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ZAKLADNI VYZKUM:
fotonika - opticka vlakna

- vlaknove lasery a zesilovace
- optické biosenzory
statni etalon ¢asu (10-'° s), detekce pole zivych bunék



Dielektricka struktura, delka >> polomer, totalni odraz : nig.,> Nyyy

Snellv zakon

Index lomu (n=c/v)

Vakuum 1
Vzduch 1,0003
Voda 1,330
Kfemenné sklo 1,457
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Optlcke vliakno - princip
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Opticka viakna a komunikace
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Priprava optickych viaken

V= Ufe Tazeni

48V preforma




Opticka viakna a detekce :
opticke (vlaknoveé) senzory

Mala zarizeni pro kontinualni monitorovani (bio)chemickych
latek a jejich koncentrace

Zmeéna vlastnosti svétla diky vlastnostem prostredi =
prevod informace o chemickém slozeni na opticky signal




Opticka detekce

Vlaknoveé-optické senzory
* extrinsické (nevlastni) : vlakno slouzi jen k dopravé svétla
* intrinsické (vlastni) : modifikované vlakno samo detekuje

Extrinsic /‘@
O g
e -
rd

Intrinsic

+ na vzdalenych nebo nepristupnych mistech (,remote sensing)
+ distribuovana tj. rozprostfena, mnohabodova
+ vhodna pro explozivni, snadno hoflavé latky, v mistech s VN



Transmisni a reflexni usporadani

Optické viakno RERLERE
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Transmisni a reflexni usporadani

TRANSMISE
Fotodetektor Optické vlakno

 Pracovni rozsah
 Citlivost (dY/dX)

* Zdroj « Mez detekce (LOD)
* Optické vlakno . Casovéa odezva
* Detektor « Specificnost



Opticka detekce
Princip : méreni optické odezvy (zmeny)

« Amplitudy svétla (intenzity)
« absorpce
 fluorescence (luminescence)

* indexulomu .......
[http.//cas.msite.cesnet.cz/CESNET/Viewer/?peid=607a10d063f94feb857d8147e80c30951d]

« Casové rozliSené fluorescence
« Polariza¢niho stavu
 Faze svétla

 interferometrie



Absorpéni sensor pH (extrinsicky)

Opto-chemicky pfevodnik (indikator) - absorpéni



A
/\
0.30
k - 1 ¢=9,6:10° (molI™) pH
- 2o2s- :2‘18
AE Y
3
‘-‘?_'
o
P =
ko
-
(0]
g.
=
2
(o]
4
<C
I P 250 300 350 400 450 500 550 600
—10g| — Vinova délka (nm)
C A fy
= = [I. Kasik, V. Matéjec, M. Chomat: ,Optical
La (ﬂ) La (ﬂ') chemical sensors®, Praha: PACI . Prazské

analytické centrum inovaci, 2007, 169-185]
JCU - Vlaknové-opticka detekce ...




Absorpcni sensor pH (intrinsicky)

~ Opticka
"~ ) vlakna

Detekcni vrstvy

3.5 mm
Plastove zrcadlo

Detekce pH zaludeénich stav
Prevodnik : bromofenolova modf, thymolova modf

Pracovni rozsah : pH <1; 8>
Rozligeni : 0,05 - 0,1 pH
Casova odezva : do 1 min



Fluorescencni sensor (extrinsicky)
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Opto-chemicky pfevodnik (indikator) - fluorescenéni



Fluorescenéni spektrometr

Fiber spectrometer Fluorescence spectrometer
Ocean Optics (Horiba Fluorolog 3)



Absorbance

Fluorescencni sensor (extrinsicky)

Excitation of 2',7'-Bis(2-carbonylethyl)-5(6)-carboxyfluorescein
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Fluorescence of 2',7'-Bis(2-carbonylethyl)-5(6)-carboxyfluorescein
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Opto-chemicky pfevodnik (indikator) - fluorescenéni

P=Pa (1)OCKL



Fluorescenéni sensor pH (intrinsicky)
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Drsak — + Zmendeni — mikrosensor (nanosensor)

Fa) % .+ in vivo méfFeni

" Zreadlo .+ field application

{
{
\
\
\
\
\
\ J
N /
. b) /
N /
. p
~ //
.
\\ //
\\ //
\\\¥ ////

Excitation (1) Excitation (2)
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Detection l

Transducer
EIE Analyte (cell)

Tapered fibre: 125 um  Tip: 1-10 pm




Fluorescencni sensor pH

- SONDA :
« Taper,Y,V =>1-18 um

[I. Kasik, T. Martan, O. Podrazky, J. Mrazek, M.
Pospisilova, V. Matéjec, Proc. Optical Sensors 2009
(SPIE) 7356, Prague, 2009, 73561U-1 — 73561U-6]

— —

 Prevodnik + imobilizace
DHPDS => BCECF => HPTS (v TEOSu)
Souhra excitace, emise, imobilizace



Fluorescenc¢ni sensor pH
Fluorescenc¢ni metody

Intenzitni «— ~. Pomeérove
+ shadné + ZpF‘esnénl' méreni
- nepresné (vliv usporadani) - naroCnéjsi usporadani
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Fluorescencéni sensor pH

 Fluorescence,

raciomericky,
S vnitifnim
standardem
U U Spectrometer
Ocean-Optics
ean: + HPTS + Ru-
Taper (8 um
o . phen
Biosamples ?’S+Ru phen dichloride
pHa | | pH7 [ P47 . Laser diode

V-taper 8 um
[I. Kasik, J. Mrazek, T. Martan, M. PospiSilova, O. Podrazky, V. Matéjec, K. Hoyerova, M. Kaminek, Analytical and
Bioanalytical Chemistry 398 (2010) 1883-1889 |



Fluorescenéni sensor pH

Excitace : 475 nm
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Fluorescencni odezva na kalibracni pufry (V-taper, 8 um, HPTS+Ru-phen)



Fluorescenéni sensor pH

—u— 560 nm complex HPTS

—~ 3007 - e- 670 nm Ru dye
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Kalibracni kiivka — opticka odezva V-sondy na zmény pH



Fluorescenc¢ni sensor pH
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|1 ® Experimental data
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Kalibracni kfivka : (pufry)
Chyba stanoveni pro pH <6; 9> je 0.2 a pro pH <5; 6> je 0.5 (pH metr +0,08)
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Casovéa odezva (10 s) a stabilita v ramci 1 dne
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Validace: detekce pH kapek exudatu

Porovnanim pH objemovych vzorka posbiraného exudatu
stanoveného vlaknové-optickou sondou a klasickym pH-metrem

objem > Opticky :
opticky klasicky Spinéni podminky, Ze vzorek po

dobu sbirani [minuty] nemeni

5.6 5.3 . . .
pH (v ramci experimentalni

5.5 5.0 Chyby 0’5 pH)

v mezich exp. chyby kapky objem
5.0 5.4
5.6 5.4
9.9 6.0

STD pH ~0.3



pH
kapky objem
5.0 5.4
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Detekce pH kapek exudatu ovsa

Existuje gradient pH v xylémovém toku rostlin ovsa?

f W}

Kapky / Gutacni Xylémovy Xylémovy
celkovy roztok exudat exudat
objem (Spicka listu) odebrany po odebrany po
roztoku odriznuti odiiznuti
(pH*) Spicky listu stonku
(pH") (pH")

Kapky 5.0+0.3 5.6 +0.3 5.5+ 0.1

(9 kapek) (5 kapek) (6 kapek)
Celkovy 5.4 5.4 6.0
objem

Na rozdil od vysledku zjisténych u nékterych
rostlinnych druhu nebyl zjistén v xylemovem

toku rostlin ovsa vyrazny gradient pH.
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Schéma meériciho zarizeni

Napajeni LED
s prepinacim

coupler
50:50

prvkem 1
coupler
1:99
99
i long-pass filtr
PC vystup pro navareni
taperované sondy
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Detekce pH ve tkani rostlin

Fluorescence intensity at 518 nm (AU)

Excitaéni spektrum c-HPTS
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Detekce pH ve tkani rostlin




Videa — penetrace BY2, penetrace Arabidopsis thaliana
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Detekce pH ve tkani rostlin




Opticky detekovane analyty

 Chemical sensors o BIO chemical sensors
e 02 alcohols
. CO? * glucose
* |actate
* NH3 . creatinine
« H2 » esters
« SO2 ¢ urea
« NO2 * glutamate
+ chlorinated HC | oxalale
. « phenols
pH. . . sulfite
* cations — K+, heavy « ascorbate
m?tal lons « bilirubin
 anions — chlorides, - xantin

nitrates « cholesterol



Opticky detekovane analyty

 Chemical sensors o BIO chemical sensors
e 02 alcohols
. CO? * glucose
* |actate
* NH3 . creatinine
« H2 » esters
« SO2 ¢ urea
« NO2 * glutamate
+ chlorinated HC | oxalale
. « phenols
pH. . . sulfite
* cations — K+, heavy « ascorbate
m?tal lons « bilirubin
 anions — chlorides, - xantin

nitrates « cholesterol



Komeréni viaknové-optické sensory

 GeoCenters - pH
 FiberChem  decisionlinkinc.com  HC

* Presens presens.de 02, pH
* Yellow Springsysi.com CcO2

« Soundek otech.fi oil

« OceanOptics oceanoptics.com pH, O2
« SMSI s4ms.com 02
 Photosense photosense.com 02

“Fibers” = 2-mm fibers; “Tips” = 140 um



Electrode type

Ammonia
Bromide

Cadmium
b3

Calcium *

Carbon
Dioxide

Chloride
Copper
Cyanide
Iodide
Lead *
Nitrate *

Potassium
*

Silver/sulfi
de

Sodium *

Cat. No.

LGS-136NHM

LIS-146BRCM

LIS-146CDCM

LIS-146CACM

LGS-136COM

LIS-146CLCM

LIS-146CUCM

LIS-146CNCM

LIS-146ICM

LIS-146LICM

LIS-146NOCM

LIS-146KCM

LIS-146AGSCM

LIS-146NACM

Cost for
electrode

$995.00

$785.00

$785.00

$795.00

$970.00

$785.00

$785.00

$785.00

$785.00

$750.00

$750.00

$795.00

$995.00

$795.00

Cost for
full system

$1597.00

$1539.00

$1539.00

$1539.00

$1539.00

$1539.00

$1539.00

$1539.00

$1539.00

$1350.00

$1375.00

$1539.00

$1866.00

$1539.00

[www.sheflscientific.com]

Measurement
Range (M)

S5exp-7 to 1.0

S5exp-6 to 1.0

lexp-7 to lexp-1

S5exp-6 to 1.0

exp-2 to exp-4

S5exp-6 to 1.0

lexp-8 to 1exp-1

S5exp-6 to lexp-2

S5exp-8 to 1.0

lexp-6 to 1exp-1

7exp-6 to 1.0

lexp-6 to 1.0

lexp-7 to 1.0

lexp-6 to saturated

Concentration
Range(PPM)

0.01 to 17,000

0.4 to 79,000

0.01 to 11,200

0.2 to 40,000

4.4 to 440

1.8 to 35,500

0.0006 to 6,350

0.13 to 260

0.006 to 127,000

0.2 to 20,700

0.6 to 62,000

0.04 to 39,000

AG = 0.01 to 107,900
S = 0.003 to 32,100

0.2 to 23,000

pH Range

above 11

2to 14

2to 12

3to 10

4.8t05.2

2to 12

2to 12

11to 13

Oto 14

3to8

2.5to 11

2to 12

2to 12

5to 12

Temp.
Range
(oC)

0 to 50

0 to 80

0 to 80

0 to 50

0 to 50

0 to 80

0 to 80

0 to 80

0 to 80

0 to 80

0 to 50

0 to 50

0 to 80

0 to 80

Interferences

volatile aminues

S-, I-, CN-, high levels of CL- and NH3

Ag+, Hg+2, Cu+2

Pb+2, Hg+2, Cu+2, Ni+2

Volatile weak acids

S-2,1-, CM-, Br-

Ag+, Hg+2

S-2, I-, Br-, Cl-

S-2, CN-, Br-, Cl

Ag+, Hg+2, Cu+

Clo4-, I-, CN-, B

Cs+, NH4+

Hg+2, Hg+

H+, K+, Li+, Ag
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Bodove mikro-sensory - zavery

+ 0d detekce ustaleného stavu k pozorovani dynamiky zmeén

+ alternativa (field) ke konfokalnimu mikroskopu (finanéni aspekt) a k
Near-field Scanning Optical Microscopy [NSOM] (field application)

+ on-line = in vivo (opticka odezva 10 s << elektrochemickd)

+ tuhost/robustnost ve srovnani s kovovymi mikro-elektrodami

+ prostorove rozliseni ~20 ym, oCekavané ~7-10 um, mikro i makro
? invazivnost (interakce markeru vers. zranéni buriky)

- problém : penetrace houzevnaté stény rostlinnych bunék

* komereéni senzory : pH + O,, gluk6za, NO,, glutamat. Tip 100 ym
* dal$i analyty : Ca2+, K+, Na+* [GACR]
? bio-analyty - SPR [J.Homola UFE vers. G.Brambilla ORC]



Opticka vlakna a vlaknové sensory

s Ufe
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Optical fibre probes

Exciting Fiber * Collecting Fiber Ring

Www.oceanoptics.com

www.ufe.cz



Optical fibre probes

Detekcni vrstva Excitace

Fluorescence
Detekce CO,
25 mm
Termodlanek ]
% I IN1Hmr A
pH sensor '
O, sensor |- T l’
CO, sensor: | |
L v
Mikroporézni polyethylenovy obal 0.5 mm

[F.Baldini, A.N.Chester, J.Homola, S.Martelluci, Optical chemical sensors, Springer 2006]



