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(57) ABSTRACT 
An emulsion including a continuous phase, a discontinuous 
phase Which is immiscible in the continuous phase, and 
optionally a surfactant, the surfactant has a ?rst part Which is 
compatible With the continuous phase and a second part 
Which is compatible With the discontinuous phase. The con 
tinuous phase has a high volume resistivity and the discon 
tinuous phase is electrically charged. The discontinuous 
phase can be a reagent, a solvent Which carries an active 
chemical reagent or a carrier liquid for a solid or insoluble 
liquid dispersed in the discontinuous phase. The surfactant, if 
present, is selected to not signi?cantly reduce the volume 
resistivity of the continuous phase. The emulsion can also 
include a charge control agent. The emulsions can be used for 
the electrostatically controlled placement of matter in a spa 
tially de?ned manner from the discontinuous phase for com 
binatorial chemistry and micrometer and nanometer scale 
deposition With or Without reaction. 

42 Claims, No Drawings 



US 8,0l3,023 B2 
1 

CHARGED EMULSIONS FOR SITE-SPECIFIC 
DEPOSITION OF MATTER AT MICRO AND 

NANO SCALE 

FIELD OF INVENTION 

This invention relates to novel emulsions and methods of 
use of such emulsions in the manufacture of chemical sub 
stances at micrometer and nanometer scale by spatially selec 
tive deposition With or Without reaction. 

BACKGROUND OF THE INVENTION 

The invention Will be generally discussed in emulsions 
Which are useful for manufacture of solid phase DNA arrays 
of the type generally knoWn as DNA chips on substrates 
particularly planar substrates but the use of the invention is 
not limited to that particular application but has Wider rami 
?cations and the invention is not intended to be limited to the 
manufacture of such DNA chips. 

In its broadest form the invention relates to the emulsion 
mediated spatially de?ned deposition of any of a Wide variety 
of chemical substances onto a surface. Substances may 
include, but are not limited to, coloured materials, dyes, drug 
molecules, polymers, catalysts, anti-Wetting agents, pig 
ments, etching chemicals, layerings and reagents for 
de-blocking, blocking, derivatisation and activation of solid 
phase chemical groups. Arrays can include deoxyribonucleic 
acids (DNA), peptides, peptidenucleic acids (PNA), ribo 
nucleic acids (RNA) and other solid phase chemical arrays 
and arrays assembled by combinatorial chemistry. 

In general the manufacture of DNA chips involves the 
selective and sequential addition onto a substrate of molecu 
lar units each With a protective group Which is removed When 
the next molecular unit is to be added. One such method of 
manufacturing DNA arrays uses a process knoWn as the phos 
phoramidite process Which uses a trityl group or derivatives 
of the trityl group as the protective group. 

The phosphoramidite process is a repetitive four stage pro 
cess (deprotection, coupling, capping and oxidation) for the 
chemical synthesis of polymers particularly sequences of 
DNA oligonucleotides to form portions of DNA. 

In the phosphoramidite process, a portion of DNA in single 
stranded form is built up by the sequential addition in prede 
termined order of any one of the four nucleotides (in phos 
phoramidite form) being the four components Which make up 
DNA, the A, T, G and C nucleotides. Each nucleotide has a 
chemically removable protecting group on it. A chemical 
reagent knoWn as a de-protecting agent removes the protect 
ing group exposing a reactive hydroxyl group and in the next 
stage a nucleotide (in phosphoramidite form) is coupled to the 
groWing DNA string. The next stage is a capping step Where 
any DNA strings Which Were de-protected but to Which a 
nucleotide Was not coupled are permanently capped to pre 
vent unWanted addition of nucleotides from adding to that 
molecule in later coupling steps. In the fourth and ?nal step, 
oxidation of the neWly formed inter-nucleotide phosphite 
linkage is carried out to convert the linkage to a phosphotri 
ester. Typically, the de-protecting agent is dichloroacetic or 
trichloroacetic add. 

In the manufacture of DNA arrays a number of different 
sequence DNA strands are built up on a substrate to enable 
later biochemical analysis to take place. In this process it is 
necessary to selectively de-protect various portions of the 
array and it is particularly to this selective de-protecting that 
one particular embodiment of the present invention is 
directed. 
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2 
Selective de-protecting by direct light-activated chemistry 

or photo-removable de-protecting techniques has been devel 
oped but these are someWhat inef?cient resulting in short and 
impure solid phase oligodeoxynucleotides in rather large unit 
feature probe siZes of 20 to 50 microns and it is an object of 
this invention to provide a more e?icient chemical de-pro 
tecting process. 

The applicant has surprisingly found that by the use of 
electrically charged emulsions Which include the chemical 
de-protecting agent in the discontinuous phase and Which are 
selectively deposited on prede?ned areas of a planar or other 
shaped substrate under the in?uence of an electric ?eld, then 
more accurate, localised and e?icient de-protecting may be 
possible. 

BRIEF DESCRIPTION OF THE INVENTION 

In one form therefore the invention is said to reside in a 
composition of matter including a liquid continuous phase 
and a liquid discontinuous phase Which is substantially 
immiscible in the continuous phase, characterised by the 
continuous phase having a high electrical volume resistivity 
and the discontinuous phase being electrically charged. 

Preferably the discontinuous phase includes a compound 
selected from the group comprising a bio-active agent, a 
catalyst, a reagent or reactant including an acid and a base, a 
blocking chemical, a de-blocking chemical, an organic or 
inorganic derivatisation chemical, a pharmaceutical, a dye or 
a pigment. 

In further form the invention is said to reside in a compo 
sition of matter including a liquid continuous phase, a liquid 
discontinuous phase Which is substantially immiscible in the 
continuous phase and a surfactant, characterised by the con 
tinuous phase having a high volume resistivity, the discon 
tinuous phase being electrically charged and the surfactant 
being selected to not signi?cantly reduce the volume resistiv 
ity of the continuous phase. 
The term “not signi?cantly reduce the volume resistivity” 

is intended to mean that the volume resistivity of the continu 
ous phase of the emulsion is not reduced to such an extent that 
the electrical charge on the substrate or discontinuous phase is 
ineffective. In such a situation the discontinuous phase may 
not deposit patternWise under the in?uence of an electrostatic 
?eld. 

It may be noted, too, that the choice of discontinuous phase 
or any of its components should be such that it does not 
signi?cantly partition into the continuous phase and thereby 
neither signi?cantly reducing the volume resistivity of the 
continuous phase nor imparting chemical reactivity to the 
continuous phase. 

Preferably the surfactant is one Which has a ?rst part Which 
is compatible With the continuous phase and a second part 
Which is compatible With the discontinuous phase. Hence it 
may be selected so as to have analogues of the principal 
components of the continuous phase and the discontinuous 
phase. The surfactant may also assist With reducing the sur 
face tension of the droplets of the discontinuous phase to 
assist With Wetting of a surface to Which they are attracted. 
The surfactant may be selected from anionic, cationic, 

non-ionic or amphoteric, compounds, polymer surfactant 
materials or phospholipids. 

For instance the surfactant may be alcohol/fatty acid esters, 
alkoxylated castor oils, alkyl phenol ethoxylates, ethoxylated 
alcohols, sorbitan esters, glycerine esters, polyethylene gly 
cols and phospholipids. 

In an alternative form of the invention the surfactant func 
tion of the composition may be provided by a pseudo-surfac 
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tant being a micro?ne particulate material to allow for the 
formation of a Pickering emulsion. Such a pseudo-surfactant 
may be selected from alumina, bentonite, magnesium alu 
minium silicate, fat crystals, magnesium oxide, magnesium 
trisilicate, titanium dioxide, fumed silica, silica and tin oxide 
and other surface treated compounds. 

In an alternative form the invention is said to reside in an 
emulsion including a continuous phase, a discontinuous 
phase Which is immiscible in the continuous phase, and a 
surfactant, the surfactant having a ?rst part Which is compat 
ible With the continuous phase and a second part Which is 
compatible With the discontinuous phase, characterised by 
the continuous phase having a high volume resistivity, the 
discontinuous phase being electrically charged and including 
a compound selected from the group comprising a bio-active 
agent, a catalyst, a reagent or reactant including acids and 
bases, a blocking chemical, a de-blocking chemical, an 
organic or inorganic derivatisation chemical, a pharmaceuti 
cal, a dye or a pigment and the surfactant being selected to not 
signi?cantly reduce the volume resistivity of the continuous 
phase. 
As discussed above the continuous phase is comprised of a 

liquid Which is electrically insulative and although the char 
acteristics of a particular system Would have to be determined 
empirically it is expected that such a liquid Would preferably 
have a volume resistivity of approximately l><l06 ohm-cm or 
greater. 

The continuous phase may be selected from hydrocarbons 
such as hexane, cyclohexane, iso-octane, heptane, decalin, 
aromatic hydrocarbons and isodecane and commercially 
available mixtures of hydrocarbons such as the IsoparsTM and 
NorparsTM made by Exxon. The continuous phase may also 
be selected from ?uorochemicals including ?uorocarbon 
compounds. These ?uorochemicals generally comprise from 
2 to 16 carbon atoms and include, but are not limited to, linear, 
cyclic or polycyclic per?uoroalkanes, bis(per?uoroalkyl)alk 
enes, per?uoroethers, per?uoroalkylamines, per?uoroalkyl 
bromides and per?uoroalkyl chlorides such as the Fluori 
nertsTM made by 3M. The continuous phase may also be 
selected from silicone ?uids such as polyphenylmethyl silox 
anes (PMMS), dimethyl polysiloxanes, polydimethyl silox 
anes, cyclic dimethyl siloxanes and the like. 

In one embodiment the continuous phase may be super 
critical carbon dioxide (cCOZ). This liquid has the property of 
being compatible With ?uorinated surfactants. 

The continuous phase may also be a gel or highly viscous 
liquid. 

The discontinuous phase may be aqueous or non-aqueous. 
Where the discontinuous phase is non-aqueous it should be 
immiscible or substantially insoluble in the continuous phase. 

The discontinuous phase may be an active reagent such as 
a chemical de-protecting agent or it may be a solvent or a 
carrier for the active chemical reagent. Alternatively the 
active chemical reagent may be a solid or insoluble liquid 
dispersed in the discontinuous phase. 

The non-aqueous discontinuous phase may be selected 
from acetone, acetonitrile, cyclohexanone, decalin, dibro 
momethane, dichloromethane (methylene chloride, DCM), 
trichloromethane, dimethyl formamide (DMF), dioxane, 1,2 
dichloroethane (DCE), nitromethane, tetrahydrofuran, tolu 
ene, dimethyl formamide, isobutanol, isodecane and com 
mercially available mixtures of hydrocarbons such as the 
IsoparsTM and NorparsTM made by Exxon, propylene carbon 
ate, dimethyl sulphoxide or mixtures of compounds such as 
isopropanol/methylene chloride, nitromethane/methanol, 
nitromethane/isopropanol, trichloromethane/methanol or 
isopropanol/methylene chloride. 
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4 
The emulsions according to the invention may also include 

charge control agents. 
The charge control agent may be selected so as to have 

analogues of the principal components of the continuous 
phase and the discontinuous phase. For instance Where the 
continuous phase is a ?uorochemical the charge control agent 
may include a ?uorine analogue of the compounds listed 
beloW. 

In some embodiments the function of the charge control 
agent may be provided by the surfactant or may be intrinsic to 
the emulsion droplets carrying a chemical substance, eg an 
acid for de-protection. 
The charge control agent may be an acid and its salts, an 

organic acid and its salts or an ionic or ZWitterionic com 
pound. 

The charge control agents may be selected from metallic 
soaps Wherein the metal includes: barium, calcium, magne 
sium, strontium, Zinc, cadmium, aluminium, gallium, lead, 
chromium, manganese, iron, nickel, Zirconium and cobalt 
and the acid portion is provided by a carboxylic acid, e.g., 
caproic acid, octanoic (caprylic) acid, capric acid, lauric acid, 
myristic acid, palmitic acid, stearic acid, oleic acid, linolic 
acid, erucic acid, tallitic acid, resinic acid, naphthenic acid, 
succinic acid and the like. Examples of metallic soaps 
include: aluminium tristearate, aluminium distearate, barium, 
calcium, lead and Zinc stearates; cobalt, manganese, lead and 
Zinc linoleates; aluminium, calcium and cobalt octoates; cal 
cium and cobalt oleates; Zinc palmitate; calcium, cobalt, man 
ganese, lead and Zinc naphthenates; calcium, cobalt, manga 
nese, lead and Zinc resinates and the like. The charge control 
agent may also be a phospholipid such as lecithin or alkyl 
succinimide. The charge control agent may also be a basic 
calcium petronate or similar compound. 

Additional components in the discontinuous phase may be 
bio-active agents, reagents and reactants such as acids and 
bases, blocking and de-blocking chemicals and derivatisation 
chemicals Whether organic or inorganic, pharmaceuticals, 
dyes or pigments. Catalysts may also be included in the 
discontinuous phase, deposited for instance for subsequent 
electroless deposition of gold, copper, nickel and the like. 
An emulsion according to this invention may have a con 

tinuous phase Which is present in the range of about 20 to 
99.99 percent by volume, a discontinuous phase Which is 
present in a range of from about 0.01 to 80 percent by volume, 
optionally a surfactant Which is present in a range of about 
0.01 to 20 percent by Weight and a charge control agent Which 
is present in a range of 0.01 to 10 percent by Weight. 

For some application the emulsions may be manufactured 
immediately prior to use and in such situations the surfactant 
may not be necessary. 

Throughout this speci?cation the term emulsions is used to 
indicate emulsions, miniemulsions and microemulsions. 
Hence the emulsions according to this invention may be true 
emulsions, that is, emulsions Which are formed by the input of 
mechanical energy such as by shaking, stirring or the like. 
Emulsions may be manufactured using a device such as a 
Sonicator, Ultra-Turrax or a Micro?uidiser. Alternatively the 
emulsions may be mini-emulsions Which form With the appli 
cation of more energy than for a standard emulsion. Altema 
tively the emulsions may be micro-emulsions Which form 
substantially spontaneously provided the correct conditions 
of temperature and chemical composition are present. Emul 
sions may have a droplet siZe from about 100 microns doWn 
to 0.2 microns, miniemulsions may have a droplet siZe from 
500 nanometers doWn to about 50 nanometers and micro 
emulsions may have droplet siZes of from about 200 nanom 
eters doWn to l nanometer. It Will be noted that there are no 
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hard and fast rules on the size ranges for each. Size ranges Will 
depend upon the composition of each of the phases and the 
surfactant if used and the method of preparation. 
The term droplets is intended to refer to the various mor 

phological forms of the discontinuous phase in an emulsion. 
It may include shapes other than spherical for instance cubic, 
cylindrical and lamellar. 
An emulsion according to the present invention may also 

include emulsion of the type knoWn as a Pickering emulsions. 
These emulsions are systems of a continuous phase, a ?nely 
dispersed discontinuous phase and at least one type of 
micro?ne particles Which have an average particle size of less 
than 200 nm and Which display amphiphilic character. The 
micro?ne particles may be selected from alumina, bentonite, 
magnesium aluminium silicate, fat crystals, magnesium 
oxide, magnesium trisilicate, titanium dioxide, treated fumed 
silica, silica and tin oxide. The stability of Pickering emul 
sions depends upon such factors as Wetting contact angle, 
particle size, particle concentration, interparticulate interac 
tion and viscosity of the continuous phase. 
A key factor for the use of particles as a stabilization agent 

is the Wetting of the particles by the tWo phases. The a?inity 
to each of the tWo phases should be different. This is 
expressed by the contact angle. A nonaqueous emulsions, in 
particular, a per?uoro continuous phase and an organic dis 
continuous phase Would require the Wetting of the particles 
that stabilize the emulsion by both the per?uoro phase and the 
nonaqueous phase or oil phase. The solid particles are usually 
lO-fold smaller in size than the discontinuous phase droplets 
of the emulsion. Capillary forces can support the formation of 
a particulate netWork in the interface. This serves as a 

mechanical barrier that prevents the coalescence of the dis 
continuous phase droplets. The protection against coales 
cence is based on the energy to expel the particles from the 
interface into the continuous phase. This energy depends on 
the contact angle Which ideally should be close to 90°. One 
suggested method for determination of the contact angle of 
the small particles is by determination of the sinking time of 
a given Weight of particles and a given ?uid. If the particles 
are completely Wet no emulsion is formed. Dilute Pickering 
emulsions of loW viscosity Will sediment i.e. Will move to the 
bottom of the vessel but do not coalesce i.e. the small discon 
tinuous phase emulsion droplets do not join together to form 
a larger droplet. 

The preferred method to make a Pickering emulsion is to 
disperse the particles (usually submicron) used to stabilize 
the emulsion in the continuous phase. It is most important that 
the particles are suf?ciently deagglomerated to achieve opti 
mum results. Deagglomeration requires very high shear to 
break up the agglomerates and disperse the particles, such 
equipment as Micro?uidizer, high intensity ultrasonic 
probes, colloid mills, three roll mills etc. The discontinuous 
phase is emulsi?ed in the continuous phase containing the 
predisposed particles by use of such emulsi?cation equip 
ment as an Ultra Turrax. 

For this invention the particles or droplets of emulsion may 
range in size from 100 microns doWnWards depending upon 
the type of emulsion and the applications to Which the emul 
sion is to be applied. Preferably in the case of emulsions for 
chemical de-protecting in the phosphoramidite process the 
emulsions may have a size range from 50 microns doWn to 20 
nanometers. 

It Will be seen that by the use of emulsions of the present 
invention commercial fabrication at micrometer and nanom 
eter scale by spatially selective deposition of chemical sub 
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6 
stances Will be possible because of the sizes of the droplets in 
the emulsions and their ability to carry deposition materials or 
reagents to selected sites. 

Although the mechanism of charging of the emulsion drop 
lets is not fully understood applicants believe that it relates to 
accumulation of polar or ionic species at the interface 
betWeen the continuous and discontinuous phases. Electro 
static charging of the emulsions has been noted both With and 
Without the use of charge control agents and surfactants. 
The electrical charge on the droplets of the discontinuous 

phase of the emulsions according to the present invention 
may be positive or negative. Applicant has produced both 
depending upon the compositions selected. 
Some surfactants may be non-polar in nature but still con 

tribute to electrostatic charging of the droplets of the emul 
sion. This may be due to the presence of impurities in the 
surfactant, for instance, catalysts, residual reactants, by-prod 
ucts and compounds used in the manufacture of the surfac 
tants. 

Where the emulsion of the present invention is to be 
applied for the chemical de-protecting step of the formation 
of a DNA array, the invention may be said to reside in a 
composition being an emulsion including a continuous phase 
comprising an insulative liquid and a discontinuous phase 
comprising a non-aqueous or aqueous solvent and a chemical 
de-protecting reagent in solution in the non-aqueous or aque 
ous solvent, and Wherein the continuous phase has a high 
volume resistivity and the discontinuous phase is electrically 
charged. 

In an alternative embodiment Where the emulsion of the 
present invention is to be applied for the chemical de-protect 
ing step of the formation of a DNA array, the invention may be 
said to reside in a composition being an emulsion including a 
continuous phase comprising an insulative liquid, a discon 
tinuous phase comprising a non-aqueous or aqueous solvent 
and a chemical de-protecting reagent in solution in the non 
aqueous or aqueous solvent and a surfactant, the surfactant 
having a ?rst part Which is compatible With the continuous 
phase and a second part Which includes a group Which is 
compatible With the discontinuous phase, and Wherein the 
continuous phase has a high volume resistivity and the dis 
continuous phase is electrically charged and the surfactant 
being selected to not signi?cantly reduce the volume resistiv 
ity of the continuous phase. 
The continuous phase may be a silicone ?uid or an organic 

liquid, such as a hydrocarbon oil selected from hexane, cyclo 
hexane, iso-octane, heptane, naphthalenes, aromatic hydro 
carbons, decalin and isodecane and commercially available 
mixtures of hydrocarbons such as the lsoparsTM and Nor 
parsTM made by Exxon. 

Alternatively, the continuous phase may be a ?uorochemi 
cal such as per?uorooctane, linear, cyclic or polycyclic per 
?uoroalkylalkanes, bis(per?uoroalkyl)alkenes, per?uoroet 
hers, per?uoroamines, per?uoroalkyl bromides and 
per?uoroalkyl chlorides such as the FluorinertsTM made by 
3M. 

Preferably Where the continuous phase is a ?uorochemical 
the surfactant may be a ?uorochemical having a ?uorophilic 
part and a part Which is compatible With the discontinuous 
phase such as lipophilic part. These compounds may also be 
referred to as amphiphiles. Examples of these are per?uoro 
carbon-propoxypropylene, ?uoroalkyl citrate, per?uoro 
alkyl-alkylene mono- or di-morpholinophosphate and ?uori 
nated phospholipids, alcohols, polyols or polyhydroxylated 
or aminated derivatives including amine oxides, amino acid 
derivatives and ?uorinated analogues of AOT (l,4bis(2-eth 
ylhexyl)sulphosuccinate). 
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The ?uorinated surfactants may also be associated With 
hydrophobic, non-ionic, anionic, cationic or ZWitterionic 
moieties. Such moieties include, for example, phospholipids, 
copolymers of the polyoxyethylene polyoxyethylenepolyox 
ypropylene type and polyoxyethylene sorbitan esters. 

Alternatively the ?uorochemical of this embodiment may 
be replaced by an alternative compound such as a silicone 
?uid and hence the surfactant Would be selected from a com 
pound Which had a silicophilic part. 

There may also be used combinations of the various sur 
factants discussed above. 

The emulsion according to this form of the invention may 
further include a charge control agent of the type discussed 
above. 
As discussed above it may be noted that the emulsions 

according to this embodiment of the invention may be true 
emulsions or miniemulsions, that is, emulsions Which are 
formed by the input of mechanical energy such as by shaking, 
stirring, high shear, or the like. Alternatively the emulsions 
may be microemulsions Which form substantially spontane 
ously provided the correct conditions of temperature and 
chemical composition are present. 

Stability of charged emulsions may be a problem for com 
mercialisation and to overcome is problem it is proposed that 
the emulsions could be made in situ, the various ingredients 
combined and emulsi?ed just before use. 
A preferred alternative is to provide the emulsions in con 

centrated form and diluted just prior to use. This is a proven 
methodology used in the agricultural industries for supplying 
emulsi?ed pesticides etc that are diluted by addition of sub 
stantial amounts of the continuous phase just before use to the 
required usable concentration. Concentrated emulsions have 
much higher viscosity and long term stability (it is reported in 
the Atlox 4912 Technical Bulletin 00-2 that it is possible to 
produce concentrated discontinuous phase of 73%-80%). 

The emulsion of the present invention may be used for a 
range of solid phase chemical reactions Where it is desired to 
react on a substrate in a spatially selective manner. 

In one embodiment the emulsion may be used in a method 
of forming a solid phase chemical array on a substrate using 
a stepWise reaction process, the method including the steps 
of: 

(a) de?ning at least one region on the substrate by forming 
an electric ?eld on that region Which is different from the 
electric ?eld on other regions of the substrate, 

(b) applying an emulsion to the substrate, the emulsion 
having the electrically charged discontinuous phase 
droplets and a chemical de-protecting reagent carried in 
the discontinuous phase, 

(c) depositing the discontinuous phase of the emulsion to 
the at least one region by attraction by the electric ?eld 
on the region and optionally by the use of a bias voltage 
to reduce deposition in non-required regions, 

(d) causing a chemical reaction in the at least one region, 
(e) removing the emulsion, and 
(f) carrying out subsequent steps of the stepWise reaction 

process. 
In an alternative embodiment the emulsion may be used in 

a method of forming a DNA array on a substrate using a 
stepWise coupling process With a chemical de-protecting step 
prior to each coupling step, the method including the steps of: 

(a) de?ning at least one region on the substrate by forming 
an electric or electrostatic charge on that region Which is 
different from the an electric or electrostatic charge on 
other regions of the substrate such as by formation of an 
electrostatic image thereon, 
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8 
(b) applying an emulsion to the substrate, the emulsion 

having the electrically charged discontinuous phase and 
a chemical de-protecting reagent carried in the discon 
tinuous phase as discussed above, 

(c) depositing the discontinuous phase of the emulsion to 
the at least one region by attraction by the electric ?eld 
on the region and optionally by the use of a bias voltage 
to reduce deposition in non-required regions, 

(d) causing chemical de-protecting in the at least one 
region, 

(e) removing the emulsion, and 
(f) carrying out subsequent steps of the stepWise coupling 

process. 
The subsequent steps of the stepWise coupling process may 

be such as those that are carried out in the standard phos 
phoramidite chemistry for synthesis of oligodeoxynucle 
otides although as discussed earlier the invention is not lim 
ited to this particular chemistry. 

It Will be realised that the process as discussed above may 
be repeated a su?icient number of times to synthesise selected 
oligonucleotides of any sequence in a predetermined spatial 
order, position and length on the substrate. 
The substrate may be any insulative or dielectric material 

Which is able to hold an electric charge for suf?cient time for 
attracting the discontinuous phase of the emulsion to the at 
least one preselected region. The substrate may include 
dielectrics such as glass, plastics materials or the like and 
alternatively may include photo conductors such as Zinc 
oxide, cadmium sulphide, amorphous selenium, alloys of 
selenium such as selenium-tellurium, lead selenide, sele 
nium-arsenic, and the like. Additionally, there can be selected 
as photoresponsive imaging members various organic photo 
conductive materials including, for example, polyvinylcarba 
Zole (PVK) or complexes of polyvinylcarbaZole sensitised 
With trinitro?uorenone. There are also disclosed layered 
organic photoresponsive devices With aryl amine hole trans 
porting molecules, and photogenerating layers, reference 
U.S. Pat. No. 4,265,990, the disclosure of Which is totally 
incorporated herein by reference. 
The step of de?ning at least one region on the substrate by 

forming an electric or electrostatic charge on that region may 
include the step of charge reversal to thereby provide an 
enhanced electric ?eld in the selected region. 
The formation of the an electric or electrostatic charge may 

be by electrostatic means such as Wherein the substrate is a 
photoconductor and the formation of the electrostatic ?eld is 
by electrostatic or other charging and then selective discharge 
by illumination. Preferably the illumination may not include 
radiation in the short ultraviolet region When used in relation 
to DNA manufacture as this may cause damage to the DNA 
molecule. For the assembly of other chemical chips or arrays, 
hoWever, UV radiation may be used. 

In one preferred embodiment, the stepWise synthesis pro 
cess is the phosphoramidite process Which uses chemical 
de-protecting, namely removal of a trityl group but the inven 
tion is not so limited but may include other stepWise coupling 
or addition processes. 
The step of removing the emulsion may include the step of 

neutralising any residual chemical de-protecting agent in the 
emulsion to prevent it from reacting in non-desired parts of 
the array and Washing. 
As discussed above, the emulsion for use for the present 

invention comprises an electrically insulative continuous 
phase such as a ?uorochemical, an aqueous or a non-aqueous 
discontinuous phase for instance a hydrocarbon oil Which 
carries the chemical de-protecting agent in it in solution, With 
preferably a surfactant and preferably a charge control agent. 
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Where the discontinuous phase is a hydrocarbon oil, the 
chemical de-protecting agent may be a strong protic organic 
or inorganic acid. 

The non-aqueous discontinuous phase Which carries the 
chemical de-protecting agent may be selected from acetone, 
acetonitrile, cyclohexanone, decalin, dibromomethane, 
dichloromethane (methylene chloride, DCM), trichlo 
romethane, dimethyl formamide (DMF), dioxane, 1,2 
dichloroethane (DCE), nitromethane, tetrahydrofuran, tolu 
ene, dimethyl formamide, isobutanol, isodecane and 
commercially available mixtures of hydrocarbons such as the 
IsoparsTM and NorparsTM made by Exxon, propylene carbon 
ate, dimethyl sulphoxide or mixtures of compounds such as 
isopropanol/methylene chloride, nitromethane/methanol, 
nitromethane/isopropanol, trichloromethane/methanol or 
isopropanol/methylene chloride. 

The chemical de-protecting agent may be a LeWis acid or a 
protic acid. The LeWis acid may be selected from but not 
restricted to Zinc bromide, titanium tetrachloride, and ceric 
ammonium nitrate While dilute protic acids Which can be used 
include, but are not limited to, dilute mineral acids, trichlo 
roacetic acid (TCA), dichloroacetic acid (DCA), benZenesul 
phonic acid, tri?uoroacetic acid (TEA), di?uoroacetic acid, 
perchloric acid, orthophosphoric acid and toluenesulphonic 
acid. Other acids may include dodecylbenZene sulphonic 
acid, dinonylnaphthyldisulphonic acid (DNNDSA), dinonyl 
naphthylsulphonic acid (DNNSA), per?uorooctanoic acid 
(PFOA) and diphenyl acid phosphate. 

EXAMPLES 

This then generally describes the invention but to assist 
With understanding, reference Will noW be made to examples 
of emulsions according to the present invention and discus 
sion in more detail of the stages of formation of a DNA array. 
Numerous combinations have been tested to represent a 

range of continuous phases and discontinuous phases, their 
incompatibility and their ability to carry relevant materials for 
site-speci?c deposition and/ or reaction. 

Water in Isopar G Examples 

A experiment Was carried out to determine Whether a 
charged emulsion Would deposit on an oppositely charged 
substrate With an electrostatic pattern formed thereon. For 
this purpose an emulsion Was formed With an insulative con 
tinuous phase and a discontinuous phase Which included a 
dye and a substrate comprising a Zinc oxide photoconductor 
Was charged With a negative pattern: 

The emulsion comprised the following; 

Continuous phase Isopar G 9.9 ml 
Discontinuous phase Water 0.95 ml 

Disulphine blue (20 mg/ml aqueous) 0.05 ml 
Atlox 4912 (10% W/v in Isopar G) 0.1 ml 

Isopar G is a hydrocarbon manufactured by Exxon 
Disulphine Blue AN 200 Was manufactured by ICI 
Atlox 4912 is a Atlox 4912 is a nonionic A-B-A block 

copolymer 12-hydroxystearic acid polyethylene glycol 
copolymer manufactured by the Uniqema business of ICI. 

Zinc oxide photoconductor Was supplied by Applied 
Research of Australia Pty Ltd and comprised Zinc oxide 
bound With an insulative resin coated onto a PET aluminium 
metalised ?lm. 
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10 
It Was found that the discontinuous phase incorporating the 

blue dye deposited only in the area of the negative charge 
pattern indicating positively charged droplets in the emul 
sion. 

In a further experiment comparable results Were obtained 
When the emulsion composition comprised a continuous 
phase of Isopar G and: 

a 0.5% to 5% (v/v) aqueous discontinuous phase With 
disulphine blue and a surfactant concentration of 0.5% 
(W/v) Atlox 4912 With respect to the discontinuous 
phase 

a 0.5% to 2.5% (v/v) aqueous discontinuous phase With 
disulphine blue and a surfactant concentration of 0.5% 
to 2.5% (W/v) Atlox 4912 With respect to the discontinu 
ous phase 

a 0.5% to 1% (v/v) aqueous discontinuous phase With 
disulphine blue and a surfactant concentration of 5% 
(W/v) Atlox 4912 With respect to the discontinuous 
phase 

a 0.5% (v/v) aqueous discontinuous phase With disulphine 
blue and a surfactant concentration of 10% (W/v) Atlox 
4912 With respect to the discontinuous phase. 

In a further experiment comparable results Were obtained 
When the emulsion composition comprised a continuous 
phase of Isopar G and: 

a 0.5% to 5% (v/v) aqueous discontinuous phase With 
disulphine blue and a surfactant concentration of 0.5% 
to 5% (W/v) Triton X-100 With respect to the discontinu 
ous phase. Triton X-100 Was supplied by Rohm and 
Haas. 

In a further experiment comparable results Were obtained 
When the emulsion composition comprised a continuous 
phase of Isopar G and: 

a 0.5% to 5% (v/v) aqueous discontinuous phase With 
disulphine blue and a surfactant concentration of 0.5% 
to 5% (W/v) cetyltrimethylammonium bromide (CTAB) 
With respect to the discontinuous phase. 

CTAB Was purchased from Sigma Aldrich Chemical Com 
pany. 

In a further experiment comparable results Were obtained 
When the emulsion composition comprised a continuous 
phase of Isopar G and: 

a 0.5% to 5% (v/v) aqueous discontinuous phase With 
disulphine blue and a surfactant concentration of 0.5% 
to 5% (W/v) sodium dodecylsulphate (SDS) With respect 
to the discontinuous phase. 

SDS Was purchased from APS Ajax Pine Chemicals, Aus 
tralia. 

In a further experiment comparable results Were obtained 
When the emulsion composition comprised a continuous 
phase of Isopar G and: 

a 0.5% to 1% (v/v) aqueous discontinuous phase With 
disulphine blue and a surfactant concentration of 0.5% 
to 5% (W/v) 1,4bis (2-ethylhexyl)sulphosuccinate With 
respect to the discontinuous phase. 

1,4bis(2-ethylhexyl)sulphosuccinate (AOT) Was 
chased from Sigma Aldrich Chemical Company. 

In a further experiment comparable results Were obtained 
When the emulsion composition comprised a continuous 
phase of Isopar G and: 

a 0.5% to 5% (v/v) aqueous discontinuous phase With 
disulphine blue and a surfactant concentration of 0.5% 
to 10% (W/v) Q2-5200 With respect to the discontinuous 
phase. 

pur 
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Q2-5200 (DC-5200) is a comb polymer surfactant com 
prising a backbone of silicone and substituents of lauryl and 
polyethylene/polypropylene oxide groups. It is a manufac 
tured by DoW Corning. 
Water in Silicone Fluid 

In a further experiment comparable results Were obtained 
When the emulsion composition comprised a continuous 
phase of Silicone Fluid 10 centipoise and: 

a 0.5% to 5% (v/v) aqueous discontinuous phase With 
disulphine blue and a surfactant concentration of 0.5% 
(W/v) 1,4bis(2-ethylhexyl)sulphosuccinate With respect 
to the discontinuous phase. 

Silicone ?uid 10 centipoise is manufactured by DoW Com 
mg. 
Water in Fluorocarbons 
A further experiment Was carried out to determine Whether 

a charged emulsion Would deposit on an oppositely charged 
substrate With an electrostatic pattern formed thereon. For 
this purpose an emulsion Was formed With an insulative con 
tinuous phase and a discontinuous phase Which included an 
acid and a substrate comprising a Zinc oxide photoconductor 
Was charged With a negative pattern. The photoconductor Was 
dip-coated With a solution of Butvar 72 (1% W/v) and the pH 
indicator methyl orange (at saturation) in cyclohexanone and 
dried at 55° C. for 30 minutes: 

The emulsion comprised the folloWing; 

FC40 0.95 ml Continuous phase 
Discontinuous phase Water 0.035 ml 

Dichloroacetic acid 0.01 ml 
FC134 (10% W/v in Water) 0.005 ml 

FC-40 is per?uorotributylamine With minor levels of ?u 
orinated homologues, manufactured by 3M. 

Dichloroacetic acid Was supplied by Aldrich Chemical Co, 
Inc. 

FC-134 is a cationic surfactant of the type ?uoroalkyl 
quaternary ammonium iodide Where the alkyl chain is pre 
dominantly 8 carbons, manufactured by 3M. 

Methyl orange is a pH indicator dye manufactured by 
Kochlight. 

Butvar 72 is polyvinyl butyral manufactured by Solutia. 
It Was found that the discontinuous phase incorporating the 

acid deposited only in the area of the charge pattern, giving a 
pH-dependent colour change from yelloW to pink. 

In a further experiment comparable results Were obtained 
When the emulsion composition comprised a continuous 
phase of FC77. 

The emulsion comprised the folloWing; 

Continuous phase FC77 0.95 ml 
Discontinuous phase Water 0.035 ml 

Dichloroacetic acid 0.01 ml 
PS300 0.005 ml 

FC-77 is per?uorooctane manufactured by 3M. 
ZonylTM PS300 is a 40% by Weight aqueous solution of a 

non-ionic ?uorosurfactant, manufactured by DuPont. 
Water in Toluene 
A further experiment Was carried out to determine Whether 

a charged emulsion Would deposit on an oppositely charged 
substrate With an electrostatic pattern formed thereon. For 
this purpose an emulsion Was formed With an insulative con 
tinuous phase and a discontinuous phase Which included a 
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12 
dye and a substrate comprising a Zinc oxide photoconductor 
Which Was charged With a negative pattern: 
The emulsion comprised the folloWing: 

Continuous phase Toluene 0.995 ml 
Discontinuous phase Water 0.0025 ml 

Disulphine blue (20 mg/ml aqueous) 0.0025 ml 
Q2-5200 (10% W/v in toluene) 0.005 ml 

Toluene AR is a hydrocarbon supplied by BDH Chemicals 
Australia Pty Ltd. 

It Was found that the discontinuous phase incorporating the 
blue dye deposited only in the area of the charge pattern. 

In a further experiment comparable results Were obtained 
When the emulsion composition comprised a discontinuous 
phase incorporating Triton X-100 as surfactant. 
The emulsion comprised the folloWing; 

Continuous phase Toluene 0.995 ml 
Discontinuous phase Disulphine blue (20 mg/ml aqueous) 0.0025 ml 

Triton X-100 (10% W/v in Water) 0.0025 ml 

Silicone Fluid in Fluorocarbon 
A further experiment Was carried out to determine Whether 

a charged emulsion Would deposit on an oppositely charged 
substrate With an electrostatic pattern formed thereon. For 
this purpose an emulsion Was formed With an insulative con 
tinuous phase and a discontinuous phase not including a dye 
and a substrate comprising a Zinc oxide photoconductor Was 
charged With a negative pattern: 
The emulsion comprised the folloWing: 

FC40 
Silicone ?uid 50CS 

0.95 ml 
0.05 ml 

Continuous phase 
Discontinuous phase 

Silicone ?uid 50 centipoise is manufactured by DoW Corn 
mg. 

It Was found that the discontinuous phase deposited only in 
the area of the charge pattern, visible by a “Wetting” effect on 
the photoconductor indicating positively charged droplets in 
the emulsion. 

In a further experiment comparable results Were obtained 
When the emulsion composition comprised a discontinuous 
phase incorporating Zonyl® TBC as surfactant. 
The emulsion comprised the folloWing: 

FC40 
Silicone ?uid 50CS saturated With TBC 

0.95 ml 
0.05 ml 

Continuous phase 
Discontinuous phase 

ZonylTM TBC is a citric ester of ?uoroalkylalcohols of the 
general formula F(CF2.CF2)nCH2.CH2OH, With a homo 
logue distribution (n) dominated by hexyl and octyl units, 
manufactured by DuPont, USA. 

It Was found that the discontinuous phase deposited only in 
the area of the charge pattern, visible by a “Wetting” effect on 
the photoconductor remaining after the continuous phase sol 
vent had evaporated. 

In a further experiment comparable results Were obtained 
When the emulsion composition comprised a continuous 
phase of FC77. 
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The emulsion comprised the following: 

FC77 
Silicone ?uid 50CS 

0.95 ml 
0.05 ml 

Continuous phase 
Discontinuous phase 

It Was found that the discontinuous phase deposited only in 
the area of the charge pattern, visible by a “Wetting” effect on 
the photoconductor. 

In a further experiment comparable results Were obtained 
When the emulsion composition comprised a continuous 
phase of PC77 and a discontinuous phase incorporating 
Zonyl® TBC as surfactant. 

The emulsion comprised the following: 

FC77 
Silicon ?uid 50CS saturated With TBC 

0.95 ml 
0.05 ml 

Continuous phase 
Discontinuous phase 

It Was found that the discontinuous phase deposited only in 
the area of the charge pattern, visible by a “Wetting” effect on 
the photoconductor. 
Toluene in Fluorocarbon Solvent 
A further experiment Was carried out to determine Whether 

a charged emulsion Would deposit on an oppositely charged 
substrate With an electrostatic pattern formed thereon. For 
this purpose an emulsion Was formed With an insulative con 
tinuous phase and a discontinuous phase Which included an 
acid and a substrate comprising a Zinc oxide photoconductor 
Was charged With a negative pattern. The photoconductor Was 
dip-coated With a solution of Butvar 72 (1% W/v) and the pH 
indicator methyl orange (at saturation) in cyclohexanone, and 
dried at 55 degrees C. for 30 minutes: 

The emulsion comprised the folloWing: 

Continuous phase FC40 0.89 ml 
Discontinuous phase 5% dichloroacetic acid (W/v) in toluene 0.1 ml 

F6H14 (1% in PC40, v/v) 0.01 ml 

F6H14 is a semi?uorinated alkylalkane, l-(per?uoro-n 
hexyl) tetradecane, manufactured by Apollo Scienti?c Ltd, 
UK. 

It Was found that the discontinuous phase deposited only in 
the area of the charge pattern, giving a pH-dependent colour 
change from yelloW to pink. 

In a further experiment comparable results Were obtained 
When the emulsion composition comprised a continuous 
phase of PC40 and a discontinuous phase incorporating 
higher levels of F6H14 as surfactant. 

The emulsion comprised the folloWing: 

Continuous phase FC40 0.8 ml 
Discontinuous phase 5% (W/v) dichloroacetic acid in toluene 0.1 ml 

F6H14 (1% in PC40, v/v) 0.1 ml 

It Was found that the discontinuous phase deposited only in 
the area of the charge pattern, giving a pHl-dependent colour 
change from yelloW to pink. 
A further experiment Was carried out to determine Whether 

a charged emulsion Would deposit on an oppositely charged 
substrate With an electrostatic pattern formed thereon. For 
this purpose an emulsion Was formed With an insulative con 
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14 
tinuous phase and a discontinuous phase Which included a 
dye and a substrate comprising a Zinc oxide photoconductor 
Was charged With a negative pattern: 

The emulsion comprised the folloWing; 

Continuous phase FC40 0.9 ml 
Discontinuous phase 0.2% ethyl red in toluene (W/v) 0.05 ml 

5% Zonyl ® FTS in toluene (W/v) 0.05 ml 

Ethyl Red is 2-[p-diethylaminophenylaZo]-benZoic acid, 
supplied by Sigma Chemical Co. 
Zonyl® FTS is a ?uorotelomer intermediate manufactured 

by DuPont Chemicals. 
It Was found that the discontinuous phase incorporating the 

red dye deposited only in the area of the charge pattern. 
In a further experiment comparable results Were obtained 

When the emulsion composition comprised a continuous 
phase of PC40 and a discontinuous phase incorporating 
Zonyl® TBC as surfactant. 

The emulsion comprised the folloWing. 

Continuous phase FC40 0.975 ml 
Discontinuous phase 5% dichloroacetic acid (v/v) and 0.02 ml 

0.2% ethyl red in toluene 
10% TBC m HFE 7200 (W/v) 0.005 ml 

HFE 7200 is a ?uoro-solvent, l-ethoxyper?uorobutane, 
manufactured by 3M. 

It Was found that the discontinuous phase deposited only in 
the area of the charge pattern, giving a colour change from 
White to pink for plain Zinc oxide photoconductor, and from 
yelloW to red for methyl orange-doped Zinc oxide photocon 
ductor. 

Ethylene Glycol in Fluorocarbon 
A further experiment Was carried out to determine Whether 

a charged emulsion Would deposit on an oppositely charged 
substrate With an electrostatic pattern formed thereon. For 
this purpose an emulsion Was formed With an insulative con 
tinuous phase and a discontinuous phase Which included a 
?uorescent dye and a substrate comprising a glass micro 
scope coverslip dip-coated With 1% Butvar 72 in cyclohex 
anone (dried at 55 degrees C. for 30 minutes) Was charged 
With a negative pattern. 
The emulsion comprised the folloWing: 

Continuous phase FC40 0.989 ml 
Discontinuous phase 5% (W/v) dichloroacetic acid and 0.001 ml 

0.002% Rhodamine B both in 
ethylene glycol (W/v) 
F6H14 0.01 ml 

Rhodamine B Was supplied by Sigma Chemical Co. 
It Was found by observing the coverslip under ?uorescence 

microscopy that the discontinuous phase deposited only in 
the area of the charge pattern, giving a brilliant pink coloura 
tion. 

In a further experiment comparable results Were obtained 
When the emulsion composition comprised a continuous 
phase of PC40 and a discontinuous phase incorporating 
F6H14 as surfactant at higher levels. 
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The emulsion comprised the following: 

Continuous phase FC40 0.949 ml 
Discontinuous phase 5% (v/v) dichloroacetic acid and 0.001 ml 

0.002% Rhodamine B both in 
ethylene glycol (W/v) 
F6H14 0.05 ml 

1 6 
Oxalic acid Was supplied by BDH Laboratory Supplies, 

UK 
DMSO Was supplied by Ajax Fine Chemicals, Australia 
It Was found by observing the coverslip under ?uorescence 

microscopy that the discontinuous phase deposited only in 
the area of the charge pattern, giving a brilliant pink coloura 
tion. 
A further experiment Was carried out to determine Whether 

a charged emulsion Would deposit on an oppositely charged 
In a further experiment Comparable results Were Obtained to substrate With an electrostatic pattern formed thereon. For 

When the emulsion composition comprised a continuous thls purpose an emulsl?n We‘? formed Wlth an1_nSu_1anVe Con‘ 
phase of PC40 and a discontinuous phase incorporating nnuous phase a d1SCOI_mnuOu_S pha§e Whlch Included a 
F6H14 as Surfactant at even higher levels_ dye and polymer dissolved in the discontinuous phase so as to 

The emulsion Comprised the following. protect the dye from both Water and air during and after 
15 deposition. A substrate comprising a Zinc oxide photocon 

ductor Was charged in its entirety then covered With a mask 
before exposure to light so as to form a negative charge 

Continuous phase FC40 0_749 m1 pattern that Was a replica image of the mask. 
Discontinuous phase 5% (v/v) dichloroacetic acid and 0.001 ml The emulsion Comprised the following: 

0.002% Rhodamine B both in 
ethylene glycol (W/v) 20 
F6H14 0.25 ml 

Continuous phase FC40 0.99 ml 
- - Discontinuous phase 1% Butvar 72 (W/v), 0.1% (W/v) 0.005 ml 

Nitrobenzene 1n Fluorocarbon _ _ cryst a1 Violet in DMSO 
A further experiment Was carried out to determine Whether 1% (WMAUOX 4912 in DMSO 0005 ml 

a charged emulsion Would deposit on an oppositely charged 25 
substrate With an electrostatic pattern formed thereon. For _ _ _ 

this purpose an emulsion Was formed With an insulative con- Crystal vtolet Was supphed by George T- GulT, Sear 1e SCI 
tinuous phase and a discontinuous phase Which included a entl?c Sen/Ices, Bucks, _ _ _ 
?uorescent dye and a substrate comprising a glass micro- It Was found that the dlscontlnuous Phase deppslted 9913’ 111 
scope coverslip dip-coated With 1% Butvar 72 in cyclohex- 30 the area Of the_charge Pattern n_Ot exposed to hght, glYlng a 
anone (dried at 55 degrees C_ for 30 minutes) Was Charged violet colouration. Surface regions as small as 50 microns 
with a negative Panel-IL across, the smallest feature attempted Were dearly de?ned by 

The emulsion comprised the folloWing: dye deposltlotl _ _ 
In a further experiment comparable results Were obtained 

When the emulsion composition comprised a continuous 
35 phase of PC40 and a discontinuous phase incorporating a 

Continuous phase FC40 0.989 ml polymer, AOT as surfactant and the pink ?uorescent dye 
Discontinuous phase 5% dichloroacetic acid (v/v), 5% 0.01 ml Rhodamine B_ 

VTACL (W/V).’Rl.1°dmnme 6G at The emulsion comprised the folloWing: 
saturation all m mtrobenzene 

F6H14 0.001 ml 
40 

Rhodamine 6G Was supplied by George T. Gurr (a division Continuous P1135‘? FC40 0-99 ml 
Of Baird & Tatlocks Essex’ Discontinuous phase 1% Butvar 72 (W/v), 0.1% (W/v) 0.005 ml 
VTACL is a loW molecular Weight fraction of vinyl toluene Rhodamine B both m DMSO 

. . 10% (W/v) AOT in DMSO 0.005 ml 
acrylate (Pliolite) manufactured by Goodyear. 45 

It Was found by observing the coverslip under ?uorescence 
microscopy that the discontinuous phase deposited only in It Was found that the discontinuous phase deposited only in 
the area of the charge pattern, giving a brilliant pink coloura- the area of the charge pattern not exposed to light, giving a 
t10_I1~ _ _ ?uorescent pink colouration. 
Dimethylsulphoxide (DMSO) 1n Fluorocarbon 
A further experiment Was carried out to determine Whether 50 Examples ofNegatively Charged Emulsions 

a charged emulsion Would deposit on an oppositely charged 
substrate With an electrostatic pattern formed thereon. For For some processes it may be advantageous to use nega 
this purpose an emulsion Was formed With an insulative con- tively Charged emulsions, 
tinuous phase and a discontinuous phase Which included a 
?uorescent dye and a substrate comprising a glass micro- 55 Example 1 
scope coverslip dip-coated With 1% Butvar 72 in cyclohex 
anone (dried at 55 degrees C. for 30 minutes) Was charged Zonyl FS-62 is a blend of per?uoroalkylsulphonic acids 
With a negative pattern. and per?uoroalkylsulphonates in acidi?ed Water having the 

The emulsion comprised the folloWing: composition as folloWs: 
60 

Continuous phase FC40 0.998 ml compon?nt % incorporat?d 
Discontinuous phase 5% (W/v) oxalic acid, 0.002% (W/v) 0.001 ml 

Rhodamine B both in DMSO Per?uorohexylethylsulphonic acid 12-1 8% 
3% FC134 in DMSO 0.001 ml 65 Ammonium per?uorohexylethylsulphonate 6—9% 

Per?uorooctylethylsulphonic acid 1—3% 
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-continued 

Component % incorporated 

Ammonium per?uorohexylethylsulphonate 1-3 % 
Acetic acid 1-3% 
Water 60-85% 

An emulsion Was prepared incorporating FS-62 as a 1% 
(v/v) discontinuous phase in Isopar G, and deposited onto a 
strip of Zinc oxide photoconductor bearing a negative charge 
pattern as a latent image. Droplet deposition Was in those 
areas that had had their negative charge discharged and there 
Was droplet avoidance of Zones bearing a negative charge 
con?rming the negative charge on the emulsion droplets. 

The pattern of droplet deposition Was imaged using Zinc 
oxide photoconductor strips doped With a 0.02% (W/v) etha 
nolic solution of ethyl red pH indicator and dried at 55 
degrees C. for 15 minutes, a change from pale pink to vivid 
red revealing the location of the acidic discontinuous phase. 

Zonyl® FS-62 is manufactured by DuPont, USA 
Ethyl Red is 2-[p-diethylaminophenylaZo]-benZoic acid, 

supplied by Sigma Chemical Co. 

Example 2 

An emulsion Was prepared incorporating a saturated solu 
tion of per?uorooctanoic acid (PFOA) in FC-77 as a 5% (v/v) 
discontinuous phase in decalin. [A PFOA concentration of 
slightly less than 1% in FC-77 is achieved at 25 degrees C.]. 
The emulsion Was deposited onto a strip of Zinc oxide pho 
toconductor bearing a negative charge pattern as a latent 
image. Droplet deposition Was in those areas that had had 
their negative charge discharged, droplet avoidance of Zones 
bearing residual negative charge con?rming the negative 
charge on the emulsion droplets. 

The pattern of droplet deposition Was imaged using Zinc 
oxide photoconductor strips doped With a 0.02% (W/v) etha 
nolic solution of ethyl red pH indicator and dried at 55 
degrees C. for 15 minutes, a change from pale pink to vivid 
red revealing the location of the acidic discontinuous phase. 

Per?uorooctanoic acid Was supplied by Aldrich Chemical 
Co. Inc. 

Example 3 

An emulsion Was prepared incorporating a 55% (W/v) solu 
tion of dinonylnaphthyldisulphonic acid (DNNDSA) in 
isobutanol as a 1% (v/v) discontinuous phase in Isopar G. The 
emulsion Was deposited onto a strip of Zinc oxide photocon 
ductor bearing a negative charge pattern as a latent image. 
Droplet deposition Was in those areas that had had their nega 
tive charge discharged, droplet avoidance of Zones bearing 
residual negative charge con?rming the negative charge on 
the emulsion droplets. 

The pattern of droplet deposition Was imaged using Zinc 
oxide photoconductor strips doped With a 0.02% (W/v) etha 
nolic solution of ethyl red pH indicator and dried at 55 
degrees C. for 15 minutes, a change from pale pink to vivid 
red revealing the location of the acidic discontinuous phase. 
DNNDSA Was supplied by Sigma Aldrich Inc. 
For Example 1, the discontinuous phase is FS-62 contain 

ing 60-85% Water (manufacturer’s speci?cations) and might 
be expected to adopt a positive charge in any non-aqueous 
continuous phase. Against expectation, further additions of 
Water to FS-62 as discontinuous phase appeared to make it 
more negative, rather than cause it to sWitch to “positive”. 
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Example 2 performed as expected, a powerfully surface 

active ?uoro acid in a ?uoro solvent gives a negative charge. 

In Example 3, the DNNDSA functions both as an acid and 
a surface-active agent, overcoming What might have expected 
to be a positive charge for isobutanol in Isopar G. 

Examples of Concentrated Charged Emulsions 

TWo W/O (Water in Oil) formulations Were made up as 
folloWs: 

Contin- 10 ml Isopar G (50%) 
uous Add 0.2 g Atlox 4912 to Isopar G and heat to 55 degrees C. 
Phase 
Dis- Add 10 ml Milli Q Water 50% containing 20 milligram 
contin- Disulphine blue dye per mil and heat to 55 degrees. Shake 
uous Well and sonicate With a 1/4" probe in Sonics and 
Phase Materials Sonicator. 
Contin- 6 ml Isopar G (30%) 
uous Add 0.28 g Atlox 4912 to Isopar G and heat to 55 degrees C. 
Phase 
Dis- Add 14 ml Milli Q Water containing 20 milligram 
contin- Disulphine blue dye per ml and heat to 55 degrees C. 
uous Shake Well and sonicate With a 14" probe in Sonics and 
Phase Materials Sonicator. 

Both emulsions shoWed signs of thickening after sonica 
tion. On standing for 2 days there Was a very small amount of 
separation into a blue top and darker blue bottom layers both 
Would redisperse on shaking indicating that there Was no 
coalescence of the discontinuous Water phase. Both of the 
concentrated emulsions When diluted With Isopar G deposited 
on an electrostatic charge pattern. 

Both concentrated emulsions, 303 and 304, reached an 
equilibrium separation on standing. On shaking and dilution 
of a small quantity of the concentrate, similar deposition of 
the blue discontinuous phase on a charge pattern similar to 
those originally obtained Were obtained some 150 days later. 

Formulation of a Pickering Emulsion 

Contin 
uous 

Phase 

Place 30 ml Isopar G in a 50 ml polypropylene vial. Add 
0.68 g Degussa R805 hydrophobic Aerosil to Isopar G and 
predisperse With Ultra Turrax. 
Sonicate With a ‘A inch probe (Sonics and Materials 
Sonicator) multiple times for 1 minute. 
Dispersion ofthe Aerosil R805 in the Isopar G With the 
ultrasonic probe Was repeated 5 times for 2 minutes each, 
cooling the dispersion doWn betWeen sonication steps. 
This produced a clear solution With a slight haze. 
This dispersion Was used as a master batch. 

The master batch of dispersed 2.3% by Weight Aerosil 
R805 Was divided up into a number of identical 
polypropylene vials and reduced to 1/2% Weight/volume 
by the ?nther addition of Isopar G. The addition of the 
Isopar G Was again undertaken by cooling doWn the 
master batch and adding the Isopar G by sonication for 2 
minutes x 4 With cooling prior to each sonication. 
Take 15 ml ofthe above 1/2% by Weight Aerosil dispersion 
and add 0.15 ml of2% Weight by volume disulphine blue 
dye dissolved in milliQ Water. The Pickering emulsion 
Was formed by the Ultra Turrax 10 seconds at loW speed 
folloWed by 30 seconds at high speed. 
The above blue Pickering emulsion settles to the bottom 
of the vial and can be completely redispersed by tipping 
the vial 4 times into a horizontal position. This blue 
Pickering emulsion Was used to develop a latent 
electrostatic image on a dielectric substrate. The image 
produced a substantial deposition of blue poWder in the 

Dis 
contin 
uous 

Phase 

Results : 
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-continued 

Formulation of a Pickering Emulsion 

charged areas. The blue powder was removed from the 
surface, and a visible blue image was seen on the 
dielectric surface. 

Emulsions tested in the above experiments were prepared 
using ultrasonic generators. 

For commercial production of emulsions according to the 
invention continuous production may be desirable. Devices 
which may be used include: An Ultra-Turrax with an inline 
dispersing unit (also known as a generator) catalogue number 
25 KV-25 F-IL that is capable of producing an emulsion 1-5 
microns in size. Sonics & Materials Vibra-cell Model-CV-17 
Probe System: Power 600 watts, used for emulsi?cation 1A" 
probe, controlled power and timed output. 

Micro?uidizer M110-S from Micro?uidics Corporation 
can generate up to 23,000 psi in the emulsi?cation chamber, 
with a sample size minimum of 14 ml. with >12 ml. recovery. 
This unit is capable of the production of nanometer size 
emulsions. 

Throughout this speci?cation various indications have 
been given as to the scope of this invention but the invention 
is not limited to any one of these but may reside in two or more 
of these combined together. The examples are given for illus 
tration only and not for limitation. 

Throughout this speci?cation and the claims that follow 
unless the context requires otherwise, the words ‘comprise’ 
and ‘include’ and variations such as ‘comprising’ and ‘includ 
ing’ will be understood to imply the inclusion of a stated 
integer or group of integers but not the exclusion of any other 
integer or group of integers. 

The claims de?ning the invention are as follows: 
1. A composition of matter comprising: 
a liquid continuous phase, 
a liquid discontinuous phase which is substantially immis 

cible in the continuous phase and 
a surfactant, 
wherein the continuous phase has a high volume resistivity, 

the discontinuous phase is electrically charged and the 
surfactant is selected to not signi?cantly reduce the vol 
ume resistivity of the continuous phase. 

2. A composition of matter as in claim 1, wherein the 
surfactant has a ?rst part which is compatible with the con 
tinuous phase and a second part which is compatible with the 
discontinuous phase. 

3. A composition of matter as in claim 1 further comprising 
in the discontinuous phase a compound selected from the 
group consisting of a bio-active agent, an activated nucleo 
side amidite (A, C, G or T), an activated oligonucleotide, a 
reagent or reactant including an acid or a base, a blocking 
chemical, a de-blocking chemical, an organic or inorganic 
derivatisation chemical, a catalyst, a pharmaceutical, a dye, 
and a pigment. 

4. A composition of matter as in claim 1 further comprising 
a charge control agent. 

5. A composition of matter as in claim 4 wherein the charge 
control agent is selected from the group consisting of an acid 
and its salts, an organic acid and its salts, an ionic compound, 
and a zwitterionic compound. 

6. A composition of matter as in claim 4 wherein the charge 
control agent is selected from the group consisting of metallic 
soaps wherein the metal includes: barium, calcium, magne 
sium, strontium, zinc, cadmium, aluminium, gallium, lead, 
chromium, manganese, iron, nickel, zirconium and cobalt 
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and the acid portion is provided by a carboxylic acid, and a 
phospholipid, or where the continuous phase is a ?uoro 
chemical the charge control agent comprises a ?uorine ana 
logue of the compounds listed above. 

7. A composition of matter as in claim 1 wherein the 
continuous phase is present in the range of about 40 to 99.99 
percent by volume, the discontinuous phase is present in a 
range of from about 0.01 to 60 percent by volume. 

8. A composition of matter as in claim 1 wherein the 
discontinuous phase has a droplet size of from about 100 
microns down to 0.2 microns. 

9. A composition of matter as in claim 1 wherein the 
emulsion is a mini-emulsion with a discontinuous phase hav 
ing a droplet size from 1000 nanometers down to about 50 
nanometers. 

10. A composition of matter as in claim 1 wherein the 
emulsion is a micro-emulsion with a discontinuous phase 
having a droplet size of from about 200 nanometers down to 
1 nanometer. 

11. An emulsion comprising: 
a continuous phase, 
a discontinuous phase which is immiscible in the continu 

ous phase, and 
a surfactant, the surfactant having a ?rst part which is 

compatible with the continuous phase and a second part 
which is compatible with the discontinuous phase, 

wherein the continuous phase has a high volume resistivity, 
the discontinuous phase is electrically charged and com 
prises a compound selected from the group consisting of 
a bio-active agent, an activated nucleoside amidite (A, 
C, G or T), an activated oligonucleotide, a reagent or 
reactant including acids and bases, a blocking chemical, 
a de-blocking chemical, an organic or inorganic deriva 
tisation chemical, a catalyst, a pharmaceutical, a dye, 
and a pigment, and the surfactant is selected to not 
signi?cantly reduce the volume resistivity of the con 
tinuous phase. 

12. A composition of matter as in claim 6 wherein the 
carboxylic acid is selected from the group consisting of cap 
roic acid, octanoic (caprylic) acid, capric acid, lauric acid, 
myristic acid, palmitic acid, stearic acid, oleic acid, linolic 
acid, erucic acid, tallitic acid, resinic acid, naphthenic acid, 
and succinic acid. 

13. A composition of matter as in claim 7 wherein the 
surfactant is present in a range of about 0.01 to 20 percent by 
weight. 

14. A composition of matter as in claim 4 wherein the 
charge control agent is present in a range of 0.01 to 10 percent 
by weight. 

15. A composition of matter as in claim 1 wherein the 
liquid continuous phase is electrically insulative. 

16. An emulsion as in claim 11 wherein the continuous 
phase is electrically insulative. 

17. A composition of matter as in claim 1 wherein the 
continuous phase is selected from the group consisting of a 
hydrocarbon, a ?uoro-chemical, and a silicone ?uid. 

18. A composition of matter as in claim 17 wherein the 
hydrocarbon comprises hexane, decalin, cyclohexane, iso 
octane, heptane, aromatic hydrocarbons, and isodecane. 

19. A composition of matter as in claim 17 wherein the 
?uoro-chemical comprises a linear, cyclic or polycyclic per 
?uoroalkane, a bis(per?uoroalkyl)alkene, a per?uoroether, a 
per?uoroalkylamine, a per?uoroalkyl bromide, or a per?uo 
roalkyl chloride. 
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20. A composition of matter as in claim 17 wherein the 
silicone ?uid comprises a polyphenylmethyl siloxane, a dim 
ethyl polysiloxane, a polydimethyl siloxane, or a cyclic dim 
ethyl siloxane. 

21. A composition of matter as in claim 1 Wherein the 
discontinuous phase of the emulsion is selected from the 
group consisting of acetone, acetonitrile, cyclohexanone, 
dibromomethane, dichloromethane, trichloromethane, dim 
ethyl formamide, dioxane, 1,2-dichloroethane, nitromethane, 
tetrahydrofuran, toluene, decalin, dimethyl formamide, 
isobutanol, lsopar, Norpar, propylene carbonate, dimethyl 
sulphoxide, isopropanol/methylene chloride, nitromethane/ 
methanol, nitromethane/isopropanol, trichloromethane/ 
methanol, and isopropanol/methylene chloride. 

22. An emulsion including 
a liquid continuous phase, 
a liquid discontinuous phase Which is immiscible in the 

continuous phase, and 
a surfactant, the surfactant having a ?rst part Which is 

compatible With the continuous phase and a second part 
Which is compatible With the discontinuous phase, 

Wherein the continuous phase has a high volume resistivity, 
the discontinuous phase is electrically charged and the 
surfactant is selected to not signi?cantly reduce the vol 
ume resistivity of the continuous phase. 

23. An emulsion as in claim 22 Wherein the continuous 
phase comprises a liquid Which is electrically insulative hav 
ing a volume resistivity of approximately l><l06 ohm-cm or 
greater. 

24. An emulsion as in claim 22 Wherein the continuous 
phase is selected from the group consisting of a hydrocarbon; 
a ?uoro-chemical; and a silicone ?uid. 

25. An emulsion as in claim 22 Wherein the continuous 
phase is a gel or highly viscous liquid. 

26. An emulsion as in claim 22 Wherein the discontinuous 
phase is non-aqueous and immiscible or substantially 
insoluble in the continuous phase. 

27. An emulsion as in claim 22 Wherein the discontinuous 
phase is selected from the group consisting of a reagent, a 
solvent Which carries an active chemical reagent, and a carrier 
liquid for a solid or insoluble liquid dispersed in the discon 
tinuous phase. 

28. An emulsion as in claim 22 Wherein the discontinuous 
phase of the emulsion is selected from the group consisting of 
acetone, acetonitrile, cyclohexanone, dibromomethane, 
dichloromethane, trichloromethane, dimethyl formamide, 
dioxane, 1,2-dichloroethane, nitromethane, tetrahydrofuran, 
toluene, decalin, dimethyl formamide, isobutanol, isopar, 
norpar, propylene carbonate, dimethyl sulphoxide, isopro 
panol/methylene chloride, nitromethane/methanol, 
nitromethane/isopropanol, trichloromethane/methanol, and 
isopropanol/methylene chloride. 

29. An emulsion as in claim 22 further including in the 
discontinuous phase a compound selected from the group 
consisting of a bio-active agent, an activated nucleoside 
amidite (A, C, G or T), an activated oligonucleotide, a reagent 
or reactant including an acid or a base, a blocking chemical, a 
de-blocking chemical, an organic or inorganic derivatisation 
chemical, a catalyst, a pharmaceutical, a dye, and a pigment. 

30. An emulsion as in claim 22 Wherein the surfactant is 
selected to have a ?rst part Which is compatible With the 
continuous phase and a second part Which is compatible With 
the discontinuous phase. 

31. An emulsion as in claim 22 Wherein the surfactant is 
selected from the group consisting of anionic, cationic, non 
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ionic or amphoteric compounds, polymer surfactant materi 
als, phospholipids, and ?uorinated analogues thereof. 

32. A composition being an emulsion including: 
a continuous phase comprising an insulative liquid, 
a discontinuous phase comprising a non-aqueous solvent 

and a chemical de-protecting reagent in solution in the 
non-aqueous solvent, and 

a surfactant, the surfactant having a ?rst part Which is 
compatible With the continuous phase and a second part 
Which includes a group Which is compatible With the 
discontinuous phase, and 

Wherein the continuous phase has a high volume resistivity 
and the discontinuous phase is electrically charged and 
the surfactant is selected to not signi?cantly reduce the 
volume resistivity of the continuous phase. 

33. A composition as in claim 32 Wherein the chemical 
de-protecting agent is selected from the group consisting of 
LeWis acids, protonic acids, Zinc bromide, titanium tetrachlo 
ride, and ceric ammonium nitrate, dilute mineral acids, 
trichloroacetic acid, dichloroacetic acid, benZenesulphonic 
acid, tri?uoroacetic acid, di?uoroacetic acid, perchloric acid, 
orthophosphoric acid, toluenesulphonic acid, dodecylben 
Zene sulphonic acid, dinonylnaphthyldisulphonic acid, 
dinonylnaphthylsulphonic acid, per?uorooctanoic acid and 
diphenyl acid phosphate. 

34. A composition as in claim 32 Wherein the continuous 
phase is a ?uorochemical. 

35. A composition as in claim 34 Wherein the ?uorochemi 
cal is a per?uoro-carbon selected from the group consisting of 
per?uoro-octane, linear, cyclic or polycyclic per?uoroalky 
lalkane, bis(per?uoroalkyl) alkene, per?uoroether, per?uoro 
amine, per?uoroalkyl bromide and per?uoroalkyl. 

36. A composition as in claim 32 Wherein the continuous 
phase is a silicone ?uid or an organic liquid. 

37. A composition as in claim 32 Wherein the discontinu 
ous phase of the emulsion is selected from the group consist 
ing of acetone, acetonitrile, cyclohexanone, dibro 
momethane, dichloromethane, trichloromethane, dimethyl 
formamide, dioxane, 1,2-dichloroethane, nitromethane, tet 
rahydrofuran, toluene, decalin, dimethyl formamide, isobu 
tanol, propylene carbonate, dimethyl sulphoxide, isopro 
panol/methylene chloride, nitromethane/methanol, 
nitromethane/isopropanol, trichloromethane/methanol, and 
isopropanol/methylene chloride. 

38. A composition as in claim 33 Wherein the surfactant is 
a ?uorochemical-hydrocarbon selected from the group con 
sisting of per?uorocarbon-propoxypropylene, ?uoro-alkyl 
citrate, per?uoroalkyl-alkylene mono- or di-morpholino 
phosphate and ?uorinated phospholipids, alcohols, and poly 
ols or polyhydroxylated or aminated derivatives. 

39. A composition as in claim 32 Wherein the surfactant is 
a non-ionic, anionic, cationic, amphoteric or ZWitterionic sur 
factant. 

40. A composition as in claim 32 further including a charge 
control agent. 

41. A composition as in claim 40 Wherein the charge con 
trol agent is selected from the group consisting of an acid and 
its salts, an organic acid and its salts, an ionic compound, and 
a ZWitterionic compound. 

42. An composition as in claim 40 Wherein the charge 
control agent is selected from the group consisting of metallic 
soaps Wherein the metal includes: barium, calcium, magne 
sium, strontium, Zinc, cadmium, aluminium, gallium, lead, 
chromium, manganese, iron, nickel, Zirconium and cobalt 
and the acid portion is provided by a carboxylic acid, and a 
phospholipid, or Where the continuous phase is a ?uoro 
chemical the charge control agent includes a ?uorine ana 
logue of the compounds listed above. 

* * * * * 


