WO 2010/130681PCT/EP2010/056350 1 Secure document comprising luminescent chelates FIELD
OF THE INVENTION: 5The invention relates to the field of security documents and aims at improving

the security {gye) 9§ sughdocuments. BACKGROUND OF THE INVENTIQM/)?%%%%QQ ments such
as currency, passports, or identity cards are increpsingly 10 counterfeit around the world. This

situation is a very critical issue for governments and society in general. For example criminal
organizations may use fake passports or identity cards for human beings traffic. As reprographic
technologies become more and more sophisticated, it becomes even more difficult to make a clear
distinction between a fake document and the original. Document security has 15 therefore a
considerable impact on the economy of the countries and also on the victims of illicit traffic involving
counterfeit documents. Passports and identity cards are in general secure documents which contain a
large number of protections, such as holograms, bar codes, encrypted data, specific pa- 20 pers or
substrates, etc. Some protections are visible to the unaided eye ("overt" features), other protections
are invisible ("covert" features) 3ydrthéirdatattiompagui derspesifictefeiipnent. In the patent
application US 2007/0225402 the use of an ultraviolet luminescent 25ink is disclosed, which is printed
in form of indicia onto the document. The ultra-

FIELD OF THE INVENTION:

5  The invention relates to the field of security documents and aims at improving the

security Ievel of such documents,

BACKGROUND OF THE INVENTION:

Secure documents such as currency, passports, or identity cards arc increasingly
10 counterfeit around the world. This situation is a very critical issue for govern-
ments and society in general. For example criminal organizations may use fake
passports or identity cards for human beings traffic. As reprographic technologies
become more and more sophisticated, it becomes even more difficult to make a
clear distinction between a fake document and the original. Document security has
15 therefore a considerable impact on the economy of the countries and also on the

victims of illicit traffic involving counterfeit documents,

Passports and identity cards are in general secure documenis which contain a large
number of protections, such as holograms, bar codes, encrypted data, specific pa-
20 pers or substrates, etc. Some protections are visible to the unaided eye (“overt”
features), other protections are invisible (“covert” features) and their detection

requires specific equipment.

In the patent application US 2007/0225402 the use of an ultraviolet luminescent
25 1inkis disclosed, which is printed in form of indicia onto the document. The ultra-

violet luminescent ik is invisible under natural light, such that the indicia can be



violet luminescent ink is invisible under natural light, such that the indicia can be WO
2010/130681PCT/EP2010/056350 2 only revealed under irradiation with UN. light. This ultraviolet

luminescent,j ﬂﬁlUﬁﬁﬂ:ﬂfor applying codes onto security documents suc?m%ﬁm%gs_@r banknotes.
In the cited document, printing processes, including silk screen, gravure, letterpress and offset printing

are used to apply the invisible ultraviolet fluorescent 5inks. Luminescent compounds in pigment form
have been widely used in inks and other preparations (see US 6565770, W008033059, W008092522).
Examples of lumi- nescent pigments can be found in certain classes of inorganic compounds, such as
10 the sulphides, oxysulphides, phosphates, vanadates, garnets, spinels, etc. of nonluminescent

cations, doped Wit A TEEE S HRIRTHTTRERLRAMESSh CHY nihaTH Y R 5 LHRRRSHTERAIEF the rare-earth

ions.  Another ciasfubfcaimpoupddtssivhitosproduceckiminascaricesipaakdaforpaddidbcertain
rare-earth metal g’g@g'g%g& dsuch as described in gatent agg(ljcatl?l%s WO 2009/005733 or in US patent

N e N SR Solfisdunds, in

7,108,742. A particular process for imprinti ecuré documentw
particular luminegcest sadecEarthpmetalccomplexes, igpkibe printiig s adamole farticsdanty thermal
inkjet printing. Thegmal inkjet printers use print 20cartridges having a series of tiny electrically heated
chambers, constructed by

Luminescent compounds in pigment form have been widely used in inks and other
preparations (see US 6565770, WO08033059, WO08092522). Examples of lumi-
nescent pigments can be found in certain classes of norganic compounds, such as
16 the sulphides, oxysulphides, phosphates, vanadates, garnets, spinels, ste. of
nonluminescent cations, doped with at least one luminescent cation chosen from

the transition-metal or the rare-carth ions.

Another class of compound useful to produce luminescence in ink is formed by
15 certain rare-carth metal complexes such as described in patent applications WO
2009/005733 or in US patent 7,108,742,

A particular process for imprinting secure document with luminescent com-
pounds, in particular luminescent rare-earth metal complexes, is inkjet printing,
and more particularly thermal inkjet printing. Thermal inkjet printers use print

20 cartridges having a series of tiny electrically heated chambers, constructed by
photolithography. To produce an image, the printer sends a pulse of electric cur-
rent through heating elements disposed in the back of each chamber, causing a
steam explosion in the chamber, so as to form a bubble, which propels a droplet of
ik through an orifice of the chamber onto the paper in front of it (hence the

25 tradename Bubblejet® for certain inkjet printers). The ink's surface tension, as
well as the condensation and thus contraction of the vapor bubble, pulls a further
charge of ink into the chamber through a narrow channel attached to an ink reser-

voir,



photolithography. To produce an image, the printer sends a pulse of electric current through heating
elements disposed in the back of each chamber, causing a steam explosion in the chamber, so as to

form a bubblg which piapels a droplet of ink through an orifice of the ch %P%%O/&hs% Japer in front
of it (hence the 25tradenamc Bubblejet1[1) for cegtain inkjet printers). The Ink’s SUrfAcS tension, as well

as the condensation and thus contraction of the vapor bubble, pulls a further charge of ink into the
chamber through a narrow channel attached to an ink reservoir, The ink used is aqueous (i.e. a
water-based ink comprising pigments or dyes), and the print head is generally cheaper to produce
than the equipment reguired for other inkjet technologies. However, its lifetime is short, and it is

generally exchang&! oIS RAFCEHE Simnpey AR C4idgE CAPREGRPEBTSH e Dishlerad with inkjet

printers is ink dryihg prithégrinthgadisaozzies¢augingithe pignents@nsirndyesiafor a solid
deposit that plugs the microscopic ink orifices. Most pripters preyent thig drying by automatically
Jead' e(%Sfe%?l S Ribber &ip I%ﬁggft:ll ?I%}”gfr}ﬁlst\e"fpi%’ﬁ iff %s%%f%aﬂﬁrﬂﬁt power loss,

covering the printhead nozzles' w ercap w
or unplugging thechrigat ogtbrer itvithsheapped it printdead, can, however, cause the printhcad to dry
out. Further, even when capped - this seal being not perfect -, over a period of several weeks, the ink
in the nozzle§ can dry out and plug them. Once ink begins to dry out in the nozzles, the drop volume is
affected, the drop trajectory can change, or the nozzle can completely fail to jet 15any ink. In the case

of luminescent inkjehankspeohprising uare@astihmatiak porplexe sitheystahilitiobihesemplex in water
is critical to avoid nozzle obstruction. In order tg prevent premature \%r\%ln%%g[lgl?g water or solvent, to
sufficiently dilute TheAtk, 16 D0 n SvBUS SR HOH. FEWSVET BRI SRR T S SBiVBRAt reduces the

intensity of luminescarscenfandktiusithe bhse pideteptiorh ofithelsaay titydaenmeni prnted with such
ink Another problgm, eReoYRIRIRA I eTRal kSt BEANRG S HERIRUQN A EPHAHO i wse,
10 Abrupt power loss, or unplugging the printer before it has capped its printhead,
can, however, cause the printhead to dry out. Further, even when capped - this
scal being not perfect -, over a period of several weeks, the ink in the nozzles can
dry out and plug them. Once ink begins to dry out in the nozzles, the drop volume
is affected, the drop trajectory can change, or the nozzle can completely fail to jet

15 any ink.

In the casc of luminescent inkjet inks comprising rare earth metal complexes, the
stability of the complex in water is critical to avoid nozzle obstruction. In order to
prevent premature drying, adding water or solvent, to sufficiently dilute the ink, is

20 an obvious solution. However, dilution with water or solvent reduces the intensity
of luminescence (and thus the case of detection) of the security document printed
with such ink.

Another problem encountered in thermal ink-jet printing is “Kogation”. Kogation
25 (from Japanese “koge” = scorch, burn, char) is the thermal decomposition of ink
components on the surface of the heating elements disposed in the back of each
chamber of the ink-jet printing head, producing solid decomposition products,

which may then obstruct the nozzle of the chamber.



25 (from Japanese "koge" = scorch, burn, char) is the thermal decomposition of ink components on the
surface of the heating elements disposed in the back of each chamber of the ink-jet printing head,
producing softPd8tBE8sition products, which may then obstruct the nozeterafrtherchasrrber. WO
2010/130681PCT/EP2( 0/(156351) 4 Although rafe earth metal complexes would represent a very
useful way of imparting luminescence to inkjet inks, the problem of ink drying in the nozzles makes it
often impossible to use the inkjet cartridges in their entirety, and causes thus increased ink cartridge
consumption cost. This has not only an ecological and 5 security impact, due to the "recycling"

problem caused byisicht used-GritidgE. QubRIEQ %91&-9@&'&9@?#@h@?_%%%%g%%&g{_printing-

Thus there is still a cr.ucizl need to solve the above mentioned problems in order t0 promote the

efficient use of IuMTHESEERTIRRSEIRKEREET B tatacernith hiatal 10cEmiplexashangzrtaefore to

obtain correctly prinfes andtpritestedisecurity deaukjpenisouriagthewhalelife.afithe ink cartridge.
SUMMARY OF THE '%'%%%% (Rclgl:ﬁwe Eresenttdisclosure overcomes the above described
disadvantages by" T ge consumption cost. This has not only an ecological and

5 security impact, due to the “recycling” problem caused by such “used” cartridge,

but also a non-negligible impact on the cost of printing.

Thus there is still a crucial need to solve the above mentioned problems in order
to promote the efficient use of luminescent ink-jet inks based on rare earth metal
10 complexes, and therefore to obtain correctly printed and protected security docu-

ments during the whole life of the ink cartridge.

SUMMARY OF THE DISCLOSURE:
The present disclosure overcomes the above described disadvantages by:

15

i providing a stable level of luminescence for the efficient marking security

documents during the whole life of the ink cartridge,

L. providing a luminescent ink which contains a stabie rare earth metal com-

20 plex,

i avoiding the nozzle obstruction responsible for the impossibility to use the

ink cartridge in its entirety.

25 The foregoing is accomplished by using 2 specific aqueous mkjet composition
comprising at least one specific class of rare earth metal complexes in a specific

rato,



providing a stable level of luminescence for the efficient marking security documents during the whole
life of the ink cartridge, providing a luminescent ink which contains a stable rare earth metal
Qom-20plex, V&t the nozzle obstruction responsible for the impossiBilify/ietsethesink cartridge
in its entirety. 25 The foregoing is accomplished by using a specific aqueous inkjet composition
comprising at least one specific class of rare earth metal complexes in a specific ratio. WO
20101130681PCT/EP2010/056350 5 The rare-earth metal complexes of the present disclosure are
chosen from the luminescent lanthanide complexes of trivalent rare-earth ions with three dinegatively

charged, tridentaterbe ofScmgmberedhaterearnhiganes Gthalwnioessentiok used-comprises a
stable, water-soluble tris-complex. of a tri- valent rare-earth cation with an atomic number between 58

and 70, such as: PPRE St B EaCTBP BYF196 TR IFPhrayty Gmdl thies milskibese giarest, with a

tridentate, dinegatiirely chapgddiidtetsary|diganathatrabsardniheedliraviolet and/or the blue region of
the electromagnetic spectrum. The luminescent emission in 10these lanthanide complexes is due to
inner f-shell transitions such as: 5D0 3 7F1 and 5D0 7F2 for Eu(3+). According to the present

disclosure, a neat stoichiometric complex of the trivalent rare-earth ion is used, rather than a solution
of a rare-earth ion SKIURRGEGHE Bk RSHbeHRiFeS ligitlk, water-soluble tris-complex of a tri-

valent rare-carth cation with an atomic number between 58 and 70, such as: Pr,
Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Y and the mixtures thercof, with a triden-
tate, dinegatively charged heteroaryl ligand that absorb in the ultraviolet and/or
the blue region of the electromagnetic spectrum. The tuminescent emission in

10 these lanthanide complexes is due to inner f-shell transitions such as: 5D0 = TF1
and 5D0 =2 7F2 for Fu(3-+).

- According to the present disclosure, a neat stoichiometric complex of the {rivalent

rare-earth ton is used, rather than a solution of a rare-carth ion salt in a large ex-

15 cessof the ligand.

This is possible with ligands which form very stable anionic complexes with the
trivalent rare-earth ion, such that no dissociation (hydrolysis or pyrolysis) occurs
in aqueous solution upon heating. Hydrolysis would noteworthy lead to precipi-

20 tates and corresponding nozzle obstruction.

An example of such a ligand is the dianion of dipicolinic acid, dpa2-, which forms
a stable, highly water-soluble 1:3 complex with trivaient rare-earth ions such as

Eu(3+), according to the formula:
25 Eu3+ 2 [Eu(dpa)l+ = [Eu(dpa)2]- > [Eu(dpa)3)3-

which does not hydrolyze in aqueous solution.



This is possible with ligands which fowi very stable anionic complexes with the trivalent rare-earth ion,
such that no dissociation (hydrolysis or pyrolysis) occurs in aqueous solution upon heating Hydrolysis
would noteworthy lead to precipi- 20 tales and corresponding nozzle obstruction. An example of such
a ligand is the didfinaetuinacshinie Bererthadoswhieme s Bataiol fighnlovEter-soluble 1:3 complex
with trivalent rargsgasth 1905 84ehasui Stindacordingda-the foitula: 25 Eu3+ 3
[Eu(dpa)]-1-[Eu(dpa)2]- 3 [Eu(dpa)313- which does not hydrolyze in aqueous solution. 6 Thus,
according to the presentiisglasiye, a neat complex salt of the following founula is used as the
luminescent ink component: M3 [Ln(A)3] wherein M is chosen from the alkali cations Li+, Na+, K+,
Rb+ and Cs+ andlitreimitisreésothe fenf; tvhellaih tamismehosanafroRytiebtrivaletit-raretéarth cations of
Ce, Pr, Nd, Sm, En Gd, be(I)ny Ho, Er, Tm, and Yb and the mixtures thereof; and wherein A is a
dinegatively charge(t:i1L ﬁ’l entaté 5- or 6-membered heteroaryl ligand, such as the dipicolinate anion. In

one aspec, hert s R1pYdeck AR, aegL el ok SoTARSiaRAYALS!EY, Aogs! gy luminescent

lanthanide complex of the formula: M3]| an
Gd, Tb, Dy, Ho, Er, Tm, and Yb and the mixtures thereof;
and wherein A is a dinegatively charged, tridentate 5- or 6-membered heteroaryl

ligand, such ag the dipicolinate anion.

In one aspect, there is provided an agueous inkjet ink composition comprising at least one luminescent
lanthanide complex of the formmula:
M3[Ln(A)3]

wherein M is chosen from the alkali cations Li+, Nat+, K+, Rb+ and Cs+ and the mixtures thereof:
whereir Ln is chosen from the trivalent rare-garth cations of Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm,
and Yb and the mixtures thereof; and wherein A is a dinegatively charged, tridentate 5- or 6-membered
heteroary! Hgand selected from the group consisting of optionally substituted pyridine, imidazole,
triazole, pyrazole, pyrazine bearing at least one carboxylic acid group, wherein the substituting group

consists of hydroxyl, amino, a C,-Cs-alkoxy group, or a C;-Cs-aklyi group.

In another aspect, there is provided the use of the aqueous ink as defined above for authenticating an
article, such as a banknote, passport, a security document, a value document, a ticket, a foil, a thread, a

label, a card, or a comenercial good.

In another aspect, there is provided a security document comprising at least one layer made with an ink as

defined above.

In another aspect, there is provided a process to obtain the complex M3{Ln(A)3] of the present invention,
comprising the step of reacting a precursor compound of a trivalent lanthanide ion Lo with 3 equivalents
of the dinegatively charged, tridentate 5- or 6-membered heteroaryl ligand A in the presence of at least 3

equivalents of the alkali cation M.

The use of such neat complex salt avoids any unnecessary excess of free ligand in
the ink, reducing thus its overall solid content, and therewith its tendency to ob-

struct (to clog) the inkjet nozzles through kogation or drying,



wherein M is chosen from the alkali cations Li+, Na+, K+, Rb+ and Cs+ and the mixtures thereof;
wherein Ln is chosen from the trivalent rare-eartlaé:ations of Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er,
Tm, and Yb and the mixtures thereof; and wherein A is a dinegatively charged, tridentate 5- or
6-membered heteroaryl ligand selected from the group consisting of optionally substituted pyridine,
imidazole, triazole, pyrazole, pyrazine bearing at least one carboxylic acid group, wherein the
substituting group consists of hydroxyl, amino, a CI-C6-alkoxy group, or a C1-C6-aklyl group. In
another aspect, there is provided the use of the aqueous ink as defmed above for authenticating an
article, such as ahaskndithdpasspestud secaitydocthnentearnditiesdrcuil@atnarticket, a foil, a thread,
a label, a card, Qr.a. i [ there.is,proyvided a security document
comprising at Ie%%tﬁbﬁgeﬂ%%r&)ﬁg%%ﬁﬁgggﬂ? Ei%?&%%&%ooﬁgl % anot e%oélgo e% ,Sﬁ1ere is provided
a process to obtdinrthensosiifilex 34t NiAR3 o0t heppreseitiinventian, feampsisihgdhissteprotiaaictng for

precursor compgg&d&% &Itiqi%/ﬁla%%% éaaqlt é}gqxcfe.iotﬂ eL&'ﬁWé% O?fse%)%}\é%lents of the dinggatively charged, _
tridentate 5- or 6-meéfmbere eteroar%)/@ |ganénA_|n the presence of at least 3 equivalents of the alkali

cation M. The usE'brdpentrdBrtalibiPER I dTRoERPaRmR S asirgle cadadinrsre £igand in the ink,
reducing thus its Quaall.selid f%%?@mfﬂiéddM5s%m¥%J£@&§£}%¥i& SREIHGE (1gclog) the inkjet nozzles

through kogation or.drying. .6a These and qther features and advantages. .of the present disclosure will
be more readily TRHEHH B ABFEE POATNTE ot 19 BIviFYy L e BtB A By those of ordinary
skill in the art. It ésribibeiappFacirieddhatmenainieatires of thedisalondeadiehasesfor clarity,
described above alnd b%ll?nw in,the context of separate embodiments, may also be provided in

CL T value rvz thaé.ran%ei. . ;
combination in a single embodiment. Con- versely, various features of the disclosure that are, for
brevity, described in the context of a single embodiment, may also be provided 'sePaiately Or in any
sub-combination. Further, reference to values stated in ranges include each and every value within

that range DETAYEERDESSRETRGMOE dHEANWENHIPN;éccording to the present invention the

aqueous inkjet ink composition comprises at least one luminescent lanthanide complex of the formula:
According to the present invention the aqueous inkjet ink composition comprises

at least one luminescent lanthanide complex of the formula:



WO 2010/130681PCT/EP2010/056350 7 M3[Ln(A)3] wherein M is chosen from the alkali cations Li+,
Na+,Rb+ and Cs+ and the mixtures thereof; wherein Ln is chosen from the trivalent rare-earth

cations of Cgy&4aNAs0a. Eu, 5 Gd, Tb, Dy, Ho, Er, Tm, and Yb; and Whgﬁq&éd%ﬁ)%%gatlvely
charged, tridentate 5- or 6-membered heteroaryl kgand, such as the dipicolinate anion, in which the

complex has an exact 1: 3 (Ln:A) stoichiometty. 10 The process to obtain the complex M3[Ln(A)3] of
the present invention comprises the step of reacting a precursor compound of a trivalent lanthanide ion
Ln with 3 equivalents of the dinegatively charged, tridentate 5- or 6-membered hetcroaryl ligand A in
the presence of at least 3 equ%ﬁnt(s the alkali cation M. 15 As a precursor compound of a trivalent
lanthanide ion Ln, an oxide L ‘é% ride, LnC13 a carbonate Ln2(C03)3 or an acetate,

Ln(CH3C00)3 m ug@ds S 'gpeerl n dmli tlv ar(gle %nta{g 5; c? rc‘penlberéag heteroaryl ligand
amo

A may 20be emp oye as the ree acl oge her wi fhe réquﬁe unt of base, as the
monoalkali-salt HMx{uess gketheldialkali salt M2A The components of the complex salt are combined in

aqueous solution, e.g.: EuC13 + 3 Na2(dpa)Na3[Eu(dpa)3] + 3 NaCl
wherein Ln is chosen from the trivalent rare-carth cations of Ce, Pr, Nd, Sm, Eu,

5  Gd, Th, Dy, Ho, Er, Tm, and Yb;

and wherein A is a dinegatively charged, tridentate 5- or 6-membered heteroaryl

ligand, such as the dipicolinate anion,

in which the complex has an exact 1: 3 (Ln:A) stoichiometry.

10 The process to obtain the complex M3[Ln(A)3] of the present invention com-
prises the step of reacting a precursor compound of a trivalent lanthanide ion Ln
with 3 equivalents of the dinegatively charged, tridentate 5- or 6-membered het-

croaryl ligand A in the presence of at least 3 equivalents of the alkali cation M.

15 As a precursor compound of a trivalent lanthanide ion Ln, an oxide Ln203, a
chloride, LnC13, a carbonate, Ln2(CO3)3 or an acetate, Ln(CH3COO)3 may be

used.

The dinegatively charged, tridentate 5- or 6-membered heteroaryl ligand A may
20 be employed as the free acid H2A, together with the required amount of base, as
the monoalkali-salt HMA, or as the dialkali salt M2A.

The components of the complex salt are combined in aqueous solution, e.g.:

EuCI3 + 3 Na2(dpa) > Na3[Eu(dpa)3] + 3 NaCl



WO 2010/130681PCT/EP2010/056350 8 and the resulting complex salt is preferably recrystallized, so
as to separate it o byproducts of the reaction, such as NaC1, which arc not desirable to achieve the

goat of the iRygRHRMKsheaN ink with the lowest possible solid contents. 5{hggdyaniageef the
recrystallization process is to provide a lanthanidg complex salt with a minimal by-product content.

This has an impact on the solubility of the complex and an on the drying or kogation phenomena. In a
preferred embodiment the concentration of Cl- present with the complex salt, is below 0.1% CI- of the
total weight of the complex salt or 0.17% NaCl, respectively. To obtain high qual- 10 ity of print, the

final chloride contegtﬂcl)ef tQSe gom lex salt sihould ot.exceed O'ill% zgég.ﬂl%g Ci%/%g\}{ %fé %g ig%cigea%t\zt)klanp;mt

quality, the chloride content cl)?'%hémggr%}b ax lssaqfeise{:agrﬁﬁﬁcs%@tﬁe%ﬁ
preferred embodirmeridtine difibgativeiync heclyes Naldentatd 5o doenifieteddbhetéroaryl ligand A is

selected frorh the, giPUPELRSISHAG of YIRS, THRTGIR.(1RRAR RYAZQIG yrazine bearing at jeast

one carboxylic acid group. The 5 to 6 membered heteroaryl of the present invention bearing at least
one carboxylic group can be further substituted by a group hydroxyl, amino, a CI-C6-alkoxy, such as a
methoxy, ethoxy, isopropoxy, etc. group or a CI-C6-alkyl, such as a 20methyl, ethyl, isopropyl, etc.

group. Specific dinegativelyeharged:dedantaiedomenfemenbereshirteneaiviligangmpased in the
complex salts of the invention .arﬁkgelect%gi from the H%?ﬁ consisting of ipic?lin,ic acid

4-hydroxypyridin&®3, Sl PEBRI it AR A LS Py 258 IEIACEOB Sy ficl Wiy of the
4-ethoxypyridine @apdéicarid:xylio alcidirdinis opkopaskyp phichnerdh 6- tcashaxytic acishanciar
4-methoxypyriding:2.6; dicarbaxylicac i;(aj'fesent with the complex salt, is below 0.1% Cl- of the
total weight of the complex salt or 0.17% NaCl, respectively. To obtain high qual-

1e ity of print, the final chloride content of the complex salt should not exceed 0.1%

wt. In case of an acceptable print quality, the chloride content of the complex salt

is comprised between 0.1%wt and 0.25%wt.

In a preferred embodiment the dinegatively charged, tridentate 5- or 6~membered
15 heteroaryl ligand A is selected from the group consisting of pyridine, imidazole,
triazole, pyrazole, pyrazine bearing at least one carboxylic acid group. The 5 to 6
membered heteroaryl of the present invention bearing at least one carboxylic
group can be further substituted by a group hydroxyl, amine, a C1-Cé-alkoxy,
such as a methoxy, ethoxy, isopropoxy, ¢tc. group or a C1-Cé-alkyl, such as a

20 methyl, ethyl, isopropyl, etc. group.

Specific dinegatively charged, tridentate 5- or 6-membered heteroaryl ligands A
uscd in the complex salts of the invention are selected from the group consisting
of dipicolinic acid, 4-hydroxypyridine-2,6-dicarboxylic acid, 4-amino-pyridine-
25 2,6-dicarboxylic acid, 4-ethoxypyridine-2,6-dicarboxylic acid, 4-
isopropoxypyridine-2,6-dicarboxylic acid and/or 4-methoxypyridine-2,6-

dicarboxylic acid.



WO 2010/130681PCT/EP2010/056350 9 In a more preferred embodiment the dinegatively charged,
tridentate 5- or 6- membered heteroaryl ligand A present in the ink according to the present invention

is selected freigp 18, 25Qup consisting of dipicolinic acid and/or 4- hydroxy[ﬁyrr%%@?dﬁ]g%ggggrboxylic acid
(Tb3%). In mos

and the trivalent lanthanide ion is of Euro- 5 piume(Eu3+) and/or Terbium most preferred
embodiment, dipolinic acid or 4-hydroxypyridine-2,6-dicarboxylic acid are used in combination with
europium (Eu3+). The percentage of the lanthanides complex salt in the aqueous inkjet ink of the
10present invention is between 1 to 15 wt% based on the total weight of the compo- sition, more

preferably 1 to 8 th% and evepn more preferabl élto 3 wt%, All the above lanthanide complexes show
a strong absorptioh iRE lﬂf?f%fgfgt' éﬁ)‘ﬁn&?@: plagEHHAGhefR gt E A EotdMy to Figure I, an

aqueous ink of 15theipregdnt inventitpabhsestanitn (tpd)d] dechdng sostiopg:sest emigsion with a
maximum at 617nm when %)é‘?gcf‘?‘f‘jo&% %’;}4 nm UV Iiﬁht. The_fa_lgueou ink acc rdigc%)to the present

. L - tion 1s gel j 311 : -
invention is swtab]lenfor t%ermal Ink-jet prfnﬁﬁ%u hich i an efficier an'l(fqle 1p(i‘rﬁl'n1 g‘lPe ique for the

coding and markikigizoahpidioects; Peuvkagescacdonuhtients of vl lmthardd éotospréent-the
premature drying gl inE:AGuF Qs Ak AMRRTIHON oKl Q e TaRBRL IR taRAYING the printing

process, the agueous Inkjet ink of the invention further comprises at least one hygroscopic substance.

The hygro- 25 scé§picubéishiesiygdiseed-dientipadieadentiy #ord ineyrhinstonsisthg of primary,
secondary or tertiaylgahpl3agtams, polymeric glycols, glycol, cyclic sulfoncs.

The percentage of the lanthanides complex salt in the aqueous inkjet ink of the
10 present invention 1s between 1 to 15 wt% based on the total weight of the compo-

sition, more preferably 1 to 8 wt% and even more preferably 1 to 3 wit%.

All the above lanthanide complexes show a strong absorption in the ultraviolet
region of the electromagnetic spectrum. According to Figure 1, an aqueous ink of
15 the present invention, based on [Eu(dpa)3]3- shows a strong red emission with a

maximum at 617nm when exposed to 254 nm UV light.

The aqueous ink according to the present invention is suitable for thermal ink-jet
printing which is an efficient inkjet printing technique for the coding and marking

20 of products, packages or documents of value,

In order to prevent the premature drying of the aqueous ink composition accord-
ing to the present invention during the printing process, the aqueous inkjet ink of
the invention further comprises at least one hygroscopic substance. The hygro-
25 scopic substance is selected each independently from the group consisting of pri-
mary, secondary or tertiary alcohol, lactams, polymeric glycols, glycol, cyclic

sulfones.



WO 2010/130681PCT/EP2010/056350 10 In a more preferred embodiment the hygroscopic substance
is selected each independently from the group consisting of DL-hexane-1,2-diol, 2-pyrrolidone,

sulfolane, tetgampihyigRg sulfoxide, gamma-butyrolactone, 1,3-dimethy1-gz.mi %1%%%[13(351&
2-propanediol, pentanediol, 1,2 hexanediol, trimeihylolpropane, 5glycerol, ethyleneglycol,
diethyleneglycol, polypropyleneglycol, polyethylenegly- col, ethanol, propanol, butanol. The
percentage of the hygroscopic substance in the aqueous ink of the invention is between 5 to 45%
based on the total weight of the composition, more preferably 1010 to 45% and even more preferably
20 to 45%. The aﬂ#eous ink Fﬁomﬁ)osi ion.according to the invention can also further include at least

one visible dyestdf P RIgMERTTHIEH VOSHRFYivRe CBIBRRS IS prRseRt sk Sekstrharikddto it. In a
preferred embodipeedtitie frisiblthdyesipitospigmest 3I1besalectet diomihe gsaupneonsisting of
monoazo and/or disaz s, monoazo Cu-complexes dyes. Example of such dyestuff can be those
produced by CIBA%%%E%%%%H&%%Q}{ eenﬁﬁ’rlﬁig% i CG&%‘EE'&@EW@%%H?MU@%@!@R 3{3 nposition
according to the imvidatidriferher Torpimsdiolo kHtwtediof, 4.2isiblendyadtuffrocthigshenpabased on the
total weight of th BAROSIHoR, SPaNGing.0 N afth curity documents to be imprinted,
the printing ink a%(l%grdin{:] tggﬂﬁg%?c}agseﬁt invgntiég%’f%m1 'é{]égncglr#p?lfégo&lcs%% r%%?%lgdditives, such
as, for example, fifhgitieRe, pieesgek kerlants, sequestering agents, pH adjusters, co solvents or
binders, such as, for example, acrylate binders, in the 25amounts customary for these additives.

The percentage of the hygroscopic substance in the aqueous ink of the invention is
between 5 to 45% based on the total weight of the composition, more preferably

10 10 to 45% and even more preferably 20 to 45%.

The aqueous ink composition according to the invention can also further include
at least one visible dyestuff or pigment which would give color to the present ink
when admixed (o it. In a preferred embodiment the visible dyestuff or pigment is
15 selected from the group consisting of moneazo and/or disazo dyes, monoazo Cu-
complexes dyes. Example of such dyestuff can be those produced by CIBA com-
pany under the name of IRGASPERSE Jet®.The aqueous ink composition ac-
cording to the invention futher contains 1 to 15 wt% of a visible dyestuff or pig-

ment, based on the total weight of the composition.

20

Depending on the nature of the security documents to be imprinted, the printing
ink according to the present invention can furthermore comprise customary addi-
tives, such as, for example, fungicides, biocides surfactants, sequestering agents,
pH adjusters, co solvents or binders, such as, for example, acrylate binders, in the

25  amounts customary for these additives.

Another object of the present invention is the use of the aqueous ink according the

present invention for authenticating an article, such as a banknote, a passport, a



WO 2010/130681PCT/EP2010/056350 11 security document, a value document, a ticket, a foil, a
thread, a label, a card, or a commercial good. It is also another object of the present invention to

provide a segryitydassmENt Scomprising at least one layer made with anljelf@ﬁ?&réqi&'_g%gg the
invention. The invention is further illustrated by thg following non-limiting examples. Percentages are

by weight. Those skilled in the art will recognize that many variations are possible within the spirit and
scope of these examples, which are in- Intended to be defined by the following claims and their
equivalents in which all terms are meant in their broadest reasonable sense unl?ss ((()jthe)r;\]/ise N
indicated. Figure 1 shows the luminescence spectrum of an inkjet print of a Na3[Eu(dpa)3] containing
ink, excited gt 252 %ﬁ%@?&ﬁ&?&& %Hﬁ@gigﬂ%%%%’ ﬁ]ﬁmuﬁ%@f%ﬁ?ﬁ% labfl Fecars@hied under 254
nm excitation. Exampbes:i8ythiesis of Na3[Eu(dpa)3]*nH20 20315g of 2,6-pyridinedicarboxylic acid
were dissolved in 5.41 of distilled water at

It is also another object of the present invention to provide a security document

5 comprising at least one layer made with an ink according to the invention.

The invention is further illustrated by the following non-limiting examples. Per-
centages are by weight. Those skilled in the art will recognize that many varia-
tions are possible within the spirit and scope of these cxamples, which are in-
10 tended to be defined by the following claims and their equivalents in which all

terms are meant in their broadest reasonable sense unless otherwise indicated.

Figurc 1 shows the luminescence spectrum of an inkjet print of a Na3[Eu(dpa)3]
containing ink, excited at 254 nm. Strong red emission with a maximum at 617nm

15 can be observed under 254 am excitation.
Examples:

Synthesis of Na3[Eu(dpa)3]1*nH20

20 313g of 2,6-pyridinedicarboxylic acid were dissolved in 5.4] of distilled water at
90°C. A solution of 230g EuC13*6H20 in 250 ml of water was added under con-
tinuous stirring. Then the mixture was allowed to cool down to room temperature
and neutralized with a 2M solution of NaOH until the pH reached a value in-
between 7.5-8.5.

25

Once the pH was stable, the solution was evaporated to dryness. The resulting

powder was re-dissolved in hot water at a solid/liquid ratio of 1/2.25. To crystal-



90C. A solution of 230g EuCI3s6H20 in 250 ml of water was added under continuous stirring. Then the
mixture was allowed to cool down to room temperature and neutralized with a 2M solution of NaOH

until the pH (gachegd:galue in-between 7.5-8.5. 25 WO 2010/130681P%¥’§fﬁ%9/“@’§%%50 12 lize the
allized proc

product, the solution was slowly cooled down to rpom temperature. The crystallized product was
filtered and then dried. Synthesis of Na3[Tb(dpa)3]*nH20 5315g of 2,6-pyridinedicarboxytic acid were
dissolved in 5.41 of distilled water at 90C. Then a solution of 235g ThC13*6H20 in 250 ml of water was
added. The cooled down solution was neutralized with 2M NaOH until the pH reached a value of

7.5-8.5. Once thﬁﬁ%Htwas sﬁ;ble the solution was filtered and concentrated up to a final reaction
n

volume of 1.51. BR&Ts &tpi’{lé?é {OPVRESEVAY ORI AL FERMETAIHE diffved to
crystallize over-nighttalihe ppostiict wasfitherdsoldtaenhiripdissing through a centrifugal drier. To
increase the purity of the final product, the powder can be re-dispersed in a mixture of water and ice.
The washed powder can finally be filtered and dried. 15 Example of formulation of an Ink containing a
complex according to the invention: Black with fluorescent red (254 nm): To a solution of deionized
water (204 g) areSyaHssiLohPdliHAR 3 #HAAd 1,2- 20 hexanediol (15 g). The solution is stirred at

500-600 rpmsin osder torolajpriemogenized solutien. dadupdNasEu(dpaldlie pdded to the

solution, then heated at 400C until the complex is totally so lubilized. The solution is cooled to ambient
temperature, and’thén 18gdrIPGHEEPied et ByLh #29 et () mbakpate wrvatdlioRL and 4.359

Irgasperse Jet Magelrtadd wiie:cldded, whe maidule-is! stitedM NaOH until the pH reached a
value of 7.5-8.5. Once the pH was stable, the solution was filtered and concen-
trated up to a final reaction volume of 1.51. Then the precipitate was re-dissolved

10 at 90°C and the product was allowed to crystallize over-night. The product was
then isolated by passing through a centrifugal drier. To increase the purity of the
final product, the powder can be re-dispersed in a mixture of water and ice. The

washed powder can finally be filtered and dried.

15 Example of formulation of an Ink containing a complex according to the inven-

tion:

Black with fluorescent red (254 nm):

To a solution of deionized water (204 g) arc added 2-pyrrolidone (30 g) and 1,2-
20 hexanediol (15 g). The solution is stirred at 500-600 rpm in order to obtain a ho-
mogenized solution. 15g of Na3[Euldpa)3] are added to the solution, then heated
at 400C until the complex is totally solubilized. The solution is cooled to ambient
temperature, and then 18g of Irgasperse® Jet Cyan RL, 13.65 g Irgasperse ® Jet
yellow RL and 4.35¢ Irgasperse ® Jet Magenta B are added, the mixture is stirred
25 at 500-600 rpm around 20 minutes. After stirring, the solution is filtered to re-

move all insoluble compounds and unreacted products.

The black ink obtained is packaged in a HP45 cartridge and used with a Deskjet
printer of the 960Cxi, 970Cxi, 980Cx1 or 990 Cxi series. Fluorescence at 254nm is
checked using a fisher Bioblock Scientific VL-4 LC lamp is well visible.



25at 500-600 rpm around 20 minutes. After stirring, the solution is filtered to re- move all insoluble
compounds and unreacted products. The black ink obtained is packaged in a HP45 cartridge and used
with a Deskjehrinigsgkihe 960Cxi, 970Cxi, 980Cxi or 990 Cxi series. Flpg{ascangasat54nm is
checked using a fisher Bioblock Scientific VL-4.L4@G lamp is well visible. WO
2010/130681PCT/EP2010/056350 13 In order to assess ink stability, two tests were perfoimed:
Printing of 200 pages in a row followed by 2 to 4 days interruption and restart for another 400 pages.
5- Short print tests are made after 1 week, 2 weeks, 3 weeks, 4 weeks and then every 4 weeks over a
6 month period. . No problems 011;1 rj{n{iirf atnd dreyé%n%voqcurlffed Wi&h the ink according to the present
invention during {Hé’%%(gﬁfﬁﬁﬁ%sgtls. 1K Se‘goffuoéesc?lécr%%"ﬁ]%ﬁsity remained 10unchanged at very
satisfactory level. PCT/EP 2010/056 350 - 06-10-2010 - 14 -

- Printing of 200 pages in a row followed by 2 to 4 days interruption and
restart for another 400 pages.
5 - Short print tests are made after 1 week, 2 weeks, 3 weeks, 4 weeks and

then every 4 weeks over a 6 month period.

No problems of printing and drying occurred with the ink according to the present
invention during the stability tests. In all cases fluorescence intensity remained

10 unchanged at very satisfactory level.



PCT/EP2010/0563500ctober 6, 2010 SICPA HOLDING SAS118793W01 BUW/ett Claims 1.
Aqueous inkjet ink composition comprising at least one luminescent lantba5nide complex of the
formula: M3[l.n(A)3] wherein M is chosen from the alkali cation®Cilr/ fPa2Q K8/ &3 2h0 EH6and 28 10
mixtures thereof; wherein Ln is chosen from the trivalent rare-earth cations of Ce, Pr, Nd, Sm, Eu, Gd,
Tb, Dy, Ho, Er, Tm, and Yb and the mixtures thereof; and wherein A is a dinegatively charged,
tridentate 5- or 6-membered heteroaryl ligand selected from the group consisting of optionally
substituted pyridine, imidazole, triazole, pyrazole, pyrazihe bearing at least one carboxylic acid group,
wherein the substituting group consists of hydroxyl, 15amino, a C1-C6-alkoxy group, or a CI-C6-aklyl
group. 2. The agueous ink composition according to claim 1 wherein the C1-C6-alkoxy group is
methoxy, ethoxy or REpBPAAR/PE635a he aqueous ink composition according @stekend.12fkrein the
C1-C6-alkyl group i$HBthTCLRING &bpropyl. 4. The aqueous ink con‘$dé§i'{gﬂ%b@rgﬁ%% claim 1

wherein the lanthanide complex is a recrystallized product having exact stoichiometry of 1:3. 25

Claims

1. Agqueous inkjet ink composition comprising at least one luminescent lantha-
5 _ nide complex of the formula:
M3[Ln(A)3]

wherein M is chosen from the alkali cations Li+, Na+, K+, Rb+ and Cs+ and

the mixtures thereof;

wherein Ln 15 chosen from the trivalent rare-earth cations of Ce, Pr, Nd, Sm,

10 Eu, G4, Tb, Dy, Ho, Er, Tm, and Yb and the mixtures thereof;

and wherein A is a dinegatively charged, tridentate 5~ or 6-membered het-

eroary] ligand selected from the group consisting of optionally substituted

pyridine, imidazole, triazole, pyrazole, pyrazine bearing at least one car-

boxylic acid group, wherein the substituting group consists of hydroxyi,
15 amino, a C-Cs-atkoxy group, or a C;-Cg-aklyl group.

2. The agueous ink composition according to claim 1 wherein the C,-Cg-alkoxy

group is methoxy, ethoxy or isopropoxy.

20 3. The aqueous ink composition according to claim 1 wherein the C,-Cg-alkyl

group is methyl, ethyl or isopropyl.

4. 'The aguecus ink composition according to claim 1 wherein the lanthanide
complex is a recrystallized product having exact stoichiometry of 1:3.

25

AMENDED SHEET



- 15 - 5. The aqueous ink composition according to any of the preceding claims wherein no excessive
ligand A in free fonn is present in the ink. 6. The aqueous ink composition according to any of the
preceding claims 5wherein its final Cl- content does not exceed 0.1% based on the total weight of the
complex. 7. The aqueous ink composition according4o any of claims 1 to 5, wherein its final Cl-
content is comprised between 0.1% and 0.25% based on the total 10weight of the complex. 8. The
aqueous ink composition according to any of the preceding claims thither including at least one
hygroscopic substancenel agiedine iaguenusinkoaompaaitionaceardinaie sryQithepiggeding claims
further inclucing at o308 YSRIR AWESHLIT8TPIRRENbA % RS- AAARUR Nk composition according
to any of the preceding claims which contains 1-15 wt% of mescent amde complexes, based
on the total 20weight of the composition. 11. The aqueous ink composmon accordlng to claim 8 which

contains 5 to 45 wi% PhOYVRSLORIASEASIRARRNDASRR the aagald@fecl&hbféfctéaﬁlng&M§'t'0n 2512.
The aqueous gnk COITLQR&]QOH according to clf;[um 9 Wh ch cogtglp% A9 %.0 VISI£)|e dyestuff or

h its fiha onteént does n excee 1e total wel
pigment, based on the tota1 wel ]ﬁt of the gomposlfs weight
the comp

7. The aqueous ink composition according to any of claims 1 to 5, wherein its
final Cl- content 15 comprised between 0.1% and 0.25% based on the total
10 weight of the complex.

8. The aqueous ink composition according to any of the preceding claims
further including at least one hygroscopic substance.

15 9. The aqueous ink composition according to any of the preceding claims
further including at least one visible dyestuff or pigment.

10. The aqueous ink composition according to any of the preceding claims which
contains 1-15 wt% of luminescent lanthanide complexes, based on the total
20 weight of the composition.

I1. The aqueous ink composition according to claim 8 which contains 5 to 45
wt% of hygroscopic substance, based on the total weight of the composition.

25 12, The aqueous ink composition according to claim 9 which contains 1 to 15
wt% of a visible dyestuff or pigment, based on the total weight of the

composition,

13. The aqueous ink composition according to claims 8 or 11 wherein the
30 hygroscopic substance is selected each independently from the group
consisting of primary, secondary or tertiary alcohol, lactams, polymeric

glycol, glycol, cyclic sulfone.



13. The aqueous ink composition according to claims 8 or 11 wherein the 30 hygroscopic substance
is selected each independently from the group consisting of primary, secondary or tertiary alcohol,
lactams, polymeric glycol, glycol, cyclic sulfone. - 16 - 14. The aqueous ink composition according to
claims 8 on 1 wherein the hygroscopic substance isl$elected each independently from the group
consisting of DL-hexane-1,2-diol, 2-pyrrolidone, sulfolane, tetramethylene 5 sulfoxide,
gamma-butyrolactone, 1,3-dimethyl-2-imidazolidinone, 2- propanediol, pentanediol, 1,2 hexanediol,
trimethylolpropane, glycerol, ethyleneglycol, diethyleneglycol, polypropyleneglycol, polyethyleneglycol,

ethanol, propanol.lpggmol. 1015. The aqueous ink corg%gé;géonlaccsoréjlngrsq claim 9 wherein the

|
visible dyestuff or enfl%l%%ﬁ%df’é{d HPOmRYE Oélrgﬁ%OICO S m%ao imonoazo a‘ﬁﬁd%er;%isaezo dyes,

monoazo Cu-comple@g;dy@igl&uiﬁhwaquﬁo_ddcﬂccbmrq@néhtdmpea:dmtﬁingdmaﬂy ogrt_hea prece_ding
claims 15 wherein the dUncaptive i hiargac t9dehiase, o o &neuumsierhelgiaarl ilgand A is

selected from the group consisting of pyridine, imidazolé, triazole, pyrazole, pyraziné, bearing at least

one carboxylié group.s7phiEaqueEststinkEEilsssHion abdofifge-any¥rmbdietading claims 20

wherein A is dipicolinig.aeigkaRg/ o hysiexypysiding-aLndicarhoxyiciapid ard Whereim Ln is chosen

from the trivalent ions of EuroPium (E_u3-)] and/or Terbium (Th3+). PCT/EP 2010/056 350 - 06-10-2010
ethyleneglycol, diethyleneglycol, polypropyleneglycol, polyethyleneglycol,

ethanol, propanol, butanol.

10 15, The aqueous ink composition according to claim 9 wherein the visible
dyestuff or pigment is selected from the group consisting of monoazo and/or

disazo dyes, monoazo Cu-complexes dyes.

16. The aqueous ink composition according to any of the preceding claims
15 wherein the dinegatively charged, tridentate 5- or 6-membered heteroaryl
ligand A is selected from the group consisting of pyridine, imidazole, triazole,

pyrazole, pyrazine, bearing at least one carboxylic group.

17 The agqueous ink composition according to any of the preceding claims
20 wherem A is dipicoliiﬁc acid and/or 4-hydroxypyridine-2,6-dicarboxyhc acid
and wherein Ln is chosen from the trivalent ions of Europium (Eu3+) and/or

Terbium (Th3+).



- 17 - 18. Use of the aqueous ink according to any of the preceding claims for authenticating an article,
such as a banknote, passport, a security document, a value document, a ticket, a foil, a thread, a label,
a card, or a cemmetcial good. 519. A security document compriB{O/&P 431 0H@I6y25 hadswitd 2010
ink accord- ing to claim | to 17. 20. Process to obtain the complex M3[Ln(A)3] of the present invention,
comprisinig the step of reacting a precursor compound of a trivalent lanthanide ion La 10 with 3
equivalents of the dinegatively charged, tridentate 5- or 6-membered heteroaryl ligand A in the
presence of at least 3 equivalents of the alkali cation Mi21. Process according to claim 20, wherein

the precursor compound of the triva- 15 lent lanthanide ion Ln is selected from the group consisting of
the oxides Ln203, the chlorides LnC13, the carbonates Ln2(C0O3)3 and the acetates Ln(CH3C00)3.

22. Process accordih &l dheranesuscy axrowding tinniobive peegedinactiaige dor eatichatitate 5- or -

- 6-membered heteroaryl lig dsRraplayedas s@a&{.@@,%’%&%m&h@; HiEAg GaIgg amount

of base, or as the monoalkali-salt HMA, or as the dialkali salt M2A. 23. Process according to one of
claims 20 to 22, whereif858ReHh aditkftsadPthe 9setplabebacad epmmmeerirad9edus solution, and

the resulting complex salt is recrystallized so as to separate it from byproducts of the reaction.

5 19, A security document comprising at least one layer made with an ink accord-

ing to claim 1 to 17.

20, Process to obtain the complex M3{Ln{A}3] of the present invention, compris-
ing the step of reacting a precursor compound of a trivalent lanthanide ion Ln
10 with 3 equivalents of the dinegatively charged, tridentate 5~ or 6-membered

heteroaryl ligand A in the presence of at least 3 equivalents of the alkali

cation M.

21. Process according to claim 20, wherein the precursor compound of the triva-

15 lent lanthanide ion Ln is selected from the group consisting of the oxides

Ln203, the chlorides LnCl3, the carbonates Ln2(CO3)3 and the acetates
Ln(CH3COO0)3.

22. Process according to one of claims 20 or 21, wherein the dinegatively charged
20 tridentate 5- or 6-membered heteroaryl ligand A is employed as the free acid
H2A together with the required amount of base, or as the monoalkali-salt

HMA, or as the dialkali salt M2A.

23. Process according to one of claims 20 to 22, wherein the components of the
25 complex salt are combined in aqueous solution, and the resulting complex salt

is recrystallized so as to separate it from byproducts of the reaction.

AMENDED SHEET



