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(57) Abstract: The present invention pertains to a de-
vice and method to measure thermo-optical, preferably
Z 31 thermophoretic, characteristics of particles in a solution.

The method comprises the steps of: (a) providing a sam-
ple probe comprising marked particles in a solution; (b)
7 providing a temperature control system for creating a
6 1 O temperature gradient within said sample probe by con-
tact heating, electrical heating and/or cooling; (c) de-
tecting the marked particles at a first time; (d) creating a
4 32 temperature gradient within the sample probe by means
of the temperature control system; (e) detecting the
marked particles in the sample probe at a, preferably

83 | predetermined, second time and/or at a predetermined
location within the temperature gradient, and (f) charac-
8 5 1 82 terizing the particles based on said two detections.
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METHOD AND DEVICE FOR PARTICLE ANALYSIS USING THERMOPHORESIS

The present fovention relates o a mothod, device and ¥s use for thermce-optical
characterisation of particles. In particular, the present invention relates to a method and an
apparatus for measuring the surface properties of small particles (g.g., submicron to pro scale)

with thermophoresis. The present invention also relates 1o a wethod and apparatus for

analyzing the physical and chemical propertics of small particles anddor changes in these
oroperties, More particularly, the invention uses thermophoresis in & oreated spatial

b

temperaturs gradient combined with optical detection. Moreover, the present invention relates
(Y 1

{0 2 method and a device t0 measure charvacteristics, proferably size and surface properties, of

molecules, fike biomolecules, the interaction of molecules, particularly biomolecules with,

e.g. further (biojmolecules, particuim‘ijr modified  biomolecules, particles, e
nanoparticles/ions or microparticies, beads, e.g microbeads andfor the determination of the

ength/size {e.g. hvdrodynamic rading of individual molecules, particularly of hiomolecules,
of particles {e.g. nanoparticles, micropariicles), or of beads (¢c.g. microbeads) as weil as the
determination of e.g. lengthor size {e.g. hydrodynamic radius) of (bio)molecules or particles
Also combinations of these chavacteristics may be deterrmined with the means, usgs and
methods of this invention. It is of note that the present invention s, however, not limited t©
the measurcment/characterization of biomolecules. Therefore, also the chavacteristics of other

ompounds/particles can be measwred and determined by the means and methods disclosed
herein, for example kinetic events and Interactions of molecules may be determined andfor
measwred, Accordingly, also chemical reactions (like inor ganic of OYganic reactions) may be
measured by the methods and under uss of the devices of the present invention. I is also
envisaged to determine complex formations and/or thelr dissociation. The method of the
present invention spplies to polar (e.g. water, othanol. acetontril-). non-polar {organic)
solvents {e.¢. hexane, toluene), emulsions {e.g. milk}. foams and the like,

K has been s longstanding desire to provide sysiems and methods for accurately
detecting the stze and surface properties of small particles e.g. DNA, Proteins and/or other
artificial/non-artificial micro~nanoparticles {e.g. tanwm oxide, s00U particles, pigments in
non aqueous solutions and more).

Normally, the size of small particles andfor their surface properties are detected by hight

<

scattering, ¢lectrophoresis or dielectropheorssic or more oxotic techniques like Temperamre

gradient gel electrophoresis, described, ¢.g. in German Application DE-OS 36 22 591

Although some of these methods are widespread nowadays they suffer from many

disadvantages.
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So the use of clecirophoresis is limited to charged particles and needs time consuming
preparation hefore the actual measurement, Further, electvophoresis 15 hard to minjatunize dug

1o electrochernical effects ai the metal-buffer tnterface.

Many of these methods are Himited to one specific measurement variable of the teste
particle. e.g. a size/charge rativ for clectrophoresis or just the size for light scattering
sxporiments. Thus, it {s difficult to detect any change in the particles’ swface properties
except surface charges.

Besides these analyses of particle propertiss it is often of intersst to detect the

interaction of particles with a binding pariner, e.g. protein-protein interaction like antibodie

’!,'7

with antigens. molecules with proteins or DNA strands with proteins. These high sensitive
detections are often performed using enzyvme-linked immunosorbent assays (E
FLISA needs complicated constructs comprising antibodies and enzymes, in part bound 10 &
sarface 1o visualize the presence of the proteins or particles of interest. Thus ELISA
sxperiments need laboriows preparations o expensive commercisl substrates,

Dinhr ot al, in Furopean Phys. L E 15, 277, 2004 relates to “Thermophoresis of DNA
determined by microfluidic fluorescence™ and makes use of thermophoretic drving forces m
stindanrized Biotechnology devices, This article discusses an all-optical approach m thin
micrs fluids 10 measure and apply thermophoresis for biomolecules In small vohumes and
aqueous solutions, i.e. both the crestion of the temperature gradient and the detection are
based on an optical metbod. This all-optical method is only suitable for solutions mainly
consisting of water. The ‘method cannot be applied 1o solutions which maimly constst of 2 non
agueous sobvant {e.g. ol toluene, ete. )

The temperatures are measured with high spatial resohation by the temperature sensitive

—-h

fluorescence of a Huorescent dye. Typically, one measurement according to Dujw &t al. (2004,

w

foc. cit.) takes 300s or even mors. It is further specudated in Dubr et al (2004, Joc. cit), that

the movement of polvmers, in particuiar DNA, in 3 temperature gmdiem is independent of the

1

chain length of the molecule, an assumption in Hine with thearetical considerations, see e.

(j’.‘)

T
)

Braun and Libchaber, Physical Review Letters 8. 18 (2002 Thiz assumption strongly

confines thermo-opiical characterization of molecules based on thermophoresis, since the
techmique would solely be dependent on changes in sive of molecules and would exhibit ne
sensitivity 1o surface properties

Moreover, as indicated above, this method is limited to use of solutions mainly

consisting of water. If cannot be used with sclutions mainly comprising a non agueous

soivent, such as nil, wluene o the Tike,

2]
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In contrast to standard detecting technigues the use of thermophore S G -
discriminating force allows ciroumventing these Gmitations. This technique 1s use st an Dubr et

al. (PNAS 103, 1967819682 {2006)) where # thermophoretic approach 1s used © determine
particle properties or binding of molecules W tagged partners. Also measur g of Antigen-
Antibody interactions, Protein-Protein intevactions or other surface modifications is possibie
with this technigue,

Thess measurements are also performed all optical in a fluid chamber using av infraved

b\—x

TR laser to heat an aguecus sohution highly localized while the detection of the resuliing
7 3 o

thermophoretic movement is observed using sianda wd Imaging technigques, like fuorescence

L

‘(

they suffer from their complex stucture and the relatively high price for IR hz:f—ﬁ;ing iaser. in

addition the method is Hmited to a few solvens which absorb the Hght emitted from - the IR

It is therefore an object of the present invention to provide an improved mst*nci 1
devics for g thermo-optically charscterisation of particles or molecules, in particuiar which
avercome the disadvantages of the prior art. It is a farther or additional object underly my the
present invention, to provide a method and device which can be used in a wide variety of

applications, which are easy and efficient to handle and 1o manufacture, which are robust

o

andéor which provide reliable results,

These and other obiects are achieved b} the fegtures of the independent claims. Further
preferred embodiments are characterized in the dependent claims.

1o present invention allows using all the advantages of & thermophoretic measurement

of pariicles, particles’ properties and/or changes in patticle prope ties and cireunpvents the

disadvantages such as the high costs of the setup known from the art and limitauons on the

mcsiec:u}f:, shape of a molecule, chemical groups on the sum&ce infevfiniramolecudar

interactions, conformation of molecnle, smali moleculefion binding to molecules and

inieraction berween biomoletuies or biomolseules and particlesnanocrysialsimicrobeads with

Tt
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a sinple, efficient, robust and reliable method/apparatus. In particular, the present invention

allows an automated measurement with an Improved through-put within imprm‘ed me spans.

Also the present invention circumvents the need that laser radiation has to be absorbed

by the solvent, an obstacle limiting the use of IR heating lasers to agueons solutions. The
present invention may be used with different polar and non-polar sobvents, preferably a great

variety of matter in the liguid phase may be used, e.g. molien materials {e.g. polymer melts)
or Liguid Crvstals {g.g. in the nematic phase). Also mibxtures of all memioned and other
Hanids and solvents may be used with the present invention,

in the contexy of this Invention, in par’ijszuiar the claims, it 18 noted that the terms
Sparticle™ or “particles” also relate to beads andfor microparticles, particularly microbeads,
nanoparticles or molecules. particularly biomolecules. e.g. tcleie acids {such as DNAL RNA,

LMA, PNAY, proteins and other biopo

<

sukarvotic cells) or sub-collular fragments, viral particles or viruses and cellular organelles
and the Hke or inorganic compounds, In the contexs of the present invention, a nanoparuele 1s
a microscopic particle with ot least one dimension less than 100 mm and a

h 3

microparticle/microbead 18 a microscopic particle/bead which has a charactenistic dimensic

J
e

v R it

ol less than 1 o bt m:'mahx move than 100 mm. The term “modilisd particle™ or “maodified

A1) H 1

head” relates in partoular to bexds or particles which comprise ot are linked o molecules,

A 3

preferably biomolecules. This also comprises coating of such beads or particles with these

slecul 3

molecules or bomoleculss.

Although the particles mentioned above are mainly bomoleculss the nvention 13 no

fimited to an application of biomolecules but allows also measuring.

The present inveniion provides means and methods for the thermo-optical

measurements andfor thermao-optical characterization of particles or molecnles, in particular
biomolzeules. by the measurements andior the detection of differences in the thermo-optical
properties.  Their thermo-optical  properties tmainly  originate  from  differences i
fn.arrna;)p‘:mm?jc mobility DT {e.g. the velocity of particles'molecules w2 temperature

oradient), In pavticular, the detected signal is dependent on the thermophoretic mobility
ofgg = exp|~(Dr I DYT - T} e _
0 pl-G el the diffusion coefficiens D, concentration ¢ and

<

omperatuve T. A DT independent of the polvmer fength as expected from Dulw (2004; joc.

cit.) and others {e.g. Chan et al, Journal of Solution Chemistry 32, 3 (2003); Schimpf et al.,

4 S

Macromolecules 20, 1561-1363 (1987)) would render the analyties of biopolvmers like DNA

and proteins almost impossible sinee only changes in the diffusion constant would contribute

r,.f"

10 the thermo-optical properties, which are munuie in MOst cases,
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Thermo-optical characterization in accordance with this invention Is based on the

croation of temperature gradients
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The solutton may be an

5
1

agusons solution but also a solution where the selvent is non-agusous, for ¢ example pon-polar
{e.¢. hexane). By doing so. the energetic states of the mo lecules in the solution are changed

depending on the temperatwe and the properties of the molecule, L. the molecules

experionce a spatial potental originating fom the spatial differences in temperature, T s

“mem:ﬂ drives a dirscted motion of molecules along the temperature gradisnt. an effect

& &

to thermophoresis and
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establish a concentration profile. After o given thme, depending on, La., the chantber
dimensions and the particle’s diffusion coefficient, the steady-state disgibution is reached,
The diffusion time i herehy very seusitive to the chambers dimension as it contributes

guadratically while the diffusion coefficient contributes only nearly. When the temperaturs
comtral system is switched offl the concentration oradient equilibrates and the particles difinse

back. The complele dynamics ave preferably observed using rmicroscopy technigues .

With the present invention, thermophoresis is observed at times in a range from about

&,

0.01 seconds © 30 minues, praferably 0.01 seconds w0 18 minues, preferably 1 second 1o 3

I x.e;mnpi,\‘\,.resis is & mothod which is sensible to surface properties of molecules n a

3

solution. H 18 not necessary to expose muwolecules to s different mamix (ke I

oo}

Cwith the molecules phvsical

&~ o

+ '%
et
)
]
oy
ot
k.
o
r
]
r
4
o

chromatography) or ¥ ounoany way {e.g by direct
contact or by adding substances), Only imeractions within a temperature gracient ars
necessary. Heating and/or cooling elements are used for manipulation of matter by creating

.,.

spatial temperaturs distribution and fluorescence is preferred 1o detect molecules.
The gist of thermo-optical or thermophoretic characterization based on thermophoresis
as provided herein is that differences in thermophoretic mabﬂit}; {i.e. the wveloctty of

molecuies in a termperature gradient) and hydrodyeamic radius can be detected by analyzing

the spatial distribution of concentration (L.e. by the spatial distribution of ¢.g. fluoreseence} or

the fluctuations of single particles trapped in the spatial temperature profile. This embodimer

is of particular relevance for the herein described thermo-optical trap for trapping particles,
molecules, beads, cellular components, vesicles, liposomes, celis and the like. While the
h}-‘dmdx-*namic cadius is only related 1o the radiue of & molecule, the thermophoeretic mobility

is sensitive to charge. surface properties {e.g. chemical groups on the surface). shape of a

LA
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molecule (e, size of surface), conformation of a protein or interaction between biomolecules
or biomolecules and particlzsfmanocrystals'microbeads. This means that if any of the

sroperties are changed, the molecules will experience a different thermodynamical

potontial, resulting in differences in thermophoretic mobility (Lo, change in spatial

concentration profile or fluctanon amplitude of wapped particles),

Thas, the present invention relates 1o thermally induced processes, ey temperature
gradient induced directad motion of particles
The approach according to the present invention differs from most state of the ant

analvsis deviees and methods where the gepsration of heat 1s an unwanted by-product, For
diciectrophoresis the experimental results are corrected for temperature effects and it is tred
10 keep temperature effects negligible
nacroclestrode structures A, Ramnos ot al 1998 1, Phys. D Appl. Phys. 31 23382353, For the
widespread snalysis method of electrophoresis Joule heating is titled to “plague electro-driven

separations™ and leads 1o separation inefficiencies, (Refl Joule heating and delermination of

temperature n capillary c: trophoresis and capillary  clectrochromatography colwnns,

Anurag S. Rathore, Joumal 0“ Chromatography A, Volwme 1037, Issues 1.2, 28 May 2004

Pages $31-443)
Morsover the spatial localization of the temperature distribution is an unwanted effect

for state of the art micro-heating elements. For exmmple micro-hotplates for gas analysis
devices use heat distribution plates to obtain a uniform temperature over the whoie arsa. The
methods  mresemied  in this inveoton allow taking  advamage of ihe lemperature

<

it for the characierisation of particles.

The thermo-optical characterization mentioned above provides the means for fast
thermo-optical snalvsis of particles andior molecuies, in particular for the thermo-optical
characterisation of bomeolecules, lke nucieic acid molecules {e.g. DNA, RNA, PNA) or
profeins and paptideanalysis. This characterisation comprises, inter alis, size determination,
length determingtion, derermination of biophysical charac eristics. like meling points or

melting curves, complex formations, protein-protein interactions, profein of

&

-

eptide
.

folding/unfolding, of intra-molecular inferactions, imenmolecular interactions, ihe

determination of interactions between particles or molecules, and the kike. Prior ant methods

for detection and guantification of molecular imeractions and characteristics, in parneuias

biomolecular interactions and characteristics are very fime consumning wiich means that the
R ay %

time needed for an analvsis is on in the ordzr of 30 minutes up 1o howss. In accordance with

the prosent invention, the method and devies allow a”"amewmu\ paralielization so that
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overall measurement times can be significantly reduced. Depending on the actual

smbodiment. one measurement may typically take less than 600s, less the

<,

characterisations, in pamcul ar biomolecular inferactious and/or T:aiof;hf:micai,-"bmph}-‘sica}

ot

rroperties within 1 second up to 1} nunutes. The term heraction comprisss mteraction

hetween blomolecules (e.g. protein, DNA, RNA, hyaluronic acids ew.j but also between

{modifiedy (nano)particles/ions/(micro  nucroibeads and biomolezules. In this context,

modified pa:{.ich:&, molecules, blomolecules, nanoparticles, microparticles, beads  or

o
5
3
o
€%
psd
£a
7!
<
’3
G
w4
{j}

¢ finorescantly labefled particles, molecules, biomolecules, nanoparticles,

B

micromarticles, beads or microbeads.  Fluorescently  labelled  particies molecutes,

wiomotecules, nanoparticles, oroparticies, beads or microbeads may be e.g. particles
molecnles, omolecules, nanoparticles, microparticles, beads or microbeads, to which one oy

more flucrescemt dves have heen attached, e.o. covalently attached. For example, the

. 4 Aron P AT oyt ¥} 3 3 o ' b
ﬂum::‘.ssam dves may be sclecied from the group of 6&-carhoxy-2 A4SV

hexachioroflnorssesin (6-HEX SE: C20091, hwiimgmﬂ;., 6-JOE SE or 6 TET SE. In other

sccording to the invention, c.g. the flnorsscence properues of ?r:y’gitop‘ma_m tyrogine or
phenvialanine in a protein may be exploited. The terms “marked” and “labelled” are used
£4 g

synanymously in the context of this invention. In the context of this mvention,

particles™ particalarly refer o luminescently, e.g., fnorescently lab elled molecules/particles

or other molecnies/particles which can be detected by fuorescence ineans, &8

molecules p(m"c-}_f:s comprising an inttinsic fluorophor, molecules/particles comprising

intercalating dyes or particlesmolecules with fluorophores attached.

In short summary, the device and method according to the present invention maks use
of thermophoretic driven forces in order to separate, deplete andior accumulate part wwies of

interest in 2 solution. Since ﬁzermephoratig forces are based on a spatial temperature gradient,

-+
o

£

"U

¥

reserd invention uses a temperature contro! system for genersting or creating 2 sufficient

femperatare gradient. In particular, a femperature control system a scording o the present

~ g

invention comprises one or & phurality 03 heating andfor cooling elements. In the following ¢

i) 1

non-limiting 1ist of heating andior cooling elements/devices, wiich may be nsed in order o

S
o

create the desired temperature gradient. will be discussed in more detail. Desired temperature

3

cradients lie within the range from about 6.001 K/um to 208/ um. preferably from 0001 K/um
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q ~

o 3, more preferably from 00IKum o 3

furn and more preferably

b

According to one embodiment of the Invention. there is created g, preferably defined

andfor adjusiable. temperaiuge L;S“ai\i}if:;’i‘i, oreferably & spatial pwo-dimensional or three-
dimensional temperature gradient, by means of contact temperaturs control including contact
heating and/or contact cooling. In particular, the desired temperature pradient may be created

within a sample probe by heating and/or cooling elements which are arranged in direct contact

with the sample probe and/or the measwvement chamber. The temperature control can also be

used to change the temsperature gradiemt over time. In the context of this imvention. in
particutar the claims. it is noted that the ferms "contact” heating or "direct contact” heating s

o

1o be interpreted 1o the sense of hieat conduetion, heat wransfer and/or hea exchange. n other

words, the two articles or elements x and v are in direct heating contact even if 8 matevial 218
berween the two articles x and v, a3 long as matenial = aliows a transfer of thermal energy

from sticle ® through the material 7 to the anjele v vis conduction and/or sonvection and vice

2
1

versa. In particular, classical transfer of thermal energy oocurs onlv through conduction,

5

convection, radiation or anv combination of these, Preferably, matenal z is not & gag o &

- - ot s Tvi ae » AT 5 | S Tnastan ¥ o
caseous wedium. Preforably, the temperature controd 18 not achpave

J

¥
)
-
3
.

ﬁrﬁf-ﬁﬂ.‘}’ ot solsly

"

exposing the sample probe to radiation for heating and/or cooling the sampic pr abe,

=

A t\rca‘ heatimg alement converts slectricity, o.g. a current flow, into heat through the

x )

¢ heating. Flectrical current running through the element encounters

4
-5
[
]
14
L’/
(‘
[ty
C?
=4
£.
C)
B
c}
=

resistance, resuliing i mf’?:inl of the clement. In the following a non-limiting iist of heating
elements which may preferably be used with the invention will be briefly discussed. Bare
wires or rithons, either straight or coiled may be used. Any kind of printed metaliceramic
racks depostted invon the sumple probe or the measurement chamosr may be used, Further

examples for heating elements include: heating plates made of ITO {mdium tin oxide} iayer

a transparent polvier and any other kind of meterial that {8 transparent and electrically
conductive, microstructures made of clectrically conductive material which 1s not transpavent,

e.¢.. gold, platinum, silver. The bealing elements may sither provide a homogeneous

b=y

N

temperature diswd ihadion (e fo creaie to a i-dimensional temperature diswibution in z-

direction) in 2 sample probe or measurement chamber or may be designed micro-structured 1o

provide & local spatial tempersture disribution In selected areas/volumes of & sample probe o
sasurement chamber in two or three dimensions. The heating structures may be coated with

P

an electric isolaior (e.g. polyrner, glass, eie) in order 10 suppress shectrochemical reactions.
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N 1

In order to croale g remperature gradient within the sample probe, parts of the probe
may be additonally or alternatively cooled by means of cooling ele anents such as, o.¢., peltier
elements, air cooling, and/or & water bath.

Aliemnatively or additionally, according to a further embodiment. the heal ing of the

heating element deseribed above can be performed optically using a material which absorb

light at & given wavelength of the Hlumination resuliing in heaiing of the element. The heating
\1 IR TITE S g 1 i e Srnran e O 8 ?@?’e\ka\:“’“}\i" AT }"’:E v yrendds nted it b "ﬂ"‘{ R IT‘}}&
effect s sufficient forsxs NPIE 10T 8 WNICKS-LATOmItE LEyar radiided WIHh 8 Ln-Lassr. ihe
heating of the heating element thus takes place owside the actual measurement chamber and

vithout radiation heating the sample probe. Rather, heat 1s conducied by direct contact

heating of the measursment chamber and/or sample probe via the heating element.

Aliernatively or additionally, according to another embodiment according to the present

3 S s A S \ bt trosdf toots A I N T R e
invention the electric current is used to heat the electrolvte {tsslf instead of using, e.g., 2 wire

<% o3 -

of conductng na‘a&riw, therebv proferably creating 2 move locslized heat distribation. As the

W

resistance of the solution or sample probe iz much lower than the resistance of ihe

i

measurement chamber andéor the surronnding structure nearly all voltage drop ocours in the

[

fectrolvte, The structures preferably are in the regime of some microns but with & pz‘ez‘arably

micron-sized, gap in between. Thus, the heafing i3 constrained to & very small volume in x-y

=]

direction, i.e. the gap. Sach heating is preferably understood as being encompassed by the

term contzct heating within the present invention. Such heating, which is further discussed

helow, and which preferably makes use of a high frequency alternating current, . i also

i~ T Py L 1
referred {0 as clectrical hee y.n

~

Alternatively or additionally, siill another smbodiment is based on the fu

Howing. A DC-

current through the slectroivie resalis in movement of charged particles which counteract the

e

«».

driving DC-current by buiiding an electric field and thereby reducing the voltage applied a

e

o

N ¥

first, According fo this embodiment these effects are circumvented by using high frequency

aliernating currents {AC). With the frequency chosen sufficiently high the ions and chargs
carrier in the sample cannot follow anymore and thus no counteracting electric fields can be
established. By using high frequency alternating cwrrent the solution in berween the electrndes
is heateq

Broferably small micremeter-sized siructures are used 1o obtain the capacitive heating of

the sample, For highly localized heating spots the actual volume between the two electrodes is



e

LA

WO 2009/141390 PCT/EP2009/056162

lectrodes have a finger like structure with every finger being only

@
m

oealization of the heating profile various lavouts of the finger structure are

g Y

iffereny emnbodiments. The fingsr structure which preferably fapers towards the

heated gap allows focusing the heating spot in @ move parrow profile.

o w

With the above preferred heating/eooling elements, it is possib & 10 create spatial, 1.e.,

P

two-dimensional or three-dimensional (2D, 3D, temperature distributions andior gradient,

X 3 oty 3 1 T AT ARSI T R A4hveey 4 T ) Trymead & 2y B
comprising the desired temperstures, within the sample probe. Both, local temperature

-;'L
m

isivibations and temporature gradients, can be used as described below to measwre
parameters, in particular bomolecular parameters. In a particnlar embodiment, the
tempperature distribution oy gradient s oreated on small scales, ez on mum scale or even

micrometer scale. This may be advantageous since strong temperahuoe gradients on small

ey

1 arE Vo
£ paracnis

scales shorten the time the svstem needs to equilibrate (le, measurement time). i pg

bt

emhodiments, it 1§ advamageous to creatz the spatal temperature distribution on 2 length

As mentioned above, the effect of separation, depletion and/or accamudation of particies
on the basis of thermophovetic effects is dependent on the partivie properties such as the
eurface properties, charge, size, andfor the solvent {(buffer). By detecting or measuring the

epletion and/or accumulstion in dependency of the created temperature

S pussibia‘. In the following a non-limiting list of

& discussed in detail.

e

According to a preferved embodiment the sample probe comprises markec
varticles/molecules in 2 sclutdon. The marked particles may be excited luminescently,

preferably fluorescently (aisy inrinsic {luorescence. e.g.. rypiophan i

ﬂ

- case of proteins) and

the excitatiom of the marked particles is detected at a first and second time, ;:"rsf-arab}'_s-* befors

and after the thermophoretic movement 1s induced. Withowt differing from the gist of the

3

wvention it 1S also envisaged fo a persen skilied in the ant hat in

4%

hgminescence { ot fluorescence} other detection methods are poss

and properties of the particles 10 be detzeted, the f fluorescently exciting may be

s
oy

mitted. and detection based on light scattering, Raleigh Scatiering, (UV) absorption, phase

contrast, phosphorescence andfor polarisation ave possibie. Moreover. for particles larger than

S,

G0Onm, the movement of such particles can be detected by single particle tracking.
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in particnlar, detection according to the present invention may be based on fransmitting

=

=4 i

{huorescence 9ysioms, epﬁ-ﬁu@rcg:cm,; TIRF. confocal detection, detection with a jimited

depth of field {DOF), amicroscape with 2 narrow 2-focus and/or electrical detection wmethods.

Epifluorescence is an optical sevup for a fhuorescence microscope v which the
obiective lens is preferably used both to focus excitation light (preferably ulwaviolet Hghts on
the sample probe and collect from the sample probe {e.g. fluorescens Beht), Epifiuorescence i3
more sfficient than fransmitied fuorescence, n which 2 separate lens ot condenser 18 used o

1<

foous alaviolst hght on the

pasy

&

T LS, o Yo T A T T
probe, Epiftuorescence alse allows fluorsscence

-

micmsz:myy 1o he combined with another type on the same micrescope. The key to the optics

(e senaration of the illumination {excitation) light from

(s

the fluorescence emission emanatine from the sampie. In order to obtain either an image of

e}

e emission  withowr escessive background llumination, or & measorement of e

flusrescence entission without backzround "noise”

In 2 conventional (Le.. wide-Beld) fluorescence mictoscape andior epi Fiu\w*“cﬂﬂ' g, the

P § LR

entire sample probe is flonded in Hght from & light source. Due to the conser vation of light

sk
ntensity transportation, all parts of the sample probe throughoms the optical path will

el

A 4 > A Vo At 23 et DR 1 i n iy o3 AEVEY Ty
awcited and the fluorescence detected by a aoiector O & camerd. In condrast, & o0 riocal

&

microscope uses point ilumination and & pinhole in an optically coningate plane in front of
he detector i eliminate out-ot-focus nformation. Preferably, only the light within the focal
slane will be detected, so the Image quality is much better than that of wide-fisld inages. As

onlv one point is illuminated at a time in confocal microscoy

scarining over & regular raster {Le. a rectangular pattern of paraliel scamning imes) w the
sample probe. The thickness of the focal plane iy defined mostly by the squars of the
mumerical aperture of the objective lens, and also by the optical properties of the st mple probe
and the ambient irndex of refraction.

.

Another technique by which substantia

pasediy
[y

Iy only the Hght emitted from the focal plane 18

used for the detection will be called in the following: "microscope with & narrow z-focus™ or

b1

detection with a narrow depth of field. In particalar, the depth of field (DOF) is the po arivon of

s scene that appears sharp o an image. Although a lens can previsely focus af

e oy : 3 3 dAs ol Ahe focncad dlorance, )
distance. the deorease in SHArpness i gr adual on either side of ihe focussd distance. In

e
pad
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According to st another preferred embodiment, the detection may be based on TIR

\ total internal reflection fluorescence (TIRF) microscope 1s & type of microscope with whic

a thin region of a sample probe, usnally

microscope usEs evanesceni waves to selectively illuminate and excite fluoropbores in a

5 restricted region of the sample probe immediately o fracent 10 the measnreman! chamber—
solution interface {e.g. a material-liquid {glass-water) Interfacel. Evanescent waves are
generated only when the incident Hght is totally reflectsd at the msasurement chamber-
solution imerface. The evanescent clectromagnetic field decays expoventially from the
im&rfaceg and thus penez:mi;ss w4 s:i;ap‘ih of only approximately 100 nm into the sample

10 redin g selective visualization of surfs

tngle molecule, making it an important foal
accordance  with this invention allows
25 in solutions, in particular in both agueous and
13 in non agueons (e, orgamic) solutions. ki oalso allows distriminating between different

conformations of one particie or molecule speeies and it also aliows discriminating between

‘."..J

cases whers the particles show & response o the temperature gradient and changes i the

N

absolule temperature. An advantageous esent invention i the presence of a

h
wc-,
fJ

i
P
“1
O
by
o,
o
£y
,_j

isiri'buticm is

[N

2 defined spatial temiperaturs distribution, In particular, the wmpsrature
penerated locally on small length scales, e.g. on oy, mum of even microscopie length scales by
tocal contact heating with heating and/or cooling clement. Another advantageous featurs i3
that the response of the particles or molecules is assigned to a certain place of the known,
optically gonerated spatial tempe crature distribution. Accordingly, temperature, place and

33 response of the particles are dirsctly correlated.

According o a preforred embodiment, the device is designed with g plurality,

§ 20 or more, contact heating means which allow simultansous heating of a plurality of
sample probes. Preferably, a control unit provided that allows sequential, synchronous andior

parallel individual control of the heating means to create @ pharality of e

i
&L

7 T
]
)
i3
4 D
Q..
a3
£
o
L
/\
is‘
e
&
o]
Pt
i

3¢ in the plurality of sample probes. These temperature gradients may de different gradients or
equal gradients. Proferably, the detsction means is adapted to screen and thus subsequently

a

perform the detection step(s). Preferably, detection and heating are synchrenised in order to

alfow proper detection at first, second, and/or third, preferably predetermined, times for each

individual sample probe. Additionally or altematively, the detection is performed n

12
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i

sequential andfor paraliel for 2 number of measuwrsment chambers or sample probes. The

present invention, as also further discussed below, is of particular advantage vis-&-vis the

prior art. I parrcular, the present invention provides an effective and efficient method and

N

device for thermo-optical chavacterization of particles. which i easy o handle and perform,

casy and cheap to set up, is robust and provides reliable results an d allows & variety of uses

g
H

and of materials to be used with the present invention. Moreover, the present invention sliows
an improvement in throughput in that the invention aliows the parallel heating of muduple
sample-probes and, ¢.g., simultaneous, ¢.g. lnes detection by means of, v.g., one detection
unit.

in addition or aliematively w the above discussed features and ew mbodiments, the presexd

invention preferably relates to the following aspects:

t ~

Mothod to messwe thermo-cptical, preferably thermophoreiic, characteristies of
particies in a solution comprising, preferably in this order, the steps of:

i

fay providing a sample probe comprising matked particles in o solution

(b} providing a tempersture conrel svstem for creating & temperature

1

gradiont within said sample probe by comact heating, elecivical beating

{¢) detecting the marked particies;
(dy  creating a temperature gradient within the sample probe by means of

ot
4
e

empetature control 3

{e}  detecting the marked particles in the sampie probe at a, preferably
sredetermined, further time and/or at 2 predetenmined location within

the temperature gradient, and

{f) characterizing the particles based on said two detections,

2 Method acoording to aspeet 1. wherein the method comprises the step of performing a
further detection at &, preferably predetermined, further time
Method ac nmmg 1o aspect 1, 2, wherein the second and/or detection time is while

and/or after heating, particularly in order to measure hack diffusion

N

4. Method according to aspect 1, 2 or 3, wherein times of one or more of the three

detections are predetermined times, proferably depending on absolute tme. the

v,
taa
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o~

completion or conduction of further methad steps, and/or refative time between the

WO TINes.

Method according o any one of the preceding aspects, further ¢

‘3

TR“‘I’ Sin\* ihe siep o of

exciting luninsscence, preferably fluorescence, of said marked particles wherein the

Method according 1o any one of the preceding aspects. wherein the temperature
control Systern controls the temperatare by at least one heating andior cooling means
using one or maore of & wire, a Peltier slement, 2 plate, a conductive path, means for

=

creating = high frequency electric field inthe sample probe, an indlum-tin-oxide {11

,«u

@
b3
L
151
o
=
g
s
2
~y
2
g:,
?IS
5
s
£
o
1
f;»

iation absorbing surface.

Method according 10 any one of the preceding aspects, wherein detection 18 periormed

1 = P

by use of one or more of epifluoreseence (EF

.(‘a
el
e

y microscops, towl internal refiection

flnorescence (TIRFY microscope, confocal microscope, CUD, APD, PMT, andior a

WUCTOS

L)
r!&
(}
)
v

Method according to any one of the preceding aspects, whersin the wen

r‘f
4
fo1
3
i
=3
&
o
5
%

gradient lies in the range from about 0K/pm to 20K/ pm, preferably from &, O01R/um

to SK/um, more preferably from C.OITK/um o 1K um and more preferably is about

Methot sccerding to any one of the preceding aspects, whevein the lemperature
increase in the sample probe Hes in the range from about 0°0 to 0%
from 2°C 1o 30°C and more preferably from 3°C to 20°C.

5

Method according to any one of the preceding @psﬁsﬁ wherein the sample probe

o
&
=
P
forf
4
e
]
s
ot
47

iey in the range from sbout 1p!io 100ul, preferably from 0.1 ul o 30 pland

Methed according to any one of the preceding aspeets, wherein the time span betwess

% ? ot . aw 8 o o

he first me and the second tme les i the rangs from about Tus to 60 wmn,

f":
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preforably about 0.01 sec to 20 min, proforably about 1 see so 10 min prefer

ably lsec

1o 5 nn.

Method according 1o any one of the preceding aspects. wherein the predetermined

ocation within the femperature gradient is at the swiace, the bottom, the sideof a

Frams.

measurement chamber and/or the sample probe andfor at a predetermined distan

11

o

from heating and/or cooling means or at & place of specific emperature, preferably

close to the heating and/or cocling means in a region of high temperature gradients.
Method according 1o any one of the preceding aspects, wherein a plorality of sampie

probes are measured subseguently and/or in pa SHISH
pat

A device for measuring thermoe-aptical, preferably thermophoretic, characteristics of
particies in a solutien. In particular according o a method of any one of aspects | o

o

13, the dewvice mmﬂ 13880

& g smmple probe containing

- means for detecting the marked particles in the sampie probe:

- 2 temperature control system for creating a temperature gradient within
said sampie probe by contact heating andfor vooling, and

- a control means adapted for comtrolling said detection means 10 detect

said marked parvicles at 2 fivst time and for controlling said detection

means and temperature contral svstem to detect said marked particles in

the sample probe at 2 second time and/or at a prede nined locstion

within & remperature gradient oreated by the temperature contro!d

systen:

~

-t

J‘

Jevice according 1o aspect 14, whereln the control means is adapizd to control the first

e

andéor second times 1o be predetermined tmes, preferably depending on absolute ume

the completion or conduction of further method steps andvor relative tme between the

Twg tme

Dievice according 10 aspect ]

o,

4 or 13, further comprising means {or excliing

G

hupinescence. preferably fuorescence, of said marked particles wherein the detes

,..
=
o
el
o

e
Ly
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D P e I At deter seenes. nreters RO TR Qres Ty e Ay
mizans is adapted to detect luminescence, preferably Hoorescence, of said excited

17.  Device according 1o aspest 14, 13 or 16, wherein the wumperature conuol sysiam

Y R o < - ey ndy I s T ' 3 I L PO
cormprises one or more of gach or more of the following heating and/or cooling means:

SR Dadsiar elamien ! Tats 5 Y3 et i A ey - ) I
a wirg, & Peltier ciement. a plaie, & conductive path, means 101 creating & high

Pynce gy YO P AR o R SNV T A%y Ty TR . Y eyt i : < Atk x
frequency electric field, an indium-lin-odde (ITO} element andior means with 2

radiation absorbing surface for controlling the temperature.

el

Device according to any one of aspects 14 1o 17, wherein the detection means

P}
~
e

comprises one or more of spifluorescence (EPL) microscope, total internal reflection
flyorescence (TIRFY microscope, confoeal microseope. CCD, APD P MT, andior a

microscops,

19, Dievice socording to any one of aspects 14 1o 18, wherein the device comprises means
el + 4

for characterizing the particles based on said at least two detections.

2. Device according o any one of sspects 14 10 1%, wherein the temperature vontrol
svstem is adapted o create a femperature gradient Iving in the range from: about 0K {o

20K, pref: t*r:;z%:z;y from (.00 K wm to SKium, more praferably from 0.01K 10 1K/ um

21, Device according 1o any one of aspests 14 to 20, wherein the lemperature control
svstem iz adapied 1o create 8 temperatare rise in the sample probe lving in the range
from about 0°C to 100°C, preferably from 2°C 16 30°C and more preferably from $°C
10 20°C.

22 Devies according to any one of aspects 14 to 21, wherein the device is adapted 4
receive g sample probe having a volume tving in the range from abouwt Ep‘; to 100w,
preferably from .1 wl o 30 pl and also preferably from 0.5 wlw S

23 Dievice according to any one of aspects 14 to 22, wherein control means is adapied w

trol the time span between the first time and the second fime to lie 1w the range
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3 B3

from about 1us to 60min, preferably about (.01 sec to 20min. preferably about 1 sect

Device according to any one of a3 23, wherein the dotection means 18

£
(47
5
[l
S
>y
V;";

adapted to conduct the detechon at the surface, the bottom., the side of the

measurzment chamber or the sample probe andfor at 4 predetermined distance from
heating means or at & place of speoific temperature, preferably close to the heating

means or near & swrface ina region of

£

Device according o any one of aspects 14 o 24, wherein the device is adapted 1o

meastre a plurality of sample probes subsequently andior in paradiel.

Dievice sccording 10 any one of aspects 14 {o 23, wherein the device compn ISES 3
5 s 3

spbstraie containing a measurement chamber for receiving the sample probe.

Ey

Device necording to any one of aspects 14 to 26, wherein the measurement chamber

and/or the samiple probe 18 covered by a cover hd

S

13
3

Device according to claim 27, wherein the cover d comprises one or more filling

hotes and/or pin holes,

7

Deviee gecording to any one of

27

defined as g recess in the substeate.
Dievice according to any one of aspects 14 16 29, comprising filling holes for filling

measurament chamber,

Device according 1o any ong

,,\
s

}-—l
fa
O

]
%
9]
o
P9
-
SN
&
e
e
%
%
L]
21

Sin ong or more of the heating

O

spects 14 o 27, whereln the measurement chamber is

w
=5
b2
o

and/or cooling means of the temperarure contro} system sxrend into and/or through the

v

*Z}.L

measurement chamber andior the samuple probe,
Device according to any one of aspects 14 1o 31, wherein one or more of the healing
andfor cooling means of the terperature control system cortacts the measurement

chamber andior the sampie probe,
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evice according to any one of aspects 14 1w 32, wherein one oy more of the heating

and/Oor cooling means are electrically izolated vis-a~vis the measurzment chamd

1

and/or the sample probe, preferably by an electrical 1solation cnating andior an

LN

5

b ¥ . Y - .
electrical isolation laye

wed

3%, whersin the meastrement chamber

Device according to any one of aspeets 14w 34, wherein the measurement chamber 18
defined by a structured surface andior the sampie probe is a positioned o & surface of

a substrate as a droplet. and where the heating and/or cooling eloment is defined

byfon/in the substrate on which the droplet is placed.

Device sccording 1o any one of agpects 14 to 35, or methed aa-cmﬁéng to any one of

aspects 1 to 13, wherein the tfemperaturs of the measurement chamber and/or the
saraple probe can be ¢ is controlled in & way that blochemical reactions such as PCR

X . :
can be carried out.

Method 1o measure thermo-optical, particularty thermophoretic, characteristics of

narticies in a solution by using a device according 1o any one of aspects 14 to 36

Use of anv of the methods according 0 aspects 1 0 13 or 37 o any of the devices

R

according 10 aspects 14 to 36 for the characterization of thermo-optical, particalariy

thermophoretic properties of pasticles in solution.
Ust of any of the methods according to aspeets 1 to 13 or 3
according W aspects 14 to 36 for the deternunation of surface propertizs of particles in

solution.

Use of any of the methods according to aspects 1 0 13 or 3

pe

or any of the devices
according o aspects 14 to 36 for the separation of particles in solution according fo the

i

thermophoretic properties of said particlzs,

o
0
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¢

mathods aceording to aspeats 1 to 13 or 37

T
jonal
i
73
4
»]
[
"3
o
G
[y
,..
( %

orany of the da

actx nding to aspects 14 to 36 for the characterization of eractions of blomolecules in

sotudion.

According to a first embodiment of the present invention, the elements of the

tomperature  control  system preferably have in common  that thelr hegting/cooiing
clementsidevices use clectric current to genevate a localized thevwal distribution, eg. &

X o

Jocalized temperature gradisnt. The approaches used for generating the temperature profile or

embodiments described in the following use preferably structres of hea‘iiﬂg slements in the
micrometer range. Such Structures can be fabricated casily using stenderd lithography
echnigues, bat i¥more locally defined temperature gradients are preforred it is possible
achieve submicron resolution using high-end technigues, e.g. electron beam ‘ziﬂmgxaph}

These heating elements may be combined with various embodiments of measurement
chambers te hold a sample prode and provide s defived volume for the detection. it s
preferred that the heating element(s) are in contact with the measnrement chamber to dissipate
the generated lemperature via thermal ¢ on.-:ius:-tif 1 io the solulion with the marked particles o
be measured. If the detection method by its nature i constrained to 2 given and reproducible
area of the sample e.g. TIRE or electrical detection, there is no need for any other confinement

of the test fluid and thus the analysis could even be performed using a droplet on top of the

Thus, according to a preferred embodiment no strucuraily predefined measurement

2. However, in Hne with the general understanding of the person skilled in

the art, alse functionally defined measurement chambers. e.g. a5 reforred to above, are
included to be encompassed by the term measurement chamber. Such functionally defined
mieasurement chambers include. e.g.. a droplet on & substrate which may be covered by a lid.

Some devices according to the present invention may comprise an additional cooling

bed

X P2

clemenvidevice (o improve the created temperatre  gradisnt. Al geomewies of the

measurentent chamber discussed later in the dewiled description can be combined with all
presented approaches 1o generate a focal temperature distribution and induce thermophore

that are deseribed hsrsin,
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As discussed before, a curremt flow thee ;} an ohmic conductor results in heat

ganeration inside the conducting material, an effect known as Ohmic or Joule heating. This

effect is used in the invention to create a locally defined temperature distribution/gradient
the sample probs which leads to a thermophaoretic mption,
Tn order to generate 2 highly localized temperature gradient a conducting mater i, e.g8

heating wire, is preferably arranged oun an appropriate suppoit substrate, ¢.g. glass, $ silicon, ar

g. g

polystyrence. Suoch a heating wire is preferabiy arranged with an clectrically 1solating
{siliciondioxide) laver betwean the conducting material and the sample probe in order fo
avoid any undesired chemical reactions betwesn the soluton of the sample probe and the

2
235

heating clement. As conduction material gold may be advantageously used since i 1% eusy 1o

o

handle and process. But the eifect of heat generation 18 not restricied 10 gold and works with

any conduciive material. The term “wire” or "wires” relates in the context of this invention
and in particular in the claims, 1o normal wire but also 1o continuous structures made of
conductive meterial which is brought on a given substance. in partiswdar, soid structures
aporized on & substrate are used as "wires” in some smbodiments. [n some embodiments this
heating is obtained nsing an insulated heating wire, preferably 10um to 1000um thick andfor

3

wide andior in dianser,

The heat is conducted into the sample and resulls in » temperature profile in the
chamiber. This steady-siste profile is reached after walting about some seconds ¢ some

minutes. The temperature decays fogarithmically with the radial distance from the wire. The

shape of the decay does not change with the thickness of the wire or the nsed material. An

x k4
H

preferred additional thin electrical isolating layer around the heating wire does typically no

2

pors

distirb the temperature disiribution in the fluid,

b

Tt is further nreforred that the ternperature profile is guite narrow. The dimensions of the

heating elements, e.g., the heatng wire, are ;n‘@:f_‘arab} v small. According w & preferred
example. & wire may be § micron wide and 30nm in height. The resistance of an ohmic

- Ny SPRT CPOUE . ¥y S o
conductor is R=r¥l/A, the power generated

in the conductor is PR I, In case the power

~

dissipated in the heating area should be maximized, the wires towards the heating region are

~

preferably  much wider than in the heating region iselll In the example these wires have a
width of microns. This lavout is alse applicable in microchannels or capitlaries.

In microchammels the heating structure or healing wire may be added during the
fabrication process and brought on the bottom, the top or the side wallis) of the

channel/microchannel. In case the measurement chamber s provided as z capillary, the

Lol
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heating slements o the heating wire 1s preferably brought onte the outside of the capillary

This can be done hoth along the axis of the capiliary or purpandicular to said axis,

In particular, the heating cleme

: added onto an outer wall

direct contact of the sample sclunion inside the capillary and

i

mm of electrodes a1 opposite sides of the capiliary. The shape and the size of the dlectrodes
Jetermine the size of the heating spot. Uther embodiments may comprise two ring electrodes
around the capillary with z given gap distance between the two clectrodes. The beat

distribution 18«

To avoid reactions of the metal structure with the sample probe and the solution, ap

additional or alternative and preferably very thin $i0: laver may be provided over the
structures. In pamyula‘. a very thin Si0: laver does not disturb the femperature gradient b

Dae to the preforred small distances used in the meastwrement siructure ngh

£ ot § Civmits taiicray Aommeiiien i prmrirntard I P Rarvesle & -
fields and large power demsities are generated in the sample probe next to e ) yeatng

peak applied over the slectrolyte between the tWe ¢

ool
3
N

Thus, higher voltages or high conductive solutions with
sufficient high temperature rises because it Is preferred to keep the salt concentration Jow as
the Soret coefficient decreases with an increase in salt.

A preforred advamage of the bealing technigne described above is the oreation of
temperature distributions more Jocalized than it i3 possi ble with standard microscopy optics

N

and IR-Lasers singe sirnchures it the sobmicron regime can be created, The comtsct heating

’3/
e,
Ty

according to the present invention further avoids expensive focusing optics as required by
Laser radistion heating, because it is not necessary 1o focus the IR-beam io absorb the laser
power in the absorbing material. Maorsover, as genera allv in Hne with the present imvention
any solution, e.4., polar solution, non-pelar solution. organic solution or agueous solution.

may be used as well as any combination of those. Moreover. the heating tzch mique dese

-

shove allows an efficient and easy defined paraliclisation of measurement chambers with
sample-probes 1o be heated, in particular also in view of the known methods to control such

heating.
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According to another aspect of the present invention, the beaung/cooling spucture may

[

be provided macroscopically instead of providing micro-structured heating elemems. For

3 ey Oy At o bve - s P T Fia e oy
instance, a mzasurement chamber with & heated fop plate may be provided, wherein

aviyat sty e AT Y -\ e aed 1 T T Faey Lo Y e & ™ -
substantially the entire top plate is heated by & heating elementidevice. Addivomally o

alternatively the bottom, preferably o substaotial part of the botiom of the measurement

<

chamber may be cooled with a cooling clement/device. Such a macroscopic arrangement

provides the advantage fo maintain a constant temperature profile (gradient) inside the

1a s SN v inr 1 o Airme i aprateraivite T FRe Eer et ¥ st R NI U

chamnber, preferably in one divecuem, preferably in the z-dizection (Qireclion of graviry if
11 : 1 Aedl B st Te ik ey o3 vt m i ey bt s § P o orlace

apper and lower is defined with regard 1o gravity). Such a chamber may be made of a giass

fEgh e Y v 0 RS N ST e e b R TP o 2T ety i

shide, a glass cover siip and & spacer foil including & cut-out for the sample.

In particular, a measwrement chamber according to this typicaliy comprises two

or thres main perts, namely & base or bottom plate or substrate, preferably opuional
confinements at the sides, and a cap or cover. All of these preferably comprise spf:ciai
material properties. The base plats or substrate and the cap are preferably mads of matenial o

high thermal conductivity b stll be inen o the sample, eg. the blomolecules, in the

chamber. A cap or gover Bd may close the measurement chamber and may further reduce or

vaporisation of the sample probe or schution during the measurement. According o &

osreferred embodiment of the pressut invention, the cap of the chamber and/or the substrate {s

ransparent to allow an optical detection from above and/or below, For instance, the cap may

be made of sapphire only some hundreds of micron in height. For the chamber’s base plate

-

siicon may be used. This material provides & high thermal conductivity and it is easy add

o

an inert laver on top of the base plate, e.g. silicondioxid. In principle this base plate can be of

any high conductive material like e.g. metals with an inert interface 1o the chamber e.g. by an
I the steepness of the temperatwre gradient is not crucial for the measurement it 15

nossible to use glass for the cap andior the base plate instead of the sapphire and silicon o
reduce the produstion costs of the chamber,

The heating element may be a metal plate attached to the cap of the measurement
chamber andior may comprise heating foils attached to 2 metal contact plate. For an

observation of the analvsis inside the chamber the metal andfor the comact plate preferably

comnprises an observation window directly above the chamber.

of heating elemenm may comprise & thin laver of indivw tn oxide {ITO)

&

Another type

(v

he megsurement chantber, 1TOs main feature 15 the combmation of

[SL%

b,

vaporized on the cap of

-

e,
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slectrical conduotivity and optical iransparency. This ITO layer allows heating the cap of the

measuremant chamber dirsetly and still observing the signal inside the chamber from above.

The cooling element may comprise & metal contact plate and a Peltier slement which
aat 'g' 3
slectrically generates the cooling of the chamber’s base plate. Alternatively, ez a walor

cocling can be used fo ool the contact plate andfor the base plate of the chamber.

)
9

The temperature of the cap and bottom of the moeasurement chamber is preferably

e

measured using temperature sensors attached 1o the owter faces of the measurement chamber.

These allow the determination of the temperature gmdienit inside the measurement chamber

when a high thermal conductive material is used for the

£
:‘1
~
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e
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{emperature detectsd gher than at the inner faces as & given amount of

heat drops inside the cap and basz plate. To get the correct temperature and lempstature

gradient the measurement temperature valne have 1o be corrected for the dro
The optional confinements of the measwement chamber are preferably made of materia
which 1s inert to the biomolecules and does not show high thermal conductivity. This 1s the

case for Biaxially-oriente “mimxa':..:. {boPET) polvester film (Mylar foil) or

<
[
*f}
./
=
-
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¥
o
(

v

Polvdimethyisiloxans (PDMS) lavers, These foils are available ai sccuwrately defined heighis

N~

: 1 . i e PR whieas A i
to exactly define the height of the measurement chamber, A o

TlCz

ohier thermal conductivity of

343

the confinement cenerates a higher heat flow through the chamber and thus more power i
necessary to maintain the thermal gradient over the chamber

According 1o & preferred embodiment. the temperature gradient is applied vertically,

e

heating the upper bordsy of the chawber and cooling the bottom. The ovientation of the

-

terperature gradient is preferred in this divection to avoid the sffect of Rayleigh-Renard

]

convection of the fluid, In particularwhen heating the chamber from below the Hiquid at the

x

hottorn becomies less dense and moves away from the lower surface driven by buoyancy

e

forces. At the top, the Hguid cools again, thus moves back to the botlom and convestion cells

Concerning the measurement time the height of the measurement chamber is a crucial
factor. Higher chantbers result in Jonger duration for the measurement. Thus, ch waber heights
hetween: 1 oto 1000 microns ere preferably used, depending on the desired speed of the

measurement and the detection method in use.
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sicooling elements described above can be combined with various detection
tvpes. For instance, the thermophoresis signal can be detected m;né epittucrescence

microscopy combined with @ narrow z-focus of the objective. TIRF microscopy. confocal
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doroscopy or any other detection method
fluorescence over the whole chamber b allows
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referably not i ate the

medh infegrate the
a discrimination of the flue nce through

improve the signal, as every pixel recorded contains the complete information abowt the
particles. In this way the change in the concenwation in every spot of the lemperalure
16 digtribution can be observed. From the intensity profile of the fluorescent dyes the
concentration profile can be caiculated taking into account the profile of the a:.f_mc.m‘z‘iratien a8

xiil gs tw fluorsscence of the

i

bulk above t

“

ackeround.

tod

‘o3
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repmducibi“ 10 rent e
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of a standard referenc
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background.
To avoid thi
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smbodiments may use x pi

3

the thermophores

1

embodiments

measuremeant

chamber bt can mea

tresd the nfo 1o the

er with 2 unknown height may be tsed.

ilt he
Thus height of the measuremeni chamber h
asurement or the

san oe an additonal Duores

concentration

embodiments use a TIRF illumination {Tolal I

¥ exeites fuorese

 to oa hmibed depth of o
nhole whizh limits the spatial
s signad, In some embodiprents
¢ illumination and/or detection methods also do not need

suve the signal
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1 which only comribute ‘i' the

o be known and further b

=

asured osing the mmnax

cence dve oF the fluorescence label

satng
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CHOE &,

abowt 100nm above the surt

{the bulk fuid above the i «wrn\,

a confocal

any

for example in & dropiet. In other words,

nEght o ameasgramant Clamber sl ch that

The detected change in concentration is related {0 the known temperature profile. This
3 temperature profile is moasured once using temperaiure sen

BORECE i TRIS buffer, Oyd other. The ten
ironment conditions. For higher ¢
paralie] using an additional fluorescent dye in the

b

L

perature profile s

onfidence the temperat

sarnple finid,
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With the detection v device not or

o

Iy the thermophoretic movement may be measired but
also the back diffusion of the depleted particles when the heating element s switched off

-

des information about the diffusion coeflicient of the sample.

Thiy back diffusion provi

Without differing from the gist of the invention it 15 also envisaged that wsiead of

foud

¥

T SR S SRS SNV UU SIS S R S . settla T Aierer s T Siew
detection based on flgorescence other detection methods ave possitle. Depending on the size

~ ot 1 1

and properies of the particles to be detected, the step of fovorescently exciting may be

¥

omitted, and detection based on light seattering, Ravieigh Scattering, (UV} absorption, phase

%

contrast, phosphorescence and/or polarisation m'c:‘p*rssmio. NMorcover, for particles larger than
Pay Y 3 . - 3 e I LTI 3 it ier Freyedleie g
100nm, the movement of such particies can be detected by single particle tracking.

£

In some smbodiments the detection of thermophoresis are implemented (n an electrical

anner. For detecting thermophoresis elecirically, a current signal through the sample s

observed which changes 11 signal strength dus 10 the heating of the chamber and the

thermophorstic motion of ihe charge carriers and probe molecules. The

-
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such a measursms ni scheme s that 3t works withont lebelling or marking the sample’s particle

and that no difficnlt measurament setup 18 necessary. In the current signal the movement of

the particles and their steady state 15 then fiw: ted.
Like larger particies, alse lons show a utasnnaphm‘etic motion in & femperatare gradient

Thus the conductivity alters when the 1otz move dug o the created temperature

eradient, But

.

as tons are much smaller than the observed particle their diffusion occurs on shorter time

W
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scales and thus does not Iinterfere with the thermophorssis v other larger

The detection preferably uses an AC-cwrent which is &{ﬁh sd over probe electrodes.
Any change in the diclectric may be recognized. movemems of ¢harged particles az well as

3 AT R . R VU Ty e }e R e
changes of uocharged but polanizable parhicles,

X b3

Fe

In contrast to the capactiive-elacinic detection used for eapiliary electrophoresis no peak

detection is performed but quantitative concentration detection. The detection schieme for
capillary electrophoresis uses the derection signal and combines it with an external measured
flowing time. The eleciric detection used for thermophoresis uses a quantitative determination
of the concentration angt combines it with the kpowledge about the temperature in the
measired spo* This provides information aboul the pariicles’ properties withont any selid
phase and external pumping system.

A preferable embodiment for such an ¢lectric detection uses probe clectrodes whick

added near the heated area. For g strncture using a heating wire the probe electrodes are

1.4
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vreferably added 1o the substrate using the smme technigue as for adding the heating wire. The
}:@mbe slacirode allows detecting the movement of paticles in the r-direction (radial
direction).

Cormation about the steady state concentration at a given spot and the spot’s
5 ret coefficient ST=DT/D mayv be calculated, This cocfficlent is hughly
e of size or supface properties. A small change of the particie’s surface
caunsed by interaction with other particies e.p. proteins or antigens result in a strong signal in

the thermophoresis signal
The Soret coefficient alse provides information about the size of the particle but for o

¢ determination of the hvdrodynamic radius it is more converdeni to use the diffusion

Ny eon N 1 o Y 1 A o SO S T ol S . e
The sessitivity allows the detection of binding of paricles with dentical su
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1 with respect 1o preferred embodiments

200 Figo l show an finorescence microscope according to the present invention

a

Fig. 2 shows another embodiment of a microscope according to the mver
Flug, 3a-¢ show a measurement chamber with & wire along the measurement
.

as heating clement in & top view, & cross-ssctional side view and

et S eyt o
sechionatronti v i\ A%

Hion,

chamber

2 Cross-

T

pa show & measurement chamber with & wire perpendicular to the measurament
shamber as heating element in a top view and & cross-sectional front view,
Figs 3fg show 2 measurernent chamber with a wire perpendicudar to the pieasurement
chamber ag heaiing slement in a fop view and & cross-seetional front view
similar to the embodiment as shown in Figs. 3d and 3¢
A Figs, dab show an array of three measurement chambers, cach chamber with & wire
perpendicular ¢ the measurement chamber as heating slement it 2 WP view
and a cross-sectiopal front view.
Fig. Sa show a further embodiment of the present invention with a detection system
based on & micrescopy setup for the measurement of TIRE,
55 Fig. 5b show a further embodiment of the present invention with a detection system

26
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similar to Fig. 1 but with a heating structure,

Figs. Sa-¢ show three preferred heating structures according to the present invention in
A 10 View.

Fig, &d shows an array of heanng structures as shown 1 Fig. e,

Figs. 7a~c show different measwment chambers according to the present mvention
with heating siractures similar to Fig. fa

s. Ba-b show electrical field heating structures according o the present invention in

an enlarged 1Op view

Figs. 9a-b show an array with three electical field heating structures in & 100 view and
@ cross sectional side view

Fig, 10 shosvs a further embodiment of the present invimtion with a2 detecton
svstem based on a microscopy setup for the measprement of TIRE.

DETAILED DESCRIPTION OF THE INVENTION

devices for the analveis of particies in

Figure 1 shows an eziampif: of 8 microscope (.4 scanning microscops, fluoresconce

microscope, confocal microscope) according tw the present inventon. The device comprises

or a detection svstem for detecting. measuring andfor

in the upper part & means for detecn

»
i

exeiting the marked particles and in the lower part & measurement chamber with a preferred

temperature cOnlra: svstem for generating & spatial emperatire distribution
In the following different embodiments of the detection, and/or exciting means will be

discussed in detmil which mey be combined with auy kind of messurement chamber andior
temperature control systems as discussed above and below,

The detection s*»-‘simr is preferably based on a standard fnorescence Mucroscopy setap.
In particular, the detection system comprises @ optical system for exciling, preferably

luminescently sxeiting, more preferably fluorescently exciing the marked particles provided

in & sampie probe located in the measurement chamber 82 with light from a hight source or

g ; e L T aear Tierde T gonr TRTY ORYVR Walnoe ¥ ot
. e.n a Laser, Fibre Laser, Diode-Laser, LR, HXFP. Halogen, LED-

-

The light for excitation and the emitted light from the excited particies may be focussed

s ey

with an optical lens system 1 which comprises one or more lenses. The optical lens system 1

™ e I < or T E2Y
£ o

£ 40% NA 13, ofl bmmersion, ZEISE , Fluar™,

>
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A dichrote mirror'beam splitter 4, preferably, reflecting short wavelength (R>80%;) and

transmitting long wavelength (T80%) 15 arranged above the objective 1 and adapted to guide

da
wongh the objective to the measurensent chamber

R2 (horizontal or excitation arm). Furthermore, the beam splitter aliows passing the light from
X ? b3 ¥ & =
3 the excited particles o pass though the bearn splitter fo a detector 31 amranged above the beam

splitter 4 {vertcal or detection arm). Ag excitation {ilter 6 (e.g. band pass/long pass) and/or a

fens svstem 10 to determine the beam properties of the excitation light source 32 may be

further arranged betwoon the beam splitier 4 and the ex

O

ratton souree 32, The lens svatem 10

=

TRV COMPrise one, two or more lenses. An emission filter (band pass / long pass

3

1w preferably arranged between the beam splitter ¢ and the detector 31, which may be a CCD-

Camers, Line-Camera, Photomultiplier Tobe (PMT). Avalanche Photodiode (APD), CMOS-
Camera.

The system may alternatively andior additionally ¢omprise other components as would

ordinarily be found in fluorescence and wide feld micrescopes. Examples for means of

15 eweitation wnd detection of fluorescencs maey be found i Lakowiez, J. B. Pringiples af

Fluorescence Spectroscopy, Kluwer Academic / “s enum Publishers {1909},

The measurement chamber §2, comtaining the sample probe {e.g. the sampie probe.

" coraprising marked particles in a solution), comprises at least an oplical wansparen

<‘4
12
ey
ot
L1
7¢]
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£

o

red

\

that the excitation by means of light and the optical detection of the particle properties s

26 possible. The measursment chamber 82 as shown in Figore | COmMpTises an optical transparent

cover Lid 83 at the upper site. The detections system is preferably pla at an optical

©

transparent site or place of the measurement chamber 82, e.g. the detections system 15 placed
on the upper side of the measursment chamber 82 next o the ransparent iid 83,

3

The measuremient chamber 82 is preferably temperanre controlied by means of a

35 temperature control system i order to crsate the desired temperature digtribution andior
temperature gradient within the sample probie lovated in the measurement chamber 82, The
measurement chamber 82 is preferably arranged o g substrate 81 to mechanicaliy support the
measurement chamber. The measurement chamber preferably comprises a cover 1id 83 on the
top. A heating element 83, here in form of 2 wire iz arranged such that the sample probe in the

2% TS ‘(.\ ? ;-1 aw R0 5’3 }":uq {i 1 e £ 1 { I ‘E“i \::n_ +y T TP TNy ﬂ*y,“‘f‘iq:

36 moeasurement chamber 82 e heated via contact heating. 1.o. the heating encrgy provided

by the heating element 85 s conducted t© the samiple probe lotated in the measurement

chamber &2, The substrate 81 comprises preferably o defined heat conducuvity, and way be

made of glass, siicon  with an  isolatng laver., sapphire, diamond, PDMS ¢
Polvdimethyistloxans ), plastic, syathetic material, cevamics, metal-ceramic puxtare, glass
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3
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hased  composite, andior composite materiall The cover Hd 83 is preferably optical

¥

B3

travsparent, preforably thin, and may be made of glass, sapphire, diamond, svnthetic material

s A oo e R e NI AT I . TP T AT e T Y RS . o~
andfor plastic. The heating element 83 for generating the temperature distribution/gradient is
Ay b For oy 1 o B - w3 1 TR SN 1 3 £ os et Nfwed oy 3ot - g “H‘\\ 3]
pi‘eleiat}i}- a thin wireg, preferably sarrounded by a thin eiectrical 1solating laver 84 (g.g. stlicon
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aliernat vely, e heating element way be smbedded in au clecirical
Rt = p

"o;mm: layer 84 L%@*Jﬁz'ing the bottom surface or a part of the bottom swface of the

- ¥ 1 HERR s i s ¥ o T 1
megsurement chamber. The clectrical isolating material s preferably et {o the sample
e e S re s ,, e o e g g 1 5 " . o T e Aty Vo
probe. The wire may be a wive of copper, gold, silver, platinom, wollram, or other metals,
Moraover, the measurement chamber 82 has preferably a defined height and preferably

a def volume. Preferably the measurement chamber is oriented in 2 defined angle io the

direction of gravitation, more preferably the chamber s oriemied to the direction of gravitation
in such & way, that thermal convection is minimized

Figure 2 shows @ further embodiment aceording to the present invention similar to the
embodiments shown in Fig 1. However the embodiment preferably comprises more than one

sample contalning measurement chamber 82, separaied by spacers 88, Morsover. the spacers

&R have preforably & defined height (eg. Soum, HiGum,

- = =R

230um, S0Gum} and the matenal of

the spacers is preferably chemical inert {e.g. PDMS, Teflonh, preferably it iz nert 1o the

solntion containing the marked particles, Bach measurement chamber is preferably i direct
thermal contact with the heating structure 91, Moreover, the heating structure 91 18 preferably
2 thin laver of a preferably conductive material (g2 gold, silver, plattnum, ITQ) apd s

preferably optical wansparent {e.g. ITOY. The heating structure 1§ preismbl v surrounded by a
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thin electrical isolating laver 84 wd 15 preferably placed onlo the sub
isolating laver 84, preferably a nanometer thick laver of stheon dioxide. preferably prevents
the direct contact betwesn the solution in the measurament chambers 82 and the electrical

conductive heating structure @1, The subsirate 81 may be placed or
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preferably a xy~irauslgtion stage, for moving the measurement chamber preferably relative 10
the detection systemt. Alse the detection system may be movable, preferably with a wanslation

. ; Tovda - P NP, G RO g o o e
stage, maybe a Xye-fransistion siage, & Xy-lansianon stage, & &

translation stags, a x-ranslation stage, a y-wanslation stage or & z-transiation stage.

o] s
The detections svstem is preferably placed at an optical transparent site or place of the
measurement chamber 82, e, the detections sysiem 13 placed on the lower side of the
measurement chamber 82 next o the ta

heating structurs 91.The detection system may alse be placed on the upper side of the

measurement chamber §2 nest to & preforably wansparent cover lid 83,

'LH:‘}
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Figure 32 shows a further embodiment according to the present invention similar to the

However the filling holes 87 for filling the measurement

chamber 82 with a solution of marked particies may be placed inside the substrate 81 on two
opposite sides of the cover Bid &3, Preferably the elongated side of the measwrement chamber
82 way be oriented paraliel with respect to the heating element 85 (e.g. a wire}, Preforably

measurement chamber 82 may have 2 defined volume, preferably in the range of 1 plie 2

Figure 3b shows a cross section along lHne A of the erbhodiment shown i Fig. 3a.
Preferably the measurement chamber §2 s formed by the preferably temperature conralled

substrate 81 and covered by a preforably wansparent cover Hd, 83 Preforably the beating

o~

structure 83 {e.g. o thin wirg) Is placed in the nmuiddie of the bottom of the measurement
chamber 82,

Figure 3¢ shows a further embodiment according to the prosent invention stmilar to the

<
H
N

embodiments shown in Fig. 1. However the measursment chamber 82 containing the solution

T

with the particles is shown without detection systemn. Preferably this embodiment 15 used fov

the inducing of the thermophoretic movement of particles without a simultancous detection of
said particles. The measurement of the marked particles inside the measurement chamber 82

may be done by optical systems like laser scanning sysiems, by svstems and devices using

ahsorbance messurements, by svstems and deviees measuring the scatiering of hight, b

(3]

w/or by syziems messurng

=

systemis and devices measuring the polarization of hight a

T4

Figure 3d shows a further embodiment according to the present invention similar to the

Y{;

embodiments shown in Fig. 1 and Fig 3a However the heating structure 83 (e.¢. & wire) i3
ith respect o the cover lid 83 and the elongated side of the
measurement chamber 82, The contact pads 86, preferably with elecirical contact to the
heating structure §3, may be of the same material as the heatimg strocture 83, The contact pads
RE are nreferably used to conpect the heating stucture 83 to a means of clectrical
powerfcurrent (8.5 a power supply, DC power supply, AC power supply). The comact pads
%6 mav be placed at diffsrent sides of the substrate 81, Preferably the contact pads 86 are
isolated electrically from the substrate 81,

“loure 3 shows a oross section of the embodiment shown in Fig. 34 alopg bne A

Figure 3f shows a further embodiment according to the present invention similar to the

smbodiments shown in Fig. 3d. However the contact pads 86 may be placed at the

,»r

op andfor

5

the bottom of the substraie 81 and

H

he filling holes 87 may be located a8 the cover hd 83,

30
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Figurs 3¢ shows a cross ssotion of an embodiment similar 1o the embodiment shows

te. 3f However the contact pads 86 may be placed at one side of the subsirate, preferably

Pes

further embodiment according to the present invention sintilar to the

Fig: 3d and Fig. 3e. However in this ewbodiment more than one
measurement chiamber 82 is placed berween substrate 81 and cover hd 83, The measurement

it 73 y el o svalle € ard by the oyl oferably the
chambers 82 are preiamb}y separated by walls formed by the substrate 81, Preferably the

Measuremein ve a defined geometry in the plane of the substrate (e.g. cirele,
square, rectangie). The chamber may contain 4 heaiing structure 85 iC‘L & wire) and cach

3

heating structurs may be contacted via two comtact pads 86, Each heating siructure 83 is

t
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¢ res 83 1 vambers 82 may be controdisd o

crert measurement chambers 82 or do

| temperature diswibutions in different measurement chambers 82

S5 section Qf the emthodiment shown in Fig. 4a along line B,

e N - ST T SV K6 RRCRD AR T
: particular embodiment of a device accordingly to the presemt

a setup for generating 2 spatial temperature distribulion and for

measuring the thermophoresis of marked particles. The detection sysiem may be based on &
feven deyped B L 2 Yorie P -ﬁ 2 AN SR YT T Y "{'{}V‘Q’ ’i # I 14 i E ‘-mf‘ arti

standdard  mucroscopy semip  for the messurement  of F (o] imternal reflection
fluorescencel, The marked particles are preforably exciied by means of an evanescent wave
and the fluorescence of said particle is pbima\w detected by s means of detection, preferably
a microseopy setup containing emission filters. The evanescent wave for the preferably local

excitation of the fluorescence, preferably in a distance within preferably 150pm from the

surface of the isolaton laver 84 at the beating structure 91 on the substrate 81, is preferably
generated at a defined place 24, The TIRF excitation may comprise 2 light / excitation source

34 and 2 prism 23, The light / excitation source 34, may be a laser, a fibre coupl ad laser ora

T.ED. The exeitation source may also comprise optical elements like lens systems, preferabiy

&

e o~

1o provide beams characteristios sufficient for TIRF. The light beam 25 is preferably dirccted

o the interface between the solution of marked particies v the measurement chamber 82 and

o Femiare I S 7 W TURPC SR P T S S S RN 3 gy = SRS S5 U N s N P
the isolating laver 84 by & prism 23 {e.g. & dove prism}. Preferably an index of vefraction

matching ol is placed between prism 23 and substrate 83, Preferably the prism 23
iemperature  controlled. Preferably at the place 24 the marked particles are excited
fluorescently by the generated svanescent wave, allowing for the measurement of TIRF, The

flugrescence of said excited particles 18 preferably detected with & wicroscope setup
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comprising an optical lens system 1 which comprises one or more g, The optical jens
system 1 18 preferably an cs‘hfg@c. ive 1, eg 40x, NA 1.3, oil immersion. ZEISS  Fluar™ and an

emission filter ;ﬁtsamd pass / Jong pass) 7 is preferably arranged between the optical lens

system 1 and the detector 3 31, which may be a CCD-

bH

HESES Line~Camera, Photomultiplier

)

&
yorlh
w.r
e
Q‘

9 Py

Tube (PMT). &valanche Photodiode (APD) CMOS-Camera, SPM ¢ silicon mukiipher tubs)

T

The measurement chamber 82, containing the 8 olution of the marke partieie; is

volume Prcfsra‘aﬁ}f the measwrement chamber s orfented in a delined

sravitation. mors preferably the chamber is orfented to the direction of gravitation in sucht &

vav, that thermal convection is minimized. In detail the measwrement chamber 13 p faced on or

in & substrate §1, preferably an optical transparemt substrate, and is covered with a cover hid

§3. preferably an optical wansparent cover Hd, and comprises s heating strucmre 91
Furthermore the cover lid is preferably optical transparent, preforably thin and maybe glass,
sapphire, dimmond, synthetic material, plastic. Moreover the cover id 83 may alse be

femperature controlied. The substrate 81 preferably has o defined heat conduct ity and may
he glass, silicon with an isolating layer, sapphire. diamond, PDMS (fPoﬁi}fdims:*hfmsiiexanﬁ

plastic, svnthetic material. ceramics, metal-cer amic mixture, glass based composiie,

composite material, The isolating fayer 84, may be stiicon dioxide, preferably the thickness of
e lover is only a few nanometers and preferably the isclavon layer s optical transpasent
The thickness of the measurement chamber 82 may be defined by a spacer 88, may be POMS,

silicon rubber, plastic, synthetic material, The measurement chamber preferably comprises &

B

T

preferably transparent heating structure 81 may he & microstructurs with a small thickness

{eg. 100 am. 1 um, 10 wm ),
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of the substrate §1. The materiar of the hﬁmmg structure 91 may be gold, platinum, silver
Figure 5b shows an example of a nucroscope (2.8, scann ing microscape, flucrescsnee,
microseope, confocal microscope) according 1o the present imventionn. The device comprises
in the upper part & means for detection or & detection sysiem for detecting, measuring andior
gxciting the marked patticles and in the fower part @ measurement chamber with & preferred
iemperature control system for generating a spatial temperature distribution/gradient, Here, 1t
is 1o be noted that generally in line with the present Invention the defection means and the

excHation means m ayv n*ifﬁi’cﬁ"‘“ be pﬁ'(}"‘iu\‘:u as one mul Hiunctional device.

§-3
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5

bodintents of the detection, andfor exciting means will be

discussed in detail which may be combined with any kind of measwrement chamber andfor
temperature control systems as discussed above andfor below,

The detection system i preferably based on a standard fluorescence microscopy setup.

5

In particular, the detection svstere comprises & optical svsiem for exciting., preferably

luminescently exciting, more preferably fluorescently exciting the marked particles provided
i & sample probe located in the measurement chamber 82 with Hight from a light source or

exciiation source 33, e a Laser, Fibre Laser, Dicde-Laser, LED, HXP, Halogen, LED-
Arvay, HBO.

The light for excitation and the emitted light from the excited particles may be focussed

i
= &

with an optical lens svstem 1 which comprises one o more lenses. The optical lens system 1
is preferably an objective 1, &.g 40x, NA 1.3, ofl immersion, ZEISS  Fluar™,

A dichroic mirror'bean spittier 4, preferably, reflecting short wavelength (R>80%) and
transmitting long wavelength (T»80%5) is arranged above the objective T and adapled to guide

{reflect) Ght from the excitation soures 32 through the objective to the measwrement chambey

B>

82 (horizomtal or exciiation arm). Furthermeore, the beam splitter allows passing the hight from
the excited particles to pass though the beam splitter 10 a detecior 31 arra ranged above the beam

splitter 4 {vertical o detegtion arm). An exciiation filier 6 (e b band passilong pass) andior &

N

Y,
2]
.

fens svstem 18 to determine the beam properties of the excitation light sowrce 31 may be
further arranged between the beam splitier 4 and the excitation source 32. The lens system 10
may comprise one, two of more lenses. An omission filier {band pass / long pass} 7 i3

( X'y

YR 3 niitter 4 and the detector 31, which may be 3 OCD-

[oa

preferably arranged between the

Camera, Line-Camera, Photomuitiplier "‘fubs {PMT), Avalanche Photodiode (APD]), TUMOS-

The system may alternatively andfor additionally comprise other components as would
ple

exertation and detection of fluorescence may be found m: Lakowicz, J. K. Prnoples o

ordinarily be found in fluorescence and wide field microscopes. Exam

for meany of

ﬁ
o
'f
P

2]
£

g

1

tuorescence Spectroscopy, Kiuwer Academic / Plenam Publishers (19991,

T ]

The measurement chamber 82, comtaining the sample probe {e.g. the sample probe

comprising marked particles in a solution), comprises at least an optical transparent site suc

o~

that the excitation by means of light

md the optical detection of the particie properbizs is
¥ b

]

92

sossinle, The measurement chamber 82

it

2 as shown in Figure 3b comprises preferably an ophcal

qry &

wransparent cover hid €3 at the upper site.

tad
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opiical trzmspaz‘@nt site or place of the meesurement chamber 82, e.g. the detections system is

placed on the upper side of the measuremnent chamber 82 next to the transparent hid 83,
ent chamber §2 is preferably temperature controlied by means of a

temperanurs. conttel system to order to oreate the desired lemperature distribulion andior

Tampem are gradient within the sample probe located in the measurement chamber 82, The
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{ 1o mechanically support the

A PR P et o by Sy ey O AT Ly SN AP S ey S = R
messurement chamber, The messurement chamber preferably comprises a cover lid 83 on the

top. A heating structiwe 91, herve In form of 2 swuctured layer {e.g. & pattern of & thin gold

layer, & thin platinum layer, a thin silver layer) with features in the micromster scale is
arranged such that the sample probe in the measurement chamber 82 can be heated via contact

heafing, Le. the heating energy provided by the heating structure 91 18 condected to the

tou

sample probe located in the measurement chamber 82 The heating structwre 91 may be a

vt Ml 28 e olorsamy di Tha A The &R Mo Be sed Fie Sd The wihateate 8] o i
structure Mke § is shown in Fig. 6a, Fig. 6b, Fig. fc and Fig. 6d. The substrate 81 compris

preferably a defined heat am‘;éueiivzty, and may be made of glass, silicon with an isolaing
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OMS (Polvdimethyisiloxang), plastie, synibetr matenal,
ceramics, metal-ceramic mdxture, glass based composite, and/or composite material. The
cover fid 83 iz preferably optical transpareni, preferably thin, and mey be made of glass,

sapphire. diamond, synthetic material andior plastic. The heating structure 91 fov gene ting_

the temperature distribution/gradient is preferably a thin layer, preferably surrounded by a
thin clectrical isolating luver 84 (e.g. silicon diexide). Addmionally or ahernatively, the

heating structure may be embedded in an electrically isolating laver 84 covering the bottom
surface or a part of the bettom surface of the measurement chaniber. The electrically isolating

maierial is preferably inert to the sampie probe. The heating structure 91 may be & structure of

copper, gold. sibver, platimum, wolfram, or other metals or alloy of metals, composite

materials, semiconductors and may also be g structure of electrodes or may also be micre hot
plate. Morsover, the heating structure may alse be s.ap't‘la(l ransparent.

Moreover, the measurement chamber 82 has preferably a defined height and prefevably
a defined volume. Proferably the measurement chamber is oriented in a defined angle to the
direction of gravitation, more preferably the chamber is oriented 1o the direction of gray Hation
in such @ way, that thermal comvection is minimized. The cover hid 83 may also be

temperature comrodled.

Moreover the femperature of the measurement chamber 82 may be controlied in such a

4

way that chemical reactions {s.g. PCR, LCR, isothermal PCR, interconversion of

fl‘

T

ubstancesy can lake place.
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Figures 6a-¢ show a further smbodiment according o the present invention in particular
preferable swo~dimensional structures of the heating structure 91 shown in Fig. 54 and 3b are
shown, All structures comprise @ thin narrowing 92 (width di, preferably lum-100um), a

-~ 2 soa o

preferably thicker feeding structure (width d2. preferably 100um-1000um) and contact pads

for comtacting the heating swucturs with & power supply., The ratio d2/d1>1, preferably
42481551 more preferably d2/d7150, The narrowing raises the resistance of the heating

structure and thus the temperature rise. In another embodiment the nwrowing is expanded 1o

1
1

eofarge the ares In which a measurement i3 possible. In Fig. 60 a hole 93 is lefl w the

»

structure. This hole 83 allows, combined with TIRF llumination a fast dewction of

thermophoresis in preferably z-direction. As the hole is small (radius of lum to 20um; the

area in the hole is heated very fast and thus the particles may also move ouwt of the hole fast

This preferably reduces the measurement fime,

X

Figure £d shows an smbodiment with a muliiple arrangement of the heating structures

T

shown in Fig, 6a, Fig. 6b and Fig 6¢. The six heating structures 91 in Fig, 6d are only one

&= >

possibie design bul wrangements with 10, 12, 24, 99 or even more heaiing structurss are

possible. This multiple arrangement allows meesuring many samples at once and thus a
measurement time can be saved. The arrangement allows both a parallel measurement and
single consecliiive messuremenis.

Figure Ta-c show an embodiment of the combination of the heating strugiurs 9

deseribed in Fig. 6a-¢ and Fig.dd and the measurement chamber 82, The heating structure 91

is prefers

ate §1 using photolithography techniques {g.g. vaporizing

the met ight of the heating structure may 12 in the range of 10nm io

=

300nm. preferably 'in the rangs of 30nm 1o 10Gnm. On top of this heating struciure an
isolating laver can be added i:;‘r: a silicon dioxide laver of 100mm to 10000nm height).

In Figure 7a the substrate 81 contains a recess 100 with o depth of Slum to 300um. This
recess represents the meastrement chamber 82 which is sealed with a cover Iid ¥3. It is
 the recess are not completely vertical as the heating structure is

5

vaporized on the substrate and needs to be in electric contact with the contact pads 86 oumside
the measurement chamber. With inclined walls it s possible to vaporize the metal also on the
wall and the connection is cveated. Like in Fig da the height of the heating structurs ix very
low and the measurement chamber can be sufficiently sealed withow any recess in the cover
103
keh,

Figure 7b shows a further embodiment for combining the healing structures with the

measurement chamber 82 The whole messurement devics comprises o substrare 81

(Y]
L
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preferable made of 2 material with high thermal conductivity e.g. stilvon to achieve high
mperature gradients, the heaung structure 91, 2 spacer material 88 (z.g PDMS or a plastc

foil with very accurate {+ Jum} height of 30um-300um), preferably chenucal inert and a
cover fid 83. The actual measurement chamber is build using a cut-owt 100 i the spacer
material. The spacer can c@mpri&:e a vecess for the heating structure at its botom bt a8 the
heating structure is only approximately S0mm high, spacers without recess also result in a
sufficient measurement chamber, The cut-0ud in the spacer material 88 may be in the range of

0.5 1o 10mm in diameter. The iemperature gradient which can he established in the

"t
&
b2
-
s
i
.,

T

(9

measurement chamber highly depends on the spacer material and the diame

P

measurement chamber, Thus spacer materials 88 with high thermal conductivity are preferred.

Fe

Figure 7o shows a further embodiment for the healing suwuctures de&cnmd in Fig. 6a-c.

£t

The heating structures 91 are placed on the substrate S1. Instead of using 2 spacer or a reces

(-O

droplet of the sample finid 63 may be placed divectly on the heating structure, preterably the

droplet €3 is sealed {e.g. with mineral o1l bioln

> {Homination is preferably a

oy erade oil)
v g

TIRF illumination which only excites fluorescence I a very narow layer parabiel wo the

surface of the substrate. This embodiment allows very quick sample preparations,

Figurs 8a shows a possible embodiment for generating & temperature gradient directly

in the fluid using high frequency capacitive heating. Therefore, two electrodes 200 avs placed

clase to each other preferably with a gap 201 betwesn the electrodes which may lie in the

range of lwm t¢ 300w, wore preferably in the range lum w0 100um. The electrodes
comprise @ thicker feeding strocture {preferable width in the range of 100um to 1000um} and

{preferable width in the range of Tum to 100pm}. The two thin electrode
ends ave place face to face and the temperaturs i3 generated in between. As most current fows
the divect way betwesn the electrodes {he beating i very constricted 10 the gap avea. Thus, by
using very ihin efectrode ends the heating can be localized 10 submicron length scales,

Figurs &b shows a further embodiment of 1n Fig. 8a menuoned heating strocture. Again

ted

U,s

it comprises two electrodes and a gap o

A

etween where the heat 15 generated. In contrast

1 ’3

the embodiment in Fig.8a the thin electrode ends do not have a untlorm widih but taper

towards the gap. This results in high elecinic felds ar the spikes of the electrodes and thusw e

2 -

more localized heating profile. The width of the thicker feeding structure ie preferabie in the

range of 100um o 1000pm and then tapers off towards the gay

3!

tgure 9a-b show the nnubtiple arrangement ol in

ig. Sab mentoned heaung structures.

The heating structure is preferably brought on the substrate usi

ng photolithography technignes

N

{e.¢. vgporizing the metal on the substrater The height of the heating structure Lies m the
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range of 10mm to 500nm, preferably in the range of 50nm 1o 10Unne On top of this heating

¥

structurs an isolating laver can be added {c.g. a silicon dioxide laver of 100om 10 1000nm

1z

In Figwre 92 the structures 91 are placed on a substrate 81, preferably using
shotolithography techniques. The number of structures placed on one substrate 18 not limited,
so there can be only one heating structure or muliiple arrangemenis of the structure (e.g 10,

12,24, 96 or mors struciure per substrate) placed on the The measurement chamber

o5
%
L’a
.J,
0
ol
s
2
=
&
red

{s build using a spacer matertal 88 containing a cut~out 107 for holding the sample. The height

o

of the spacer i5 preferably in the range of S0um to 300w, the cut out has a diameter i the

vage of £ 3mm © Smm. The spacer material is preferably PDMS or plastic folls with a high
ermal conductivity, The measurement chamber 82 is closed with one or multiple cover lids

§3 depending on the mumber of measuroment chambers. To simplify contacting the devics the

thicker feeding structure is widened o a widih of 1mm © Smom. This embodiment allows w

iel bur with & slightly changed lavow (Le. scpavating the

"

measure many sampies in paral

-

electrodes op one side) every measurement Chamber can be addresse mfi teidnally angd single

4

consecutive measurement can be performed. As it is possible in the embodiment shown in

Fig. 7¢ also here the cover Ha can be renounce and the measurement can be performed in a
= H
droplet

Figure 9b shows & oros s section of Fi ¢. 9n and comprises the substrate 81, any of in Fig.

8a-b shown heating structures, an isolating layer 84, one or muitip}e measurement chambers

o *ww . g

§2, the spacer material 88 and & cover Hd 83, The isolating laver is preferably made of s
diexide or & plastic layer and preferably only 30 10 1000nm high.

Figure 10 illustrates & pardcular embodiment of & devics accordingly 1o the present
invention, in particudar a setup for generating a spatial temperature disteibution and for
measuring the Thermophoresis of marked particles, The temperature distribution 18 preferably
created parallel o the divection of gravitation. Moreover the side with the greater teraperature
i preferghly the upper side o preferably prevent convection. The detection sysiem may be

based on a standard microscopy setup for the measuwrsment of TIRF (total internal reflection

£ EQ r SYCURU: JUN: JUREIG S iy SR 4 PN Ay SOE wWave
luorescencel. The marked particles are preferably excited by means of an evansscent wave

t1

o~

and the fuorescencs of said particle is preferably detected by a means of detection. preferably

a microscope selup containing emission filters. At the swrface of the substrate 81 an

NS

vanescent wave is created for the local excitation of the fluorescence, preferably in a distance

£
S

within 150nm from the surface. The evanescent wave is preff:rabi}f generated at define

3 SA T ’ i P O 3 o 5 YyEainT Favd N ' . e KRN
places 24, The TIRY excitation may comprise a Hght / excitation source 34 and & prism 23,
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foplnt et e syt S ot Mes 0 daese o5 . : S PR S, N
ight / excitation sonrce 34, may be a laser, a fibre coupled laser or & LED. The exciiation
source may also comprise optival elemems like lens systems, preferably to provide beam
." \ AN

raracteristics sufficient for TIRF, The light beam 235 is preferably dir to the interface

between the solution of marked part ticles in the measprement chamber 82 and the substrate 81

S B S P, v v Ve ¥ e b oy Sy i v Y FECTIIIRI TR (v e vy erd vy v Wy Yegrrge
by a prism 23 {e.g. a dove prismy. Preferably an index of refraction matching o1f 18 placed
between prisni 23 and substrate 81, At the places 24 the marked particles are exciled
fluorescently by the generated evanescent wave, alfowing for the measurement of the local

distribution of the particies near the temperawure controlled substrate 81 via TIRF. The
fluorescence of said exeited particles is preferably detected with a microscope setup
comprising au optical lens system 1 which comprises one ov more lenses, The opucal fens

svsien | s preferably s
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oil immpersion, 25188 Elum and an
ernission fiter {band pass ¢ jong pass) 7 is preferably arranged between the optical lens

Pat) v x ral

svstem 1 and the detector 31, which may be & CCD-Camera, Line-Camera, Pmmnmitipii&r

o
/g-: ¢
B
7
-
Lige3
N ‘d
/
by
}---4
.
5
e
f‘
£,
I
a3
[
B
b
;}:‘1
et
s
&
2
oy
e
5
f-%
IJ
U
(’}
gl <]
s
L
£
13
3
vy
2!
el
2
{ ]
e
g~
Frore
P
e
e
|75
bk
Pk
o
b
Cf
7
o
[
>
£
e
-
W

ar fubel

Noreover the evanescent wave mav alse be ger enel ated at the mierface betwesn cover had

&=

£3 and the solution of marked particles in the measurement chamber 82 or at the mterface ¢
the, preferably isolated, transparent beating layer 96 {e.g. ITO with an silicon dioxide

=

The meassurement chamber §2. containing the solution of the marked particles, is
sreferably temperature conrolied and has preferably a defined height and preferably a defined
volume, Prafe abiyi the measurement chamber is oriented in a defined angle to the divecnion of
gravitaion, more preferably the chamber is orfenied 1o the direction of gravilation tn such &
way, that thermal copvection s minimized. In detail the measurament chamber 15 placed on or
in a substrate 81, preferably an optical transparent substrate, and is covered with & cover lid

3, preferably an optical iransparent cover Hd, The cover 1id 81 may contain a transparent

the solution. The heating laver 96 may be placed at the side of the cover hid 83 which ponts to

the measurement chamber 82 or at the opposiie side. pointing 1o the detection system. The

preferably has & defined heat conductivity and may be glass, gilicon with an

2

isolating laver, sapphire. dimmond, PDMS { Polvdimetiylsiloxane ), plastic, svothetic

material, ceramics, metal-ceramic mixiure, glass based composite, composite material. The

thickness of the measurement chamber 82 may be defined by a spacer 88 {e.g. PDMR, silicon

rubber, plastic, svnthetic material) and is preferably inert to the solution coptaining the
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marked particles. The temperature of the substrate 81 may be controlled with a heating device
9%, e.g. a Peltier eloment oy a water bath or the like,

In the following typical experiments in accordance with the present mvenuon, but not
Uroitdng the scope of the invention may be deseribed as fol

EXAMPLE 1
ﬁeie*"gsléﬁztitigia of Souret coefficient in 2 setup with 2 one-dimensional temperature
dion
Ba‘fhr@ an actual measurement the hase plate of » meagurement chamber is atiached to a
cooling device and the cap or cover Hid of the measurement chamber {5 attached to the heating
alement with high thermal conductive glue. These fixings can be permanent or removabie, but
the glue used for permanent fixing iy preferably resistant against solvents like ethanol or
sopropano] as the cap and the base plate are preferably cleaned after sach measurement.
Afier fixing the cooling device to the base plate and the heating slement fo the cap, the
chamber confinements are brought onto the base plate, Aceording to a praforred erobodiment,
the confinements are made of a thin foil or layer with a recess or hole for the chamber. Thus
the height of this foil determines the measurement chamber’s height. The foil adheres to the
base plate and anv air enclosed under the foil is removed by pressing the foil o the bese

before continuing the loading process, If any air is enclosed by the foll the even height 13 not

1

assired and the thid can flow out of the chamber andior the temperature gradient 15 not

%

=

urgform

s

i

1 & next step. the solution comtaining the sample probe with the parficies to b
measured can be injecied inte the recess in the laver. The volume for the measurement is
determined by the height of the confinement and the arse or radivs of the recess or hole.
Nopmally volumes of Tnl 1o 2 fow ul are used.

The measurement chamber 1s then closed with the ©

[ .-4

cooling device complex wiich is

T

pressed on the base plate/confinement complex.
Refore applving the tomperature gradiem the fluorescence Is measured 10 obtain the

fluorsscence intensity of the infdal concentration.

I @ next step. the temperatwre gradient is croated in the chamber by sctivating the

heating and/or the co nii_ng device. Depending on the dunensions of the chamber and/or the

total measurement setup including contact plates a steady state in temperature is reached after

1 3

a piven time. This time can be caloulated to estimate 1ts influence on the tme evohution of

e

movement of the particles inside the chamber but as the temperature diffusion 1s about 10G0-
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.

The temperature gradient results in a movement of the solute partizles in the chamber,

1

siven by the particles properties. This directed
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movernent leads to change of the concentration profile inside the chamber over the tme. The

o

srofile is a one-dimensional profile in conizast 1o the profile obtained by heating the fwid with

o

an IR-Laser beant. This one-dimensional profile allows easier detection methods as no laleral

After given tme depending on the dimensions of the chamber and the diffusion

e

coefficients of the particies the steady state between thenmaphorests and ordinary diffusion is

reached, In this steady state the chamber contains different particle concenirations at different

P

heights (v-direction), This profile is mow measured using & detection devices with z-

(

With an obiective with narrow z-focus the focus 18 moved through the chamber and the
'}

o~

fluorescence Intensity is acquived in difforent 2-heights. This intenaity values are then plotted
over the z-distance and ftted using av exponential function as the concendration profile is
given by eicb=axp(-3+*{T- Tyl This aliows determining the Soret coefficlent as the
temeratures are detecied using thermo elements andior temperatare Seusors.

Instsad of moving the focus of the objective through the chamber using a confocal

5

micrestope alse allows sea cavaivig through the sample and acguiring different z-indensities.

D ~

RF illumination doss not provide the acquisition of a complete z-profile of the

concentration. But as only ghout 100mm of the chamber are iHuminated and thus contribwe 10

is possibie to obtain the concentration evolution in this region over

Sy

the fluorescence stgnal it

time, After acauiring both the thermophoretic movement of the sample and the back diffusion

N i

w diffusion coefficient and the Soref cosffivient are determined and thus the sample’s size

ot

and surface propertiss.

EXAMPLE 2
Determination of Seret coeffivient In a setup with 2 vertical heating stracture
Step 1a, background measurement:

%

st

A sample buffer (sample probe) without finorescently marked sample molecules/particies is

filled in & microfluidic chamber containihg a contral heating wire which is paraliel 1o the

€

Sireetion of the Onorescence detection. The heating wire is positioned in the center of the
chamber and extends through the wall of the microfluidic chamber. The wire is preferably
fived to the chamber wall by glue, which Is resistant to water and organic solvents, After a

v

few microliter of the sample solution containing only buffer is filled o the r;z-xmbe:; it is

e

sealed by putting a cover lid on the opening on top. The height of the chamber (e o

f“'s

44
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direction of the heating wire; distance between cover slip and the bottom plate) 18 less than

500 um preferably less than 100 wm and care should be taken that the height of the chamber

is the same if results meas;urad in different chambers are compared. The chamber s placed on

3 device for fluorescence exciiation and delection {e.¢. a fluorescence mucroscopel. The wire

is connected to a current source and the focus of the micrascope objective 18 set on the

%

chamber by using & 50/30 beamsplitter and residual §igh’i from the serrounding or the lght

4

%

source at low power. The fluorescence of the sample buflfer is measured. while the exeitatio
I i ‘\ 3 gy @.‘E Y I}.\ o 1+ .E k{31 N e ?'n—h"v e \.-e.{ Y v d ITECE
light souree is turned on. This way the background value by e.g. Hght scattering and aute
fhioreseence is obtained.
Step 1b, Determination of fuorescence level before heating h}f the conducting wire:

An {mgneous) solution of & fuorescently labelled sample (e.g. blomolscules,

N

nanoparticles, microbeads which have an affinity for other molecules) is filled in

P

b

(44

microfluidic chamber described in Step la This might be the same chamber where the first

X

samiple has been removed, or a new microfluidie chamber. Fluorescence is exited and ¢

T

focus of the objective is set on the chamber. Then finorescence is excited and recorded with

{CCD-Camera) or without (Photomuitiplier tube, Avalanche Phewodiode) spatial resolution

for less than 10 seconds on a CCD device or photomuliiplier with exposure times of 25
roiitiseconds up ie b second. Then the fluorescence excitation is twrned off. The sample

positioned relative 1o the CCD camera in such 2 way that at least part of the wire is observed
m the tmage.

Step 2, starting of heating by the conducting wire:

In the following the heating by the conducting wire is tarped on by twpning on & DC

current and & spatial temperature distribution is established arund the wire within the

solution. In this case for & 1 om {diameter 30 um} wire potenmi of 20 mV 1z used 1o obtain

an inerease i temperature of 4 °C. The power needed de;:ends on the thi-g:-kness/’iiemgth of the

wire and the temperature gradient needed for the experiment. The temperature gradient has
heen calibrated once and 1 15 not necessary 1o repeat this calibration every time an experiment

iz performed. Xt is of advantage that mw the axperimem the decrease of fluorescence due fo
photobleaching is lower than 3%,
The maximal iemperature elevation is below the teraperature which causes damage 1o
°C

shove ambient temperate). In the experiment described here the heating prevailed for 200

B}

the molecules in the solution or aliers thelr interaction (e.g. temperatures between 1 and |

Ly

seconds,

Step 3, recording of the spatial {luorescence (Lo, concentration) profile:

4i
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After this period of time the fluorescencs excitalion i

s turned on and images are
recorded with the same frame rate and length as described in step 1b. Step 3 18 the lasi

acquisition siep necessary for evaluation of thermo-optical properties.,

F

For determination of the Soret cosfficient the spatial temperature distribution should be

tmown. Therefore the protocol deseribed above is preferably performed with a temperature

»

snsitive fluorescent dve whose fluorescence dependence on temperature has been calibrated

once shows a fluorescence change with temperature. The femperamre distribuion may have
e

9
S)i

besn messured ones an be zssumed o be the same as ong

ot

i

5

£

as the disaipated power S not

Precessing the raw data:

{n many cases a bleaching correction is necessary. For a linear bleaching correction it is

increases the time consumption of the analysis, For precise and fast measuroments i 18 of

advaniage to determine the strength of bleaching from image to mmage and correct every

individual image with its own bleaghing factor. For a precise pleaching COmMecion a pomt as
far away from the heating wire as possible is chosen. In case fluorescence is recorded withou

Y

spatial resolution (e.g. avalanche photodiode or p‘no*{ommmm : pheto-bleaching 8 vorrected

best by determining once the blzaching characteristic of & tevtain dye withont heating current

T

furned on in a control experiment. The lmages from step ls e subtracted from the images

taken in step 1hand 3,
The images taken in step 1b are preferably used to comect all images for
inhomogensous ilumination,

Data evaluation:

-]

he center of the wire is chosen and the fluorescence distrivution of the melecules of
interest is radially averaged. The same average procedure is performed with the tempers
measurement. The temperature dependence is used to calculate the empersture morzase as &

o~

function of the distance from the heared wirs, The fluorescence disiribution of the moleculs of

3

interest {sample) ix correcied for the fluorescence temperature dependence of the marked

molecule, This way the concentration profile is obtained. The temperaturs at a cortain radius
can now he compared to the concentration. The Soret coefficient is obtained by the ig)liew«i‘ng-_;
relation: ¢/cl = exp ~STYT-T0), where ofc is the relative concentration with heating and 1
T is the temperature difference.

A7
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EXAMPLE 3

Determination of hydrodynamic radius in 2 setup with a vertical heating structure

e

The

*

thermo-optical characterization method allows also to guanity the hydredynamic

(}

~ 4

radivs of proteins/nancparticles and even more important of complexes of biomolecules
{which are not connected covalently to each other). Thermophoresis provides a comparably
robust and precise way (o messure the hydrodvnamic radius of molecules from less tha
sanometer up o 2 fow microns. This thermo-optical characterization method can also be used

it compiex finkds as there are 1o mention dlood, blood serum and oell iy

ate for ‘”\&{‘zk“)t, i

oA

which state of the art techniques {ace problems

Data acquisition:

A typical measurement can be deserived as follows:

A solution of floorescently labeled molecules (g Quantum dots: excitation 480 nmy,

v

cvvssion 630 nm ) iy filled into & microfhuidic measwrement chamber contgiing 8 vertical

AN

heating wire {parallel to the direction of fluorescence detecton). The microfinidic chamber

with & height of 100 um is sealed with a cover Hd and placed on a device for fluorescence

detection. The ends of the heating wire are connected to a powst source, Fluorescenee 18

excited and the focus of the objective 15 52t inte the chamber,

f‘

3

Fluorescence is excited and recorded with spatial resolution for less than I seconds on 2

CCD device with o frame rate which i3 in the range of 100 Hz o 0.2 Hz These image(s}

=

provides the nscessary information gbout the flnorescence level at 100% concentration. Then

The current through the 30um heating wire is turred on {2, approx 20 mV potential on
a wire with a length of 1 om to obtain a tsmperature maximum of 4°C) The estahiished ool

a

spatial iemperature distribution causes the molecule drift to Jower or higher emperatures.
depending on the particular molecule to be analyzed. Depending on the size of the wire and
the maximum femperature the heating wire creates temperature gradients between .01 and

(1.1 Krum. The emperature gradient has been calibrated onee and 1018 101 necessary o repeat

R

b ?

this calibration every Gime an fzzxparimﬁﬂt 15 performed. Depending on the thermophorelic
properties of the molecules in the soluton (Le. if they move fast in a thermal gradient or slow)
the cuwrrent 15 turned on as long as necessary to obiain a substantial change of the spatial

concentration distribution (here: for § seconds up to 100 seconds, lu practice 10 % of change

P
Lok
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in conceniration should be achieved and in cases that the thermophorertic properties allow

only less than 10 % concentration change. the heating should coutinue until the steady state

{i.e. maximum depletion or accumulation) i3 reached. After this period of time the healing 15

turned off

Step 3
The same time the heating current 18 turned off, the Nuorescence excitation 18 twrned on

i}

and the emission is recordad with the same frame rate used in the first step of fluorescence
imaging. This time the redistibution of the molecules s imaged for § seconds up w 30
seconds. The exact time depends on the velocky with which the molecules diffuse (e the

time # rakes them io eagnalize 90% of the concemration gradient established by

S
thermophoresis), The frame rate is dependent on the strength of change in concentration

achieved and the size of the malecudes. In this experimeni quantum dots (radivs of 12 nmi

X
E] +

showed more than 0% depletion. In tis case a frame rate of 20 Hr was used.

Data processing ~ Phatebleaching:

The fluorescence images are preferably corrected for photebleaching. ’Sim;:ﬁ: there 18

casentially no spatial temperature srofile in the solution while - fluoreseence fmages are taken,

ey

N

he blesching correction s possible with high precision. {Le. the rate of phoinbleaching is
temperature dependent),
For eorrection the fluorescence at an edge of the measurement chamber {l.e. & spot as

far away from the heated wire as possible), where thermophorests during step 3 1s negligible

iz svalnated to detormine the ;:ii*}mob}fsaching, If photobleaching is present, the fuorescence
will decresse from image o tmage. The individual factor for cach image 1% used o correct the
images for bleaching. Another possibility is to caleulate the bleaching for every single pixel
from the images taken 3 o Step 1. The bleaching rate per pixel can be used 1o comrect every

pixel from step 3 images for the photobleaching effect.
Dats processing - Inhomogeneous [Humination correction and normadization fo 106%
concentration:

Preferably, all images laken in step 3 are divided by a single or an gverage umage 1aken
in step 1 and malnpzec by 100, This way a correction for mmbomogenzous llwmination s
achieved and the fluorescence is nomualized 1o 190% conceniration.
Data processing — Determining the hydrodynamic rading:

the Siep & UNAage sores

e
sl

From the first image of o concentration distbution is
exiracted (preferably an image is teken were the spatial temperature distribution has

vanished). A software tool evaluates the Diffusion coefficlent (or multple Diffusion

o
£
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coefficients in case of a mixture) by reiating the experimentally measured relaxation of the

-

concentration gradient to data obtained by & numerical simulation. Using the Stokes-Einsteir

relation the h\’QIUL"\ namic radiug is ferred from the diffusion cos

EXAMPLE 4
Measuring the binding interaction of BSA (bovise serum albumin) with fluorescent
nanoparticles using heating stracture with TIRF ilomination

A further preferred experiment for the hereln presented invention is to determine the

binding interaction of a nonfluorescent protein and fluorescently marked ;mriicia. This can be

pec

&

done using a change in the size (Le. the hydrodynamic radins} of labeled particle due 1o the

2

interaction with its hinding pariner. The typical measurement procedure can be describe

LaN

foll lows:

Step 1@ Sample Preparation

o determine the unspecific binding of proteins 1o nanoparticles a tiiration experiment
is performed. Therefore, different sampies are prepared comtaining ponfiuorescent BSA m
IXPBS buffer at different concentrations {e.g. Onbl OinM, InM ZnM, 10nd 100nM.

S00nM, Tudd, ZuMd, SuMl 10ub) each mixed with the flnorescent nanoparticle (8.8 Himun

A=

o

radius with excitation: 333

{150mM),

nm, emission: 373nm (Nile red)l at constant concenirabion

Step 2: Loading and Calibrating the Device
After preparing these samples the measwement chambers of & multi-well device with

12 measurement chambers ave loaded with the ssmples and one measorement chambaer with

buffer only. Then the chamber s closed with the cover Hd. The device is connecied to 2

currant souree and i placed 1n the Ulumination and detection unit to provide

fluorescence excitation and detection. The Ulumination 15 performed using a green laser

ey
4

pe
{wavelength: 332nm) coupled inte the substrate with & TIRF prism on top of the subsirate:

The resudune iluminaiion inside the measurement chamber is achieved by the evanescent

-~ <

field which penetrates about 100nm into the chamber. This way the fluorescence is only

excited and detected in the region of the heating struciure and background fluorescence is

mipimized.

The illumination and detection are calibrated, 1e. the healing struchwe Is in the focus of
the detection unit and the laser creates & TIRF illumination whereas the images can egither
comtain just one heating spot with 2 high spatial resolution or all hieating spots in ong mmages

which aliows to speed up the analysis of images.

L4y
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Step 3: Data acguisition:

Now some dark images (5-10 images) without any illumination are taken to determine
the background.

Then the TIRF iHumination is switched on and the fluorescence intensity (COLD
images) is moasured {a tme sexies with 3-1¢ images). To avoid photobleaching the TIRF
umination i then switched off again. Now the electric current 15 switched on and the
heating stacture is beated with & voltage of Im¥V,

wemperature distribution leads w a thermopboretic depletion of the

Y

After o heating time of Tus-10min the TIRF Hlumination s switched on agam

and the electric current is switched off, Thon a time series to determine the hack diffusion is

-

taken, For fhis thne series the frame rate for acquiring the series should be fast (e.g. 10Hz for

\

10nm Quantumbots or 40Hz for protein

Step 4: Data processing - Photobleaching:

The second Image series is now analvzed o obtadn the diffusion coefficient of the
particies. Therefors the completd series s correcied by background sebtraction. The COLD
images are then analyzed 1o calcuiate a cmre‘::ﬁon for the effect of photobleaching which is
assumed to be linear in time. This Haosar decrease is later used to correct the time evolution of

the back diffusion (s an altermnative a photobleaching rate can be determined for every single

imags. Therefore fluorescence i3 detected at & point where the effect of the lemperature

(o1
=h

ool ;. b
gradient is negligible).

Deaaat ey

£

Step 5: Data processing - Backdiffusion:

Now the corrected Hluorescence intensity during the back diffusion of an area ciose to

T

the heating structure is plotted over time. To obtain the diffusion coefficient from this plot the

iy

measuremnent chamber is simulated using a finite elemert solver with varying diffusion

cosfficients I and the quadratic error of the fitting curve 13 minimized. Repeating this process

results in the exact diffusion coefficiznt and thuw in the hvdrodynamic radius of the particies.

T

The last step of analvzing the corrected fluorescence ntensity to obtain the diffusion
coefficient is repeated for all 12 measurement spots on the mulri-well device. Finally the
measured hyvdrodynamic radii which are caleulaied over the Siokes-Einstein- relation are

plotted over the BSA concentration.

o

Due to the parallel beating of the samples the electric megsurement saves measurement

time and aliows the acouisition of 2 complete tiration experiment in about 13 minutes.

i,
Lot}
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EXAMPLES
Detection of interactions in a setap with 2 vertical heating structure

The thermoo-optical characterization provides the means for fast analysis of blomolecule
interaction. The term interaction C(‘;ﬁmprises interaction bevwezn biomoiecules (2.2 protein,

DINA, RNA, hyaloronte acids eic) but also between moditied nampm‘tic},ﬁs,f'micm berdsions

and hiomolecules, A tvpical experiment to detectiquantify imeractions can be Jeseribed as

Forky,

ollows:

[£5]

Step 1s, backgronnd measurement:

The sample baffer without fluorescently labelied sample molecules/particles is filled in

a microfiuidic chamber containing a central heating wire which is parallel 1o the direction of
the fluorescence detection. The chamber is sealed with a cover slip. The height of the chamber

e, in direction of the heating wire} is less than 300 wm in this case less than 100 um and
care should be taken that the height of the chamber is reproducible if results are compared
The c.iam‘na;r i placed on & device for fluorescence excifation and detection {(8.g 8
fluorescence microscops). The wire is connecied to & current sourse and the focus of the
MICTOstOne mz ve 1o set on the chamber by using 8 30/30 beamsplitfer and residual hght

i

from the surronnding or the Hght source at low power. The fluorescence of the sample bufter
is measured, whils the excitation light source 1§ turned on This way the background value 1s
obtained which arising from e.g. light scattering and auto fluorescence.

Step 1b, Determination of fusrescence level before heating by the conducting wire:

An sgueous solution of a fluorcscently labelled sample (eg. biomolscules,
nanopasticles, microbeads which have an affinhiy for other molecules) i filied in the
microfluidic chamber described in Siep lz. Fluorescence is exited and the focus of the
obiective 1s sot into the chamber.

Then Fluorescence is excited and recorded with (CCD-Camera) or  withow
{}?’hms:mhit" jer tube, Avalanche Photodiode) spatial resolution for less than 10 seconds on a

"D device or photomultiplier with exposure times of 23 milliseconds up 1o 1 second.
Thereafier the fluorascance excitation is turned off.

Step 2, smﬁing of heating by the conducting wive:

in the following the hea ating by the conducting wire is wuened on by turning on a DC
current and a Spattia}_ temperature distribution is established around the wire within the

solution. In this case for a 1 om long (diameter 30 wm) wire & potential of 20 mV is used to

obtain an increase in temperature of 4 °C. The power needed depends on the thickness/length
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of the wire and the temperature gradient needed for the experimen. The temperature gradiont
hae heon calibyated ence and i is not necessary 16 repeat this calibration every tme an

experiment is periormed.

The maximal emperature induced in the experiment is below the temperature which

3

canses damage to the molecules in the solution or abiers ¢

helr interaction behaviour {e.g.
temperatires between 1 and 5°C above ambient temperature}. In the experiment deseribed
here the heating prevaiied for 200 seconds.

.

Step 3, recording of the spatial fluorescenee (L. concentration} profile:
% S . S P, ‘ AR T & T 3 fi T drvemoores
After this period of time the fluorescence excitation is turned on and Images are
recorded with the same {rame rate and length as described in step 1b. Step 3 18 the last
scquisition-sien necessary for evaluation of thermo-optical properties.
For quantification of interactions the protocol deseribed previousty is performed with

additional samples. Step 1b to step 3 is repeated with solutions of the flnorescently labelled

sample {e.g. protein) at the same concentration which iy mixed with & varving amount of the

binding partoer with whic ch the Imtsraction gquantified. The number of samples in the Giation
series determings how often siep b, step 2 and step 3 are repeated (Le. how olien 2 pew

chamber 1o filled with z sampiel If the srength of the interaction should be quantified in

I

termis of » dissociation or association constamt (K Ky than the procedure described

&
o
o]
<
3
-
P
oo
it
o]

previously has 1o be conducted with varying ons of binding pariner {e.g. 4.01x -

10x the concentration of the fluoreseently labelled binding partner). This means that a tiration

of binding partner should be performed. For the qualitative detection ¢ of an interaction (Le not

detecting the strength of interaction) it 1S necessary 10 mix the fluorescently labslied sample
with 2 sufficient amount of binding partner {or unknown sample) 50 that a substantial amount

of the {ugrescently labelled molecule is assumned 10 be in coniplex with the binding parter.

Processing the raw data:

For o Linear bleaching correction it is necsssary to wail for the back-diffusion of all

molecuies following the end of step 3. This increases the time consumption of the analysis.

Y

advantage to determine the sirength of bleaching

>‘j
piee 1\'

“or precise and fast measurements 1t 18 ¢

from image to image and correet every individual image with its own bleaching factor. For e

nrecise bleaching correction it is important that the temperature gradient at distance from the

heat spot is low {e.o. below 0.0001 Wum). In case fluorescence is recorded without spatial
resolution (e.g. avalanche photodiode or photomultiplier) photo-bleaching is corrected best by
determining the bleaching characteristic of a certain dye once withowt beating W & contol

AN I T
EXpPaTInEn.
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"

The images taken in step 1b are used 1o correct all images for inhomogesnecus llumination.

N

experiment (L fluorescently labelled molecnie/particie without binding parmer and 2

L

second EX?\C‘“}TIIEI {i.e. were the binding partner is present} is extracied. The fuorescence s
plotted versus the distance from the heat spet and pixels with the same termperature {Le. same
distance from heating wire) are averaged. The spatial concentration distribution is obtained by
corrzcting the fluorescence intensities for the vespective temperature dependence of the dye.

1o For the gualitative detection of interaction as well as the quamification of the interaction

strength & correction §

temperature  dependenicy 18 not necessary, and the spatial

-

fluorescence distribution ie sufficient. This onables us 1o use any fluorescent dye on the

market withouwt characierization of its temperature dependency,
The values of the fluorescence profile are imegrated up to the distance wheve the

15 iempe amr is below 108 of the maximum iemperature {e.g. 70 wn). The integrated values

are gomimwi and a change give a precise ndication if there Is an affinity between the
sabstances at the concenirations used, since the interaction changes the thermo-optic

5

propertizs (.. thermophoreiic mobility, swface size and chemical groups on surface) In
most cases the interaction between proteins leads to higher finorescence {concentration) at
26 higher tomperatures. In case that & detector with no spatial resolution Is used, no integration is
RECSSSArY

B

in general if more thaw a single frame is recorded in step 1b and 3 an integration of

For 2 quantification of affintiies the same procedure 8 performed for all experiments w
25 various concentrations of the non fluorescent binding pariner. The resuit of the integration for
the reference experiment (1.e. without binding pariner) is subtracted from the integrated values

obtained for the different concentrations of binding narthers. Prom this evaluation one gets the

iy

o

amount of interacting complexes in arbitrary units. By dividing the values by the value wers

binding is saturated the relative amount of complexes a1 a certain concentration of the binding
3 partner is obtained. From this dataset also the concentration of free bindmg partner {i.e. non

fiuorescent) can be determined and the strength of the heraction can be quantified in termus of

association or dissogialion constant
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Claims

1 i

measure thermo-optical, preferably thermopboretic, characienstics

¥
-

o
ot
o
4
fad
et
0]
.
P
]

parnicies in & solution comprising the steps of!

{a) providing a sample probe comprising matked particles in a sotution:
{Tr} ;rm’idﬁi} ¢ a temperature control system for cresting & temperature

il and/or cooling:
() detecting the marked particles at g first tme
{d} cating & temperature gr samiple probe by means of
the temperanme conirol systeny
(ey detecting the marked particles in the sample probe at &, preferably
i3 predetermined, second time aud/or at & predetermined location within
the temperatire gradient, and
(1) characterizing the particles based on said two detections.
2 Nethod according o claim 1, wherein the method comprises the step of performing a
28 third detection at a, preferably predetermined, third time.,
3 Method aceording to claim 1, 2, wherein the second time and/or third time 13 while
and/or after heating. particulazly in order w measure back diffusion.
LT Method according to clalim 1, 2 or 3, wherein the first, se cong and/or third imes are
predetermined times, preferably depending on absolute ume, the completion ot
snduction of further method steps, andVor relative time between the two tmes.
3, Method according to any one of the preceding claims, further conprising the step of
30 exciting laminescence, preferably fluoreseenve, of said marked particies wherein the
detection sieps comprise detecting luminescence. preferabiy fuorescence, of said
xeited particles.
&, Meothod according to any one of the preceding claims, wherein the temperaturs conty ol
33 svstem controls the iemperature by a heating means and/or coeling means using one or

56
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more of & wire, 2 Peliier clement, a plate, g conductive path, means for creating a high
ﬁ‘efgueﬁ"a electric fleld in the sample probe, an indivm-tin-oxade (ITO) element andior

Method socording to any one of the preceding

»

claims, wherein detection is performed

by use of one or more of epifluorescence (BP]) microscope, total internal reflection

i
Tuorescence (TIRFE) microscope. confocal microscope, CCDL APD, PMT, andior &

RHCTOSCOM:,

&

Method according to any one of the preceding claims, wherein the temperatue

gradient les in the range from about § Kium to 200 /um. preferably from 0.001K/um

o~

to SK/um, more preferably from 0.0 K/ um 1o 1 and more preferably ts about

h %

Method secording to any one of the preceding claims, wherein the :’:‘1‘11}‘%“1'1‘*11?“

increase in the sample probe Hes in the range from about 0°C 1o 100°C, preferably

rom 2°C to 30°C and more preferably from 5°C w0 20°C

dethod according to any one of the preceding claims, wherein the sample probe

volume lies in the rangs from about Tpl to 100ul preferably from 0.1 ulto 30 wland

Method according to any one of the preceding claims, wherein the time span between
the first time and the second time Hes in the range from about Ty to 60nun, preferably

-

about .01 secto 20 min, preferably abowt I sec to 10 min preferably 60sec 10 3 min

Method according 1o any one of the preceding claims, wherein the predetermined

jocation within the temperature gradient 1s at the swrface, the bottom, the side of a

meastrement chamber and/or the sample probe and/or at 3 predetermined distance

from beating andfor cooling means or at a place of specific temperature, preferabl
close to the heating andior cooling means or near & surface in a region of high

temperature gradients.
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Method aceording to any one of the preceding claims, wherein & plurality of sample

probes ars measured subsequently and/or in paralle:

~

A devics for measwy lﬂg 'i%.'ll‘l‘ﬁ{)-wi’}@{)hi &i P efera ‘O * thermi mnorem X charactenstics of

particies in a solution, in particular ascording to @ method of any one of claims 1 1o 13,
the device comprises:

- & measurement chamber {or recetving a sample probe containing

marked particles in a solutiow;

- means for detecting the marked particles in the sample probe;
- & temperativs control system for Creating 2 iemperature gr adient within

said sample probe by contact heating andfor cooling, and

- a conirol means 'iﬁ“‘T’C\,. for mmm“mn” said detection means 1o derect
.

the marked particles at a first time and for controlling said detection
means and termperatore control system to defect the marked particies in
the sample probe at & second tirne and/or @ a predetermined location
within 2 temperature gradient created by iﬁe temperature conire

systeln.

Dievice according to claim 14, wherein the control means is adapted to control the first
andior second times 1o be predetermined times, preferably depending on absolue ume,
the completion or conduction of further method steps andfor relative time between the

fwo EHT‘ Ok,

Device according to claim 14 or 13, frther comprising means {or exeiting
!\ —
{uminescence, preferably fhuorsscence, of said marked particles wherein the detectio

means is adapted to detsct huminescence, preferably fluorescence, of said exeited

S

Device according to claim 14, 13 or 16, wherein the emperature coptrol syste

Ll't

N

comprises ane or more of each or more of the following b sating andfor copling means:

a wire, & Poliier element, a plate, & conductive path, means for creating a high

:‘z

frequency clectric field, an indium-tin-oxide (ITO) element andior means with a

radiation absorbing surface for controlling the temperature.

STy
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ok
s

Device according to any one of claims e deteciion means

comprises one or more of epiffuorescence (EPT) microscope, 1otal infernal reflection

A

porescence (TIRF) microscope, confoeal microscope, CCDL APD, PMT, andior

forg
,ﬁj

MHCFOSCORE.

LAy

19, Devics according to any one of claims 14 to 18, wherein the device comprises meana
{or characterizing the narticles based onosa 1 datections
o SOTSTZING e PparliCias BEstd Il said ol (1S,

2. Device according to any one of claims 14 to 19, wherein the temperatire ¢opuo!

0 svatem is adapiad to create a temperator

il

’)‘J

e gradient Iving in the range from aboul UK 1o

o

2011, preferably from 000K /um to SK/um, more preferably from 0.01K to IK/um

and mare preferably is gboat 03K,

21, Device according to any one of claims 14 to 20, whereln the temperature controt

system is adapted 1o create & lemperature rise in the sample probe Iving in the range

po
-

from about 0°C to 100°C, preferably from 2°C to 30°C and more preferably from $%¢C

22 Device according 1o any one of claims 14 1o 21, wherein the device is adapted 10
P &

20 receive o sample probe having a volame lying in the range from about Ipito 100uL

-y

1w to 30wl and also preferably from 8.5 plio S pl

23, Device according 1o any one of claims 14 to 22, wherein control means is adapted to

control the time span between the first time and the second tme 1o lie in the range

o

23 from: about 1us to 60min, preferably about 0.01 sec to 20min, preferably about 1 sec io

- a

10 mun, preferably Blsec to 5 min.

24, Dievice according to any one of claims 14 to 23, wherein the detection means is

adapted to conduct the detection at the surface, the bottom, the side of the

0

A0 measurement chamber or the sample probe andfor at a predetermined distance from

heating means or &t g place of specific emperature, preferably close to the heating

means or near a surface in a region of high emperature gradients.

(¥ 3
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Dievice gecording to any ong of claims 14 to 24, wherein the device 1s adapted (o

.

probes subsequently andior in paralisl,

X

measure a phurality of sample

Dievice according to any one of claims 14 10 25, wherein the device comprises a

substrate containing 8 measurement chamber for receiving the sampie probe.

Device aveording to any one of claims 14 to 26, wherein the measursment chamber

and/or the sample probe is covered by & cover i,

Dievice according to claim 27, wherein the cover id comprizes one or wore filling

noles and/or pin holes.

Davice according to any one of claims 14 to 27, whersin the measurement chambaert I8

2 1
defined as'a recags in & substrats,

Device according to any one of claims 14 to 29, comprising filling boles for filling the

Device according 1o any one of claims 14

58
e
e}

30, wherein one or more of the heating
and/or cooling means of the temperature control system extend into andfor through the
measurement chamber and/or the sample probe.

4

Device according 10 any one of claims 14 to 31

ancdfor cooling means of the temperature control sysiem contacts the measurement
chamber and/or the sample probe,

Device according 1o any one of claims 14 to 32, wherein one or more of the heating

q 23

y T 2

and/or cooling means are slceirieally isolated vis-d-vis the measurement ¢ chamther

% bl

and/or the sampie probe, preferably by an electvical solation coating andfor an

4 S -

Device according 0 any one of claims 14 to 33, wherein the measurement chamber

1

srulior the sample probe is covered by a cover td and wher e the cover Hd s a

heating andfor cooling element, preferably an 110 elemeut.

L
N
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35, Device according 1o any one of claims 14 to 34, wherein the measuremnent chamber is
defined by a structured surface and/or the sampie probe is positioned on 2 surface ol g

substrate as a dropiet, and where the heating and/or cooling element is defined

5 by/onsin the substrate on which the dropist ts placed.

36, Device according fo any osne of claims 1410 35, or method accordmg to any one of
abma 1w 13, wherein the temperature of the measurement chamber and/or the
sample probe can be /i controlled In 2 way that biochamical reactions such as PCR

16 can be carried out,

37, Method to messure thermo-optical, pasticularty thenmophoretic, characteriaties of
particies in 2 solution by using a device according 10 any one of clabms 1410 36,

1 38, Use of any of the matbods according o claim 1 0 13 oo 37 or any of the devices
conrding o claim 14 to 38 for the characterizavion of thermo-optical, particularly
hermophoretic properties of particles n sojurion.

39, Tlse of any of the methods according 1o claim 1 to 13 or 37 or amy of the devices

20 according 1o claim 14 to 36 for the determination of surface properties of partickes in

sohzion,

&0 Lise of any of the methods according to claim 1 1w 13 or 37 or any of the device

by
”

according 1o claim 14 1o 36 for the separatiop of particles in solution according {o the

23 thermophoretic properties of said particles.

e
o

Use of any of the methods according 1o claim 1 1o 13 or 37 or any of the dewvices

C'x
,.“4
E
=
o
L
=
L
23
"‘*‘ﬁ
b2 k
=t
"‘}"

according t ¢ characterization of interactions of biomolecules

solution

i
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