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1
LOW VISCOSITY HAIR CARE COMPOSITION

FIELD OF THE INVENTION
Described herein is a hair care composition comprising a viscosity reducing agent having
a partition dispersion coefficient of from about -3.1 to about -0.7, and a method of using the

same.

BACKGROUND OF THE INVENTION

Compact cleansing compositions comprising high surfactant content have certain
advantages compared to traditional product forms. Firstly, compact cleansing compositions are
more sustainable (lower carbon footprint and less waste) because they require less packaging per
cleansing dose, less transportation, and lower storing costs. Aside from the sustainability benefit,
such concentrated cleansing compositions enable non-traditional delivery forms to consumers
such as the delivery of shampoos in a foam form (via aerosol or non-aerosol forms), which
represents an attractive consumer form.

Given the low density of the foam, high concentration of surfactant is required to deliver
sufficient amount of detersive surfactant for each use. However, high surfactant liquid cleansing
compositions often exhibit high viscosity, which makes it prohibitive to deliver with a typical
pump foam dispenser or a typical aerosol foam dispenser. Based on the foregoing, there is a

need for a low viscosity concentrated liquid cleansing composition for delivery as foam.

SUMMARY OF THE INVENTION

Described herein is a hair care composition comprising (a) from about 1% to about 10%
of one or more viscosity reducing agents having a partition dispersion coefficient of from about -
3.1 to about -0.7, by weight of the hair care composition; (b) from about 16% to about 40% of
one or more anionic surfactants, by weight of the hair care composition; and (c) from about 40%
to about 83% of an aqueous carrier, by weight of the hair care composition; wherein the one or
more viscosity reducing agents has a molecular weight of from about 100 daltons to about 300
daltons; wherein the hair care composition has a liquid phase kinematic viscosity, measured at 40
degrees Celsius, of from about 10 ¢St to about 500 cSt.

Also described herein is a method of treating the hair, the method comprising (a)
providing a hair care composition in a foam dispenser, wherein the hair care composition
comprises (i) from about 1% to about 10% of one or more viscosity reducing agents having a

partition dispersion coefficient of from about -3.1 to about -0.7, by weight of the hair care



10

15

20

25

WO 2016/172400 PCT/US2016/028728

2

composition; (ii) from about 16% to about 40% of one or more anionic surfactants, by weight of
the hair care composition; (iii) from about 40% to about 83% of an aqueous carrier, by weight of
the hair care composition; wherein the one or more viscosity reducing agents has a molecular
weight of from about 100 daltons to about 300 daltons; wherein the hair care composition has a
liquid phase kinematic viscosity, measured at 40 degrees Celsius, of from about 10 ¢St to about
500 cSt; and (b) dispensing the hair care composition from the foam dispenser as a foam; (c)
applying the foam to the hair; and (d) rinsing the foam from the hair; wherein the foam has a

density of from about 0.05 g/cm’ to about 0.30 g/cm® when dispensed from the foam dispenser.

DETAILED DESCRIPTION OF THE INVENTION

While the specification concludes with claims particularly pointing out and distinctly
claiming the invention, it is believed that the present invention will be better understood from the
following description.

As used herein, the term "fluid" includes liquids and gels.

As used herein, the articles including "a" and "an" when used in a claim, are understood
to mean one or more of what is claimed or described.

As used herein, "comprising" means that other steps and other ingredients which do not
affect the end result can be added. This term encompasses the terms "consisting of" and
"consisting essentially of™.

As used herein, "mixtures” is meant to include a simple combination of materials and any
compounds that may result from their combination.

As used herein, “molecular weight” or “Molecular weight” refers to the weight average
molecular weight unless otherwise stated. Molecular weight of polymers may be measured
using industry standard method, gel permeation chromatography (“GPC”).

As used herein, “partition dispersion coefficient” is defined by the following equation:

PDC= logP - 0.3001 * (8D)* + 10.362 * 8D - 93.251
wherein logP is the octanol water partitioning coefficient as computed by the Consensus
algorithm implemented in ACD/Percepta version 14.02 by Advanced Chemistry Development,
Inc. (ACD/Labs, Toronto, Canada), and wherein 8D is the Hansen solubility dispersion

172

parameter in (MPa)"~ computed using Steven Abbott and Hiroshi Yamamoto’s “HSPIP —

Hansen Solubility Parameters in Practice” program, 4™ Edition, version 4.1.07.

LU L

As used herein, the terms "include," "includes,'

' '

and "including," are meant to be non-

"o

limiting and are understood to mean "comprise,” "comprises," and "comprising," respectively.
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As used herein, the term “surfactant-soluble active” means materials which may be
soluble at a concentration of 0.1% or higher in an aqueous solution of 10% sodium laureth-1
sulfate. Solubility of a material of interest can be determined by first a visually assessing that the
material containing sodium laureth-1 sulfate mixture is homogeneous, followed by filling a glass
jar with the material containing sodium laureth-1 sulfate mixture, then placing a Class 2 standard
red laser pointer such as the Quartet Class 2 standard laser pointer (model MP-1202Q) against
the side of the jar and shining the laser through the jar. If the material is soluble in the sodium
laureth-1 solution the laser light will not be scattered, resulting in only an observable red dot
appearing on the side of the jar opposite the laser pointer and no visible red laser beam will be
observed passing through the solution. The surfactant-soluble actives may be selected from the
group consisting of perfumes, coloring agents, humectants, scalp and hair moisturizers, anti-frizz
agents, anti-static agents, conditioning agents, UV filters, scalp barrier materials, styling agents,
and combinations thereof.

As used herein, the term “viscosity reducing agent” means organic compounds having a
molecular weight of from about 100 to about 300 daltons, alternatively from about 125 daltons to
about 300 daltons. Additionally, the viscosity reducing agents may have a water solubility at
between 23 and 25 degrees Celsius of from about 900 to 50,000 mg/L.

All percentages, parts and ratios are based upon the total weight of the compositions of
the present invention, unless otherwise specified. All such weights as they pertain to listed
ingredients are based on the active level and, therefore, do not include carriers or by-products
that may be included in commercially available materials.

Unless otherwise noted, all component or composition levels are in reference to the
active portion of that component or composition, and are exclusive of impurities, for example,
residual solvents or by-products, which may be present in commercially available sources of
such components or compositions.

It should be understood that every maximum numerical limitation given throughout this
specification includes every lower numerical limitation, as if such lower numerical limitations
were expressly written herein. Every minimum numerical limitation given throughout this
specification will include every higher numerical limitation, as if such higher numerical
limitations were expressly written herein. Every numerical range given throughout this
specification will include every narrower numerical range that falls within such broader

numerical range, as if such narrower numerical ranges were all expressly written herein.
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A. VISCOSITY REDUCING AGENT

The hair care composition described herein comprises from about 1% to about 10%,
alternatively from about 3.25% to about 9%, alternatively from about 3.5% to about 8%, and
alternatively from about 4% to about 7% of one or more viscosity reducing agents, by weight of
the hair care composition. The viscosity reducing agents may provide unexpected viscosity
reduction when used in the hair care composition described herein.

In an embodiment, the viscosity reducing agents described herein can have advantages
over conventional known water miscible solvents (glycols, alcohols etc.) in that they are not
water soluble materials. In an embodiment, the viscosity reducing agents described herein can
solubilize into and reside within the core &/or palisade layer of the micelles thereby altering their
shape/dimensions and life time to induce viscosity reduction. Accordingly, in an embodiment,
the viscosity reducing agents can be milder and less stripping to both hair and skin versus water
miscible solvents which are located within the aqueous phase and can penetrate skin and hair
more easily.

In an embodiment, the viscosity reducing agents may have a partition dispersion
coefficient of from about -3.1 to about -0.7, alternatively from about -3 to about -0.85,
alternatively from about -3 to about -0.85, and alternatively from about -2.92 to about -0.92. In
another embodiment, the viscosity reducing agents may have a partition dispersion coefficient of
from about -3 to about -1.9, alternatively from about -2.9 to about -2, wherein the one or more
viscosity reducing agents has at least 2 polar groups, or has 1 polar group and less than 5 acyclic
sp> hybridized carbon atoms that are connected to each other in a contiguous group. The
viscosity reducing agents may have a partition dispersion coefficient of from about -3 to about -
1.9, alternatively from about -2.9 to about -2, wherein the one or more viscosity reducing agents
has 2 to 4 polar groups, or has 1 polar group and 1 to 3 acyclic sp> hybridized carbon atoms that
are connected to each other in a contiguous group. The viscosity reducing agents may have a
partition dispersion coefficient of from about -3 to about -1, alternatively from about -2.9 to
about -2, wherein the one or more viscosity reducing agents has 2 to 4 polar groups, or has 1
polar group and 2 acyclic sp3 hybridized carbon atoms that are connected to each other in a
contiguous group.

The partition dispersion coefficient (PDC) is defined by the following equation:

PDC= logP - 0.3001 * (8D)* + 10.362 * 8D - 93.251
wherein logP is the octanol water partitioning coefficient as computed by the Consensus

algorithm implemented in ACD/Percepta version 14.02 by Advanced Chemistry Development,
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Inc. (ACD/Labs, Toronto, Canada), and wherein 8D is the Hansen solubility dispersion

parameter in (MPa) 12

computed using Steven Abbott and Hiroshi Yamamoto’s “HSPIP —
Hansen Solubility Parameters in Practice” program, 4™ Edition, version 4.1.07.

The viscosity reducing agents may be organic compounds comprising O polar groups,
alternatively 1 polar group, alternatively at least 1 polar group, alternatively 2 to 4 polar groups,
and alternative alternatively at least 2 polar groups. The polar groups may be selected from the
group consisting of alcohols, aldehydes, esters, lactones, coumarins, ethers, ketones, phenol,
phenyl, oxides, alkenyl, alkynyl, and combinations thereof. The polar groups may include a
carbon-carbon double bond or one or more atoms selected from the group consisting of oxygen,
sulfur, phosphorus, chlorine, bromine, and combinations thereof. The viscosity reducing agents
may have a molecular weight of between 100 daltons and 300 daltons, alternatively from about
125 daltons to about 300 daltons. Additionally, the viscosity reducing agents may have a water
solubility at between 23 and 25 degrees Celsius of from about 900 to 50,000 mg/L.

The viscosity reducing agents may be selected from the group consisting of raspberry
ketone, triethyl citrate, 5-methyl-3-heptanone oxime, hydroxycitronellal, camphor gum, 2-
isopropyl-5-methyl-2-hexenal, eucalyptol, 1,1-dimethoxyoctane, isobutyl hexanoate, dihyro iso
jasmonate, and combinations thereof. Alternatively, the viscosity reducing agents may be
selected from the group consisting of raspberry ketone, triethyl citrate, hydroxycitronellal,
camphor gum, and combinations thereof. Alternatively, the viscosity reducing agent may be
selected from the group consisting of raspberry ketone, triethyl citrate, hydroxycitronellal, and

combinations thereof.

B. COUNTERACTING ADDITIVE

The hair care composition described herein may comprise less than 4%, alternatively less
than 3%, alternatively less than 2%, alternatively less than 1% of one or more counteracting
additives. The hair care composition may be substantially free of one or more counteracting
additives, meaning the hair care composition comprises less than 0.5%, alternatively less than
0.3%, alternatively less than 0.1%, alternatively less than 0.05%, and alternatively less than
0.01% of a counteracting additive. In an embodiment, the hair care composition comprises 0%
of a counteracting additive. The weight ratio of the viscosity reducing agents to the
counteracting additive may be greater than 2:1, alternatively great than 3:1, alternatively greater
than 4:1, alternatively greater than 5:1.

The counteracting additive may have a partition dispersion coefficient of from about 0.05

to about 5.1, alternatively from about 0.08 to about 4.5, alternatively from about 0.09 to about
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4.4, alternatively from about 0.05 to about 2.0, alternatively from about (.08 to about 1.8,
alternatively from about 0.09 to about 1.7, and alternatively from about 0.095 to about 1.68. The
counteracting additive may counteract the viscosity reduction associated with the one or more
viscosity reducing agents when used in the hair care composition described herein.
The partition dispersion coefficient (PDC) is defined by the following equation:
PDC= logP - 0.3001 * (8D)* + 10.362 * 8D - 93.251
wherein logP is the octanol water partitioning coefficient as computed by the Consensus
algorithm implemented in ACD/Percepta version 14.02 by Advanced Chemistry Development,
Inc. (ACD/Labs, Toronto, Canada), and wherein 8D is the Hansen solubility dispersion

parameter in (MPa) 12

computed using Steven Abbott and Hiroshi Yamamoto’s “HSPIP —
Hansen Solubility Parameters in Practice”program, 4™ Edition, version 4.1.07.

The counteracting additive may be an organic compound comprising 1 polar group,
alternatively at least 1 polar group, alternatively 2 to 4 polar groups, and alternative alternatively
at least 2 polar groups. The polar groups may be selected from the group consisting of alcohols,
aldehydes, esters, lactones, coumarins, ethers, ketones, phenol, phenyl, oxides, alkenyl, alkynyl,
and combinations thereof. The counteracting additive may have a molecular weight of between
100 daltons and 300 daltons, alternatively from about 125 daltons to about 300
daltons. Additionally, the counteracting additive may have a water solubility at between 23 and
25 degrees Celsius of from about 10 to 900 mg/L.

The counteracting additive may be selected from the group consisting of veloutone,
isoamyl salicylate, gamma-terpinene, linalyl iso butyrate, alpha-terpinene, limonene, dipentene,
geranyl phenyl acetate, iso propyl myristate, hexadecane, and combinations thereof.
Alternatively, the counteracting additive may be selected from the group consisting of veloutone,
gamma-terpinene, linalyl iso butyrate, alpha-terpinene, limonene, dipentene, geranyl phenyl
acetate, iso propyl myristate, hexadecane, and combinations thereof. Alternatively, the
counteracting additive may be selected from the group consisting of veloutone, isoamyl
salicylate, gamma-terpinene, linalyl iso butyrate, alpha-terpinene, limonene, dipentene, geranyl
phenyl acetate, and combinations thereof.

The hair care composition may comprise less than 4% of a counteracting additive having
a partition dispersion coefficient of from about 0.05 to about 5.1, by weight of the hair care
composition, wherein the weight ratio of the one or more viscosity reducing agents to the
counteracting additive is greater than 2:1, alternatively greater than 4:1, alternatively greater than

5:1, alternatively greater than 20:1.
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C. SURFACTANTS

The hair care composition may comprise from about 16% to about 40%, alternatively
from about 18% to about 36%, alternatively from about 20% to about 32%, alternatively from
about 22% to about 28% of one or more anionic surfactants, by weight of the hair care
composition.

In an embodiment, anionic surfactants which may be suitable for use in the hair care
composition are the alkyl and alkyl ether sulfates. Other suitable anionic surfactants may include
the water-soluble salts of organic, sulfuric acid reaction products. Still other suitable anionic
surfactants may include the reaction products of fatty acids esterified with isethionic acid and
neutralized with sodium hydroxide. Exemplary anionic surfactants for use in the hair care
composition include ammonium lauryl sulfate, ammonium laureth sulfate, triethylamine lauryl
sulfate, triethylamine laureth sulfate, triethanolamine lauryl sulfate, triethanolamine laureth
sulfate, monoethanolamine lauryl sulfate, monoethanolamine laureth sulfate, diethanolamine
lauryl sulfate, diethanolamine laureth sulfate, lauric monoglyceride sodium sulfate, sodium
lauryl sulfate, sodium laureth sulfate, potassium lauryl sulfate, potassium laureth sulfate, sodium
lauryl sarcosinate, sodium lauroyl sarcosinate, lauryl sarcosine, cocoyl sarcosine, ammonium
cocoyl sulfate, ammonium lauroyl sulfate, sodium cocoyl sulfate, sodium lauroyl sulfate,
potassium cocoyl sulfate, potassium lauryl sulfate, triethanolamine lauryl sulfate,
triethanolamine lauryl sulfate, monoethanolamine cocoyl sulfate, monoethanolamine lauryl
sulfate, sodium tridecyl benzene sulfonate, sodium dodecyl benzene sulfonate, sodium cocoyl
isethionate and combinations thereof. In a further embodiment, the anionic surfactant is sodium
lauryl sulfate or sodium laureth sulfate.

In an embodiment, the hair care compositions can comprise ammonium C10-15 pareth
sulfate, ammonium C10-15 alkyl sulfate, ammonium C11-15 alkyl sulfate, ammonium decyl
sulfate, ammonium deceth sulfate, ammonium undecyl sulfate, ammonium undeceth sulfate,
sodium C10-15 pareth sulfate, sodium C10-15 alkyl sulfate, sodium C11-15 alkyl sulfate,
sodium decyl sulfate, sodium deceth sulfate, sodium undecyl sulfate, sodium undeceth sulfate,
potassium C10-15 pareth sulfate, potassium C10-15 alkyl sulfate, potassium C11-15 alkyl
sulfate, potassium decyl sulfate, potassium deceth sulfate, potassium undecyl sulfate, and/or
potassium undeceth sulfate.

In an embodiment, suitable anionic surfactants include, but are not limited to undecyl
sulfate compound selected from the group consisting of:

a) R; O(CH,CHR;0), SOsM;

b) CH; (CH;), CHR, CH; O (CH, CHR30), SO;M; and
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¢) mixtures thereof,

where R; represents CHs (CH» )10 , R, represents H or a hydrocarbon radical comprising
1 to 4 carbon atoms such that the sum of the carbon atoms in z and R, is 8, R3is H or CH3, y is 0
to 7, the average value of y is about 1 when y is not zero (0), and M is a monovalent or divalent,
positively-charged cation.

In an embodiment, suitable anionic alkyl sulfates and alkyl ether sulfate surfactants
include, but are not limited to, those having branched alkyl chains which are synthesized from
C8 to C18 branched alcohols which may be selected from the group consisting of: Guerbet
alcohols, aldol condensation derived alcohols, oxo alcohols and mixtures thereof. Non-limiting
examples of the 2-alkyl branched alcohols include oxo alcohols such as 2-methyl-1-undecanol,
2-ethyl-1-decanol, 2-propyl-1-nonanol, 2-butyl 1-octanol, 2-methyl-1-dodecanol, 2-ethyl-1-
undecanol, 2-propyl-1-decanol, 2-butyl-1-nonanol, 2-pentyl-1-octanol, 2-pentyl-1-heptanol, and
those sold under the tradenames LIAL® (Sasol), ISALCHEM® (Sasol), and NEODOL®
(Shell), and Guerbet and aldol condensation derived alcohols such as 2-ethyl-1-hexanol, 2-
propyl-1-butanol, 2-butyl-1-octanol, 2-butyl-1-decanol, 2-pentyl-1-nonanol, 2-hexyl-1-octanol,
2-hexyl-1-decanol and those sold under the tradename ISOFOL® (Sasol) or sold as alcohol
ethoxylates and alkoxylates under the tradenames LUTENSOL XP® (BASF) and LUTENSOL
XL® (BASF).

In an embodiment, the anionic alkyl sulfates and alkyl ether sulfates may also include
those synthesized from C8 to C18 branched alcohols derived from butylene or propylene which
are sold under the trade names EXXAL™ (Exxon) and Marlipal® (Sasol). This includes
anionic surfactants of the subclass of sodium trideceth-n sulfates (STnS), where n is between
about 0.5 and about 3.5. Exemplary surfactants of this subclass are sodium trideceth-2 sulfates
and sodium trideceth-3 sulfates. The composition of the present invention can also include
sodium tridecyl sulfate.

The hair care composition may comprise from about 0.25% to about 14%, alternatively
from about 1% to about 12%, alternatively from about 3% to about 10%, alternatively from
about 4% to about 9% of one or more amphoteric, nonionic, or zwitterionic co-surfactants, by
weight of the hair care composition. The co-surfactant can include, but is not limited to,
lauramidopropyl  betaine, cocoamidopropyl betaine, lauryl hydroxysultaine, sodium
lauroamphoacetate, coco monoethanolamide and mixtures thereof. The hair care composition
may comprise from about 2% to about 14%, alternatively from about 3% to about 10%,
alternatively from about 4% to about 9% of one or more amphoteric or zwitterionic co-

surfactants, by weight of the hair care composition.
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Suitable amphoteric or zwitterionic surfactants for use in the hair care composition
described herein include those which are known for use in shampoo or other hair care cleansing.
Non limiting examples of suitable zwitterionic or amphoteric surfactants are described in U.S.
Patent Nos. 5,104,646 and 5,106,609, which are incorporated herein by reference in their
entirety.

Armphoteric co-surfactants suitable for use in the composition include those surfactants
described as derivatives of aliphatic secondary and tertiary amines in which the aliphatic radical
can be sraight or branched chain and wherein one of the aliphatic substituents contains from
about 8 to about 18 carbon atoms and one contains an anionic group such as carboxy, sulfonate,
sulfate, phosphate, or phosphonate. Suitable amphoteric surfactant inclode, but are not limited to,
thoseselected  from  the group consisting oft  sodiom  cocaminopropionate, sodium
cocaminodipropionate, sodiuvm cocoamphoacetate, sodium cocoamphohydroxypropylsulfonate,
sodium cocoamphopropionate, sodium cornamphopropionate, sodium lauraminopropionate,
sodiom lauroamphoacetate, sodiam lagroamphohydroxypropylsulfonate, sodium
lauroamphopropionate, sodium  comamphopropionate, sodium  lauriminodipropionate,
ammonium cocaminopropionate, ammonium cocaminodipropionate, ammonium
cocoamphoacetate, ammonium cocoamphohydroxypropylsulfonate, ammoniurm
cocoamphopropionate, ammonium cornamphopropionate, ammonium lauraminopropionate,
ammonium laurcamphoacetate, ammoniovm lavrcamphohydroxypropylsulfonate, amumonium
lavroamphopropionate, ammonium cornamphopropionate, ammonium lauriminodipropionate,
triethanonlamine cocaminopropionate, friethanonlamine cocaminodipropionate, triethanoniamine
cocoamphoacetate,  triethanondamine  cocoamphohydroxypropylsulfonate,  triethanonlamine
cocoamphopropionate, triethanonlamine cornamphopropionate, triethanoniaming
lagraminopropionate, triethanonjamine lauroamphoacetate, tristhanonlamine
lauroamphohydroxypropylsulfonate, triethanonlamine lauroamphopropionate, triethanonlamine
cornamphopropionate, tiecthanonlamine lauriminodipropionate, cocoamphodipropionic acid,
disodium caproamphodiacetate, disodium caproamphoadipropionate, disodium
capryloamphodiacetate, disodium capryloamphodipriopionate, disodiom
cocoamphocarboxyethythydroxypropylsulfonate, disodium  cocoamphodiacetate, disodium
cocoamphodipropionate, disodium dicarboxyethylcocopropylenediamine, disodivm laureth-3
carboxyamphodiacetate, disodivm lagniminodipropionate, disodium lagroamphodiacetate,
disodivm lauroamphodipropionate, disodivm  olecamphodipropionate, disodium PPG-2-
isodecethyl-7 carboxyamphodiacetate, lauraminopropionic acid, lauwroamphodipropionic acid,

faviryl aminopropylglycine, laoryl diethylenediaminogiveine, and mixtures thereof
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The amphoteric co~-surfactant can be a surfactant according to the following structure:

3
. R:.S Rs~(§
e 3% . ‘w”'" \ \--H“J \ poe
e N X R
)Y 0
J_.s“'
o A

wheregin R12 is a C-linked monovalent substituent selected from the group consisting of
substituted alkyl systems comprising 9 to 15 carbon atoms, unsubstituted alkyl systems
comprising 9 to 15 carbon atoms, straight alkyl systems comprising 9 to 15 carbon atoms,
branched alkyl systems comprising 9 to 135 carbon atoms, and unsaturated alkyl systems
comprising 9 to 15 carbon atoms; R13, R14, and R15 are each independently selected from the
group consisting of C-linked divalent straight alkyl systems comprising 1 to 3 carbon atoms, and
C-linked divalent branched alkyl sysiems comprising 1 to 3 carbon atoms; and M+ is a
monovalent counterion selected from the group consisting of sodiom, ammonium and protonated
tricthanolamine. In an embodiment, the amphoteric surfactant is selected from the group
consisting  of:  sodiam  cocoamphoacetate,  sodium  cocoamphodiacetate,  sodium
lavroamphoacetate, sodium lagroamphodiacetate, ammoniom lagroamphoacetate, ammonium
cocoamphoacetate, triethanolamine lauroamphoacetate, triethanolamine cococamphoacetate, and
mixtures thereof.

The composition may comprises a zwilterionic co-surfactant, wherein the zwitterionic
surfactant is a derivative of aliphatic quaternary ammounium, phosphonium, and sulfonium
compounds, in which the aliphatic radicals can be straight or branched chain, and wherein one of
the aliphatic substituents contains from about 8 to about 18 carbon atoms and one contains an
anionic group such as carboxy, sulfonate, sulfate, phosphate or phosphonate. The zwitterionic
surfactant can be selected from the group consisting of: cocamidoethyl betaine,
cocamidopropylamine oxide, cocamidopropyl betaine, cocamidopropyl
dimethylaminohydroxypropyl hydrolyzed collagen, cocamidopropyldimonium hydroxypropyl
hiydrolyzed collagen, cocamidopropyl hydroxysultaine, coccobetaineamido amphopropionate,
coco-betaine, coco-hydroxysultaine, coco/oleamidopropy! betaine, coco-sultaine,
lavramidopropyl betaine, lavryl betaine, laoryl hydroxysultaine, lauryl sultaine, and mixtares
thereof. A suitable zwitterionic surfactant is lauryl hydroxysultaine. The zwitterionic surfactant

can be selected from the group consisting of: lauryl hydroxysultaine, cocamidopropyl
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hydroxysultaine, coco-betaine, coco-hydroxysultaine, coco-sultaine, lauryl betaine, lauryl
sultatine, and mixtures thereof,

The co-surfactant can be a zwitterionic surfactant, wherein the zwitterionic surfactant is
selected from the group consisting of: lauryl hydroxysultaine, cocamidopropyl hydroxysultaine,
coco-betaine, coco-hydroxysultaine, coco-sultaine, lauryl betaine, lauryl sultaine, and mixtures
thereof.

In an embodiment, the co-surfactant may be selected from amphoteric or zwitterionic
surfactants synthesized from lauric acid including, but not limited to, lauramidopropyl betaine,
lauryl Hydroxysultaine, and sodium lauroamphoacetate and having a chain length distribution
wherein the C12 chain length averages from about 80% to about 100%, alternatively from about
85% to about 100%, alternatively from about 90% to about 100%, alternatively from about 95%
to about 100%, and alternatively from about 97% to about 100% of the total molecular chain
length distribution.

Suitable nonionic surfactants for use in the hair care composition include those described
in McCutcheion’s Detergents and Emulsifiers, North American edition (1986), Allured
Publishing Corp., and McCutcheion’s Functional Materials, North American edition (1992).
Suitable nonionic surfactants for use in the hair care composition include, but are not limited to,
polyoxyethylenated alkyl phenols, polyoxyethylenated alcohols, polyoxyethylenated
polyoxypropylene glycols, glyceryl esters of alkanoic acids, polyglyceryl esters of alkanoic
acids, propylene glycol esters of alkanoic acids, sorbitol esters of alkanoic acids,
polyoxyethylenated sorbitor esters of alkanoic acids, polyoxyethylene glycol esters of alkanoic
acids, polyoxyethylenated alkanoic acids, alkanolamides, N-alkylpyrrolidones, alkyl glycosides,
alkyl polyglucosides, alkylamine oxides, and polyoxyethylenated silicones.

The non-ionic surfactant may be selected from the group consistng oft Cocamide,
Cocamide Methyl MEA, Cocamide DEA, Cocamide MEA, Cocamide MIPA, Lauramide DEA,
Lauramide MEA, Lauramide MIPA, Myristamide DEA, Myristamide MEA, PEG-20 Cocamide
MEA, PEG-2 Cocamide, PEG-3 Cocamide, PEG-4 Cocanude, PEG-35 Cocamide, PEG-6
Cocamide, PEG-7 Cocamide, PEG-3 Lauramide, PEG-5 Lauramide, PEG-3 Oleamide, PPG-2
Cocamide, PP(-2 Hydroxyethyl Cocamide, and mixtures thereof.

Non limiting examples of other anionic, zwitterionic, non-ionic, and amphoteric
additional surfactants suitable for use in the hair care composition are described in
McCutcheon’s, Emulsifiers and Detergents, 1989 Annual, published by M. C. Publishing Co.,
and U.S. Patent Nos. 3,929,678, 2,658,072; 2,438,091; 2,528,378, which are incorporated herein

by reference in their entirety.
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D. CATIONIC POLYMERS

The hair care composition described herein may also comprise one or more cationic
polymers. These cationic polymers may be selected from the group consisting of cationic guar
polymers, cationic non-guar galactomannan polymers, cationic tapioca polymers, cationic
copolymers of acrylamide monomers and cationic monomers, synthetic non-crosslinked cationic
polymers which may or may not form lyotropic liquid crystals upon combination with the
detersive surfactant, cationic cellulose polymers, and combinations thereof. The hair care
composition may comprise a cationic polymer selected from the group consisting of guar
polymers, non-guar galactomannan polymers, tapioca polymers, copolymers of acrylamide
monomers and cationic monomers, cellulose polymers, and combinations thereof.

The hair care composition may comprise a cationic guar polymer, which is a cationically
substituted galactomannan (guar) gum derivatives. Guar gum for use in preparing these guar
gum derivatives may be obtained as a naturally occurring material from the seeds of the guar
plant. The guar molecule itself is a straight chain mannan, which is branched at regular intervals
with single membered galactose units on alternative mannose units. The mannose units are
linked to each other by means of B(1-4) glycosidic linkages. The galactose branching arises by
way of an o(1-6) linkage. Cationic derivatives of the guar gums are obtained by reaction
between the hydroxyl groups of the polygalactomannan and reactive quaternary ammonium
compounds. The degree of substitution of the cationic groups onto the guar structure should be
sufficient to provide the requisite cationic charge density described above.

The cationic polymer, including but not limited to a cationic guar polymer, may have a
molecular weight of less than 1.0 million g/mol, or from about 10 thousand to about 1 million
g/mol, or from about 25 thousand to about 1million g/mol, or from about 50 thousand to about 1
million g/mol, or from about 100 thousand to about 1 million g/mol. In one embodiment, the
cationic guar polymer has a charge density of from about 0.2 to about 2.2 meg/g, or from about
0.3 to about 2.0 meqg/g, or from about 0.4 to about 1.8 meq/g; or from about 0.5 meq/g to about
1.7 meqg/g.

The cationic guar polymer may have a weight average molecular weight of less than
about 1.0 million g/mol, and has a charge density of about 0.1 meqg/g to about 2.5 meg/g. In an
embodiment, the cationic guar polymer has a weight average molecular weight of less than 950
thousand g/mol, or from about 10 thousand to about 900 thousand g/mol, or from about 25
thousand to about 900 thousand g/mol, or from about 50 thousand to about 900 thousand g/mol,

or from about 100 thousand to about 900 thousand g/mol. from about 150 thousand to about 800



10

15

20

25

WO 2016/172400 PCT/US2016/028728

13

thousand g/mol. Alternatively, the cationic guar polymer may have a charge density of from
about 0.2 to about 2.2 meq/g, or from about 0.3 to about 2.0 meq/g, or from about 0.4 to about
1.8 meq/g, or from about 0.5 meq/g to about 1.5 meq/g.

The hair care composition can comprise from about 0.05% to less than about 1%, from
about 0.05% to about 0.9%, from about 0.1% to about 0.8%, or from about 0.2% to about 0.7%
of the one or more cationic polymers, by weight of the hair care composition.

The cationic guar polymer may be formed from quaternary ammonium compounds. In an
embodiment, the quaternary ammonium compounds for forming the cationic guar polymer

conform to the general formula 1:

RS

\
R4*N‘L RE  2-
R3
wherein where R’, R* and R’ are methyl or ethyl groups; R® is either an epoxyalkyl group of the

general formula 2:

H,C——CH—R7—
SN
0

orR%isa halohydrin group of the general formula 3:

X~ CHg GH-R7—
OH

wherein R’ is a C, to C; alkylene; X is chlorine or bromine, and Z is an anion such as Cl-, Br-, I-
or HSOy-.

In an embodiment, the cationic guar polymer conforms to the general formula 4:

R4
|
R8—O—CH2—CI‘-I—R7—I\‘I+—R5 -
OH RS

wherein R® is guar gum; and wherein R4, R’ , R®and R’ are as defined above; and wherein Z is a

halogen. In an embodiment, the cationic guar polymer conforms to formula 5:

R®—0—CHy CH-CH,N(CH)5Cl"
o
Suitable cationic guar polymers include cationic guar gum derivatives, such as guar
hydroxypropyltrimonium chloride. The cationic guar polymer may be a guar

hydroxypropyltrimonium chloride. Examples of guar hydroxypropyltrimonium chlorides include
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the Jaguar® series commercially available from Solvay, for example Jaguar® C-500,
commercially available from Solvay. Jaguar® C-500 has a charge density of 0.8 meqg/g and a
molecular weight of 500,000 g/mol. Other suitable guar hydroxypropyltrimonium chloride
include guar hydroxypropyltrimonium chloride which has a charge density of about 1.1 meq/g
and a molecular weight of about 500,000 g/mol is available from ASI, a charge density of about
1.5 meq/g and a molecular weight of about 500,000 g/mole is available from ASIL. Other suitable
guar hydroxypropyltrimonium chloride include Hi-Care 1000, which has a charge density of
about 0.7 meq/g and a molecular weight of about 600,000 g/mole and is available from Rhodia;
N-Hance 3269 and N-Hance 3270, which has a charge density of about 0.7 meg/g and a
molecular weight of about 425,000 g/mol and is available from ASIAquaCat CG518, has a
charge density of about 0.9 meq/g, a molecular weightof about 50,000 g/mol, and is available
from ASI. BF-13, which is a borate (boron) free guar of charge density of about 1.1 meq/g and
molecular weight of about 800,000 and BF-17, which is a borate (boron) free guar of charge
density of about 1.7 meq/g and M. W.t of about 800,000 both available from ASI.

The hair care compositions described herein may comprise a galactomannan polymer
derivative having a mannose to galactose ratio of greater than 2:1 on a monomer to monomer
basis, the galactomannan polymer derivative selected from the group consisting of a cationic
galactomannan polymer derivative and an amphoteric galactomannan polymer derivative having
a net positive charge. As used herein, the term "cationic galactomannan" refers to a
galactomannan polymer to which a cationic group is added. The term "amphoteric
galactomannan” refers to a galactomannan polymer to which a cationic group and an anionic
group are added such that the polymer has a net positive charge.

Galactomannan polymers are present in the endosperm of seeds of the Leguminosae
family. Galactomannan polymers are made up of a combination of mannose monomers and
galactose monomers. The galactomannan molecule is a straight chain mannan branched at
regular intervals with single membered galactose units on specific mannose units. The mannose
units are linked to each other by means of [ (1-4) glycosidic linkages. The galactose branching
arises by way of an a (1-6) linkage. The ratio of mannose monomers to galactose monomers
varies according to the species of the plant and also is affected by climate. Non Guar
Galactomannan polymer derivatives of the present invention have a ratio of mannose to
galactose of greater than 2:1 on a monomer to monomer basis. Suitable ratios of mannose to
galactose can be greater than about 3:1, and the ratio of mannose to galactose can be greater than
about 4:1. Analysis of mannose to galactose ratios is well known in the art and is typically based

on the measurement of the galactose content.
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The gum for use in preparing the non-guar galactomannan polymer derivatives is
typically obtained as naturally occurring material such as seeds or beans from plants. Examples
of various non-guar galactomannan polymers include but are not limited to Tara gum (3 parts
mannose/1 part galactose), Locust bean or Carob (4 parts mannose/1 part galactose), and Cassia
gum (5 parts mannose/1 part galactose).

The non-guar galactomannan polymer derivatives may have a molecular weight of from
about 1,000 to about 10,000,000, alternatively from about 5,000 to about 3,000,000, alternatively
from about 1,000 to about1,000,000, and alternatively from about 5,000 to about 900,000.

The hair care compositions may also include galactomannan polymer derivatives which
have a cationic charge density from about 0.5 meq/g to about 7 meq/g. The galactomannan
polymer derivatives may have a cationic charge density from about 1 meqg/g to about 5 meq/g.
The degree of substitution of the cationic groups onto the galactomannan structure should be
sufficient to provide the requisite cationic charge density.

The galactomannan polymer derivative can be a cationic derivative of the non-guar
galactomannan polymer, which is obtained by reaction between the hydroxyl groups of the
polygalactomannan polymer and reactive quaternary ammonium compounds. Suitable
quaternary ammonium compounds for use in forming the cationic galactomannan polymer
derivatives include those conforming to the general formulas 1-5, as defined above.

Cationic non-guar galactomannan polymer derivatives formed from the reagents

described above are represented by the general formula 6:

3

SNy NG
{81 X

wherein R is the gum. The cationic galactomannan derivative can be a gum
hydroxypropyltrimethylammonium chloride, which can be more specifically represented by the

general formula 7:

N I T SR o £ SO

3

QY

Alternatively the galactomannan polymer derivative can be an amphoteric galactomannan
polymer derivative having a net positive charge, obtained when the cationic galactomannan

polymer derivative further comprises an anionic group.
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The cationic non-guar galactomannan can have a ratio of mannose to galactose is greater
than about 4:1, a molecular weight of about 50,000g/mol to about 1,000,000g/mol, and/or from
about 100,000 g/mol to about 900,000 g/mol and a cationic charge density from about 1 meq/g to
about 5 meq/g, and/or from 2 meq/ g to about 4 meq/ g and can also be derived from a cassia
plant.

The hair care compositions may comprise at least about 0.05% of a galactomannan
polymer derivative by weight of the composition, alternatively from about 0.05% to about 2%,
by weight of the composition, of a galactomannan polymer derivative.

The hair care compositions may comprise water-soluble cationically modified starch
polymers. As used herein, the term "cationically modified starch" refers to a starch to which a
cationic group is added prior to degradation of the starch to a smaller molecular weight, or
wherein a cationic group is added after modification of the starch to achieve a desired molecular
weight. The definition of the term "cationically modified starch" also includes amphoterically
modified starch. The term "amphoterically modified starch" refers to a starch hydrolysate to
which a cationic group and an anionic group are added.

The hair care compositions may comprise cationically modified starch polymers at a
range of about 0.01% to about 10%, and/or from about 0.05% to about 5%, by weight of the
composition.

The cationically modified starch polymers disclosed herein have a percent of bound
nitrogen of from about 0.5% to about 4%.

The cationically modified starch polymers for use in the hair care compositions can have
a molecular weight about 50,000 g/mol to about 1,000,000 g/mol and/or from about 100,000
g/mol to about 1,000,000 g/mol.

The hair care compositions may include cationically modified starch polymers which
have a charge density of from about 0.2 meg/g to about 5 meq/g, and/or from about 0.2 meq/g to
about 2 meq/g. The chemical modification to obtain such a charge density includes, but is not
limited to, the addition of amino and/or ammonium groups into the starch molecules. Non-
limiting examples of these ammonium groups may include substituents such as hydroxypropyl
trimmonium chloride, trimethylhydroxypropyl ammonium chloride,
dimethylstearylhydroxypropyl ammonium chloride, and dimethyldodecylhydroxypropyl
ammonium chloride. See Solarek, D. B., Cationic Starches in Modified Starches: Properties and
Uses, Wurzburg, O. B., Ed., CRC Press, Inc., Boca Raton, Fla. 1986, pp 113-125. The cationic
groups may be added to the starch prior to degradation to a smaller molecular weight or the

cationic groups may be added after such modification.
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The cationically modified starch polymers generally have a degree of substitution of a
cationic group from about 0.2 to about 2.5. As used herein, the "degree of substitution" of the
cationically modified starch polymers is an average measure of the number of hydroxyl groups
on each anhydroglucose unit which is derivatized by substituent groups. Since each
anhydroglucose unit has three potential hydroxyl groups available for substitution, the maximum
possible degree of substitution is 3. The degree of substitution is expressed as the number of
moles of substituent groups per mole of anhydroglucose unit, on a molar average basis. The
degree of substitution may be determined using proton nuclear magnetic resonance Spectroscopy
(".sup.1H NMR") methods well known in the art. Suitable .sup.1H NMR techniques include
those described in "Observation on NMR Spectra of Starches in Dimethyl Sulfoxide, lodine-
Complexing, and Solvating in Water-Dimethyl Sulfoxide”, Qin-Ji Peng and Arthur S. Perlin,
Carbohydrate Research, 160 (1987), 57-72; and "An Approach to the Structural Analysis of
Oligosaccharides by NMR Spectroscopy”, J. Howard Bradbury and J. Grant Collins,
Carbohydrate Research, 71, (1979), 15-25.

The source of starch before chemical modification can be chosen from a variety of
sources such as tubers, legumes, cereal, and grains. Non-limiting examples of this source starch
may include corn starch, wheat starch, rice starch, waxy corn starch, oat starch, cassaya starch,
waxy barley, waxy rice starch, glutenous rice starch, sweet rice starch, amioca, potato starch,
tapioca starch, oat starch, sago starch, sweet rice, or mixtures thereof.

The cationically modified starch polymers can be selected from degraded cationic maize
starch, cationic tapioca, cationic potato starch, and mixtures thereof. Alternatively, the
cationically modified starch polymers are cationic corn starch and cationic tapioca.

The starch, prior to degradation or after modification to a smaller molecular weight, may
comprise one or more additional modifications. For example, these modifications may include
cross-linking, stabilization reactions, phosphorylations, and hydrolyzations. Stabilization
reactions may include alkylation and esterification.

The cationically modified starch polymers may be incorporated into the composition in
the form of hydrolyzed starch (e.g., acid, enzyme, or alkaline degradation), oxidized starch (e.g.,
peroxide, peracid, hypochlorite, alkaline, or any other oxidizing agent), physically/mechanically
degraded starch (e.g., via the thermo-mechanical energy input of the processing equipment), or
combinations thereof.

An optimal form of the starch is one which is readily soluble in water and forms a
substantially clear (% Transmittance.gtoreq.80 at 600 nm) solution in water. The transparency of

the composition is measured by Ultra-Violet/Visible (UV/VIS) spectrophotometry, which
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determines the absorption or transmission of UV/VIS light by a sample, using a Gretag Macbeth
Colorimeter Color i 5 according to the related instructions. A light wavelength of 600 nm has
been shown to be adequate for characterizing the degree of clarity of cosmetic compositions.

Also suitable for use in the hair care composition described herein are nonionic modified
starches that can be further derivatized to a cationically modified starch as is known in the art.
Other suitable modified starch starting materials may be quaternized to produce the cationically
modified starch polymer suitable for use in hair care compositions.

Starch Degradation Procedure: a starch slurry can be prepared by mixing granular starch
in water. The temperature is raised to about 35°C. An aqueous solution of potassium
permanganate is then added at a concentration of about 50 ppm based on starch. The pH is raised
to about 11.5 with sodium hydroxide and the slurry is stirred sufficiently to prevent settling of
the starch. Then, about a 30% solution of hydrogen peroxide diluted in water is added to a level
of about 1% of peroxide based on starch. The pH of about 11.5 is then restored by adding
additional sodium hydroxide. The reaction is completed over about a 1 to about 20 hour period.
The mixture is then neutralized with dilute hydrochloric acid. The degraded starch is recovered
by filtration followed by washing and drying.

The hair care composition can comprise a cationic copolymer of an acrylamide monomer
and a cationic monomer, wherein the copolymer has a charge density of from about 1.0 meqg/g to
about 3.0 meq/g. The cationic copolymer can be a synthetic cationic copolymer of acrylamide
monomers and cationic monomers.

The cationic copolymer can comprise:

(i) an acrylamide monomer of the following Formula AM:

. B

q} \\\\J },
R S < i
N

2

X3
{
18N
;»_3? 1

2

Formula AM
where R’ is H or C4 alkyl; and R and R are independently selected from the group
consisting of H, C;4 alkyl, CH;OCH3;, CH,OCH,CH(CHj3),, and phenyl, or together are
Cs.ecycloalkyl; and

(ii) a cationic monomer conforming to Formula CM:
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k

0—=C CH; |- 0 CH; OH CH;

2 |+ Hz\ || H ( Hz\ |+ _

NH—{C——N C { C7——N"—F CH,CHCH,—N*——CH,
v X- vV A | X- _
CH; CH;- W CH;,
Formula CM

where k = 1, each of v, v, and v" is independently an integer of from 1 to 6, w is zero or an
integer of from 1 to 10, and X' is an anion.

5 The cationic monomer can conform to Formula CM and where k=1, v=3andw=0, z
=1 and X is CI to form the following structure:

CH,
e LA

‘:3 =0 CH, OH CH,
NH— (CHﬂ;—IlI — CHI(liHCHI—N *—CH,
e, e,
The above structure may be referred to as diquat. Alternatively, the cationic monomer can

conform to Formula CM and wherein v and v" are each 3, v'=1, w=1,y =1 and X" is CI’, such

10 as:

C
\C
y
0=—C CH; 0 CH; OH CH;
2 | H, || H ( Hz\ |
NH—{C—N*—C C——N— C—N*—CH,CHCH,—N*——CHj
3 | cr 3 | Ccr | Cr
CH; CH; CH;

The above structure may be referred to as triquat.
Suitable acrylamide monomer include, but are not limited to, either acrylamide or
methacrylamide.
15 In an alternative embodiment, the cationic copolymer is of an acrylamide monomer and a
cationic monomer, wherein the cationic monomer is selected from the group consisting of:

dimethylaminoethyl (meth)acrylate, dimethylaminopropyl (meth)acrylate,
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ditertiobutylaminoethyl (meth)acrylate, dimethylaminomethyl (meth)acrylamide,
dimethylaminopropyl (meth)acrylamide; ethylenimine, vinylamine, 2-vinylpyridine, 4-
vinylpyridine; trimethylammonium ethyl (meth)acrylate chloride, trimethylammonium ethyl
(meth)acrylate methyl sulphate, dimethylammonium ethyl (meth)acrylate benzyl chloride, 4-
benzoylbenzyl dimethylammonium ethyl acrylate chloride, trimethyl ammonium ethyl
(meth)acrylamido chloride, trimethyl ammonium propyl (meth)acrylamido chloride, vinylbenzyl
trimethyl ammonium chloride, diallyldimethyl ammonium chloride, and mixtures thereof.

The cationic copolymer can comprise a cationic monomer selected from the group
consisting of: cationic monomers include trimethylammonium ethyl (meth)acrylate chloride,
trimethylammonium ethyl (meth)acrylate methyl sulphate, dimethylammonium ethyl
(meth)acrylate benzyl chloride, 4-benzoylbenzyl dimethylammonium ethyl acrylate chloride,
trimethyl ammonium ethyl (meth)acrylamido chloride, trimethyl ammonium propyl
(meth)acrylamido chloride, vinylbenzyl trimethyl ammonium chloride, and mixtures thereof.

The cationic copolymer can be water-soluble. The cationic copolymer is formed from (1)
copolymers of (meth)acrylamide and cationic monomers based on (meth)acrylamide, and/or
hydrolysis-stable cationic monomers, (2) terpolymers of (meth)acrylamide, monomers based on
cationic (meth)acrylic acid esters, and monomers based on (meth)acrylamide, and/or hydrolysis-
stable cationic monomers. Monomers based on cationic (meth)acrylic acid esters may be
cationized esters of the (meth)acrylic acid containing a quaternized N atom. In an embodiment,
cationized esters of the (meth)acrylic acid containing a quaternized N atom are quaternized
dialkylaminoalkyl (meth)acrylates with C1 to C3 in the alkyl and alkylene groups. Suitable
cationized esters of the (meth)acrylic acid containing a quaternized N atom can be selected from
the group consisting of: ammonium salts of dimethylaminomethyl (meth)acrylate,
dimethylaminoethyl (meth)acrylate, dimethylaminopropyl (meth)acrylate, diethylaminomethyl
(meth)acrylate, diethylaminoethyl (meth)acrylate; and diethylaminopropyl (meth)acrylate
quaternized with methyl chloride. In an embodiment, the cationized esters of the (meth)acrylic
acid containing a quaternized N atom is dimethylaminoethyl acrylate, which is quaternized with
an alkyl halide, or with methyl chloride or benzyl chloride or dimethyl sulfate (ADAME-Quat).
the cationic monomer when based on (meth)acrylamides can be quaternized
dialkylaminoalkyl(meth)acrylamides with C1 to C3 in the alkyl and alkylene groups, or
dimethylaminopropylacrylamide, which is quaternized with an alkyl halide, or methyl chloride
or benzyl chloride or dimethyl sulfate.

Suitable cationic monomer based on a (meth)acrylamide include quaternized

dialkylaminoalkyl(meth)acrylamide with C1 to C3 in the alkyl and alkylene groups. The cationic
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monomer based on a (meth)acrylamide can be dimethylaminopropylacrylamide, which is
quaternized with an alkyl halide, especially methyl chloride or benzyl chloride or dimethyl
sulfate.

The cationic monomer can be a hydrolysis-stable cationic monomer. Hydrolysis-stable
cationic monomers can be, in addition to a dialkylaminoalkyl(meth)acrylamide, all monomers
that can be regarded as stable to the OECD hydrolysis test. The cationic monomer can be
hydrolysis-stable and the hydrolysis-stable cationic monomer can be selected from the group
consisting of: diallyldimethylammonium chloride and water-soluble, cationic styrene derivatives.

The cationic copolymer can be a terpolymer of acrylamide, 2-dimethylammoniumethyl
(meth)acrylate quaternized with methyl chloride (ADAME-Q) and 3-
dimethylammoniumpropyl(meth)acrylamide quaternized with methyl chloride (DIMAPA-Q).
The cationic copolymer can be formed from acrylamide and
acrylamidopropyltrimethylammonium chloride, wherein the
acrylamidopropyltrimethylammonium chloride has a charge density of from about 1.0 meg/g to
about 3.0 meq/g.

The cationic copolymer can have a charge density of from about 1.1 meq/g to about 2.5
meq/g, or from about 1.1 meq/g to about 2.3 meq/g, or from about 1.2 meqg/g to about 2.2 meq/g,
or from about 1.2 meq/g to about 2.1 meq/g, or from about 1.3 meqg/g to about 2.0 meq/g, or
from about 1.3 meq/g to about 1.9 meq/g.

The cationic copolymer can have a molecular weight from about 10 thousand g/mol to
about 1 million g/mol, or from about 25 thousand g/mol to about 1 million g/mol, or from about
50 thousand g/mol to about 1 million g/mol, or from about 100 thousand g/mol to about 1.0
million g/mol, or from about 150 thousand g/mol to about 1.0 million g/mol.

{a) Cationic Synthetic Polymers

The hair care composition can comprise a cationic synthetic polymer that may be formed

from
i) one or more cationic monomer units, and optionally
ii) one or more monomer units bearing a negative charge, and/or
iii) a nonionic monomer,

wherein the subsequent charge of the copolymer is positive. The ratio of the three types of

(IS LT [Pl [ L] (A L]

monomers is given by “m”, “p” and “q” where “m” is the number of cationic monomers, “p” is
the number of monomers bearing a negative charge and “q” is the number of nonionic monomers
The cationic polymers can be water soluble or dispersible, non-crosslinked, and synthetic

cationic polymers having the following structure:
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Monomer bearing a negative
charge

Cationic moiety Nonionic monomer

—

3

\l\ A/HCH}\FE/[/CHE\R@(*
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c—0 B p=Oor 21
| | g=0or =1
R3

mxp
R6

where A, may be one or more of the following cationic moieties:

r \\ / \r
| /N\ (@ )S
‘I{. X" R, Ry | X
25 X T
v o 1 N
vy ]I\f n IL X"
X < \\p 7
v v

10 where @ = amido, alkylamido, ester, ether, alkyl or alkylaryl;
where Y = C1-C22 alkyl, alkoxy, alkylidene, alkyl or aryloxy;
where Yy = C1-C22 alkyl, alkyloxy, alkyl aryl or alkyl arylox;.
where Z = C1-C22 alkyl, alkyloxy, aryl or aryloxy;
where R1 = H, C1-C4 linear or branched alkyl;
15 wheres=0orl,n=0o0r=>1;
where T and R7 = C1-C22 alkyl; and
where X- = halogen, hydroxide, alkoxide, sulfate or alkylsulfate.
Where the monomer bearing a negative charge is defined by R2’ = H, C1-C4 linear or

branched alkyl and R3 as:
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|D ? ? N-CH3

(CH2)u (CH2), (CH2), |
| | (CH2),
CH3™N —CH3 CH3™N —(CH3 0

|+ N
(CTZ)U CH|2 HO-P=0 O=f=o

f 7 2 >

O- O-

where D=0, N, or S;
where Q = NH, or O;
where u = 1-6;
where t = 0-1; and
where J = oxygenated functional group containing the following elements P, S, C.
Where the nonionic monomer is defined by R2’’ = H, C1-C4 linear or branched alkyl, R6
= linear or branched alkyl, alkyl aryl, aryl oxy, alkyloxy, alkylaryl oxy and [ is defined as

[ (|:= G ] L
G” ; and
where G* and G’ are, independently of one another, O, S or N-H and L. =0 or 1.

Examples of cationic monomers include aminoalkyl (meth)acrylates, (meth)aminoalkyl
(meth)acrylamides; monomers comprising at least one secondary, tertiary or quaternary amine
function, or a heterocyclic group containing a nitrogen atom, vinylamine or ethylenimine;
diallyldialkyl ammonium salts; their mixtures, their salts, and macromonomers deriving from
therefrom.

Further examples of cationic monomers include dimethylaminoethyl (meth)acrylate,
dimethylaminopropyl (meth)acrylate, ditertiobutylaminoethyl (meth)acrylate,
dimethylaminomethyl (meth)acrylamide, dimethylaminopropyl (meth)acrylamide, ethylenimine,
vinylamine, 2-vinylpyridine, 4- vinylpyridine, trimethylammonium ethyl (meth)acrylate
chloride, trimethylammonium ethyl (meth)acrylate methyl sulphate, dimethylammonium ethyl
(meth)acrylate benzyl chloride, 4-benzoylbenzyl dimethylammonium ethyl acrylate chloride,
trimethyl ammonium ethyl (meth)acrylamido chloride, trimethyl ammonium propyl
(meth)acrylamido chloride, vinylbenzyl trimethyl ammonium chloride, diallyldimethyl

ammonium chloride.
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Suitable cationic monomers include those which comprise a quaternary ammonium group
of formula -NR3", wherein R, which is identical or different, represents a hydrogen atom, an
alkyl group comprising 1 to 10 carbon atoms, or a benzyl group, optionally carrying a hydroxyl
group, and comprise an anion (counter-ion). Examples of anions are halides such as chlorides,
bromides, sulphates, hydrosulphates, alkylsulphates (for example comprising 1 to 6 carbon
atoms), phosphates, citrates, formates, and acetates.

Suitable cationic monomers include trimethylammonium ethyl (meth)acrylate chloride,
trimethylammonium ethyl (meth)acrylate methyl sulphate, dimethylammonium ethyl
(meth)acrylate benzyl chloride, 4-benzoylbenzyl dimethylammonium ethyl acrylate chloride,
trimethyl ammonium ethyl (meth)acrylamido chloride, trimethyl ammonium propyl
(meth)acrylamido chloride, vinylbenzyl trimethyl ammonium chloride.

Additional suitable cationic monomers include trimethyl ammonium propyl
(meth)acrylamido chloride.

Examples of monomers bearing a negative charge include alpha ethylenically unsaturated
monomers comprising a phosphate or phosphonate group, alpha ethylenically unsaturated
monocarboxylic acids, monoalkylesters of alpha ethylenically unsaturated dicarboxylic acids,
monoalkylamides of alpha ethylenically unsaturated dicarboxylic acids, alpha ethylenically
unsaturated compounds comprising a sulphonic acid group, and salts of alpha ethylenically
unsaturated compounds comprising a sulphonic acid group.

Suitable monomers with a negative charge include acrylic acid, methacrylic acid, vinyl
sulphonic acid, salts of vinyl sulfonic acid, vinylbenzene sulphonic acid, salts of vinylbenzene
sulphonic  acid, alpha-acrylamidomethylpropanesulphonic  acid, salts of alpha-
acrylamidomethylpropanesulphonic acid, 2-sulphoethyl methacrylate, salts of 2-sulphoethyl
methacrylate, acrylamido-2-methylpropanesulphonic acid (AMPS), salts of acrylamido-2-
methylpropanesulphonic acid, and styrenesulphonate (SS).

Examples of nonionic monomers include vinyl acetate, amides of alpha ethylenically
unsaturated carboxylic acids, esters of an alpha ethylenically unsaturated monocarboxylic acids
with an hydrogenated or fluorinated alcohol, polyethylene oxide (meth)acrylate (i.e.
polyethoxylated (meth)acrylic acid), monoalkylesters of alpha ethylenically unsaturated
dicarboxylic acids, monoalkylamides of alpha ethylenically unsaturated dicarboxylic acids, vinyl
nitriles, vinylamine amides, vinyl alcohol, vinyl pyrolidone, and vinyl aromatic compounds.

Suitable nonionic monomers include styrene, acrylamide, methacrylamide, acrylonitrile,

methylacrylate, ethylacrylate, n-propylacrylate, n-butylacrylate, = methylmethacrylate,
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ethylmethacrylate, n-propylmethacrylate, n-butylmethacrylate, 2-ethyl-hexyl acrylate, 2-ethyl-
hexyl methacrylate, 2-hydroxyethylacrylate and 2-hydroxyethylmethacrylate.

The anionic counterion ( X- ) in association with the synthetic cationic polymers may be
any known counterion so long as the polymers remain soluble or dispersible in water, in the hair
care composition, or in a coacervate phase of the hair care composition, and so long as the
counterions are physically and chemically compatible with the essential components of the hair
care composition or do not otherwise unduly impair product performance, stability or aesthetics.
Non limiting examples of such counterions include halides (e.g., chlorine, fluorine, bromine,
iodine), sulfate and methylsulfate.

The concentration of the cationic polymers can range from about 0.025% to about 5%,
from about 0.1% to about 3%, and/or from about (0.2% to about 1%, by weight of the hair care
composition.

Suitable cationic cellulose polymers are salts of hydroxyethyl cellulose reacted with
trimethyl ammonium substituted epoxide, referred to in the industry (CTFA) as Polyquaternium
10 and available from Dow/ Amerchol Corp. (Edison, N.J., USA) in their Polymer LR, JR, and
KG series of polymers.  Other suitable types of cationic cellulose include the polymeric
quaternary ammonium salts of hydroxyethyl cellulose reacted with lauryl dimethyl ammonium-
substituted epoxide referred to in the industry (CTFA) as Polyquaternium 24. These materials
are available from Dow/ Amerchol Corp. under the tradename Polymer LM-200. Other suitable
types of cationic cellulose include the polymeric quaternary ammonium salts of hydroxyethyl
cellulose reacted with lauryl dimethyl ammonium-substituted epoxide and trimethyl ammonium
substituted epoxide referred to in the industry (CTFA) as Polyquaternium 67. These materials
are available from Dow/ Amerchol Corp. under the tradename SoftCAT Polymer SL-5, SoftCAT
Polymer SL-30, Polymer SL-60, Polymer SL-100, Polymer SK-L, Polymer SK-M, Polymer SK-
MH, and Polymer SK-H.

E. PROPELLANT

The hair care composition described herein may comprise from about 1% to about 10%
propellant, alternatively from about 2% to about 8% propellant, and alternatively from about
2.5% to about 7% propellant, by weight of the hair care composition.

The propellant may comprise one or more volatile materials, which in a gaseous state,
may carry the other components of the hair care composition in particulate or droplet form. The
propellant may have a boiling point within the range of from abowt —45° C. to about 5° C. The

propellant may be hiquefied when packaged in convention aerosol containers under pressure.
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The rapid boiling of the propellant upon leaving the aerosol foam dispenser may aid in the
atomization of the other components of the hair care composition.

Aerosol propellants which may be employed in the hair care composition may include the
chemically-inert hydrocarbons such as propane, n-butane, isobutane, cyclopropane, and mixtures
thereof, as well as halogenated hydrocarbons such as dichlorodifluoromethane, 1,1-dichloro-
1,1,2,2-tetratluoroethane, 1-chloro-1,1-difluorn-2,2-trifluoroethane, 1-chloro-1,1-
difluoroethylene, 1,1-difluoroethane, dimethyl ether, monochlorodifluoromethane, trans-1,3,3,3-
tetrafluoropropene, and mixtures thereof. The propellant may comprise hydrocarbons sach as
isobutane, propane, and butane——these materials may be used for their low ozone reactivity and
may be used as individual components where their vapor pressures at 21.1° €. range from about
1.17 Bar to about 7.45 Bar, alternatively from about 1.17 Bar to about 4.83 Bar, and alternatively

from about 2.14 Bar to about 3.79 Bar.

F. OPTIONAL INGREDIENTS

The hair care composition described herein may further comprise one or more optional
ingredients, including benefit agents. Suitable benefit agents include, but are not limited to
conditioning agents, cationic polymers silicone emulsions, anti-dandruff actives, gel networks,
chelating agents, and natural oils such as sun flower oil or castor oil. Additional suitable
optional ingredients include but are not limited to perfumes, perfume microcapsules, colorants,
particles, anti-microbials, foam busters, anti-static agents, rheology modifiers and thickeners,
suspension materials and structurants, pH adjusting agents and buffers, preservatives, pearlescent
agents, solvents, diluents, anti-oxidants, vitamins and combinations thereof.

Such optional ingredients should be physically and chemically compatible with the
components of the composition, and should not otherwise unduly impair product stability,
aesthetics, or performance. The CTFA Cosmetic Ingredient Handbook, Tenth Edition (published
by the Cosmetic, Toiletry, and Fragrance Association, Inc., Washington, D.C.) (2004)
(hereinafter "CTFA"), describes a wide variety of nonlimiting materials that can be added to the
composition herein.

1. Conditioning Agents

The conditioning agent may be a silicone conditioning agent. The silicone conditioning
agent may comprise volatile silicone, non-volatile silicone, or combinations thereof. The
concentration of the silicone conditioning agent may range from about 0.01% to about 10%, by
weight of the composition, from about 0.1% to about 8%, from about (0.1% to about 5%, and/or

from about 0.2% to about 3%. Non-limiting examples of suitable silicone conditioning agents,
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and optional suspending agents for the silicone, are described in U.S. Reissue Pat. No. 34,584,
U.S. Pat. No. 5,104,646, and U.S. Pat. No. 5,106,609, which descriptions are incorporated herein
by reference.

The silicone conditioning agents for use herein may have a viscosity, as measured at 25°
C, from about 20 to about 2,000,000 centistokes ("csk"), from about 1,000 to about 1,800,000
csk, from about 10,000 to about 1,500,000 csk, and/or from about 20,000 to about 1,500,000 csk.

The dispersed silicone conditioning agent particles may have a volume average particle
diameter ranging from about 0.01 micrometer to about 60 micrometer. For small particle
application to hair, the volume average particle diameters typically range from about 0.01
micrometer to about 4 micrometer, from about 0.01 micrometer to about 2 micrometer, from
about 0.01 micrometer to about (.5 micrometer.

Additional material on silicones including sections discussing silicone fluids, gums, and
resins, as well as manufacture of silicones, are found in Encyclopedia of Polymer Science and
Engineering, vol. 15, 2d ed., pp 204-308, John Wiley & Sons, Inc. (1989), incorporated herein
by reference.

Silicone emulsions suitable for use in the hair care composition described herein include,
but are not limited to, emulsions of insoluble polysiloxanes prepared in accordance with the
descriptions provided in U.S. Patent No. 4,476,282 and U.S. Patent Application Publication No.
2007/0276087. Accordingly, suitable insoluble polysiloxanes include polysiloxanes such as
alpha, omega hydroxy-terminated polysiloxanes or alpha, omega alkoxy-terminated
polysiloxanes having a molecular weight within the range from about 50,000 to about 500,000
g/mol. In an embodiment, the insoluble polysiloxane can have an average molecular weight
within the range from about 50,000 to about 500,000 g/mol. For example, the insoluble
polysiloxane may have an average molecular weight within the range from about 60,000 to about
400,000; from about 75,000 to about 300,000; from about 100,000 to about 200,000; or the
average molecular weight may be about 150,000 g/mol. In an embodiment, the insoluble
polysiloxane can have an internal phase viscosity of from about 5 centistokes to about 500,000
centistokes. The insoluble polysiloxane can have an average particle size within the range from
about 10 nm to about 10 micron or from about 30 nm to about 10 micron. The average particle
size may be within the range from about 40 nm to about 5 micron, from about 50nm to about 1

micron, from about 75 nm to about 500 nm, or about 100 nm, for example.

The average molecular weight of the insoluble polysiloxane, the viscosity of the silicone

emulsion, and the size of the particle comprising the insoluble polysiloxane are determined by
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methods commonly used by those skilled in the art, such as the methods disclosed in Smith, A.
L. The Analytical Chemistry of Silicones, John Wiley & Sons, Inc.: New York, 1991. For
example, the viscosity of the silicone emulsion can be measured at 30°C with a Brookfield
viscometer with spindle 6 at 2.5 rpm. The silicone emulsion may further include an additional
emulsifier together with the anionic surfactant,

Other classes of silicones suitable for use herein include but are not limited to: i) silicone
fluids, including but not limited to, silicone oils, which are flowable materials having viscosity
less than about 1,000,000 csk as measured at 25°C; ii) aminosilicones, which contain at least one
primary, secondary or tertiary amine; iii) cationic silicones, which contain at least one quaternary
ammonium functional group; iv) silicone gums; which include materials having viscosity greater
or equal to 1,000,000 csk as measured at 25°C; v) silicone resins, which include highly cross-
linked polymeric siloxane systems; vi) high refractive index silicones, having refractive index of
at least 1.46, and vii) mixtures thereof.

The conditioning agent may also comprise at least one organic conditioning material such
as oil or wax, either alone or in combination with other conditioning agents, such as the silicones
described above. The organic material can be non-polymeric, oligomeric or polymeric. It may be
in the form of oil or wax and may be added in the hair care composition neat or in a pre-
emulsified form. Some non-limiting examples of organic conditioning materials include, but are
not limited to: i) hydrocarbon oils; ii) polyolefins, iii) fatty esters, iv) fluorinated conditioning
compounds, v) fatty alcohols, vi) alkyl glucosides and alkyl glucoside derivatives; vii)
quaternary ammonium compounds; viii) polyethylene glycols and polypropylene glycols having
a molecular weight of up to about 2,000,000 including those with CTFA names PEG-200, PEG-
400, PEG-600, PEG-1000, PEG-2M, PEG-7M, PEG-14M, PEG-45M and mixtures thereof.

2. Emulsifiers

A variety of anionic and nonionic emulsifiers can be used in the hair care composition
described herein. The anionic and nonionic emulsifiers can be either monomeric or polymeric in
nature. Monomeric examples include, by way of illustrating and not limitation, alkyl
ethoxylates, alkyl sulfates, soaps, and fatty esters and their derivatives. Polymeric examples
include, by way of illustrating and not limitation, polyacrylates, polyethylene glycols, and block
copolymers and their derivatives. Naturally occurring emulsifiers such as lanolins, lecithin and
lignin and their derivatives are also non-limiting examples of useful emulsifiers.

3. Chelating Agents

The hair care composition described herein may also comprise a chelant. Suitable

chelants include those listed in A E Martell & R M Smith, Critical Stability Constants, Vol. 1,
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Plenum Press, New York & London (1974) and A E Martell & R D Hancock, Metal Complexes
in Aqueous Solution, Plenum Press, New York & London (1996) both incorporated herein by
reference. When related to chelants, the term "salts and derivatives thereof” means the salts and
derivatives comprising the same functional structure (e.g., same chemical backbone) as the
chelant they are referring to and that have similar or better chelating properties. This term
include alkali metal, alkaline earth, ammonium, substituted ammonium (i.e.
monoethanolammonium, diethanolammonium, triethanolammonium) salts, esters of chelants
having an acidic moiety and mixtures thereof, in particular all sodium, potassium or ammonium
salts. The term "derivatives" also includes "chelating surfactant” compounds, such as those
exemplified in U.S. Pat. No. 5,284,972, and large molecules comprising one or more chelating
groups having the same functional structure as the parent chelants, such as polymeric EDDS
(ethylenediaminedisuccinic acid) disclosed in U.S. Pat. No. 5,747,440.

Levels of the EDDS chelant in the hair care compositions may be as low as about 0.01
wt% or even as high as about 10 wt%. The level of the EDDS chelant may be at least about 0.05
wt%, at least about 0.1 wt%, at least about 0.25 wt%, at least about 0.5 wt%, at least about 1
wt%, or at least about 2 wt% by weight of the hair care composition. Levels above about 4 wt%
can be used but may not result in additional benefit.

4. Anti-dandruff actives

Anti-dandruff agents suitable for use in the hair care composition may include
pyridinethione salts, azoles (e.g.,ketoconazole, econazole, and elubiol), octopirox, selenium
sulfide, particulate sulfur, salicylic acid, and mixtures thereof. A typical anti-dandruff agent is
pyridinethione salt. Hair care compositions can also include a zinc-containing layered material.
An example of a zinc-containing layered material can include zinc carbonate materials. Of these,
zinc carbonate and pyridinethione salts (particularly zinc pyridinethione or "ZPT) may be used in
the hair care composition together or separately.

5. Carrier

The hair care compositions may be in the form of a liquid (under ambient conditions).
Such compositions may comprise at least 40%, alternatively from about 40% to about 83%,
alternatively from about 45% to about 80% of a carrier, by weight of the hair care composition.
The carrier may comprise water, or a miscible mixture of water and organic solvent. The carrier
may comprise water with minimal or no significant concentrations of organic solvent, except as
otherwise incidentally incorporated into the composition as minor ingredients of other essential

or optional components.
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The carrier may include water and water solutions of lower alkyl alcohols and polyhydric
alcohols. The lower alkyl alcohols may be monohydric alcohols having 1 to 6 carbons, in one
aspect, ethanol and isopropanol. Exemplary polyhydric may include propylene glycol, hexylene

glycol, glycerin, and propane diol.

G. FOAM DISPENSER

The hair care composition described herein may be provided in a foam dispenser. The
foam dispenser may be an aerosol foam dispenser. The aerosol foam dispenser may comprise a
reservoir for holding the concentrated hair treatment composition. The reservoir may be made
out of any suitable material selected from the group consisting of plastic, metal, alloy, laminate,
and combinations thereof. In an embodiment, the reservoir may be for one-time use. In an
embodiment, the reservoir may be removable from the aerosol foam dispenser. Alternatively,
the reservoir may be integrated with the aerosol foam dispenser. In an embodiment, there may
be two or more reservoirs.

In an embodiment, the reservoir may be comprised of a material selected from the group
consisting of rigid materials, flexible materials, and combinations thereof. The reservoir may be
comprised of a rigid material if the reservoir material does not collapse under external
atmospheric pressure when it is subject to an interior partial vacuum.

The foam dispenser may also be a mechanical foam dispenser. The mechanical foam
dispenser described may be selected from the group consisting of squeeze foam dispensers,
pump foam dispensers, other mechanical foam dispensers, and combinations thereof. In an
embodiment, the mechanical foam dispenser is a squeeze foam dispenser. Non-limiting
examples of suitable pump dispensers include those described in WO 2004/078903, WO
2004/078901, and WO 2005/078063 and may be supplied by Albea (60 Electric Ave.,
Thomaston, CT 06787 USA) or Rieke Packaging Systems (500 West Seventh St., Auburn,
Indiana 46706).

The mechanical foam dispenser may comprise a reservoir for holding the concentrated
hair treatment composition. The reservoir may be made out of any suitable material selected
from the group consisting of plastic, metal, alloy, laminate, and combinations thereof. The
reservoir may be a refillable reservoir such as a pour-in or screw-on reservoir, or the reservoir
may be for one-time use. The reservoir may also be removable from the mechanical foam
dispenser. Alternatively, the reservoir may be integrated with the mechanical foam dispenser. In

an embodiment, there may be two or more reservoirs.
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In an embodiment, the reservoir may be comprised of a material selected from the group
consisting of rigid materials, flexible materials, and combinations thereof. The reservoir may be
comprised of a rigid material if it does not collapse under external atmospheric pressure when it

is subject to an interior partial vacuum.

H. PRODUCT FORM

The hair care composition descried herein may be presented in typical hair care
formulations. They may be in the form of solutions, dispersions, emulsions, encapsulations,
foams, and other delivery mechanisms. The hair care composition may be used as a hair tonic, a
leave-on hair product, a styling product, a rinse-off product such as shampoos and personal

cleansing products, a treatment product, and/or any other form that may be applied to hair.

DATA

Referring to Tables 1 and 2, the base formulations were made by mixing 1.6% perfume,
24% sodium undecyl sulfate (CAS# 1072-24-8) active, 6% lauramidopropyl betaine (CAS#
4292-10-8) active and 60.4% deionized water which leaves 8% unfilled for the addition of a
viscosity reducing agent (the balance being filled in by distilled water). For all compositions, the
surfactant, water and additives including viscosity reducing agents were expected to be in a
single phase. The viscosity for formulations that showed hazing or clouding and compositions
that appeared macroscopically heterogeneous (e.g. multiple layers) at room temperature were not
included in the data (represented by N/A).

The agents from Tables 1 and 2 were added to the base formulation at a percentage of
2%, 4%, 6%, and 8% into the above surfactant solution. The subsequent formulations were
vortexed and put into oven at 60 °C overnight to form homogeneous solution. The viscosities of
the formulations were measured with calibrated viscometers (Size 200/350/450) from Cannon
Instrument Company (2139 High Tech Road, State College, PA, USA, 16803). Prior to the
measurement, the formulations were equilibrated in the viscometer reservoir for 30 min at 40 °C
in water bath to ensure a homogeneous temperature was reached in the system.

After the equilibration, the formulations were drawn to reach the starting mark with a
rubber suction bulb and the flow time between the starting mark and end mark was recorded for
calculation. Each formulation was measured three times to calculate average and standard
deviation. Between samples, viscometer was cleaned with water and acetone to rinse off residual.
The results appear in Table 1.

Viscosity values were calculated based on the equation:
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Viscosity (mmzls. (cSt)) = Time (s) * Constant (mmz/sz. (cSt/s))

The time in the above equation is the flow time recorded in the experiment and the constant
numbers for each calibrated viscometer were obtained from the manuals.

The partition dispersion coefficient (PDC) was calculated using the following equation:

PDC= logP - 0.3001 * (8D)* + 10.362 * 8D - 93.251

wherein logP is the octanol water partitioning coefficient as computed by the Consensus
algorithm implemented in ACD/Percepta version 14.02 by Advanced Chemistry Development,
Inc. (ACD/Labs, Toronto, Canada), and wherein 8D is the Hansen solubility dispersion

172

parameter in (MPa)™" computed using Steven Abbott and Hiroshi Yamamoto’s “HSPIP —

Hansen Solubility Parameters in Practice” program, 4™ Edition, version 4.1.07.

Table 1
Max # of
Lowest Octanol/Water acyclic
viscosity Partition #of | interconnecting
achieved Coefficient polar SP3 carbon

Agent name (cSt) PDC logP group atoms
Glycerin 412 -5.86 -1.73 3 3
Dipropylene Glycol 53 -4.49 -0.62 3 3
Ethanol 29 -4.37 -0.23 1 2
Raspberry Ketone 33 -2.92 1.43 2 2
Triethyl Citrate 41 -2.75 1.09 4 2
5-Methyl-3-Heptanone Oxime 246 -2.54 2.00 1 5
Hydroxycitronellal 34 -2.01 2.08 2 9
Camphor Gum 127 -1.32 2.49 1 1
2-Isopropyl-5-methyl-2-hexenal 332 -1.25 3.20 1 4
Eucalyptol 203 -1.08 2.85 1 1
1,1-Dimethoxyoctane 308 -0.96 3.58 2 7
Isobutyl Hexanoate 109 -0.94 3.60 1 5
Dihyro Iso Jasmonate 119 -0.92 2.89 2 6
Cyclaprop 404 -0.50 3.31 2 2
Orange Flower Ether 419 -0.30 3.78 2 3

Iso Butyl Salicylate 409 -0.30 3.67 2 4
Butyl Salicylate 368 -0.21 3.76 2 4
Citronellyl Acetate 363 -0.02 4.07 1 6
3,7-Dimethyloctyl Acetate 446 0.01 4.55 1 10
Iso Bornyl Propionate 463 0.01 3.95 1 2
Veloutone 47 0.10 4.00 1 5
Isoamyl Salicylate 193 0.13 4.02 2 4
gamma-Terpinene 32 0.20 4.10 2 3
Linalyl Iso Butyrate 38 0.27 4.41 2 4




WO 2016/172400 PCT/US2016/028728
33
alpha-Terpinene 42 0.44 4.38 2 3
Limonene 86 0.50 4.40 2 1
Dipentene 35 0.50 4.40 2 1
Geranyl Phenyl Acetate 34 1.65 5.47 1 2
Iso Propyl Myristate 30 3.13 7.41 1 13
Hexadecane 18 4.37 8.74 0 16
1-Eicosene N/A 5.58 9.94 1 18
Table 2
Kinematic viscosity at 40 C [cSt]
Octanol/Water
Lowest Partition
viscosity Coefficient
Name 2% oil | 4% oil | 6% oil | 8% oil | achieved | PDC logP
Glycerin 649.2 | 579.7 | 512.3 | 411.5 412 -5.86 -1.73
Dipropylene Glycol 321.6 | 141.8 | 109.8 52.9 53 -4.49 -0.62
Ethanol 205.6 | 111.0 50.8 29.2 29 -4.37 -0.23
Raspberry Ketone 1519 | 1074 54.0 33.0 33 -2.92 1.43
Triethyl Citrate 269.4 | 136.6 66.6 40.5 41 -2.75 1.09
5-Methyl-3-
Heptanone Oxime 246.3 N/A N/A N/A 246 -2.54 2.00
Hydroxycitronellal 310.8 | 1454 65.9 34.1 34 -2.01 2.08
Camphor Gum 365.8 | 127.2 N/A N/A 127 -1.32 2.49
2-Isopropyl-5-methyl-
2-hexenal 332.3 N/A N/A N/A 332 -1.25 3.20
Eucalyptol 5273 | 2929 | 203.1 N/A 203 -1.08 2.85
1,1-Dimethoxyoctane | 500.7 308.1 N/A N/A 308 -0.96 3.58
Isobutyl Hexanoate 390.0 | 177.9 | 140.9 | 109.4 109 -0.94 3.60
Dihyro Iso Jasmonate | 334.9 | 119.1 N/A N/A 119 -0.92 2.89
Cyclaprop 404.2 N/A N/A N/A 404 -0.50 3.31
Orange Flower Ether | 552.2 | 418.8 | N/A N/A 419 -0.30 3.78
Iso Butyl Salicylate 408.7 N/A N/A N/A 409 -0.30 3.67
Butyl Salicylate 367.9 N/A N/A N/A 368 -0.21 3.76
Citronellyl Acetate 362.7 N/A N/A N/A 363 -0.02 4.07
3,7-Dimethyloctyl N/A N/A N/A
Acetate 4457 446 0.01 4.55
Iso Bornyl Propionate | 463.1 N/A N/A N/A 463 0.01 3.95
Veloutone 260.2 | 129.1 56.3 47.3 47 0.10 4.00
Isoamyl Salicylate 460.3 | 193.2 N/A N/A 193 0.13 4.02
gamma-Terpinene 238.0 65.0 31.7 N/A 32 0.20 4.10
Linalyl Iso Butyrate 223.4 73.0 37.7 39.9 38 0.27 4.41
alpha-Terpinene 324.4 96.0 41.5 46.7 42 0.44 4.38
Limonene 366.5 | 166.8 97.5 86.4 86 0.50 4.40
Dipentene 307.6 74.5 35.1 42.6 35 0.50 4.40
Geranyl Phenyl
Acetate 224.0 76.0 34.3 36.6 34 1.65 5.47
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Iso Propyl Myristate 234.2 53.7 30.4 45.0 30 3.13 7.41
Hexadecane 21.1 18.1 N/A N/A 18 4.37 8.74
1-Eicosene N/A N/A N/A N/A N/A 5.58 9.94

Now referring to Table 3, the base formulations were made by mixing 1.5 or 3.0% of
perfume R, 24% sodium undecyl sulfate (CAS# 1072-24-8) active, 6% Lauramidopropyl Betaine
(CAS# 4292-10-8) active, and 60.4% deionized water which leaves 8% unfilled for oil addition
and level studies (the balance being filled in by distilled water).

The complete formulations were made by adding the respective percentage of the agents
from Table 3 into the base formulation, and filling the rest with deionized water to make 100 %
finished sample. The formulations were vortexed and put into oven at 60 °C overnight to form a
homogeneous solution. For all formulations, the surfactant, water and additives including
viscosity reducing agents are expected to be in a single phase. Formulas that showed hazing or
clouding and formulas that appeared macroscopically heterogeneous (e.g. multiple layers) at
room temperature were not included.

The shear viscosity at 25 C for each formulations was measured at a shear rate of 1s*
using a TA Instruments AR-G2 rheometer with a concentric cylinder attachment. Shear
viscosities are reported in cP.

Table 3 supports the finding that viscosity reducing agents with a partition dispersion
coefficient value of from about -3.1 to about -0.7, alternatively from about -3 to about -0.85, and
alternatively from about -2.92 to about -0.92 interact antagonistically with counteracting
additives with a partition dispersion value of from about 0.05 to about 5.1, alternatively from
about 0.08 to about 4.5, alternatively from about 0.09 to about 4.4, alternatively from about 0.05
to about 2.0, alternatively from about 0.08 to about 1.8, alternatively from about 0.09 to about
1.7, and alternatively from about 0.095 to about 1.68.

Table 3
Perfume Additive 1 PDC for | Additive 2 PDC Expected | Shear
backgroun Additiv for shear viscosit
d el additiv | viscosity |y [cP]

e? (arithmeti | for

¢ mean) mixture

1.5% 5% D-Limonene 0.50 - 40
Royal Hue
3.0% 5% D-Limonene 0.50 -- 160
Royal Hue
1.5% 5% Raspberry 292 -- 160
Royal Hue | Ketone
3.0% 5% Raspberry -292 - 110
Royal Hue | Ketone
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1.5% 2.5% Raspberry -2.92 0.50 | 100 3197

Royal Hue | Ketone 2.5% Limonene

3.0% 2.5% Raspberry 2.92 0.50 | 135 3447

Royal Hue | Ketone 2.5% Limonene

3.0% 271 - 119

Royal Hue | 5% Acetophenone

3.0% 5% -2.01

Royal Hue | Hydroxycitronella 161
1

3.0% 5% Ethyl Methyl -1.46 - 163

Royal Hue | Phenyl Glycidate

3.0% -1.08 - 376

Royal Hue | 5% Eucalyptol

3.0% 0.11 -- 207

Royal Hue | 5% alpha-Pinene

3.0% 2.5% Ethyl -1.46 -1.08 | 270

Royal Hue | Methyl Phenyl 236=
Glycidate 2.5% Eucalyptol

3.0% 2.5% 271 -1.08 | 248 200=

Royal Hue | Acetophenone 2.5% Eucalyptol

3.0% 2.5% Ethyl 2.5% -2.01 | 162

Royal Hue | Methyl Phenyl Hydroxycitronella 163=
Glycidate 1

3.0% 2.5% -2.01 -1.08 | 269

Royal Hue | Hydroxycitronella 224=
1 2.5% Eucalyptol

3.0% 2.5% Ethyl -1.46 -2.71 | 141

Royal Hue | Methyl Phenyl 2.5% 138=
Glycidate Acetophenone

3.0% 2.5% -2.01 -2.71 | 140

Royal Hue | Hydroxycitronella 2.5% 139=
1 Acetophenone

3.0% 2.5% alpha- 0.11 | 2.5% Eucalyptol -1.08 | 192 7627

Royal Hue | Pinene

Now referring to Table 4, SAXS (Small angle x-ray scattering) was used to characterize

the structure of the surfactant aggregates. For these set of samples, the broad peak represents the
correlation length (CL) of the micelles and was used to differentiate between the different
formulations.
Overall, two classes of PRM’s were observed based on their effect on the micelle structure:
(1) those that increase the (CL) correlation length distance with increasing
concentration(limonene class)

(2) those in which the correlation length remains largely constant.

SAXS data was collected with a Bruker NanoSTAR (Bruker AXS Inc., Madison,
Wisconsin, U.S.A.) using the micro-focus, Cu x-ray tube, operating at 45kV, 0.650mA. The
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sample to detector distance was 112.050 cm and the detector was Vantec2K 2-dimensional area
detector. Samples were placed in 2mm quartz capillaries, sealed with expoxy resin to prevent
evaporation. The sealant is permitted to cure for 2 hours at RT (room temperature) prior to
loading into the SAXS sample chamber for data acquisition under vacuum with a data collection
time of 1200s. The data acquisition angular range is 0.3° to 3.0° 20, to observe the presence and
location of any intensity bands in the x-ray scattering pattern.

Each raw 2-D SAXS data is integrated azimuthally and plotted versus the scattering vector (q),
which is expressed as a distance in units of angstroms (1/A).

The values for q are calculated by the SAXS instrument according to the

following equation:

_4T[_ 0
q—}\sm

Where: 20 is the scattering angle; and A is the wavelength used.
For each formulation analyzed, the location of each intensity peak on the plot of (Intensity) [ vs q

is identified and recorded. The parameter used to differentiate the different formulations is the

correlation length CL=2 1t /q (A) that describes the intermicellar distance.

Table 4
Change in
correlation
Correlation | length logP (ACD,
length peak compared | Consensus
Additive 0il % [A] to control algorithm) PDC

Control 0% 51 N/A

Ethanol 2% 51 0.0% -0.227 -4.37
4% 491 -39%

Dipropylene Glycol 2% 51 0.0% -0.623 -4.49
4% 491 -39%

Glycerin 2% 51 0.0% -2.321 -5.86
4% 51 0.0%

raspberry ketone 2% 50 -2.0% 1.425 -2.92
4% 491 -39%

Triethyl citrate 2% 50 -2.0% 1.092 -2.75
4% 491 -39%

Anisic aldehyde 2% 51 0.0% 1.709 -3.11
4% 51 0.0%

Limonene 2% 571 11.8% 4.403 0.50
4% 62| 21.6%

Veloutone 2% 55 7.8% 3.997 0.10
4% 591 15.7%

Linalyl isobutyrate 2% 56 9.8% 4.411 0.27
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4% 61 | 19.6%
Geranyl phenyl acetate 2% 55 7.8% 5.473 1.65
4% 60| 17.6%
Hexadecane 2% 591 15.7% 4.37
4% 66 | 29.4%

Now referring to Table 5, the specified viscosity reducing agents were added to the
formula at a level of 4% in absence of other viscosity reducing agents. Diffusion coefficients
were determined using a vendor-supplied pulse sequence (“ledbpgq2s”, stimulated echo with
bipolar gradients and convection compensation) using a Bruker Avance 700 MHz NMR
spectrometer equipped with a Diff-30 high gradient diffusion probe. Gradient pulse durations
ranged between 1700-2700 us, with diffusion periods ranging from 50-100 ms. 32 linearly-
spaced gradient values were used ranging from 2%-95% of 40 A current, with resulting gradient
strengths given by 30 Gauss/cm/A. Data was processed using software written in-house. It is
often necessary to fit more than one diffusion coefficient to individual signals. Average
diffusion coefficients are reported in these cases. Averages were calculated by averaging the
reciprocals of the diffusion coefficients and then taking the reciprocal of that average.

The specific diffusivity ratio is calculated as the ratio of the diffusion coefficient of the
viscosity reducing agent/ diffusion coefficient of the surfactant.

Two mechanisms of viscosity reduction are hypothesized based on self-diffusion
coefficients. This leads to a simple diagnostic measurement to classify perfumes by their
mechanism of viscosity reduction. That diagnostic is the ratio of the perfume self-diffusion
coefficient to the surfactant self-diffusion coefficient (specific diffusivity ratio). In mechanism
1, the surfactant diffusion coefficient is not reduced, and may be increased, while the perfume
diffusion coefficient is faster still. In mechanism 2, the surfactant and perfume diffusion
coefficient are reduced to relatively small, nearly equal values. For mechanism 1, the viscosity
reducing agent diffuses faster than the surfactant (specific diffusivity ratio>1), whereas for

mechanism 2, the viscosity reducing agent diffuses slower than the surfactant (specific

diffusivity ratio<1).
Table 5
PDC Diffusion
Coefficient
logP (ACD, Specific (m”2/s)
Consensus diffusivity ratio | surfactant at
Name algorithm) measured at 4% | 4% additive
Raspberry -2.92
ketone 1.43 5.1364 9-3404E-12
Triethyl 1.09 -2.75 3.9850 1.0196E-11
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citrate
p- -3.11
Anisaldehyde 1.71 3.3012 1.8945E-11
Eucalyptol 2.85 -1.08 1.5710 1.2262E-11
veloutone 4.00 0.10 0.965 2.3854E-12
Linalyl 0.27
isobutyrate 4.41 0.7224 2.5217E-12
d-Limonene 4.40 0.50 0.7428 2.4338E-12
Geranyl 1.65
phenyl 3.6554E-12
acetate 5.47 0.8119
Isopropyl 3.13
myristate 7.41 0.6401 2.1874E-12
Hexadecane 8.74 4.37 0.9998 4.1943E-12

TEST METHODS

A. Viscosity Method

The hair care composition has a viscosity of from about 10 ¢St to about 500 cSt,
alternatively from about 15 cSt to about 400 ¢St, alternatively from about 20 ¢St to about 300
cSt, alternatively from about 25 ¢St to about 250 cSt, and alternatively from about 30 cSt to
about 250 cSt.

The viscosity of the hair care composition can be calculated using the following method:
Combine ingredients including surfactants, perfumes, viscosity reducing agents, polymers, other
ingredients and the aqueous medium in a vessel. Samples are vortexed and placed into oven at 60
°C overnight to form a homogeneous solution. Samples that show hazing or clouding and
formulas that appear macroscopically heterogeneous (e.g. multiple layers) at room temperature
are not considered for further analysis and evaluation.

The viscosities of the formulations are measured with calibrated viscometers (Size
200/350/450) from Cannon Instrument Company (2139 High Tech Road, State College, PA,
USA, 16803). Prior to the measurement, the formulations are equilibrated in the viscometer
reservoir for 30 min at 40 °C in water bath to ensure a homogeneous temperature is reached in
the system.

After the equilibration, the formulations are drawn to reach the starting mark with a
rubber suction bulb and the flow time between the starting mark and end mark is recorded for
calculation. Fach formulation is measured three times to calculate average and standard
deviation. Between samples, the viscometer is cleaned with water and acetone to rinse off

residual.
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Viscosities can be calculated based on the equation:
Viscosity (mmzls. (cSt)) = Time (s) * Constant (mmz/sz. (cSt/s))
The time in the above equation is the flow time recorded in the experiment and the constants for

each calibrated viscometer are obtained from the manuals.

EXAMPLES

The following examples illustrate embodiments of the hair care composition described
herein. The exemplified hair care compositions may be made by nuxing together water and
surfactants along with any solids that need to be melted at an elevated temperature, e.g. about
75°C. The ingredients are mixed thoroughly at the elevated temperature and then cooled to
ambient temperafure. Additional ingredients, including electrolytes, polymers, silicone
emulsions, preservatives and fragrances may be added to the cooled product. It will be
appreciated that other modifications of the hair care compositions within the skill of those in the
formulation art can be undertaken. All parts, percentages, and ratios herein are by weight unless
otherwise specified. Some components may come from suppliers as dilute solutions. The
amount stated reflects the weight percent of the active material, unless otherwise specified.

The following are non-limiting examples of hair care composition described herein.

Table 6

Ingredient Ex.A | Ex.B Ex.C | Ex.D | Ex.E Ex.F | Ex.G
Sodium Undecyl Sulfate’ 24 24 24 24 24 24 24
Lauramidopropyl Betaine® 6 6 6 6 6 6 6
Dipropylene Glycol 2

Ethanol 2

Raspberry Ketone 2

Triethyl Citrate 2
5-Methyl-3-Heptanone

Oxime 2
Hydroxycitronellal 2
Camphor Gum 2

Fragrance 2.4 2.4 2.4 2.4 2.4 2.4 2.4
Citric acid Adjust as needed for pH

Water Qs. | Qs. | @s. | @s. | Qs. | Qs | Qs

1. Sodium Undecyl Sulfate (C11, Neodol-1) at 70% active: supplied by P&G
2. LAPB (Mackam DAB), at 35% active level; supplied by Rhodia
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Table 7

Ingredient Ex.G | Ex.H Ex. 1 Ex.J Ex.K | Ex.L
Sodium Undecyl Sulfate’ 24 24 24 24 24 24
Lauramidopropyl Betaine” 6 6 6 6 6 6
2-Isopropyl-5-methyl-2-

3 2

hexenal

Eucalyptol 2
1,1-Dimethoxyoctane 2

Isobutyl Hexanoate 2

Dihyro Iso Jasmonate 2
Fragrance 2.4 24 2.4 2.4 2.4 2.4
Citric acid Adjust as needed for pH

Water QS. | Qs. | Qs. | QS. | Qs. | Qs.

1. Sodium Undecyl Sulfate (C11, Neodol-1) at 70% active: supplied by P&G

2. LAPB (Mackam DAB), at 35% active level; supplied by Rhodia

Table 8

Ingredient

Ex. A4

Ex. B4

Ex.C4 | Ex.D4 | Ex. E4

Ex. F4

Ex. G4

Sodium Undecy] Sulfate’

24

24

24 24 24

24

24

Lauramidopropyl Betaine”

Dipropylene Glycol

Ethanol

Raspberry Ketone

Triethyl Citrate

5-Methyl-3-Heptanone
Oxime

Hydroxycitronellal

Camphor Gum

4

Fragrance

2.4

2.4

2.4 2.4 2.4

2.4

Citric acid

Adjust as needed for pH

Water

Qs. | Qs. | @s. | Qs. | @s. | qQs.

| Qs.

1. Sodium Undecyl Sulfate (C11, Neodol-1) at 70% active: supplied by P&G

2. LAPB (Mackam DAB), at 35% active level; supplied by Rhodia

5 Table9
Ingredient Ex.G4 | Ex.H4 | Ex. 14 | Ex.J4 | Ex.K4 | Ex. L4
Sodium Undecyl Sulfate’ 24 24 24 24 24 24
Lauramidopropyl Betaine” 6 6 6 6 6 6
2-Isopropyl-5-methyl-2-
hexenal
Eucalyptol 3 5 4
1,1-Dimethoxyoctane 4
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Isobutyl Hexanoate 4

Dihyro Iso Jasmonate 4

Fragrance 2.4 24 2.4 2.4 2.4 2.4

Citric acid Adjust as needed for pH

Walter Qs. | @s. | @s. | Qs. | Qs. | qs.

1. Sodium Undecyl Sulfate (C11, Neodol-1) at 70% active: supplied by P&G

2. LAPB (Mackam DAB), at 35% active level; supplied by Rhodia

Table 10

Ingredient

Ex. A6

Ex. B6

Ex. C6 | Ex. D6 | Ex. E6

Ex. F6

Ex. G6

Sodium Undecy] Sulfate’

24

24

24 24 24

24

24

Lauramidopropyl Betaine®

Dipropylene Glycol

Ethanol

Raspberry Ketone

Triethyl Citrate

5-Methyl-3-Heptanone
Oxime

Hydroxycitronellal

Fragrance

2.4

2.4

2.4 2.4 2.4

2.4

Citric acid

Adjust as needed for pH

Water

Qs. | Qs. | @s. | Qs. | Qs. | qQs.

| Qs.

1. Sodium Undecyl Sulfate (C11, Neodol-1) at 70% active: supplied by P&G

2. LAPB (Mackam DAB), at 35% active level; supplied by Rhodia

Table 11

Ingredient Ex.G6 | Ex.H6 | Ex.16 | Ex.J6 | Ex. K6 | Ex. L6
Sodium Undecy] Sulfate’ 24 24 24 24 24 24
Lauramidopropyl Betaine® 6 6 6 6 6 6
2-Isopropyl-5-methyl-2-

hexenal

Eucalyptol 6 7
1,1-Dimethoxyoctane

Isobutyl Hexanoate 5 7 6 8
Fragrance 2.4 24 2.4 2.4 2.4 2.4
Citric acid Adjust as needed for pH

Water QS. | QS. | Qs. | Q@s. | Qs. | Qs

1. Sodium Undecyl Sulfate (C11, Neodol-1) at 70% active: supplied by P&G

2. LAPB (Mackam DAB), at 35% active level; supplied by Rhodia
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Table 12

Ingredient Ex. A8 | Ex. B8 | Ex. C8 | Ex. D8 | Ex. E8 | Ex.F8 | Ex. G8

Sodium Undecyl Sulfate’ 24 24 24 24 24 24 24

Lauramidopropyl Betaine” 6 6 6 6 6 6 6

Dipropylene Glycol 1.5 8

FEthanol 8

Raspberry Ketone 8

Triethyl Citrate 8 7.5

5-Methyl-3-Heptanone
Oxime

Hydroxycitronellal 8

Camphor Gum

Fragrance 2.4 2.4 2.4 2.4 2.4 2.4 2.4

Citric acid Adjust as needed for pH

Water QS. | Qs. | Qs. | QS. | Qs. | Qs. | Qs

1. Sodium Undecyl Sulfate (C11, Neodol-1) at 70% active: supplied by P&G
2. LAPB (Mackam DAB), at 35% active level; supplied by Rhodia

The dimensions and values disclosed herein are not to be understood as being strictly
limited to the exact numerical values recited. Instead, unless otherwise specified, each such
dimension is intended to mean both the recited value and a functionally equivalent range
surrounding that value. For example, a dimension disclosed as “40 mm” is intended to mean
“about 40 mm.”

Every document cited herein, including any cross referenced or related patent or
application and any patent application or patent to which this application claims priority or
benefit thereof, is hereby incorporated herein by reference in its entirety unless expressly
excluded or otherwise limited. The citation of any document is not an admission that it is prior
art with respect to any invention disclosed or claimed herein or that it alone, or in any
combination with any other reference or references, teaches, suggests or discloses any such
invention. Further, to the extent that any meaning or definition of a term in this document
conflicts with any meaning or definition of the same term in a document incorporated by
reference, the meaning or definition assigned to that term in this document shall govern.

While particular embodiments of the present invention have been illustrated and
described, it would be obvious to those skilled in the art that various other changes and
modifications can be made without departing from the spirit and scope of the invention. It is
therefore intended to cover in the appended claims all such changes and modifications that are

within the scope of this invention.
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CLAIMS

What is claimed is:

D

2)

3)

4)

5)

6)

7

A hair care composition comprising:

a. from 1% to 10%, preferably from 3.5% to 8% of one or more viscosity reducing
agents, by weight of the hair care composition, having a partition dispersion
coefficient of from -3.1 to -0.7;

b. from 16% to 40% of one or more anionic surfactants, by weight of the hair care
composition;

c. from 40% to 83% of a carrier, by weight of the hair care composition;
wherein the one or more viscosity reducing agents has a molecular weight of from
100 daltons to 300 daltons; and
wherein the hair care composition has a liquid phase kinematic viscosity,
measured at 40 degrees Celsius, of from 10 ¢St to 500 cSt.

The hair care composition according to Claim 1, wherein the partition dispersion
coefficient of the one or more viscosity reducing agents is from -3 to -0.8, and wherein
the one or more viscosity reducing agents has at least 2 polar groups, or has 1 polar group
and less than 5 acyclic sp3 hybridized carbon atoms that are connected to each other in a
contiguous group.

The hair care composition according to Claims 1 or 2, wherein the one or more viscosity
reducing agents has 2 to 4 polar groups, or has 1 polar group and less than 3 acyclic sp3
hybridized carbon atoms that are connected to each other in a contiguous group.

The hair care composition according to any preceding claim, wherein the hair care
composition comprises less than 4% of a counteracting additive, by weight of the hair
care composition, having a partition dispersion coefficient of from 0.05 to 5.1; and
wherein the weight ratio of the one or more viscosity reducing agents to the counteracting
additive is greater than 2:1.

The hair care composition according to Claim 4, wherein the weight ratio of the one or
more viscosity reducing agents to the counteracting additive is greater than 5:1.

The hair care composition according to any preceding claim, wherein the hair care
composition is substantially free of a counteracting additive having a partition dispersion
coefficient of from 0.05 to 5.1.

The hair care composition according to any preceding claim, wherein the liquid phase

kinematic viscosity is from 20 ¢St to 300 cSt.
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8) The hair care composition according to any preceding claim, wherein the hair care
composition comprises from 20% to 32% of the one or more anionic surfactants, by
weight of the hair care composition.

9) The hair care composition according to any preceding claim, wherein the hair care
composition further comprises from 0.25% to 14%, preferably from 4% to 7% of one or
more co-surfactants, by weight of the hair care composition, selected from the group
consisting of amphoteric, non-ionic, zwitterionic, and combinations thereof.

10) The hair care composition according to any preceding claim, wherein the one or more
viscosity reducing agents is selected from the group consisting of raspberry ketone,
triethyl citrate, 5-methyl-3-heptanone oxime, hydroxycitronellal, camphor gum, 2-
isopropyl-5-methyl-2-hexenal, eucalyptol, 1,1-dimethoxyoctane, isobutyl hexanoate,
dihyro iso jasmonate, and combinations thereof.

11) The hair care composition according to any preceding claim, wherein the one or more
viscosity reducing agents is selected from the group consisting of raspberry ketone,
triethyl citrate, hydroxycitronellal, camphor gum, and combinations thereof.

12) The hair care composition according to any preceding claim, wherein the one or more
viscosity reducing agents is selected from the group consisting of raspberry ketone,
triethyl citrate, hydroxycitronellal, and combinations thereof.

13) The hair care composition according to any preceding claim, wherein the hair care
composition further comprises a cationic polymer selected from the group consisting of
guar polymers, non-guar galactomannan polymers, tapioca polymers, copolymers of
acrylamide monomers and cationic monomers, cellulose polymers, and combinations
thereof.

14) The hair care composition according to any preceding claim, wherein the hair care
composition further comprises an anti-dandruff agent.

15) A method of treating the hair, the method comprising:

a. providing the hair care composition according to any preceding claim in a foam
dispenser;

b. dispensing the hair care composition from the foam dispenser as a foam;

c. applying the foam to the hair; and

d. rinsing the foam from the hair;

wherein the foam has a density of from 0.05 g/cm3 to 0.30 g/cm3 when dispensed

from the foam dispenser.
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