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BIS(PERFLUOROALKANESULFONYL)IMIDES AND THEIR SALTS AS
SURFACTANTS/ADDITIVES FOR APPLICATIONS HAVING EXTREME

ENVIRONMENTS AND METHODS THEREFOR

Field of Invention

This invention relates to the use of bis(perfluoroalkanesulfonyl)imide and its salts
as surfactants (surface active agents) or additives in aqueous and nonaqueous (or organic)
solutions. More particularly, this invention relates to bis(perfluoroalkanesulfonyl)imides
and their salts as surfactants or additives 1n solutions for applications having an extreme

environment.

Background of the Invention

Surfactants or surface active agents are generally described as any compound that
reduces surface tension when dissolved in a solution (e.g., water) or that reduces
interfacial tension between two liquids or between a liquid and a solid. An additive 1s
defined herein as any compound that when added to a base hydraulic fluid tmproves the
erosion performance of that hydraulic fluid. The choice of surfactant/additive varies with
the application, system, or solution where it 1s employed. Some factors that are considered
when evaluating the utility of a surfactant/additive include: solubility of the
surfactant/additive in the system used, pH, ultimate surface tension required for spreading
and/or for leveling, how corrosive the system components are, conductivity required, and
volatility of the surfactant.

Surfactants are used in a variety of applications including aqueous and non-
aqueous (i.e., organic) solutions. Applications that involve an extreme or a harsh
environment include, but are not limited to, etching solutions used in preparation of semi-
conductor devices, electrochemical plating and polishing solutions, water cleaning and
polishing solutions, anisotropic etching solutions, electrolytes for alkaline batteries, and
developer solutions for semiconductor manufacture. An “extreme” or “harsh”
environment 1s defined as an application where a conventional hydrocarbon-based
surfactant/additive would be degraded. Degradation 1s defined herein as protonation of an

anionic surfactant or degradation or alteration (e.g., polymerization) of the chemical
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structure of the surfactant that results 1n a change in surface tension and thus diminished
surfactant performance.

Extreme environment conditions for aqueous solutions include, but are not
restricted to, heat, light, radiation, oxidizing/reducing potential, high pressure, high shear,
high or low pH, or the presence of corrosive reagents. The pH is generally low (i.e.,
acidic) or high (i.e., basic). Typically, for aqueous solutions, these applications are
minimally both extreme in pH and corrosive.

Extreme environment conditions for non-aqueous solutions include, but are not
restricted to, high pressure, high temperature (i.e., at least 200°C), high shear,
environmental (trace water), or corrosive reagents, etc.

Under these conditions, most hydrocarbon surfactants either chemically or
physically degrade. Thus, non-hydrocarbon-based surfactants that do not degrade in
extreme environments are desirable.

Fluorocarbon surfactants such as, perfluorooctanesulfonyl fluoride (POSF) derived
surfactants like K" OSO,CgF;7 have been used. But these surfactants persist or ultimately
degrade in the environment to other perfluorooctyl-containing compounds. It has been
reported that certain perfluorooctyl-containing compounds may tend to have low
bioelimination rates in living organisms. This tendency has been cited as a potential
concern for some fluorochemical compounds. See, for example, U.S. Patent No.
5,688,884 (Baker et al.). Introduction of a surfactant and its degradation products into the
environment may occur either from streams related to the use of the surfactant itself or to
waste streams/emissions from 1ts manufacture.

As a result, there 1s a desire for fluorine-containing compositions that are effective
in providing desired surfactant properties, and that eliminate more rapidly from the body
(including the composition and its degradation products).

Therefore, the need exists for a surfactant or an additive that works effectively in
an extreme environment application, that more rapidly eliminates from living organisms,
and that can be manufactured in a cost effective manner. The precursor to these
surfactants needs to be less bioaccumulative than POSF derived materials to prevent

potentially introducing bioaccumulative materials from manufacturing streams.
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Summary of the Invention

The present invention provides bis(perfluoroalkanesulfonylimides and their salts
as surfactants or additives in applications having extreme or harsh environments.
Advantageously, the surfactants or additives of the present invention are comprised of a
perfluorinated 1mide anion, N(SO,C,F2041)2, that 1s physically and chemically stable while
providing outstanding surface activiiy under chiamically harsh or extreme conditions. The
surfactants or addiives of the present invention furthermore do not readily protonate (even
In aqueous solutions of low pH), commonly encountered in many extreme applications
due to the very Jow basicity of the perfluorinated anion. In addition, the surfactants of the
present invention can be produced from lower cost intermediates, such as CF3SO,F and
CalFoSOsF. compared to surfactants derived from CgF;SO.F (POSF), which is produced in

rejatively low yields by ECF. Surpnisingly, the replacement of perfluorooctanyl based

surfactants with surfactants of the present invention is possible without sacrificing surface
activity or surfactant performance. Moreover, the surfactants of the present invention will
likely more rapidiy bioeliminate.

In one aspect, the present invention comprises a method of reducing the surface
tension of a solution comprising: (a) providing an aqueous solution that would degrade a
hydrocarbon-bascd surfactant; and (b) adding to said aqueous solution a surface active
agent comprising a bis(perfluoroalkanesulfonyl)imide or one of its salts.

Another embodiment of the present invention is a hydraulic fluid comprising: one
or more phosphate esters; at least one bis(perfluoroalkanesulfonyl)imide salt additive; and
optionally compnsing adjuvants selected from the group consisting of viscosity index
improvers, acid control components, antioxidant components, Jubricants, dyes, corrosion
mhibitors, antifoamers and mixtures thereof.

Another aspect of the present invenuion 1s an application having an extreme

environment wherein said application comprises an agueous solution comprising a

bis(perfluorobutanesulfonyl)imide or one of its salis.
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According to another aspect of the present

invention, there is provided a method of reducing the

P

surface tension of a solution comprising: 1) providing an

aqueous solution wherein said agqueous solution 1s selected

from the group consisting of: (a) ammonium fluoride and

hydrogen fluoride solution; (b) tetramethyl ammonium

hyvdroxide solution; (c¢) an acid copper plating solution

comprising copper sulfate and sulfuric acid; (d) a CMP

slurry comprising abrasive particles selected from the group

gr—

consisting of alumina, silica, and cerium; oxidant, etchant,

and corrosion inhibitors; (e) a wafer cleaning solution

comprising H,O0,, O3, H;S0,, NH;OH, or HC1l, alone or 1n

combination; (f) sodium, ammonium, or potassium hydroxide
solution, gquaternary ammonium hydroxides, ethylenediamine,

or ethanolamine solutions; and (g) chromium trioxide, other

chromium (VI) 1ons, and sulfuric acid; and 11) adding to

sald solution a surface active agent comprising a

bis(perfluorcalkanesulfonyl)imide or 1ts salts.
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Brief Description of the Drawings

Fig. 1 is a graph of the surface tension (dyne/centimeter) versus concentration
(ppm) of potassium salts of perfluorobutanesulfonate and perfluorooctanesulfonate
(PFOS) 1n water.

Fig. 2 is a graph of the surface tension (dyne/centimeter) versus concentration
(ppm) profile of a series of lithium salts of the imides 1n water.

Fig. 3 is a graph of the surface tension (dyne/centimeter) versus concentration
(ppm) profile of both ammonium perfluoro-octanesultfonate (11, FC —93, available trom
Minnesota Mining and Manufacturing Company, St. Paul, MN.), the acid form of
bis(perfluorobutanesulfonyl)imide (that when dissolved in water actually exists as a
bis(perfluorobutanesulfonyl)imide anion with protonated water (H3O") as the counterion),
and its salts with NH,;", Li*, and K".

Fig. 4 is a graph of surface tension versus concentration in the 10/1 buffered oxide
etch solution for the acid form of bis(perfluorobutanesulfonyl)imide and it's ammonium
salt, along with a control (FC-93).

Fig. 5 1s a graph of the surface tension versus concentration profiles ot two

JEFFAMINE™ salts of bis(perfluorobutanesulfonyl)imide and the potassium salts ot

bis(perfluorobutanesulfonyl)imide and the perfluoroalkanesulfonates.
Fig. 6 is a graph of the surface tension (dyne/centimeter) versus concentration

(ppm) for the Mg**, Li*, and NH," salts of bis(perfluorobutanesulfonyl)imide.

These figures are intended to be merely 1llustrative and non-limiting.

Detailed Description of Illustrative Embodiments
The present invention relates to bis(perfluoroalkanesulfonyl)imides and their salts

as surfactants or additives in applications having an extreme or a harsh environment. An
extreme or harsh environment having an aqueous solution is defined as some combination
of conditions such as heat, light, radiation, oxidizing/reducing potential, high pressure,
high shear, high (9 to 14) or low (-2 to 5) pH, or the presence of corrosive reagents that
would cause conventional hydrocarbon-based surfactants or additives to degrade or

protonate.
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The surfactants or surface active agents (defined functionally herein as materials
which concentrate at the surface of a liquid where 1t 1s dissolved or at the interface of a
liquid and another immiscible liquid or sohd and lower the surface tension or interfacial
tension) are used in aqueous solutions in applications of the present invention. Examples
of such aqueous solutions include, but are not limited to, buttered oxide etch solutions
containing ammonium fluoride and hydrogen fluoride; tetramethyl ammonium hydroxide;
an acidic copper plating solution comprising copper sulfate and sulfuric acid; a chemical
mechanical polishing (CMP) slurry for copper comprising abrasive particles selected from
the group consisting of alumina, silica, and cerium; oxidants, etchants, and corrosion
inhibitors; a wafer cleaning solution comprising H,O,, O3, H,SO4, NH4OH, or HCI alone
or in combination; sodium, ammonium, or potassium hydroxide, quaternary ammonium
hydroxides, ethylenediamine, or ethanolamine; and chromium trioxide; or other chromium
(VI) 10ns, and sulfuric acid.

Furthermore, the surfactants or additives ot the present invention are useful in
nonaqueous (or organic) hydraulic tluids.

Although stable over the relatively short time frame of typical commercial
applications, it is expected that the bis(perfluoroalkanesulfonyl)imide surfactants or
additives of the present invention, will gradually break down to various degradation
products when exposed over long time periods to biological, thermal, oxidative,
hydrolytic, and photolytic conditions found in the environment. For example,
compositions comprising bis(perfluorobutanesulfonyl)imide anions are expected to
slowly, but ultimately degrade, to perfluorobutanesulfonate salts (1.e., salts of C4FoSO3).
It has been surprisingly found that perfluorobutanesulfonate, tested in the form of its
potassium salt, eliminates from the body more rapidly than pertfluorohexanesulfonate and
much more rapidly than pertluorooctanelsulfonate.

One aspect of the present invention comprises a method for reducing the surface
tension of an aqueous solution by adding a bis(perfluoroalkanesulfonyl)imide or its salts to
the aqueous solution. The surface tension/energy is defined herein as the energy required
to break or disrupt the surface of a solution. A high surface tension tends to restrain a
liquid from flowing or wetting an adjacent liquid or solid substrate. Typically DuNuoy
ring tensiometers or Wilhelmy plate tensiometers are used to measure surface tensions of

solutions.
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In another aspect, the present invention comprises an organic hydraulic fluid
comprising, one or more phosphate esters, a bis(perfluoroalkanesulfonyl)imide salt
additive and optionally other adjuvants or components added tor optimal hydraulic fluid
performance such as viscosity index improvers, acid control components, antioxidants,

lubricants, dyes, corrosion inhibitors, antifoamers and the like, and mixtures thereof.

Surface Active Agents

The surface active agents (or surfactants) or additives of the present invention
include bis(perfluoroalkanesulfonyl)imides and their salts. These imides can be
represented by the following formula:

M

N/sozRf‘

.~ NSO,R/{

where R¢ and Ry are independently a perfluoroalkyl group containing from 1 to 12
carbon atoms, optionally containing catenated heteroatoms such as O, N, within the carbon
chain. Preferably, Rfl and sz contain from 2 to 6 carbon atoms and more preferably
contain from 3 to 5 carbon atoms for more rapid environmental bioelimination. M 1s H or
an 1norganic or organic cation.

Bis(perfluorobutanesulfonyl)imide 1s particularly suited tor these applications.

Bis(perfluoroalkanesulfonyl)imides and their salts may be prepared from
perfluoroalkanesulfonyl halides by methods which are well known 1n the art and described
in U.S. Patent Numbers 5,874,616, 5,723,664, and ZA 9804155. Generally, these anions
can be prepared by reacting 2RSSO, X with NHj3 in the presence of EtsN (or a similar base)
or by reacting R[SO,X with R§SO,NHj3 1n the presence of Et3N (or a similar base).

These surfactants/additives may comprise a wide variety of metallic and
nonmetallic cations including, but not limited to, any alkali metal cations, any alkaline
earth metal cations, (for example, Li*, K*, Na*, Ca**, Mg*"), H*, H;0*, NH,*, Zn*™*, Cu**
and various organo-nitrogen, organo-ethers, and phosphorous onium cations (e.g.,

protonated forms of JEFFAMINE™ Polyalkylene Amines, available from Huntsman
Corporation, Salt Lake City, UT, and ETHOQUAD™, available from Akzo Nobel Surface
Chemusity LLC., Chicago, IL.
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In an aqueous solution, suitable surfactants include, but are not limited to, salts
having combinations of the cations H*, NH4*, H;0, Na*, K, Li*, Mg**, Ca**, Zn**, Cu**
and various ammonium cations derived from protonation of commercially available

JEFFAMINE™ Polyalkylene Amines with any of the anions shown below:

_ /80204F9 _ /SOZC4F9 _ /SOZC4F9 - ,Sozcst
N, N\ N\ N\

SO,C4F, SO,CqF;; SO,CF, SO,CeF 47

A /SO2C4F9 ) /SO?CF3 _ ,80204F9 ,Sozcst
N\ N\ N\ -N\

SO,C,Fs SO,C4F,; SO,CF,, SO,C.F,,

In a nonaqueous, or a hydraulic fluid solution, suitable additives include, but are
not limited to, salts having combinations of the cations Na*, K*, Mg**, Ca**, MesN",
Bu;N™, BusP", 1,3-ethylmethylimidazolium, and N-butylpyridinium with any one of the

anions shown below:

_ /SOZC4F9 - /SOZC4F9 _ /SOZC4F9 _ /30202F5
N\ N\ N N\

SO,C,Fy SO,C4F,, SO,CF, SO,CeF 4,

] /SO?C4F9 _ /SOZCF3 ) ,802C4F 9 ,SozczF 5
A N, N, N

SO2C2F5 SOQCBF‘l? SOZCSF13 SO2CBF13

Based on the art, one skilled in the art would expect that surfactants (surface active
agents) or additives derived from a shorter fluorochemical chain could not be as effective
as ones derived from a longer fluorochemical chain. Even in hydrocarbon surfactants,
increasing the chain length of the hydrocarbon chain, decreases the CMC (critical micelle
concentration). The decrease in CMC 1s roughly one order of magnitude for each -

CH,CH;- added to the chain (Amphoteric Surtactants, edited by Eric G. Lomax, Marcel

Dekker Inc. (1996), p.13). The same trend has been noted in surfactants derived from the

perfluorocarboxylic acids and the sulfonic acids (Organofluorine Chemicals and their

7-
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Industrial Applications, edited by R. E. Banks, Ellis Horwood Ltd. (1979), p. 56; J. O.
Hendrichs, Ind. Eng Chem, 45, 1953, p. 103; M. K. Bernett and W. A. Zisman, J. Phys.

Chem., 63, 1959, p. 1912. Because models to explain the actions of surfactants often

invoke the monolayer of the surfactant on the air/liquid interface, one would expect the
same to be true of fluorinated surfactants, and that activity of the surfactant would be
closely tied to 1ts chain length. So, for example in Figure 1, which depicts the surface
tension versus concerntration profiles for the potassium salts of perfluorobutanesulfonate
and perfluorooctanesultfonate (PFOS), pertluorobutanesulfonate is less effective than
perfluorooctanesulfonate in lowering the surface tension of water.

Expectations from the art were that the shape of the molecule would also impact its
ability to act as a surface-active agent. Zisman and others have found that with long chain
carboxylic acid monolayers on metal plates, the straight chain materials give lower surface
energies than the branched analogs. The idealized model of how surfactants work 1n
solutions 1s believed to be represented by the monolayer of polar molecules oriented on a
metal surtface. Based on this information, the branched material, potassium
bis(perfluorobutanesulfonyl)imide, 1s predicted to exhibit higher surface tension values
than potassium perfluorobutanesulfonate (PBSK). Figure 5, however, demonstrates that
potassium bis(perfluorobutanesulfonyl)imide exhibits surface tensions significantly less
than PBSK and comparable to potassium pertluorooctanesulfonate at equal concentrations.

In addition, 1t 1s particularly advantageous to use pertlurobutanesulfonyl fluoride
(PBSF) as a surfactant precursor as opposed to POSF because of the higher yield of
perflurobutanesultonyl fluoride (58%) in electrochemical fluorination over pertluoro-

octanesulfonyl fluoride (31%) (Preparation, Properties, and Industrial Applications of

Organofluorine Compounds, edited by R. E. Banks, Ellis Horwood Ltd (1982), p.37).

Thus, PBSF derived surfactants can be produced at a lower cost per unit weight because of
their higher yields and still maintain their potency as surfactants at the same weight
percent.

Bis(pertluorobutanesulfonyl)imides and their salts are superior to the other lower
homologues of the imide series as far as their surfactant properties are concerned. This is
shown in Figure 2 where the surface tension (dynes/cm) versus concentration (ppm)

profile of a series of Li salts of the imides in water 1s plotted. In Figure 2, MBI is

[C4FoSO,N(-)SO,CFs]L1, BETI-Li1s
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C,FsSO,N(-)SO2C,Fs]Li, and HQ-115 is Li"N(SO,CF;),, available from Minnesota
Mining and Manufacturing Company, St. Paul, MN. Lithium
bis(perfluorobutanesulfonyl)imide exhibits significantly lower surface tensions than the
shorter chain homologues, MBI-Li, BETI-Li, and HQ-115, confirming that an increase in
chain length significantly contributes to lower surface tensions.

Figure 3 shows the surface tension (dynes/cm) versus concentration (ppm) profile
of ammonium perfluorooctanesulfonate (II, FC-93) versus the acid form of
bis(perfluorobutanesulfonyl)imide (which in water, actually exists as the hydronium ion
salt H;O"N(SO,CFy),), as well as the NH,", Li", and K™ salts of
bis(perfluorobutanesulfonyl)imide.

In Figure 3, the non-metallic salts of bis(pertluorobutanesultonyl)imide such as
H;0""N(SO,C4Fy), and NH, "N(SO,C4Fy), are better surfactants than NH;~OSO,CgF7
(FC-93, available from Minnesota Mining and Manufacturing Company, St. Paul, MN.) at
concentrations up to 1000 ppm. Recommended use levels for FC-93 are 100-1000 ppm 1n
water (Technical Service Bulletin FLUORAD™ Etching Bath Additive FC-93, Issued

10/90).

Figure 4 1s a graph of surface tension (dynes/cm) versus concentration (ppm) 1n a
10/1 buffered oxide etch solution for the acid form of bis(perfluorobutanesulfonyl)imide
and its ammonium (NH;") salt. A control of FC-93 is included in the graph, but at all
concentrations the FC-93 precipitated. The bis(perfluorobutanesulfonyl)imide and its salts
in contrast were soluble at all the concentrations. The 1000 ppm solutions of

bis(perfluorobutanesulfonyl)imide were slightly hazy to the eye.

The protonated JEFFAMINE™ salts of bis(perfluorobutanesulfonyl)imide ((DBI),
JEFFAMINE™ ED-600 and (DBI);T-403) function as a surfactant. In Figure 5, the
surface energies (dynes/cm) versus concentration (ppm) profiles of two JEFFAMINE™

salts of bis(pertluorobutanesulfonyl)imide, in water, are shown and compared with the

potassium salts of the perfluoroalkanesulfonates. Both of the JEFFAMINE™ galts
produce significantly lower surface tensions than C4FoSOs;K. (DBI); JEFFAMINE™

T-403 exhibits significantly lower surface tensions than all of the potassium salts in Figure
5 (CsF17SO3K, C4F9SO5K, C4F9SO,NKSO,C4Fy) and (DBI), JEFFAMINE™.
The surfactants or additives of the present invention are typically added to solution

in the range of 10 to 50,000 ppm, preferably 10 to 5000 ppm.

0.
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Applications

Applications having an extreme environment that comprises an aqueous solution
include, but are not limited to, etching solutions used 1n the preparation of semi-conductor
devices, photo-resist development and stripping solutions, electrochemical plating and
polishing solutions, wafer cleaning and polishing (chemical/mechanical or chemical)
solutions, and anisotropic etching solutions. Each of these applications uses an aqueous
solution that would degrade many hydrocarbon surfactants. For use in semiconductor
processing, a surfactant must not contain metallic counter-ions. Alkali metals are referred
to as mobile contaminants. Their presence causes shifts in the threshold voltage and tlat-
band voltage of semiconductors. This could sufficiently alter the electronic properties of
the semiconductor to potentially cause shorts in the device. (D. C. Burkman, C. A.
Peterson, L. A. Zazzera, and R. J. Kopp, Microcontamination, November, 1988).
Therefore, typically ammonium salts are used.

Silicon dioxide etching with aqueous HF solutions is used to clean silicon waters
or to pattern oxide films on silicon wafers. During etching, poor wetting ot the wafer
surface by the acid etchant can result in air entrapment 1n the form of small bubbles.
These bubbles can result in bridging over of the fine openings in the patterned surface,
potentially creating electrical shorts in the device. Thus, a stable surface active agent 1s
desirable that lowers the surface tension of the etching solutions used 1n the preparation of
semi-conductor devices., and that allows uniform wetting and etching without air
entrapment.

Either aqueous hydrogen fluoride (HF) or a buftered Oxide Etch (BOE) solution
can be used to pattern oxide films by removing the areas ot silicon dioxide unprotected by
photoresist (i.e., a photoactive film) and thus exposing the silicon underneath. A typical
BOE is 1 part 49 % HF and 7 parts 40 % ammonium fluoride. The BOE does not attack
the photoresist. Silicon surfaces have a lower surface energy than a silicon dioxide
surface. Therefore, aqueous media do not wet the exposed silicon as well as the silicon
dioxide. Thus, a surfactant is desirable to aid in wetting the exposed silicon. Stability of
the hydrocarbon surfactants in the HF solution used for etching is an 1ssue. Often less
stable hydrocarbon surfactants degrade to insoluble fragments that are tiltered out in the

continuously filtering etch bath. The consequent rise in surface tension can occur rapidly
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with its attendant higher rejection rates (K. M. Shah, P. Mikkelson, W. Cummings,
Semiconductor International, October, 1988).

A relatively low concentration (10-1000 ppm) of fluorinated surfactant is added to
the aqueous HF and BOE solutions to lower the surface tension of the solution and
improve wetting. Thus, the efficiency of the water cleaning or oxide patterning process 1s
enhanced. The net results are extended life of the etch bath due to the stability of the
surface active agent and reduced defect rates (higher defect rates are the result of air
entrapment).

Photolithography is a process that produces a miniature image of a circuit on a
silicon wafer. A photoactive film also known as photoresist or "resist’” 1s applied to a
silicon wafer to create a thin uniform film. This process is typically performed by spin
coating the photoactive film. The photoactive film 1s then soft baked (mild heating 1n an
oven) to drive off the coating solvents. The photoactive film 1s subsequently exposed to
light energy projected through a patterned mask, to define a circuit or component pattern
on the silicon wafer, read-write head, or other device. In a positive photoresist the light
initiates a photo-reaction with a photo-acid generator producing acid, which in turn
catalyzes a chemical transformation within the photoresist thereby increasing its solubility
in the developer. A developer solution comprising aqueous base (e.g., tetra methyl
ammonium hydroxide, TMAH) then selectively removes the lower molecular weight
material and forms the desired image in the photoresist.

In some cases, manufacturing yields of microelectronic devices will decrease
because the vertical walls of the photoresist pattern collapse. The high surface tension of
the aqueous developer solutions can be an important contributor to the collapse of the
photoresist walls in the imaged areas. Aqueous developer solutions containing a relatively
low concentration (10-1000 ppm) of the fluorinated surfactants of the present invention
can reduce surface tension and minimize pattern collapse as well as minimize line edge
roughness (LER), while providing stability under conditions of high pH.

The surfactants and additives of the present invention are particularly usetul for
electrochemical plating and polishing of metal films such as copper. Copper has been
identified as a preferred interconnect material for high performance microprocessor chips
because of its low electrical resistivity. The transition in manufacturing to copper dual

damascene requires strict control of plating and polishing of copper. Electroplating is a
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preferred method for copper interconnect deposition in the manufacture of integrated
circuits because of its trench filling capacity and of its relatively low cost. Copper
electroplating from acidified copper sulfate is the most popular plating chemistry due to its
stability and 1ts low cost.

Aqueous acid copper plating solutions generally consist of three main components:
1) copper sulfate (the source of copper and is typically in the range of 0.2 - 0.6 M), 2)
sulfuric acid which provides conductivity to the electrolyte (typically in the range of 1 — 2
M), and 3) various additives, including surfactants, that are typically in the 10-10,000 ppm
range.

Chemical mechanical polishing (CMP) is used to planarize copper interconnects in
the manufacture of integrated circuits because of its relatively low cost and because copper
1s difficult to etch using a dry plasma. A copper CMP slurry 1s composed of abrasive
particles, oxidants, etchants, and corrosion inhibitors. Alumina based slurry in acidic
solution is widely used in copper CMP. Additives are critical for the strict control
required during the plating and polishing of copper. The surfactants and additives of the
present invention may be used in relatively low concentrations (10-1000 ppm) 1n aqueous
plating and polishing solutions to lower the surface tension of the solution and to improve
wetting which enhances the rate and the unitormity of the plating and polishing action.
The inventive surfactants and additives further provide the stability required to survive the
harsh conditions typically employed in these processes, including low pH, corrosive
reagents, and both reducing and oxidizing electrochemical potentials.

The most common processing step of semiconductor chip manufacture 1s wafer
cleaning. During wafer cleaning, oxidative cleaning steps are used to oxidize the silicon
surface and to oxidize, dissolve, and remove organic contaminants. Typically, the wafer 1s
contacted with aqueous mixtures of H,O, or O3, H,SO4, NH4OH or HCI. Etch cleaning
steps remove native and deposited silicon oxide films from the silicon surface by
contacting the wafer with dilute aqueous HF. Other important oxidative and etch cleaning
processes in semiconductor chip manufacture include the removal of residues left behind
from plasma ashing or etching of dielectric, photoresist or metals and post CMP cleaning
to remove silicon oxide residues after oxide polish.

The wafer cleaning and polishing solutions may contain relatively low

concentrations (10-1000 ppm) of fluorinated surfactant of the present invention to lower
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the surface tension of the solution and improve wetting. Therefore, the rate and the
uniformity of the cleaning and polishing action 1s enhanced. Unlike most hydrocarbon-
based surfactants, the fluorinated surfactants of the present invention are stable to the
highly corrosive and acidic or basic reagents used in these wafer cleaning and polishing
applications.

Anisotropic etching of single crystal silicon is used to fabricate trenches, channels,
membranes, and diffraction gratings for integrated circuit, optical, and
microelectromechanical devices. Anisotropy results because the reaction rate in the
S1(100) plane 1s approximately 75 times faster than in the S1(111) plane. Anisotropic
etching produces V-shaped grooves with side walls 54 degrees from the S1(100) surface.
Etch solutions for the anisotropic etch process are generally aqueous alkaline solutions
based on sodium or potassium hydroxide, quaternary ammonium hydroxides,
ethylenediamine, or ethanolamine. The etch solutions may contain a relatively low
concentration (10-1000 ppm) of fluorinated surfactant of the present invention to lower the
surface tension of the solution and improve wetting, therefore enhancing the rate and the
uniformity of the anisotropic etching action while providing stability under harsh
conditions.

The potassium salt of bis(pertfluorobutanesulfonyl)imide may be used in extreme
applications where the presence of the potassium 1on 1s not of concern such as chrome
plating baths, conversion coatings and metal and plastic etchants. As can be seen 1n
Figure 5, potassium bis(perfluorobutanesulfonyl)imide has the same or better surface
tension 1n water as CgF7SO3K (FC-93, available from Minnesota Mining and

Manutfacturing Company, St. Paul, MN.), through 1t’s typical use range (10-1000 ppm).

Hydraulic Fluid

The surfactants or additives of the present invention can also be used 1n organic
solutions such as hydraulic fluids that have an extreme environment. Suitable additives of
the present invention are soluble in the base hydraulic fluid, surface active, and possess the
requisite conductivity.

The potassium salts of perfluorooctanesulfonate or

perfluoroethylcyclohexanesulfonate have been shown to be useful as erosion inhibitors
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when dissolved in aircraft hydaulic fluids such as phosphate esters (e.g., SKYDROLS™,

available from Solutia, St. Louis, MO).
The hydraulic fluids of the present invention comprise liquid phosphate esters, and

muxtures thereof, wherein the phosphate esters are represented by the formula:

O

wherein, each R 1s individually an alkyl or an alkoxyalkyl group containing from 2 to 12
carbon atoms, phenyl groups and substituted phenyl groups containing up to 20 carbon
atoms, wherein the substituents are alkyl, phenyl, or phenyl alkyl, and wherein the alkyl
groups contain from 1 to 10 carbon atoms.

The hydraulic fluids comprise at least 50+% by weight of the phosphate ester.
Preferably, the phosphate ester comprises from 65 to 99.999 percent by weight of the
hydraulic fluid. The hydraulic fluids of this invention can also contain other lubricants,
for example, polyesters, polyphenyl ethers, and the like.

The amount of the additive employed in the hydraulic fluid compositions of this
invention is from as little as 0.001 to as much as 5.0 parts additive per 100 parts of the
phosphate ester. Amounts greater than 5.0 parts can be employed if soluble in the
hydraulic fluid.

Typically, potassium pertfluoroethylcyclohexanesulfonate (FC-98, available from
Minnesota Mining and Manufacturing Company, St. Paul, MN) is used commercially
because of 1ts better conductivity, improved solubtlity, and acceptable surface activity in
phosphate esters used in commercial formulations of aircraft hydraulic fluids. In these
applications, a conductivity enhancing additive is desirable for electrochemical errosion
control (See e.g., WO 00/24848). The potassium salt of
bis(pertluorobutanesulfonyl)imide has sufficient solubility in phosphate ester to function

as an anti-erosion additive and provides high conductivity. Potassium
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bis(perfluorobutanesulfonyl)imide dissolves in SKYDROL™ LD-4 ( a commercial aircraft

hydraulic fluid manufactured by Solutia, St. Louis, MO) at up to 2 weight %.

Other adjuvants may be added to the phosphate ester such as, but not limited to,
viscosity index improvers, acid control components, antioxidants, lubricants, dyes,
corrosion inhibitors, antifoamers and the like.

A viscosity index improver is typically employed in the hydraulic tluids of the
present invention 1n an amount effective to reduce the effect of temperature on the
viscosity of the hydraulic fluid (typically about 2 to about 10 weight percent). Examples
of suitable viscosity index improvers are disclosed, for example, in U.S. Patent No.
5,464,551 and U.S. Patent No. 3,718,596. Preferred viscosity index improvers include
poly(alkyl acrylate) and poly(alkyl methacrylate) esters of the type disclosed in U.S.
Patent No. 3,718,596, and that are commercially available from Rohm & Haas,
Philadelphia, PA.

Typically, the hydraulic fluids of the present invention further comprise an acid
control component or an acid scavenger in an amount effective (typically about 4 to about
10 weight percent) to neutralize acids formed 1n the hydraulic fluid, such as phosphoric
acid and its partial esters. Suitable acid control components are described, for example, in
U.S. Patent No. 5,464,551; U.S. Patent No. 3,723,320; and U.S. Patent No. 4,206,067.

In another embodiment, the hydraulic fluids of this invention further comprise an
antioxidant or mixture of antioxidants in an amount effective to inhibit oxidation of the
hydraulic fluid or any of its components (typically about 0.5 to about 3 weight percent).
Suitable antioxidants are described in U.S. Patent No. 5,464,551, and other hydraulic fluid
patents and publications.

In yet another embodiment, the hydraulic fluids of this invention further comprise
lubricants, dyes, corrosion inhibitors, antifoamers and other adjuvants or mixtures thereof

to further improve the performance of the hydraulic fluid.

Examples

The present invention will be further described with reference to the following
non-limiting examples and test methods. All parts, percentages, and ratios are by weight

unless otherwise specified.
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Test Procedures

Test Procedure I — Surface Tension Determination

All surface tensions were determined using a Kruss K12 Tensiometer. The
tensiometer was integrated with an automatic dosimat and a computer, using a software
package for dynamic contact angle (K121). The program was run using a Wilhelmy
platinum plate (PL12) and glass sample vessel (GL7). All parts referenced above

including instrument and computer are available from Kruss USA, Charlotte, NC.

The comparative salts were prepared as follows:

Potassium perfluorobutanesulfonate (PBSK) FR2025 1s available from Minnesota
Mining and Manufacturing Company, St. Paul, MN.

Potassium perfluorooctanesulfonate was prepared essentially according to U.S.
Patent Number 2,732,398, Example 5, with the exception that CH3(CH;)750,Cl 1s
replaced with CH3(CH>);SO,F as the starting material.

Potassium perfluoroethylcyclohexanesulfonate (FC-98) was prepared by
electrochemical fluorination of p-C,Hs-CgHy-SO,F 1n anhydrous HF to produce C;Fs-
CesF10-SO,F followed by hydrolysis with aqueous K;CO3 as 1in U.S. Patent No. 2,732,398.

nthesis of (C,;Hs):NH"N(SO,C4Fy);:

An oven-dried, 600 mL Parr reactor constructed ot Hastalloy and Monel and

equipped with a Magnetron stirrer, Parr 4843 controller (Parr Instrument Companys,
Moline, IL), a needle valve for gaseous NH3 addition, a dip tube for liquid product
removal, 600 psi (4.1 MPa) pressure gauge, thermocouple probe and a heating mantle was
vacuum charged with 187.2 grams anhydrous triethylamine and 362.5 grams high purity
perfluorobutanesulfonylfluoride, (available from Aldrich Chemical Company, Milwaukee,
WI.). The reactor body was then chilled in a dry ice bath to approximately —20°C. Once
cool, the reactor was charged with 9.0 grams anhydrous ammonia gas, introduced through
a needle valve attached to the reactor head assembly to allow precise gas metering from
the gas cylinder mounted on an adjacent balance. Once all the ammonia was added, the
reactor was mounted in its stand with a heating mantle, stirring was begun at full speed

(700 RPM) and the reactor temperature was rapidly ramped to 90°C. A maximum
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pressure of 100 psi (690 kPa) was reached at approximately 20°C during the temperature
ramp. Increasing the reactor temperature beyond 40°C resulted in a rapid drop in pressure
as NH; was rapidly consumed. Once the set-point temperature of 90°C was reached, the
temperature was held at this value for 19 hours (overnight). At the end of the heating
cycle, residual C4F¢SO,F and triethylamine were removed by vacuum stripping for
approximately one hour at 90°C, 40 torr through the gas port in the reactor head while
stirring. Volatiles were collected in a dry ice trap. The reactor was then allowed to cool to
near room temperature and the crude product collected 1n a polyethylene bottle by
pressurizing the reactor with about 10 psi (69 kPa) nitrogen and forcing the liquid contents
out the dip tube. Without disassembling or cleaning the reactor, this exact procedure was
repeated a second time to generate a second batch of crude product. The combined crude
product collected from batches 1 and 2 totaled 976.9 grams. Although liquid initially, the
crude product partially solidifies upon standing for long periods at room temperature.

A total of 975 grams of material was melted in the oven at 50 °C and was washed
in a flask with 1800 grams of water at 44 °C. The top water phase was removed using a

TEFLON™ tube at the end of a black rubber hose attached to an aspirator, and the bottom

dark brown fluorochemical phase was washed again with 1800 ml water at 57°C, then
allowed to cool to 17 °C at which point the stirring was stopped and the material solidified.

The top water layer was then removed using a TEFLLON™ tube at the end of a black

rubber hose attached to an aspirator. The brown fluorochemical phase was washed with

water three more times as described above. A total of 744 grams of liquid (C,Hs);NH™

N(SO,C4Fs), was poured out of the flask at 77 °C and weighed.

Example 2. Synthesis of HN(SO,C4Fo
The water-washed (C,Hs);sNH" salt, above was placed back in a flask and the

material was heated at 10 mm Hg (1.3 kPa) vacuum at 77 °C for one hour to remove the
dissolved water (49 grams). At this time the vacuum was broken, and 419 grams of 94-
96% sulfuric acid was added to the dried (C,Hs);NH" ‘N(SO,C,4Fy), with stirring. The
temperature increased to 93 °C. The acidic material was distilled from the sulfuric acid at

4 mm to give 551 grams of HN(SO,C4Fs), that distilled at 110-125°C. Water analysis

revealed the product contained 4 weight % water.
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Example 3. Synthesis of NH;" N(SO,CF,
A total of 174 grams of HN(SO,C4Fg), from Example 2 was dissolved in 1540

grams of water. The pH of the solution was in the range of O to 1. A total of 17 grams of
30% ammonium hydroxide was added with stirring. The pH of the solution remained in
the range of 0 to 1. An additional 6.7 grams of 30% ammonium hydroxide was added and
the pH was found to be 7 to 8. This batch was heated to 40°C and nitrogen was purged
through the solution for 2 hours. At that time the flask was cooled to room temperature
and poured into a plastic bottle. A total of 1738 grams of NH; "N(SO,C4Fs), solution was
1solated and found to be 9.8% solids.

Example 4. Synthesis of K"'N(SO,CFs);
A total of 58.6 grams of HN(SO,C4Fq), from Example 2 was dissolved in 250

grams of water. The pH of the solution was in the range of O to 1. A total of 6.9 grams of
potassium carbonate was added with stirring. The batch was then heated 58 °C for 2
hours. The pH was measured to be about 6. At that time the tflask was cooled to room
temperature. The white solid in the flask was filtered and washed twice with 75 ml of
water. After drying in the oven, a total of 47 grams of K" N(SO,C4Fo), was isolated. The

white solid remaining in the flask was washed out with repeated water washings and dried

to give another 9.6 of K" N(SO,C,4Fo),.

Example 5. Synthesis of [ N(§O,C4F9),]>
+)H:NCH(CH-,)CH,]OCH(CH3)CH, L. IOCH2CH22)3 s OCH(CH3)CH> | cNH;(+

(a+c=2.5)
A total of 760 grams (MW=581,1.26 moles, as prepared in Example 2) of
HN(SO,C4Fy), which was 96% active and 4% water, was dissolved 1n 760 grams of hplc

grade water in a 3 liter flask fitted with and overhead stirrer, themocouple, and addition

funnel. While stirring, 398 grams of JEFFAMINE™ XJT-500 (MW 600, 0.66 moles),

available from Huntsman Corporation, Salt Lake City, UT., was added to the batch at
70°C over a 30 minute period. The batch was stirred for an additional 15 minutes and the
pH was measured to be in the range of 7 to 8. The batch set point was set at 70°C and
fitted with an overhead distillation apparatus. Vacuum was slowly pulled down on the

batch via the receiver. The receiver had been precooled to =78 C. Water was stripped to
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the receiver until the vacuum reached 13 mm Hg (1.7 kPa). The batch was held at 70°C
and 13 mm Hg (1.7 kPa) for an hour. The amber honey-like liquid was poured out into
jars and weighed. A total of 1042 grams of material was isolated.

Table 1 details the surface energy versus concentration profile for this material

along with comparative perfluroalkanesulfonate materials (DBI)2 JEFFAMINE™ ED60O.

Example 6. Synthesis of
CH-,CH,C[CH,(OCH,CH(CH;)),NH,'ICH,(OCH,CH(CH,)),NH;'IICH,(OCH,CH

CH;)),NH;3"] [N(SO,C,Fo),]; where (x+y+z=5.3)
A total of 100 grams (MW=581, 0.165 moles) of HN(SO,C4Fy), which was 96%

active and 4% water, was dissolved in 175 grams of methyl t-butyl ether 1in a 1 liter flask

fitted with and overhead stirrer, thermocouple, and addition funnel. While stirring 49

grams of JEFFAMINE™ T-403 (MW 440, 0.11 moles), available from Huntsman
Corporation, Salt Lake City, UT., was added to the batch at 70°C over a 30 minute period.

The batch was stirred for an additional 15 minutes and the pH was measured to be 1n the
range of 7 to 8. The batch set point was set at 70°C and fitted with an overhead distillation
apparatus. The methyl t-butyl ether was stripped at atmospheric pressure until the pot
temperature reached 80°C. Residual solvent and water were stripped to the receiver until
the vacuum reached 13 mm Hg (1.7 kPa). The batch was held at 70°C and 13 mm Hg (1.7
kPa) for an hour. The amber very thick liquid was poured out into jars and weighed. A
total of 116 grams of material was 1solated.

Table 1 details the surface energy versus concentration profile for this material
along with comparative perfluroalkanesulfonate materials (DBI)3T-403.

Figure 5 shown previously 1s the same data shown graphically.

Table 1
) 0 ppm | 10 ppm | 100 ppm | 1000ppm
Cg_FnSOgK - comparative 72 67.68 54.09 | 33.17 |
fC&‘ngog}K - comparaﬁve - 72 | 70 | 675 53
LCL;—F;)SOQNKSOng;Fg - 72 | 6185 | 41.61 | 34.02
(DBI)2 JEFFAMINE™ ED600 72 574 | 407 | 32.7
‘Exz{_mple6 _ :_ ' l 72 34_.3 _33.4 "‘C 28.6
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Example 7. Synthesis of Mg [ 'N(SO,C4Fs),]>
A total of 36 grams of HN(SO,C4Fy), from Example 2 was dissolved 1n 36 grams

of water. The pH of the solution was in the range of O to 1. A total of 2.4 grams of
magnesium carbonate (Mallinckrodt, St. Louis, MO.) was added with stirring. The pH was
measured to be about 6. The flask was then cooled to room temperature. The white solid
precipitate in the flask was filtered and washed out with repeated water washings and then
oven dried to give 13.1 grams of the desired dry potassium salt. Results of surface tension

measurements in the water (dyne/cm) are shown in Table 2.

Table 2
B Oppm |200 |450 |960ppm | 1300 1700 | 2600
L ppm___ | ppm | ppm | ppm | ppm
Mg (DBD2 [71.0 |46.6 40.2 | 35.0 1 32.0 1290 [ 26.3
' DBI-NH4 [71.0 [48.6 44.1 | 40.1 | 38.7 1359 [ 315
DBI-Li 71.0 53.2 48.1 |42.8 | 41.5 39.1 | 36.0

Figure 6 show the data graphically and compares it with the ammonium and lithium salts

of DBL

Example 8. Hydraulic Fluid
A hydraulic fluid (adopted from W(Q93/25641; Example 1) containing an anti-

erosion agent of the present invention (K[N(SO,C4Fy),]) 18 prepared according to the

composition described 1n Table 3.
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Table 3
| Material | % | Availability |
] Tributyl Phosphate 49.0135 Aldrich Chemical Co.
o o ) i | - Milwaukee, WI
Dibutyl phenyl phosphate 26.34 Exchange Chemical Inc
o L . Center Ossipee, NH |
Methacylate Ester Viscosity 16.56 Rohm & Haas,
Index Improver (PA6477, | Philadelphia, PA
45.3% solids 1n tributyl
. phosphate L - o B |
3,4 Epoxycyclohexane 6.3 Described in US Patent
) Carboxylate B 3,723.320
o K[N(SQQC4F9)2_]_ 0.05 Example 4
Benzotriazole type Copper 0.05 Baker Petrolite,
Corrosion Inhibitor P57068, Sugarland, TX
50% active EXI 663 B _{ 3 )
Iron Corrosion Inhibitor 0.05 Baker Petrolite,
(90-31001 50% active) | | Sugarland, TX
Soluble Dye 0.001 |
Potassium Phenoxide 0.035 Organomettalics, Inc
| East Hampstead, NH
Bis(3,5 di-tert-butyl-4- 0.90 Albemarle Corporation,
hydroxyphenyl) methane Baton Rouge, LA
~ (Ethanox 702) |
Di(p-octylphenyl) amine 0.45 R. T. Vanderbilt,
(VamlubeTM 31 ) Norwalk, Connecticut
2,6,-di-tert-butyl-4- 0.25 Aldrich Chemical Co.
methylphenol Milwaukee, W1 |
Antifoam DC 200 ~0.0005 | Dow Corning, Midland, MI

Example 9. Conductivity of Potassium salts in Tributylphosphate

This example tllustrates the improved conductivity provided by potassium

bis(pertluorobutanesulfonyl)imide versus the known art and erosion additives (PBSK and

FC-98) when dissolved in a typical aircraft hydraulic base fluid, tributylphosphate.

Four tributylphosphate samples, with or without dissolved anti-erosion additives,

measured for DC conductivity. The four samples were neat tributyl phosphate (control),

tributyl phosphate with 3000 ppm FC-98, tributyl phosphate with 3000 ppm PBSK, and

tributyl phosphate with 3000 ppm potassium bis(perfluorobutanesultonyl)imide (DBIK).

Conductivity was measured using an Orion Model 122 DC Conductivity meter

with 4-electrode conductivity probe (epoxy body, carbon electrodes, model 012210) with

temperature sensing and compensation available from ThermoOrion, Beverly, MA.
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The conductivity probe was carefully cleaned with EM Science OMNISOLV™
grade methanol, dried in a clean nitrogen stream, and allowed to equilibrate back to

ambient temperature between samples.

3 Table 4
mSample Observed Conductivity (uS/cm) ‘
Tributyl Phosphate 0.1 uS/cm
(control sample) @ 21.6°C
T
W‘ vt @ 21.9°C
L comparative B
Tributyl Phosphate
. 3.5 uS/cm
with 3000 ppm PBSK @ 21 6°C
comparative _
Tributyl Phosphate 13.8 uS/cm
with 3000 ppm DBIK @ 21.7°C

When the conductivity of the same samples were measured by total AC

impedance, the results were 1n agreement with these values.

10
Example 10.
Surface tension measurements were obtained as described above with the
exception that the measurments were obtained 1n tributyl phosphate.
15
Table 5
B o Material B | Surface Tension @ 2000 ppm (dyne/cm)
I Tributyl Phosphate - comparative | 28.37
) Mg(CgF17SO3)2 - comparative B 27.36 B
L FC-98 - comparative 26.94 .
~ K[N(SO,C4Fy),] | - 27.34 B
- FC-95 - comparative _ o 26.96
. Mg[N(SOQC4F9)2]2 1 ' 2'7.04 ~
- Ca(CgF7S03), - comparative 26.15
B Mg(SO;3C4F9)> ' 6H,0 - comparative 26.93
i K(S0O;C4F9) - comparative o 277.32 3
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Example 11. Bioelimination Study with Perfluorobutanesulfonate

Comparative study of potassium perfluorobutanesulfonate (using a dose level of 30

mg/kg body weight/day), potassium perfluorohexanesulfonate (using a dose level of 10

mg/kg body weight/day), and potassium perfluorooctanesulfonate (using a dose level of 3

mg/kg body weight/day). The amounts of fluorochemical sulfonate found in the male rat

liver tissue samples are shown in Table 6.

Table 6
Sulfonate | Amount (ppm) of Sulfonate )
Day 1 Day IN* Day 14 Day 14N¥* Day 28 Day
28N*
CsFi7SO5 | 419486 419 309+34 309 237425 237
CeF13SOy | 327452 | 98 | 61.9+11.7 19 | 36.3+7.4 11
CsFoSO; | 3.09+1.58 | 031 | 0.126+0.084 | 0.0126 | 0.025+0.015 | 0.0025

i

* Normalized to a feeding level of 3ng/kg bo?ly weight per day.

The results in Table 6 show unexpectedly fast and etfective elimination of C4F9SO3™ as

demonstrated by the extremely small amounts found, particularly relative to CgF3S03™ and

CgF 17505 . Immediately following completion of feeding, CgF3SO3” was a factor of 1.3

lower than CgF7SO5", but C4FSO3” was more than a factor of 100 lower than CglF3SO5.

At 28 days following completion of teeding, CglF3S0O3; was a tactor of 6.5 lower than
CsF7SOs5, but C4FsSO3 was more than a factor of 1400 lower than CgF(3SO5". After

normalization to the same feeding levels, at 28 days following completion of feeding,
CeF13SO3 was a factor of 21.5 lower than CgF7S0O5, but C4FsSO3 was a factor of 4400
lower than C¢F3S0O3'.

3.
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CLAIMS:

1. A method of reducing the surface tension of a

solution comprising:

i) providing an aqueous solution wherein said aqueous

solution 1is selected from the group consisting of:

(a) ammonium fluoride and hydrogen fluoride

solution;

(b) tetramethyl ammonium hydroxide solution;

(c) an acid copper plating solution comprising

copper sulfate and sulfuric acid;

(d) a CMP slurry comprising abrasive particles
selected from the group consisting of alumina, silica, and

cerium; oxldant, etchant, and corrosion inhibitors;

(e) -a wafer cleaning solution comprising one oOr

more of HzOz, 03, HrS0Oy, NH4OH, or HCI1;

(f) sodium, ammonium, or potassium hydroxide
solution, quaternary ammonium hydroxides, ethylenediamine,

or ethanolamine solutions; and

(g) chromium trioxide, other chromium (VI) ions,

and sulfuric acid; and

ii) adding to said solution a surface active agent

comprising a bis(perfluoroalkanesulfonyl)imide or its salts.

2 . The method of reducing the surface tension of a
solution according to claim 1, wherein said
bis (perfluorocalkanesulfonyl)imide is represented by the

formula:

—-74 -
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M+
SO,R..
P e
bk\ ,
- SChRf

. 1 )
where R_f and ]%,are independently a perfluoroalkyl
group comprising from 1 to 12 carbon atoms, and M 1s H or an

inorganic or organic cation.

3. The method of reducing the surface tension of a
solution according to claim 1, wherein said
bis (perfluorcalkanesulfonyl)imide 1s

bis (perfluorobutanesulfonyl)imide.

4 . The method of reducing the surface tension of a
solution according to claim 1, wherein said

bis (perfluoroalkanesulfonyl)imide salt comprises a cation
selected from the group consisting of alkalli metal cations,
alkaline earth metal cations, H', H;0%, NH,*, cu®’, zZn®', and
organo-nitrogen, organo-oxygen, and organo-phosphorous onium

cations.

5. The method of reducing the surface tension of a
solution according to claim 4, wherein said cation 1s
selected from the group consisting of H', NH;', H30", Na*, K,

Li*, Mg®*, ca®*, zn®*, and Cu*'.
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