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x) no strikethrough and minimal bleeding of the ink on printing.

Hence, it would be desirable to develop IR dyes and ink compositions fulfilling at least some and
preferably all of the above criteria. Such inks are desirable to complement netpage and Hyperlabel™
systems.

Some IR dyes are commercially available from various sources, such as Epolin Products, Avecia
Inks and H.W. Sands Corp.

In addition, the prior art describes various IR dyes. US 5,460,646, for example, describes an infrared
printing ink comprising a colorant, a vehicle and a solvent, wherein the colorant is a silicon (IV) 2,3-
naphthalocyanine bis-trialkylsilyloxide.

US 5,282,894 describes a solvent-based printing ink comprising a metal-free phthalocyanine, a
complexed phthalocyanine, a metal-free naphthalocyanine, a complexed naphthalocyanine, a nickel
dithiolene, an aminium compound, a methine compound or an azulenesquaric acid.

However, none of these prior art dyes can be formulated into ink compositions suitable for use in
netpage or Hyperlabel™ systems. In particular, commercially available and/or prior art inks suffer from one
or more of the following problems: absorption at wavelengths unsuitable for detection by near-IR sensors;
poor solubility or dispersibility in aqueous solvent systems; or unacceptably high absorption in the visible
part of the spectrum.

In our earlier US patent application no. 10/986,402 (the contents of which is herein incorporated by
reference), we described a water-soluble gallium naphthalocyanine dye fulfilling many of the desirable
properties identified above. The dye typically comprises four sulfonic acid groups, which impart a high
degree of water-solubility, either in its acid or salt form. However, it has since been found that the formation

of salts using, for example, sodium hydroxide or triethylamine produces an unexpected blue-shift in the Q-
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In a second aspect, there is provided an inkjet ink comprising a dye or a formulation as described

Figure 1

above.

In a third aspect, there is provided an inkjet printer comprising a printhead in fluid communication
with at least one ink reservoir, wherein said at least one ink reservoir comprises an inkjet ink as described
above.

In a fourth aspect, there is provided an ink cartridge for an inkjet printer, wherein said ink cartridge
comprises an inkjet ink as described above.

In a fifth aspect, there is provided a substrate having a dye as described above disposed thereon.

In a sixth aspect, there is provided a method of enabling entry of data into a computer system via a

printed form, the form containing human-readable information and machine-readable coded data, the coded
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Figure 17; Figures 22(a) to 22(c) show the basic
operational principles of a thermal bend actuator;
Figure 23 shows a three dinensjonal view of a si ngI e

et .nozzl e grr.an nt constructed in accordan
R EPGERE 253 ST B B G GNAP R oy o] Y o 5 phod
iacledimygfervepstos shown i n Fi gure 23, Figure 25 is
a sc h@%&n Cln fE Q&ﬁ)uéxes?&éﬁﬁlﬁ lfrox\ﬂ la @éﬂsﬁ?&e@&@ ﬂldi@ﬁmé Hgfa regardmg the identity

chanber of a _unit formng

YR EndiRrginaf the sensing dFYlwl@VQ@ @ﬁmthgseﬁ%*fa Gtatheaplacedinan
@dpeaiiMe Ipthkmoﬁ)felah%ddi mxﬂ)gmgbﬂeMg the indicating data using at least some of the coded data;

2&{3 E} 19&%%\%9% %ptlh? (?()‘inﬁ%ltﬂ%? cim da?ncrf frgm ﬁ{é szﬁing tg Qtrlgast%r?w t%elpcp c}%:he form; and

napht wgpr@@rygan the é?rmurea%yerprfh@hlﬁ@t anp ef ﬂZF ipdicatiig-dpR/B0t eigtesioghe at least
ohk W14, Fi gure 28 shows a refl ectance spectrum

f te i um hydr.oxygal liu ]
PSR SR S r o e berved above. 1 0 g
showsn asewwthl asettathaeis peidtdamethof oftimerpctikg witRBUAINThern, Wre)product item

}Jawg’ é)@fﬁi@@iutmae %m&tgtmm@aa@m aﬁ);n%israa%u b @RL&dBie coded data, the coded
nce S‘? ec

?wpcgc(aﬁggg?%emlta ﬁ'f thw&ﬁ&t*%é 9 Weu}}?fi mcludmg the steps of:
(a»ap htrivaiving yrathe wvetpatirsgssan dnd frarh @ se@sing device, indicating data regarding the identity
o@ﬂlt: leo&l‘lﬁﬂéﬁlullhé s%ﬁym% d@\%edw}{e?? plgéui' in\éﬁ lofemtﬁé) om%xon relative to the product item,

gure 31 shows a reflectance spectrumo
gt“”%?fa?‘%% s indicating dathurigecnt 3y e Pftﬁ‘?ﬁ"ded data; and
(maphtiteatifoiay, aﬂhmhlﬁlﬁtﬁraﬁtbhlfaﬁmﬁﬁr@ thé intiichtihg dive) a Gjtetavteoh @dMtiSg to the
pPofduc?ﬁe%' c acid. Detailed Description |R Absorbing Dye
used herein, the term"|R-absorbing dye" nmeans a
V@f/rém stibeorasiviate compibes An Wbesritig dynfcpeadingps deseribad fhere and

which is therefore suitable for detection by an

ér.ntflgezg\rr{etqon% sor . Pr eferably, the I R-absorbing dye
—a!ﬁsm%g—rn—%e—ﬁear infrared region, and preferably
has a Wigure 1 is & schemaip) ef art]@(rgletiogﬁlip‘p@@/eqn@ sq@e}Oprivted nerpageand its online page
dgy‘c,%fneﬁ abI y 750 to 900 nm rmre pr ef er abl y 780 to 850
am h%a %] toin sti range a W |
part i cd%“ée AR e‘f""é‘ﬁlvéew BP ‘“é"éaf%‘?f‘t eBVﬁe‘b%/““'éPé%ﬁ REBfdlith ninal. @ netpage
rligiger sipags naddy, arstpagegadel strvem aad umripagerpplaatve serde ai agleb server;
l'aser. Flgui?é 3 illustrates™3 dMidckio?®f %&Bdg@'s&%is ' Wemgrﬁlnglgt ﬁjinlters and relays
bel ow, dyes represented by formula (1) may be in
“%?ﬁ‘ij’P‘FeFtB‘H‘iﬁﬁeW“flﬁ other tautomers in which
meso- rHigureogiz @ (sshematfc idveofnuapdhtiial woytan ioNe priritddghepyps tagdrits online page
d8ESBy. ot onat ed. Indeed, the dye represented by fornul a
'% only be a_ni nor species in this equilibrium

Howev 1gureLg W@W Bevingiestedearig tidrefatiop of hesypbels effpur codewords
of thefit i on are gener al | y represented by fornula (I)

O her I;t aut | i bri
cour se lgLI}‘en 8 IlS a(jjﬂcéé v1ew w1ng ta rr]neacrgm fayou{)f?%eﬁcag S OWﬂ in g%gure 5a

i nventhigyys. 5S¢ is a plan Vlewwnzg@@ @rfr@gﬁ@nt{@ ning af tbertegéhp[wn in Figures 5a and 5b,

inl W fdrdeB RreRMYAR bgtueenaaﬁy&ﬁkt@geous features of: optimal
near -

absorptio sui t abi
For mulFEE RO PR VSHOEO0S TP PIRED * BRPLBTRR PR & Fswe eands
figlil oftyidwrebowet@Aknsing Kevioirt theofatm Saoetpdge pinng  opt i nal

near - IF@ul@tasfsoar pg;sbeg{‘ve V@Q/%f g @e@ﬂaéeepelpgn@ @c@gs@t;c laf2A tag- chrﬁglﬁ M- of-view cone;
their high extinction coefficients in the near-I

regi o S A2 RERBRCU IR I L e g e AFtPage RSP SR TeFigut 6
CoNncerriguaBiivschdtiatialilbak dfagtm ded @a tcormilldd Yor ehe A& page bdR shown in Figures 6
argje7t ector (e.g. a netpage pen). Accordingly, the dyes
of "the present invention are especially suitable for
use i WigHEP fraersensidr e Mppef 1 wilenormedgsiegsaireons. None of
the dy@srel0RWeectish thid&h Rieiidfth 8f the R@8getphihtsr PGS,
conmbi nation of properties. The present
invention was initially conceived by observing the
reacti on of a gallium naphthal ocyani ne tetrasul fonic
acid salt wth four equivalents of amne to given an
ammoniumsalt. It was found, surprisingly, that the



The species BH+ in the present invention is a weak
acid having a pK, in the range of 4 to 9, or
optionally 4.5 to 8. The dyes of fornula (1) may be
Jeadily formed by the addition, of a base to the

corres ond| tet asul foni ¢_aci The base

neutr a 1gl(ree GHS ?jw,n aEﬁe 8(3rt10n| F{’%ﬁregp] sl'&)gglé agﬁ'@lon %ITF%/ duBlgxed print engines
and'gua\lvlieelpsssmltly,v ely charged (e.g. CO6HS5NH+).

Al ter nﬁl&ﬁré’ ? ¥a dgtgﬁd bl@@ gf tHLaMk E’a‘?m@g%' ﬂE] 'aﬁ‘ a&cﬁghga pafﬁ& gﬁda;;rﬁt engmes of the

anion). rn_which case be  overal | nheutral
f}&@@ﬁlf’rmt?rﬁffl%esé’é%‘bloof any or al |l of 13H+ being
neutr ahguré tosis mee;nslaieh vieve bif ah akichirtidgd; t he

ht h t abl
ﬂﬁﬁberﬁ%‘?rg ?Ii%gem%?c iew &t@%ﬁ%&?&o‘?%]_ueWDﬁlaiu;t ?) €

The skFipurett lf)@’rcmﬂwlw ofjths stjgsture Oéwmf@lt@ﬁ a wde

vari et fig@f 131 adehedttichsew mb@mafswwfgtakn t he criteria of
Lg\e” ﬁgl-elgu%g f dls n%cﬁ?r%aélg \r/lxgw a Helflteragng lt)%w pr’:c))g%:vl egxea%xeq product scanner,
ahetddhnld producsemrdareaentiha podwieavirond a praducipiplicgion sowwe

aci ds ggge 17af ﬁgefsséimteqleb«yofsmtmc &théa@s pondi ng conj ugate
base. For exa dine refers to the

pKa ofF‘%ﬂﬁeelsc?Bg&’é’&f’o"ﬁﬁ?%@""d&??ﬁ"&ﬁ%’i" g Rothead oigee Hei d

4. 76 Bribyd Bried sattiom] e throlikk dnperdiafitht bi-1BhiQbinthead of Figure 17;
2- Thi aggl agy lmo%@h@naﬁ%m cle@%ﬁgﬁmzé vk p%mhga@ oﬁp 00 17,

Pr opan0| c acld I‘OX ropan0| c acid
Tr | meUHGFear o STHom B BB e e i gictation and reverse pla

vielwopégpBidti@elg 6f the bi-lithic printhead of Figure 17;

Figures 22(a) to 22(c) show the basic operational principles of a thermal bend actuator;

Figure 23 shows a three dimensional view of a single ink jet nozzle arrangement constructed in
accordance with Figure 22;

Figure 24 shows an array of the nozzle arrangements shown in Figure 23;

Figure 25 is a schematic cross-sectional view through an ink chamber of a unit cell of a bubble
forming heater element actuator;

Figure 26 shows a reflectance spectrum of hydroxygallium naphthalocyaninetetrasulfonic acid 4;

Figure 27 shows a "H NMR spectrum of hydroxygallium naphthalocyaninetetrasulfonic acid 4 in
ds-DMSO (0.1% w/v);

Figure 28 shows a reflectance spectrum of tetraimidazolium hydroxygallium
naphthalocyaninetetrasulfonate 7;

Figure 29 shows a reflectance spectrum of tetrakis(DBUammonium) hydroxygallium
naphthalocyaninetetrasulfonate 9;

Figure 30 shows a reflectance spectrum of tetrakis(DBUammonium) hydroxygallium
naphthalocyaninetetrasulfonate 9 with p-toluenesulfonic acid (3 equivalents);

Figure 31 shows a reflectance spectrum of tetraimidazolium hydroxygallium

naphthalocyaninetetrasulfonate 7 with two equivalents of acetic acid.

Detailed Description
IR-Absorbing Dye

As used herein, the term “IR-absorbing dye” means a dye substance, which absorbs infrared

radiation and which is therefore suitable for detection by an infrared sensor. Preferably, the IR-absorbing dye
absorbs in the near infrared region, and preferably has a A,y in the range of 700 to 1000 nm, more preferably
750 to 900 nm, more preferably 780 to 850 nm. Dyes having a A,y in this range are particularly suitable for

detection by semiconductor lasers, such as a gallium aluminium arsenide diode laser.
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- Py rlgy%is pccorcﬂrrlgqgé)\é lprlegentau(x:vlen 102 aI}IIIe ¥he Pvgn%rt‘]ggcl)us features of: optimal absorption in the
near-IR region; suitability for formulation into aqueous inkjet inks; pH compatible with known CMYK inks
without sacrificing optimal near-IR absorption; and facile preparation. Moreover, their high extinction
coefficients in the near-IR region means that the dyes appear “invisible” at a concentration suitable for
detection by a near-IR detector (e.g. a netpage pen). Accordingly, the dyes of the present invention are
especially suitable for use in netpage and Hyperlabel™ applications. None of the dyes known in the prior art
has this unique combination of properties.

The present invention was initially conceived by observing the reaction of a gallium
naphthalocyanine tetrasulfonic acid salt with four equivalents of amine to given an ammonium salt. It was
found, surprisingly, that the reflectance spectra of ammonium salts are independent of the structure of the
amine, but very much affected by the pK, of the ammonium salt. At low pK, the Q-band (A,,,) has a large
monomeric component and is red-shifted to 800-810 nm. However, when strongly basic amines are used, the
Q-band exhibits a significant dimer or aggregate component and the monomer component is blue shifted to
<800 nm. Given that the internal meso nitrogens of the naphthalocyanine ring system have pK, values of
about 11.5 (first protonation) and 6.7 (second protonation), then without wishing to be bound by theory, these
results have been interpreted in terms of the ability of the ammonium ion to protonate zero (structure A), one
(structure B) or two (structure C) of the meso nitrogens. The greater the protonating ability of the ammonium
ion (lower pKa), the greater the degree of protonation of the macrocycle. It is believed that protonation of the
macrocycle reduces -7 stacking between adjacent molecules by electrostatic repulsion. With less

aggregation and a greater monomer component, a red-shift of the Q-band of the salt is observed.

BH(‘B@O:;S O O 058 O 0058 O
BH® BH® B: Q BH®
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P OH\
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80;0 50,0 My 80,0 N M
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®

BH® B = base e.g. amine BH

A B C

Following on from these surprising results, it was then found that other weak acids could effect the
same phenomena. For example, treating the tetrasulfonic acid with four equivalents of lithium or sodium
acetate (B = AcO") gave characteristic red-shifted spectra resulting from the formation of the lithium or
sodium salt and four equivalents of acetic acid. It was therefore concluded that the pH of the solution
(controlled by the pK, of the BH" species) is the most important factor in controlling the red-shifted

behaviour of certain naphthalocyanine dyes.
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It is expected that the same phenomenon may be similarly used in controlling Q-band absorption for
a whole range of sulfonated phthalocyanine and naphthalocyanine dyes. The use of pH to fine-tune Q-band
absorption has not been exploited previously and represents a convenient, low cost approach to producing
red-shifted IR dyes. Specific examples of dyes and formulations exploiting this phenomenon are provided
below in the Examples.

The species BH' in the present invention is a weak acid having a pK, in the range of 4 to 9, or
optionally 4.5 to 8. The dyes of formula (I) may be readily formed by the addition of a base to the
corresponding tetrasulfonic acid. The base B may be neutral (e.g. pyridine), in which case BH will be
overall positively charged (e.g. C¢HsNH"). Alternatively, the base may be anionic (e.g. acetate anion) in
which case BH" will be overall neutral (e.g. AcOH). In the case of any or all of BH" being neutral, the
overall neutrality of the naphthalocyanine salt is maintained by a suitable number of metal counterions (e.g.
Li*, Na® etc).

The skilled person will be well aware of a wide variety of weak acids, which fulfil the criteria of the
present invention. Some examples of common acids having a pK, in the range of 4 to 9 are provided below.
In accordance with convention, the pK, of some acids are referred to by their corresponding conjugate base.

For example, the pK, of pyridine refers to the pK, of the corresponding pyridinium ion.

Acetic acid 4.76
Ethyleneimine 8.01
1H-Imidazole 6.95
2-Thiazolamine 5.36
Acrylic acid 4.25
Melamine 5.00
Propanoic acid 4.86
3-Hydroxypropanoic acid 4.51
Trimethylamine oxide 4.65
Barbituric acid 4.01
Alloxanic acid 6.64
1-Methylimidazole 6.95
Allantoin 8.96
3-Butenoic acid 4.34
trans-Crotonic acid 4.69
3-Chlorobutanoic acid 4.05
4-Chlorobutanoic acid 4.52

Butanoic acid 4.83
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2-Pyridinamine 6.82
2,5-Pyridinediamine 6.48
2,4-Dimethylimidazole 8.36
Methylsuccinic acid 4.13
Histamine 6.04;9.75
2-Methylbutanoic acid 4.80
3-Methylbutanoic acid 4,77
Pentanoic acid 4.84
Trimethylacetic acid 5.03
2,3-Dichlorophenol 7.44
3,6-Dinitrophenol 5.15
Pteridine 4.05
2-Chlorophenol 8.49
3-Chlorophenol 8.85
3-Pyridinecarboxylic acid 4.85
4-Pyridinecarboxylic acid 4.96
2-Nitrophenol 7.17
3-Nitrophenol 8.28
4-Nitrophenol 7.15
4-Chloroaniline 4.15
4-Fluoroaniline 4.65
Aniline 4.63
2-Methylpyridine 5.97
3-Methylpyridine 5.68
4-Methylpyridine 6.02
Methoxypyridine 6.47
4,6-Dimethylpyrimidinamine 4.82
3-Methylglutaric acid 4.24
Adiparnic acid 4.63
Hexanoic acid 4.85
4-Methylpentanoic acid 4.84
Benzimidazole 5.53
Benzoic acid 4.19
3,5-Dihydroxybenzoic acid 4.04
Gallic acid 4.41

3-Aminobenzoic acid 478
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2,6-Dimethylpyridine 6.65
3,4-Dimethylpyridine 6.46
3,5-Dimethylpyridine 6.15
2-Ethylpyridine 5.89
N-Methylaniline 4.84
o-Methylaniline 4.44
m-Methylaniline 4.73
p-Methylaniline 5.08
o-Anisidine 4.52
m-Anisidine 4.23
p-Anisidine 5.34
4-Methylthioaniline 4.35
Cyclohexanecarboxylic acid 4.90
Heptanoic acid 4.89
2-Methylbenzimidazole 6.19
Phenylacetic acid 4.28
2-(Methylamino)benzoic acid 5.34
3~(Methylamino)benzoic acid 5.10
4-(Methylamino)benzoic acid 5.04
N,N-Dimethylaniline 5.15
N-Ethylaniline 5.12
2,4,6-Trimethylpyridine 7.43
o-Phenetidine 4.43
m-Phenetidine 4.18
p-Phenetidine 5.20
Veronal 7.43
Octanedioic acid 4.52
Octanoic acid 4.89
o-Chlorocinnamic acid 4.23
m-Chlorocinnamic acid 4.29
p-Chlorocinnamic acid 441
Isoquinoline 5.42
Quinoline 4.90
7-Isoquinolinol 5.68
1-Isoquinolinamine 7.59
3-Quinolinamine 491
trans-Cinnamic acid 4.44

2-Ethylbenzimidazole 6.18



7.33 Nonanic acid 4.96 2-Methyl quinoline 5.83

4- Met hyl qui nol i ne 5.67 5-Met hyl qui noline 5.20

6- Met hoxyqui nol i ne 5. 03 o- Met hyl ci nnam ¢ acid 4.50

e Methyl ei nnami ¢ acid 4.44 p-NMgthyl cinnamic acid 4. 56
Ig;\eg'l;’g?eﬁrilcylﬁﬁut anoic acid 4. 746?;32N, N-Diethylani 1 ine 6.61

e 6.35
N-Allylaniline 4.17
Tyrosineamide 7.33
Nonanic acid 4.96
2-Methylquinoline 5.83
4-Methylquinoline 5.67
5-Methylquinoline 5.20
6-Methoxyquinoline 5.03
o-Methylcinnamic acid 4.50
m-Methylcinnamic acid 4.44
p-Methylcinnamic acid 4.56
4-Phenylbutanoic acid 4.76
N,N-Diethylaniline 6.61
Perimidine 6.35
2-Naphthoic acid 4.17
Pilocarpine 6.87
1,10-Phenanthroline 4.84
2-Benzylpyridine 5.13
Acridine 5.58
Phenanthridine 5.58
Morphine 8.21
Codeine 8.21
Papaverine 6.40
Strychnine 8.26
Brucine 8.28

It will, of course, be appreciated that the present invention is not limited to those acids listed above
and the skilled person will be readily able to select other acids (or conjugate bases) having a pK, in the range
of 4 to 9, or optionally 5 to 8.

Optionally, each B is independently selected from the group consisting of a nitrogen base and an
oxyanion. Accordingly, each B may be a nitrogen base. Alternatively, each B may be an oxyanion base.
Alternatively, there may be a mixture of nitrogen and oxyanion bases in one dye salt. For example, the four
BH" molecules may consist of two molecules of acetic acid and two pyridinium ions, or alternatively one
molecule of acetic and three imidazolium ions. The skilled person will be readily able to conceive of a
variety of mixed dye salts within the ambit of the present invention.

By “nitrogen base” it is meant a base containing at least one nitrogen atom, which can be
protonated. Optionally, the nitrogen base is a Cs.;, heteroaryl base, such as imidazole or pyridine. Imidazole
is a particularly preferred base in the present invention.

By “oxyanion” it is meant a base containing at least one oxyanion, which can be protonated.
Optionally, the oxyanion base is a carboxylate base. A carboxylate base is an organic molecule comprising at

least one carboxylate (CO,") moiety. Optionally, the carboxylate base is of formula R’C(0)O", wherein R’ is
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sgl'ec%e% from C,.y, alkyl, Cs.j; aryl or Cs_j, arylalkyl. Examples of carboxylate bases include acetate,
benzoate etc.

The groups represented by R' and R? may be used for modifying or “tuning” the wavelength of Ay
of the dye. Electron-donating substituents (e.g. alkoxy) at the ortho positions can produce a red-shift in the
dye. In one preferred embodiment of the present invention, R! and R? are both C,.g alkoxy groups, preferably
butoxy. Butoxy substituents advantageously shift the A« towards longer wavelengths in the near infrared,
which are preferable for detection by commercially available lasers. In another preferred embodiment R’ and
R? are both hydrogen, which provides an expeditious synthesis of the requisite naphthalocyanines.

The central metal atom M has been found, surprisingly, to have a very significant impact on the
light stability of the compounds of the present invention. Previously, it was believed that the nature of the
organic naphthalocyanine chromophore was primarily responsible for the rate at which such compounds
degrade. However, it has now been found that certain metal naphthalocyanines show unusually high light
stability compared to other metals. Specifically, gallium and copper naphthalocyanines have been shown to
exhibit very good light stability, making these compounds highly suitable for netpage and Hyperlabel™
applications in which the IR dye may be exposed to office lighting or sunlight for a year or more. Gallium
compounds are particularly preferred since these have a more red-shifted A, compared to copper. A more
red-shifted Ay is preferred, because colored cyan dyes are less likely to interfere with the IR dye’s response
to the netpage pen.

Typically A' is a hydroxyl group (-OH). Alternatively, A’ may be selected or modified to impart
specific properties onto the dye molecule. A' may be selected to add axial steric bulk to the dye molecule,
thereby reducing cofacial interactions between adjacent dye molecules.

Optionally, the axial ligand, when present, adopts a conformation (or is configured) such that it
effectively “protects” or blocks a n-face of the dye molecule. An axial ligand, which can form an “umbrella”
over the n-system and reduce cofacial interactions between adjacent dye molecules is particularly suitable for
use in the present invention.

It has been recognized by the present inventors that IR-absorbing dye compounds of the prior art
absorb, at least to some extent, in the visible region of the spectrum. Indeed, the vast majority of IR-
absorbing dye compounds known in the prior art are black or green or brown hues of black in the solid state.
This visible absorption is clearly undesirable in “invisible” IR inks, especially IR inks for use in netpage or
Hyperlabel™ systems.

It has further been recognized by the present inventors that the presence of visible bands in the
absorption spectra of IR-absorbing dye compounds, and particularly IR-absorbing metal-ligand complexes, is
at least in part due to cofacial interactions between adjacent molecules.

Typically, IR-absorbing compounds comprise a n-system which forms a substantially planar moiety
in at least part of the molecule. There is a natural tendency for planar n-systems in adjacent molecules to
stack on top of each other via cofacial n-interactions, known as n—7 stacking. Hence, IR-absorbing
compounds have a natural tendency to group together via cofacial n-interactions, producing relatively weakly
bound dimers, trimers efc. Without wishing to be bound by theory, it is understood by the present inventors
that n—= stacking of IR-absorbing compounds contributes significantly to the production of visible

absorption bands in their IR spectra, which would not otherwise be present in the corresponding monomeric
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present invention are synthesized via a cascaded
coupling of four 2,3-dicyanonapthal ene (1) nol ecul es,
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As illustrated in Figure 2, the netpage pen 101, a
preferred formof which is shown in Figures 6 and 7
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publicati on has the physical characteristics of a
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When a class diagramis broken up into nultiple

di agrans, any class which is duplicated is shown with
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1.2.1Tag Data Content In a preferred form

each tag identifies the region in which it appears,

and the location of that tag within the region. A tag



In one enbodi nent, the 120 bits of tag data are
redundant|ly encoded using a (15, 5) Reed- Sol onon code.
This yields 360 encoded bits consisting of 6 codewords
of 15 4-bit synbols each. The (15, 5) code alloms up

to 5 ol erro cte er caod
oo e o B Qi Bt i foimine and
oA rdges (1500 sheets). Each 4-bit synmbol is represented in
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t he alieta% Applicatiops of this me/%{)élgn are described geneggdly ngheélx(hlagd seye)nth aspects of the
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1. 4THE NETPACE PRI NTER The net page printer
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Exanple 3 - Preparation of |Inks and Refl ectance
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1.5 THE NETPAGE PEN

The active sensing device of the netpage system is typically a pen 101, which, using its embedded
controller 134, is able to capture and decode IR position tags from a page via an image sensor. The image
sensor is a solid-state device provided with an appropriate filter to permit sensing at only near-infrared
wavelengths. As described in more detail below, the system is able to sense when the nib is in contact with
the surface, and the pen is able to sense tags at a sufficient rate to capture human handwriting (i.e. at 200 dpi
or greater and 100 Hz or faster). Information captured by the pen is encrypted and wirelessly transmitted to
the printer (or base station), the printer or base station interpreting the data with respect to the (known) page
structure.

The preferred embodiment of the netpage pen operates both as a normal marking ink pen and as a
non-marking stylus. The marking aspect, however, is not necessary for using the netpage system as a
browsing system, such as when it is used as an Internet interface. Each netpage pen is registered with the
netpage system and has a unique pen ID 61. Figure 14 shows the netpage pen class diagram, reflecting pen-
related information maintained by a registration server 11 on the netpage network.

When either nib is in contact with a netpage, the pen determines its position and orientation
relative to the page. The nib is attached to a force sensor, and the force on the nib is interpreted relative to a
threshold to indicate whether the pen is “up” or “down”. This allows a interactive element on the page to be
‘clicked’ by pressing with the pen nib, in order to request, say, information from a network. Furthermore, the
force is captured as a continuous value to allow, say, the full dynamics of a signature to be verified.

The pen determines the position and orientation of its nib on the netpage by imaging, in the
infrared spectrum, an area 193 of the page in the vicinity of the nib. It decodes the nearest tag and computes
the position of the nib relative to the tag from the observed perspective distortion on the imaged tag and the
known geometry of the pen optics. Although the position resolution of the tag may be low, because the tag
density on the page is inversely proportional to the tag size, the adjusted position resolution is quite high,
exceeding the minimum resolution required for accurate handwriting recognition.

Pen actions relative to a netpage are captured as a series of strokes. A stroke consists of a
sequence of time-stamped pen positions on the page, initiated by a pen-down event and completed by the
subsequent pen-up event. A stroke is also tagged with the page ID 50 of the netpage whenever the page ID
changes, which, under normal circumstances, is at the commencement of the stroke.

Each netpage pen has a current selection 826 associated with it, allowing the user to perform copy
and paste operations etc. The selection is timestamped to allow the system to discard it after a defined time
period. The current selection describes a region of a page instance. It consists of the most recent digital ink
stroke captured through the pen relative to the background area of the page. It is interpreted in an application-
specific manner once it is submitted to an application via a selection hyperlink activation.

Each pen has a current nib §24. This is the nib last notified by the pen to the system. In the case of
the default netpage pen described above, either the marking black ink nib or the non-marking stylus nib is
current. Each pen also has a current nib style 825. This is the nib style last associated with the pen by an

application, e.g. in response to the user selecting a color from a palette. The default nib style is the nib style
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associated with the current nib. Strokes captured through a pen are tagged with the current nib style. When
the strokes are subsequently reproduced, they are reproduced in the nib style with which they are tagged.

Whenever the pen is within range of a printer with which it can communicate, the pen slowly
flashes its “online” LED. When the pen fails to decode a stroke relative to the page, it momentarily activates
its “error” LED. When the pen succeeds in decoding a stroke relative to the page, it momentarily activates its
“ok™ LED.

A sequence of captured strokes is referred to as digital ink. Digital ink forms the basis for the
digital exchange of drawings and handwriting, for online recognition of handwriting, and for online
verification of signatures.

The pen is wireless and transmits digital ink to the netpage printer via a short-range radio link.
The transmitted digital ink is encrypted for privacy and security and packetized for efficient transmission, but
is always flushed on a pen-up event to ensure timely handling in the printer.

When the pen is out-of-range of a printer it buffers digital ink in internal memory, which has a
capacity of over ten minutes of continuous handwriting. When the pen is once again within range of a printer,
it transfers any buffered digital ink.

A pen can be registered with any number of printers, but because all state data resides in netpages
both on paper and on the network, it is largely immaterial which printer a pen is communicating with at any
particular time.

A preferred embodiment of the pen is described in greater detail below, with reference to Figures
6to 8.

1.6 NETPAGE INTERACTION

The netpage printer 601 receives data relating to a stroke from the pen 101 when the pen is used
to interact with a netpage 1. The coded data 3 of the tags 4 is read by the pen when it is used to execute a
movement, such as a stroke. The data allows the identity of the particular page and associated interactive
element to be determined and an indication of the relative positioning of the pen relative to the page to be
obtained. The indicating data is transmitted to the printer, where it resolves, via the DNS, the page ID 50 of
the stroke into the network address of the netpage page server 10 which maintains the corresponding page
instance 830. It then transmits the stroke to the page server. If the page was recently identified in an earlier
stroke, then the printer may already have the address of the relevant page server in its cache. Each netpage
consists of a compact page layout maintained persistently by a netpage page server (see below). The page
layout refers to objects such as images, fonts and pieces of text, typically stored elsewhere on the netpage
network.

When the page server receives the stroke from the pen, it retrieves the page description to which
the stroke applies, and determines which element of the page description the stroke intersects. It is then able
to interpret the stroke in the context of the type of the relevant element.

A “click” is a stroke where the distance and time between the pen down position and the
subsequent pen up position are both less than some small maximum. An object which is activated by a click
typically requires a click to be activated, and accordingly, a longer stroke is ignored. The failure of a pen
action, such as a “sloppy” click, to register is indicated by the lack of response from the pen’s “ok” LED.

There are two kinds of input elements in a netpage page description: hyperlinks and form fields.

Input through a form field can also trigger the activation of an associated hyperlink.
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housing 102 in the form of a plastics moulding having walls 103 defining an interior space 104 for mounting
the pen components. The pen top 105 is in operation rotatably mounted at one end 106 of the housing 102. A
semi-transparent cover 107 is secured to the opposite end 108 of the housing 102. The cover 107 is also of
moulded plastics, and is formed from semi-transparent material in order to enable the user to view the status
of the LED mounted within the housing 102. The cover 107 includes a main part 109 which substantially
surrounds the end 108 of the housing 102 and a projecting portion 110 which projects back from the main
part 109 and fits within a corresponding slot 111 formed in the walls 103 of the housing 102. A radio antenna
112 is mounted behind the projecting portion 110, within the housing 102. Screw threads 113 surrounding an
aperture 113 A on the cover 107 are arranged to receive a metal end piece 114, including corresponding screw
threads 115. The metal end piece 114 is removable to enable ink cartridge replacement.

Also mounted within the cover 107 is a tri-color status LED 116 on a flex PCB 117. The antenna
112 is also mounted on the flex PCB 117. The status LED 116 is mounted at the top of the pen 101 for good
all-around visibility.

The pen can operate both as a normal marking ink pen and as a non-marking stylus. An ink pen
cartridge 118 with nib 119 and a stylus 120 with stylus nib 121 are mounted side by side within the housing
102. Either the ink cartridge nib 119 or the stylus nib 121 can be brought forward through open end 122 of
the metal end piece 114, by rotation of the pen top 105. Respective slider blocks 123 and 124 are mounted to
the ink cartridge 118 and stylus 120, respectively. A rotatable cam barrel 125 is secured to the pen top 105 in
operation and arranged to rotate therewith. The cam barrel 125 includes a cam 126 in the form of a slot
within the walls 181 of the cam barrel. Cam followers 127 and 128 projecting from slider blocks 123 and 124
fit within the cam slot 126. On rotation of the cam barrel 125, the slider blocks 123 or 124 move relative to
each other to project either the pen nib 119 or stylus nib 121 out through the hole 122 in the metal end piece
114. The pen 101 has three states of operation. By turning the top 105 through 90° steps, the three states are:

. stylus 120 nib 121 out

. ink cartridge 118 nib 119 out, and

. neither ink cartridge 118 nib 119 out nor stylus 120 nib 121

out

A second flex PCB 129, is mounted on an electronics chassis 130 which sits within the housing
102. The second flex PCB 129 mounts an infrared LED 131 for providing infrared radiation for projection
onto the surface. An image sensor 132 is provided mounted on the second flex PCB 129 for receiving
reflected radiation from the surface. The second flex PCB 129 also mounts a radio frequency chip 133, which
includes an RF transmitter and RF receiver, and a controller chip 134 for controlling operation of the pen
101. An optics block 135 (formed from moulded clear plastics) sits within the cover 107 and projects an
infrared beam onto the surface and receives images onto the image sensor 132. Power supply wires 136
connect the components on the second flex PCB 129 to battery contacts 137 which are mounted within the
cam barrel 125. A terminal 138 connects to the battery contacts 137 and the cam barrel 125. A three volt
rechargeable battery 139 sits within the cam barrel 125 in contact with the battery contacts. An induction

charging coil 140 is mounted about the second flex PCB 129 to enable recharging of the battery 139 via
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induction. The second flex PCB 129 also mounts an infrared LED 143 and infrared photodiode 144 for

detecting displacement in the cam barrel 125 when either the stylus 120 or the ink cartridge 118 is used for
writing, in order to enable a determination of the force being applied to the surface by the pen nib 119 or
stylus nib 121. The IR photodiode 144 detects light from the IR LED 143 via reflectors (not shown) mounted
on the slider blocks 123 and 124.

Rubber grip pads 141 and 142 are provided towards the end 108 of the housing 102 to assist
gripping the pen 101, and top 105 also includes a clip 142 for clipping the pen 101 to a pocket.
3.2 PEN CONTROLLER

The pen 101 is arranged to determine the position of its nib (stylus nib 121 or ink cartridge nib
119) by imaging, in the infrared spectrum, an area of the surface in the vicinity of the nib. It records the
location data from the nearest location tag, and is arranged to calculate the distance of the nib 121 or 119
from the location tab utilising optics 135 and controller chip 134. The controller chip 134 calculates the
orientation of the pen and the nib-to-tag distance from the perspective distortion observed on the imaged tag.

Utilising the RF chip 133 and antenna 112 the pen 101 can transmit the digital ink data (which is
encrypted for security and packaged for efficient transmission) to the computing system.

When the pen is in range of a receiver, the digital ink data is transmitted as it is formed. When the
pen 101 moves out of range, digital ink data is buffered within the pen 101 (the pen 101 circuitry includes a
buffer arranged to store digital ink data for approximately 12 minutes of the pen motion on the surface) and
can be transmitted later.

The controller chip 134 is mounted on the second flex PCB 129 in the pen 101. Figure 8 is a
block diagram illustrating in more detail the architecture of the controller chip 134. Figure 8 also shows
representations of the RF chip 133, the image sensor 132, the tri-color status LED 116, the IR illumination
LED 131, the IR force sensor LED 143, and the force sensor photodiode 144.

The pen controller chip 134 includes a controlling processor 145. Bus 146 enables the exchange
of data between components of the controller chip 134. Flash memory 147 and a 512 KB DRAM 148 are
also included. An analog-to-digital converter 149 is arranged to convert the analog signal from the force
sensor photodiode 144 to a digital signal.

An image sensor interface 152 interfaces with the image sensor 132. A transceiver controller 153
and base band circuit 154 are also included to interface with the RF chip 133 which includes an RF circuit
155 and RF resonators and inductors 156 connected to the antenna 112.

The controlling processor 145 captures and decodes location data from tags from the surface via
the image sensor 132, monitors the force sensor photodiode 144, controls the LEDs 116, 131 and 143, and
handles short-range radio communication via the radio transceiver 153. It is a medium-performance
(~40MHz) general-purpose RISC processor.

The processor 145, digital transceiver components (transceiver controller 153 and baseband
circuit 154), image sensor interface 152, flash memory 147 and 512KB DRAM 148 are integrated in a single
controller ASIC. Analog RF components (RF circuit 155 and RF resonators and inductors 156) are provided
in the separate RF chip.

The image sensor is a CCD or CMOS image sensor. Depending on tagging scheme, it has a size
ranging from about 100x100 pixels to 200x200 pixels. Many miniature CMOS image sensors are

commercially available, including the National Semiconductor LM9630.
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The acceleration measured by the accelerometers in each of the x and y directions is integrated
with respect to time to produce an instantaneous velocity and position.

Since the starting position of the stroke is not known, only relative positions within a stroke are
calculated. Although position integration accumulates errors in the sensed acceleration, accelerometers
typically have high resolution, and the time duration of a stroke, over which errors accumulate, is short.

3 NETPAGE PRINTER DESCRIPTION
3.1 PRINTER MECHANICS

The vertically-mounted netpage wallprinter 601 is shown fully assembled in Figure 9. It prints
netpages on Letter/A4 sized media using duplexed 8/5” Memjet™ print engines 602 and 603, as shown in
Figures 10 and 10a. It uses a straight paper path with the paper 604 passing through the duplexed print
engines 602 and 603 which print both sides of a sheet simultaneously, in full color and with full bleed.

An integral binding assembly 605 applies a strip of glue along one edge of each printed sheet,
allowing it to adhere to the previous sheet when pressed against it. This creates a final bound document 618
which can range in thickness from one sheet to several hundred sheets.

The replaceable ink cartridge 627, shown in Figure 12 coupled with the duplexed print engines,
has bladders or chambers for storing fixative, adhesive, and cyan, magenta, yellow, black and infrared inks.
The cartridge also contains a micro air filter in a base molding. The micro air filter interfaces with an air
pump 638 inside the printer via a hose 639. This provides filtered air to the printheads to prevent ingress of
micro particles into the Memjet™ printheads 350 which might otherwise clog the printhead nozzles. By
incorporating the air filter within the cartridge, the operational life of the filter is effectively linked to the life
of the cartridge. The ink cartridge is a fully recyclable product with a capacity for printing and gluing 3000
pages (1500 sheets).

Referring to Figure 10, the motorized media pick-up roller assembly 626 pushes the top sheet
directly from the media tray past a paper sensor on the first print engine 602 into the duplexed Memjet™
printhead assembly. The two Memjet™ print engines 602 and 603 are mounted in an opposing in-line

sequential configuration along the straight paper path. The paper 604 is drawn into the first print engine 602
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by integral, powered pick-up rollers 626. The position and size of the paper 604 is sensed and full bleed
printing commences. Fixative is printed simultaneously to aid drying in the shortest possible time.

The paper exits the first Memjet™ print engine 602 through a set of powered exit spike wheels
(aligned along the straight paper path), which act against a rubberized roller. These spike wheels contact the
‘wet’ printed surface and continue to feed the sheet 604 into the second Memjet™ print engine 603.

Referring to Figures 10 and 10a, the paper 604 passes from the duplexed print engines 602 and
603 into the binder assembly 605. The printed page passes between a powered spike wheel axle 670 with a
fibrous support roller and another movable axle with spike wheels and a momentary action glue wheel. The
movable axle/glue assembly 673 is mounted to a metal support bracket and it is transported forward to
interface with the powered axle 670 via gears by action of a camshaft. A separate motor powers this
camshaft.

The glue wheel assembly 673 consists of a partially hollow axle 679 with a rotating coupling for
the glue supply hose 641 from the ink cartridge 627. This axle 679 connects to a glue wheel, which absorbs
adhesive by capillary action through radial holes. A molded housing 682 surrounds the glue wheel, with an
opening at the front. Pivoting side moldings and sprung outer doors are attached to the metal bracket and
hinge out sideways when the rest of the assembly 673 is thrust forward. This action exposes the glue wheel
through the front of the molded housing 682. Tension springs close the assembly and effectively cap the glue
wheel during periods of inactivity.

As the sheet 604 passes into the glue wheel assembly 673, adhesive is applied to one vertical edge
on the front side (apart from the first sheet of a document) as it is transported down into the binding assembly

605.

4 PRODUCT TAGGING

Automatic identification refers to the use of technologies such as bar codes, magnetic stripe cards,
smartcards, and RF transponders, to (semi-)automatically identify objects to data processing systems without
manual keying.

For the purposes of automatic identification, a product item is commonly identified by a 12-digit
Universal Product Code (UPC), encoded machine-readably in the form of a printed bar code. The most
common UPC numbering system incorporates a 5-digit manufacturer number and a 5-digit item number.
Because of its limited precision, a UPC is used to identify a class of product rather than an individual product
item. The Uniform Code Council and EAN International define and administer the UPC and related codes as
subsets of the 14-digit Global Trade Item Number (GTIN).

Within supply chain management, there is considerable interest in expanding or replacing the
UPC scheme to allow individual product items to be uniquely identified and thereby tracked. Individual item
tagging can reduce “shrinkage” due to lost, stolen or spoiled goods, improve the efficiency of demand-driven
manufacturing and supply, facilitate the profiling of product usage, and improve the customer experience.

There are two main contenders for individual item tagging: optical tags in the form of so-called
two-dimensional bar codes, and radio frequency identification (RFID) tags. For a detailed description of
RFID tags, refer to Klaus Finkenzeller, RFID Handbook, John Wiley & Son (1999), the contents of which
are herein incorporated by cross-reference. Optical tags have the advantage of being inexpensive, but require

optical line-of-sight for reading. RFID tags have the advantage of supporting omnidirectional reading, but are
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Product Markup Language (PML). Once an EPC is scanned or otherwise obtained, it is used to look up,
possibly via the ONS, matching product information portably encoded in PML. The EPC consists of an 8-bit
header, a 28-bit EPC manager, a 24-bit object class, and a 36-bit serial number. For a detailed description of
the EPC, refer to Brock, D.L., The Electronic Product Code (EPC), MIT Auto-ID Center (January 2001), the
contents of which are herein incorporated by cross-reference. The Auto-ID Center has defined a mapping of
the GTIN onto the EPC to demonstrate compatibility between the EPC and current practices Brock, D.L.,
Integrating the Electronic Product Code (EPC) and the Global Trade Item Number (GTIN), MIT Auto-1D
Center (November 2001), the contents of which are herein incorporated by cross-reference. The EPC is
administered by EPCglobal, an EAN-UCC joint venture.

EPCs are technology-neutral and can be encoded and carried in many forms. The Auto-ID Center
strongly advocates the use of low-cost passive RFID tags to carry EPCs, and has defined a 64-bit version of
the EPC to allow the cost of RFID tags to be minimized in the short term. For detailed description of low-
cost RFID tag characteristics, refer to Sarma, S., Towards the 5c¢ Tag, MIT Auto-ID Center (November
2001), the contents of which are herein incorporated by cross-reference. For a description of a commercially-
available low-cost passive RFID tag, refer to 975 MHz RFID Tag, Alien Technology (2002), the contents of
which are herein incorporated by cross-reference. For detailed description of the 64-bit EPC, refer to Brock,
D.L., The Compact Electronic Product Code, MIT Auto-ID Center (November 2001), the contents of which
are herein incorporated by cross-reference.

EPCs are intended not just for unique item-level tagging and tracking, but also for case-level and
pallet-level tagging, and for tagging of other logistic units of shipping and transportation such as containers
and trucks. The distributed PML database records dynamic relationships between items and higher-level

containers in the packaging, shipping and transportation hierarchy.

4.1 OMNITAGGING IN THE SUPPLY CHAIN

Using an invisible (e.g. infrared) tagging scheme to uniquely identify a product item has the
significant advantage that it allows the entire surface of a product to be tagged, or a significant portion
thereof, without impinging on the graphic design of the product’s packaging or labelling. If the entire product
surface is tagged, then the orientation of the product doesn’t affect its ability to be scanned, i.e. a significant
part of the line-of-sight disadvantage of a visible bar code is eliminated. Furthermore, since the tags are small
and massively replicated, label damage no longer prevents scanning.

Omnitagging, then, consists of covering a large proportion of the surface of a product item with

optically-readable invisible tags. Each omnitag uniquely identifies the product item on which it appears. The
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For interoperability with the netpage system, an omnitag 202 is a netpage tag 4, i.e. it has the
logical structure, physical layout and semantics of a netpage tag.

When a netpage sensing device such as the netpage pen 101 images and decodes an omnitag, it
uses the position and orientation of the tag in its field of view and combines this with the position encoded in
the tag to compute its own position relative to the tag. As the sensing device is moved relative to a
Hyperlabelled surface region, it is thereby able to track its own motion relative to the region and generate a
set of timestamped position samples representative of its time-varying path. When the sensing device is a
pen, then the path consists of a sequence of strokes, with each stroke starting when the pen makes contact

with the surface, and ending when the pen breaks contact with the surface.
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For the purposes of the following discussion, any reference to printing onto an item label is
intended to include printing onto the item packaging in general, or directly onto the item surface.
Furthermore, any reference to an item ID 215 is intended to include a region ID 50 (or collection of per-panel
region ids), or a component thereof.

The printer is typically controlled by a host computer, which supplies the printer with fixed and/or
variable text and graphics as well as item ids for inclusion in the omnitags. The host may provide real-time
control over the printer, whereby it provides the printer with data in real time as printing proceeds. As an
optimisation, the host may provide the printer with fixed data before printing begins, and only provide
variable data in real time. The printer may also be capable of generating per-item variable data based on
parameters provided by the host. For example, the host may provide the printer with a base item ID prior to
printing, and the printer may simply increment the base item ID to generate successive item ids.
Alternatively, memory in the ink cartridge or other storage medium inserted into the printer may provide a
source of unique item ids, in which case the printer reports the assignment of items ids to the host computer
for recording by the host.

Alternatively still, the printer may be capable of reading a pre-existing item ID from the label
onto which the omnitags are being printed, assuming the unique ID has been applied in some form to the
label during a previous manufacturing step. For example, the item ID may already be present in the form of a
visible 2D bar code, or encoded in an RFID tag. In the former case the printer can include an optical bar code
scanner. In the latter case it can include an RFID reader.

The printer may also be capable of rendering the item ID in other forms. For example, it may be
capable of printing the item ID in the form of a 2D bar code, or of printing the product ID component of the

item ID in the form of a 1D bar code, or of writing the item ID to a writable or write-once RFID tag.
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when an item is scanned into inventory on delivery; when the item is placed on a retail shelf;, and when the
item is scanned at point of sale. Both fixed and hand-held scanners may be used to scan omnitagged product
items, using both laser-based 2D scanning and 2D image-sensor-based scanning, using similar or the same
techniques as employed in the netpage pen.

As shown in Figure 16, both a fixed scanner 254 and a hand-held scanner 252 communicate scan
data to the product server 251. The product server may in turn communicate product item event data to a peer
product server (not shown), or to a product application server 250, which may implement sharing of data
with related product servers. For example, stock movements within a retail store may be recorded locally on
the retail store’s product server, but the manufacturer’s product server may be notified once a product item is
sold.

4.5 OMNITAG-BASED NETPAGE INTERACTIONS

A product item whose labelling, packaging or actual surface has been omnitagged provides the
same level of interactivity as any other netpage.

There is a strong case to be made for netpage-compatible product tagging. Netpage turns any
printed surface into a finely differentiated graphical user interface akin to a Web page, and there are many
applications which map nicely onto the surface of a product. These applications include obtaining product
information of various kinds (nutritional information; cooking instructions; recipes; related products; use-by
dates; servicing instructions; recall notices); playing games; entering competitions; managing ownership
(registration; query, such as in the case of stolen goods; transfer); providing product feedback; messaging;
and indirect device control. If, on the other hand, the product tagging is undifferentiated, such as in the case
of an undifferentiated 2D barcode or RFID-carried item ID, then the burden of information navigation is
transferred to the information delivery device, which may significantly increase the complexity of the user
experience or the required sophistication of the delivery device user interface.

The invention will now be described with reference to the following examples. However, it will of
course be appreciated that this invention may be embodied in many other forms without departing from the

scope of the invention, as defined in the accompanying claims.

Examples

Example 1 - Preparation of hydroxygallium naphthalocyaninetetrasulfonic acid 4
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Scheme 1

(i) Gallium(III) chloride (5.70 g; 0.032 mol) was dissolved in anhydrous toluene (68 mL) under a slow
stream of nitrogen and then the resulting solution was cooled in ice/water. Sodium methoxide (25% in
methanol; 23.4 mL) was added slowly with stirring causing a thick white precipitate to form. Upon
completion of the addition, the mixture was stirred at room temperature for 1 h and then naphthalene-2,3-
dicarbonitrile (22.8 g; 0.128 mol) was added portionwise, followed by triethylene glycol monomethy! ether
(65 mL). The thick slurry was distilled for 2 h to remove the methanol and toluene. Once the toluene had
distilled off, the reaction mixture became homogeneous and less viscous and stirred readily. Heating was
continued for 3 h at 190 °C (internal). The brown/black reaction mixture was cooled to 60 °C, diluted with
chloroform (150 mL), and filtered under gravity through a sintered glass funnel. " The solid residue was
washed with more chloroform (50 mL) and then a further portion (50 mL) with suction under reduced
pressure. The resulting dark green solid was then sequentially washed under reduced pressure with acetone
(2 x 50 mL), DMF (2 x 50 mL), water (2 x 50 mL), acetone (2 x 50 mL), and diethyl ether (2 x 50 mL). The
moist solid was air-dried to a dry powder and then heated under high vacuum at ca. 100 °C for 1 h to
complete the drying process. Naphthalocyaninatogallium methoxytriethyleneoxide 3 was obtained as a fine

dark green powder (23.14 g; 80%), Apnax (NMP) 770 nm.

(ii) Naphthalocyaninatogallium methoxytriethyleneoxide 3 (9.38 g; 0.010 mol) was treated with 30% oleum
(47 mL) by slow addition via a dropping funnel while cooling in an ice/water bath under a nitrogen
atmosphere. Upon completion of the addition, the reaction mixture was transferred to a preheated water bath
at 55 °C and stirred at this temperature for 2 h during which time the mixture became a homogeneous viscous
dark blue solution. The stirred reaction mixture was cooled in an ice/water bath and then 2-propanol (40 mL)
was added slowly via a dropping funnel. This mixture was then poured into 2-propanol (100 mL) using more
2-propanol (160 mL) to wash out the residues from the reaction flask. Diethyl ether (100 mL) was then
added to the mixture which was then transferred to a sintered glass funnel and filtered under gravity affording
a moist dark brown solid and a yellow/brown filtrate. The solid was washed sequentially with ether (50 mL),
acetone/ether (1:1, 100 mL), and ether (100 mL) with suction under reduced pressure. The resulting solid
(13.4 g) after drying under high vacuum was then stirred in ethanol/ether (1:3, 100 mL) for 3 days and then
filtered and dried to give the tetrasulfonic acid 4 as a fine red/brown solid (12.2 g; 105% of theoretical yield;
90% purity according to potentiometric titration). 'H NMR (ds-DMS0) 6 7.97, 8.00 (4H, dd, J 75 =J55=7.2

SO,0H

| 4 quantitative
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Hz, H7); 8.49 (4H, dd, Js; = 7.2, J 3, = 5.7 Hz, H8); 8.84, 8.98 (4H, d, Js 7 = 7.2 Hz, H6); 10.10, 10.19, 10.25

(4H, d, J,3 = 5.7 Hz, H1); 11.13, 11.16 (4H, s, H4).

Example 2 - Preparation of ammonium salts

The following salts were prepared as described below.
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(a) Tetrapyridinium 5
Hydroxygallium naphthalocyaninetetrasulfonic acid 4 (189 mg; 0.17 mmol) was suspended in pyridine/water

(50:50; 4 mL) and stirred at room temperature for 16 h during which time the reaction mixture became
homogeneous. Ether/ethanol (86:14, 35 mL) was added to precipitate the salt and the supernatant liquid was
decanted off before ether/ethanol (83:17, 12 mL) was added with stirring. The solid was filtered off and
washed with ether/ethanol (50:50, 2 x 5 mL) and ether (2 x 5 mL). After drying under high vacuum, the
tetrapyridinium salt 5 was obtained as a green powder (136 mg; 56%). 'H NMR (ds-DMSO) & 7.78 (8H, dd,
J=6.3,63Hz H3’, H5); 7.97, 8.00 (4H, dd, J 13 = J;5 = 7.2 Hz, H7); 8.25 (4H, dd, /= 7.8, 7.8 Hz, H4");
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8.49 (4H,dd, J57= 7.2, Jg, = 5.7 Hz, H8); 8.80 (8H, d, /= 7.8 Hz, H2’, H6’); 8.84, 8.98 (4H, d, Js; =72
Hz, H6); 10.10, 10.19, 10.25 (4H, d, J,3 = 5.7 Hz, H1); 11.13, 11.16 (4H, s, H4).

(b) Tetrakis(1,8-diazabicyclo[5.4.0Jundec-7-enium) 9 - Comparative Example

Hydroxygallium naphthalocyaninetetrasulfonic acid 4 (348 mg, 031 mmol) and 1,8-
diazabicyclo[5.4.0Jundec-7-ene (DBU) (306 mg; 2.17 mmol) were stirred in methanol (5 mL) for 20 h at
room temperature during which time the reaction mixture became homogeneous. The mixture was diluted
with ethanol/ether (25:75; 20 mL) and stirred for 30 min. The supernatant was decanted off, ether (20 mL)
was added and the solid was filtered off, washing with ethanol/ether (50:50; 2 x 20 mL), and ether (2 x 20
mL). The tetraammonium salt 9 was obtained as a green powder after drying under high vacuum (252 mg;
48%). '"H NMR (d;-DMSO) & 1.1-1.2 (32H, m, H3’, H4’, H5’, H10°); 2.5 (8H, m, H6); 3.0-3.1 (24H, m,
H2’, HY’, H11’); 7.97, 8.00 (4H, dd, J ;3 = J76 = 7.2 Hz, H7); 8.49 (4H, dd, J;, = 7.2, J5; = 5.7 Hz, H8);
8.84, 8.98 (4H, d, Js7 = 7.2 Hz, H6); 10.10, 10.19, 10.25 (4H, d, J, 3= 5.7 Hz, H1); 11.13, 11.16 (4H, s, H4).

(c) Tetrakis(tributylammonium)8 - Comparative Example

Hydroxygallium naphthalocyaninetetrasulfonic acid 4 (905 mg; 0.81 mmol) and tributylamine (2.32 mL;
9.70 mmol) were stirred in ethanol (96%; 5 mL) for 4.75 h at room temperature during which time the
reaction mixture became homogeneous. The solution was diluted with ether (100 mL) and the precipitated
solid was filtered off, washing with more ether (2 x 25 mL). Excess amine was removed by stirring the solid
in tetrahydrofuran/ether (70:30, 40 mL) for 2 h and filtering off the solid. The tetrakis(tributylammonium)
salt 8 was dried under high vacuum and obtained as a green powder (730 mg; 49%). This salt is sparingly
soluble in water but readily dissolves in ethanol. '"H NMR (ds-DMSO) & 0.90 (12H, t, J = 7.2 Hz, H4); 1.34
(8H, sxt, J= 7.5 Hz, H3"); 1.58 (6H, m, H2"); 3.03 (6H, br dd, J = 7.8, 7.8 Hz, H1’); 7.97, 8.00 (4H, dd, J 75
=J.6= 7.2 Hz, H7); 8.49 (4H, dd, J5; = 7.2, J 5; = 5.7 Hz, H8); 8.84, 8.98 (4H, d, Js; = 7.2 Hz, H6); 10.10,
10.19, 10.25 (4H, d, J, 5 = 5.7 Hz, H1); 11.13, 11.16 (4H, s, H4).

(d) Tetraimidazolium 7

Hydroxygallium naphthalocyaninetetrasulfonic acid 4 (1.40 g; 1.25 mmol) and imidazole (0.596 g; 8.75
mmol) were suspended in methanol/water (80:20; 17.5 mL) and then the resulting green mixture was stirred
at room temperature for 2 h, becoming homogeneous after 1 h. The solution was diluted with diethyl ether
(50 mL), stirred for 15 min. and then allowed to stand. The supernatant liquid was decanted off and then
ether/methanol (50:50; 20 mL) was added with stirring. The solid was filtered off, washing with
ether/methanol (50:50; 3 x 20 mL) and ether (2 x 20 mL). The solid was then suspended in methanol/ether
(50:50; 20 mL) and stirred for 3 h. Filtration and drying under high vacuum afforded the tetraimidazolium
salt 7 as a green powder (1.32 g; 76%). 'H NMR (ds-DMSO) & 7.61 (8H, br s, H4>, H5); 7.98, 8.02 (4H, dd,
J 75 = J76 = 7.2 Hz, H7); 8.49 (4H, br m, H8); 8.84, 8.98 (4H, d, Js; = 7.2 Hz, H6); 8.91 (4H, br s, H2");
10.10, 10.19, 10.25 (4H, d, J, 3 = 5.7 Hz, H1); 11.13, (4H, br m, H4).

Example 3 — Preparation of Inks and Reflectance Spectra of Ammonium Salts

A solution of each salt was made up in an ink vehicle according to Table 1.
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Table 1 Composition of dyeless ink vehicles for salt derivatives

The resulting clear green solutions were printed on Celcast matt photoquality inkjet paper (143 gsm)

on an Epson C61 inkjet printer and then the reflectance spectra were measured on a Cary 5 UV-vis

spectrophotometer. Results are given in Table 2.

Example | Compound | Ink vehicle Amine (B) | Amine: 4 | pK, pH Q-band
(concentration, (Amax)
mM)
4 C@® none - - 2.8 805 nm
3(a) 5 B (1.36) Pyridine 4:1 5.2 4.6 807 nm
3(d) 7 B (1.5) Imidazole | 4:1 6.3 6.1 803 nm*
3(c) 8 C@ Bu;N 4:1 ca. 11 | 6.8 792 nm
3(b) 9 A(2) DBU 4:1 ca. 12 | 7.7 744, 787
m®

2 Figure 28; °Figure 29

Table 2 Relationship between amine component of tetrasulfonate salts, pH of ink made according to Table 1,

From Table 2, it can be seen that compounds

and position of Q-band

5, and 7, where BH" has a pK, in the range of 4 to 9

and the pH of the ink formulation is between 4 and 6.5, the Q-band of absorption is greater than 800 nm.

However, for compounds 8 and 9, where BH" has a pK, greater than 9 and the pH of the ink formulation is

greater than 6.5, the Q-band is significantly less than 800 nm. Accordingly, compounds 5, and 7 are suitable

for formulating inks which are not too acidic to be compatible with conventional CMYK inks, and which

retain strong absorption in the near-IR region above 800 nm.

Other amine salts of the gallium naphthalocyanine tetrasulfonate 4 were prepared analogously to

those prepared above in Examples 2(a)-(d), and formulated as 2 mM solutions in ink vehicle A. The

resulting clear green solutions were printed on Celcast matt photoquality inkjet paper (143 gsm) on an Epson
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C61 inkjet printer and then the reflectance spectra were measured on a Cary 5 UV-vis spectrophotometer.

Results are given in Table 3.

Example | Amine (B) Amine: 1 Ink vehicle | Q-band
(Amax)
3(e) 1,4-diazabicyclo[2.2.2]octane (DABCO) 4:1 A 802 nm
3() Triethanolamine 4:1 A 794 nm
3(g) Piperazine 4:1 A 794 nm
3(h) Glucosamine 4:1 A 798, 740 nm
3(i) Tributylamine 1:1 A 805 nm
30) 2-(2’-hydroxyethoxy)ethanolamine 4:1 A 794, 738 nm
3k) Quinoline 4:1 A 803 nm
3 Triethylamine 4:1 A 795 nm

Table 3 Spectroscopic properties of other ammonium salts

From Table 3, it can be seen that DABCO and quinoline in a stoichiometric ratio of 4:1 provide
salts, which can be formulated into inks having acceptable reflectance spectra. Stronger bases used in the
same ratio are generally unsuitable and result in a significant blue-shift. However, the use of fewer
equivalents of a stronger base can still provide inks having red-shifted Q-bands. Example 3(i) uses
tributylamine in a ratio of 1:1 and provides a formulation having a Q-band at 805 nm. By contrast,

tributylamine in a ratio of 4:1 (Table 2) provides a formulation having a blue-shifted Q-band at 792 nm.

Example 4 — Preparation and Reflectance Spectra of Inks With Added Carboxylate Salts

Inks according to the present invention may also be prepared without isolation of the naphthalocyanine salts.
For example, the tetrasulfonic acid 4 may be formulated in an ink vehicle and the pH adjusted using a
suitable base or buffer. Examples 4(a) and 4(b) below describe the preparation of inks by addition of

carboxylate salts in an ink comprising the tetrasulfonic 4.

(a) Lithium/sodium acetate and tetrasulfonic acid 4

The tetrasulfonic acid 4 was made up to 2 mM in ink vehicle B containing 8 mM NaOAc or LiOAc. This
gave a clear green solution containing 6 (pH 5.1) that was printed on Celcast matt photoquality inkjet paper

(143 gsm). The reflectance spectrum had A,,x 806 nm for both sodium and lithium.

(b) EDTA disodium salt and tetrasulfonic acid 4
The tetrasulfonic acid 4 was made up to 1.5 mM in ink vehicle B containing 3 mM
ethylenediaminetetraacetic acid (EDTA) disodium salt. This gave a clear green solution (pH 3.7) that was

printed on Celcast matt photoquality inkjet paper (143 gsm). The reflectance spectrum had A, 805 nm.

Example 5 — Preparation and Reflectance Spectra of Inks Comprising Mixed Salts
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Inks according to the present invention may also comprise mixed salts. Mixed salts may be advantageous in

providing a suitable balance of properties or for tuning the spectroscopic characteristics of a salt. For
example, in Example 5(b) the direct addition of three equivalents of p-toluenesulfonic acid to the
tetrakis(DBUammonium) salt 9 in the ink formulation lowers the pH from 7.7 to 4.0 and shifts the Q-band to

806 nm indicating that protonation of the internal meso-nitrogens has taken place.

(a) Tetrasulfonic acid 4 and tetrakis(tributylammonium) salt 8
Solutions of the tetrasulfonic acid 4 and the tetrakis(tributylammonium) sait 8 (2 mM in vehicle C) were
mixed in the ratios as shown in Table 4. The resulting clear green solutions were printed on Celcast matt

photoquality inkjet paper (143 gsm) with an Epson C61 inkjet printer and the pH and maximum absorptions

were measured.

Tetrasulfonic acid 4/tetrakis(tributylammonium) salt 8 pH Q-band (Amay)
1:3 3.6 796 nm
3:1 2.9 807 nm

Table 4 Properties of mixed tetrasulfonic acid 4 and the tetrakis(tributylammonium) salt 8 in vehicle C

(b) Tetrakis(DBUammonium) salt 9 and p-toluenesulfonic acid
The DBUammonium salt 9 (26.3 mg; 15.2 umol) and p-toluenesulfonic acid (8.68 mg; 45.6 umol) were
dissolved in ink vehicle B (11.2 mL) to make up a solution that was 1.36 mM with respect to the

naphthalocyanine. This gave a clear green solution (pH 4.0) that was printed on Celcast matt photoquality

inkjet paper (143 gsm). The reflectance spectrum had A, 806 nm (Figure 30).

(c¢) Imidazolium salt 7 and acetic acid
The tetraimidazolium salt 7 was made up to 1.5 mM in ink vehicle B containing 3 mM acetic acid. This

gave a clear green solution (pH 5.1) that was printed on Celcast matt photoquality inkjet paper (143 gsm).

The reflectance spectrum had Ay, 807 nm (Figure 31).

Example 6 — Lightfastness
An Osram 250 W metal halide lamp (HQI-EP 250W/D E40) with an intensity of 17,000 lumens,

(approximately 70,000 lux) was used to irradiate printed samples positioned at a distance of 9.0 cm from the
globe. The industry standard measurement of lightfastness is the time taken for a sample to fade by 30%
under typical indoor lighting conditions. Typical indoor lighting conditions are defined as illumination under

a lighting intensity of 500 lux for 10 hours per day.

Lightfastness = Time taken to fade by 30% x (70,000 lux / 500 Iux) x (24 h/ 10 h)
= Time taken to fade by 30% x 336
Gallium naphthalocyaninetetrasulfonate salt Concentration in ink pH of ink | Lifetime

vehicle (A or B) (mM) (years)
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Tetrapyridinium 5 1.5(A) 4.6 31
Tetraimidazolium 7 1.5(B) 6.1 385
Tetraimidazolium 7/acetic acid (2 equiv) 1.5 (B) 5.1 38.5
Tetrasulfonic acid 4/lithium acetate (4 equiv) 2 (B) 5.1 373
Tetrasulfonic acid 4/sodium acetate (4 equiv) 2(B) 5.1 36.5
Tetrasulfonic acid 4/lithium acetate (4 equiv) 1.5(B) 5.1 227
Tetrasulfonic acid 4/sodium acetate (4 equiv) 1.5(B) 5.1 219
Tetrakis(DBUammonium) 9 2 (A) 7.7 7.9
Tetrakis(DBUammonium) 9/p-TsOH (3 equiv) 1.36 (B) 4.0 17.5
Tetrakis(tributylammonium) 8 2(B) 6.8 35.3

Table 5 Projected lifetimes of ammonium salts printed on paper.

All inks according to the present invention, with a pH in the range of 3.5 to 7, have excellent
lightfastness. By contrast, the ink prepared from tetrakis(DBUammonium) 9, having a pH of 7.7, had poor

lightfastness with a projected lifetime of only 7.9 years.

This surprising result is a further advantage of the present invention and is understood to be a result

of the protonated macrocycle being less reactive towards singlet oxygen.

Example 7 — Ozonefastness
Inks were formulated from a variety of salts using the ink vehicles A, B, C, D, F, H or L. Ink

vehicles A-C were described in Table 1 above. Table 6 below describes ink vehicles D, F, H and 1.

Component D (%w/v) F (%w/v) H (Y%ow/v) I (%w/v)
ethylene glycol 5.45 5.45 5.13 522
diethylene glycol 1.82 1.8 1.71 1.74
2-pyrrolidinone 4.55 4.55 4.27 8.70
glycerol 4.09 4.10 3.85 3.91
urea 6.36 - - -
surfynol (SEO/OH) 0.45 0.45 0.43 0.43
1,3-propanediol - 9.10 8.55 8.7G
1,2-hexanediol - - 5.98 -
I-propanol 9.00 - - -
water 74.5 70.1 71.3

Table 7 Composition of dyeless ink vehicles

Ozonefastness of inks printed on Celcast matt photoquality inkjet paper (143 gsm) were tested as
follows. The printed samples were exposed to ozone at a concentration of 1 ppm until the intensity at 810 nm
had decreased to 70%. ‘F’ denotes a final result for samples that had reached 70% intensity. Other samples

had intensity >70% during the test period and the ozone lifetime was extrapolated from acquired data.

Compound Formulation Concentration (mM) pH Ozone lifetime (y)
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7 F 1.5 n/a 15.8
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Table 8 — Ozonefastness of printed inks

Inks according to the present invention were shown to have acceptable ozonefastness, in addition to
acceptable lightfastness.

In conclusion, gallium naphthalocyanine salts and ink formulations of the present invention are
excellent for use with netpage and Hyperlabel™ systems. These dyes and inks exhibit near-IR absorption
above 800 nm, good solubility in inkjet ink formulations, negligible or low visibility and excellent

lightfastness. Moreover, these dyes can be prepared in a high-yielding, expedient and efficient synthesis.
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Al is an axial ligand selected from —OH, halogen, —OR?, -OC(O)R* or —-O(CH,CH,O).R’ wherein ¢ is an
integer from 2 to 10 and R® is H, C,g alkyl or C(O)C,.5 alkyl;

R! and R? may be the same or different and are selected from hydrogen or Cy_j, alkoxy;

R’ is selected from Cj., alkyl, Cs.1,aryl, Cs.;, arylalkyl or Si(R¥)(R*)(R?);
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said formulation having a pH in the range of 4 to 6.5.

2. The formulation of claim 1, wherein said formulation is buffered.

3. The formulation of claim 1 further comprising at least one base B, wherein a conjugate acid BH" of

said at least one base B has a pK, of between 4 and 9.

4. The formulation of claim 3, wherein a conjugate acid BH" of said at least one base B has a pK, of

between 4.5 and 8.

5. The formulation of claim 3 comprising a nitrogen base, an oxyanion base or mixtures thereof.
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18. A method of enabling entry of data into a computer system via a printed form, the form containing
human-readable information and machine-readable coded data, the coded data being indicative of an identity
of the form and of a plurality of locations on the form, the method including the steps of:
receiving, in the computer system and from a sensing device, indicating data regarding the identity
of the form and a position of the sensing device relative to the form, the sensing device, when placed in an
operative position relative to the form, generating the indicating data using at least some of the coded data;
identifying, in the computer system and from the indicating data, at least one field of the form; and
interpreting, in the computer system, at least some of the indicating data as it relates to the at least
one field,

wherein said coded data is printed using an ink according to claim 13.
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19. A method of interacting with a product item, the product item having a printed surface containing

human-readable information and machine-readable coded data, the coded data being indicative of an identity
of the product item, the method including the steps of:

(a) receiving, in the computer system and from a sensing device, indicating data regarding the identity
of the product item, the sensing device, when placed in an operative position relative to the product item,
generating the indicating data using at least some of the coded data; and

) identifying, in the computer system and using the indicating data, an interaction relating to the
product item,

wherein said coded data is printed using an ink according to claim 13.



