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Transmission technigues-
how to iImprove sensitivity?

A=-logT=-log(l/l,)

A=eLCLI(1,-1)/2.303l,
| - transmission

iy

Emission
Sample

Radiatioless deexcitation



e A R, F: absorbance, resonant and
nonresonant fluorescence

e |, P:intersystem crossing,

ihoshorescence
[ J
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Basics of thermal lens effect

During non-radiative relaxation of excited species
temperature in the sample increases*((1003 K)

a temperature gradient is generated with maximum
temperature at the axis of the excitation beam

the resulting refractive index gradient acts sena
(mostly: dn/dT< O, diverging lens)

laser beam is defocused (single beam or pump/probe
configuration)

beam radius and its intensity at the beam axiag&s

relative change in the beam intensity is propodldo
the absorbance of the sample and to the powaeof t
excitation beam.
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= TLS — how to make good use of
something not desired in laser technology?
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Nonsteady thermal diffusion

T(r,t oT(r,t 1
LD < poerry v S ey
e T(n,1)..... temperature P
e D......... thermal diffusivity
T o FER density
B R heat capacity

e Q(r,t)......source term (“heat”)
B VS velocity of the medium in x direction

By solving nonsteady the thermal diffusion equation, changes
In refractive index and related TLS signal can be
calculated for different beam geometries and excitation

regimes (pulsed, cw)
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Pulsed and cw excitation with a
= Gaussian-beam

e Pulsed:

Q(r,t) = Eto exp[—2(x2 +y%)/ az]
* CW:
Q(r,t) = 2P, {exp[—Z(x +y°)/a ]}x (1+ cosat)

E, ....pulse energy a.....pump laser beam radius
ty .....pulse width P...cw laser average power
a...... absorbance (ch) w.....modulation frequency
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Thermal lens signal

S(t) — W, (::A)/ 2_(\(/)\;2 (O)

* W,(0)....radius of an unperturbed probe beam at the
detector site

* W,(1).....time dependent radius of a probe beam
perturbed by the thermal lens

* Wj....... radius of the probe beam at its waist

2 2

Z 1 2,7

ws(t) =w, (1_—f(i)j +?(zl+zz— L Zj
0
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Simplifications for usual far field
—__experimental configuration

* 2,>>7,, Z,>>Z,= TIWy%/A

. f(t)>>2,, f(t)>>7

e @ t=0, f(0)=o
—A ... probe beam wavelength
— Z,.....confocal distance

27,
r(t)

S(t) = -
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ﬁ Refractive index change and focal
distance of thermal lens

on

n(x,y,t) =n, +(6—Tj xT(X,Y,1)

T : : :
* Nn,..... unperturbed réfractive index at ambient
temperature f

collinear: transversal:
1__o0n 0°T 1 on 3(o0°T
— s =_ dy
f aT or* f 0T - | Ox°

e f.....thermal lens focal length

e [....Interaction length



TLS signal for collinear
configuration

e Pulsed: ({- 0)

4AE.z,(0n/dT) 1

S(t) = -
(0 Tka‘t, 1+2t/t)?
e CW.
2APZ (0n/0T) 1 A=

Tka’ 1+t /2t)
— t.....time constant =4@c /4k=4&D
— Kk....thermal conductivity of the sample

ol
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TLS signal
for transversal configuration

. Pulsed: (- 0)

200E,z,(0n/0T) 1

S(t) = -

O Jorkat,  (L+2t/t)%?
e CW.

(1) = — 20Pz(0n/aT) 1

Jorka  (L+t, /2t)Y3



TLS signal form

Pulsed CW

"  Excitation Excitation

A
v

signal
signal

Time/ms scale Time/ms scale



TLS signal
In-a_single_beam experiment

e P/&changes with increasing z

 the signal maximum is found aj=z,
(parabolic modelzy = T/ A
S(t):_AP(anlaT) 1

Ak A+t /2t)

e Or at z=z,V3 (aberrant model)

AP(ON/AT) . 1
t) = - tan
0 Ak L+t /N3




—== E - Enhancement factor in TLS

Solvent  |-dn/dT (10°K")| k(Wm'K") | E10° W)
H,O0 0.91 0.607 0.12
CClL, 5.9 0.103 4.74
acetone 542 0.190 2.36

E = (-dn/dT) /(1.91 Ak) 1s calculated for A= 632.8 nm




Thermo-optical properties of solvents
for TLS measurements

[SCIENTIA (S 755 | VINCES |

Solvent | Thermal conductivity, k 10°(dn/dT) 104 (dn/ dT)

mWcem K K - I
cm mW!

CO; so) 0.7 100 143
CCly 1.03 -5.9 5.73
Benzene 1.24 -6.4 5.16
CgMImTH:N n.d. n.d. 4.55
cyclohexane 1.24 -5.4 4.35
BMImBF, 1.78 -7.54 4.24
n-heptane 1.26 -5.0 3.97
BMImTf,N 1.06 -4.0 3.78
dioxane 1.39 4.6 3.31
EMImTH;N n.d. n.d. 237
methanol 2.20 -4.7 2.14
water 6.11 -0.8 0.13

Calc. values (except CO2) taken from Chieu D. Tran and T. A. Van Fleet, Anal. Chem. 60,
(1988) 2478
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TLS - advantages

« High sensitivity
e signal proportional to excitation laser power
e absorbances as low as€an be measured
 Enables On-line detection

o fast response of TLS signal (p8s to ms
time scale)

e Capabllity of measuring small samples
e sub-pL volumes can be probed
 detection in microfluidic systems
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TLS — drawbacks and solutions

e Sensitivity still needs improvement
— Higher laser power? (photo-labile compounds)
— Modify solvents

* Limited availability of laser sources
— Coloring reactions, indirect detection

 Poor selectivity

— Single wavelength measurements

— Coupling to separation techniques (HPLC, IC, CE)
 Photodegradation

— Measure In flowing systems .



Dual beam TLS spectrometer
— for detection in FIA, HPLC and bioassays

...........

pump laser, e.g.
Ar, Kr, NdYAG,
CO, Ti-safire
240 — 5000 nm, | |
up tofew100mw %, .. b b

Ref. _
choppergg= = === Lock-in

lens
probe laser - filter
low power,F.__; oump
He-Ne, diode

sample cell photodiode =
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Thermal lens
effect

Beam expander II
L4

L2

{ <>

<«>

Beam expander [

L3

Sample stage
3-Dcontrol ~1pm

F

]

iy

PD

SR330




~w= Temperature dependent TLS signal iIr
water
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@ The effect of photosensitivity on
e TLS S|gnal (case of Cr-DPC)

: lank

0.96 + BExperimental data

0.90 | Fitting using Eq. (4)
=
g O 84 B
3 0.78 | 17~8Q ms
o 0.72
(7) Experimental data
— 0.66} Fitting using Eq. (11)
C Ce = (1.00 + 0.01)x10”" Mol/L
D 0.60 | K,=(8.0+0.1)s”
2 8" = (1.9 +0.01)x10° L/Mol
o 0.54 | C, = 4x10” MollL
|: 0.48 L t =0.004s

0.42 '_— Slmuk.itlon using Efq (4) \_/‘. ' . ' . '

0.00 007 014 021 028 0.35
Time (S)
(C,=C)exp(~(k +Kk,)N+C
[ (1)=1_(0)1-~ [ cXP ] tan | :
2 (141 N3

Pedreira et al.: J. Appl. Phys., 100 (2006) 24

Chem. Phys. Lett. 396(2004)221






\4\\ VINCES

The role of BTL In the transport of
antioxidants across the cellular wall

Relative bilipunin cancentration
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‘@) Improvement of selectivity by
__separation techniques (HPLC, IC)

Excitation Ry 1T T
Iaser DeteCt0l>m! o . | (()()H n

b

laser

4 . NH HAN ‘-
HPLC l { )

HPLC-TLS chromatogram

Probe-beam I
|

LOD: 90 pM

LOQ: 250 pM

Martelanc M., Ziberna L., Passamonti S., Franko
M.:

Anal. Chim. Acta 809, 2014, 174-182.



Free bilirubin in blood serum samples

[SCIENTIA 5755 | VINCES |

Scrum samples |, Mak s Male ' ppsui FCSHI

(aged 25) (aged 30) (aged 32)
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TLS signal}mV)
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Contents lists available at ScienceDirect

Talanta 154(2016)92— 9ﬁ|

journal homepage: www.elsevier.com/locate/talanta

Application of high-performance liquid chromatography combined @ B
with ultra-sensitive thermal lens spectrometric detection

for simultaneous biliverdin and bilirubin assessment at trace levels

in human serum

Mitja Martelanc?, Lovro Ziberna °, Sabina Passamonti °, Mladen Franko **



First detection and modulation of
===Dlirubin In vascular endothelial cels
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Advantages of TLS: extremely high
=== sensitivity, small sample capabillity
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Bioanalytical FIA system

Carrier substrate
buffer sample
> PUMP alve alve
1 2 l

I Enzyme
regenerator
AChE
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£
T 30
=y
<
210 TLS DETECTION CELL

)]

32
0 10 20 30 40 50 60 70

time/min L. POGACNIK, M. FRANKO, Biosens. Bioelectron.. 2003, 18, 1-9



TLS signal (mV)
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Determination of BLG and

OVA by FIA -ELISA-TLS

OVA (ng)
0 50 100 150 200 250
30— 700
1 o
2.5 u] e 0.08
g <
@ 20- ] O
5 0.06 5
— C -
>
E 1.5 e O €
= 0.04 2
5104 @ 5
w | O 0.02 %
=\
2 05 ® O TLSBLG -
e TLSOVA
- 0.00
0-0 T T ¥ T i) T L3 T L
0 100 200 300 400 500
BLG (pg)

LOD for beta-lactoglobulin (BLG) =2.3 pg/ 100 pL

LOD for ovalbumin (OVA) =1 ng/ 100 pL

—~
=

kinetic constant (s

0.07 4

0.054

2

0.03 4
0.02 -
0.01 4

o ant-BLG . @’
® anti-OVA ,
. P
rd
”
7’
re
Pd
>
”
a
Pd
”
Pd

= g

s .
B U Iy

02 04 06 08 10
antibody concentration ( g/mL)

(1 ug by ELISAAbcam)

34

A pg by ELISA — Bethyl)



Pump beam: 476.5 nm

3.0x107°

N
g
&
<)
]

Lock-1n signal

1.0x10°

0.0

{ Spl. Injection: 0.5uL
7 Flow rate: 5uL/min

LOD= 1.5 pg/mL

Determination of NGAL -
a biomarker of acute kidney injury

TLS signals for replicate injections of two
aliquots of 500-times diluted blood
plasma sample (217 pg/mL)

so 100 15 200
NGAL concentration (pg/mL)




@ Detection of NGAL in blood plasma of

patients after percutaneous coronary

angiography (injection of contrast agents) by

NGAL concentration (ng/mL)
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Thermal Lens Sp
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1 Introduction
2 Theory
3 Instrumentation
3.1 Single-bcam Instruments
3.2 Dual-bcam Instruments
3.3 Diffcrential Thermal Le
3.4 Multiwavelength and Ty
Lens Spectrometers
3.5 Circular Dichroism TLS
3.6 Miniaturization of Ther
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Basic literature on TLS

o S.E. BialkowskiPhotothermal Spectroscopy Methods for
Chemical AnalysisJohn Whiley & Sons, Inc., New York,
1996.

e C.D. Tran, M. Franko,Thermal Lens Spectroscopm:
Encyclopedia of Analytical Chemistry, (Ed. R.A. Meyers),
John Wiley: Chichester., 2010. DOI: 9780470027318.

« M. Frankq “Bioanalytical Applications of TLS”in: Thermal
wave physics and related photothermal techniques: Basic
principles and recent developments, ISBN 978-81-7895-401-1
(Ed. E. Marin), Research Signpost Press, 2009

M. Franko, Thermal Lens Spectrometric Detection in Flow
Injection Analysis and Separation Techniqugspl.
Spectrosc. Rev3, 2008, 358-388.
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Basic literature on TLS

Kitamori, T., Tokeshi, M., Hibara, A. and Sato, K.,
Thermal lens microscopy and microchip chemistiyal.
Chem, 76, 2004, 52A60A.

M. Franko, C.D. Tran, Analytical Thermal Lens
InstrumentationRev. Sci. Instrun67, 1996, 1-18.

Liu M., Franko M: Progress in thermal lens spectrometry
and its application in microscale analytical devicest.
Rev. Anal. Chend4, 2014, 328-353.
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