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(57) ABSTRACT 

The present method is draWn to the creation of fast-drying, 
photo-quality images With an ink-jet inks. The method 
comprises the steps of providing a inorganic porous media 
substrate, providing an aqueous ink-jet ink comprising an 
ink vehicle and an effective amount of a metalliZed dye 
having at least one heterocyclic nitrogen ring and an no 
bond Wherein the heterocyclic nitrogen is chelated or com 
pleted to a transition metal, and jetting the aqueous ink-jet 
ink onto the inorganic porous media substrate. 
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FAST DRYING IMAGES AND METHODS FOR 
PRINTING ON INORGANIC POROUS MEDIA 

FIELD OF THE INVENTION 

[0001] The present invention is draWn to methods for 
providing photo-glossy images and photo quality images on 
a substrate, particularly on inorganic porous substrates. 

BACKGROUND OF THE INVENTION 

[0002] In recent years, computer printer technology has 
evolved to a point Where very high-resolution images can be 
transferred to various media. One particular type of printing 
involves the placement of small drops of a ?uid ink onto a 
surface in response to a digital signal. Typically, the ?uid ink 
is placed or jetted onto the surface Without physical contact 
betWeen the printing device and the surface. The method that 
the ink is deposited onto the printing surface varies from 
system to system. HoWever, tWo major systems include 
continuous ink deposit and drop-on-demand ink deposit. 

[0003] With regard to continuous printing systems, inks 
used are typically based on solvents such as methyl ethyl 
ketone and ethanol. Essentially, continuous printing systems 
function as stream ink droplets are ejected and directed by 
printer noZZle. The ink droplets are directed additionally 
With the assistance of an electrostatic charging device in 
close proximity to the noZZle. If the ink is not used on the 
desired printing surface, the ink is recycled for later use. 
With regard to drop-on-demand printing systems, the ink-jet 
inks are typically based upon Water and glycols. Essentially, 
With these systems, ink droplets are propelled from a noZZle 
by heat or by a pressure Wave. Additionally, all of the ink 
droplets are used to form the printed image and are ejected 
When needed. 

[0004] There are several reasons that ink-jet printing has 
become a popular Way of recording images on various 
media, particularly paper. Some of these reasons include loW 
noise, capability of high speed recording, and multi-color 
recording. Additionally, these advantages can be obtained at 
a relatively loW price to consumers. HoWever, though there 
has been great improvement in ink-jet printing, accompa 
nying this improvement are increased demands on ink-jet 
printing, e.g., higher speed, higher resolution, full color 
image formation, etc. 

[0005] There are several characteristics to consider When 
evaluating a printer ink in conjunction With a printing 
surface or substrate. Such characteristics include (a) edge 
acuity and optical density of the image on the surface, (b) 
dry time of the ink on the substrate, (c) adhesion to the 
substrate, (d) lack of deviation of ink droplets, (e) presence 
of all dots, resistance of the ink after drying to Water and 
other solvents, (g) long-term storage stability, and (h) long 
term reliability Without corrosion or noZZle clogging. 
Though the above list of characteristics provides a Worthy 
goal to achieve, there are difficulties associated With satis 
fying all of the above characteristics. Often, the inclusion of 
an ink component meant to satisfy one of the above char 
acteristics can prevent another characteristic from being 
met. Thus, most commercial inks for use in ink-jet printers 
represent a compromise in an attempt to achieve at least an 
adequate response in meeting all of the above listed require 
ments. 
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[0006] Papers used for ink-jet printing have typically 
included high-quality or Wood-free papers designed to have 
a high ink absorptivity. These papers are functionally good 
for ink-jet printing because the ink-j et inks may be absorbed 
readily and dry quickly. HoWever, such papers often do not 
alloW for a crisp or sharp image. 

[0007] In order to attain enhanced print quality and image 
quality as in a photograph, special media has been developed 
to Work With aqueous inks. For example, various coated 
papers (art paper, coat paper, cast-coat paper, etc.) have been 
prepared by coating a layer comprising a hydrophilic binder 
and an inorganic pigment on a paper substrate. Additionally, 
recording sheets have been prepared by coating an ink 
absorptive layer on paper or other supports, e.g., transparent 
or opaque plastic ?lm supports. An example of such spe 
cialty media utiliZes a sWelling-type ink absorptive layer, 
e.g., gelatin. Though sWellable media provides a relatively 
good substrate With respect to certain image quality prop 
erties, a draWback includes the fact that sWellable media 
requires longer dry-time than other types of media. Addi 
tionally, With some inks, sWellable media performance is 
less than desirable With respect to humid hue shift and humid 
bleed. Because of these limitations, it has been recogniZed 
that it Would be advantageous to develop methods for 
providing fast drying, high quality images that exhibit only 
minimal humid hue shift and humid bleed. 

SUMMARY OF THE INVENTION 

[0008] The present invention is draWn toWard photo 
quality images on porous media substrates as Well as meth 
ods for creating photo-quality images on porous media 
substrates. Though the present invention is particularly 
useful When certain magenta dyes are used alone in an in 
ink-jet ink formulation, other dyes can also be present, 
creating ink-jet ink colors other than those of straight 
magentas. 

[0009] Thus, a method of creating a fast-drying, photo 
quality image is disclosed comprising the steps of providing 
an inorganic porous media substrate, providing an aqueous 
ink-jet ink comprising a metalliZed dye having at least one 
heterocyclic nitrogen ring and an aZo bond Wherein the 
heterocyclic nitrogen is chelated or complexed to a transi 
tion metal, and jetting the aqueous ink-jet ink onto the 
inorganic porous media substrate in the form of a predeter 
mined image. 

[0010] Additionally, a photo-quality image on a substrate 
is disclosed comprising a porous media substrate, and an 
image on the substrate provided by an aqueous ink-jet ink 
comprising an ink vehicle and a metalliZed dye having a 
heterocyclic nitrogen and an aZo bond Wherein the hetero 
cyclic nitrogen is chelated or complexed to a transition 
metal. 

[0011] With respect to either the methods or images of the 
present invention, the metal can also be chelated or com 
plexed to a nitrogen of the am bond and/or a group bonded 
to the heterocyclic nitrogen ring through the am bond, e.g., 
a naphthalene group or quinolinol group. Additional features 
and advantages of the invention Will be apparent from the 
detailed description Which folloWs, taken in conjunction 
With the accompanying examples. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0012] Before the present invention is disclosed and 
described, it is to be understood that this invention is not 
limited to the particular process steps and materials dis 
closed herein because such process steps and materials may 
vary someWhat. It is also to be understood that the termi 
nology used herein is used for the purpose of describing 
particular embodiments only. The terms are not intended to 
be limiting because the scope of the present invention is 
intended to be limited only by the appended claims and 
equivalents thereof. 

[0013] It must be noted that, as used in this speci?cation 
and the appended claims, the singular forms “a,”“an,” and 
“the” include plural referents unless the content clearly 
dictates otherWise. 

[0014] As used herein, “effective amount” refers to the 
minimal amount of a substance or agent, Which is suf?cient 
to achieve a desire effect. For example, an effective amount 
of an “ink vehicle” is the minimum amount required in order 
to create ink, Which Will meet functional performance and 
characteristic standards. 

[0015] As used herein, “ink vehicle,” refers to a vehicle in 
Which the dyes used in accordance With the present inven 
tion are incorporated in the form of an ink-jet ink. Ink 
vehicles are Well knoWn in the art, and a Wide variety of ink 
vehicles may be used With the ink composition of the present 
invention. Such ink vehicles may include a mixture of a 
variety of different agents, including Without limitation, 
surfactants, solvents, co-solvents, buffers, biocides, viscos 
ity modi?ers, surface-active agents, and Water. 

[0016] “Porous media” refers to any substantially inor 
ganic media having voids and/or cavities capable of taking 
in the ink-jet inks of the present invention. As ink is printed 
on the porous media, the ink can ?ll the voids and the 
outermost surface can become dry to the touch in a more 
expedited manner as compared to traditional or sWellable 
media. 

[0017] “Chroma” refers to the brightness exhibited by the 
ink-j et ink once printed on the substrate. See, R. W. G. Hunt, 
The Reproduction of Colour; 5th Ed., Chap. 7. 

[0018] “Light fastness” refers to the ability of the ink-jet 
ink to retain its chroma and/or optical density as Well as 
other hue properties over time. 

[0019] With these de?nitions in mind, the invention relates 
to the compositions and methods for printing high quality 
images using of a family of inks that perform Well on porous 
media, including porous silica media. The ink-jet inks of 
preference comprise the presence of metalliZed dyes having 
heterocyclic nitrogens and am bonds. In the metalliZed dyes, 
the heterocyclic nitrogens act to complex or chelate a 
transition metal. Desired metals for use With these dyes 
include nickel, copper, iron, or cobalt, as Well as other 
transition metals. 

[0020] Speci?cally, a method for creating a fast-drying, 
photo-quality image With an ink-jet ink is disclosed com 
prising the steps of providing a inorganic porous media 
substrate; providing an aqueous ink-jet ink comprising a 
metalliZed dye having at least one heterocyclic nitrogen ring 
and a aZo bond Wherein the heterocyclic nitrogen is chelated 
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or complexed to a transition metal; and jetting the aqueous 
ink-jet ink onto the inorganic porous media substrate. 

[0021] Additionally, a photo-quality image on a substrate 
is disclosed comprising a silica substrate and an image on 
the substrate, Wherein the image provided by an aqueous 
ink-jet ink comprises an ink vehicle and a metalliZed dye 
having a heterocyclic nitrogen and a aZo bond Wherein the 
heterocyclic nitrogen is chelated or complexed to a transi 
tion metal. 

[0022] With respect to both the compositions and methods 
described above, in one embodiment, the metalliZed dyes 
comprise a pyridine group bonded to a quinolinol group 
through an aZo bond. Such a metalliZed dye can be in a 
dicarboxalate form. In another embodiment, the metalliZed 
dye can comprise a pyridine group bonded to a napthalene 
group through an aZo bond. No matter What con?guration 
the dye is in, in addition to chelation or complexation to the 
heterocyclic nitrogen, the metal can also be chelated or 
complexed to a nitrogen of the am bond and/or a group 
bonded to the heterocyclic nitrogen ring through the am 
bond, e.g., a naphthalene group or quinolinol group. No 
matter What dye is used, the dye can be present in the ink-jet 
ink in any functional amount. In one embodiment, the range 
can be from 0.1% to 10% by Weight. 

[0023] With respect to the porous media, any substrate 
containing or having coated thereon an inorganic porous 
material can be used. For example, a porous silica or porous 
alumina coated paper can be used. With such paper or media, 
the pore siZe can range from about 5 to 30 nanometers in 
Width. 

[0024] The pores are typically in place as part of a 
void-type ink absorptive layer. The voids act to take in the 
ink-jet ink, thus simulating the absorptive properties of a 
sWellable substrate, Without having the disadvantages asso 
ciated With that media. For example, after printing on a void 
type media, the ink is draWn aWay from the surface making 
the substrate dry to the touch almost immediately. Thus, as 
compared to sWellable media, image beading is reduced in 
high ink density areas. Additionally, image degradation in 
the high-density areas is also small. Such void type sub 
strates can include, for example, papers or plastics coated 
With an inorganic material, such as silica or alumina. Option 
ally, a polymer binder can be present as Well, though the 
polymer is not present for the purpose of creating the porous 
substrate. 

[0025] By utiliZing the formulations disclosed herein on 
inorganic porous media, such as silica or alumina media, the 
retention of light fade resistance can be realiZed. Addition 
ally, in accordance With the present invention, humid hue 
shift and humid bleed can be reduced. With humid hue shift, 
the color properties can shift on an image over time if the 
prints are stored in humid conditions. With regard to humid 
bleed, in humid conditions, the border of the printed image 
can expand, diminishing any crispness of image present 
immediately after printing. Thus, by using the ink/porous 
media combination of the present invention, the printing of 
documents and images can be achieved that have good 
quality and excellent archivability. 

[0026] TWo classes of the preferred metalliZed dyes that 
are functional With the present invention include the use of 
metalliZed pyridylaZoquinolinol (PAQ) dyes and metalliZed 
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pyridylaZonaphthol (PAN) dyes. Representative structures 
are depicted below in Formula 1 (PAQ) and Formula 2 

(PAN): 

Formula 1 
O. 

\ 

/ 
N 

N % 
N Me 

\ N 

/ 
Formula 2 

N \ | \ \ N 

/ N Me O' 

[0027] In Formulas 1 and 2 above, Me is a transition metal 
cation that is compleXed or chelated to the heterocyclic 
nitrogen and/or the am bond by means of ionic, coordinate 
covalent, or covalent bonding. Theses bonds are not spe 
ci?cally depicted in Formulas 1 or 2 because the eXact nature 
of the bonding, e.g., covalent, ionic, J'lZ-bOIld, coordinate 
covalent, etc., betWeen the electron rich ligand and the 
electrophilic transition metal cannot be draWn by conven 
tional metal to ligand bonding lines. Additionally, any 
variations of structure to the ligand can be implemented in 
order to modify the functionality of the dye in accordance 
With the present invention. Particularly, U.S. Pat. Nos. 
5,980,622 and 6,001,161, the entire teachings of Which are 
incorporated by reference, disclose variations of Formulas 1 
and 2 that Would be functional With the present invention. 
For example, US. Pat. No. 6,001,161 teaches that any of the 
aromatic rings can be modi?ed at appropriate sites by 
unsubstituted alkyl group of 1-6 carbon atoms, a substituted 
or unsubstituted aryl group of 6-10 carbon atoms, a substi 
tuted or unsubstituted heteroaryl group of 5-10 atoms, 
halogen, cyano, nitro, a substituted or unsubstituted alkoXy 
carbonyl group of 1-6 carbon atoms, a substituted or unsub 
stituted alkoXy group of 1-6 carbon atoms, hydroXy, a 
polyoXyalkylene group of 2-20 alkylene oXide residues, 
carboXy or a salt thereof, sulfo or a salt thereof, phospho or 
a salt thereof, carbamoyl, a substituted or unsubstituted 
alkyl-, aralkyl-, aryl-, diaryl- or dialkyl-carbamoyl group of 
1-20 carbon atoms, sulfamoyl, a substituted or unsubstituted 
alkyl-, aralkyl-, aryl-, diaryl- or dialkyl-sulfamoyl group of 
1-carbon atoms, acylamino, sulfonylamino, amino, a sub 
stituted or unsubstituted alkyl-, aralkyl-, aryl-, diaryl- or 
dialkyl-amino group of 1-20 carbon atoms or a quaternary 
ammonium or phosphonium group. Additionally, US. Pat. 
No. 5,980,622 teaches that one of the aromatic structures can 
be modi?ed With SO3M Wherein M is a positively charged 
moiety, or SO2NR4R5 Where R4 and R5 are independently 
selected from the group consisting of hydrogen and hydro 
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phobic oil-solubiliZing moieties, or R4 is selected from the 
group consisting of hydrogen and hydrophilic Water-solubi 
liZing moieties and R5 is selected from the group consisting 
of hydrophilic Water solubiliZing moieties. 

[0028] Examples of speci?c pyridylaZoquinolinol (PAQ) 
dyes and pyridylaZonaphthol (PAN) dyes that can be used in 
accordance With the present invention, and Which are Within 
the scope of the skeletal structures shoWn in Formulas 1 and 
2, are shoWn in Formulas 3 to 8 as folloWs: 

Formula 3 

N Cl 

COOH 

(2:1 Ligand/Ni) 

Formula 4 

COOH 

N CH3 
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Z 

(2:1 Ligand/Ni) 

OH 

COOH 
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/ 
N COOH 

N \ \ N 

\ N 

/ 
(2:1 Ligand/Ni) 

Formula 5 
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-continued 
Formula 6 

OH 

COOH 
\ 

/ 
N 

N§N NVCOOH 
COOH 

| \ N 

/ 
(1:1 Ligand/Ni) 

Formula 7 
OH 

COOH 
\ 

/ 
N OH 

N \ \ N 

\ N 

/ 
(1:1 Ligand/Ni) 

Formula 8 

N \ 
OH | 

/ 
N: N 

HN 

COOH 

(2:1 Ligand/Ni) 

[0029] Formulas 3 to 8 shown are the structures for the 
ligand only. The actual dye structure is a chelate or complex 
of the ligand and a transition metal, e.g., nickel(II) as shoWn 
in Formulas 3 to 8. HoWever, nickel(II) is shoWn by Way of 
example only. When using nickel(II) as the transition metal, 
the ratios shoWn are molar ratios, i.e., 1:1 Ligand/Ni and 2:1 
Ligand/N i. Further, With respect to PAQ/nickel(II) 
examples, it is believed that the nickel ion coordinates or 
complexes With three nitrogen atoms present on each ligand 
structure, i.e., one of the am nitrogens, a pyridine nitrogen, 
and a quinolinol nitrogen (PAQ). With respect to the 1:1 
ligand/Ni complexes, only one ligand is bound to the nickel 
ion. Thus, depending upon the presence of pendant coordi 
nating moieties, there are up to 3 remaining coordination 
sites on the nickel (as nickel(II) has a potential coordination 
number of 6). These unbound coordination sites are most 
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likely ?lled by Water, or as in the case of Formula 6 PAQ, 
the nitrogen and the tWo carboxy groups on the side arm can 
bind to the nickel ion as Well. With respect to the 2:1 
ligand/Ni complexes, tWo molecules can be bound to the 
nickel ion. Thus, in most instances, all of the coordination 
sites of the nickel ion are satis?ed by the ligands. 

[0030] As a side note, on some occasions, in order to get 
the 2:1 dyes described above to dissolve, the pH can be 
raised to 11 With a basic pH adjuster such as 10% to 50% 
NaOH. After dissolving, the pH can be loWered to about 8 
to 9 for the ?nal ink product. An acidic pH adjuster can be 
used such as, for example, 0.1 to 1 N HCl. 

EXAMPLES 

[0031] The folloWing examples illustrate the embodiments 
of the invention that are presently best knoWn. HoWever, 
other embodiments can be practiced that are also Within the 
scope of the present invention. 

Example 1 

PAQ Dye-Based Ink-Jet Inks 

[0032] Five pyridylaZoquinolinol (PAQ) dye-based ink-jet 
inks Were prepared. Each of the inks prepared contained, by 
Weight, 10% 1,5 pentanediol, 5% 2-pyrolidone, 1.5% TER 
GITOLTM 15-S-7, 0.5% TERGITOLTM 15-S-5, 81.5% 
Water, and 1.5% PAQ dye. Thus, the only difference betWeen 
each of the ?ve ink-jet inks Was the PAQ dye selected for 
use. Speci?cally, the PAQ dyes used Were those shoWn in 
Formulas 3, 4, 5, 6, and 7, each having a nickel(II) transition 
metal ion chelated or complexed thereto. 

Example 2 

PAN Dye-Based Ink-Jet Inks 

[0033] Three pyridylaZonaphthol (PAN) dye-based ink-jet 
inks Were prepared. Each of the inks prepared contained, by 
Weight, 10% 1,5 pentanediol, 5% 2-pyrolidone, 1.5% TER 
GITOLTM 15-S-7, 0.5% TERGITOLTM 15-S-5. The remain 
ing tWo components Were Formula 8 PAN and Water. A ?rst 
ink contained 81% Water and 2% PAN dye. A second ink 
contained 82% Water and 1% PAN dye. Athird ink contained 
82.5% Water and 0.5% PAN dye. Each of the PAN dyes of 
the ink prepared Were metalliZed With nickel(II) ions. 

Example 3 

Light Fastness Comparison 

[0034] A light fastness or dye loss comparison Was carried 
out using tWo of the above PAQ dye-based ink jet inks and 
three PAN dye based ink-jet inks. These dye-based ink-jet 
inks Were compared to a commercially available magenta 
dye-based ink jet ink (HeWlett-Packard HP970C Magenta) 
after printing each on inorganic porous media (HeWlett 
Packard Part No.: C6765A). The values listed in Table 1 
represent the calculated time (years) for 25% dye loss to 
occur When exposed to app. 70 Klux Cool White ?uorescent 
light in an Atlas HPUV fade chamber. The data Was gathered 
under accelerated conditions, assuming that one year of 
typical indoor of?ce exposure is 450 lux/12 hour day (1971 
Klux-hr). 
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TABLE 1 

Inorganic Porous Media 
Dye-based ink-jet ink (time in years) 

HP970C Magenta 1.9 
Ink containing 1.5% Formula 3 PAQ 1.5 
Ink containing 1.5% Formula 5 PAQ 2.0 
Ink containing 0.5% Formula 8 PAN 3.9 
Ink containing 1.0% Formula 8 PAN 4.0 
Ink containing 2.0% Formula 8 PAN 4.5 

[0035] As can be seen in Table 1, the light fastness for 
PAN dye-based ink-jet inks is improved compared to the 
standard magenta dye-based ink tested. The two speci?c 
PAQ dye-based ink-jet inks tested Were shoWn to be com 
parable to the HP970C dye based ink With respect to light 
fastness. 

Example 4 

Humid Bleed and Humid Hue Shift Comparison 

[0036] TWo dye-based ink jet inks described in Example 1 
(1.5% Formula 3 PAQ and 1.5% Formula 5 PAQ, each by 
Weight) and three dye-based ink-jet inks described in 
Example 2 (0.5% Formula 8 PAN, 1.0% Formula 8 PAN, 
and 2.0% Formula 8 PAN, each by Weight) Were compared 
against HP970C magenta ink for humid bleed and humid 
hue shift. Both an inorganic porous media (Hewlett-Packard 
Part No.: C6765A) and a sWellable media (Hewlett-Packard 
Part No.: C6831A) Were used in the comparison. 

[0037] Humid bleed and humid hue shift tests Were carried 
out as the inks described Were printed at a line thickness of 
about 40 mils on both the porous media paper and the 
sWellable media paper. The papers Were placed in a 35° C. 
and 80% relative humidity environment for four days. 

[0038] The data related to humid bleed is shoWn beloW in 
Table 2 (the data provided for each paper substrate shoWs the 
increase in line Width after being subjected the conditions 
described above in this example): 

TABLE 2 

humid bleed data 

SWellable Med. Porous Med. 
Dye-based ink-jet ink (mils) (mils) 

HP970C Magenta 10.1 3.6 
Ink containing 1.5% Formula 3 PAQ 1.4 0.0 
Ink containing 1.5% Formula 5 PAQ 0.3 1.4 
Ink containing 0.5% Formula 8 PAN 0.3 0.0 
Ink containing 1.0% Formula 8 PAN 0.3 0.3 
Ink containing 2.0% Formula 8 PAN 0.4 0.1 

[0039] As can be seen, generally, With the exception of 
Formula 5 PAQ, the inorganic porous media performed as 
Well as or better than the sWellable media With respect to 
humid bleed and in all instances, the PAQ and PAN dyes 
out-performed the HP970 magenta dye. 

[0040] Humid hue shift Was also measured utilizing the 
L*, a*, b* coordinate system. See, R. W. G. Hunt, The 
Reproduction of Colour; 5th Ed, Chap. 7. This system rep 
resents one method for quantifying brightness, hue, or 
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chroma as vectors in color space. The magnitude of each 
chroma vector represents the brightness or strength of color. 
White and black have no chroma. The data of Table 3 beloW 
Was provided by folloWing the outlined procedure. First, 
initial L*, a*, and b* readings Were measured With respect 
to each step of a 10 step-Wedge optical density ramp (from 
0% to 100%) on both the porous paper and sWellable paper. 
After spending four days under the conditions speci?ed 
previously in this Example, ?nal readings Were measured. 
The difference betWeen the initial readings and the ?nal 
readings, AE, Were calculated using formula 9 beloW: 

[0041] In the above formula is the initial reading and 
“f” is the ?nal reading. The data related to humid hue shift 
is shoWn beloW in Table 3: 

Formula 9 

TABLE 3 

humid hue shift 

SWellable Med. Porous Med. 
Dye-based ink-jet ink (AE) (AE) 

HP970C Magenta 17.9 12.6 
Ink containing 1.5% Formula 3 PAQ 21.5 13.2 
Ink containing 1.5% Formula 5 PAQ 1.7 8.1 
Ink containing 0.5% Formula 8 PAN 1.7 1.9 
Ink containing 1.0% Formula 8 PAN 3.1 3.5 
Ink containing 2.0% Formula 8 PAN 10.7 7.4 

[0042] As can be seen, generally, the inorganic porous 
media Was comparable to the sWellable media in most 
circumstances, and in some cases, Was better. Additionally, 
the PAQ and PAN dyes, in most instances, out-performed the 
HP970C magenta on porous media. 

[0043] While the invention has been described With ref 
erence to certain preferred embodiments, those skilled in the 
art Will appreciate that various modi?cations, changes, omis 
sions, and substitutions can be made Without departing from 
the spirit of the invention. It is therefore intended that the 
invention be limited only by the scope of the appended 
claims. 

What is claimed is: 
1. A method for creating photo-quality image With an 

ink-jet ink comprising: 

(a) providing an inorganic porous media substrate; 

(b) providing an aqueous ink-jet ink comprising an ink 
vehicle and an effective amount of a metalliZed dye 
having at least one heterocyclic nitrogen ring and an 
aZo bond Wherein the heterocyclic nitrogen is chelated 
or complexed to a transition metal; and 

(c) jetting the aqueous ink-jet ink onto the inorganic 
porous media substrate. 

2. A method as in claim 1 Wherein the metalliZed dye 
comprises a pyridine group bonded to a quinolinol group 
through an aZo bond. 

3. A method as in claim 2 Wherein the metalliZed dye is 
in a dicarboxalate form. 

4. A method as in claim 1 Wherein the metalliZed dye 
comprises a pyridine group bonded to a naphthalene group 
through an aZo bond. 
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5. A method as in claim 1 wherein the porous media is a 
paper substrate having coated thereon an inorganic coating 
selected from the group consisting of silica, alumina, and 
combinations thereof. 

6. A method as in claim 1 Wherein the inorganic porous 
media substrate has a pore siZe ranging from about 5 to 30 
nanometers in Width. 

7. A method as in claim 1 Wherein the transition metal is 
selected from the group consisting of nickel, copper, iron, 
cobalt, and combinations thereof. 
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8. A method as in claim 1 Wherein the rnetalliZed dye is 
present in the aqueous ink-jet ink at from 0.1% to 10% by 
Weight. 

9. A method as in claim 1 Wherein the rnetalliZed dye has 
a ligand to transition metal molar ratio of 1:1. 

10. A method as in claim 1 Wherein the rnetalliZed dye has 
a ligand to transition metal molar ratio of 2:1. 

11-29. (canceled) 


