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AGRD26962RBCWTKRE/s] Analytical aid with hydrophilic coating containing nanoparticles with silica
structure 5 Field of the invention 10The present invention relates to an analytical aid, comprising a
surface coated at least partially with a hydrophilic caating, wherein the hydrophilic coating contains
nanoparticles with silica structure and an average particle size, determined according to DIN I1SO
22412:2008 (dynamic light scattering), in the range from 1 to 500 mu. The present invention further
relates to dyedwbtagnpsBereiaRtbf an analytical aid, comprising a 15 surfac@tdatedaay Hst partially
with a hydrophilidresting Boskaifkéy nanoparticles with silica structure adtERdAage Pafitle size,
deteimined according to DIN ISO 22412:2008 (dynamic light scattering), in the range from 1 to 500
nm. The present invention also relates to an analytical aid producible by this method and a sampling
device containing the at least partially coated analytical aid described. 20 Prior a A great many
analytical aids are described in the prior art, in particular for the rapid and quantitative analytical
determinafion of constituents of liquid samples, for example in the 25 form of individual test strips or
strip-shaped test materials or in integrated systems, in which the testing element is a part of a
sampling déviedytical pid stk by diephiflicccanting sentingwanpprotigletomithsiliemsorsnr stability,
conve@tlonal testing elements areas a ruIe made of plastic or metal and generally have a
comparative A )
analytical aid with the I|qU|d 30genera||y aqueous samples 26962 WO KSH Thus, for example from
WO 2007/045412, sampling devices for collecting body fluids are known, which have a needle element

and are equipped with a testing element, with which
Field of the invention

10 The present invention relates to an analytical aid, comprising a surface coated at least
partially with a hydrophilic coating, wherein the hydrophilic coating contains nanoparticles
with silica structure and an average particle size, determined according to DIN ISO
22412:2008 (dynamic light scattering), in the range from 1 to 500 nm. The present
invention further relates to a method of production of an analytical aid, comprising a

15 surface coated at least partially with a hydrophilic coating containing nanoparticles with
silica structure and an average particle size, determined according to DIN 1SO 22412:2008
(dynamic light scattering), in the range from 1 to 500 nm. The present invention also
relates to an analytical aid producible by this method and a sampling device containing the
at least partially coated analytical aid described.

20

Prior art

A great many analytical aids are described in the prior art, in particular for the rapid and
quantitative analytical determination of constituents of liquid samples, for example in the
25 form of individual test strips or strip-shaped test materials or in integrated systems, in
which the testing element is a part of a sampling device. For reasons of simplified and
more economical production and component stability, conventional testing elements are as
a rule made of plastic or metal and generally have a comparatively hydrophobic surface,
which is a disadvantage for rapid and uniform wetting of the analytical aid with the liquid,

36 generally aqueous, samples.



at least one analyte in the body fluid can be detected qualitatively or quantitatively. In this 5 case the
sample of b&dg WilkiZitransported along the needle element to the testing element. Since as a rule the
site of insertion of the needle element in the skin is disposed at some distance from the testing
element, as a rule the sample of body fluid must travyel a few millimetres along the capillary to reach
the testing element. Usually needle elements made of steel are used, which have a relatively
hydrophobic steel surface, and therefore are 10not very suitable for transporting the aqueous body
fluid. For the purpose of increasing the flow rate of the body fluid along the needle element, EP 2 025

287 Al desetipesimedifination s thestinianeslithe %ﬁﬂﬁf@éﬂ%@& WS RYHHPAING CRAINGr.
Non-ionic surfactants, such as polysorbate, are mentioned in particular as gzdrophillc coatinals.
T P TiOxX,

Similarly, P01 ¥hish A asBels KIRRSBh AR HeetaRBsY b AR $o7 eRaMpTE R 7
Si02, or thedilgsihereinithess eeatingsar nexampleaplistiand-fixed Jodhadena pfidisgrete

particles in suspensions. The use of organic polymer compounds, 20for example PVP-PEG, and of

water-SolubEorgsntapely-atitehin disids srdranspasedorlerantite isadicorisalafitsdhs, 58 M¥drophilic

coating, is glaadnowRdramn:tha PrR . IR Jarmingrarkyskanbiliesiifasert thenneeslisalanaent, a
hydrophilization by physicochemical means is also possible, for example the etching of a steel surface

or a 25 plastii dHHBRSRATGEAIRcetEiN the LBRLe B %r@ﬂﬁ HgasavBmetdradideed niyst fythase

effects are fempenancaad dharetacecasiByleare.onhnadtiary Mmeasuressionpraepariogheengedle
element surface for supsequent coatinﬁéyln order to improve the_transs:)ort of the body flyid along the

needle elefant, th et scdo WasmAR aa ol Lhrks dy Srabalis Ssq!arhioviand BHRaydSonilic

coating of precisglyihisrapiHannspbiacg siruciueecande @sRecially advantageous for the speed of
transport of the body fluid along the needle element. 26962 WO-KSH - 3 - EP | 887 355 Al describes

a needle element designed as a microfluidic system for the capillary transport of a liquid and a method
of applyingrahidrephilisessiriace-eaatingonosaid egdle: eleaemi Palyactkicmasile phiyastylare,
dextran sulf)hate and/or chondroitin X . :
025287 Al describes modification of the surface of the needle element with a
hydrophilic coating. Non-ionic surfactants, such as polysorbate, are mentioned in particular

15 as hydrophilic coatings.

Similarly, EP 2 014 727 Al describes hydrophilizing metal-oxide coatings, for example
AIQOH, TiOx, SiO,, or the like, wherein these coatings are for example applied and fixed
in the form of discrete particles in suspensions. The use of organic polymer compounds,
20 for example PVP-PEG, and of water-soluble organic poly-acids and/or salts thereof, for

example PAA or heparin salts, as hydrophilic coating, is also known from the prior art.

For forming a hydrophilic surface of the needle element, a hydrophilization by
physicochemical means is also possible, for example the etching of a steel surface or a
25 plasma or corona treatment in the sense of creating active metal surfaces. Usually these
effects are temporary and therefore as a rule are only auxiliary measures for preparing the

needle element surface for subsequent coating.

In order to improve the transport of the body fluid along the needle element, in addition a
30 capillary-active surface structure can be provided, and hydrophilic coating of precisely this
capillary surface structure can be especially advantageous for the speed of transport of the

body fluid along the needle element.



5 sulphate are used as surface coating materials. Especially preferably, a surface structure formed as
a microchamnel mviketheedle element is provided with said hydrophilic surface coating, to ensure
rapid and reliable transport of the body fluid along the needle element. However, the coating materials
described in the prior art often have inadequate stquiljty, in 10 particular inadequate long-term stability.
As reasons for inadequate stability, we may mention for example insufficient bonding of the coating to
the coated surface of the substrate, which may result in detachment of the coating during the coating
process, or during storage or during use of the substrate, for example when a needle element coated

in this wayjig insertekintg the.skined ReR¥droRNilic-APALNY B@ML IS ANAANER O-y8SIFN! IR1S longer

storage at room temperature or to temperature fluctuations. Moreover, some compounds display low

stability wHaRHFSY Soegpbséd insigrinhionebndinbasriraes By realulinse terg £ ERftibn from

packaging (Jupastigiancnstabiity,with iespest 1p Rackagingdnatenalsipfiar meansdhatdfergxample
20 in the case of substrates packaged in plastic materials, the hydrophilicity of the coated surfaces

decredses WRIREEIF EITRY StoTHGRCATAAIRACIRHERFE JpHIREIR BRIt At W Biter $ToTaEE is no
longer guarapigachs HhisilossiahRcsarhlisitysanior example e expiaingd hyadsampionakyolatile,

as a rule nonpolar, constituents of the packaging materials. 25 In order to prevent such loss of
hydrophilic§A1 e o0sHoe 55 ansstsisbietianiBerbe shechd pAertglApE WsieRedn Biieatioose
covering for the hydrophilic coating and/or the addition of adsorbents in the packaging, to prevent
absorption of said volatile constituents by the h)ig%;%?hilic_coating. However, the packaging proposed in

WO 2008/61%3971s the wiiipreatiariabxpeieibedinds pariculaedhexavarsgedastrhi ihedturing

equipentyyji-aiomalsareratirpisvhichspust alag peavise mwiiabisiunpaskingafithesubsitate from
the packaging. 26962 WO-KSH - 4 - US 20070179373 Al describes apparatus and methqds for
collecting A SafplI&* Hthkcinsesiria danditmtelhfedebiseion e rrd Khikigen hdite

detector angiagiadieniinaans te-drive the dranspers pir sample g ftomea:painkoferBiachio a point
of detection. The integrated cqllection device has a layered structure including multiple 5 layers. The

design feaftFE8gH{aragRCs frsnmyes ahthe SREHAFHAGEFELEORGE 4 Berics! it 2orsd8philic

surface is ggreraled hraudsLaaatire With-Tpaeshrilitacoanepalticlase nbhererivthessfore s need for
analytical aids with hydrophilic coatings, which have 10sufficient stability, in particular sufficient

stabillt) evEP#FthE PreceAtd BITolaBERYECH B HOAFBIRF B stUEME SR a M madhsls. The

problem todaenpelvart BysHne/imve s 145 Tik-Rressniin veplionl istbridions Goacsinashwitdbe problem
of providingga_n analytical aid with a hydrophilic coating, which has advantageous wetting properties
and is charS&eRZEFIF Mg SRS Br ﬁ?@%ﬁeﬁ&%isclosure of the invention

In particular, instability with respect to packaging materials often means that, for example
20 in the case of substrates packaged in plastic materials, the hydrophilicity of the coated
surfaces decreases markedly during storage and sufficient hydrophilicity of the substrates
after storage is no longer guaranteed. This loss of hydrophilicity can for example be
explained by adsorption of volatile, as a rule nonpolar, constituents of the packaging
materials.
25
In order to prevent such loss of hydrophilicity, WO 2008/015227 describes the use of
specific packaging, which contains a loose covering for the hydrophilic coating and/or the
addition of adsorbents in the packaging, to prevent absorption of said volatile constituents
by the hydrophilic coating. However, the packaging proposed in WO 2008/015227 1s
30 complicated, expensive and in particular is disadvantageous for measuring equipment with
automatic operation, which must also provide reliable unpacking of the substrate from the

packaging.



20 According to the invention, this problem is solved by the objects of the independent claims.
Advantagedtis 2V @diients are the object of the dependent claims. Surprisingly, it was found that
when nanopatrticles with silica structure and an average 25 patrticle size, determined according to DIN
ISO 22412:2008 (dynamic light scattering), in the range from 1 to 500 mu are used for coating
analytical aids, analytical aids with especially advantageous properties are produced. The analytical
aids so coated are characterized by advantageous hydrophilicity and wettability. Moreover, high

stability of {H& 288tRAYT&3Frovidetessobosgpparrmskar vsctnstaifty raHepdracie Svistsamels stiucture
and an avesage,pRaticle §i¥£m¢ﬁ¥§éﬁ‘3%%@ﬁ€&ﬁ@ﬁ‘9é@c@ NISHE 2241412008 ddramiclightsaattering),

in the range from 1 to 500 nm, and the nanopatrticles comn%%se groups of structure (1) and/or (II) Si-OR

5MtA-  WiseRsifandslentBe tHansrsuih bastamilte W dingependunny of sratafiother, iR Rected

10from the QHEHR.RONBIRting Qiriled RISRIRANAINIRY 08, 2 anfkwheRIRBRW, R RNAEREle
independently of one another, are selected from H and alkyl, and wherein Ra, Rb and Re,

indepehdeKFBT die drvancicatvecsprishally adbstitatsn antasiernsy Sericidd PR iNe gIgiRse
consisting ofyidy. alkyl r3tb igtRroaih &y cioalioderysiohgteraaliady alkanylband alkexyalkykipad

wherein n, m and p, independently of one another, are 0 or 1,
nanoparticles.

There is therefore a need for analytical aids with hydrophilic coatings, which have
10 sufficient stability, in particular sufficient stability even in the presence of volatile, as a

rule nonpolar, constituents of packaging materials.

The problem to be solved by the invention

15 The present invention is therefore concerned with the problem of providing an analytical
aid with a hydrophilic coating, which has advantageous wetting properties and 1s

characterized by high stability of the coating.

Disclosure of the invention

20
According to the invention, this problem is solved by the objects of the mdependent

claims. Advantageous embodiments are the object of the dependent claims.

Surprisingly, it was found that when nanoparticles with silica Structure. and an average
25 particle size, determined according to DIN ISO 22412:2008 (dynamic light scattering), in
the range from 1 to 500 nm are used for coating analytical aids, analytical aids with
especially advantageous properties are produced. The analytical aids so coated are
characterized by advantageous hydrophilicity and wettability. Moreover, high stability of
the coating 1s provided.
30
Accordingly, the present invention also relates to an analytical aid, comprising a surface

coated at least partially with a hydrophilic coating, wherein the hydrophilic coating



20and wherein M+ is a metal ion and A is a physiologically compatible anion. In contrast, for example,
to the abovameionediUS 20070179373 Al, which discloses only a hydrophilic surface coating with
fumed silica nanoparticles, the nanoparticles provided in accordance with the invention thus comprise
groups of structure (I) and/or (Il). 26962 WO-KSH - 6 - The present invention also relates to a method
of production of an analytical aid, comprising a surface that is coated at least partially with a
hydrophilic coating, wherein the method comprises: 5(a)providing the analytical aid, éb)coatin the
analytical e TiRgRp #eckitaNiBarHigants ¢OHtactRdtiia Mikiige PIGCKorMiBHsi AL EMERS one
dispersant and,aanopariiglesiaish-silica. stvetuigs MRICHi DAV e ARANIRIS RALIFIS sizg Aeteryined
according to DIN ISO 22412:2008, in the 10range from 1to 500 nm, wherein the nanoparticles
comprise gt80p&eratteeure ppaReiRs OIS ERYY Alsstaatyre (1 angiosfdlh in each of the groups of
structure (I), independently of one another, R is 203elected from the group consisting of H, a
metal-containing ion, and wherein ley, 12% RY?a@id@R, independently of one another, are selected

from H and alkyl, et
5 M
£
T owa
;V:: -_-O/
g“‘_SI ~
(1)

wherein in each of the groups of structure (I), independently of one another, R is selected

10 from the group consisting of H, a metal-containing ion,

b
R
X ©n
R*-N—RY and $=Si—(0)y—R?
R* (O
Re

and wherein R, R*, RY and R”, independently of one another, are selected from H and

alkyl,

and wherein R*, R” and RS, independently of one another, are optionally substituted
15 residues, selected from the group consisting of H, alkyl, aryl, heteroaryl, cycloalkyl,

cycloheteroalkyl, alkenyl and alkoxyalkyl,

and wherein n, m and p, independently of one another, are § or 1,

20 and wherein M is a metal ion and A~ is a physiologically compatible anion.

In contrast, for example, to the abovementioned US 20070179373 Al, which discloses
only a hydrophilic surface coating with fumed silica nanoparticles, the nanoparticles
provided in accordance with the invention thus comprise groups of structure (1) and/or (1I).

25



26962 WO-KSH - 7 - and wherein Ra, Rb and 11', independently of one another, are optionally
substituted2pesidbies{Selected from the group consisting of H, alkyl, aryl, heteroaryl, cycloalkyl,
cycloheteroalkyl, alkenyl and alkoxyalkyl, 5and wherein n, m and p, independently of one another, are
0 or I, and wherein M is a metal ion and A is a phygiglpgically compatible anion. to(c) drying the
analytical aid obtained according to (b), and (d) optionally sterilizing the analytical aid obtained
according to (c), wherein the bringing into contact in (b% preferably takes place by dip coating and/or
spray 15 cOdngrarhbriebriaer caltngelaise Wheremcthedamdiytredraipantliottnangltisdd 6fthe
analytical %&ﬁsﬁ@ﬁ%@%%&%@%@a@%ﬁ@ﬁ& ohaimstaiandioraimatal alamand/isamatal oxide
and/or a mixed metal oxide and/or a mixed metal oxide. According to another embodiment, the present
invention af8etefbtesyifisé’ use of 20 nanoparticles with silica structure and an average particle size,
deteimined according to DIN ISO 22412:2008 (dynamic light scattering), in the range from 1 to 500 urn
as hydrophilic coating for a surface of an analytical aid, preferably as hydrophilic coating for a needle
elemefit of @sampimgHiegite fBrbgiLHS a body fluid, wherein the nanoparticles comprise groups of
structure (1) and/or (II) 25 26962 WO-KSH - 8 - wherein in each of the groups of structure (1),
independently of one another, R is selected from the group consisting of H, a metal-containing ion,

(b)y coating the analytical aid by bringing the analytical aid Into contact with a mixture

G comprising at least one dispersant and nanoparticles with silica structure, which

have an average particle size, determined according to DIN ISO 22412:2008, in the
10 range from | to 500 nm,

wherein the nanoparticles comprise groups of structure (T) and/or (1I)
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wherein in each of the groups of structure (I), independently of one another, R 1s

20 selected from the group consisting of H, a metal-containing ion,

F?b

RX (©),
R-NTRY and $=Si—(0)n—R" ,

5 ©)

RC

and wherein R¥, R*, R¥ and R” independently of one another, are selected from H
and alkyl,

25



and wherein Rw, Rx; RY and le independently of one another,are selected from H and alkyl, and
wherein RagRhvan& 32", independently of one another, are optionally substituted residues, selected
from the group consisting of H, alkyl, aryl, heteroaryl, cycloalkyl, 10 cycloheteroalkyl, alkenyl and
alkoxyalkyl, and wherein n, m and p, independently7o]c one another, are 0 or I, and wherein MH is a
metal ion and A- is a physiologically compatible anion. Nanoparticles 15 As already noted, the coating
comprises nanoparticles with silica structure and an average particle size, determined according to
DIN 1SO 22412:2008 {etyiaRic RihinsicRiteridg)edehdyrafigedramtbao 5@0ptn0prefesibiiedne
nanoparticles havg i &izetadag @6}9@1{5%&?%%@5&@. snereameoferaplyindharanggdumid,to 50
nun, more preferably in the@%gé f(on]a3 r&m%o 251 m, and especially preferably in the range from 5 to
15 nm. The nanBPAPHEIELR BRAHE AP Uliace area in the range from 100 to 700 m2/g. 25
The coating has preferably an average layer thickness, also referred to as average thickness or mean
thickness hereinbgloweRfing, moiadhambgRnion figr &@xampletermaeesitban, 300 run. The layer
thickness may be measured by common methods, for example by means of a destructive or a
non-destructive method. More specifically, the layer thickness may be 26962 WO-KSH - 9 - measured
oy means of an gliRspmatetpndionbimeatschaisaapamiicaipiciassRRR-asar by means of an
"alpha stepper", that is a device which scans a surface of the layer by means of a stylus, the deflection
and/or position of which is recorded. Other measurement methods are also conceivable. Alternatively
or additionally, the average layer 5 thickness may furthermore also be calculated and/or determined
semi-empirically ) 'gm%s e determined from a known
thickn%r;]s (g?%thedc g’[ﬁg%%%%%?u%é%ﬁ&gﬁ@%ﬁ% for exéﬂg%?calculated average layer thicknesses
may be in the range from 30 nm to 300 mu, in particular in the range from 50 nm to 150 nm.

Fluctuations, for gxampfe ugiAgR.0,00%;eh merethADaels anel63pjlaries and/or 10fluctuations

due to edge effects, need not be taken into account here.

wherein the bringing into contact in (b) preferably takes place by dip coating and/or spray
15  coating and/or contact coating, and wherein the analytical aid and/or the surface of the
analytical aid preferably consists at least partially of a metal and/or a metal alloy and/or a

metal oxide and/or a mixed metal oxide and/or a mixed metal oxide.

According to another embodiment, the present invention also relates to the use of
20  nanoparticles with silica structure and an average particle size, determined according to
DIN ISO 22412:2008 (dynamic light scattering), in the range from I to 500 nm as
hydrophilic coating for a surface of an analytical aid, preferably as hydrophilic coating for
a needle clement of a sampliﬁg device for collecting a body fluid, wherein the
nanoparticles comprise groups of structure (I) and/or (II) '

25
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With regard to the structure of the nanoparticles, as noted above, they are nanoparticles with silica
structure, atfiehveorkprise groups of structure (1) and/or (1) 15(1) Preferably Preferably at least a
portion of the surface of the nanopatrticles is modified with groups of 20structure (1) or groups of
structure (11), preferably at least with groups of structure (). According to a preferred embodiment,
the present invention accordingly relates to an analytical aid, as described above, comprising at least
one surface coated at least partially with a hydrophilic coating, wherein the hydrophilic coating
contains nanoparticles with 25 silica structure, which comprise groups of structure (I). The present

invention algo.relatasdeup spethod piRredustianef@n anapdicrhaid oiad ammanalyticat aiddereglucible

by said method, wherein the analytical aid is coated In step (b) with a mixture G comprising at 26962
WO-KSI-1 fram the 480 8heca PSS thrid PRIROpRIEMRSARR: silica structure, as described above,
wherein the nanoparticles have groups of structure (1). Groups of structure (I) As mentioned above, the
residue R is selected from the group consisting of H, a metal-containing iorg, 10wherein Rw,RY and
re, independently of one another, are selected from El and alkyl, and whéfein Fe, Rb and Rc,
independently of one anothl@?i', are optionally substituted residues, select&l§rom the group consisting
of H, alkyl, aryl, heteroas?t;zft%e{balkyl, cycloheteroalkyd, alkenyl and alk6‘>‘<§iéﬂ1k9l);rarlﬂa wherein n, in and

p, independently of one anether, are 0 or 1. 15 (?)p

RC
5 and wherein R¥, R*, RY and R”, independently of one another, are selected from H and

atkyl,

and wherein R*, R® and R®, independently of one another, are optionally substituted
residues, selected from the group consisting of H, alkyl, aryl, heteroaryl, cycloalkyl,
10 cycloheteroalkyl, alkenyl and alkoxyalkyl, and wherein n, m and p, independently of one
another, are 0 or 1, and wherein M is a metal ion and A" is a physiologically compatible

anion.

Nanoparticles

15
As already noted, the coating comprises nanoparticles with silica structure and an average
particle size, determined according to DIN ISO 22412:2008 (dynamic light scattering), in

the range from 1 to 500 nm.

20 Preferably the nanoparticles have a size in the range from 1 to 100 nm, more preferably in
the range from 1 to 50 nm, more preferably in the range from 3 am to 25 nm, and

especially preferably in the range from 5 to 15 nm.

The nanoparticles preferably have a BET surface area in the range from 100 to 700 m?/ 2.

25
The coating has preferably an average layer thickness, also referred to as average thickness
or mean thickness hereinbelow, of no more than 500 nm, for example no more than 300
nm. The layer thickness may be measured by common methods, for example by means of a

destructive or a non-destructive method. More specifically, the layer thickness may be



When R is H, the silica particles then preferably comprise groups of structure , Accordingly, the
present invepiow@lssHelates to an analytical aid, as described above, 20 comprising a surface coated
at least partially with a hydrophilic coating, wherein the hydrophilic coating contains nanoparticles with
silica structure, which comprise groups of structure 26962 WO-KSH with a mixture G comprising at
least one dispersant and nanoparticles with silica structure, as described above, wherein the
nanoparticles have groups of structure -Si- 0-H 5 According to an alternative embodiment, R is a
metal-contBlfiEr fnb Yrntais e aderthel Kitreansatiansk ah e foratsreferaiiPe SNt ¢ GUISESFSRfucture

10According 40,aiRraferird, empodieticids analkaling-eacth meial GARRINING OB, SHEMPSMg2" or

Ca2+, an alkali métal ion or an aluminium contalnir{g ion. When R is an alkali metal ion, the

nanoparticly thepppsefdrablyt¥bihp e g fsGHe b (RtUPE ISR Atkalt Widtals SesPidedsydiighe: St-0
alkall metar'ffeasﬁ%ﬁ%ﬂﬁé@l’@i@Fﬁ‘@IMS%@H&NEHY@@JEﬁrﬁﬁlﬁfé}?ﬂo‘;@@&i%gfwQ}Q%@éﬁ@@%?@ﬂ—i" Na4,

and mixtures thereof In this context, the term "mixtures thereof' means that in_each 20individual group
of strusturdhickness may furthermore also be calculated and/or determined semi-empirically. For

example, the average layer thickness may be determined from a known thickness of the
coating and a coating weight. Thus, for example, calculated average layer thicknesses may
be in the range from 30 nm to 300 nm, in particular in the range from 50 nm to 150 nm.
Fluctuations, for example fluctuations in one or more channels and/or capillaries and/or

10 fluctuations due to edge effects, need not be taken into account here.

With regard to the structure of the nanoparticles, as noted above, they are nanoparticles

with silica structure, which comprise groups of structure (I} and/or (II)
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Preferably at least a portion of the surface of the nanoparticles is modified with groups of

20 structure (I} or groups of structure (11}, preferably at least with groups of structure (I).

According to a preferred embodiment, the present invention accordingly relates to an
analytical aid, as described above, comprising at least one surface coated at least partially
with a hydrophilic coating, wherein the hydrophilic coating contains nanoparticles with
25  silica structure, which comprise groups of structure (I). The present invention also relates
to a method of production of an analytical aid, and an analytical aid producible by said

method, wherein the analytical aid is coated in step (b) with a mixture G comprising at



26962 WO-KSH - 12 - x, independently of each X contained in each further group of structure Si-0- X+
contained imrthe ®iligdHnanoparticle, is selected from the group consisting of 5containing X is selected
from the group consisting of Li+, Na+ and IC, and therefore the nanopatrticles can in each case have
several different alkali metal counter-ions. Quite egitac_ially preferably, X- is Na4. Accordingly, the
present invention also relates to an analytical aid, as described above, 10 comprising a surface coated
at least partially with a hydrophilic coating, wherein the hydrophilic coating contains nanoparticles with

silica structgpst wisichseeiipiisadrenpe i datibtiibesiSiaci Akttt dRFT e pbosat e Ao also
relates to a,method SEPreduchan o anaRallies! aid and an 15 analytical aid producible by said
method, wherein the analytical aid is coated in step (b) with a mixture G comprising at least one
dispersant and nanoparticles with silica structure, as described above, wherein the nanoparticles have
groups of sgigibee SirQalkalimetal+ 20According to an alternative embodiment, R is a cation of the
following structure Rx it Rw-N-RY Rz wherein Rw, Rx, RY and Rz, independently of one another, are
selectéd from I-1 and alkyl.

As mentioned above, the residue R 1s selected from the group consisting of H, a metal-

containing ion,

RX RP
RS |
WO e RY
R [?iz R and (D
R 3—5|3:—(0)m—Ra
(O},
t

10 wherein R”, R, RY and R? independently of one another, are selected from H and alkyl,
and wherein R®, R” and R, independently of one another, are optionally substituted
residues, selected from the group consisting of H, alkyl, aryl, heteroaryl, cycloalkyl,
cycloheteroalkyl, alkenyl and alkoxyalkyl, and wherein n, m and p, independently of one

another, are Q or 1,

When R is H, the silica particles then preferably comprise groups of structure

é—sgsi—o—H

o

Accordingly, the present invention also relates to an analytical aid, as described above,
20  comprising a surface coated at least partially with a hydrophilic coating, wherein the
hydrophilic coating contains nanoparticles with silica structure, which comprise groups of

structure
éms:imO“H

o~

25  The present invention also relates to a method of production of an analytical aid, and an

analytical aid producible by said method, wherein the analytical aid 1s coated in step (b)



26962 WO-KSH - 13 - If 12." and/or W and/or RY and/or W is an alkyl residue, it is preferably an alkyl
residue selegteWiorsthe group consisting of methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl and
tert.-butyl, preferably methyl. If R is Rx Rw-N-RY Rz then 1-C, W, RY and W especially preferably,
independently of one another, are selected from me Tyl and ethyl. Especially preferably, r, Rx, RY and
W are H. Accordingly, the present invention also relates to an analytical aid, as described above,
comprising a surface coated at least partially with a hydrophilic coating, wherein the hydrophilic

coating contaihg rHNBpatictes it iddessuengrélspiien o prsenyrogps ofidiibaarenstng NH41-
The presenjinuentioy g{ﬁg,é,elg}tl%%}g &%Mﬁfo%?ﬂ%ig{bﬁ QQ@%MH?@' aid, and an analytical aid

producible by said method, wherein the analytical aid is coated in step (b) 20with a mixture G
comprising at least one dispersant and nanoparticles with silica structure, as described above, wherein
the nanoparticles have groups of structure NH 4+~ Said nanoparticles are obtainable for example
under the name Ludox(r) AS-30 (Grace, 25 AIdrje@)—@EEvasil(r) 200N/30%. (EKA). According to an
especially preferred embodiment of the present invention, R is

5
According to an alternative embodiment, R is a metal-containing ion. In this case the silica

particles therefore preferably contain groups of structure

3 si,z—O" X+

o

10 According to a preferred embodiment, X is an alkaline-earth metal containing ion, such as

Mg™* or Ca*”, an alkali metal ion or an aluminium containing ion.

When R is an alkali metal ion, the nanoparticle then preferably comprises groups of

structure

A
H

$-Si~0 alkal metal
s

i5

or the structure:

-

f-S;Bi-*-O“ alkall metal®
e

Especially preferably, the alkali metal is selected from the group consisting of Li", Na*, K*
and mixtures thereof. In this context, the term "mixtures thereof" means that in each

20  individual group of structure

$~S:i—0' X*

—~—
%



26962 WO-KSH - 14 - and wherein Ra, Rb andindependently of one another, are optionally
substituted2edEsidadsiiselected from the group consisting of H, alkyl, aryl, heteroaryl, cycloalkyl,
5cycloheteroalkyl, alkenyl and alkoxyalkyl, and wherein n, m and p, independently of one another, are
0 or 1. According to a preferred embodiment of the jgvention, R is Rb, 9 9 Re 10 wherein p and n are
1 and m is 0. Accordingly, the present invention also relates to an analytical aid as described above,

comprising a surface coated at least partially with a hydrophilic coating, wherein the 15hydrophilic
coating cortain&srasapartivled vithhsifea CRiRNE, WhitRToHBEeZnaR e mtbifRtesH bn gr;oups of
structure RR,2Q7ha presestiaventipalaeselatesta-a mathad efaredustionsf an analytical aid, and

an

s %i—@’ X+

o

5 containing X' is selected from the group consisting of Li", Na" and K, and therefore the
nanoparticles can in each case have several different alkali metal counter-ions. Quite

especially preferably, X is Na'.

Accordingly, the present invention also relates to an analytical aid, as described above,

10 comprising a surface coated at least partially with a hydrophilic coating, wherein the
hydrophilic coating contains nanoparticles with silica structure, which comprise groups of
structure

!
é«@imo- alkali metal*

WAL

The present invention also relates to a method of production of an analytical aid and an
15 analytical aid producible by said method, wherein the analytical aid is coated in step (b)
with a mixture G comprising at least one dispersant and nanoparticles with silica structure,
as described above, wherein the nanoparticles have groups of structure
A,

I3
$~§5-o~ alkali metal*

HRA

20 According to an alternative embodiment, R is a cation of the following structure

RX
RY-NS-RY
Rz

wherein R¥, R*, RY and R?, independently of one ancther, are selected from H and alkyl.

The term "alkyl”, as used in the context of the present invention, means linear or branched,

25 optionally substituted alkyl residues.



analytical aid producible by said method, wherein the analytical aid is coated in step (b) with a mixture
G comprisiagsatteastsone dispersant and nanoparticles with silica structure, as described above,
wherein the nanoparticles have silane-modified silicon groups of structure 26962 WO-KSH - 15 - If
the silicon anoparticles contain silane-modified silicon groups of structure Rb 9 9 5 then the silicon
nanoparticles can optionally contain further modification of silane groups, for example groups of
structure 10and/or groups of structure {:Lb. Si NON Ra* -*;:f 0/

If R™ and/or R* and/or R¥ and/or R” is an alkyl residue, it is preferably an alkyl residue
selected from the group consisting of methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl and
tert.-butyl, preferably methyl.

IfR s

RX
RY-NRY
R

then R™, R*, RY and R” especially preferably, independently of one another, are selected

from H, methyl and ethyl. Especially preferably, R¥, R*, RY and R” are H.

10
Accordingly, the present invention also relates to an analytical aid, as described above,
comprising a surface coated at least partially with a hydrophilic coating, wherein the
hydrophilic coating contains nanoparticles with silica structure, which comprise groups of
structure
15
é-$§—o- NH 4"

The present invention also relates to a method of production of an analytical aid, and an
analytical aid producible by said method, wherein the analytical aid is coated in step (b)
20 with a mixture G comprising at least one dispersant and nanoparticles with silica structure,

as described above, wherein the nanoparticles have groups of structure

$~"$é-0“ NH 4+

v

Said nanoparticles are obtainable for example under the name Ludox® AS-30 (Grace,

25 Aldrich) or Levasil® 200N/30%. (EKA).

According to an especially preferred embodiment of the present invention, R is



b< and/or groups of structure Rb si-o-si-Ra 0 i 0 Si-Ra* Re* 26962 WO-KSH - 16 - and/or similar
branched nwodifigatiosis of s lane groups, in which le, Rle, independently of one another, are optionally
substituted residues, selected from the group consisting of H, alkyl, aryl, heteroaryl, cycloalkyl,
5cyclohetero alkyl, alkenyl and alkoxyalkyl. The thtP4"§ubstituted alkyl residue”, as used in the context
of the present invention, means alkyl residues in which at least one H has been replaced with a
suitable substituent. A substituted alkyl residue can contain at least one, for example 2, 3, 4, 5, 6, 7, 8,
9,10, 11 or 10 12 substituents, wherein, if moré?fhan one substituent is present, the substituents
present can be identical or different. With regaf@ o the nature of the substituents, in principle there are
no restrictions, provided that when the nanopﬁf?ﬁd@ﬁre@%ed, a coating with sufficient hydrophilicity
and stability can be provided. The substituents(cgn for example be selected from the group consisting
of epoxy, aryl, alkenyl, alkynyl, halogen, hydroxgéh 15 alkylcarbonyloxy, arylcarbonyloxy,
alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl,
aminocarbonyl, alkylaminocarbonyl, dialkylarninocarbonyl, alkylthiocarbonyl, alkoxy, phosphate,
phosphonalgy Reskehinate, Phasaheric gl asier@MinGRCUAMIER, Akylgahomyamnguted
arylcarbonylamino, carbamates, carbamides, amidine, nitro, imino, SH, alkylthio, arylthio,
thiocarboxFatduse selipstiede fiamy A pEvRR, §B¥BF§6W§té’,fs§[pﬁ§ﬂ&yﬁr§LIﬁ’r‘?é‘ﬁﬁﬁ%o,‘%ﬁﬂ?ﬂ‘é’rlrﬂethyl,
cyanosazidg. pigdebyiachetmaraynmaysipalkylien. syclonariv Arsysliahexyidieicraayeloatiod e.g.
morpholino, piperazinyl or piperidinyl, and glycosyl. Especially preferred substituents are hydroxyl
groups, glytss 'Tgr%ﬁélsoéﬁd phosphoric acid ester groups. 25The term "cycloalkyl" means, in the
context of the invention, optionally substituted, cyclic

According to a preferred embodiment of the invention, R is

$b
o
1 ! .
~-gj—R?
i
0

Re
10

wherein p and nare | and mis 0.

Accordingly, the present invention also relates to an analytical aid as described above,
comprising a surface coated at least partially with a hydrophilic coating, wherein the
15 hydrophilic coating contains nanoparticles with silica structure, which comprise silane-

modified silicon groups of structure

Rb
{
"t Q
g—-Sli-—*O«—-Sli**Ra
- o)
RO

20 The present invention also relates to a method of production of an analytical aid, and an
analytical aid producible by said method, wherein the analytical aid is coated in step (b)
with a mixture G comprising at least one dispersant and nanoparticles with silica structure,
as described above, wherein the nanoparticles have silane-modified silicon groups of

structure



alkyl residues, wherein they can be monocyclic or polycyclic groups. Optionally substituted cyclohexyl
may be memtien®d-&s1a preferred example of a cycloalkyl residue. The term "cycloheteroalkyl”, as
used in the context of the present invention, means 30optionally substituted, cyclic alkyl residues,
which have at least one heteroatom, such as 0, N-OIrSS- in the ring, wherein they can be monocyclic or
polycyclic groups. 26962 WO-KSH - 1 7 - The terms "substituted cycloalkyl residue™ or
"cycloheteroalkyl”, as used in the context of the present invention, mean cycloalkyl residues or
cycloheteroalkyl residues, in which at least one H has been replaced with a suitable substituent. A
substituted cycloalkyl residue or cycloheteroalkyl resi can in this case contain at least one, for
example 2, 3,4,5,6,7,58,9, 10, 11 or 12 substit-uents, wherein, if more than one substituent is
present, the substituents present can be ide _@Q o ggfgrﬁgt. With regard to the nature of the
substituents, reference is made to the substitugnts mehtioned as examples with respect to substituted
alkyl residues. 10The term "aryl”, as used in the conteXt of the present invention, means optionally
substituted, 5- and 6-membercd aromatic rings, and substituted or unsubstituted polycyclic aromatic
groups (aryl groups), for example tricyclic or bicyclic aryl groups. Optionally substituted phenyl groups
or naphthy) roups ey, e Mananes)as xAMPIes Ry Yel Alomali digugs,can also contain
non-aromatic rings. 1 eterm "ﬁeteroaryf—, as used in the context of the present invention, means
optionally substituted, 5- and 6-membered aromatic rimgs, and substituted or unsubstituted polycyclic
aromatic groups, for example tricyclic or bicyclllc aryl geoups, containing one or more, for example 1 to
4, such as 1, 2, 3, or 4, hcteroatoms in the rih@systeﬁgiﬁ—ﬁmre than one 20 heteroatom is present in
the ring system, the at least two heteroatoms that are present can be identical or different. The
following heteroaryl residues may be mentioned as exafples: benzodioxolyl, pyn-olyl, furanyl,
thiophenyl, thiazolyl, isothiazolyl, imidazolyl, triazolyl, tetrazolyl, pyrazolyl, oxazolyl, isoxazolyl,
pyridinyl, pyrazinyl, pyridazinyl, benzoxazolyl, benzodioxazolyl, benzothiazolyl, benzimidazolyl,
benzothiophenyhedtpyierrnopartditstyisaeryignAbperntaaifythquimoinysalsan ofrolrng Siuor|,
benzofuranyl, 8&%}% Q%gfgf%ugpeazapurinyl or indolizinyl. The tenn "substituted aryl residue or
heteroaryl residue”, as used in the context of the present invention, means aryl residues or heteroaryl
residues, in which at least one H has 30 been"’rgbiaced Wi;[!‘] a suitable substituent. A substituted aryl
residue or heteroaryl residue can in this case-¢ontajn a{g,%ast one, for example 2, 3, 4,5, 6, 7, 8, 9, 10,
11 or 12 substituents, wherein, if more than one SUEE)S\% uent is present, the substituents present can
26962 WO-KSH - 18 - 0 Dge

ﬁ{‘Si/ i

e

10 and/or groups of structure

and/or groups of structure

| e
—§i—O0—§i—R*
‘ o

~§i—0—§i—R¥
| 0

i

RC”



be identical or different. With regard to the nature of the substituents, in principle there are no
restrictions}qaravided¥hat compound M has sufficient hydrophilicity and/or a sufficiently stable coating
can be provided with compound M. The substitucnts can for example be selected from the group
consisting of aryl, alkenyl, alkynyl, halogen, hydroxyl. 5 alkylcarbonyloxy, arylcarbonyloxy,
alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl,
aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl, alkoxy, phosphate,
phosphonated/shekspis Randissprdificabrnester] dm#E6 asylamino, alkylcarbonylamino,
arylcarbonylainino, earbaniates, carbamides, amidine, nitro, imino, SH, alkylthio; arylthia,
thiocarboxylate, 10 sulphatg, alkylsulphinyl, sulphonate, sulphamoyl, sulphonamido, trifluoromethyl,
cyano, azidd, Wsbalkyt efy. c%‘li/)ﬁ%nt FRSIEHEXyPIhets cethsaikiTe BP0 fRBStHIEdaziny! or
piperidinyl mééigéés{e§é‘i’é&%§daﬂ%1he¥ﬁéo%Mhpﬂa@dﬁéﬂhéaﬂﬁpﬂa%m%m eaNs Rikbesidussithakgomprise
one or more -0- groups within 15 the alkyl chain. The term comprises groups of alkyl-0-alkyl structure
and sifmilar¥fgasire i erdifntheardsy Eﬁ\‘/%nélfkyl residues, as described above, can be substituted
or unsubstituted.  The teun alkenyl means alkyl residues that have at least one C-C double bond.
Regarding 20the nature of possible substituents, reference is to be made to the foregoing. According

to a preferrBePdfBodRERTEdREvERtS. 185 RIPAH Y SPoteslctidts TRERSHE USRI bFBRE Snother,

from the grgupi ceeRisting.ofHicapiionaly substituied alkylésriciiesaAnchopiepallysiastitdted
alkyoxyalkyl residues. 25 Accordingly, the present invention also relates to an analytical aid, as

described ABRRE SRR QSR RBAEY LTt QRE ploRiaTR AR A fydiropfilic Eokting, WitErein the

hydrophilicicogling centainsheanePaTiiches with sHicauskliciene i Whiskaompriss groups ghrsttueture (1),
wherein R is 26962 WO-KSH - 19 - Rb (0), (0 )p Re and wherein Ra, Rb and Re, independently of
one anotherihPé sttt gt reny rB‘Gé“cFBﬁ%’i tAGSMAER RS ARy S B ST R d AL IES and

optionally spbsiityie:aliorexyakylsasiciiesd Theduesant ventonalsa tolates it setasof
production of an analytical aid, and an analytical aid producible by said method, wherein the gnalytical
aid is coatdtf OB Y With SRR &S CdHpriLHty 5@?&&8&&&%@5 A 53&%@#&8?83 with

silica structgisen agmdeserhed @bevginwhereighie nanepartities,torapiise igratipseeh stiveitiey(l),
Wherelisn R %]%%carbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate,
alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl,
dialkylaminocarbonyl, alkylthiocarbonyl, alkoxy, phosphate, phosphonate, phosphinate,
phosphoric acid ester, amino, acylamino, alkylcarbonylamino, arylcarbonylamino,
carbamates, carbamides, amidine, nitro, imino, SH, alkylthio, arylthio, thiocarboxylate,
20 sulphate, alkylsulphinyl, sulphonate, sulphamoyl, sulphonamido, trifluoromethyl, cyano,
azido, aldehyde, keto group, cycloalkyl e.g. cyclopentyl or cyclohexyl, heterocycloalkyl
e.g. morpholino, piperazinyl or piperidinyl, and glycosyl. Especially preferred substituents
are hydroxyl groups, glycosyl groups and phosphoric acid ester groups.

25  The term "cycloalkyl” means, in the context of the invention, optionally substituted, cyclic
alkyl residues, wherein they can be monocyclic or polycyclic groups. Optionally

substituted cyclohexyl may be mentioned as a preferred example of a cycloalkyl residue.

The term "cycloheteroalkyl”, as used in the context of the present invention, means
30 optionally substituted, cyclic alkyl residues, which have at least one heteroatom, such as O,

N or § in the ring, wherein they can be monocyclic or polycyclic groups.



and wherein Ra, le and Re, independently of one another, are selected from the group consisting of H,
optionally sapstitiedsdlkyl residues and optionally substituted alkyloxyalkyl residues. The following
preferred groups may be mentioned as examples of the residues le, Rb or Examples of silica
nanopartieles modified with groups of structure Rb §9 )" 1 ()p Re 26962 WO-KSH - 20 - silane,
beta-(3,4-epoxycyclohexyl)-ethyl-trimethoxysilane; epoxy-silanes or silanes that have a glycidoxy-
and/or a gl)ﬁ:éi,goxypropyl g_rou‘géJ such as&ammagl yci dox ypropyltrimethoxysi | ane, gamma-?l ycidox

ypropyltriethesdamnesubaiiied kol Bropidnse gty aalkul '3 as used in the context o

'9|yCiqOXY%‘Q%éQ@rWiH@@ﬁm&X%%ﬁn@y&%@{ﬁ (3Areroxyeyelohexybathyiticthexysilangsianes that
contain a vinyl gl‘Oli%, such as vini/_ Itriethoxysilane, anhydride silanes, i.e. silanes that bear a cyclic

organic anifdhaeciibes festdepiecshnydhias Bt s sierahHyanbeiiEicd sysiealisit sitiscts

thereof, angy/Qs ARHBRSIANES RuERAS A AMHOBISPYIIEM athexysiianernd tniiatinosianges,
10Especially preferably, Ra, Rb and Re, independently of one another, are selected from the group

consisfing &f B, Ayl AnieF ghouBL S &I BRRE forth (RAES GRfB ¢g substituent is present, the

substituents present can be identical or different. With regard to the nature of the
substituents, reference is made to the substituents mentioned as examples with respect to

substituted alkyl residues.

10 The term "aryl”, as used in the context of the present invention, means optionally
substituted, 5- and 6-membered aromatic rings, and substituted or unsubstituted polycyclic
aromatic groups (aryl groups), for example tricyclic or bicyclic aryl groups. Optionally
substituted phenyl groups or naphthyl groups may be mentioned as examples. Polycyclic
aromatic groups can also contain non-aromatic rings.

15
The term "heteroaryl”, as used in the context of the present invention, means optionally
substituted, 5- and 6-membered aromatic rings, and substituted or unsubstituted polycyclic
aromatic groups, for example tricyclic or bicyclic aryl groups, containing one or more, for
example 1 to 4, such as 1, 2, 3, or 4, heteroatoms in the ring system. If more than one

20 heteroatom is present in the ring system, the at least two heteroatoms that are present can
be identical or different. The following heteroaryl residues may be mentioned as examples:
benzodioxolyl, pyrrolyl, furanyl, thiophenyl, thiazolyl, isothiazolyl, imidazolyl, triazolyl,
tetrazolyl, pyrazolyl, oxazolyl, isoxazolyl, pyridinyl, pyrazinyl, pyridazinyl, benzoxazolyl,
benzodioxazolyl, benzothiazolyl, benzimidazolyl, benzothiophenyl, methylene-

25 dioxyphenylyl, naphthyridinyl, guinolinyl, isoquinolinyl, indolyl, benzofuranyl, purinyl,

benzofuranyl, deazapurinyl or indolizinyl.

The term "substituted aryl residue or heteroaryl residue”, as used in the context of the
present invention, means aryl residues or heteroaryl residues, in which at least one H has
30 been replaced with a suitable substituent. A substituted aryl residue or heteroaryl residue
can in this case contain at least one, for example 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12

substituents, wherein, if more than one substituent is present, the substituents present can



wherein the alkyl group is more preferably methyl or ethyl, and especially preferably is ethyl. 15 Quite
especially preferablysp and n are 1 and m = 0 and Rb and Re are methyl or ethyl, preferably, ethyl,
and W is more preferably Or Accordingly, the present invention also relates to an analytical aid, as
described above, 20 comprising a surface coated : %e_ast partially with a hydrophilic coating, wherein
the hydrophilic coating contains nanoparticles with silica structure, wherein the group of formula (I) has
a structure of formula (la) or (Ib): (SR oRizri ORc HO OH 26962 WO-KSH -21 - (la)(Ib) The present
invention aodemies e & Hreerbd bibreauetionlsr %ﬁ%ﬁﬁ&I@fﬁ?a?‘&?él?%’ﬁﬁ%ﬁ%ﬁ’éﬁ&%ﬁg gﬁﬁ"pi’é‘ﬂ ucible

by said metiod. wheigin theAnabiicahaidis.coaiRd M SIBR (Bfficient hydrophilicity and/or a
sufficiently stable coating can be provided with compound M. The substituents can for
example be selected from the group consisting of aryl, alkenyl, alkynyl, halogen, hydroxyl,

s alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate,
alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl,
dialkylaminocarbonyl, alkylthiocarbonyl, alkoxy, phosphate, phosphonate, phosphinate,
phosphoric acid ester, amino, acylamino, alkylcarbonylamino, arylcarbonylamino,
carbamates, carbamides, amidine, nitro, imino, SH, alkylthio, arylthio, thiocarboxylate,

16 sulphate, alkylsulphinyl, sulphonate, sulphamoyl, sulphonamido, trifluoromethyl, cyano,
azido, cycloalkyl e.g. cyclopentyl or cyclohexyl, heterocycloalkyl e.g. morpholino,

piperazinyl or piperidinyl, sugar residues and heteroaryl.

The term "alkoxyalkyl" means alkyl residues that comprise one or more —O- groups within
15 the alkyl chain. The term comprises groups of alkyl-O-alkyl structure and similar
structures, wherein the respective alkyl residues, as described above, can be substituted or

unsubstituted.

The term alkenyl means alkyl residues that have at least one C-C double bond. Regarding

20  the nature of possible substituents, reference is to be made to the foregomg.

According to a preferred embodiment of the invention, R R® and R® are selected,
independently of one another, from the group consisting of H, optionally substituted alkyl
residues and optionally sobstituted alkyoxyalkyl residues.

25
Accordingly, the present invention also relates to an analytical aid, as described above,
comprising a surface coated at least partially with a hydrophilic coating, wherein the
hydrophilic coating contains nanoparticles with silica structure, which comprise groups of

structure (1), wherein R is



Swith a mixture G comprising at least one dispersant and nanoparticles with silica structure, as
described aboyweywirsrein the group of formula (1) has a structure of formula (Ia) or (Ib): ORC01>HO
OH (Airs SRL= (1a) 10and wherein le and R’, independently of one another, are selected from the
group consisting of H and alkyl, preferably H, methy| and ethyl. Said nanopatrticles are obtainable for
example under the name Bindzil(r) CC30 or CC301'drd CC40 or CC401 (EKA Akzo Nobel). If the
nanoparticles contain groups of fonnula (1), in which R is 15 then preferably 10 to 50% of all groups R
of the groups present in the silicon nanopatrticle Ffﬁave the structure of formula 20

i0

15

20

(G
§-8i—(0),—R®
(O
Re
and wherein R, R® and R®, independently of one another, are selected from the group
consisting of H, optionally substituted alkyl residues and optionally substituted

alkyoxyalkyl residues.

The present invention also relates to a method of production of an analytical aid, and an
analytical aid producible by said method, wherein the analytical aid is coated in step (b)
with a mixture G comprising at least one dispersant and nanoparticles with silica structure,
as described above, wherein the nanoparticles comprise groups of structure (1), wherein R
18

Rb

©n

§~8i—(0)—R?

((IJ )

RC
and wherein R?, R® and RS, independently of one another, are selected from the group

consisting of H, optionally substituted alkyl residues and optionally substituted

alkyloxyalkyl residues.

The following preferred groups may be mentioned as examples of the residues R?, R" or

R
Examples of silica nanoparticles modified with groups of structure

(O
$=8i—(0),—R
Oy

|
RC

are those that are for example modified with the following silanes: octyltricthoxysilane,

methyltrimethoxysilane, methyltriethoxysilane, methyltriisopropoxysilane, isocyanate



26962 WO-KSH - 22 - The remaining 50% to 90% of the groups R contained in the nanoparticle are H
and/or a mptad2centaising ion and/or 5 depending on which counter-ion was used for stabilizing the
nanoparticles. Preferably, the remaining groups R, as described above, are H and/or Nab.
Accordingly, the present invention also relates to an analytical aid, as described above, 10 comprising
a surface coated at least partially with a hydrophilic‘coating, wherein the hydrophilic coating contains
nanoparticles with silica structure, which comprise groups of structure 15where pre erably 5 to 50% of
all groups Rlhase estiicturpcoiforinbiex sThethyésencthvantidinel seprelatatansa hietiotcsf Brdduction

of an analyﬁic@ aiql, angd.an; _Iyticﬂc%q praducihle: by, said meth herein.the gpalytical aid is
coated in stgp (b) 20 a r%ggure G compralsin(g%t1ea§%ngpdisp%?%§%t and nanopartiéliﬁe% with silica

structure, aedexiredraboicthiersinthe nagopartidbsidaveryeorpsioheymplane andswherein
preferably 510.30%8LALIHAUPRRANS RS UCKIE O RRIYIB, SPREA W ysfdie,  bota-

5 (3,4-epoxycyclohexyl)-cthyltricthoxysilane, silanes that contain a vinyl group, such as
vinyltriethoxysilane, anhydride silanes, i.e. silanes that bear a cyclic organic anhydride unit
e.g. succinic anhydride or maleic acid anhydride, and hydrolysis products thereof, and/or

aminosilanes such as 3-aminopropyltri{im)ethoxysilane and di-triaminosilanes.

16 Especially preferably, R, R® and RY, independently of one another, are selected from the

group consisting of H, alkyl and groups of the following formulae:

o f OmeH
sf‘ﬂ ;/‘/

wherein the alkyl group is more preferably methyl or ethyl, and especially preferably is

b

ethyl.

15
Quite especially preferably, p and n are 1 andm = 0 and R’ and R® are methyl or ethyl,
preferably, ethyl, and R® is more preferably

o_ﬁ or Cic}/\%

Accordingly, the present invention also relates to an analytical aid, as described above,

20 comprising a surface coated at least partially with a hydrophilic coating, wherein the
hydrophilic coating contains nanoparticles with silica structure, wherein the group of
formula (I) has a structare of formula (la) or (1b):



Rb (6). i-ei-(0) -Re Im (0 )p ER' Groups of structure (II) 5According to another embodiment of the
invention, thessilcaramoparticles have, additionally or alternatively to the groups of formula (1), groups
of formula (11) O nr In particular, the nanoparticles have either groups of formula (1) or groups of
formula (Il), i.e. when the nanoparticles have groups,of formula (1), preferably they have no groups of
1mmmma00emdwaﬂmmahﬂsanmwjpmmmﬁyanwmannmwlmmepmmmmyaMmmmm
Especia preferably, M is accordingly aluminium or Mt = IsAccordingly, the present invention also
relates to an analytical aid, as described above, comprising a surface coated at least partially with a
hydrophilic coating, wherein the hydrophilic thg conta(r[@) nartoparticles with silica structure and the
nanoparticles comprise groups of structure gg a) 20 26962 WO-KSH - 24 - with a mixture G
comprisingraklgasicanéndispeisahianthranoparietksiwithpsilibastnuctline, asigesatibeil albue, wherein

the nanoF’%ﬁiﬁgﬁ&&P@@%@d@%@sﬁfs%qﬂ‘ﬁg‘é{ﬁo@;lﬁﬁlerein the analytical aid is coated in step (b)
5 with a mixture G comprising at least one dispersant and nanoparticles with silica structure,

as described above, wherein the group of formula (I) has a structure of formula (la) or (Ib):

(Ta) (ib)

10 and wherein R" and R®, independently of one another, are selected from the group

consisting of H and alkyl, preferably H, methyl and ethyl.

Said nanoparticles are obtainable for example under the name Bindzil® CC30 or CC301

and CC40 or CC401 (EKA Akzo Nobel).
If the nanoparticles contain groups of formula (I), in which R is

Rb
|
(O
%M %im(o IR
(O

|
15 R®

then preferably 10 to 50% of all groups R of the groups present in the silicon nanoparticle
$-Si~OR

WA

have the structure of formula

20 R¢



5 With regard to the chemical nature of the anion A-, there are no restrictions in this respect, provided
that the aniendsyphystologically compatible and does not falsify the result when the analytical aid is
used. Preferred anions are for example chloride, bromide, iodide, sulphate, hydrogen sulphate,
phosphate and hydrogen phosphate. Especially pr_eégr_ably, A- 10is chloride. Accordingly, the present
invention also relates to an analytical aid, as describéd above, comprising a surface coated at least
partially with a hydrophilic coating, wherein the hydrophilic coating contains nanoparticles with silica
structure ahdiahemzEAbBaPiCiet 1K ompiise GeonsSotwtiaaeta (140 mhepprasksnmbatisakso
relates to %ﬁh&ﬁgﬁ_ﬁ@%ﬁtmﬁa&m analytical aid, and an 20 analytical aid producible by said
method, wherein the analytical aid is coated in step (b) with a mixture G comprising at least one
dispersant and nanoparticles with silica structure, as described above, wherein the nanoparticles
comprise groups of structure (11a) AE 26962 WO-KSH - 25 - Nanoparticles containing groups of
structure (Ha) are obtained for example by treatgen‘ofnanoparticles with aluminium chloride. Such
nanoparticles are obtainable for example as Bindzilgg;) CAT (Akzo Nobel). 5 Silica structure The
nanoparticles have a silica structure, wherein it is preferably amorphous silica. Furthermore, in addition
to Si afd 0 and the groups R or N4*, the nanoparticles can have

depending on which counter-ion was used for stabilizing the nanoparticles. Preferably, the

- . . +
remaining groups R, as described above, are H and/or Na .

Accordingly, the present invention also relates to an analytical aid, as described above,
10 comprising a surface coated at least partially with a hydrophilic coating, wherein the
hydrophilic coating contains nanoparticles with silica structure, which comprise groups of

structure
$-Si-OR

15 wherein preferably 5 to 50% of all groups R have a structure of formula

Rb
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(O
$=8i—(0),—R®
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The present invention also relates to a method of production of an analytical aid, and an
analytical aid producible by said method, wherein the analytical aid is coated in step (b)
20 with a mixture G comprising at least one dispersant and nanoparticles with silica structure,

as described above, wherein the nanoparticles have groups of structure

$*$“OR

and wherein preferably 5 to 50% of all groups R have a structure of formula

25



10 further foreign atoms. These foreign atoms can be for example Sn, Ti, Zr, Hf, Ge, In, Ga, P, Al or B.
If present, thepiokgigisEtoms replace one or more Si atoms in the silica structure.  According to one
embodiment of the invention, the nanoparticles contain aluminium as 15foreign ion. Accordingly, the
present invention also relates to an analytical aid, as,described above, comprising a surface coated at
least partially with a hydrophilic coating, wherein the hydrophilic coating contains nanoparticles with
silica structure, wherein the silica structure 200f the nanopatrticles has at least one foreign atom,
selected from the group consisting of Sn, Ti, Zrﬁ{ﬁf, Ge, In, Ga, P, Al and B, preferably wherein the
foreign atom is Al. The present invention also élates to a method of production of an analytical aid,
and an analytical aid producible by said metkﬁjt?g,*v“vﬁé‘ne’rri%e analytical aid is coated in step (b) 25 with
a mixture G comprising at least one dispersanf@ypd nanoparticles with silica structure, as described
above, wherein the silica structure of the nanoparticles has at least one foreign atom, selected from
the group consisting of Sn, Ti, Zr, Hf, Ge, In, Ga, P, Al and B, preferably wherein the foreign atom is
Al. 30If the silica structure of the nanopatrticles contains at least aluminium, then the nanopatrticics
contain alug}j(gu E"OPE‘?JSE&QQ’E an amount in the range from 0.1 to 10 wt.%, relative to the total weight
of the nano—rp;r_zmvéglpar cle. -KSH - 26 - Methods of production of the analytical aid Regarding the
coating of the analytical aid by bringing the analytical aid into contact with 5 mixture G in step (b) of the
method degcriped:abaye . saidcoaling sanhe caried anfdayall mathadsknawn by@-Rerserskilled in
the art. The bringing into contact preferably takes place by dip coating and/or spray coating and/or
contact coatidtjioarBrreniRiedyner selditioheligr onel&rmuin o gsositiet fethslsthay be considered.
For example, a method can be applied, selected-from: dip coating, spray coating, spin coating, a
pressing process, 10a knife process or a droppingi'prBCess. However, combinations of the stated
methods and/or other methods can basically alst"be H{sg[g

atg /

$-5i—0

In particular, the nanoparticles have either groups of formula (I) or groups of formula (ID),
i.e. when the nanoparticles have groups of formula (1), preferably they have no groups of

10 formula (1), and vice versa.

M is a metal, preferably a trivalent metal, more preferably aluminium. Especially

preferably, M is accordingly aluminium or M* = Al".

15  Accordingly, the present invention also relates to an analytical aid, as described above,
comprising a surface coated at least partially with a hydrophilic coating, wherein the
hydrophilic coating contains nanoparticles with silica structure and the nanoparticles

comprise groups of structure (I1a)

20 2

The present invention also relates to a method of production of an analytical aid, and an

analytical aid producible by said method, wherein the analytical aid is coated in step (b)



Mixture G 15Regarding the mixture used in step (b), G contains, as described above, in addition to
nanopartictessamteastione dispersant. The nanopatrticles are preferably dispersed or are in the folil]] of
a colloidal solution in the at least one dispersant. The at least one dispersant is preferably water. 20
Mixture G can furthermore contain at least one solv§ t, for example at least one organic solvent,
preferably a polar organic solvent, more preferably a’polar, protic organic solvent, more preferably an
alcohol. According to a preferred embodiment, the at least one organic solvent is miscible with water.
Especially ptigher ablyiutecatdaasione drgasiowoilieparigia 28koimenagalsstad i oticthe geous.
consisting f melhgaal.sihanchethrRanglpaprenanslmebgrymetansl. metyethanol and
ethylene glycol. It G contains at least one organic solvent, the Solvent mixture preferably contains at
most 50 vol.% of the organic solvent, more preferably in an amount in the range from 0.1 vol.% to 30
vol.%, more preferably in the range from 1 vol.%40 20 vol.%, and especially preferably in the range
from 1.5 vol.% 30to 5 vol.%, relative to the totatvéluge of mixture G. 26962 WO-KSH - 27 -
Accordingly, the present invention also relates t&6"a megthpd of production, as described above, and an
analytical aid, producible or produced by said tﬁgd, wherein mixture G furthermore contains at least
one solvent in an amount of at most 50 vol.%. _ﬁégarding the amount of nanoparticles in mixture G,
mixture G contains the nanoparticles preferably in an amount in the range from 0.01 wt.% to 5 wt.%,
preferably in an amount in the range from 0.02 wt.% to 3 wt.%, more preferably from 0.05 wt.% to 2
%%, relatiyg o, (e (pfal el al e Gr A0AGEOrIngl, (e present uenlon aisg elaies o a
method of production of an ana y{lcal al(lll, as dtescrl ed above, and an ana yflca aid, progaclble or
produced hyd¢higanheblhothenvingreins minsitirdo@ cohtaims thebhanop dricles plaferalhe ireart avhennt in the
range from,0,0%, wiglp By elatieia e intalweioh oLoe GidaRralerabl.midie ©
consists essentially of the at least one Ispersant and the nanopaPtches with silica structure.
"Essentiallptiipeaasiivhb e suiiure hes foltiieraodristitueets pbosphatsifippritiddy irefnrabiiouht of at
most }Owt.ol/g,c%li Iﬁ{gbly in an amount of at most 0.1 wt.%. 20If the coating in step (b) takes place by
dip coating, as described above, the dwell time of the analytical aid immersed in mixture G is
preferably max. 5 minutes, more preferably max. 2 minutes, more preferably max. 1 minute, for

example inz&lagorrﬁﬂxgﬁﬁr% %)r%stgn§9n§fention also relates to an analytical aid, as described above,

comprising a surface coated at least partially with a hydrophilic coating, wherein the
hydrophilic coating contains nanoparticles with silica structure and the nanoparticles

15 comprise groups of structure (lla)

The present invention also relates to a method of production of an analytical aid, and an
20 analytical aid producible by said method, wherein the analytical aid is coated in step (b)
with a mixture G comprising at least one dispersant and nanoparticles with silica structure,

as described above, wherein the nanoparticles comprise groups of structure (I1a)



The method described above for production of the analytical aid additionally comprises, 25apart from
the steps desetribetahove (c) drying the analytical aid obtained according to (b). Drying means, in the
context of the invention, that dispersant present on the analytical aid 30 and any other solvent present
is removed essentially completely, preferably completely. Drying can be carried out in a drying cabinet
at a predetermined temperature of preferably 20 t0 150 degrees Celsius, especially preferably from 20
to 120 degrees Celsius and quite 26962 WO-KSH -28 - especially preferably from 20 to 80 degrees
Celsius. Additionally or alternatively to this, drying can take place by flow of a gas, for example air,

through th%q%ﬂggvfﬁiﬁs\fﬁ@iQoﬁéﬁﬂmggglfgg)n%%%&%@ 19 Hhis,sying sanalsadake Rlage Ry siprage of

the coated 5 analytical aid in air inert atmosphere at a temperature in the'range from 20 to 150
degrees Camigsatiidfsrabih aturiempediiorelin fhehangeohs2o wcotbtidgrelssiaetsiusplnare
preferably at (c) can, according to one embodiment of the invention, also
include an %%gﬁﬁg%%%ﬁﬁﬁ% In this case the analytical aid obtained according to (b) is first
dried, &s described above, the analytical aid is then washed with a solvent or solvent mixture,
preferably with water, wherein washing is preferably carried out for a time of max. | minute, for
example in‘the range from 1 s to 30 s. Following this optional washing step, the analytical aid is
preferably dried again, wherein in the second drying step, the solvent or 15 solvent mixture that was

used for waghing, and 3 QLS SENON, the;analyiical.aidywigremoned esseataly SAmRIRLRY. sreferably

completely. The drying steps can be carried out in the same way or differently. Preferably, no washing
step is carfedtorerrinr@)irmhist diealyacsl and Sbesifdbcareonting @6 18), hprefstaBirste a2 another
step (). 2Qipirtlizaiion Risieraklcusesdiariation withgamnaaagiatian andfor fetetagiaipn. Further
possibilities that can be employed alternatively or additionally are steam sterilization and/or
autoclavindardl/s cRertficuestatilitiidhrien examplEciitce il etfe 1BRIGeEN) 1S dRetly¥ ISR example
at least ong;steyjlization method can be used, selected 25 from the group consisting of: radiation
sterilization, in particular with gamma radiation and/or beta radiation, thennal sterilization, in particular
dry theinial sterilization and/or steam sterilization, chemical sterilization with at least one germicidal

medium, inariouiar @ gasegHsRARdST iguidoenricidal medidmp 46202 WS Huminium as

15 foreign ion.

Accordingly, the present invention also relates to an analytical aid, as described above,
comprising a surface coated at least partially with a hydrophilic coating, wherein the
hydrophilic coating contains nanoparticles with silica structure, wherein the silica structure
20 of the nanoparticles has at least one foreign atom, selected from the group consisting of Sn,

Ti, Zr, Hi, Ge, In, Ga, P, Al and B, preferably wherein the foreign atom is Al

The present invention also relates to a method of production of an analytical aid, and an
analytical aid producible by said method, wherein the analytical aid is coated in step (b)
25 with a mixture G comprising at least one dispersant and nanoparticles with silica structure,
as described above, wherein the silica structure of the nanoparticles has at least one foreign
atom, selected from the group consisting of Sn, Ti, Zr, Hf, Ge, In, Ga, P, Al and B,

preferably wherein the foreign atom is AL

30 If the silica structure of the nanoparticles contains at least aluminium, then the
nanoparticles contain aluminium preferably in an amount in the range from 0.1 to 10 wt.%,

relative to the total weight of the nanoparticle.



- 29 - sealing. The sterilization according to (d) takes place in particular after packing or heat sealing of
the analyticabeidgoimgrarticular by irradiation with gamma radiation.  Especially preferably, the
analytical aid is treated before step (b) with at least one etchant 5and/or plasma. Accordingly, the
present invention also relates to a method, as descr'ged above, and an analytical aid producible or
produced by said method, wherein the surface of the analytical aid to be coated is treated before step
(b) with at least one etchant and/or with plasma. 10 According to one embodiment, the analytical aid
can be etched with an etchant before, for example shortly before step (b). "Shortly before” means, in
the contextﬂgﬁp&ip@%gm\@ﬂtm}lg éﬁQRfﬂf}tﬁ%ﬂl preferably not exceeding 12 hours, in particular 8
hours, especially preférably 1 hour and in partiCular 10 minutes. Thus, for example a freshly 15 etched
analytical aid is used in step (b). A freshly etched analytical aid means an analytical aid that has been

etched lighiiondhs stlasendtban iRptanarbbsiRreilie e amenbIOUE: Geltidreshly

etched if the time that elapses between the etching of the analytical aid and the treatment of the
analytieal aieixi#es fiseuierdhs préferasiiod desorterd 2bvisrsssed seeimsy rehsr ab@ ©8%Hotlts and
quite especialy RIEgablY R19 fnoly it «PRAmicular @M@%&fgéﬁhﬁw e5,R4ENRokmRRe thag 10
minutes. If the respective time limits are observed, we have a freshly etched analytical aid in the sense
of the pres@HnVEntidH. TREIBAaRREAT afrDpOREN ctEHET o igidncoptibAalyiEsHREWitPr water, is
kept in thlsaaa@ﬁ\é%tg}%@eﬁ?mg@@&%émﬁ@é@@M@E@M@%, ipovatampRiigRally provided
25 with a stabilizer. Optionally, the analytical aid is dried before step (b). Regarding the conditions for
drying, refef&hbe apiifd. 156l prtedeltonth € oGy SETRNIRRAIN BreRiFaB i A1 GERINItATAFFEtchant
that C%“pr'é"?cﬁi@tﬁﬁ)@@ég Qr AR AR ), hlorder SQILHRN AN AN PRic. Ak 28882 MVAdH - 30 -
According to another embodiment, the surface to be coated, optionally the surface etched as
described SbeRanstds sHaRaret BidigotReatsswith plasma shortly before step (b). Thus, preferably
an analytical aid freshly treated with plasma is used in step (b). An analytical aid freshly treated with
plasma means an analytical aid that was treated with 5 plasma shortly before the treatment with
mixture G. MigHsHly treated with plasma if the time interval between treatment of the analytical aid
with plasma and treatment of the analytical aid with mixture G is preferably max. 0 to 12 hours,
especially preferably O to 8 hours and quite e;gecially preferably O to 4 hours, in particular even 0 to 1

hour df eveRCEBIIG &t & B misthan 1EERY@oShiFE B Ring THE tBRAT BYEp MY SR as used
in the context,ehRERIESENEIBY SR IRBANS Bhe nanoparticles are preferably dispersed or are in

the form of a colloidal solution in the at least one dispersant.

The at least one dispersant is preferably water.
20
Mixture G can furthermore contain at least one solvent, for example at least one organic
solvent, preferably a polar organic solvent, more preferably a polar, protic organic solvent,
more preferably an alcohol. According to a preferred embodiment, the at least one organic
solvent is miscible with water. Especially preferably, the at least one organic solvent is a
25 solvent selected from the group consisting of methanol, ethanol, 1-propanol, 2-propanol,
methoxymethanol, methoxyethanol and ethylene glycol. If G contains at least one organic
solvent, the solvent mixture preferably contains at most 50 vol.% of the organic solvent,
more preferably in an amount in the range from 0.1 vol.% to 30 vol.%, more preferably in
the range from 1 vol.% to 20 vol.%, and especially preferably in the range from 1.5 vol.%

30 to 5 vol.%, relative to the total volume of mixture G.



coating whose surface has, in comparison with the uncoated surface of the analytical aid, a 15 smaller
contact angkeayithowatar, preferably at least 15 smaller, preferably measured according to DIN
55660.2. In principle, measurement according to DIN EN 828:1997 would also be suitable. Preferably
the surface of the coating has a contact angle with water of less than 60, preferably of less than 50,
more preferably of less than 40, and especially préf%?ébly of less than 30', preferably measured
according to DIN 55660.2 with 20DIN EN 828:1997 again also being suitable, in principle. Regarding
the quantitpoferdimapartiblesresetiasunition olthedaalytical aidihihé ahatydoatiaig isspieferbbly coated
with a quaniity,af panonaia\ae R 1ng (ANeGIamL BiHa,Rer MGl surfage aiea.al e Apalyical aid
to 150 ng per mm2 of surface area of the analytical aid. 25 Préeferably at ledst 90 wt.%, more
preferably &iidasnoBwosiiiniaid gastfarabh anicastosnouss offdragricieradlyat least 97 wt.%, more
preferably at least 98 wt.%, more preferably at least 99 wt.%, more preferably at least 99.5 wt.%, more
preferably at least 99.9 wt.%, more preferably 100 wt.%, of the hydrophilic coating consists of
nanoparticlegaoiith $iti canorructireanopoB2lw O KEHWB G, Imitkaredatenttafnthdurmantentithes coatings

can contai M&%Wiﬁfaqiqﬁ{gﬁﬁt%%@ﬂﬁ lesoRrefgrablythe §%t.%9 &?&%Mﬂ%@ﬂ&@ﬁfﬂﬁ'es of
; % ;

one structure. In thé context of the invention, the surface of the analytical aid can be coated partially or
5 completelyaviheh&rmdi SBHNIC e datiny!- Prefensine itrabdy dace tHT Tacstohe whrhptelsifvericusing the

analytical q%i&&q%@%ﬁg least padiglly or completely. Preferably at least 80%, more preferably at
least 90%, more preferably at least 95%, more preferably at least 98%, and especially preferably at

least 99% of the surface is coated. tolf the analytical aid is for example a needle element, for example

with afyleast one Jpgrnalsnaee.niRedisuianRbIcastans cantiiandies Alleasteng capiacy then

preferably the whole Surface of the internal space of the needle element is provided with a hydrophilic

coating, antibspediityipeefebans anibast sidyéuplliaid-aeadacsbifave mudesade Frothia HigbPthe needle
element UMH&&P%R@&@?&@&&R@ nhoihe paedieclemanhwith ahleasidroneptona! 4851ng

element, for example with at least one test chemistry for detecfing at least one analyte in a body fluid.
Surface of il arlafytieal wic"PoREGHEdMY e tehewir Hatirdust the analytical aid, its surface
preferably consists at least partially of a metal and/or a metal alloy and/or a metal oxide and/or a metal
oxide mixture. This means that the analytical aid consists per se of a metal and/or a metal alloy and/or

a methi oxiBeetestbr dHdtes okidenmdtirecoraniitittie aindhgicl drss prsdubisersiriastdarfislly from
another majgrial apd dbis, natefialhag hesr coaRdalleastRataltyitha mixture has further

constituents, such as impurities, in an amount of at most I wt.%, preferably in an amount

of at most 0.1 wt.%.

20 If the coating in step (b) takes place by dip coating, as described above, the dwell time of
the analytical aid immersed in mixture G 1s preferably max. 5 minutes, more preferably

max. 2 minutes, more preferably max. I minute, for example in the range from 1 sto 30 s.

The method described above for production of the analytical aid additionally comprises,

25  apart from the steps described above
(¢) drying the analytical aid obtained according to (b).

Drying means, in the context of the invention, that dispersant present on the analytical aid
30 and any other solvent present is removed essentially completely, preferably completely.
Drying can be carried out in a drying cabinet at a predetermined temperature of preferably

20 to 150 degrees Celsius, especially preferably from 20 to 120 degrees Celsius and quite



25metal and/or a metal alloy and/or a metal oxide and/or a metal oxide mixture. According to one
embodimentythevanakytical aid accordingly comprises a coating of metal and/or a metal alloy and/or a
metal oxide and/or a mixed metal oxide and/or a mixed metal oxide. 30 26962 WO-KSH - 32 -
vacuum metallization, galvanic coating or deposition from dissolved metal compounds. Moreover,
several layers of metal and/or a metal alloy and/or&fnetal oxide and/or a mixed metal oxide and/or a
mixed metal oxide can also be applied. 5According to one embodiment of the invention, the analytical
aid can, forespemaphe imetfreabhisdrorh el tireXinddgtiosd Giclsias.daddribedlbelowlisraatestingelbment or
distributing, glament, bs.sapied i acuym meiplizations or example win Alminjum, The analytical
aid thus obtained is then converted for exa ple By oxidation’to a nretal oxide and/or a mixed metal
oxide, in particular to boehmite. The oxidation is effected for example with 10 water, alkali-metal or

alkaline-ear, etal hydroxides, oxygen, hvdrggen Ide, ne, heat in presence of the
oxygen of tézt %}atoérvg pﬁﬁ‘%%%ogg%}%ﬁg r‘tpr%é ?n%?t%ﬁ?cg gs%?%%e%ggl Ftiﬁl%c% sgtéfﬁ%égag? g}é?t%fﬁf/t%ixidized,
for examplers)ytiebadhmite prooessingth diuoaritercatdl/ dersteartire 5if dgchaeedaing (s tapdiied, then
this coatin ining.metal afr or.thi 1 niainj ‘ i for
mixed metd Bae e e e e
analytical aiebbeforéestbly (@)rovoctrdipgyituthe present invention also describes a method of production
of an analytical aid, comprising a surface coated at least partially with a hydrophilic coating, and an
20analytical aid produced or producible by said method, wherein step (a) of the method described
above compitbes)(&}provigintnth canady ticdiodid: wheiethprovisiopreoapriseltiveasoadihig widhe
analyigal ajdyiih, ametalngloraametalalionandier ayeieh aideand'es ginie eomelal gide
and/or a mixed m%tal xide. If the analytical aid is a needle element, the analytical aid Is preferably not
coated withlespnered avmaior dhmetadlatioplarid/or dheretaroiide vaitl/ar wivire@imesticokigexdmdior a

mixed meta) oxide; Qe caseaen DR GANORATLIRS AP RASRETOMPRLTSEUGIUE Mhx. 1
minute, for example in the range from 1 s to 30 s. Following this optional washing step, the
analytical aid is preferably dried again, wherein in the second drying step, the solvent or

15 solvent mixture that was used for washing and is present on the analytical aid, is removed
essentially completely, preferably completely. The drying steps can be carried out in the

same way or differently. Preferably, no washing step is carried out in (¢).

The analytical aid obtained according to (c), is preferably sterilized in another step (d).
20
Sterilization preferably uses irradiation with gamma radiation and/or beta radiation.
Further possibilities that can be employed alternatively or additionally are steam
sterilization and/or autoclaving and/or chemical sterilization, for example with ethylene
oxide (EtO). Generally, for example at least one sterilization method can be used, selected
25  from the group consisting of: radiation sterilization, in particular with gamma radiation
and/or beta radiation, thermal sterilization, in particular dry thermal sterilization and/or
steam sterilization, chemical sterilization with at least one germicidal medium, in particular

a gaseous and/or liquid germicidal medium.

30  For example, the analytical aids according to the invention can be packed in suitable

containers, for example plastic bags, wherein packing can be effected for example by heat



26962 WO-KSH - 33 - in which R is a metal-containing ion, or is 5 according to a preferred
embodimemoaf the-siention the nanoparticles are de-ionized before step (b). In this de-ionizing, the
nanoparticles, containing the groups of structures Rx Rw-N1---RY- [metal containing ionr Rzor toare
converted to nanoparticles with groups of structure ! -Si-OH  The de-ionizing can generally take place
by all methods known by a person skilled in the ar‘t.zgr”eferably the de-ionizing is effected by ion
exchange chromatography or by bringing ISinto contact with an acidic ion exchange material. The
present invisatiog thbrestral ieititas aecariieghiod(8) prbefuliong df araisalyticatoa aagtaaardiaytical aid

producible g el ARERIAViA oG- e aPAiEal A aUBIQHiing pangRaytces wih siica

structure, w ave an average particle size, determined accordifig to DIN ISO 22412:2008, in the

range from 1 to 500 nm, wherein the nanoparticles have groups 25
Especially preferably, the analytical aid is treated before step (b) with at least one etchant

5 and/or plasma.

Accordingly, the present invention also relates to a method, as described above, and an
analytical aid producible or produced by said method, wherein the surface of the analytical
aid to be coated is treated before step (b) with at least one etchant and/or with plasma.

16
According to one embodiment, the analytical aid can be etched with an etchant before, for
example shortly before step (b). "Shortly before” means, in the context of the present
invention, a time interval preferably not exceeding 12 hours, in particular 8 hours,
especially preferably 1 hour and in particular 10 minutes. Thus, for example a freshly

15  etched analytical aid is used in step (b). A freshly etched analytical aid means an analytical
aid that has been etched lightly on the surface with an etchant shortly before the treatment
with mixture G. It is freshly etched if the time that elapses between the etching of the
analytical aid and the treatment of the analytical aid with mixture G is preferably max. 0 to
12 hours, especially preferably 0 to 8 hours and quite especially preferably 0 to 4 hours, in

20 particular even 0 to 1 hour or even not more than 10 minutes. If the respective time limits

are observed, we have a freshly etched analytical aid in the sense of the present invention.

The analytical aid, optionally etched and then optionally washed with water, is kept in this
interval between etching and coating, preferably for example in water, optionally provided
25  with a stabilizer. Optionally, the analytical aid is dried before step (b). Regarding the
conditions for drying, reference should be made to the foregoing. Etching is preferably
carried out with an etchant that comprises nitric acid or an ron(1ll} chloride solution and

hydrochloric acid.

30 If nitric acid is used, preferably 20- to 40-wt.% nitric acid is used, especially preferably 25-
to 35-wt.% and quite especially preferably 30- to 34-wt.% nitric acid.



26962 WO-KSII - 34 - Hi- Rx 1+ Rw-N-RY Rzor -Si-CY [metal containing ion] wherein R.', Rx, BY and
Rz, independentiyoaf sihe another, are selected from H and alkyl, (b) coating the analytical aid by
bringing the analytical aid into contact with a mixture G comprising at least one dispersant and the
nanoparticles obtained according to (Al) (c) drying ?6: analytical aid obtained according to (b), and (d)
optionally sterilizing the analytical aid obtained according to (c), wherein the bringing into contact in (b)
preferably takes place by dip coating and/or spray coating and/or contact coating and/or at least one

other of the‘arordingritionetharetmbasiaad- 15 wihiresn th anattarpier by dheredaemechotthe
analytical aid prefelly, Gansists alte'%ah%&@iaém of & MRS @ Ne/prametnballey apelongsyal oxide

and/or a mixed metal oxide and/or a mixéd metal oxide. Accordingly, the present invention preferably

also related toarpasfaighbalaaceraddestabbdrog hbdvatccomishsmepas dsfasedc dutigrat feasdtpartially
with a hydraphilie.coafing.wherein e Hydrapkilic spaling.coMaipgArIRPATiciRsvithRIlicRBiructure,
wherein the nanoparticles contain groups of structure , hSi-OH
5  plasma shortly before the treatment with mixture G. It is freshly treated with plasma if the

time interval between treatment of the analytical aid with plasma and treatment of the

analytical aid with mixture G is preferably max. 0 to 12 hours, especially preferably 0 to 8

hours and quite especially preferably 0 to 4 hours, in particular even 0 to 1 hour or even

not more than 10 minutes.

10

Hyvdrophilic coating

The term "hydrophilic coating”, as used in the context of the present invention, means a

coating whose surface has, in comparison with the uncoated surface of the analytical aid, a
15  smaller contact angle with water, preferably at least 15° smaller, preferably measured

according to DIN 55660.2. In principle, measurement according to DIN EN 828:1997

would also be suitable. Preferably the surface of the coating has a contact angle with water

of less than 60°, preferably of less than 50°, more preferably of less than 40°, and

especially preferably of less than 30°, preferably measured according to DIN 55660.2 with
20  DIN EN 828:1997 again also being suitable, in principle.

Regarding the quantity of nanoparticles on the surface of the analytical aid, the analytical
aid is preferably coated with a quantity of nanoparticles in the range from 7.5 pg per mm’
of surface area of the analytical aid to 150 ng per mm” of surface area of the analytical aid.
25

Preferably at least 90 wt.%, more preferably at least 95 wt.%, more preferably at least
96 wt.%, more preferably at least 97 wt.%, more preferably at least 98 wt.%, more
preferably at least 99 wt.%, more preferably at least 99.5 wt.%, more preferably at least
99.9 wt.%, more preferably 100 wt.%, of the hydrophilic coating consists of nanoparticles

30 with silica structure.



25Analytical aid: The term "analytical aid", as used in the context of the present invention, generally
means an Blemegm;EsHmeans of which or with the aid of which at least one property of at least one
sample can be determined. Basically, in this respect any analytical aids may be considered, 26962
WO-KSH - 35 - for example rigid analytical aids or a|so defol able analytical aids. The analytical aid
can in particular consist completely or partially of a' material selected from the group consisting of a
metal, a metal oxide, a paper, a ceramic, a plastic and a textile material such as for example cellulose

or synthetibibeccontsairtfifaiBhs Bitnebisrarpatioreer mae iR S Emer mareraitclss also
conceivablg, Ja, partigulan dhg.anaivticabaid can pa-ananaiylicataisidar qualitative and/or quantitative

analysis of samples. 10The sample can in particular be a liquid or gaseous sample. Especially
preferably the sample comprises at least one body fluid or portions thereof, in particular blood or blood

constituents, fterstitial tiichsala@sHNiRe stitsaldeast ang pranety Gandeasieally ey ehemical,

physical or biological property. 15 Especially preferably, the at least one property compris%%a
t example

concehtratiermpicigienatiohe hrdngpbificirertiam bt Liidinardest fealcbsmhrenmolie’
glucose, lagipte @ chalegtancliEspesially areipakiidhe apabrigalaig iBiTeraibraaranalytical aid

that can be used in the 20 context of detecting at least one analyte in a liquid, jn pargcular a body fluid.

In particuldotseBifarphbaraiershi0se arEnBIviaP R dhetstan Be MISHIRIEHTHY Safh oty fofexample

when colleglingsaesampls-afpabgoy flsis sngior derine:rvalysisel the sample, for example in the
detection of at least one analyte in a body fluid. In particular, the analytical aid can accordingly be an

analyti_c_al aid_ or a part of an analytical aid for qualitative and/or 25quantitative analysis of blood and/or
intersfifial fipigle analytical aid is for example a needle element, for example with at least one internal

space, in particular at least one cannula and/or at least one capillary, then preferably the
whole surface of the internal space of the needle element is provided with a hydrophilic
coating, and especially preferably at least one capillary-active surface structure from a tip
of the needle element up to an optional contact point of the needle element with at least
15  one optional testing element, for example with at least one test chemistry for detecting at

least one analyte in a body fluid.

Surface of the analvtical aid

20 Regarding the chemical nature of the analytical aid, its surface preferably consists at least
partially of a metal and/or a metal alloy and/or a metal oxide and/or a metal oxide mixture.
This means that the analytical aid consists per se of a metal and/or a metal alloy and/or a
metal oxide and/or a metal oxide mixture or that the analytical aid is produced at least
partially from another material and this material has been coated at least partially with a

25  metal and/or a metal alloy and/or a metal oxide and/or a metal oxide mixture.

According to one embodiment, the analytical aid accordingly comprises a coating of metal
and/or a metal alloy and/or a metal oxide and/or a mixed metal oxide and/or a mixed metal
oxide.

30
The coating of metal and/or a metal alloy and/or a metal oxide and/or a mixed metal oxide

and/or a mixed metal oxide can be applied in any known way, for example by sputtering,



Especially preferably, the analytical aid is suitable for measuring and/or for the qualitative and/or
guantitativeetegtionsaf at least one analyte of the body fluid, for example of the blood and/or of the
interstitial fluid, for example sugar, preferably glucose, lipids, 30metabolic products, e.g. urea or uric
acid, proteins, peptides and salts, or other constituents of the blood or of the interstitial fluid. At least
one analyte to be detected can be for 26962 WO-KSH - 36 - example at least one metabolite, for
example blood glucose, lactate, cholesterol or other metabolites. Regarding the nature of the analytical
aid, all anaKsearaigs oW by aaberstnasiilieg i Slenessivaré ol dasal vedefeeth yameanalytical aid

is selected {iom e WQNP,CRRIINS 0L E %ﬁ&@?aﬁk‘?&k@'&lﬁ%@?&%g £IERaNLIRIIGIe6HNg AL lgast one

analyte in a liquid, and optionally a distributing element for distributing a sample of a body fluid that
has been colétesideomestiyrense enetat estirgycalertierte |waled; in the context of the present

invention, all carrier-bound elements for detecting at least one analyte in a liquid. A testing clement
can in principle be intended for detecting at least one analyte for medical or non-medical purposes.

These35 cApserdbetit casmmpefimenits biefarasiiiesniprisediecsl mdratayercxeéstlinhiiat least
one detectigpsreggentfor deiReling the alleastAnsiPaLickalanalydeof Nerest: Kraistahiy fese

detection reagents are incorporated in corresponding layers of a carrier. Bringing the testing element

and in partiRlGTBthe 8 CRUBEG I YougERtTSriaatinth tienguinl fewds, #rmeprasdhiccbrlificdt least
one analyte;ip g deteatiad, wWhich canalsebessalled-ihe wrast2lishalyte. iradeieriabigghange, for

example of a physical and/or chemical nature, for example with formation of covalent, non-covalent or
complex bordsbheigiabp s datbetisi gt ithe ba gatdaiamts. aistpiciersppmelsdyid a

measyable sigial fariaxemple aRAleciEHGa signal RRAIRE&LAQYLENaNLe. e RERRNII0 &measurable
optical signal, which can for example be evaluated Vvisually or by means of equipment, for example by

reflection 2B§5¥ SdRERRFBIAT BFLBE SHOE BhotShE sty BRI g T ik Bedp peliiasuE aseiite testing
clement, all,pptward apneaepses faniliariuamesansligain the-prtiareipcudeddnthe.ceatext of

the invention. In particular the
and/or steam.

15  If such a coating is applied, then this coating containing metal and/or metal alloy and/or
this coating containing metal oxide and/or mixed metal oxide and/or this coating
containing mixed metal oxide is preferably applied on the analytical aid before step (b).
Accordingly, the present invention also describes a method of production of an analytical
aid, comprising a surface coated at least partially with a hydrophilic coating, and an

20 analytical aid produced or producible by said method, wherein step (a) of the method

described above comprises:

(a) providing the analytical aid, wherein provision comprises the coating of the
analytical aid with a metal and/or a metal alloy and/or a metal oxide and/or a mixed

25 metal oxide and/or a mixed metal oxide.

If the analytical aid is a needie element, the analytical aid is preferably not coated with a
metal and/or a metal alloy and/or a metal oxide and/or a mixed metal oxide and/or a mixed
metal oxide.

30

In the case when the nanoparticles comprise groups of structure (I}



testing element can be a test strip, a test tape or a test disk. Without restriction of further,
30alternativedy-oxadditionally usable embodiments, in particular flat, strip-shaped testing elements, i.e.
test strips, are described in the following. 26962 WO-KSH - 37 - In addition to the at least one
detection reagent, which can carry out at least one analytespecific reaction, the testing element, in
particular at least one test field of the testing element, tan contain further substances, for example
carriers, excipients, pigments, fillers, buffer substances or similar. In the following, no distinction will be
made between further 5 substances that also particifate in the reaction for detecting the analyte, and
the actual detection reagent. In particular, the detéctﬁdn‘?@agent can comprise an enzymatic detection
reagent. As examples of glucose-specific enzymatic tdetection reagents of this kind, we may mention
oxidoreductase enzymes (e.g. GlucDOR/PQQ), dehydrogenase enzymes, oxidase enzymes or similar
enzymes, for examplésglucase oxidased @ayres glucose 10dehydrogenase. The at least one
detectgble reaction is, as already noted, preferably an optically detectable reaction. However, other
types of reactions are basically possible. In partlcul it can be a reaction in which, if the at least one
target analyte is present, at least one detectlon 3{{25 tance is fonned. Several detection substances
can also be fonned and/or used, which can be dete individually, in groups or all of them. Detection
substances are thus substances that form as a result of the at least one detection reaction and/or take
place in theawleldst sneadetdetiod reabtidmant afsldetectablen Basedmepattechs|esstdsnierdetdction
substance @t s e gn[ re am 1Iye{ r’ghe Al !leaa%t one. I%Qaéétq San I’Oﬁ“d%‘?‘%e ?Qthllé ggatlvely
and/or quali ta{)vefy Wever “Hetections Andlor detection su stanc are’als p055|bl or which
detection of the at least onge detect|o§>substance ignot used or is not only used for detectlon of the
analyte, but alternatively f@rquan}gterjorf_«zdetermhag—me adtrheokaperiaf thild'sample thickness above
the test field, as will be deseribed below. 25Preferably the test chemistry described above for the
detection of at least one target analyte with at least one detection reagent is not sensitive to the
hydrophilicareatingerThiscemsunes tlbtsittrdicasgithé Higdtophilic coating become detached when using
the analytical aid, the testing element can be contaminated without affecting the test chemistry.
Therefore, owing to the insensitivity of the test cré\emmry to the coating, the test for 30detection of the
target analyte is not, or is only insignificantly, falsified by.traces of the compound of formula (I) or
degradation products thereof. Preferably, during use for 26962 WO-KSH

The de-ionizing can generally take place by all methods known by a person skilled in the

art. Preferably the de-ionizing is effected by ton exchange chromatography or by bringing

15 into contact with an acidic ion exchange material.

The present invention therefore relates to a method of production of an analytical aid, and

an analytical aid producible by said method,
20 (a) providing the analytical aid,

{al) providing nanoparticles with silica structure, which have an average particle size,
determined according to DIN ISO 22412:2008, in the range from 1 to 500 nm,

wherein the nanoparticles have groups
¢~ Si~OH
25 h

by de-ionizing nanoparticles with silica structure, wherein the nanoparticles have

groups of structure



- 38 - determination, essentially no, more preferably no, proportion of the hydrophilic coating becomes
detached franstlvecersilytical aid. Regarding the structure of the testing element, this has preferably at
least one carrier 5 element, in particular a carrier strip. This carrier element can comprise for example
a plastic material, a ceramic material, a paper material, a composite material or similar. The test field
can then be applied on this carrier element. The ca it element can be used for providing a
mechanically supporting function for the testing element, for example to enable the testing element to
be held during sample application arpg(/or during a0 measurement. The at least one hydrophilic
coating can for examplg_ubfgi m_a@pli?{q,_(ﬁp_[r&qletely &@m@allymah@oamm;;eiemient and/or in particular on
the test chemistry and/or.can one or more other elements of the testing element. The carrier element
can for example comprise at least one film°&lement, in particular at 15 least one plastic film. The film
element preferably has a closed surface, which preferably is essentially impermeable to the sample.
Preferably the film element.js of -pQrous design, has a pon-porous surface or pores with an
vorage pore radliCSFoRmdic Iaile i HEPSTEIS) B HoCHh R e ol TR Ghd i
element differs foatkxample from conventional network-like materials, for example spreading networks.
Generally the 20carrier element and/or the carrier surface can have at least one material that is
essent?ally impermeable to the sample. Distributing element 25A distributing element is to be
understoodpin theabniekt ahiheiin antioy, lamaide deeandthtivhi cldd maropleare caivedpiix pastiGular a
liquid sample, can be distributed over aqiwo-di enﬁigpal distrit%kjtilo_n rggﬂion(?nd/orda th{e -qtignensional
distribution volumcgflfﬁrbsé’?ﬁcﬁl erf“,lsfoor”i.?n o> Exensive Sy Pélpll& GistrBaton o the's rﬁ)&é be
analysed, preferably small blood samples, the distributing element can preferably be arranged on
30testing elements,. for example test strips.. in particular glucose test strips. 26962 WO-KSH - 39 - The
distributinglgfgmrém%%agf}naﬁ%? %%e];?léeogg lélgfgacﬁ%rm“ﬁ%%oggbguB%S(Jnsisting of a capillary structure, a
membhrane, a network, in particular a spreading network. Preferably, in the context of the invention, the
distributing rkement is g.spreadin tworI%{A embrane is to be understqod, in the context of the
present invge8 tion p ggnfa}é\érséetjris é gﬁi}gﬁt%ﬂ rl%?rl)?a‘?rl[r?p ﬁej gl%ﬁgﬁgoﬁ#r{ﬁl%r%pﬁé%us layer, which is arranged
in order to take up the sample and distribute it preferably laterally, i.e. parallel to a plane of the film or
layer. In partjcular the membrane can comprise at least.one,porous plastic film,.The term "spreading
ook o B BB G DO e L S e B S R Tor
filament strusttiresasditatienfarpurgosesndf sprekdin gror distriblitienatrrnansfemdhiseli®ihchudes,
amongothers, texties. Kaied fabrics and fieeces, The e lament; comprsesboth mono-,and
poly-filaments of Uniform or Ron-uniform material t§a3|s ang |me¥t5|on|ng. { §hould be mentioned that
sample trahsfer prefellably takesaplact througitethelfilamentstrusttriec 194 eoording toaprefdated

embod|me%gii@eeamﬁ(r}g%r%qgeg@gé%tg)?lc?é?readlng network lie on

Accordingly, the present invention preferably also relates to an analytical aid, as described
20  above, comprising a surface coated at least partially with a hydrophilic coating, wherein
the hydrophilic coating contains nanoparticles with silica structure, wherein the

nanoparticles contain groups of structure

$-Si~OH

AL

25 Analvtical aid:

The term "analytical aid", as used in the context of the present invention, generally means
an clement, by means of which or with the aid of which at least one property of at least one

sample can be determined. Basically, in this respect any analytical aids may be considered,



at least one layer of a testing element, for example a detection layer of the testing element, containing
the at leasterte Wetdstion reagent, and/or a separating layer, containing at least one reflecting pigment
and/or at least one substance that is arranged for separating sample constituents, for example red
blood cells. The sample liquid applied can thus be led for 20 example by the spreading network
envisaged according to the invention, by capillary action to the layer containing the at least one
detection reagent and, at the points of contact of the spreading network and detection layer, can be

spread or distBaRRRIcdigs ey foreedlssfipferastiemmigied Ate Ibfetrihdirtdikitherefore
serves prefarahly as.pe-RddQrwsieeed 95915994'6}Ma@éﬁt@@a@a@hmnﬂ@%%ggmﬁgmple at
e

the target 25 location, namely on the at least one’layer containing the at least one detection reagent.
The desirelidt@riddiaie e ragdandrsperiiGarapieatingssrredsatssitlonptedalisisheiaEtion with

the spread Eﬁ&rﬂfﬁr&\@éﬁul’t\f:@&P?M&@M&?@Wﬁ%ﬁﬁﬁﬁ@@ﬁ% Wit trspesbivHhedetestignlayer, a
large number of varying capillary-active interstices or capillary gaps, which owing to the surface

contout of fHBCKIRFERMSHE 256 §pBtRiY3TSrrangement thereof are largely undirected overall. 26962
WO-KSH - 40 - As described above, the surface of the analytical aid preferably comprises a metal
and/or a metal alloy and/or a metal oxide and/or a mixed metal oxide. Accordingly, the analytical aid,
according # @ptifekedhenipaliitehtits it Butg iemhait EmpRUing S SIFARENERERY of a
metal and/gf 8 yagtet allayiand/or a metal oxide and/or a mixed metal oxide. 5 Preferably, in the
context of the invention, the analytical aid is a distributing element, for example a spreading network,
which can be coated with a metal and/or a metal alloy and/or a metal oxide and/or a mixed metal

oxide; @s degeripachabeye.in Heraidinghe theipiesent avention.alse: ratairsito aAparalybrakaid,
wherein the analytical 10aid is}a igreadin network, opti,onallfé coated with, a metal and/or a metal
¢

alloy and/oF RIS BRI R AHIGHS MRS EIDRIRONEBH B ERY RIS A BT RIRG T 53R rnative

preferred exphadinagnt.itheanalytical aidimangegée element or comprises said needle element. In this
case, a needle element can basically be any element with a tip or blade, which is arranged for

producing an opening in a portion of a user's skin. For example, a lancet, a cannula, in particular a

hollow canmula.anatleastRapéaly QpeshieHnw naanylah éugrosutera0 ot dkesi caC apihary.in
particular a capillary gap, can be 20used as the needle element. If the needle elerg(?a[g]é{iag1 a lancet, the

lancef Tan Fpsaty Ié}r‘"fé%FﬁBerséhﬁ 86 AR AN TR TP PE S B fORFER AT Y % fipcand/or
blade for praduginm aHeunstule angatileast ong capillany ehagnaldoritakingnup dhgsaseplectate
Furthermore, the microsampler can 25optionally have at least one testing element for detecting at
least one affa ‘?ﬂ‘?ﬂ’é'sample. In general, the needle element can have at least one capillary-active
surface structure,

Especially preferably, the analytical aid is therefore an analytical aid that can be used in the
20 context of detecting at least one analyte in a liquid, in particular a body fluid. In particular,
the analytical aid can be an analytical aid that can be used during sampling, for example
when collecting a sample of a body fluid, and/or during analysis of the sample, for
example in the detection of at least one analyte in a body fluid. In particular, the analytical
aid can accordingly be an analytical aid or a part of an analytical aid for qualitative and/or

25  quantitative analysis of blood and/or interstitial {fluid.

Especially preferably, the analytical aid is suitable for measuring and/or for the qualifative
and/or quantitative detection of at least one analyte of the body fluid, for example of the
blood and/or of the interstitial fluid, for example sugar, preferably glucose, lipids,
30 metabolic products, e.g. urea or uric acid, proteins, peptides and salts, or other constituents

of the blood or of the interstitial fluid. At least one analyte to be detected can be for



which is also simply called capillary structure in the following and which need not necessarily be
arranged cowplately gin a surface of the needle element. In particular the 30 capillary structure can
have at least one capillary channel and/or at least one capillary trough. Owing to the capillary action of
the surface structure, the body fluid flowing from the puncture site can be taken up by the capillary
structure and for example be transported 26962 WO-KSH -41 - to a testing element arranged on the
needle element. The capillary structure can provide a receiving volume, for example for receiving an
amount of beayieiat reqelirees ey bienforectestpl shlacslighkessilitite. ARBE B CHFat least
one capillagy.fraygh.tunning parallel and/or at least partially transversely to the longitudinal axis of the
needle clement. 5 In the case of capillary troughs running parallel to the longitudinal axis of the needle
element, a number of said capillary troughs from 2 to 6, in particular 2 or 3, is preferred. However, it is

also possilile, forgxamplediar ypde 10.Fanriipydranabataibs Iamnedoamthe peedismalemantsin the

case for example of a hollow cannula, the capillary structure is formed by the hollow shape of the
cannula. 18 mapeircinaidesl poredisahly shearpditisal sidkds srlarnddryedy @ ernsrtisagirid out of
or from the, punctwie sitg: isAd\¥NAeHsIN the gasign of saidcarilarysiruetures. ignaxample,
transport can take place to at least one testing element, for example to at least one testing element
arranged oPPEPBRnachsIEbYHRRCTaEHe BIeMEHPBIDS the g & efehnsh g that tE%%i%ﬁe@iement
can be arrapged dixed to the needle element and/or the capillary structure, but it can also be mounted
movably to these, for example so that after uptake of the body fluid into the capillary structure, the
testing element is moved towards the capillary structure. Advantageously, the hydrophilic coating
and/ofa plasga freatent and/or formation of nano- and microstructures at least in the capillary
troughs, but also on 20the whole surface, additionally contribute to the capillary action. Hydrophilic
coating of the needle element can be complete or also partial. Preferably the whole surface of the
needle elementiis.pravisiad with abydrophilicsaatingrand espesialinpeafpiablitheidesstane
capillary-active surface structure from the tip of the needle 25element to the needle element/testing
element corlEAREFBINT TefSFEaAt prash BRPALE & Ak p WisktAe HEREn e18rHbRTNFEI688y fluid is

preferably {ransperted alaegiine nerdie siemeantvdtion 3400 s pentBilliaeta pikanspest distance
from the puncture site to the testing element, especially preferably within 40-700 30 ms/rﬁm of

transpért dFEEIED ArRfldGRANSsERSHy BrerRbK SUTHIH FRA0 O I o e B BB ANEE  The term

transport digtarea-feansdhe distangecthal isdravelad e plerrblycanipe aveledaPamakimum, in

the needle element by the sample that is X : ) o
these detecfion reagents are mcorporated in corresponding layers of a carrier. Bringing the

testing element and in particular the detection reagent in contact with the liquid leads, in
the presence of the at least one analyte to be detected, which can also be called the target
20 analyte, to a detectable change, for example of a physical and/or chemical nature, for
example with formation of covalent, non-covalent or complex bonds between the detection
reagent and the target analyte. This preferably leads to a measurable signal, for example an
electrical signal and/or a colour change, preferably to a measurable optical signal, which
can for example be evaluated visually or by means of equipment, for example by reflection

25  photometry or fluorescence photometry.

Regarding the outward appearance of the testing element, all outward appearances familiar
to a person skilled in the art are included in the context of the invention. In particular the
testing element can be a test strip, a test tape or a test disk. Without restriction of further,
30 alternatively or additionally usable embodiments, in particular flat, strip-shaped testing

elements, i.e. test strips, are described in the following.



26962 WO-KSH -42 - taken up. The total transport distance can for example have a length from 0.5
mm to 10 memsawpakticular 1 mm to 5 mm. For example, the transport distance can be a total length of
a capillary, for example a capillary gap, in the needle element. Alternatively or additionally, the term
transport distance can also refer to the length of the peedle element from a tip to a discharge opening,
for example in the case of a cannula. At least oneté ting clement with at least one test chemistry for
detecting the analyte can be provided, which can be completely or partially a constituent of the needle
element, bl whithooaie disbécist et dbenplatehpormpartiaith sepaatelpiiorh! daet veedivabiément. If
the testing ' a ituent n (o) luid fram the
needle ele : egr%%%gﬁ% s’oﬁt{a)lélzgé%#fgee?\%t %t’tiﬁ?g gﬁgﬁgﬁ%& lg.%%ilséﬁ%f {%Egegggﬁyﬁﬂ %J%j%%eedle
element. Ustghthid, transfesttafior axdeiplebatfnaeredpeeicanpi v tap ekgpsieniorgamenie Allsatiod from
0> s 10 5 sfieE sammencaipet phwpeivrm ANHAL AllersiiRaianalibe Aeadis RivmeRkiiem the

body tissue, in particular a period from 1 s to 2 s. 15Preferably the analytical aid is a needle element of
a samplingsdestoesrtballattingatisdentlindhkcusading §otHesessentinvanlion, 4188 B an

analytical ajgh a deseringd ﬁpﬁé{ﬁfé&ﬁ'ﬁﬁf&!@ é@%&n&lx@ggkaé%ﬁ adesdle glemenhofarampling device

for collecting a body 20 fluid. The present invention further relates to a method of production of an
analytical aihesstdescibaapibovd, glneoaer mealfiscataimapodatipie o proeisd Hyithidnhetrfod,

wherein the,apalylical aicis B aeadis element.of @ samplioier or saligtingabody fhid. The

present invention further relates to a sampling device for collecting a body fluid. A 25 sampling device
is generallypodpecusrisrsgsoras RitisvREXAEsisTarrangealoetaresg apidasartipléBoranespssse of an
analysjs. Pag{gy(ﬁla%meover, the sampling device is also arranged for generating the sample, for
example by making a puncture and/or cut in a skin surface, for example using at least one needle
element. Alternatively or additionally, the sampling device can also be arranged for detecting at least

one analytg i, the SRMRIE JQE3SHATRIERYNE2RS Al ALISRH 9@&%%5%@31 fapexaniple

according to one or more of the embodiments described above. 26962 SH -43 - The sampling
device conmipriEs atiewsy oo hralyREarAIE WitR bt 1By AE SURRIED Kot Eiaelast H ARG With a

hydrophilic £9ating 1ACkREEING foraneOlnersf the.amhadiments deseibgd akevgawithdhgproviso
that the analytical aid is selected from the group consisting of a needle element and a testing element.

With rEspesebsithecpsdomned Ssisadlireres OF b TiaKsR GrHENENGIBIE Ihe Wtisg-efdrvent,
reference may he madecp he:akangdascuRiian ardte tegmbodimentsndeacihadhargunder. The

needle element can in particular comprise at least one microsampler, which is provided completely or

partially with'sinore dt dagesatn s pdrihs i fthenR grérrBra TR RHGEIHE TiRectdting

element cag, in,pAGUIAE CRMBHSE AliGast ane distihutingielemeant provided tawiRthebudpphilic
coating, preferably at least one spreading network provided with the hydrophilic coating, which can for

example b&UBEEEE dhat IsasebietestdlelEarPG Ehting eletorfine analyte can be detected

20 quantitatively and/or qualitatively. However, detections and/or detection substances are
also possible, for which detection of the at least one detection substance is not used or is
not only used for detection of the analyte, but alternatively for example for determining the

volume layer of the sample thickness above the test field, as will be described below.

25  Preferably, the test chemistry described above for the detection of at least one target
analyte with at least one detection reagent is not sensitive to the hydrophilic coating. This
ensures that if traces of the hydrophilic coating become detached when using the analytical
aid, the testing element can be contaminated without affecting the test chemistry.
Therefore, owing to the insensitivity of the test chemistry to the coating, the test for

30 detection of the target analyte is not, or is only insignificantly, falsified by traces of the

compound of formula (I) or degradation products thereof. Preferably, during use for



The sampling device can thus, as described above, have at least one needle element for is taking a
sample of adedwiid@and/or at least one testing element, with which at least one analyte in the
respective body fluid can be detected qualitatively and/or quantitatively. The testing element can in
particular be connected to the needle element, so that the body fluid can travel from the needle
element to the testing element, for example a sampi€ application point or a sample application surface
of the testing element. Alternatively or additionally, 20 however, the testing element can also be
arranged adescsppaitine, testimg dlenmentavreaprterablplied. intoome othelr WenhiowbHitheostingling
device, for gxan Qgedm%%%aﬁgmggmﬁra i%gyhich for example the needle element can also be
located. A transfer mechanism can be provided, which transfers the body fluid taken up by the needle
element to the testing element. This can take place for example in that, by means of an actuator or 25
some othermechans. GeneedselpramMbeipon i s hauabi classuds Birtesting
element, so that the body fluid is transferred at least partially from the needle element to the testing
element, forlexanipla essedialidotandoestig dibmentriForistasnpleaforampBsarpasexpameddle
element angighiahigastane cagliavksliueline offhe0radle dlemenlcanhraiAcanie teul field.

However, other embodiments are also possible. So 30 that the body fluid can pass from the
capillary-adivielisidfsee diendtarerpltedioa thitiseaiarrientonhe b magisleptentis preferalsidtibe
CO_nSFruCte%@&iaiﬁ%n@%ﬁga%ﬂfamw%%&gm iREIEMeRt fRrdSUtRCe BIGIUrRy SAhab e pody
fluid is transferred by suction from” 26962 WO-KSH - 44 - the surface€ structure into the testing
element. F&R3his, this dessirgblelesramie teshaghaldmdwitg bapmividap Wit el capiliaFy -detive a
compepent, & g.Amasarhent lesrs R R dRigiundasniese ﬁﬁ@!&%@&ﬁ%@%@@%&a@@he

capillarity of the surface structure. Alternatively or additionally, however, it can also simply be designed
so that the @ap#IEA)l 6 98 ﬁh@@@ﬁﬁiﬂﬁt@}@aﬁl@é@tiqf//@ﬁ heuHEMSIR the ScaripiR BRIy te®spillary on
the chemisy, gptigpally.plse withrapplicationof prgssure. Moreover, contact should be ensured
between the surface structure of the cannula and the capillary-active component of the testing
element. 10Moreover, the sampling device can have at least one sensor. This sensor can for example

be of electrpghemical @1@9{8&0@5!{:%9@%5}31@J&%%%ea@f%@!ﬁfetrﬁﬁﬂ%ﬁéhaeﬁlﬁgarﬁ@mg&t catalytic

action of the test chemistry, a substance of the body fluid that is to be determined can be reacted and

this rédctiolfehnerheasiioy lecliberdsmentiprsifabbalan artoeedawiass sptichrseisstiabroduct
of reaction okthe i85t chemistn with aguhatapee Pacontaineskinghe brehefivid isfriadigiedwith light

of a defined wavelength and for example a degree of absorption of this light and/or a degree of
reflection of EHEHJMSSHABIRAE ALSTESEE REL ST RRESS AP IRTHHECHIEa SGFE A EURRE AR T ¥hmpling

device canpg,R0pieRSSHWIh 6O RACtING Lo MmNt PRCHAIRE JkalestrisaleoRslusting giement.
In the case of an electrochemical sensor, this conducting element can be a metal layer applied on a
plastic film fEe e sRBeaRtgrcs o nBksl WitsralhidATiS GRplS IRy SAfee crrtite e GeapritK Ehe
compenentegrgkry AR ecHRR MOWHiRG RIPERSS:aFNR.cORUUSING Slemast Saih also he-farmed from
conductive plastic or in some other way, for example by means of conductive ink. The sampling device
can also hdeekatq BssdRifical and/or optical contact point, via which the sampling device can
be coupled to peripheral equipment. Thus, the sampling device can be supplied with current via an
electrical contact point and information can be transferred via said electrical contact point. Light can be
transferred%éﬁ@gﬁlﬁélﬁéﬁ%%bl equipment and the sampling device via an optical contact point. In the
case of an optical sensor, said sampling device can be 30equipped both with an electrical and with an

optical contact point. 26962 WO-KSH - 45 - ] ) _ _ )
25 A distributing element is to be understood, in the context of the invention, as a device with

which a sample received, in particular a liquid sample, can be distributed over a two-
dimensional distribution region and/or a three-dimensional distribution volume. In
particular, for uniform, extensive and rapid distribution of the sample to be analysed,
preferably small blood samples, the distributing element can preferably be arranged on

30 testing elements, for example test strips, in particular glucose test strips.



Preferably, the sampling device can be designed completely or partially as a disposable article and/or
a multi-usexsuticleowisarein in the case of a disposable article, the sampling device is disposed of after
a single use, whereas in the case of a multi-use article, multiple use is intended. Magazining of one or
more sampling devices and/or of parts thereof is al 8 5 conceivable, similar for example to the
magazining of lancets in lancing aids, for example by storing several sampling devices as a whole in a
magazine and/or wherein a sampling device contains for example several testing elements and/or
several neddile élgintorisgnchnagar et forprrioder descdirstedbiove the aneupticahsidingreferably the
needle elemer [ test] : 0 [ a d/or a
metal aIon%%%tllagp gL/ %é%?%x%&g%%%ﬁgs%rgm%?é%%é?gl %%?ﬁqg%ﬁcﬁﬁﬂégd%ﬂ%bf% Z%%%?’eover, the
material ofithghve edidestepfethaanoysnodthdhestirgdlémentishouit e dneprehdipartivtiaentiitiirespect
to the bod%@%ﬁfﬁ@a@@ s agRiosempathis.aansehepdalaitand ARl asiimaasy (o

sterilize. Pretera e needle element can be made of surgical steel, wherein said surgical steel can

be proﬁ/ideﬁmﬁ@kﬁa&@aﬁmj@ﬁﬂémmxi@wSAmézt’ﬂvélyiénaa‘@aﬁi@rial I@/rdﬁfatimékﬁm@ Fhat%ﬁm,lﬁthe
needle elegent CaRRONEE-EOMRIRIENNT RAAINAISA PrRIRFUEEAIN BRRIa! malgilehok
comprise another material, for example a plastic material and/or a ceramic material. In particular,
embodimeHits ARG deT it H R ¥ OISO 2D m@twﬁmﬁbmtwmdhnm@éwﬁwhﬁent per
se, as desgliped ahoye.is,oatef it R neiaheprionR matalighoward/ay amesal axideandier a
mixed metal oxide and/or a mixed metal oxide, and the hydrqphlflc coating is applied on this surface,
for example!b Sarrase srupisrepatiab 2oPheunanpscell apdeadbur dingwrthetipyantiomsiss themethods
accorgjng g ihalavention hHave amuiipliciy:of ayaniages et ewranahflicapids Andmethods.

Thus, we surprisingly found the hydrophilic coating with nanoparticles of the kind described above

firstly to reS9Rbin BaracevebpreliedilpieitcetentH{eFBpHilicifprseuderaly, theEsatiMgstrsisingly is
distinguishgd Ry gaadJonaderm %@bﬂaﬂuya%aemém%(}m ERossileie 30 enakLe a@@%ﬁa%ge over a
e

relatively long period of time. More specifically, the hydrophilic properties of the coating can be shown
to be impa Wﬁﬁé?@%ﬁ‘éﬂ?y if at all, even by direct or indirect contact with various materials of the
analytical aid, such as 26962 WO-KSH -46 - plastic materials, adhesives or metals for example. In
addition, strain due to sterilization, for example radiation strain caused by 13 rays and/or y rays and/or
strainldue tbsREHIEdPaiSHTERTaAIsBheAmsEHh AL BRIdBS QB MBI SRBIERBY gk dHy harginally

impair the hygdraphilic I%Sﬁa%rft%g{ﬁﬁg%g@émgfoé\%ﬁ dit @lengoieinl stalility RkBnkZmapks or
5more can be achieved without problem, yvhlie the hydrophilic surface properties are maintained.
Moreover, th8!8BatA G daetBRGiNGESHRB fisoeritfoAndasdrisaRl it fotsmEhMdasTs and

itself does pot cantamingteReppigares sampledose@mplen QA Arcaraiaglyy tag.analyticalaid may

optionally also be used multiple times. More specifically, a coating employed according to the invention

may be enfSiByEHSA baloN RFeRIN Ertstleri sictinat helsaatite linas aealisso c it tidse lete fRBnts
havingglong-lasting hydiephjlicityidpertathscceatinggcording:i the invantion: JEMereayalathe

coating used according to the invention can be {)repared in a simple and reliable manner, for example

by using theehfy R e aer iFRAtEREbCoHiRt L e e bCHB 68 8RB Wev BTd PRI Riseaied above
or the embggiments40ihe feseiRaddnaitdataitbelevsMera sRedficalitdne: RUrace:FORIRg can be
applied, for example, from an aqueous solution and/or an aqueous dispersion. An application method
of this kindf@sgss, on the detection layer. The spreading network therefore serves preferably as an aid
for undirected (isotropic) two-dimensional distribution of a liquid sample at the target
25 location, namely on the at least one layer containing the at least one detection reagent. The
desired intermediate storage and superficial spreading of the sample only occur in
interaction with the spreading network, with the spreading network demarcating, with
respect to the detection layer, a large number of varying capillary-active interstices or

capillary gaps, which owing to the surface contour of the filaments and the spatial

30  arrangement thereof, are largely undirected overall.



20easily be carried out. The following embodiments are especially preferred in the context of the
invention: l2Asvalyticalsaid, comprising a surface coated at least partially with a hydrophilic 25coating,
wherein the hydrophilic coating contains nanoparticles with silica structure and an average particle
size, deten-nined according to DIN ISO 22412:2008, in the range from 1 to 500 nm and the
nanoparticles comprise groups of structure (1) and/ép (1) 30 26962 WO-KS11-47-:0K 5 (Il
wherein in each of the groups of structure (1), independently of one another, R is selected from the
group consistidesofibédarbostaltioo suaiangpiohe Rral iRl Al Riefesebiingomprises a metal and/or a

metal alloy and/or a metal oxide and/or a mixed metal oxide. Accordingly, the analytical
aid, according to a preferred embodiment, is a distributing element comprising a surface
consisting of a metal and/or a metal alloy and/or a metal oxide and/or a mixed metal oxide.
5 Preferably, in the context of the invention, the analytical aid is a distributing element, for
example a spreading network, which can be coated with a metal and/or a metal alloy and/or

a metal oxide and/or a mixed metal oxide, as described above.
Accordingly, the present invention also relates to an analytical aid, wherein the analytical
10 aid is a spreading network, optionally coated with a metal and/or a metal alloy and/or a

metat oxide and/or a mixed metal oxide.

Needle element

15 According to an alternative preferred embodiment, the analytical aid is a needle element or
comprises said needle element. In this case, a needle element can basically be any element
with a tip or blade, which is arranged for producing an opening in a portion of a user's skin.
For example, a lancet, a cannula, in particular a hollow cannula, an at least partially open
hollow cannula, a microcutter or the like, a capillary, in particular a capillary gap, can be

20  used as the needle element.

If the needle element is a lancet, the lancet can in particular comprise a so-called
microsampler, i.e. an element that has both a tip and/or blade for producing a puncture and
at least one capillary channel for taking up the sample. Furthermore, the microsampler can

25  optionally have at least one testing element for detecting at least one analyte in the sample.

In general, the needle element can have at least one capillary-active surface structure,
which is also simply called capillary structure in the following and which need not
necessarily be arranged completely on a surface of the needle element. In particular the
30  capillary structure can have at least one capillary channel and/or at least one capillary
trough. Owing to the capillary action of the surface structure, the body fluid flowing from

the puncture site can be taken up by the capillary structure and for example be transported



Rz (0)p and wherein Rw, Rx, BY and Rz, independently of one another, are selected from H and alkyl,
and whereirmde? lw@rdH 2,c, independently of one another, are optionally substituted 10residues,

selected from the group consisting of H, alkyl, aryl, heteroaryl, cycloalkyl, cycloheteroalkyl, alkenyl and
alkoxyalkyl, and wherein n, m and p, independently pf one another, are 0 or 1, 15and wherein NA' is a

metal ion and A is a physiologically compatible anio ! 2.Analytical aid according to embodiment I,

wherein R is selected from the group consisting of H, an alkaline-earth metal ion, an alkali metal ion,
26962 WOIK S estiug cBmpslyitalsad acderdipeite evbeoinidst crgHaniieldlirerahperogiiic coating

comprises RARARALtiGleS It Silica SHRCHES MNSRCAMBHSE.9T9URS9f fiFCiurE: B ANdowbsrein R =

H. 54.Analytical aid according to embodiment 1 or 2, wherein the hydrophilic coating comprises
nanopartickeewithssiliceistrivetare, shigare cipAsdgrep S fastiersupec Shp ksl eiegh running wherein

alkali metal, s preferably a RAdium-ion oLaRORSIM A0 :1and:auite 10eseecialiRIEiRRRNkis Nat. 5.

Analytical aid according to embodiment 1 or 2, whérein the hydrophilic coating contains nanoparticles
with sifica dttubwiresswiitsHalle yroapehef strodgreqnylinlitioRhe Npggitudinal axis of the needle

element, a number of said capillary troughs from 2 to 6, in particular 2 or 3, is preferred.
However, it is also possible, for example, for up to 10 capillary troughs to be formed on the
needle element. In the case for example of a hollow cannula, the capillary structure is
formed by the hollow shape of the cannula.

10
In particular the possibility of targeted uptake and/or targeted transport of body fluid out of
or from the puncture site is advantageous in the design of said capillary structures. For
example, transport can take place to at least one testing element, for example to at least one
testing element arranged on or arrangeable on the needle element or to the needle element.

15 The testing element can be arranged fixed to the needle element and/or the capillary
structure, but it can also be mounted movably to these, for example so that after uptake of
the body fluid into the capillary structure, the testing element is moved towards the
capillary structure. Advantageously, the hydrophilic coating and/or a plasma treatment
and/or formation of nano- and microstructures at least in the capillary troughs, but also on

20  the whole surface, additionally contribute to the capillary action.,

Hydrophilic coating of the needle element can be complete or also partial. Preferably the
whole surface of the needle element is provided with a hydrophilic coating, and especially
preferably the at least one capillary-active surface structure from the tip of the needle

25  eclement to the needle element/testing element contact point.

[f for example a body fluid is taken up with the needle element, the body fluid is preferably
transported along the needle element within 30-1000 ms per millimetre of transport
distance from the puncture site to the testing element, especially preferably within 40-700
30  ms/mm of transport distance and quite especially preferably within 40-400 ms/mm of
transport distance. The term transport distance means the distance that is travelled,

preferably can be travelled as a maximum, in the needle element by the sample that is



6. Analytical aid according to embodiment 1 or 2, wherein the hydrophilic coating contains
nanoparticleswithiisa structure, which have groups of structure wherein R has the following
structure 7. Analytical aid according to one of the embodiments 1 to 6, wherein the silica structure of
the nanopatrticles has at least one foreign atom, selected from the group consisting of Sn, Ti, Zr,Ge, In,
Ga, P, Al or B, preferably wherein the foreign atom #&2Al. 26962 WO-KSH-49- 5 9. 10 10. IS 20
taken up. The total transport distance can for example have a length from 0.5 mm to
10 mm, in particular 1 mm to 5 mm. For example, the transport distance can be a total
length of a capillary, for example a capillary gap, in the needle element. Alternatively or
additionally, the term transport distance can also refer to the length of the needle element
5 from a tip to a discharge opening, for example in the case of a cannula. At least one testing
clement with at least one test chemistry for detecting the analyte can be provided, which
can be completely or partially a constituent of the needle element, but which can also be
formed completely or partially separately from the needle element. If the testing element is
not a constituent of the needle element, transfer of the body fluid from the needle element
10 can also take place with a time delay after uptake of the body fluid by the needle element.
Until this transfer, for example a further period of time can elapse, for example a period
from 0.5 s to 5 s after commencement of puncture and/or after retraction of the needle

element from the body tissue, in particular a period from I sto 2 s.

15 Preferably the analytical aid is a needle element of a sampling device for collecting a body

fluid.

Accordingly, the present invention also relates to an analytical aid, as described above,
whercin the analytical aid is a needle element of a sampling device for collecting a body
20 fluid. The present invention further relates to a method of production of an analytical aid,
as described above, and an analytical aid, producible or produced by this method, wherein

the analytical aid is a needle element of a sampling device for collecting a body fluid.

The present invention further relates to a sampling device for collecting a body fluid. A
25  sampling device is generally to be understood as a device that is arranged for taking up a
sample for the purpose of an analysis. Preferably, moreover, the sampling device is also
arranged for generating the sample, for example by making a puncture and/or cut in a skin
surface, for example using at least one needle element. Alternatively or additionally, the
sampling device can also be arranged for detecting at least one analyte in the sample, for
30 example by means of at least one testing element, for example according to one or more of

the embodiments described above.



25 Ti. 12. Analytical aid according to one of the embodiments 1 to Ti, wherein the surface of 30 the
analytical aeoated e least partially with the hydrophilic coating consists at least partially of a metal
and/or a metal alloy and/or a metal oxide and/or a mixed metal oxide. 26962 WO-KSH - 50 - 13.
Analytical aid according to one of the embodiments 1 to 12, wherein the nanoparticles have an
average particle size in the range from 1 to 100 am arid wherein the hydrophilic coating has a
thickness, in particular on average a thickness, 5in the region of max. 500 nm, preferably of max. 300
mu and especisdiypimaleviG0amprisds Aneiticalamdrtsnding witne Matiepmbotintenaalto 14,

e SR A I RN AL A CoNRGL AN AR o e
preferably Tomeasired according’to DIN 55660.2° 15. Ana ytical aid according to one of the
embodimedtsctited bnhereifththérareiytical tiotishselevbditednithdsgrsiistednBistindhsf aridadle

element, I HRINEHR' &t [anGckf caiiigny, InParliciel» CRANAL gom, aeaRon iR aresiagislement for
detecting at 15 least one analyte in a body fluid and a distributing element for distributing a sample of a
body fluid thabédisabesmédhie creadllérefrartiotirndéos sriedidites egrbircoptishanpwomad tRithad metal

and/or a mf%t%@';gw %Qér?pm%tah&wﬁ]@@ﬂ{e&ﬂ;ﬁe‘é&ddgg@}mefaxlk@@e@lﬁerpﬁ%iﬁém QRiiogally

coated with a metal and/or a metal alloy and/or a metal oxide and/or a mixed metal oxide. 20 16.
Analytical aith docprditigles saeprisheab bt mctorgmplavheranh therapaifet gompieteneedle

clement (11]_5%)&91{1? %ﬁm%%gag?éé!&eoﬂel%aff?ﬁg%if‘ga%ﬁmplﬁ %Q?%JHJ@ a capillary structure.

The testing element can in particular comprise at least one distributing element provided
10 with the hydrophﬂi'c coating, preferably at least one spreading network provided with the
hydrophilic coating, which can for example be located on at least one test field of the

testing clement.

The sampling device can thus, as described above, have at least one needle element for
15 taking a sample of a body fluid and/or at least one testing element, with which at least one
analyte in the respective body fluid can be detected qualitatively and/or quantitatively. The
testing element can in particular be connected to the needle element, so that the body fluid
can travel from the needle element to the testing element, for example a sample application
point or a sample application surface of the testing element. Alternatively or additionally,
20 however, the testing element can also be arranged as a separate testing element or can be
applied in some other way in or on the sampling device, for example in at least one
chamber, in which for example the needle element can also be located. A transfer
mechanism can be provided, which transfers the body fluid taken up by the needle element
to the testing element. This can take place for example in that, by means of an actuator or
25 some other mechanism, the needle element with the body fluid is brought closer to the
testing element, so that the body fluid is transferred at least partially from the needle
element to the testing element, for example a test field of the testing element. For example,
for this purpose the needle element and/or at least one capillary structure of the needle
element can be placed on the test field. However, other embodiments are also possible. So
30 that the body fluid can pass from the capillary-active surface structure into the testing
element, the testing element is preferably to be constructed, at a connecting point between

testing element and surface structure, so that the body fluid is transferred by suction from



2517. Method of production of an analytical aid, comprising a surface that is coated at least partially
with a hydraphilig seating, wherein the method comprises: (a) providing the analytical aid, 30(b)
coating the analytical aid by bringing the analytical aid into contact with a mixture G comprising at least
one dispersant and nanoparticles with silica 26962 WO-KSH -51 - structure, which have an average
particle size, determined according to DIN ISO 222,_4&:2008, in the range from Ito 500 nm, wherein the
nanoparticles comprise groups of structure (I) and/or OH (ll) wherein in each of the groups of
structure (Bhénuefendentiyof nne thaothierg RlésseleEaditont ihelgroapecondistimgtiie-element
metal-cont%ntréqf)cr)&idg@ dwlﬁg (g)galg%gry—active component, e.g. an absorbent fleece or a fibre

bundle, whose capillary action is greater than the capillarity of the surface structure.

Alternatively or additionally, however, it can also simply be designed so that the capillary

5 is brought into contact with the chemistry, for example by placing the capillary on the
chemistry, optionally also with application of pressure. Moreover, contact should be
ensured between the surface structure of the cannula and the capillary-active component of

the testing element.

10 Moreover, the sampling device can have at least one sensor. This sensor can for example
be of electrochemical and/or optical design. In the case of an electrochemical sensor,
through catalytic action of the test chemistry, a substance of the body fluid that is to be
determined can be reacted and this reaction can be measured electrochemically, whereas in
the case of an optical sensor, a product of reaction of the test chemistry with a substance

15  contained in the body fluid is irradiated with light of a defined wavelength and for example
a degree of absorption of this light and/or a degree of reflection of the light and/or the

fluorescence of the sample are measured.

Furthermore, the sampling device can be equipped with a conducting element, in particular
20 an electrical conducting element. In the case of an electrochemical sensor, this conducting
element can be a metal layer applied on a plastic film, and/or a metal foil or a metal wire,
which is optionally injected into the respective component, e.g. by an injection moulding
process. The conducting element can also be formed from conductive plastic or in some
other way, for example by means of conductive ink. The sampling device can also have at
25 least one clectrical and/or optical contact point, via which the sampling device can be
coupled to peripheral equipment. Thus, the sampling device can be supplied with current
via an electrical contact point and information can be transferred via said electrical contact
point. Light can be transferred between peripheral equipment and the sampling device via
an optical contact point. In the case of an optical sensor, said sampling device can be

30 equipped both with an electrical and with an optical contact point.



Ft' and wherein Rw, re, R3' and le, independently of one another, are selected from H and alkyl,

and wherepadey, RD-ReH Rc, independently of one another, are optionally 20substituted residues,
selected from the group consisting of H, alkyl, aryl, heteroaryl, cycloalkyl, cycloheteroalkyl, alkenyl and
alkoxyalkyl, and wherein n, m and p, independently,of one another, are 0 or 1, 26962 WO-KSH - 52 -
(c) drying the analytical aid obtained according to'(é? and (d) optionally sterilizing the analytical aid

obtained according to (c), wherein the bringing into contact in (b) preferably takes place by dip coating
and/or sprdycfeatihg drdferudintactasoeing: Aadinmgrednapmatgiyticalnaidi dhd o thésdelle of the

analytical gtk pIEIRIAB, ARSI AhiFER. RAILRNY Bf Al ardiafa nete! allo Jndiora meial oxide

and/or a mixed metal oxide and/or a mixed metal oxide, 18. Method according to embodiment 17,
wherein théssirtaicalvbirechnbifticat sidge beecvhrsaasindbecdweto ey witivlat reukdne

etchant and(i il RREMAALERIANG et Mehad asaaiic R embarlinnentd fiRrdlBiviigrein the at

least one dispersant is watef"and wherein mixture G preferably has a pH in the rané;e from 2 to 10. 20.
ehfprisElroups of

Methodl aceoreiibdeopisndipthiocprbmin Entelmasazinghefdimes Haliophricies,
structure (%y%@&awg%@%ﬁé}éoséﬁlf}% aballgrauns R Aei2Q %@g&ﬁ%gﬂlﬁﬁﬁ%ﬂigeﬂf%d&é%ﬁ%gr

produced by a method according to one of the embodiments 17 to 20.
device contains for example several testing elements and/or several needle elements in

magazined form.

10 As described above, the analytical aid, preferably the needle element and/or the testing
element, can be produced at least partially from a metal and/or a metal alioy and/or a metal
oxide and/or a mixed metal oxide and/or a mixed metal oxide. Moreover, the material of
the needle element and/or of the testing element should be inert, in particular with respect
to the body fluid to be sampled, and biocompatible, and mechanically strong as well as

15  easy to sterilize. Preferably, the needle element can be made of surgical steel, wherein said
surgical steel can be provided with a coating of metal oxides. Alternatively or additionally
to a metallic material, the needle element can, however, completely or partially, also be
produced in another material or comprise another material, for example a plastic material
and/or a ceramic material. In particular, embodiments are also included within the scdpe of

20  the invention, in which the needle clement per se, as described above, is coated with a
metal and/or a metal alloy and/or a metal oxide and/or a mixed metal oxide and/or a mixed
metal oxide, and the hydrophilic coating is applied on this surface, for example a surface of

this coating.

25 The analytical aid according to the invention and the methods according to the invention
have a multiplicity of advantages over known analvtical aids and methods. Thus, we
surprisingly found the hydrophilic coating with nanoparticles of the kind described above
firstly to result in surface properties with excellent hydrophilicity. Secondly, the coating
surprisingly is distinguished by good long-term stability, thereby making it possible to

30  ensure stable storage over a relatively long period of time. More specifically, the
hydrophilic properties of the coating can be shown to be impaired only marginally, if at ail,

even by direct or indirect contact with various materials of the analytical aid, such as



26962 WO-KSH - 53 - 23. Sampling device (110) for taking a sample of body fluid, containing at least
one analyticglsaidr@grording to one of the preceding embodiments relevant to an analytical aid, with
the proviso that the analytical aid is selected from the group consisting of a needle element (112) and
a testing element. S 24. Use of nanopatrticles with sili60a structure and an average particle size,
determined according to DIN 1ISO 22412:2008, in thé range from 1 to 500 nm as hydrophilic coating
(122) for a surface of an analytical aid, preferably as hydrophilic coating (122) for a needle element
(112) of a sdnTplinyateide ihoyifos takimgtalsdemsicantrlobodydiidicnwiierein e maivoparicies
comprise gFaURS,Af SIUCHIE FAkO ﬂ&glﬁ r')é'* D Wherein i eaeh of e draupsLLstcyre (1),
independen(t(_?II; ofaor‘FZ anokﬁe(r), Rszﬁlgse%ct_e r% { % group clycr)]n%sting of H, a] metal-g_onta%ging ion,
RxRb Rw-NiRYi@}eats FRehiaR (0] precandewive reianiiy, albe R eing Ruly, mdgpuidenizaoftbae
another, arﬁyﬁ%‘f)ﬁtﬁg B%Beﬁies of the coating. As a result, a long-term stability of 6-12 months or

5 more can be achieved without problem, while the hydrophilic surface properties are

maintained.

Moreover, the coating used according to the invention, is extremely resistant to
contaminations and itself dees not contaminate a collected sample, for example.
10 Accordingly, the analytical aid may optionally also be used multiple times. More
specifically, a coating employed according to the invention may be employed in capillary
clements and/or channels of the analytical aid, with these elements having long-lasting

hydrophilicity due to the coating according to the invention.

15 Moreover, the coating used according to the invention can be prepared in a simple and
reliable manner, for example by using the method of the invention according to one or
more of the developments described above or the embodiments to be described in more
detail below. More specifically, the surface coating can be applied, for example, from an
aqueous solution and/or an aqueous dispersion. An application method of this kind can

20 easily be carmied out.
The following embodiments are especially preferred in the context of the invention:

1. Analytical aid, comprising a surface coated at least partially with a hydrophilic
25 coating, wherein the hydrophilic coating contains nanoparticles with silica structure
and an average particle size, determined according to DIN 1SO 22412:2008, in the

range from 1 to 500 nm and the nanoparticles comprise groups of structure (1) and/or

(ID
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and alkyl, and wherein Ra, Rb andindependently of one another, are optionally substituted

residues, selectedfroir the group consisting of H, alkyl, aryl, heteroaryl, cycloalkyl, 25cycloheteroalkyl,
alkenyl and alkoxyalkyl, 26962 WO-KSH - 54 - and wherein n, in and p, independently of one another,
are 0 or 1, and wherein N4* is a metal ion and A- |s4? physiologically compatible anion. 5 Brief
description of the drawings Further details and features of the invention can be seen from the following
description of preferred examples, in particular in conjunction with the subclaims. The respective
features 10can be realized just in themselves or several in combination with one another. The
invention is not limited to the examples. Fig. 1 shows an example of a sampling device. 15 Examples
Fig. 1 is a highly schematic sectional side view 6f,§"ainc§>xample of a possible sampling device 110
according to the invention. The invention can, hm}‘vev% also be applied to a large number of other
types of sampling devices and analytical aids. rf@ Itgé sampling device 110 comprises a needle
element 112, shown schematically in Fig. 1, W'ﬁsé tip 114, which on movement of the needle element
112 in a puncturing direction 116 pierces a portion of a user's skin. The movement of the needle
element 112 can for example be driven by an optioﬂa actuator 118 of the sampling device 110, which

is shown 25 schematically &% ABadwhishganheauangeddspuaious,Waysknawmey ® pgrson
skilled in the art. The actuator 118 can bring about a forward movement of the needle element 112 in

the pucturing didetsA o8 AP ANy HIEs albhckivgld roveiRBsioRthe needle element 112

against the puncturing directiqp(. 30The needle element 112 can, in thegxample shown or also in other

examples, in addition & )
g RY-N—R and (Ohn
R {-$i—(O)n—R?
{O)p
L
and wherein RY, R*, RY and R’, independently of one another, are selected from H

and alkyl,

and wherein R*, R® and R®, independently of one another, are optionally substituted
10 residues, sclected from the group consisting of H, alkyl, aryl, heteroaryl, cycloalkyl,

cycloheteroalkyl, alkenyl and alkoxyalkyl,

and wherein n, m and p, independently of one another, are O or 1,

I5 and wherein M is a metal ion and A~ is a physiologically compatible anion.

2. Analytical aid according to embodiment 1, wherein R is selected from the group

consisting of H, an alkaline-earth metal ion, an alkali metal ion,

R* RP
l+ |
R¥-N—RY and {O)n
R $SI—(0)n—R?
(O)y
Re

20 and wherein M™ = A1,



optionally comprise at least one capillary-active surface structure in the form of for example a capillary
structure 12050§,6xafpple at least one capillary gap, which can in 26962 WO-KSH - 55 - particular
extend parallel to the puncturing direction 116. Other embodiments of the capillary structure 120 are
also possible. The capillary structure 120 can for example serve for taking up and/or for transporting a
sample of the body fluid in a sampling operation, wHén the needle element 112 penetrates into a body
tissue. For example, transporting or taking-up of the sample can take place by capillary forces. The
needle element Ah2lfuithe arbajerisdaatde asitemiéninydropbilie, cohtingnl 22 hg@ﬂemiﬁl}cimhe‘u@gion of
the capillary structure 120. Possi leI emb%:llments of gl]xs h hilic coatin 122 ssﬁ

methods and exg(ilﬁﬁﬁgé%fnﬁ%é’uc o therest lacraeser%ﬁ }%/ %P ofe de %% ]tl})eﬁ e sa gllng
device 110 can anthehaeiniisdfat least one testing element 124, for example W|th at least one test
chemistry, for detecting at least one analyte in the body fluid. For example, this testing element
comprises at least one test field, thus at least one area 15 coated with the test chemistry. In Fig. 1, the
testingselement M24ligishbwid symbrdligalty mﬁmsdingaﬁie?nelnﬂlzxdhémimetﬂeshpmmmr@mtﬁmg needle
element 112, and which can be arl{ a}ngedtgor in or na h%lljsllln 11%% oft e.sam| ling device
110, for example X8 gé?z?ﬁg ousing. For %(efr%s Iﬁe’r a samq 5 ?algé g, , the nee =dle element
112 with the capillary structure 120 can be brought closer to the testing element 124, in order to 20
transfer a sample of the body fluid or a portion thereof from the capillary structure 120 to the testing
element 124. For this purpose, for exaﬁ*rp%ﬂﬁ)‘théIMmmm@ device 110, an actuator 128 can be
provided, which moves the needle elemest 112 or a part thereof; after sample uptake, in a direction of
movement 130 towards the testing element 124. Alternatively or additionally, however, there are also
other possibilities for transferring the 25 body fluid from the capillary structure 120 and/or from the
needle element 112 to the testing element 124, for example by passing the needle element 112,
during a backwar move t aft ample i;oll tion, a ong a suitable ath ast the tes ing element
124. Once agaln %Wé]vg %(f p@sé’ ]Eﬁ %F rna't;%elly orlgl1 tlonéﬁ)’/,a i Frﬁ?eé?gte the %leilonal
testingoelement @@pﬁpﬂﬂﬂ@lm@f@ama{wka the needle element 112, for example at one end 300f the
capillary structure 120. 26962 WO-KSH - 56 -

5. Analytical aid according to embodiment I or 2, wherein the hydrophilic coating
contains nanoparticles with silica structure, which have groups of structure (I), with
R =NHs"
15
6.  Analytical aid according to embodiment 1 or 2, wherein the hydrophilic coating
contains nanoparticles with silica structure, which have groups of structure (I},

wherein R has the following structure

Rb
i

O

20
7.  Analytical aid according to one of the embodiments 1 to 6, wherein the silica
structure of the nanoparticles has at least one foreign atom, selected from the group
consisting of Sn, Ti, Zr, Hf, Ge, In, Ga, P, Al or B, preferably wherein the foreign
atom 1s AL

25



Various examples relating to the production of hydrophilically coated analytical aids are explained
below. Examptes:dexsenple |: Coating of the capillaries and verification of the shelf lives of
hydrophilizing agents Materials used: 10-capillaries with cross-sections of 120x80 jim Makrolon(r)
2458 (Bayer) granules coating materials: I. Ar plas q 2. Heparin 3. Carbopol(r) 971PNE (Na
salt of a partially crosslinked high-molecular polyabr%/ ic 15acid) (commercially available for example

from Lubrizol) 4. Mega 8 (octanoyl-N-methylglucamide) (commercially available for example from
Dojindo) 53DONS(diitictylsisbigneslingiitate) @ofmrsbilinaots e for kstain ple feraeyieteindustries
B.V.) 206. PVA 28-99 (pqlyvinyl : erc| il f 1 1RVP KI5
(polyvinyl pyrrollﬁd%vr?e%ﬁ(c%}f}f(]yr%ggrg?g y g)\%plglga%{lg@gr%%ér/nﬁp}l@f%?Jn&,éf\%br%%r%%glen%?zgﬁ%% 30t(r$ano-silica
dispersion) (AkztisbEm 1 (@ S0udexoAMPBE R0t disper Siowy (2 ewinterdiamaviithble for

example from Z%d%ggl% Jchfe'x’zﬁ)%@ ASr0.annrsiliga gispersion) (commercially available for
I

example from Aldrich) 11." Bindzil(r) 2034DI (nano-silica dispersion) (commercially available for
example from Akzo Nobel or EKA) 3012. CMC (carboxyrnethyl cellulose, MW = 700 000 g/mol, degree

of substitutjpn Dﬁn%i%é%?Q%H‘EJS&S&%QY@@J%‘%#%%@%@J&% Aldrich) 3R indZd (RS C30

(nano-silica dispersion) (Akzo Nobe
groups R are

()

10 § 8= (0)n—RE
(O)p
me

10.  Analytical aid according to one of the embodiments 1 to 9, wherein the group of

15 formula (1) has a structure of formula (Ja) or (Ib):

20
(a) (Ib)
wherein R® and RS, independently of one another, are selected from the group
consisting of H and alkyl.
25
11.  Analytical aid according to one of the embodiments 1 to 10, wherein the hydrophilic
coating consists of the nanoparticles with silica structure.
12.  Analytical aid according to one of the embodiments 1 to 11, wherein the surface of
30 the analytical aid coated at least partially with the hydrophilic coating consists at

least partially of a metal and/or a metal alloy and/or a metal oxide and/or a mixed

metal oxide.



26962 WO-KSH - 57 - 14. Bindzil(r) CC401 (nano-silica dispersion) (Akzo Nobel) 15. Bindzil(r) 33/360
(nano-silicagligpersiom (Akzo Nobel) General specification 1(a) for coating capillaries 5 Coating is
effected by allowing the aqueous dispersions or solutions of the coating materials to flow purely by
capillary forces into the capillaries with cross-sections of 120x80 pm, until the capillaries are
completely filled (approx. 35 nanolitres). Then the"c%%fing is dried briefly with an air blower at room
temperature or by heating to 140C. 10 Prior to coating, the capillaries are made wettable by a plasma
treatment. General specification 1(b) for plasma treatment of the capillaries 1.5The capillaries are

treated for 30 s in a plasma stove (manufacturer; Platcg) a mRar argen pressure,; g, 409 W
microwave%z')wéf}.né%ﬁceg}gl &gpeg"l?ﬁ(:(gftl?%)nr‘fﬁl 8) ?c?rest%ﬁli?z%tioéﬁ 8St%% Ization ?s eﬁﬁs’ecte%%yntrea?ment
with beta radiatioan@sk@iesEkample bileSheliivasl of el ropHilizingzag&oms in tie Présencadf
Makrolon The shelllvss ol fRaraigusduidianilaingageits in e eieaeice.tylai agpagiuents 25
of packaging materials were Veritied for the xample of Makrolon(r) as such'am erial, by in each
case heat-sealing 6heapijanesfcoate a8 curdingetorgeinerdl specitidation afd)cwhith weremaated with

plasma prior to Il[']ﬂ% according to general specification 1(b), with in each case 4 g of granules of
Makrolon 2458 or without granules, in a PET bag and storing them for the specified time. Unless
stated otherwise, all bags were sterilized with 25kGy 30beta radiation. The time for filling on a length of

4 mm was feasiied, 1 MPASUEMEN '8 GHIEL AN MILIRPRIP IORAS 4. Thtugsts are

presented in Tab
the hydrophilic coating has a contact angle with water of less than 60°, preferably

10 measured according to DIN 55660.2.

15.  Analytical aid according to one of the embodiments 1 to 15, wherein the analytical
aid is selected from the group consisting of a needle element, in particular a lancet, a
capillary, in particular a capillary gap, a cannula, a testing element for detecting at
15 least one analyte in a body fluid and a distributing element for distributing a sample
of a body fluid that has been collected, in particular a spreading network, optionally
coated with a metal and/or a metal alloy and/or a metal oxide and/or a mixed metal
oxide, or a plastic film, optionally coated with a metal and/or a metal alloy and/or a
metal oxide and/or a mixed metal oxide.
20
16. Analytical aid according to one of the embodiments 1 to 16, wherein the analytical
aid is a needle element (112) of a sampling device (110) for taking a sample of body

fluid.

25 17. Method of production of an analytical aid, comprising a surface that is coated at least

partially with a hydrophilic coating, wherein the method comprises:
(a) providing the analytical atd,

30 (b) coating the analytical aid by bringing the analytical aid into contact with a

mixture G comprising at least one dispersant and nanoparticles with silica



26962 WO-KSH - 58 - Table 1 Material Concentration of the solution/ dispersion used [in water] (w/w)
directly aftegsteritization sterilized 8 days! 75C without Makrolon sterilized 8 days! 75C

-51-

structure, which have an average particle size, determined according to DIN [SO

22412:2008, in the range from 1 to 500 nm,

wherein the nanoparticles comprise groups of structure (I) and/or (I1)

5
§-Si-OR
(0
“:I‘S'\
W
M* A
e
3-si-0
10 e
(11)
wherein in each of the groups of structure (I), independently of one another, R 1s
selected from the group consisting of H, a metal-containing ion,
RX RP
HE S |
R¥-N—RY and (O,
R? £ Si=(0)n—R
{O}g
fe
15
and wherein R”, R*, R¥ and R”, independently of one another, are selected from
H and alkyl,
and wherein R®, R" and R" independently of one another, are optionally
20 substituted residues, selected from the group consisting of H, alkyl, aryl,

heteroaryl, cycloalkyl, cycloheteroalkyl, alkenyl and alkoxyalkyl,

and wherein n, m and p, independently of one another, are 0 or 1,

25 and wherein M is a metal ion and A™ is a physiologically compatible anion,



with Makrolon sterilized 21 days! 75C with Makrolon Ar-plasma* <300 ms (without sterilization) does
not fill doesser fifloeparin 0.05%

52 .

(¢) drying the analytical aid obtained according to (b), and
(d) optionally sterilizing the analytical aid obtained according to (c),

5 wherein the bringing into contact in (b) preferably takes place by dip coating and/or
spray coating and/or contact coating, and wherein the analytical aid and/or the
surface of the analytical aid preferably consists at least partially of a metal and/or a
metal alloy and/or a metal oxide and/or a mixed metal oxide and/or a mixed metal
oxide.
18]
18. Method according to embodiment 17, wherein the surface of the analytical aid to be
coated is treated before step (b) with at least one etchant and/or with plasma or

coroena.,

15 19. Method according to embodiment 17 or 18, wherein the at least one dispersant is

water and wherein mixture G preferably has a pH in the range from 2 to 10.

20. Method according to one of the embodiments 17 to 19, wherein the nanoparticles

comprise groups of structure (1), and wherein 10 to 40% of all groups R are

20
Rb
|
(O
$Si—(0),—R?
©)
R{:
25

21.  Analytical aid, producible or produced by a method according to one of the
embodiments 17 to 20.

22.  Analytical aid according to embodiment 21, wherein the analytical aid is a needle

30 element of a sampling device for collecting a body fluid.



300 ms does not fill Carbopol(r) 971PNF* 0.1% does not fill 450 ms does not fill 625 ms does not fill
approx. 2166 msega 8* 0.05%

-53 -

23. Sampling device (110} for taking a sample of body fluid, containing at least one
analytical aid according to one of the preceding embodiments relevant to an
analtytical aid, with the proviso that the analytical aid is selected from the group

consisting of a needle element (112} and a testing element.

5
24, Use of nanoparticles with silica structure and an average particle size, determined
according to DIN ISO 22412:2008, in the range from I to 500 nm as hydrophilic
coating (122) for a surface of an analytical aid, preferably as hydrophilic coating
{122) for a needle element (112) of a sampling device (110) for taking a sample of
10 body fluid, wherein the nanoparticles comprise groups of structure (I} and/or (1I)
$-Si-OR
@
15
o
M*™ A
g s
$5i0
(1D
wherein in each of the groups of structure {I), independently of one another, R is
selected from the group consisting of H, a metal-containing ion,
R* RP
HE |
RY-N—RY and {O)n
R §Si~(0)—R?
(Oy
Re
20 and wherein R", R*, R¥ and R”, independently of one another, are selected from H

and alkyl,

and wherein R®, R” and R°, independently of one another, are optionally substituted
residues, selected from the group consisting of H, alkyl, aryl, heteroaryl, cycloalkyl,
25 cycloheteroalkyl, alkenyl and alkoxyalkyl,



DONS* 0.05% does not fill does not fill does no fill -- PVA 28-99* 0.05% approx. 2000 MS > 2500 MS
approx. 2000 msv R EHK15*

-54 .

and wherein n, m and p, independently of one another, are O or 1,

and wherein M" is a metal ion and A" is a physiologically compatible anion.

Brief description of the drawings

Further details and features of the invention can be seen from the following description of
preferred examples, in particular in conjunction with the subclaims. The respective features
10 can be realized just in themselves or several in combination with one another. The

invention is not limited to the examples.

Fig. I shows an example of a sampling device.

15 Examples

Fig. 1 is a highly schematic sectional side view of an example of a possible sampling
device 110 according to the invention. The invention can, however, also be applied to a
targe number of other types of sampling devices and analytical aids.
20
The sampling device 110 comprises a needle element 112, shown schematically in Fig. 1,
with a tip 114_,' which on movement of the needle element 112 in a puncturing direction
116 pierces a portion of a user's skin. The movement of the needle element 112 can for
example be driven by an optional actuator 118 of the sampling device 110, which is shown
25  schematically in Fig. 1 and which can be arranged in various ways known by a person
skilled in the art. The actuator 118 can bring about a forward movement of the needle
element 112 in the puncturing direction 116 and optionally also a backward movement of

the needle element 112 against the puncturing direction.

306 The needle element 112 can, in the example shown or also in other examples, in addition
optionally comprise at least one capillary-active surface structure in the form of for

cxample a capillary structure 120, for example at least one capillary gap, which can in



0.05% -- 545 rns 680 ms BindziCC30 0.5% -- 225 ms 200 ms 210 ms udox AM-30 0.5% 342 ms 400
ms 320 msbasdax(rkAS-30 0.5%

- 55 -

particular extend parallel to the puncturing direction 116. Other embodiments of the
capillary structure 120 are also possible. The capillary structure 120 can for example serve
for taking up and/or for transporting a sample of the body fluid in a sampling operation,
when the needle element 112 penetrates into a body tissue. For example, transporting or

5 taking-up of the sample can take place by capillary forces.

The needle element 112 further comprises at least one hydrophilic coating 122, preferably
in the region of the capillary structure 120. Possible embodiments of this hydrophilic
coating 122 and possible methods and examples of production thereof are explained in

10 more detail below.

The sampling device 110 can further comprise at least one testing element 124, for
example with at Teast one test chemistry, for detecting at least one analyte in the body fluid.
For example, this testing element comprises at least one test field, thus at least one area
15 coated with the test chemistry. In Fig. 1, the testing element 124 is shown symbolically as
testing element 124, formed scparately from the needle element 112, and which can be
arranged for example in or on a housing 126 of the sampling device 110, for example a
magazine housing. For example, after a sample is taken up, the needle element 112 with
the capillary structure 120 can be brought closer to the testing element 124, in order to
20 transfer a sample of the body fluid or a portion thereof from the capillary structure 120 to
the testing element 124. For this purpose, for example in the sampling device 110, an
actuator 128 can be provided, which moves the needle element 112 or a part thereof, after
sample uptake, in a direction of movement 130 towards the testing element 124.
Alternatively or additionally, however, there are also other possibilities for transferring the
25 body fluid from the capillary structure 120 and/or from the needle element 112 to the
testing element 124, for example by passing the needle element 112, during a backward
movement after sample collection, along a suitable path past the testing element 124. Once
again, however, it is also possible, alternatively or additionally, to integrate the optional
testing element completely or partially in the needle element 112, for example at one end

30 of the capillary structure 120.



270 ms 240 ms 260 ms Bindzil(r) 2034D1 0.5% -- 305 ms 240 ms 300 rns * not according to the
invention 269623W¥Q@<4GSH - 59.. The results provide evidence that the coatings according to the
invention, even after storage in PET bags in the presence of Makrolon, permit a filling time of less than
400 ms for 4 mm length at a cross-section of 120x80 um. 5 Example 1.2 Shelf lives of hydrophilizing
agents in the presence of Zylar The shelf lives of theQarious hydrophilizing agents in the presence of
volatile constituents of packaging materials were also verified for the example of Zylar(r), which
contains a Ya:higherxpnaposticintfiyalatie pubdtance s €hmpapdd wilhyMakral omabytistdrinds inreach
case 6 capiél}grf'gls é:é)%%jwaccording to general specification 1(a), which were treated with plasma prior
to coating acgor(ﬂng 0 general specification 1(b), together with injection mouldings in the material
Zylar 220 (MBS copolymer, manufacturer: Incos-Nova, approx. 1.5 mm thick, weight 4 g). The time for
filling on a IEQ%H‘ %fS:Ar mm was measured. Measurement

5

Example 1; Coating of the capillaries and verification of the shelf lives of hydrophilizing

agents
Materials used:
10 - capillaries with cross-sections of 120x80 pm
- Makrolon® 2458 (Bayer) graﬁules coating tﬂateﬁals:
I. Arplasma
2. Heparin
3. Carbopol® 971PNF (Na salt of a partially crosslinked high-molecular polyacrylic
15 acid) (commercially available for example from Lubrizol)
4. Mega 8 {octanoyl-N-methylglucamide) (commercially available for example from
Dojindo)
5. DONS (dioctylsodium succinate) (commercially available for example from Cytec
Industries B.V.)
20 6. PVA 28-99 (polyvinyl alcohol) (commercially available for example from Fluka)
7. PVP K15 (polyvinyl pyrrolidone) (commercially available for example from
Aldrich)
8. Bindzi]® CC30 (nano-silica dispersion) (Akzo Nobel)

. Ludox® AM-30 (nano-silica dispersion) {commercially available for example from

25 Aldrich) .
10. Ludox® AS-30 (nano-silica dispersion) (commercially available for example from
Aldrich)
11. Bindzil® 2034DI (nano-silica dispersion) (commercially available for example from
Akzo Nobel or EKA)
30 12. CMC (carboxymethyl cellulose, MW = 700 000 g/mol, degree of substitution DS

0.9) (commercially available for example from Aldrich)

13. Bindzil® CC301 (nano-silica dispersion) (Akzo Nobel)



ISwas carried out with heparin-blood, HK 44. The results are presented in Table 2. Table 2 Material
Concentratigss sticagryater w/w Directly after sterilization, with Zylar 220 1 week 75C with Zylar 220 2
weeks 75C with Zylar 220 Bindzir CC301 0.5% <300 <500 <700 Bindzir CC30 0.5% <300 <500 <700

BindzilCC401 0.5% <300 57

14. Bindzil® CC401 (nano-silica dispersion) (Akzo Nobel)
15. Bindzil® 33/360 (nano-silica dispersion) (Akzo Nobel)

General specification 1(a) for coating capillaries

5
Coating is effected by allowing the aqueous dispersions or solutions of the coating
materials to flow purely by capillary forces into the capillaries with cross-sections of
120x80 pm, until the capillaries are completely filled (approx. 35 nanolitres). Then the
coating is dried briefly with an air blower at room temperature or by heating to 140°C.

10

Prior to coating, the capillaries are made wettable by a plasma treatment.
General specification 1(b) for plasma treatment of the capillaries

15 The capillaries are treated for 30 s in a plasma stove (manufacturer: Plateg) at 50 mbar

argon pressure and 400 W microwave power.
General specification 1(c) for sterilization
26 Sterilization is effected by treatment with beta radiation, 25 kGy.

Example 1.1 Shelf lives of hvdrophilizing agents in the presence of Makrolon

The shelf lives of the various hydrophilizing agents in the presence of volatile constifuents
25  of packaging materials were verified for the example of Makrolon® as such a material, by
in each case heat-sealing 6 capillaries coated according to general specification [{a), which
were treated with plasma prior to coating according to general specification 1(b), with in
each case 4 g of granules of Makrolon 2458 or without granules, in a PET bag and storing
them for the specified time. Unless stated otherwise, all bags were sterilized with 25kGy
30 beta radiation. The time for filling on a length of 4 mm was measured. The measurement

was carried out with heparin-blood, HK 44. The results are presented in Table 1.



<500 <700 Ludoe AS-30 0.5% <300 No filling No filling Ludox(r) AM-30 0.5% <300 No filling No filling
Bindzil(r) 304360v:5261<300 No filling No filling In the presence of Zylar, the coatings with silica
nanoparticles modified by organic groups 20display advantages over the silica nanoparticles with no
organic modifications.

- 58 -
Table §
Material Concentration of | directly after | sterilized | sterilized | sterilized
the solution/ sterilization 8 days / 8 days/ | 21 days/
dispersion used [in 75°C 75°C 75°C
water| without with with
Makrolon | Makrolon | Makrolon
{(wiw)
Ar-plasma*® e < 300 ms does not | does not -
(without il fill
sterilization)
Heparin® 0.05% - 300 ms | doesnot -
fill
Carbopol® 0.1% - 450 ms 625 ms approx.
971 PNF* 2100 ms
Mega 8% 0.05% doesnot fill | doesnot | doesnot -
fill fill
DONS* 0.05% doesnot fill | doesnot | doesnot -
fill fill
PVA 28-99%* 0.05% approx. 2000 | > 2500 approx. -
ms ms 2000 ms
PVP K15* 0.65% - 545 ms 680 ms -
Bindzil® CC30 0.5% -- 225 ms 200 ms 210 ms
Ludox” AM-30 0.5% - 342ms | 400ms | 320ms
Ludox® AS-30 0.5% - 270 ms 240 ms 260 ms
Bindzil® 2034DI 0.5% — 305ms | 240ms | 300ms

* not according to the invention



26962 WO-KSH - 60 - Example 1.3: Comparative example: Shelf lives of hvdrophilizing agents in the
presence afsZylavavitRHNon-inventive coating: By way of a comparative example for comparing
coatings according to the invention with 5 non-inventive coatings, the exemplary embodiment
described in Example 1.2 was repeated once more ith non-inventive coatings. The coating material
applied here comprised mixtures of carboxymethyl élélfulose with DONS, that is coatings which are
described in EP 2 014 727 Al. The coating involved firstly preparing an aqueous solution of said
carboxymethyl cellulose, to which the appropriate amount of DONS was added. The 10aqueous

solution Obﬁi@%@smé&?&%@r&%m %ﬁﬁ?&%@%‘&tﬂ&@eéﬂéﬂﬁﬁg'ﬁ@t‘&{é Haknlh spelfliyagof the

particular mixtures of CMC and DONS in the presence of volatile Tonstituents of packaging materials

were agairstisteaiinBl Fdragrele kapriphs ez yian lakedpdingrton i alibling time 18 e thasuhdOars

presented in Table 3. Table 3 Matedal.(mass;mafigGapcentration in water w/w Directly after
sterilization, with Zylar 220 1 week 75C with Zylar 220 CMC/DONS (20:1) 0.05 % <300 No filling

CMC/DONS (10:1) 0.05 %

Example 1.2 Shelf lives of hvdrophilizing agents in the presence of Zylar

The shelf lives of the various hydrophilizing agents in the presence of volatile constituents
of packaging materials were also verified for the example of Zylar®, which contains a
10 higher proportion of volatile substances compared with Makrolon, by storing in each case
6 capillaries coated according to general specification 1(a), which were treated with plasma
prior to coating according to general specification 1(b), together with injection mouldings
in the material Zylar 220 (MBS copolymer, manufacturer: Incos-Nova, approx. 1.5 mm
thick, weight 4 g). The time for filling on a length of 4 mm was measured. Measurement

15 was carried out with heparin-blood, HK 44. The results are presented in Table 2.

Table 2

Material Concentration Directly after 1 week 75°C | 2 weeks 75°C
silica in water sterilization, with | with Zylar with Zylar 220
w/wW Zylar 220 220

Bindzil® CC301 | 0.5% <300 <500 <700.

Bindzil® CC30 | 0.5% <300 <500 <700

Bindzil® CC401 | 0.5% <300 <500 <700

Ludox® AS-30 | 0.5% <300 No filling No filling

Ludox®™ AM-30 | 0.5% <300 No filling No filling

Bindzil® 30/360 | 0.5% <300 No filling No filling

In the presence of Zylar, the coatings with silica nanoparticles modified by organic groups

20 display advantages over the silica nanoparticles with no organic modifications.



<300 No filling 20In the presence of Zylar, the capillaries having the coatings with CMC and DONS did
not fill anymore eversafter one week. 26962 WO-KSH - 61 - Reference numbers 110 sampling
device 112 needle clement 5114tip 116puncturing direction 118actuator 120capillary structure
122hydrophilic coating 10124testing element 126h%165ing 128actuator 130 direction of movement

Example 1.3: Comparative example: Shelf lHves of hydrophilizing agents in the

presence of Zylar with non-inventive coating:

By way of a comparative example for comparing coatings according to the invention with
5  non-inventive coatings, the exemplary embodiment described in Example 1.2 was repeated
once more with non-inventive coatings. The coating material applied here comprised
mixtures of carboxymethyl cellulose with DONS, that is coatings which are described in
EP 2 014 727 Al. The coating involved firstly preparing an aqueous solution of said
carboxymethyl cellulose, to which the appropriate amount of DONS was added. The

10 aqueous solution obtained was used for coating according to general specification 1(a).

The shelf lives of the particular mixtures of CMC and DONS in the presence of volatile
constituents of packaging materials were again determined for the example of Zylar,

according to Example 1.2.

I5
The results are presented in Table 3.
Table 3
Material (mass ratio) | Concentration in Directly after I week 75°C with
water w/w sterilization, with Zylar 220
Zyltar 220
CMC/DONS 0.05 % <300 No filling
(20:1)
CMC/DONS 0.05 % <300 No filling
(10:1)
20 In the presence of Zylar, the capillaries having the coatings with CMC and DONS did not

fill anymore even after one week.




- 62 - Roche Diagnostics GmbH24 February 2012 F. Hoffmann-La Roche AGRD26962PC ST/RZ/s;j
Patent clainyssk.Anatyical aid, comprising a surface coated at least partially with a hydrophilic
5coating, wherein the hydrophilic coating contains nanoparticles with silica structure and an average
particle size, determined according to DIN ISO 224 %:2008, in the range from 1 to 500 nm and the
nanoparticles comprise groups of structure (1) or (1)’ '10 (11) 15wherein in each of the groups of
structure (1), independently of one another, R is selected from the group consisting of I-1, a
metal-containing ion, Rb + Rw-N-RYand(0) RR&Ruc@jpmbers

110 sampling device
112 needle element
5 114
116  puncturing direction
118  actuator
120 capillary structure
122 hydrophilic coating
10 124 testing element
126 housing
128  actuator

130 direction of movement



and wherein 12", Rx, RY and Rz, independently of one another, are selected from H and alkyl, 20and
wherein Ra, Rh and Re, independently of one another, are optionally substituted residues, selected
from the group consisting of I-I, alkyl, aryl, heteroargl cycloalkyl, cycloheteroalkyl, aIkenyI and
alkoxyalkyl,and wherein p, independently of one another, are 0 or rein lvl+
is ametallIR rhqﬁ%”%mﬁqg ?)91 aIIy compatible anion. 2.Analytical alﬁ ]2 F6§ cir M}e
wherein RIS seciecl%e%nfrom %:e group consisting of H, an alkaline-earth me |on an alkali m S(‘-:‘tal ion,
and wherein M+ = Al+. 3. Analytical aid according to Claim 1 or 2, wherein the silica structure of the
nanoparticles has at least one foreign atom, selected from the group consisting of Sn, 10Ti, Zr, Ge, In,
Ga, Al and B, preferably wherein the foreign attatens &hiisAnalytical aid according to one of Claims 1
to 3, wherein the nanoparticles have an average particle size in the range from 1 to 100 nm, preferably
in the range from 1 to 50 nm, more preferably in the range from 3 nm to 20 run. 15 5. Analytical aid
according tb oneAohBtaimhsalth 4owibereig 10 sor&Q% ofaaddgrdupssR pargally with a hydrophilic

5 coating, wherein the hydrophilic coating contains nanoparticles with silica structure
and an average particle size, determined according to DIN ISO 22412:2008, in the

range from 1 to 500 nm and the nanoparticles comprise groups of structure (I) or (I)
10 i

an- S
W
M* A
"y /
-5i0

(i

(1)
15 wherein in each of the groups of structure (1), independently of one another, R is

selected from the group consisting of H, a metal-containing ion,

R* RO
[JE i
Rw'r}’_Ry and (Ola
R =S~ (0)y—R®
(O)p
Re
and wherein R™, R*, R” and R”, independently of one another, are selected from H
and alkyl,
20 and wherein R*, R” and R, independently of one another, are optionally substituted

residues, selected from the group consisting of H, alkyl, aryl, heteroaryl, cycloalkyl,

cycloheteroalkyl, alkenyl and alkoxyalkyl,

and wherein n, m and p, independently of one another, are O or 1,

25



6.Analytical aid according to Claim 4, wherein the group of fthotula (I) has a structure 250f formula (la)
or (Ib): oR:r./o ORc (la) oR_Irso OR" HO OH 30 (Ib) - 64 - wherein Rb and Rc, independently of
one another, are selected from the group consisting®f H and alkyl.

and wherein M is a metal ion and A” is a physiologically compatible anion.

2. Analytical aid according to Claim 1, wherein R 1s selected from the group consisting

of H, an alkaline-earth metal ion, an alkali metal ion,

Rb
X |
Y R, (O)n
R *E;RV and ?"‘?i"(o)m_Ra
(?)p
RG
5
and wherein M" = Al",
3. Analytical aid according to Claim 1 or 2, wherein the silica structure of the
nanoparticles has at least one foreign atom, selected from the group consisting of Sn,
10 Ti, Zr, Ge, In, Ga, Al and B, preferably wherein the foreign atom 1s Al.
4. Analytical aid according to one of Claims 1 to 3, wherein the nanoparticles have an
average particle size in the range from 1 to 100 nm, preferably in the range from 1 to
50 nm, more preferably in the range from 3 nm to 20 nm.
i5
5. Analytical aid according to one of Claims 1 to 4, wherein 10 to 40% of all groups R
are
Rb
|
20 {Ohn
{=Si—(0)m—R"
{O
Re
6. Analytical aid according to Claim 4, wherein the group of formula (I) has a structure
25 of formula (Ia) or (Ib}):

RC
30 (1a) (Ib)



Analytical aid according to one of Claims 1 to 5, wherein the hydrophilic coating consists of the
nanoparticles with silica structure. Analytical aid according to one of Claims 1 to 7, wherein the surface
of the analytical aid, coated at least partially with thesfiydrophilic coating, consists at least partially of a
metal and/or a metal alloy and/or a metal oxide and/or a mixed metal oxide. Analytical aid according to
one of Claims 1 to 7, wherein the nanoparticles have an average patrticle size in the range from 1 to
100 mu and whevwdierthe Rjdsophilic codtirgdasia ihicknessdthparticulss ancavérage thickness, in the
region of max. 500 nmf.l?reffl[la%éo max. 300 nm and especially of max. 100 nm. Analytical aid
according to one o Claims 1 o , Wherein the surface of the hydrophilic coating has a contact angle
with water of less than 50, preferably measured according to DIN 55660.2. Analytical aid according to

one of Claims 1 19,10, wherein e anaviical aid s slected ram the group. consisting of & pecdie
element, in’particu ar)g ancet, a cap|ﬁ'§ry, n particular a capillary gap, a cannt a, a testing élément for
detecting at 25 leastoteratialytairpartiddy flitld sélnch atdistrilkuting element for distributing a sample of a
body fluid that has been collected, in particular a spreading network, optionally coated with a metal
and/or a metal alloy and/or a metal oxide and/or a mixed metal oxide, or a plastic film, optionally

coated withBa metalind/dr aidnetabalioy andfmrcacheiddioxdde amd/orvehnmitedieetal Giddaf3tie- 65 -

13. Method of prodyction of an analytical aid, comprising a surface that is coated at least partially with
a hydrophilc comaL LRtk e e e B SR S i the
analytieal aid by fitigihgahe sl tiodl@ic imctadoltay tandtfvaanmivtal e Gdeomdrisingatk lebstetrie
dispersant and ngnagarticles with silica structure, which have an average particle size, determined
according to DIN 5 '22412:2008,11) the range from Ito 500 nm, wherein the nanoparticles comprise
groups of structure (1) or (1) (ll) wherein in each of the groups of structure (1), independently of one

another, R & selagiad, oMo QU SIRENG o Hnd MRIaF CORNAINNE Mnoparticles have an
average particle size in the range from 1 to 100 nm and wherein the hydrophilic
15 coating has a thickness, in particular an average thickness, in the region of max. 500

nm, preferably of max. 300 nm and especially of max. 100 nm.

10. Analytical aid according to one of Claims 1 to 9, wherein the surface of the
hydrophilic coating has a contact angle with water of less than 50°, preferably

20 measured according to DIN 55660.2.

I1.  Analytical aid according to one of Claims I to 10, wherein the analytical aid is
selected from the group consisting of a needle element, in particular a lancet, a
capillary, in particular a capillary gap, a cannula, a testing element for detecting at

25 least one analyte in a body fluid and a distributing element for distributing a sample
of a body fluid that has been collected, in particular a spreading network, optionally
coated with a metal and/or a metal alloy and/or a metal oxide and/or a mixed metal
oxide, or a plastic film, optionally coated with a metal and/or a metal alloy and/or a
metal oxide and/or a mixed metal oxide.

30

12, Analytical aid according to one of Claims | to 11, wherein the analytical aid is a

needle element (112) of a sampling device (110) for taking a sample of body fluid.



and wherein It', Rx, RY and le, independently of one another, are selected from H and alkyl, and
wherein Ra, RI' and le, independently of one another, are optionally 25substituted residues, selected
from the group consisting of H, alkyl, aryl, heteroarytscycloalkyl, cycloheteroalkyl, alkenyl and
alkoxyalkyl, .- 66 - and wherein n, m and p, independently of one another, are Q or 1, and wherein NI+
5 o metal 161 a4 DR A S 0 O e SRR P Sl
according to (b),pangh(t) waticriafyrsphilizingtine, ariadytiaahaia: othtalreechateesding to (c), wherein the
bringing into contact in (b) preferably takes place by dip coating and/or 10 spray coating and/or contact
coating, and wherein the analytical aid and/or the surface of the analytical aid preferably consists at
least partially of @metabaiidioha meltadadleydand/or a metal oxide and/or a mixed metal oxide and/or a
mixed metal oxide. 1514. Method according to Claim 13, wherein the surface of the analytical aid to be
coated’is treated before step (b) with at least one etchant and/or with plasma. 15. Method according to
Claim 13 or 14, \iiherzimithe dicleast pivaldigpdssabtindiegethamixtlye &Gl prefarablychasa phtlindhe
range from 2 to 10. 20.16. Method accordinaq tf one of Claims 1n_ to JdS V\illherz'lt%'{yc Qe ne rﬁog)%r%cles
comprise groups of s’[{lrlﬂi(t:?ﬂ?eg(ﬁ)?%ﬁ "Whetrein 1810 40% ot Sarou%% I%%rgp >

structure, which have an average particle size, determined according to DIN ISO

22412:2008, in the range from 1 to 500 nm,

10
wherein the nanoparticles comprise groups of structure (I} or (II)
$~Si-OR
(b
15
..:"S'\
2
M* A
~ g
if,Si'”O
(I
wherein in each of the groups of structure (I), independently of one another, R is
selected from the group consisting of H, a metal-containing ion,
RX RP
T+ |
RW'[\,‘E_Ry and (O)n
RZ $- $i—(0)m—R
(Ol
Be
20
and wherein R”, R*, R¥ and R, independently of one another, are selected from
H and alkyl,
and wherein R%, R" and R®, independently of one another, are optionally
25 substituted residues, selected from the group consisting of H, alkyl, aryl,

heteroaryl, cycloalkyl, cycloheteroalkyl, alkenyl and alkoxyalkyl,



17. Analytical aid, producible or produced by a method according to one of Claims 13 to 3016. - 67 -
19. Sampling device (1 10) for taking a sample of body fluid, containing at least one analytical aid
according to one of the preceding claims referring tggn analytical aid, with the proviso that the

analytical aid is selected from the group consjsting, of a needle element (112) and a testing element. 5
20. Use of nanopartith s"(/%?ffﬁeg?‘l%a?%ﬂ%%ﬁjﬂé“i‘??&%%@ééj’é‘%g?ﬁﬁgrs g, G%Ermined according to
DIN ISO 22412:2008, in the range from 1 to 500 nm as hydrophilic coating (122) for a surface of an

analytical aid, more preferably as hydrophilic.coating, (122) for a needle element (112).of a sampling
Gevice (110) for takitg B ABEb SroUHY T WA i AR AR S TOMVEA YBpe of
structure (1) or (Il) (I) 15 Mt K (11) wherein in each of the groups of structure (1), independently of one
another, R is sel t? from the group consistin (gH, a metal-containing ion, and wherein Wle, 1r,
R and W, mebh dEHRRP AT S e SIS HURELP AR Ay, and wherein te. Rh and
Re, independently of one another, are optionally substituted 25residues, selected from the group
consisting of H, ?(ElfyIdp%%!ia?l?ftg{g‘ﬁ%h§¥1(1:|eoe(’f}1"§/5lzﬁcal aid obtained according to {¢),

wherein the bringing into contact in (b) preferably takes place by dip coating and/or
10 spray coating and/or contact coating, and wherein the analytical aid and/or the
surface of the analytical aid preferably consists at least partially of a metal and/or a
metal alloy and/or a metal oxide and/or a mixed metal oxide and/or a mixed metal

oxide.

15 14, Method according to Clamm 13, wherein the surface of the analytical aid to be coated

is treated before step (b) with at least one etchant and/or with plasma.

15. Method according to Claim 13 or 14, wherein the at least one dispersant is water and

wherein mixture G preferably has a pH 1n the range from 2 to 10.

20
16. Method according to one of Claims 13 to 15, wherein the nanoparticles comprise
groups of structure (I), and wherein 10 to 40% of all groups R are
Rb
|
(O
25 $=SI—(O)n—R"
(O
e
17. Analytical aid, producible or produced by a method according to one of Claims 13 to
30 16.

18. Analytical aid according to Claim 17, wherein the analytical aid is a needle element

of a sampling device for collecting a body fluid.



cycloheteroalkyl, alkenyl and alkoxyalkyl, - 68 - and wherein n, m and p, independently of one
another, are 0 or 1, and wherein M+ is a metal ion and A- is a physiologically compatible anion.
-67 -

19. Sampling device (110) for taking a sample of body fluid, containing at least one
analytical aid according to one of the preceding claims referring to an analytical aid,
with the proviso that the analytical aid is selected from the group consisting of a

needle element (112) and a testing element.

20. Use of nanoparticles with silica structure and an average particle size, determined
according to DIN ISO 22412:2008, in the range from 1 to 500 nm as hydrophilic
coating (122) for a surface of an analytical aid, more preferably as hydrophilic
coating (122) for a needle element (112) of a sampling device (110) for taking a

10 sample of body fluid, wherein the nanoparticles comprise groups of structure (I) or

(1)

§~$POR

wAS

y
15
..:I'S'\
W
M" A
g /
g"j,Si‘"O
oy
wherein in each of the groups of structure (I), independently of one another, R is
selected from the group consisting of H, a metal-containing ion,
R* RO
I+
RY-N—RY and (O)n
R? §Si—{0) y—R?

20
and wherein R¥, R*, R and R?, independently of one another, are selected from H

and alkyl,

and wherein R®, R® and R, independently of one another, are optionally substituted
25 residues, selected from the group consisting of H, alkyl, aryl, heteroaryl, cycloalkyl,

cycloheteroalkyl, alkenyl and atkoxyalkyl,



- 68 -

and wherein n, m and p, independently of one another, are O or 1,

and wherein M is a metal ion and A” is a physiologically compatible anion.



