Secure docunent conprising |um nescent chelates FIELD OF THE | NVENTI ON: The
invention relates to the field of security docunents and ains at inproving
t he securwbyoloemsedsiof such docunents. BACKGROUND OF THEpCiNWRbiihGhs3s&Hecur e
docunents such as currency, passportsy or identity cards are increasingly
counterfeit around the world. This situation is a very critical issue for
govern nments and society in general. For exanple crimnal organizations my
use fake passports or identity cards for human beings traffic. As
reprographi c technol ogi es becone nore and nore sophisticated, it becones
even nore difficult to make a clear distinction between a fake docunent and
the original. Docunent security has therefore a considerable inpact on the
econony of the countries and also on the victinms of illicit traffic

i nvolving counterfeit documents. Passports and identity cards are in
general secure docunents which contain a | arge nunber of protections, such
as hol ograns, bar codesScainecdyphedt chahgisigplaiifi¢cscerpapentss or substr at es,

etc. Some protections are visible to the unaided eye ("overt" features),
other protections are invisible ("covert” features) and their detection
requires specific equipnent. In the patent application US 2007/0225402 the

use of an ul EERVHPETHRUIGWVESERM: I Nk is disclosed, which is printed in
formof indicia onto the docunent. The ultra violet |lum nescent ink is

i nvi si bl e_under. . i.ght h £ hat . .ndi. ci ly. reyveal ed
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security level of such documents.

BACKGROUND OF THE INVENTION:

Secure documents such as currency, passports, or identity cards are 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 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) and their detection

requires specific equipment.

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

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



useful for applying codes onto security docunments such as passports or

banknotes. In the cited docunent, printing processes, including silk

screen, gwewuree3odsetter press and offset printing are ugetd/Hreoidppdsgo t he

invisible ultraviolet fluorescent inkg. Lum nescent conpounds in pignment

form have been wi dely used in inks and other preparations (see US 6565770,

W008033059, WD08092522). Exanples of lum nescent pignents can be found in

certain classes of inorganic conmpounds, such as the sul phides,

oxysul phi des, phosphates, vanadates, garnets, spinels, etc. of

nonl um nescephlycattadebynddo preediiation twidt UN\edght. dings diluayioks benincgant ik ichosen
tal or the rare-earth ions. Another clggs of conpound

fromthe tragg%l' n- e
useful to prddtiEelof ARF HISCOAE TN STHRY LOMBICRISIUBR A CRASTRATS OF JPENEIESt h et al
conpl exes sugh tl?esci%scﬁurchf’?l%ﬁ%, iRinBak B0 ccRR! ine RGNS IV R &R0 LUART 3Rl in US

patent 7,108,742. A particular process for inprinting secure docunment with
| um nescent opoesspodrdéset prinpag tare u$ealr tol appintheoeisiblankragarl ¢thflwert sdent
conplexes5 is.inkjet printing, and nore particularly thermal inkjet
printing. STh&¥al inkjet printers use print cartridges having a series of
tiny electrically heated chanbers, constructed by photolithography. To
produce an inmage, the printer sends a pul se of electric cur rent through
heati ng el enents di sposed in the back of each chanber, causing a steam
expl osi on i nlunengshentisempowslsas pigndns farmshaya be¢rewidehi esed pr tse kad athdr opl et

of ik thr ough Rl [ DsolssH50 SWBIREI 9! WOGROBEES A0 B
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 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
ink 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.



tradenane Bubblejet(r) for certain inkjet printers). The ink's surface
tension, as well as the condensation and thus contraction of the vapor
bubbl e, pwmbl2s10m3basnt her charge of ink into the chanber trhrmeghioasesas r ow
channel attached to an ink reser voir3The ink used is aqueous (i.e. a

wat er - based i nk conprising pignents or dyes), and the print head is
general ly cheaper to produce than the equi pnent required for other inkjet
technol ogi es. However, its lifetime is short, and it is generally ex
changed togehter with the enpty ink cartridge. A mgjor problem encountered
wi th inkjet fAhkentleusdiisaquekudfiyi mgaton-bakeel ipk compesds pignens @slyegaasd ng t he
pi gnents and/or dyes ta forma splid deposit that plugs the m crqgscopic ink
orifices. Mdke brﬁ%/meéﬁgs §F%fi¥éﬁl’c ¥APST lior%}%ghaadklgﬁ%lpwm gﬁ%&@gz?li ng the

printhead nogpgl&@snifet ia_cﬁncrw%le@m&%vée@ﬁp %ﬁv&ﬁn@{si o8 ahd itngxg_eh&a@ @x- Abrupt

power | oss, or unplugging the printer before it has capped’its printhead,

can, however chgwmed ¢ogehter prthrthhempitytiok daryridget . Furt her, even when capped -
this seal being not perfect -, over a period of several weeks, the ink in
the nozzl es can dry out and plug them Once ink begins to dry out in the
nozzl es, the drop volune is affected, the drop trajectory can change, or

the nozzle can conpletely fail to j.et. any i.nk. .In the.case of .| um pnescent
nkj ot i nks CORBIN TR CPEPEowirER Widial Laipeinia ik SR AT PRYSH ¢ he
conpl ex in Wahefled Takdihd t&aﬁiéﬁl@n@\a%%r RIGEZ toefoPiRSt ot dePBsit IHAt PR hihd O
prevent premature drying, adding water oOr solvent, to sufficiently dilute
the ink, is arciseuikswifiaes dostHmgsre prevdid this dipmingi tyheutematicadly cowt vent
reduces the 'eﬁ%gr%ﬁé %)yinthead nozzles with a rubber cap when the printer is not in use.
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

seal 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 case 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 ease 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.



of |um nescence (and thus the ease of detection) of the security docunent
printed with such ink. Another problemencountered in thernmal ink-jet
printing we 20imigadsion”. Kogation (from Japanese "koge" =pCImpe@io/os43806 N,

char) is the thermal deconposition of4ink conmponents on the surface of the
heati ng el enents di sposed in the back of each chanber of the ink-jet
printing head, producing solid deconposition products, which may then
obstruct the nozzle of the chanber. Although rare earth nmetal conpl exes
woul d represent a very useful way of imparting | um nescence to inkjet

i nks, the prcdtheupbtare rkrthmydtalgontpletes weadd regesak asicry uadfftleway opassi bl e to
use the inkjet cartridges in their entirety, and causes thus increased ink
cartridge coRalitgtivgHcsRCe teninkl ek dfe 8?9@6%%@&%@8&? thhBoZdEr | y

i mpact, due t0.kbf oHeRGHBbEES t@ﬁ&ﬁh@ﬁﬂl&é&%ﬁﬁd@é’s iBYEAr chtReE) abREdtsbdge, but
al so a non-negligible inpact on the cost of printing. Thus'there is still a
cruci al need thw isotased irkecastvdge comsnimptine dogsr Bink basnadt enbyr abegcotogiqat ambt e t he

efficient _use of.|lum nesgcent .ink-jet. inks.based on,rare garth t al

ol exas ANt IBPBEaEd ot b Uakr BRI EreRt b Sk Bror sl Fifes ecur iy
docu nents dut N6 & Aen-WhAlEbIk lithfac®bn khtecdshf ikl dge. SUMMARY OF THE

| NVENTI ON: The present invention overcones the above descri bed

di sadvantages by: i . providing a stable |evel of |um nescence for the
ef ficient marking security docunents during the whole |ife of the ink

cartridge, | 'Th fhg}/el f:s“sgﬁ aacnllclijaq]n@eef oes'givel tﬂé( a‘t\{gye%rl]en ico)r%dle f)r%%le%lssiltl %P(ie? rare
earth nmetal co X,
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 INVENTION:

The present invention overcomes the above described disadvantages by:

15
1. providing a stable level of luminescence for the efficient marking security
documents during the whole life of the ink cartridge,
ii.  providing a luminescent ink which contains a stable rare earth metal com-
20 plex,

iii.  avoiding the nozzle obstruction responsible for the impossibility to use the

ink 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.



iii. avoiding the nozzle obstruction responsible for the inpossibility to
use the ink cartridge in its entirety. The foregoing is acconplished by
usi ng a swecnfuo@yueous i nkjet conmposition conprising RCTIEPa®In/0863680
specific class of rare earth nmetal cofplexes in a specific ratio. The
rare-earth nmetal conplexes of the present invention are chosen fromthe lu
m nescent | ant hani de conpl exes of trivalent rare-earth ions with three

di negatively charged, tridentate 5- or 6-nenbered heteroaryl |igands. The

| um nescent ink used conprises a stable, water-soluble tris-conplex of a tr
i val ent rar dheastteathhiotal cainplexasofaho presem umdzpariob etevwhesenForane MO, such
as: Pr, Nd, Sm Eu Th, ,, Ho, .[Er, Tm Yb and the m xtures thereof,
with a tridemipgcent 1@}%@% ?%@XG&W&F@%@%&Y@%@ gﬂnwl@% cchsesabsor b | n
the ul travi okigkyangfeey, thB@mQﬂetseof é%&ﬁbe@édﬁé?@ro%‘y?ﬁéafn%mg”e“ c spectrum The
| um nescent em $sion in these | anthanide conplexes is due to inner f-shel
transitions such as: 5DO - 7Fl and 5DO - 7F2 for Eu(3+). According to the
present invention, a neat stoichionetric conplex of the trivalent

rare-earth i ed the t han a so] uti on of rare-e rth nsalt in
a large e%cgggeb%ngﬁﬁmpfﬂg %ﬁW@“?%ag égrk?@YQQWﬁlﬁ?ﬁﬁ eﬁﬂf% Tzrn1vgry

stabl e ani onivglcAORR-EBScatibh mm didrhicaHu@iHer b&hRee88 hild T®RuckSaCc Prt hat no
di ssoci ation (hydrolysis or pyrolysis) occurs in aqueous sol uti on upon

heating. Hydmasl pai, Eunwed! To.r dlge FrHlm] ¥hdnd thepnissirgs tharce vethch wden-espondi ng
nozzl e obstr ltlaﬁt ,I £ négatively charged heteroaryl ligand that absorb in the ultraviolet and/or

the blue region of the electromagnetic spectrum. The luminescent emission in
10 these lanthanide complexes is due to inner f-shell transitions such as: 5D0 = 7F1

and 5D0 - 7F2 for Eu(3+).

According to the present invention, a neat stoichiometric complex of the trivalent
rare-carth ion is used, rather than a solution of a rare-carth ion salt in a large ex-

15 cess of 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 trivalent rare-carth ions such as

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

which does not hydrolyze in aqueous solution.



An exanple of such a ligand is the dianion of dipicolinic acid, dpa2-,
which forns a stable, highly water-soluble 1:3 conplex with trival ent

rar e- ear twoizormi3easch as Eu(3+), according to the fornul acTEP3HA5¢3EM( dpa) ] +
- [Eu(dpa)?2]- - [Eu(dpa)3]3- which does not hydro |lyze in aqueous

sol ution. Thus, according to the present invention, a neat conplex salt of
the following fornula is used as the | um nescent ink conmponent: M3[Ln(A)3]
wherein Mis chosen fromthe alkali cations Li+, Na+, K+, Rb+ and Cs+ and
the m xtures thereof; wherein Ln is chosen fromthe trivalent rare-earth
cati ons of Oé"huPrapcd‘ﬂdi,ng%theﬁllﬁseﬁjinvaibionwned’d@omﬁtex sdltpf thedolidviapd t he

m xtures thereof; and erein Ais a |ne8at|vely charged, tridentate 5- or

6- menber ed hé?%W%%FVFe YA FHmMEgRasn ARPEIYcol i nat e anion. The use of

such neat conplex salt avoids any unnecessary excess of free ligand in the
i nk, reducing thuMills(@®W¥érall solid content, and therewith its tendency to
ob struct (to clog) the inkjet nozzles through kogati on or drying. These
and ot her feaﬂm&é&Nhﬁ@haﬁmdhﬂa@esﬂbﬂi@mbnphéséhﬁ,Kﬁy&hfhmmCm#hmdﬁe nmor e
readi |y under st ood E m a readi ng of the follow ng detailed description by
t hose of 8rdPH§P§”§ TF?"in the art. It is to be appreciated that certain
features of the inven tion which are, for clarity, described above and

bel ow i n t he "6FiRkR inghosemtipmythe Bislat rssrearth ??ég@népége d&: Nedo¥nded in
combi nation idy §,ShYIE, EMRPRILAR YL anPAMELIGEEY thereof,

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

ligand, such as the dipicolinate anion.
10

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.

15  These and other features and advantages of the present invention will be more
readily understood from a reading of the following detailed description by those
of ordinary skill in the art. It is to be appreciated that certain features of the inven-
tion which are, for clarity, described above and below in the context of separate
embodiments, may also be provided in combination in a single embodiment. Con-

20  versely, various features of the invention that are, for brevity, described in the
context of a single embodiment, may also be provided separately or in any sub-
combination. Further, reference to values stated in ranges include each and every

value within that range.

25 DETAILED DESCRIPTION OF THE INVENTION:

According to the present invention the aqueous inkjet ink composition comprises

at least one luminescent lanthanide complex of the formula:



various features of the invention that are, for brevity, described in the
context of a single enbodinent, nmay al so be provided separately or in any
subconbi naDi20m/136as1t her, reference to val ues stated in pramgesoionsd3sade each
and every value within that range. DETAI LED DESCRI PTI ON OF THE | NVENTI ON:
According to the present invention the agueous inkjet ink conmposition
conprises at |east one | um nescent | anthani de conpl ex of the

formul a: MB[ Ln(A) 3] wherein Mis chosen fromthe al kali cations Li+, Na+,
K+, Rb+ and Cs+ and the m xtures thereof; wherein Ln is chosen fromthe
trivalent rare-earth ca3jongA3 Ce, Pr, Nd, Sm Eu, Gd, Tb, Dy, Ho, Er, Tm
and Yb; and wherein Ais a dinegatively charged, tridentate 5- or

6- menber ed hetRFGAM/ s dhbgartbm SeCdikABcaibes Di+pNao| KnakB+ and OB+ ahdthehi ch the
conpl ex has an exact 1: 3 (Ln:A) stoichionetry. The process to obtain the

conpl ex M3[ La{iausgs th¢reefhe present invention com prises the step of reacting
a precursor conpound of a trivalent |anthanide ion Ln wth 3 equival ents of
t he di negat i wdleyeic hangeuset frooight trivaldt rape-cithmeatioss etiChdtr, NdoSmyEu,l i gand A

in the prese f.at |l east 3 equivalents of the alkali cation M As a
precur sorscogfﬁgaﬁdDXTH%’el?rr&%%(ﬂ%i anthani de ion Ln, an oxide Ln2CB, a
chloride, LnCB, a carbonate, Ln2€CCB)3 or. an acetate, Ln(CH3COO) 3 may be
used. and wherein A 1s 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-

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

15  Asaprecursor compound of a trivalent lanthanide ion Ln, an oxide Ln203, a
chloride, LnCl3, 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.:

EuCl3 + 3 Na2(dpa) = Na3[Eu(dpa)3] + 3 NaCl



The di negatively charged, tridentate 5- or 6-nenbered heteroaryl |igand A
may be enployed as the free acid H2A, together wth the required anount of
base, as wbeormmioatkal i -salt HVA, or as the dial kali salPCTMPA10/Db6350
conponents of the conplex salt are co#bined in aqueous solution, e.g.: EuCB
+ 3 Na2(dpa) - Na3[Eu(dpa)3] + 3 NaCl and the resulting conplex salt is
preferably recrystallized, so as to separate it from byproducts of the
reaction, such as NaC, which are not desirable to achieve the goal of the
invention, i.e. an ink with the | owest possible solid contents. The

advant age of ahthéherreqrityigt anhplzatdlion ppfaablyscdrgstilbizgd, oy hd® @phartinfomde

conplex salt with a m.ni mal by-product content. This. has an_inpact on the
sol ubi lity ofYP® u%g%ih@feaéﬂaﬁaw%ﬁ% el a5y 8pt ‘ié‘é’égﬁf $hibHeRdifena. In a
preferred embggi SRR inl BRidhONE BALARLIAMOhWEs poREiBREDEd Whitthit he conpl ex
salt, is below 0.1% C - of the total weight of the conplex salt or 0.17%

NaCl , respectively. To obtain high quality of print, the final chloride
content of the conplex salt should not exceed 0.1% w. In case of an

acceptabl e print qualit the chloride content of the conplex salt is
conpr i sed” berWiBer O ARG i<y PRI OGS e Sroddk B iRl o
di negati vel y sglpah@i@dninihhlds @b Ect2on@ht. Fhivabah adpdie be HRadonlbilidydFmee A IS
sel ected fromthe group consisting of pyridine, imdazole, triazole,

pyrazol e, pyramiptes apdanionghadryingaetkogaeorcpiraorghi.dn agirefegedapbodient to 6
e o i RS O e D0 BB o,

carboxylic grou% e fur u grou ydr oXx
C - C6- al koxy totslugkighiSofahdTESElsY salLdb X% NKQPeORRUYsly ETE obt@indHigh iala
Cl - C6-al kyl, such as a )
10 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, amino, a C1-C6-alkoxy,
such as a methoxy, ethoxy, isopropoxy, etc. group or a C1-Cé6-alkyl, such as a

20  methyl, ethyl, isopropyl, etc. group.

Specific dinegatively charged, tridentate 5- or 6-membered heteroaryl ligands A
used 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.



met hyl, ethyl, isopropyl, etc. group. Specific dinegatively charged,
tridentate 5- or 6-nenbered heteroaryl ligands A used in the conplex salts
of the i nwenvimnBo@ie sel ected fromthe group consi sti ngProii/EPe@io®sd3sni C
acid, 4-hydroxypyridine-2,6-dicarboxybic acid, 4-am no-pyridine-

2, 6-di carboxylic acid, 4-ethoxypyridine-2,6-dicarboxylic acid, 4-

i sopropoxypyri di ne-2, 6-di carboxylic acid and/ or 4-nethoxypyridi ne-2, 6-

di carboxylic acid.Iln a nore preferred enbodi nent the dinegatively charged,
tridentate 5- or 6- nenbered heteroaryl ligand A present in the ink

accor di ng tolhhenpregsefirrdder@bodinent thesdisegavtebdcharged, tthidegateup e€ohsi sti ng
of dipicolinic acid and/or 4- hydroxypyridi ne-2,6-di carQoxylic acid and the
Crivalent | aftomRTebsigRand lige Hae%anﬁﬁa a@wccgﬁﬁpsﬁo T (F68+) . In
most pref erredenbodi oRAtiroH AR RS 86Ads@hg of dipicolinic acid and/or 4-

4- hydr oxypyri di ne-2, 6-di carboxylic acid are used in conbination wth

eur opi um ( Eudsrirox¥imeidues-2.6rticegkoxgfictabid dndribhaniaties lantmpldexios & of Eurot he

i nkj et | t t ] ion i t .to 15. wt % based
e ot al Tweptt (BrS DriGoni O (HR Tk 8% de BTty Attt even
nore preferalkid dr uquard&ty&?rid%ilé-zmh&ic@my?h& apidhapivded areatheMasos haw a

strong absorption in the ultraviolet region of the electromgnetic
spectrum Aceéwiogiuig(¥w*5i gure 1, an aqueous ink of the present invention,
based on [Eu(dpa)3]3- shows a strong red em ssion with a maxi rumat 617nm
when exposed to 254 nm UV |ight. The aqueous ink according to the present
invention is suitable for thermal ink-jet

The percentage of the lanthanides complex salt in the aqueous inkjet ink of the
10 present invention is 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 wt%.

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.



printing which is an efficient inkjet printing technique for the coding and
mar ki ng of products, packages or docunents of value. In order to prevent

t he premawonelodsyésng of the aqueous ink conposition accecd/EPe@oss3she
present invention during the printingloprocess, the aqueous inkjet ink of
the invention further conprises at |east one hygroscopic substance. The
hygr oscopi ¢ substance is sel ected each i ndependently fromthe group
consisting of pr i mary, secondary or tertiary alcohol, |actanms, polyneric
gl ycols, glycol, cyclic sulfones.In a nore preferred enbodi nent the

hygr oscopi ¢ subsit@anpefescdahbaiimdnehe hygiode piendsnntyisfselzmet] kectgimde

consi sting of -hexane-|, 2-diol, 2-pyrrolidone, sulfolane, tetranethylene
sul f oxi de, g&RAATEMYLPRD ¢ %gf%weqonpl,sg%iOF}i}Iﬁg?&aQ@-lf%#@ APyt isine; Sl

2- propanedi 0'fo1an%_r,‘tt@H@{SHe%y1e¥11e251h?6<>?i'21%9 'g%hm&-‘bh@%l@éfbﬂé, pr P,Bad?ﬁethgl-yﬁer ol,
et hyl enegl ycol , di et hyl enegl ycol, pol ypropyl eneglycol, polyethyl éneglycol,
et hanol , pr opanbkolibuerendiprofdnediob peeanedjel, df2 hdrenddigl bsuapylolsosicance in

t he aqueous ink of the inyention i.s between 5 to,45% based o he .t ot al

wet ght - of St neeambapisRab B it pouprs el aRG e s
preferably 2Qof ethdhdl propenddiRgiés | nk conposition according to the

i nvention can also further include at |east one visible dyestuff or pignment

whi ch woul d give color to the present ink when adm xed to it. In a
preferred enbodi nent the visible dyestuff or pignment is selected fromthe
group consi sting of nmonoazo,and/ or .di sazo d nonoaz conpl exes dyes.
Ll o of suth baysutly o BEBes i uBRR o ol sUREREAR opl R AMPenTERTs
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 to it. In a preferred embodiment the visible dyestuff or pigment is
15  selected from the group consisting of monoazo 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



pany under the nanme of | RGASPERSE Jet (r). The aqueous ink conposition ac
cording to the invention futher contains 1 to 15 wt% of a visible dyestuff
or p ig neotpiobseasd on the total weight of the conpositipomEPREPENGSNG ON
the nature of the security docunents t1o be inprinted, the printing ink
according to the present invention can furthernore conprise custonmary addi
tives, such as, for exanple, fungicides, biocides surfactants, sequestering
agents, pH adjusters, co solvents or binders, such as, for exanple,
acrylate binders, in the amounts customary for these additives. Another
obj ect of thecqurepdodunanv,entalonddcantche augketoh féihe tAguécuabelnk cadcaradi ng t he
present invention for thenticating an article, such as a banknote, a
passport, aséBﬁWF??aH%PHnent, a val ue document, a ticket, a foil, a thread,
a label, a card, or a cormmercial good. It is also another object of the
pr esent invention to provide a security docunent conprising at |east one
| ayer made with an ink according to the invention. The invention is further
illustrated H)ylstalts@ afm)themwbyagt obthelpresent mycet@nil wevidPersccentyatpesmane by
wei ght. Those ski.l .l the art w ecogni ze t hat ny varia tions are
possi bl e Wi t KPHPHHES gbﬁe?%tpnalféreg%%ﬁ%waﬁ aeccasé&}gptpéga B are i nt ended
to be defined by the follow ng cl ai ns and their equivalents in which al
terns are neant in their broadest reasonable sense unless otherw se
indicated. Figure 1 shows the |um nescence spectrumof an inkjet print of a
Na3[ Eu( dpa) 3[Theamvcaitioh ngfurthier ilé»smateéd)yathe e lowimg ngntlomiging eapicssfeon with a
maxi mum at 6:ICZn ?ggsaaﬂre %(331 vgeblgﬁtr \f%ose S ﬁed tﬁe i vgfiﬂetcgémze that many varia-
tions are possible within the spirit and scope of these examples, 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.

Figure 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 nm excitation.
Examples:

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

20 315g of 2,6-pyridinedicarboxylic acid were dissolved in 5.41 of distilled water at
90°C. A solution of 230g EuCI3*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-



Exanpl es: Synthesis of Na3[ Eu(dpa) 3] *nH20 315g of 2, 6-pyri di nedi carboxylic
acid were dissolved in 5.41 of distilled water at 900C. A solution of 23Qg
EuCl3* 6HAQoI201028068m1 of wat er was added under con ti nuoRETAEPRE0/0BES0 Then
the m xture was allowed to cool down ©20 roomtenperature and neutralized
with a 2M solution of NaOH until the pH reached a val ue i nbetween 7.5-8.5.
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 crystallize the product, the solution was slowy cool ed down to
room t enper atlize ¢he produar shetsalutionedhspi @diyaioolw@sdofvd foavech tamgetanen. Thd ed.
Synt hesi s of Na3[ Tb(dpa)3]*nH2O 3 15g of 2, 6-pyridi nedi carboxylic acid were
di ssol ved inCg”.sﬁﬁah%‘gipa‘?%‘lc!'f"%’glt%@é?(gﬁ]?ngf} 2. Then a sol ution of 235g
TbC13*6H20 in 250 m of water was added. The cool ed down sol uti on was
neutralized with 2M 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
reacti on vol Systhesis af 5a3[Tbldpa)X|eHPPeci pi t ate was re-di ssol ved at 900C and

t he product al.lL.owed.to crystallize over-night. r.odyc S t hen
ool nted By pasePhe it B e fSreainefet i ST ePAREHE] neREal Ty o
the final progectThdaesdionsiess 28y PIRCIBesdbORR NSOl IT viuti wisdRicaf Tiat er and
i ce. The washed powder can finally be filtered and dried. Exanple of

fornul ati on eboled domk sedwtien wiamgeatrdoredlveikh 3dt dradihgntib theheHirpgedhed 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) are 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[Eu(dpa)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 4.35g 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, 980Cxi or 990 Cxi series. Fluorescence at 254nm is
checked using a fisher Bioblock Scientific VL-4.LC lamp is well visible.



tion: Black with fluorescent red (254 nn): To a solution of deionized water
(204 g) are added 2-pyrrolidone (30 g) and 1,2- hexanediol (15 g). The
sol uti on we 2sto/mo@d at 500- 600 rpmin order to obtain arow/mErogensasd
solution. 15g of Na3[Eu(dpa)3] are adged to the solution, then heated at
400C until the conplex is totally solubilized. The solution is cooled to
anbi ent tenperature, and then 18g of Irgasperse(r) Jet Cyan RL, 13.65 g
I rgasperse (r) Jet yellow RL and 4.35g Irgasperse (r) Jet Magenta B are
added, the mxture is stirred at 500-600 rpm around 20 m nutes. After
stirring, thénsaleutd oress snlf sthibtyetvd @sts veererparéoralet: | nsol ubl e conpounds and
unreacted products. The bl ack ink obtained is packaged in a HP45 cartridge
and used with a Deskjet printer of the 960Cxi, 970Cxi, 980Cxi or 990 Cxi
series. Fluorescence at 254nmis checked using a fisher Bioblock Scientific
VL-4.LC | anp is wellpyiighieob gﬁa%ésqﬁra ib® BASESFHY ko 31aR! hid tibind est s
were performed: Printing of 20 ages 1n a row foll owed by 2 Po 4 days
interruption and restestrtt froanodrotth@pagh®0 pages. - Short print tests are
made after 1 week, 2, weeks, 3 weeks, 4 weeks and then,every 4 weeks, over a
6 onth périod. NG pYBE Bk (B B AGUE oyt Wik BEREU AR £ | nk
according to the pregeRbvdrP¥eiick®8vaurd RenthhRrisgabi ity tests. In all cases
fluorescence intensity renai ned unchanged at very satisfactory |evel.d ains
1. Aqueous inkjet ink conmposition conprising at |east one | um nescent
| ant hani de

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.



conplex of the formula: M3[Ln(A)3] wherein Mis chosen fromthe al kal
cations Li+, Na+, K+, Rb+ and Cs+ and the m xtures thereof; wherein Ln is
chosen frwonvtwesbesival ent rare-earth cations of Ce, Pr, pha/Ep3mmo/okssso Gd, Tb,
Dy, Ho, Er, Tm and Yb and the m xtur®s thereof; and wherein Ais a

di negatively charged, tridentate 5- or 6-nenbered heteroaryl ligand. 2. The
aqueous i nk conposition according to claim1l wherein the |anthanide conpl ex
is arecrystallized product having exact stoichionetry of 1:3. 3. The
aqueous ink conposition according to any of the preceding clains wherein no
excessive ligand Ain free formis present in the ink. 4. The aqueous ink
conposition according to any of the preceding clains wherein its final Cd -
content does not exceed 0.1% based on the total weight of the conplex 5.
The aqueous ink conposition according to any of the preceding clains
wherein its final - content is conprised between 0.1% and 0. 25% based on
the total weight of the conplex.6. The&lagseous i nk conposition according to
any of the preceding clains further including at | east one hygroscopic
substance. 7. The aqueous ink conposition according to any of the preceding
clainms further including at | east one visible dyestuff or pignent.

1. Aqueous inkjet ink composition comprising at least one luminescent lan-
5 thanide 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 is chosen from the trivalent rare-earth cations of Ce, Pr, Nd,

10 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 het-

eroaryl ligand.

2. The aqueous ink composition according to claim 1 wherein the lanthanide

15 complex is a recrystallized product having exact stoichiometry of 1:3.

3. The aqueous ink composition according to any of the preceding claims

wherein no excessive ligand A in free form is present in the ink.

20 4. The aqueous ink composition according to any of the preceding claims
wherein its final Cl- content does not exceed 0.1% based on the total

weight of the complex

5. The aqueous ink composition according to any of the preceding claims
25 wherein its final CI- content is comprised between 0.1% and 0.25% based

on the total weight of the complex.



8. The aqueous ink conposition according to any of the preceding clains
whi ch contains 1-15 wt % of | um nescent | ant hani de conpl exes, based on the
total weiwbtomi13odse conposition. 9. The aqueous ink conmposiEP@w/08636@r di NQ
to claim6 which contains 5 to 45 wt %sof hygroscopi ¢ substance, based on
the total weight of the conposi tion. 10. The aqueous ink conposition
according to claim7 which contains 1 to 15 w% of a visible dyestuff or

pi gnent, based on the total weight of the conposition. 11. The aqueous ink
conposition according to clains 6 and 9 wherein the hy groscopi c substance
is selected each independently fromthe group consist ing of prinmary,
secondary or tertiary alcohol, |actanms, polyneric glycol, glycol, cyclic

sul fone. 12. The Jy¥eQusodsnink COmMPRSitibh URcAARR @ Y bOtHel Beemlify aaind
wherein the hy groscopic substance is sel ected each i ndependently fromthe

group consi st i ng figthepindhedinget-lpaspor bygroopigspbitingsne, sul f ol ane,
tetranet hyl ene su | foxide, gamrma-butyro | actone,
| , 3-di met hyl - 2-i m dazol i di none, 2- propanediol, pentanediol, 1,2

hexanedi ol , tri | ol propane, gl yceral, ethyl enegl |, diethyl enegl ycol
ol yor opyPenegl Jedt BUFYBL Y BRUGHYEE Rt HE S oREHFe I SROTS 5.
The aqueous ink CompRS litdRin@HAe4sdbRdvisBICd Rk inorWiah&itn the visible
dyestuff or pignment is selected fromthe group consisting of nbnoazo

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

10 the total weight of the composition.

9. The aqueous ink composition according to claim 6 which contains 5 to 45
wt% of hygroscopic substance, based on the total weight of the composi-
tion.

15

10. The aqueous ink composition according to claim 7 which contains 1 to 15
wt% of a visible dyestuff or pigment, based on the total weight of the

composition.

20 11. The aqueous ink composition according to claims 6 and 9 wherein the hy-
groscopic substance is selected each independently from the group consist-
ing of primary, secondary or tertiary alcohol, lactams, polymeric glycol,

glycol, cyclic sulfone.

25 12. The aqueous ink composition according to claims 6 and 9 wherein the hy-
groscopic substance is selected each independently from the group consist-
ing of DL-hexane-1,2-diol, 2-pyrrolidone, sulfolane, tetramethylene sul-
foxide, gamma-butyrolactone, 1,3-dimethyl-2-imidazolidinone,  2-

propanediol, pentanediol, 1,2 hexanediol, trimethylolpropane, glycerol,



and/ or di sazo dyes, nonoazo Cu-conpl exes dyes. 14. The aqueous ink
conposition according to any of the preceding clains wherein the

di negat i webypomhnaogged, tridentate 5- or 6-nenbered het er earEr201i0®s63d0 A | S
sel ected fromthe group consisting oftépyridine, imdazole, triazole,
pyrazol e, pyrazine, bearing at |east one carboxylic group. 15. The aqueous
i nk conposition according to any of the preceding clains wherein Ais

di picolinic acid and/ or 4-hydroxypyridine-2,6-di carboxylic acid and wherein
Ln is chosen fromthe trivalent ions of Europium (Eu3+) and/or Terbium

(Th3+). 16. Use ofethylmeglguepulcthylknaptwot, dpsigpiopylanygludolt helypthgeecking cl ai ns
for au thenticating an article, such as a banknote, passport, a security
document, a vaIuecgbéﬁﬁﬁﬂtﬁbﬁmWﬂtm%ﬁf”a foil, a thread, a label, a card, or
a comercial good. 17. A security docunment conprising at |east one |ayer
made with an ink ac cording to claiml to 15. 18. Process to obtain the

conpl ex MB[ Ln(A)3lr0f, h@&sp{ngs&gﬁpo's{ﬁ‘éﬁnatc' Sfdin, C%”};lﬁ{rh.sf Ov%e}eﬂ?tﬁet SiB'bﬁJ
reacting a precursor npound of ‘a PIVACENT"E Enthani 'deé ron L with 3

equi val enss of t hdyeitnEgat piyekyt shalged, fivm deng@dup donsistingd o fremdnenad
heteroaryl ligand A in the presence of at |east 3 equivalents of the al kal
cation M 19. Pro@Bd8r diseasr Qichdnenpage Surro®Icxghdysi n t he precursor conpound
of the trivalent lanthanide ion Ln is selected fromthe group consisting of
the o x

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

zole, pyrazole, pyrazine, bearing at least one carboxylic group.

15. The aqueous ink composition according to any of the preceding claims
wherein A is dipicolinic acid and/or 4-hydroxypyridine-2,6-dicarboxylic
15 acid and wherein Ln is chosen from the trivalent ions of Europium (Eu3+)

and/or Terbium (Tb3+).

16. Use of the aqueous ink according to any of the preceding claims for au-
thenticating an article, such as a banknote, passport, a security document, a
20 value document, a ticket, a foil, a thread, a label, a card, or a commercial

good.

17. A security document comprising at least one layer made with an ink ac-
cording to claim 1 to 15.

25

18. Process to obtain the complex M3[Ln(A)3] of the present invention, com-
prising the step of reacting a precursor compound of a trivalent lanthanide

ion Ln with 3 equivalents of the dinegatively charged, tridentate 5- or 6-



i des Ln20G3, the chlorides LnCB, the carbonates Ln2(CO3)3 and the ace tates
Ln(CH3COO) 3. 20. Process according to one of clains 18 or 19, wherein the
di negat i webypomnaogged tri dentate 5- or 6-nenbered het er oacy/EPRo1g@BEESA | S
enpl oyed as the free acid H2A together” with the required anount of base, or
as the nonoal kali-salt HVA, or as the dialkali salt MA 21. Process
according to one of clains 18 to 20, wherein the conponents of the conpl ex
salt are conbined in agueous solution, and the resulting complex salt is
recrystallized so as to separate it from byproducts of the reac tion.
membered heteroaryl ligand A in the presence of at least 3 equivalents of

the alkali cation M.

19. Process according to claim 18, wherein the precursor compound of the tri-
5 valent lanthanide ion Ln is selected from the group consisting of the ox-
ides Ln203, the chlorides LnClI3, the carbonates Ln2(CO3)3 and the ace-

tates Ln(CH3COO)3.

20. Process according to one of claims 18 or 19, wherein the dinegatively

10 charged 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.

21. Process according to one of claims 18 to 20, wherein the components of
15 the complex salt are combined in aqueous solution, and the resulting com-
plex salt is recrystallized so as to separate it from byproducts of the reac-

tion.



