY
Awg/ﬂ? @Hmfms‘
a0 +
150 pm I.D.
30

20

Sensitivity Improvement from 2.1 mm Scale

10 -

0.1

Flow Rate (ul/min)



PAPIROVA“ DIAGNOSTIKA

A The entrance to the
microfluidic device
is dipped into urine.

Hydrophobic

Hydrophilic

Urine wicks into
the assay zones.

(@) (b)
: ; An imaging device
A‘ ’ B digitizes the results
ghicose = \:::lo'n , s - . and transmits them
ot
reag“;!'ls reap?nvla [ to an expert.
red ink ‘—
abearbed by -
g I Aess ¥ Jgis g S e L i
|}
) d) | p
! X ' I An expert interprets
o 1 : ! C— l —_— - the results, and
AXPC (] 3 ilo L :
an artifieial :1‘;:: sl : 1 T : 1—' b——. replies with
uring solution solution containing { | a treatment.

gucose and proféean 0 O !

Materials and Fabrication Techniques for Nano- and Microfluidic Devices, in Microfluidics in Detection Science: Lab-on-a-chip Technologies, 2014, pp. 1-28.,
Accounts of Chemical Research 46 (2013) 2396-2406.



(NELABORATORNI) CENTRIFUGA

sample
collection

mMm 0 08 15 35 6.5

~ 100 uL of blood
from finger prick

/

sample
preparation

=
o

Intensity (arbitrary units)
=
=

=
a

isolation of plasma
from whole blood with
egg-beater centrifuge

Y

point-of-care
diagnostics: assays on
patterned paper

N e R
Concentration of cholesterol (mM)

George M. Whitesides

¢

transfer of plasma to
patterned paper

Lab Chip 8 (2008) 2032-2037.




LASEREM INDUKOVANA FLUORESCENCE (LIF)

Microchip

Microscope
objective -

Relays

Voltage sources

<«— Dichroic mirror
Laser & beam

expander
Pinhole
\lorescence : PMT
Computer ADC Pre-amp

chem.libretexts.org



MICROFLUDICS (?)

- Flow layer
= Control layer

Sensors 15 (2015) 15684-15716.

AMPLE UNLOADING
TRANSPORTATION SYSTEM

SAMPLE LOADING
STATION

www.osti.gov

A

biomems.rutgers.edu



INTEGROVANE SYSTEMY

Mikrocerpadio

Kontrola toku

Kontrola toku Spektrofotometr

(c)

Lab Chip 5 (2005) 1303-1309., Microsyst. Technol., 12 (2006) 1031 — 1035.



INTEGROVANE SYSTEMY

Aminokyseliny

pFi snizené a zvysené gravitaci

Anal. Chem. 77 (2005) 7933-7940.

3.75¢cm

1 |o.10em

0.25cm

fluorescence (arb. units) 2=

—— electropherogram
—— acceleration
current

migration time (s)

— electropherogram
—— acceleration
current

fluorescence (arb. units) Uj

migration time (s)

(6) uonesajzaoe

(B) uonessjzooe




PRENOSNE SYSTEMY

Sample Loading Mode
;
Buffer
—_ _I Channel
‘ i1 Separation Mods
_ Buffer S

Waste Sample
L2
| o1
—— w2 . R2Z L2
+
R1 Detection
Separation
Channel

10 nA dopamine  catechol

/\_/\251//0”’]

r_JUL 50 V/icm

Buffer Connection

Reservoir / Pads

- Sample
Reservoir

=/4='

~_IN

y, \Detectuon

Reservoir

WERG //

Reservoir

CE - ECD

100 V/cm
A 200 V/em
D 0 40 60 a0 100 1%0 1‘:10
Time (s)

Anal. Chem. 75 (2003) 3643-3649.



PRENOSNE SYSTEMY

Sample Reference
Si photodiode — Si photodiode
Mercury penray /
lamp : Optical fiber ~ Column —
l, Filter bundle
l y Ball ﬂ Metal cap

N i |

Plano
convex lens

Monolitickd kapildrni kolona
155 x 0.075 mm

LC — UV

J. Chromatogr. A 1327 (2014) 80-89.



PRENOSNE SYSTEMY

1.25
Retention time RSDs (n = 4) —File 1
Peak 1 - 0.42% File 2
12 Peak 2 - 0.60% Diuron )
Peak 3 = 1.42% File 3
L15 Monouron File 4
=
< [soproturon
1.1
Solvent B 1.05
Injection |
capillary 0 2 4 & 8 10 12 14 16
Time (min)
0.25
C
0.2
0.15 a 1
= 0l
b -]
0.05 LA:
Electronic box 0 —
8 10 12 14 16 18 20 22
31x18x 14cm? 005
(LxWxH) Time (min)

Anal. Chem. 87 (2015) 10457-10461.



PRENOSNE SYSTEMY

Valve t\
b

_Valve B

ED detector

Injection syring—

Packing column %

Pump A

—~ Pump B

Solve(\t A

—Solvent B

_Injection valve

Housing ,’( 1

Motorigear box T

Benzola]pyrene

Fluorene

~ 1100 bar o
=

0 1 2 3 4 5 6 T 8 9 10
Time (min)

) L Ees e 1300 s Fri) e Lo 2 wl

I OO PR it ol

BSA tryptic digest

EYT
m

SE T E
AHEAERY

Mirlati

12 M Y BN 3 MM MW M
Tirvas [rry]

i il .
caMEEERITIEE o

Hrirlalio

Faiaiva Abundascs
SEEREEE EEES

]
a
: _L
R RO H 4 48 B
o T e
"
0
Ll
el
EEn]
g4
o
Im
=
] S
@ & i i B O3 O ¥ & 4 W 5

Anal. Chem. 89 (2017) 807-812.



PRENOSNE SYSTEMY

a
LED detector 5 .
g Waste \J Data a
= uisition H,0
N
A2 o [ ( [| Tar
Mobile phase A ’é' 3 b o N i
- T Capillary column \ 4 ) N
T —) 1 [V
E <2 lln_. ‘I _
E e - il et ., — T — we = —
Al Pres:ﬂfre sensor “‘
i . |
’“ Sample 3 . (\
0 ‘ :

Waste

~ 7 000 USD
b ~ 175 000 CZK

)
mAU

Time (min)

LC platform Data acquisition
Sx25cme 1.3kg (0.7 kg
from the injection valve)  $6,871

Anal. Chim. Acta 896 (2015) 166—176.



“Simplicity, for reasons that are
a little bit obscure, is almost not
pursued, at least in the academic
world. “

George M. Whitesides

TED www.ted.com/talks/george_whitesides_toward_a_science_of_simplicity#t-697317



