Copolymers 5Technical Field  The present disclosure relates to copolymers useful as rheology
modifiers. Background 10Rheology modifiers are pften used in formulations, such as detergents,
paints and cosmetic products, e.g., hair and skin care products. Depending on the application, different
types of rheology modifiers can be added to these formulations to tailor the rheological 15 properties of
the product to obtain the desired flow characteristics (viscoelasticity) and sensorial effects. Some
classes of rheological modifiers include eleCowglglagradsassociative polymers. Electrolytes can 20 be
added to formulations, such as personal care formulations, which tend to be based on concentrated
surfactant systems consisting of a mixture of anionics such as alkyl sulfates, amphoterics and other
ingredients. Addition of electrolytes (typically NaCl) 25 can cause a change in the micellar structure of
the surfactant molecules, e.g., from spherical.to rad-shaped units, which subsequently grow and form
a "gel"network, thereby increasing the viscosity of the formulation. However, the addition of salt does
not always give ri§&80 rorepmtumdheclogitsl eharaértisticstan dCpPesuR F fosd@fations that are
stringy andargbgﬁgloif eALANGE; o g  ASSOCiative polymers are water soluble ‘po.lymers containing
hydrophobic moleties(e.g.,hydrocarbon 35 groups). In surfactant systems, associative polymers can 2
form network-like supramolecular structures at relatively lower polymer concentration due to
non-covalent bonding interactions betweenmmmoieties. Apart from the hydrophobic binding

interagiions, assogiglivg PglyMess;? £a8.alsohemegitied tojaeldds atheiprms of igeactions with
surfactant micelles, such as ion-dipole and/or ion-ion attractions, that can lead to the formation of a -

network-likEseRraffolctafpcgtiRfifte cBMPRERg 8., S55BatVe pohmfdrstSolvéntIsalts, 10 and

surfactantsy ggsulting, ifan ingrease inthesviscesityrithe formglagiendi ndpardrom theechemical
composition of the rheology modifier, other factors can affect the viscosi,t)é of the

application, different types of rheology modiliers can be
added to these formulations to tailor the rheclogical
15 properties of the product to obtain the desired flow

characteristics (viscoelasticity) and sensorial effects.

Some classes of rheological meodifiers include
electrolytes and associative polymers. Electrolytes can

20 be added to formulations, gsuch as personal care
formulations, which tend to be based on concentrated
surfactant gystems consisting of a 1nixture of anionics
such as alkyl sulfates, amphoterics and other
ingredients. Addition of electrolytes (typically NaCl)

25 can cause a change in the micellar structure of the
gurfactant molecules, e.g., from spherical to rod-shaped
units, which subseguently grow and form a “gel” network,
thereby increasing the viscosity of the formulation.
However, the addition of salt does not always give rise

30 to optimum rheclogical characteristics and can result in

formulations that are stringy and rubbery in appearance.

Associative polymers are water soluble polymers
containing hydrophobkic moieties (e.g., hydrocarbon

35 groups). In surfactant systems, assoclative polymers can



15 rheology modifier/surfactant system, such as pH, the concentration of the surfactant, and the
concentration of the rheology modifier. Onelimitatipnofconventionalrheology 20 modifier/surfactant
systems is that at high concentrations of the surfactant, the network-like structure between the
surfactant and rheology modifier is disrupted, which can decrease the mixture's viscosity. Furthermore,
conventionabeheologywoedifiet/Rerfagipid 3ysteMsrcapequire high eanceatrations=afithe rheology
modifier to fchieve a desirable viscosi}%whti:le mainﬁainin acceptable s sorciallgha@cteristics.
Accordingly,qwgrre éxistd A eed 10" %?ovﬁéi an 30 effective Théd ggf modifier capa%I?e :b]fl%creasing the
viscosity ofimsurfactantsystéra @tden chncentratisinsof sutfactaas andphedlody modifiee, enhancing
the rheolo%czg Isg)atﬂlci% of th%gorg]ijlationi I?{]grvgkéiﬁh %rgvideagggggaglg%%résoriaclﬁffecet%ig various
applications.y un#naryjs%\ccor Ing %6 a first aspec ,Jiﬁere’ is provided a copoly?neryé%mprising at least
one fir§t watersolatillenonbmericadit fatddast bne secondater-stlable mdimmeric wifit, and at least
one monomeric yyi ponaining o basieesidue, whareln fhe irst Waler- 10 soliiblemonpmeric unit is
different from the second water-solublé monomeric Unit, According to a second aspect, there is
provided a f@wdtationicompriging attiéastcdriecospolyntéisdf thec 28 first aggect dad atfeast one
excipient. ¢ Ageqreing to athird aspect, there s provided 8 prpsess, fon preparing acgpolymer, said
process comprising the steps of contacting a first water-soluble 20 monomer represented by the
Formula I' SRIEAESORY Forfnfla whersefiedii e ahbidftfmbersseld@rs fromaal160; A

10 and surfactants, resulting in an increase in the

viscosity of the formulation.

Apart from the chemical compesition of the rheolegy
mddifier, other factors can affect the wvisgcosity of the

15 rheology modifier/surfactant system, such as pH, the
concentration of the surfactant, and the concentration of

the rheology modifier.

One limitation of conventional rheoclogy
20 modifier/surfactant systems is that at high
concentrations of the surfactant, the network-1like

structure between the surfactant and rheoclogy modifier is
disrupted, which can decfease the mixture's viscosity.
Furthermore, <conventional rheology modifier/surfactant
25 sgystems can regquire high concentrations of the rheclogy
modifier to  achieve a desirable viscosity while

maintaining acceptable sensorial characteristics.

Accordingly, there exists a need to provide an

30 effective rheology modifier capable of increasing the
vigcosity of a surfactant system at low concentrations of
surfactant and rheology modifier, enhancing the

rheological stability of the formulation, and which



can be -(C=0)- or a bond; and each R can be independently 25 selected from the group consisting of
hydrogen, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, cycloalkenyl, heterocycloalkyl, and
heterocycloalkenyl; and R1 can be hydrogen, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, cycloalkenyl,
heterocycloalkyl, or heterocycloalkenyl; a 30 second water-soluble monomer represented by the
Formula 44R32R2R00R3IR R Ebimaula Zevheseihaican ke fiavhale number seteciedhfsom 1-100; A
can be -(C=0)-or a I%cznc%'i each R can be independently 5 selected from the group consisting of
hydrogen, & F,Ja‘ﬁ?enjyﬁ a?k‘ynyl, aralkyl, cycloalkyl, cycloalkenyl, heterocycloalkyl, and
heterocycloalkenyl; each R2 can be independently selected from the group consisting of hydrogen,
alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, 10 (y‘?}% yl, heterocycloalkyl, and heterocycloalkenyl,
and R3 can be hydrogen, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, cycloalkenyl, heterocycloalkyl, Or
heterofycloalkencwhereimgt l¢ast eneR2 sannasbedlydrogérezend asmariomverdsohtaling a basic

residue 15&%%@?%@9 b%é%%?%%'&%t least one first water-soluble

monomeric unit, at least one gsecond water-soluble
monomeric unit, and at least one  moenomeric unit
containing & bagic residue, wherein the first water-
10 soluble monomeric unit is different from the second

water-soluble meonomeric unit.

According to a second aspect, there is provided a
formulation comprising at least one copolymer of the

15 first aspect and at least one excipient.

According to a third aspect, there 1is provided a
process for preparing a copolymer, said process
comprising the steps of contacting a first water-soluble

20 monomer represented by the Formula 17 :

R
R)ﬁ/A[*o/\%ow
S m
Formula 17
wherein m can be a whole number gelected from 1-1060; A
can be -(C=0)- or a bond; and each R can be independently
25. gelected £from the group consisting of hydrogen, alkyl,
alkenvyl, alkynyl, aralikyl, cycloalkyl, cycloalkenyl,
heteroccycloalkyl, and heterocycloalkenyl; and rR' can be
hydrogen, alkyl, alkenyl, alkynyl, aralkyl, c¢ycloalkyl,
cycloalkenyl, heterocycloalkyl, or heterocycloalkenyl; a

30 second water-soluble monomer represented by the Formula

A



R6 R6 RN(R4)2 R6 Formula 3' wherein p can be a whole number selected from 1-100; A can be
-(C=0)- or a bond; and each R can be 20 indepengdently selected from the group consisting of
hydrogen, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, cycloalkenyl, heterocycloalkyl, and
heterocycloalkenyl; and each R6 can be independently selected from the group consisting of alkyl,
alkenyl, alkynyl, aralkyl, 25 cycloalkyl, cydtoalkenykzheterocycloalkyl, and heterocycloalkenyl; or two
instances of R6 taken together with the ni nl:to i¢clpHiey are attached form a 3 to 8 membered
heterocylic ring; each R6 can be indepeﬁden ly & nfrom the group consisting of hydrogen, alkyl,
30 alkenyl, alkynyl, aralkyl, cycloalkyl, cycloa‘ﬁ<enyl, 53*12eterocycloalkyl,andheterocycloalkenyl;under
polymerizationconditionstherebyyieldingsaig sepglymer. 5Advantageously, as will be discussed in
greater detail below, the copolymers described herein can form complex aggregates with ionic and/or
polar mole¥&E SddtPasS FatdtSsGriddiants, IBHp6ar %8&1%‘65?%33,’?&?9&“0&1@% dlecules of the
copolymer aThese iMermalesaiar nei- 19 aevatent bardinginteractions tandpemaaaxignded physical
network between, e.g., molecules of the copolymer, surfactant, water, etc, which can increase the
St A PBridnty, ERAE Jopt Lol

viscostty oftfie5Hi A @By, iEFaS BeenBtnd tAThe dopti Here Wascribeti*fierein when
used in 15 gpreection widla-gutfactantaaidwjawer copcertsatiors, of theysudactartipine used while

B ESYE SR o i SEn A Ty e Vol gl an
independently selected from the group consisting of
hydrogen, alkyl, alkenyil, alkynyl, aralkyl, cycloalkyl,

10 cycloalkenyl, heterocycloalkyl, and heterocycloalkenyl;
and R’ can be hydrogen, alkyl, alkenyl, alkynyl, aralkyl,
cycloalkyl, cycloalkenyl, heterocycloalkyl, or
heterocycloalkenyl; wherein at least one R* cannot be

hydrogen; and a monomer containing a basic residue

15 represented by the Formula 3" :

R R® re
R/grA\ . WN(R%
R R RGP
Formula 3/
wherein p can be a whole number selected from 1-100;
A c¢can be -(C=0)- or a Dbond; and each R <c¢an  be
20  independently selected from the group consisting of
hydrogen, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl,
cycloalkenyl, heterocycloalkyl, and heterocycloalkenyl;
and each R* can be independently selected from the group .
consisting of alkyl, alkenyl, alkynyl, aralkyl,
25 c¢ycloalkyl, cycloalkenyl, heterocycloalkyl, and
heterocycloalkenyl; or two instances of R* taken together
with the nitrogen to which they ar@.attached form a 3 to
8 membered heterocylic ring; each R® can be independently
gelected from the group consisting of hydrogen, alkyl,

30 alkenyl, alkynyl, aralkyl, cycloalkyl, cycloalkenyl,



Definitions The following words and terms used herein shall have the meaning indicated: 25As
used herein, the tetin "alkyl group" includes withinits meaning monovalent (“alkyl") and divalent
("alkylene") straight chain or branched chain saturated aliphatic groups having from 1 to 10 carbon
atoms, eqg, 1, 2, 3,4, 5,6, 7, 8, 9, or 10 carbon atoms. For example, 30 the term alkyl includes, but is

not limited tmme*tdayycellmﬁllkaolopyl isopnopyl, 1- Mﬁyhﬁ@wyllmblﬂmmbrt butyl,vardgy

1,2-dimeth I 1,1- methylpro ntyl |sopen tyl. he 4-meth ntyl, 1-m entyl,
2-methylp meJIﬁ dItpen]{xyl 22c0§l dphfn Fyl 33¥l§re y1¥@§l}}/g SQ&’!P

dimethylbutw@cﬂgmethylbutyl,1,3 dimethylbutyl, 1,2,2-trimethylpropyl,1,1,2-tr ethylpropyl,2-
ethylpentyl, 3-ethylpentyl, heptyl, 1-methylhexyl, 2,2- dimethylpentyl, 3,3-dimethylpentyl,
4,4-dimethylpentyl, 5 1,2-dimethylpentyl,1,3-dimethylpentyl,1,4-

5 Advantageously, as will be discussed in greater

detail below, the copolymers described herein can form
complex aggregates with ionic and/or polar moleculés,
such as water, surfactants,non-pclar compounds, and other
molecules of the copolymer. These intermolecular non-
10 covalent bonding interactions can form an extended
physical network  between, e.g., molecules of the
copolymer, surfactant, water, etc, which can increase the
viscogity of the mixture. Importantly, it has been found
that the copolymers described herein when used in
15 connection with a surfactant, allow lower concentrations
| of the surfactant to Dbe used while maintaining a
desirable visceosity of the solution and improving the
vigcoelasticity properties and sensorial effects, e.g.,

visual and touch, or the sclution or product.

20
Definitions
The following words and terms used herein shall have
the meaning indicated: |
25 As used herein, the term "alkyl group" includes
within 1ts meaning monovalent (Yalkyl”) and divalent
{(“alkylene”) straight chain or branched chain saturated

aliphatic groups having from 1 to 10 carbon étomé, eqg, 1,
2, 3, 4, 5, 6, 7, 8, 9, or 10 carbon atoms. For example,
30 the term alkyl includes, but is not limited to, methyl,
ethyl, 1l-propyl, isopropyl, 1l-butyl, 2-butyl, isobutyl,
tert-butyl, amyl, 1,2-dimethylipropyl, 1,1l-dimethylpropyl,
pentyl, isopentyl, hexyl, 4-methylpentyl, 1l-methylpentyl,
2-methylpentyl, 3-methylpentyl, 2,2-dimethylbutyl, 3,3-



dimethylpentyl, 1,2,3-trimethylbutyl, 1,1,2- trimethylbutyl, 1,1,3-trimethylbutyl, 5-methylheptyl, 1-
methylheptyl, octyl, nonyl, decyl, and the like. 10Ehe tet "alkenyl group” includes within its meaning
monovalent ("alkenyl") and divalent ("alkenylene") straight or branched chain unsaturated aliphatic
hydrocarbon groups having from 2 to 10 carbon atoms, eq, 2, 3,4, 5, 6, 7, 8, 9, or 10 carbon atoms
and havingistnks-lepsbang Hpuble bonrd difedthby EpZLgik or trars, Stefeovhehistpphere applicable,

anywhere in the alkyl chain. Examples of alkenyl,groups | imited to ethenyl, vinyl,
allyl, 1-met yvfn%fg-lp?}%%@?ﬁ-&g%ényl, 2-méth§ligp%}§éﬁ%%%?r%%ﬁéﬁizb ¢
propenyl,1duiterip@aiytenyl, 3-mitbrtybe st bltadibapitpentdnyhetysntasy3-perteryl, 4-
pentenyl,1,3:pentadi -pentadignyl.,: -@gr?t lepyh 3-methyl-2ebutanyl,11sbexenyl, 2-hexenyl,
3- hexenyl, ?ﬂﬁ%ggdﬁg%’]%,ﬁfhex%ad%n%éé% e%%yl?ggntényl, 1-heptenyl, Z%h]gpten yl, 3-heptenyl, 1-
octenyd, 1-Aarferyietbrdp@nand the like.  Thé tekamedigPgroupt as used herkirfincludes within

its meaning;monoyalent (ialkynyl”) and divalgnt;3Q (‘alkypylens ) sraight or branghed gbain
unsaturate%ﬂa}ﬁphat?cheﬁydrﬁgr'bon groups having from 2 to ?0 cgﬁk%)f)n atoms and having at least one

triple bond anymhERy HoteYdarboh: dhat. IEERGHIEE BPalkyhyl gPolsstRE-AE R are ndt limited to

ethynyl, 1-H{Qgﬁr}yﬂhéig)&g§xﬂylO%wp}uy’nyﬁozlghlrpegy&gzt;utam, gumethyklkbutynyl, 1-pentynyl, 1-
hexynyl, methylpentynyl, 1-heptynyl, 2-heptynyl, 1- octynyl, 2-octynyl, 1-nonyl, 1-decynyl, and the like.
5The term "cycloalkyl" as used herein refers to cyclic saturated aliphatic groups and includes within its
meanjggmonovalenl cyelealkyk) raddivalgptiigyclaalkylene s, satiyated, meroeyetebigyclic,

monovalent {(“alkenyl™) and divalent (“alkenylene”)
straight or branched chain  unsaturated aliphatic
hydrocarbon groups having from 2 to 10 carbon atoms, eg,
2, 3, 4, 5, 6, 7, 8, 9, or 10 carbon atoms and having at

15 least one double bond, of either E, Z, cis or trans
stereochemistry where applicable, anywhere in the alkyl
chain. Examples of alkenyl groups include but are not
limited to ethenyl, wvinyl, allyl, 1l-methylvinyl, 1-
propenyl, 2-propenyl, 2-methyl-1l-propenyl, 2-methyl-1-

20 propenvl, l1-butenyl, 2-butenyl, 3-butentyl, =~ 1,3-
butadienyl, 1-pentenyl, 2-pententyl, 3-pentenyl, 4-
pentenyl, 1,3-pentadienyl, 2,4-pentadienyl, 1,4-
pentadienyl, 3-methyl-2-butenyl, 1-hexenyl, 2-hexenyl, 3-
hexenyl, 1,3-hexadienyl, 1,4-hexadienyil, 2-

25 methylpentenyl, 1l-heptenyl, 2-heptentyl, 3-heptenyl, 1-
octenyl, 1l-nonenyl, l-decenyl, and the like. .

The term "alkynyl group"' as used herein includes

within its meaning monovalent (“alkynyl”) and divalent

30 (“alkynylene”} straight or branched c¢hain unsaturated
aliphatic hydrocarbon groups having from 2 to 10 carbon
atoms and having at least one triple bond anywhere in the
carbon chain. Examples of alkynyl groups include but are

not limited to ethynyl, l-propynyl, 1l-butynyl, 2-butynyl,



polycyclic or fused polycyclic hydrocarbon radicals 10 having from 3 to 10 carbon atoms, eg, 3, 4,5, 6,
7,8, 9, or 10 carbon atoms. Examples of cycloalkyl groups include but are not limited to cyclopropyl, 2--
methylcyclopropyl, cyclobutyl, cyclopentyl, 2- methylcyclopentyl, 3-methylcyclopentyl, cyclohexyl, and
15 the like. The term "aromatic group”, or variants such as "aryl" or "arylene" as used herein refers
to monovaleniné'anyg) anduivatent ("arylenetx aipglel polynumieghy, 20egringatedland fased rebidues

of aromati droc rbonsh fro 6 to Ocarg atoms. xam es of such group include phenyl,
biphenyl, n Sﬁﬁ)%%yy henantn ﬁ dyﬁg ike. 25ThHe term aralkyl a§§ se%rﬂ%éln ?%cludes within

its meaningatonoyalent ("caqtly)rq,rild, divalent¢arylénegcsingle, patyiutkear,lcongugated and fused
aromatic hydrocarbon radicals attached to divalent, saturated, straight and branched chain alkylene

radicals. 30 The term "optionally substituted” as used herein means the group to which this term
refers fnay be unstibstituted;ror may becsubstifuted adth @rﬁeEGr moee gioupsrindependdritly selected

from alkyl, alke I yl alkyl oxyl,
haloalkyl, haYo El] ynyf%%%?ogxy%&)aé f %ggl %%’8 xy,hF?A Ié%% %Egﬁgn%%, nitro,
amino, nitroalkyl; nitroalkeryt o5 akroatkynyl, ¢ Fr@l@ét@@dd‘gbclyf alkylanging, dlall@vlé’mirﬁﬁ‘élkenylamine
alkynylamine, acyl, alkgnoyl, alkynoyl, acylamige Ldjacylaming, aguoxy,

alkylsulfonyloxy,heterocycloxy,heterocycloamino, haloheterocycloalkyl alkylsulfe Ialk carbonyloxy,
U

10 alkylthico@a¢ykhie Llfospadruscepesining oiipscsuch asPiosprRRe@Rhd pheSpRRYE aryl,
heterpgryl, salkylaryl, alkylhetereayyh syanarsyanatecisgcyangte, s C(Q)NH(alkyl), and £(0)N(alkyl)2.

9, or 10 carbon atomg. Examples of cycloalkyl groups

include but are not limited to cyclopropyi, 2-

methyicycloprcpyl,. cyclobutyl, cyclopentyl, 2-

metﬁylcyclopentyl, 3-methylcyclopentyl, cyclohexyl, and
15 the like.

The term “aromatic group”, or variants such as
“aryl” or “arylene” as used herein refers to monovalent
(“aryl”) and divalent (“arylene”) single, polynuclear,
20 conjugated and fused residues of aromatic hydrocarbons
having from 6 to 10 carbon atoms. Examples of such
groups include phenyl, biphenyl, naphthyl, phenanthrenyl,

and the like.

25 The term “aralkyl” as used herein, includes within
its meaning monovalent (“aryl”) and divalent (Yarylene”),
single, polynuclear, conjugated and fused aromatic

hydrocarbon radicals attached to divalent, saturated,
straight and branched chain alkylene radicals.
30
The +term “optionally substituted” as used herein
means the group to which this term refers may be
unsubstituted, or may be substituted with one or more

groups independently selected from alkyl, alkenvyl,



15Theword"substantially"doesnotexclude "completely” e.g. a composition which is "substantially free"
from Y may be completely free from Y. Where negessary, the word "substantially” may be omitted from
the definition of the invention. 20 Unless specified otherwise, the terms "comprising" and
"comprise", and grammatical variants thereof, are intended to represent "open” or "inclusive" language
such that tegy:ipglde recitectalemanis but also peymit 2b1relusion of additivnal, kwrgdited elements.
As used herein, the terT aﬁgu& in th context}gf conce traﬂonj@gf Efomgo ent kc_)f the_LformuIations,
typically m S R 595 of the “<rated Valte, more ?6¥yp10a % 92495 ot the State v}c{f&é, Mmore typically
+13% of theysfatedwhlue, aiorestypicalhh #ba2%cofithe statédtugllexgyen mmiedigicatly,+/- 1% of the
stated valu 5 nd ven more typicaiIXI{r/- 0.58%51_1;(@6 srt}atgdc\)/aﬂce. 9 nil'géou I}ouriit is disclosure,
certain embo |%aénts?%ycbéydiscﬁlosedoih a range format. It Sho %Ilbe utiderstood that the description
in range formatrisanénehyfbr 5 convenienceraie brevity amtiyshould not be ebhsttaed ae an inflexible
limitation on the scope of the disclgsed ranges. Accordi he description o hould be
considered (l)af%%%‘is%%lcﬁﬁ:éllf |s%f(l)3§a% a%tﬁé p%%?s%fg}%&@a%r%es%a v?éll ésf}ﬁ%?vgl}sél numerical 10
values withirl thatearige. For exarplemdaseription of di@weleusings from 1 tr6should.be considered
to have spegicy ph3ciaspibanh randes,gudl 8a Jiome-40 3, oMkl {8 4 M bda ntom 2 [ 4,

from 2 to 6, 6 etC., as Well as individual niumbers within that 15 range, for example, 1, 2, 3, 4,

5, and 6. Thilapplies yegardlexzldfithe breadiivoribe faagel DiscRstitel FOPREYA Eifbodiments
Exempjary ;3@a-Amifing erypodiments %ﬁ&&gﬁyﬁﬁ@gmﬁ-‘:{tﬂﬂ%@ for preparinga,copolymer, and a
formulation comprising a copolymer will'now be disclosed. = The copolymer can be derived from the
polymerizab® @Papleast 8RE firsbRartdidble MEHdmer EBASESHE 25 setbidatér-soluble
monomer, g@qj:ﬂ}g@@ggggmqomer eQntaining a hasigrasidue.  ; Ibe.soRQlyaer may comprise a
plurality of monomeric units comprising at least one first water-soluble 30 monomeric unit, at least one
second wafefSbiibie Honbimerdd it i Ht{Ra%¥Ene monomeric unit containing a basic residue.

15 The word “substantially” does not exclude
“completely” e.g. a composition which is “substantially
free” from Y may be complstely free from Y. Where
necessary, the word “substantially” may be omitted from
the definition of the invention.

2 R

Unless specified otherwise, the terms "comprising™®
and "comprise', and grammatical variants thereof, are
intended to represent t.“”open“ or "inclusive" language such
that they ‘include recited elements but also permit

25 inclusion of additicnal, unrecited elements.

As used herein, the term "about®, in the context of
concentrations cf components of the formulations,
typically means +/- 5% of the stated value, more

30 typically +/- 4% of the stated value, more typically +/-
3% of the stated value, more typically, +/- 2% of the
stated value, even more typically +/- 1% of the stated
value, and even more typically +/- 0.5% of the stated

value.



10  The copolymer can be an alternating copolymer, periodic copolymer, a statistical copolymer, a
random: copolymer, a block copolymer, or combingtions thereof. The copolymer can be a block
copolymer. The block 5 copolymer can be a triblock, tetrablock, or pentablock copolymer.  The
copolymer can be a triblock copolymer comprising at least one first water-soluble monomeric unit, at
least 10 one second water-soluble monomeric unit, and at least one monomeric unit containing a basic

residue.  The difrent monomeric unity, £.g.. e Irst watgr-soluble, monomerie ki (he second
water-soluble 15 monomeric unit, and the" monometric unit containing a basic reS|d?Je can be present
in the copdymetiin@hy=grderin  dn instgrce§ avhere thelcopshyrréds hehloskdsopohmmer, each

monomer hlock can.be pr f.ance.in the 20 ¢ er qQr e prese e thap gnce, e.g., can
be repeatebEi‘([)bahl%thetgloepoIygnégr}'-Zr,liggfgd},SS",£ 6,1??8,?% tir%g?v{\%t other t%%%%oﬁr}nonomer blocks
interspersecttitesetistween 2287 HereopdlymandarshewlifrushdikbeopolyatariBrushs liR& copolymers

are characterized iy g plurality of tethered polymars chaisgovalentlyatiachgd o apalymer
e tet

backbone. In instances where t ered polymer chains are attached to the polymer backbone in
close enougarBRproximigPEY A Ald ofie, theyerénsiced 1o Stratchdii®ardxies thé polymer

backbone topinjmizesfericipteraclipns beueenadiaqant tetharedipplyer chains. the
possible sub-ranges as well as individual numerical

10 values within that range. For example, description of a
range such as from 1 to 6 should ke considered to have
gpecifically disclosed sub-ranges such as from 1 to 3,

from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from

3 to 6 ete., as well as individual numbers within that

15 range, for example, 1, 2, 3, 4, 5, and 6. This applies

regardliegs of the. breadth of the range.

Disclosure of Optional Embodiments
Exemplary, non-limiting embodiments of a copolymer, -
20 methods of for preparing a copolymer, and a formulation

comprising a copolymer will now be disclosed.

The copolymer can be derived from the polymerization
of at leagt one first water-soluble monomer, at least one
25 second water-soluble monomer, and at least one monomer

containing a basic residue.

The copolymer may comprise a plilurality of monomeric

units comprising at least one first water-soluble

30 monomeric unit, atr least one second water-soluble
monomaeric unit, and at least one  monomeric unit

containing a basic residue.



Typically, as the length of the tethered polymer chains approaches the distance between attachment
points of the tethered polymer chains, the overall structure of the tethered polymers and the polymer
backbone transitions to a more brush-like regime. 5Depending on the hydrophilicity and/or charge of
the outstretched tethered polymer chains,the micro- environment in the vicinity of the polymer
backbone can be Thedifiedhe-gyean beanade heore daydrophilier hydropiobicoprdfonénic in nature. 10
In instances, whe&e the tetherfécrrl)r(rgorlymeél chsa%nas&rsetq%dﬁphilic in Eharacter, ghat aclalrgon of the

copolymer%er%%)cr)e ﬁf(jelyct%%% Sosed o water in aqueous S%PLRi%nYTﬁ(EWise, te hereanpi)olymer

chains withdopizlimeasidues arbanare Gkgly toirteractowith erater and/beothertdtzarged species. In
instances, )f/ltllgre the telthered poI%rrrl]erkggairlls are, cjg'opgg '8&%%%5 hydrop@gic inscharacter, that
i ydrop

portion of the cop%%}eryirgerﬁforecll ely to'interact with other obic or less hydrophilic 20 groups.
In instancescwhirathe copolyrher isa otk topblymee wash Ihetk of #1e copblaierash be modified
with the appK Cgky%dé%qctionality to affect the micro- 25 environment of the copolymer in that block.
Without being"bound by theory, it is believed that the copolymers of the present disclosure which can
have well defined regions of hydrophilic, hydrophobic, and/or 30 ionic character can form an extended

supermolecular ngfyork ip,sqluian. whigh gan includg, malsculesefthacopalymsr: syractant, solvent,
and/or other molecules.
at least one first water-soluble monomeric unit, at least
10 one second water-gsoluble monomeric unit, and at least one

monomeric unit containing a basic residue.

The different monomeric units, e.g., the first
water-goluble wonomeric unit, the second water-soluble
15 monomeric unit, and the monomeric unit containing a basic

residue, can be present in the copolymer in any order.

In instances where the copolymer 1is a block
copolymer, each monomer block can be present once in the

20 copolymer or can be present more than once, e.g., can be
repeated on the copolymer 2, 3, 4, 5, &, 7, 8, 9 or 10
times with other types of monomer blocks interspersed

therebetween.

25 The copolymer can be a brush-like copolymer. Brush-
like copolymers are characterized by a plurality of
tethered polymers chains covalently attached to a polymer
backbone. In instances where the tethered polymer chains
are attached to the polymer backbone in close enough

30 proximity to one and other, they are forced to stretch
cutwards from the polymer backbone to minimize steric
interactions between adjacent tethered polymer chains.
Typically, as the length of the tethered polymer chains

approaches the distance between attachment points of the



As a result of this extended network, the viscosity of 12 solutions comprising the copolymer can be
substantially increased at low concentrations of qu copolymer. The first water-soluble monomeric unit
can be 5 selected such that it has higher water solubility than the second water-soluble monomeric
unit, has lower water solubility than the second water-soluble monomeric unit, or has the substantially
the same watenselebilitpsbythe second water-sohsleanarerbericainitidOure Thef sotiality of the first

water-soluble monomeric unit can be determined from the unpolymerized first water-sqluble monomer
i y s he unpalymeriz Qco

and can be'froi e§8 00 mY "5t WatéH o being €8mH[é€fely Sofubre it water at %&rﬁ?@’mperature 15 (25

C). The solabitity-ef the filst Wates-sodghleenonomer can be greater than about 5 g/100 mL, greater
than about 10 g/100 mL of water, greater than about 15 g/100 mL of water, greater than about 20
g/100 mL of water, greater than about 30 g/100 mL of water, greater 20 than about 35 g/100 mL of

water, greater thabeaizoul #ogy/200 titeofwateopjrdateriitan abouttd ghdgel of waler, or greater

than about 50&1%%0 %%%1 é)égﬁ[g%%tﬂggren tem%eor nghe gl;gﬂggr-solygge mapemer can have a

water solutﬁl‘fty 0 mL to about™100°g/100 25 mL of water at room temperature. The first
water-solulsemaonomentaribe tdapletetyisolubledd wake, i lsohdsle beglkprportions of the first

water-solublg mqopomey;towater.atyoom temperafiure. JQHe firgf yyater-gplublemengmeric unit can

be a monomer comprising polyethy éri_e glycol or alkoxylated polyethylene glycol. The alkoxylated
polyethylerevgiyesisdnibe tenddaediathia GNosBares, C1-C4, C1-C3, or C1-C2 13 alkyl ether.
The alkoxylated polyethylene glycol can be terminated with a methyl ether. The first water-soluble

monomer can have a molecular !
In instances, where the tethered polymer chains are

hydrophilic in character, that portion of the copolymer
iz more 1likely to be exposed .to Wa%:er in agueous
solution. Likewise, tethered polymer chains with ionic
15 residues are more likely to interact with water and/or
other charged species. In instances, where the tethered
polymer chaing are hydrophobic or 1less hydrophilic in
character, that portion of the copolymer is more likely
tc interact with other hydrophobic or less hydrophilic

20 groups.

In instances, where the copolymer 1is a Dblock
copolymer, each block of the copolymer can be modified
with the appropriate functionality to affect the micro-

25 environment of the copolymer in that block.

Without being bound by theory, it is believed that
the copolymers of the pregent disclosure which can have
well defined regions of hydrophilic, hydrophobic, and/or

30 ionic character c¢an form an extended supermolecular
network in solution, which can include molecules of the
copolymer, surfactant, solvent, and/or other molecules.

As a result of this extended network, the viscosity of



5 weight of about 100 Da to about 800 Da; about 100 Da to about 700 Da; about 100 Da to about 600
Da; about 100 Da to about 400 Da; about 100 Dg tp about 300 Da; or about 100 Da to about 200 Da.
The first water-soluble monomer can have a molecular weight of about 200 Da to about 600 10 Da; a
molecular weight of about 300 Da to about 600 Da; a molecular weight of about 300 Da to about 500
Da; or a meletulat seight ofighduti3sp) Danto abopbd50da. can behedindtavater-sallibje monomeric
unit can be,15 represente bj}/ the Formulatt:lz té/v 0] EO%?JEQ Formuia 1 wherein m can be a whole
number sefeeted 6 1- 0; ‘tan necz-e(&zjé?- or 4 bon ; and each R ¢an be independently 20
selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, cycloalkenyl,
heterocycloalkyl, and heterocycloalkenyl: and RIl- can b ogen, al enyl, alkynyl, aralkyl,
cycloalkyl, cycloaﬁ%ﬁyl, r%é%cyc%%ﬁ% B?%le%gggyclgqark@r%% A gh%%( -(é%%-.y can be{/amy
one of2-93;2180, 27 0,:2:60, 2:50,2-40; 218305 2-20gR<10, HaA0eor 220uR1carvbethyairogen or

alkyl.RI can pe hydroges. 3% MSING S1h ProRyhdaty's beuth OF PEXM: 18uer water
solubility than the second water-soluble monomeric unit,
or hasg the substantially the same water solubility as the

gsecond water-scluble monomeric unit. -

10
The solubility of the first water-soluble monomeric
unit can be determined from the unpolymerized first
water-scluble monomer and can be from 5 g/100 mL of water
to being completely soluble in water at room temperature
15 (25° C). The golubility of the first water-soluble

monomer can be greater than about 5 g/100 mL, greater
than about 10 g/100 mL of water, greater than about 15
g/100 mL of water, greater than about 20 g/100 mL of
water, greater than about 30 g/100 mL of water, greater
20 than about 35 g/100 mL of water, greater than about 40
g/100 mL of water, greater than about 45 g/100 mL of
water, or greater than about 50 g/100 mL of water at room
temperature. The first water-soluble monomer can have a
water solubility of about 50 g/100 mL to about 100 g/100
25 mlL of water at room temperature. The first water-scoluble
monomer can be completely soluble in water, i.e., soluble
in all proportions of the first water-soluble monomer to

water at room Lemperature.

30 The £irst water-soluble monomeric unit can be a
monomer comprising polyethylene glycol or alkoxylated
polyethylene glycol. The alkoxylated polyethylene glycol

can be terminated with a C-Cs, Ci-Cs, C1-Cy, C1=Ciy, or Ci-Cp



The first water-soluble monomeric unit can be represented by the Formula la: 0 5Formula la wherein m
can be a whole number selected from 1-100; R can be hydrogen or alkyl and R1 can be hydrogen or
alkyl. M can be any one of 2-90, 2-80, 2-70, 2-60, 2-50, 2- 1040, 2-30, 2-20, 2-10, 5-10, or 7-10.
Mcanbe 8or9. R can be hydrogen or methyl. RI- can be hydrogen, methyl, ethyl, propyl, butyl,
pentyl, or hexyh 15R ©aarhe hyriieger el dd canlye bygrbgea ognetbyl; archmbean be 7-10.
The solubility of the se%md,wgter-sol le maong meric unit can be determined from the unpolymerized
second 20 WatBr&&i6R MohSmar R 5 from 0.1 g/100 mL of water to being completely soluble
in water at room temperature. The solubility of the second water-soluble monomer can be less than

about 0.1 g/100 less.than about 0.2 g/100 mL of water, less than about 0.3 9/100,ml. 25 of water,
less than about 0. g?l(%L rmﬁ_-gmw v?/gt%?, I%%gﬁgair? aﬁn&ﬂodrfgié/f m%%of%v;étler[?%esst an about 0.6
g/100 ML ofsvdadér; less thamabout@7 HALODanlabbwated JlesPthanadbout 0.8 10& mtcof water, less

than about 0.9 g/10 L .of water, ot le h%abt%ﬂ& &QO %05%0, wajer.al rooqy temperature. The
second Waé:r’%%Fub edp;]o}g%me‘%:%% a%ééa water soluﬁ%ty of about 0.1 g}foo mL to about 2 g/100 mL
of water, altout @bytl 08 ML rabaitots 1 50§/ 106 mtcofatzaet abddt @2 y/100 mbes-hbout 1 g/100

ml- of watey, 3hoyl, 010/ 18R - 19ap 0.9 ¢A00 . ahwigier.Ahat Db gl O dpbiig about 0.8

9/100 mL of water, about 0.1 g/100 mL to about 0.7 g/100 mL of water, 5 about 0.2 g/100 mL to about
0.7 g/100 mof Watee, #bote beZ g0 MEIeRaboGt0.6 8100 M SofRiFatéC o BB (°89/100 mL to

about; @.6 g5L00 mlof water atropm temperatius~l he $660Re, Waters3spiuhle gaenarger gan have a
solubllity of about 0.5 g/100 mL to about 0.6 g/100 mL of 10 water at room temperature.  The

second wafépkefiblé@motibiie uRft cakPeta mBRoREr dthpRgFancaIRyl Rabstifited polyethylene

glycol or analkyl.substituted aikoxylatgs palyetyiens 15 glyaebukhealkoxated alkyl substituted
polyethylene glycol can be teLminated with a C1-C6, C1-05, C1-C4, C1-C3, or C1-C2 alkyl ether. The

alkoxylated alkyl substituted polyethylene glycol can be terminated with a methyl ether.
The first water-soluble monomeric unit c¢can be

15 represgented by the Formula 1:

R
A[\ /\/},OR‘

Formula 1
wherein m can be a whole number selected from 1-100; A
can be -(C=0)- or a bond; and each R can be independently
20 selected from the group consisting of hydrogen, alkyl,
alkenyl, alkynyl, aralkyl, cycloalkyl, cycloalkenyl,
heterocycloalkyl, and hetérocycloalkenyl; and R' can be
hydrogen, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl,
cycloalkenyl, heterocycloalkyl, or heterocycloalkenyl.
25 |
A can be —-(C=0)-. M can be any one of 2-90, 2-80,
2~70, 2-60, 2-50, 2-40, 2-30, 2-20, 2-10, 5-1CG, or 7-1C.
R* can be hydrogen or alkyl. Riﬂcan be hydrogen,
30 . methyl, ethyl, propyl, butyl, pentyl, or hexyl.

Each R can be independently selected from the group

consisting of hydrogen, alkyl, cycloalkyl, and aralkyl.



20 The second water-soluble monomer can have a molecular weight of about 100 Da to about 800
Da; about 100 Da to about 700 Da; about 100 D o about 600 Da; about 100 Da to about 400 Da; -
about 100 Da to about 300 25 Da; or about 100 Da to about 200 Da. The second water-soluble
monomer can have a molecular weight of about 200 Da to about 600 Da; a molecular weight of about
300 Da to about 600 Da; a molecular weight of about 300 Da to about 500 Da; a molecular weight of
about 350 Da to about 450,30 Da; or a molec elght of about,250 Da tg about 400 Da The
second water- soll}mg moﬁbﬁ?’e?lc Jﬁ?ttc%%ﬁ E@ﬁé%% entg‘(ﬁ’%yrﬁ%ﬁrmﬁlajf 16‘:?2%rmu[% 2 wherein n
can be a wheleruseherselegtedfrorrd=100;2A Sacan be -(C=0)- or a bond; each R can be
independently selected from the group cansisting of hydrogen, alkyl, alkenyl, alkynyl, aralkyl,
cycloalkyl, cycloalkenyl, heterocycloalkyl, and heteroc lkenyl; each R2 can be independently
selected from the group consisting of 10 ogén, a alkenyl, alkynyl, aralkyl, cycloalkyl,
cycloalkenyl, heterocycloalkyl, and heteroc alkenyl; and R3 can be hydrogen, alkyl, alkenyl: alkynyl,
aralkylg cycloalkyl, cycloalkenyl, heterocyclaalkyl, ar-hetgrocycloalkenyl; wherein at least one R2
cannot be 15 hydrogen. A can be -(C=0)-. N can be any one of 2-90, 2-80, 2-70, 2-60, 2-50, 2-40,
2-30, 2-20, 410 Mor 538 2OR2TaWBRIFdFERDT afkgieCt RS BRI Hydkdden, Fethyl, ethyl,

propyl, butyapemfxl, 9y S2XHWeA5EACH Rcan badnaepenrdently @@J@é@%é&@%&h%ﬂwp consisting of
hydrogen, alkyl, cycloalkyl, and aralky!.
M can be any one of 2-%¢, 2-80, 2-70, 2-60, 2-50, 2-
10 40, 2-30, 2-20, 2-10, 5-10, or 7-10. M can be 8 or 9.

R can be hydrogen or methyl. R' can be hydrogen,
methyl, ethyl, propyl, butyl, pentyl, or hexyl.

15 R can be hydrogen or methyl; R' can be hydrogen or
methyl; and m can be 7-10.

The . solubility of the second water-soluble monomeric

unit can be determined from the unpolymerized second

20 water-soluble monomer and can be from 0.1 g/100 mL of
water to being completely soluble in water at room
temperature. The solubility of the second water-soluble
monomer can be less than about 0.1 g/100 mL, less than
about 0.2 g/100 mL of water, less than about 0.3 g/1l00 mL

25 of water, less than about 0.4 g/100 mL of water, less
than about 0.5 g/100 mL of water, less than about 0.6
g/100 ml of water, less than about 0.7 g/100 miL of water,
legg than about 0.8 g/100 mL of water, less than about

0.9 g/100 wmL of water, or less than about 1 g/100 mL of

30 water at room temperature. The second water-goluble
monomer can have a water solubility of about 0.1 g/100 mL

to about 2 g/100 mL of water, about 0.1 g/100 mL to about



The second water-soluble monomeric unit can be represented by the Formula 2a: 0 R2 cyc,,OR2 30
17 wherein n can be a whole number selected from 1-100; R can be hydrogen or alkyl; R2 can be
alkyl, cycloalkyl, or aralkyl; and R2 can be hydrogen alkyl, cycloalkyl, or aralkyl. R can be hydrogen or
methyl. R2 can be alkyl. 5 R2 can be hydrogen or alkyl. R2 can be hydrogen, methyl, ethyl, propyl,
butyl, pentyl, 6r hexyb dOMTarclie amteme of2:80£2-80,12- ), 2660, @:60£2- 48230, 2-20, 2-10,

5-10, or 5-8. n he 5 ar 6. R can be hydragen ar methyl; R2 can be alkyl, R2 be hydrogen
or alkyl; an /#é‘gn %S?J?O.%%ter”rh%brggﬁorglé%c %@fCg%ntrgtlxnir?goa%%g%ecresidae%an % a monomeric
species, whith @bntedrtsa furedtional group gapablerst: fdrmirdayosiivé chatdedupdn prbtonation.

Examples %%%%clh fugﬁg}%q:alg(qup /iTBWdrﬁLb toarggbqﬁg%i'm,iteéj/tfo HjllESb dq\;'d&r&s’, guanidines,
aromatic amines, 'such as optionalty substituted pyridine, optionatly substituted imidazole, optionally
substititedahyristidihe? agd phospHazenes 28t instanceshiferakhefunctonal caplbletgroup capable

of forming § posifiyeghagge can be anamine. any sining, g bedised inghdingofut potjimited to
primary, secondary, and tertiary alkyl amines, aralkyl amines, alkenyl amines, alkynyl amines,
cycloalkyl amies, 30kyclbalkepicarines ; RetetuGyeballi-anfies, Erfsimings, héteffaryl amines,

heteroaralk&’éﬁﬁ@&%ﬁ:ﬁ@.3'8fﬁ%’ngg%ﬁamg‘ﬁﬂi{;—%mﬁﬁié%onomer can have a
solubility of about 0.5 g/100 mL to about 0.6 g/100 mL of

10 water at room temperature.

The sgecond water-soluble monomeric unit can be a
monomer comprising an alkyl substituted polyethylene
glycol or an alkyl substituted alkoxylated polyethylene

15 glycol. The alkoxylated alkyl substituted polyethylene
"glycol can be terminated with a C;-Cz, Ci-Cs, C;—C4, Cy-Cs,
or ;-C,; alkyl ether. The alkoxylated alkyl substituted
polyethylene glycol can be terminated with a methyl
ether.

20

The second water-soluble monomer can  have a
molecular weight of about 100 Da to about 800 Da; about
100 Da to about 700 Da; about 100 Da to about 600 Da;
about 100 Da to about 400 Da; about 100 Da to about 300

25 Da; or about 100 Da to about 200 Da. The second water-
soluble monomer can have a molecular weight of about 200
Da to about 600 Da; a molecular weight of about 300 Da to
about 600 Da; a molecular weight of about 300 Da to about
500 Da; a molecular weight of about 350 Da to about 450

30 Da; or a molecular weight of about 250 Da to about 400
Da.

The second water-soluble monomeric unit can be

represented by the Formula 2:



The monomeric unit containing a basic residue may be present in the copolymer in the protonated
state, unprotonated state, and combinations therfgf. 5The monomer containing a basic residue can
have a molecular weight of about 100 Da to about 800 Da; about 100 Da to about 700 Da; about 100
Da to about 600 Da; about 100 Da to about 400 Da; about 100 Da to about 300 Da; or about 100 Da to
about 200 Da. The monomer 10 containing a basic residue can have a molecular weight of about 100
Da to about 600 Da; a molecular weight of about 100 Da to about SOO Da; a molecular weight of
about 100 Da to about 400 Da; a molecwal weight of & out, 100 Da to about 300 Da; or a molecular
weight of about 100 Da to 15 about ZSO%@ <BHe wondmeric unit containing a basic residue can
be represented by the Formula 3 or its co te a(ﬁﬂRQOFormula 3 wherein p can be a whole number
selected from 1-100; A can be -(0=0)- or a bond; and each R can be independently selected from the
group consisting of hydrogen, alkyl, alkeny! F&&R¥t2ardlkyl, cycloalkyl, cycloalkenyl, 25
heterocyclopliedeand heterggyclealkenylhand eachB6.cap bedndependently seleeted fram the group

consisting of alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, cycloalkenyl, heterocycloalkyl, and

heterodycldztkenyf or tfgstanGes & RBIHKEN tBgEtheFfwiththe hﬁrod&?ﬁ?ﬁ?@fﬁ?&ﬁﬁey are
attached fogema dtie 8 nrapherethbetgrasyic ringi£aeh Rejcaphenrdapendentlyssetegted from the

Peterocy IS ety elbLikenfEA o be (CLB). B4y be ang EHCHR X ABVR10, 51-8, or
1-6. P can hete@ic2id6 sanbelhydsagenhEveh &4 edan didepandentlyehalkyl. Bamn instances of
independently selected £from the group consisting of
10 hydrogen, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl,
cycloalkenyl, heterocycloalkyl, and heterocycloalkenyl;
and R’ can be hydrogen, alkyl, alkenyl, alkynyl, aralkyl,
cycloalkyl, | cycloalkenyl, heterocycloalkyl, or
heterocycloalkenyl; wherein at least one R® cannot be

15 hydrogen.

A can be -—-(C=0)-. N can. be any one of 2-%0, 2-80,
2-70, 2-80, 2-50, 2-40, 2-30, 2-20, 2-10, 5-10, or 5-8.

20 R? can be hydrogen or alkyl.

R?® can be hydrogen, methyl, ethyl, propyl, butyl,
pentyl, or hexyl.

25 Each R can be independently selected from the group
consisting of hydrogen, alkyl, cycloalkyl, and aralkyl.

The second water-gsoluble monomeric unit can be

represented by the Formula 2a:

e o RZ
3
o o
30

avavivs

Formula 2a



10 R4 taken together with the nitrogen to which they are attached can form a 3 to 8 membered
heterocylic ring. R4 can be a methyl, ethyl, propylybutyl, or pentyl, hexyl. -N(R4)2 can be an optionally
substituted aziridine, optionally substituted azetidine, optionally substituted 15 pyrrolidine, optionally
substituted piperidine, optionally substituted morpholine, optionally substituted N-alkyl pipyrazine, or
optionally silbstitiited imidazolese a wiHwelmonomede usiktentamingfabasid résidue dan be 20

represented by the Formula 3a: Formula 3a wherein p can b hole_ numb ected.from 1-100; A
can be -(C(:j@‘)[-Y ;$ % l:l)1 r% Fhd each F?'élgﬁ e irgdeﬁgrﬁ%&?lya;sﬁ% dcted r%ﬁ%%%r’o%drconsisting of
hydrogen, atikyl lajkenylaalkyrngf, acsdky|, bycloalkdt,myetoalkémyt theterveyctedkyll andox
heterocycloalkenyl; and gach_R4 can he in dently selected fropa the grayp qﬂlg.'!ging of alkyl,
alkenyl, allg"/%?ﬁ%%lkyl, gyc?éaaﬁ'kylﬁ%og %g%%eg[r]\yﬁaeter%c cféalkyl, and heterocycloalkenyl; or two
instanées &f Reaakére tdgatmegrith the aitrlgén to which they are attached form a 3 to 8 membered
heterocylic ring. 20 Each R can be independently selected from the group consisting of hydrogen,

alkyl, cycloalkyl, and aralkyl. 5The monomeric unit containing a basic residue can be represented by
the Formula 3b: -R) can be hydrogen, methyl, ethyl, propyl, butyl,

pentyl, or hexyl.

10 N can be any one of 2-90, 2-80, 2-70, 2-60, 2-50, 2-
40, 2-30, 2-20, 2-10, 5-10, or 5-8, N can be 5 or 6.

R can be hydrogen or methyl; R® can be alkyl; R’ can
be hydrogen or alkyl; and n can be 5-10.
15
The monomeric unit containing a basic residue can be
a monomeric species, which contains a functional group
capable of forming a positive charge upon protonation.
Examples of such functional groups include, but are not
200 limited to amines, admidinesg, guanidines, aromatic
amines, such as optionally substituted pyridine,
optionally substituted imidazole, optionally substituted

pyrimidine, and phosphazenes.

25 In instances where the functiconal capable group
capable of forming a positive charge can be an amine, any
amine can be used including, but not limited to primary,
secondary, and tertiary alkyl amines, aralkyl amines,
alkenyl amines, alkynyl anines, cycloalkyl amines,

30 cycloalkenyl amines, heterocycloalkyl amines, aryl
amines, heteroaryl amines, heterocaralkyl amines, and 3-8

membered carbocylic amines.



Formula 3b wherein p can be a whole number selected from 1-10; R can 10 be hydrogen or alkyl; R4
can be alkyl, cycloalkyl, or aralkyl; or two instanceg of R4 taken together with the nitrogen to which
they are attached can form a 3 to 6 membered heterocylic ring. 15P can be any one of 1-10, 1-9, 1-8,
1-7, 1-6, 1-5, 1-4, 1-3, or 1-2. P can be 1. The first water-soluble monomeric unit can be
represented by thetdeormotethe tridt 200 Ho"epoRdiotity Eobagladl whereiuen cary bea whole

number selected fr%m 1.-11100; A can be%%ilzog- ora bond;tl?gpd each R can.be ind%@%rE ently selected

from the gr%ﬁssc%ﬁsstiﬁ“g of r?);lcﬁogé:n? alké“ﬁyl, a )'/enyl,%}ﬁglkﬁl%?cﬁgalkyl, cycloalkenyl,

heterocycloalicachhetetosyclaalkemyldandd2i wahiymkydrbgerodlkyl, alkenyl, alkynyl, aralkyl,
cycloalkyl, cycloalkenyl, heterocycloalkyl, or heterocycloalkenyl; and the second water-soluble

monomeric unit can be 30 represented by the FoLmula 2:
5 The monomer containing a basic residue can have a

molecular weight of about 100 Da to about 800 Da; about
100 Da to about 700 Da; about 100 Da to about 600 Da;
about 100 Da to about 400 Da; about 100 Da to about 300
Da; or about 100 Da to about 200 Da. The monomer
10 containing a basic residue can have a molecular weight of
about 100 Da to about 600 Da; a molecular weight of about
100 Da to about 500 Da; a molecular weight of about 100
Da to about 400 Da; a molecular weight of about 100 ba to ”
about 300 Da; or a molecular weight of about 100 Da to

15 about 250 Da.

The monomeric unit containing a basic residue can be
represented by the Formula 3 or its conjugate acid:
| RW)ng iy N(R%),
R R \O{i;Z%P
s RS
20 Formula 3
wherein p can be a whole number selected from 1-100; A
can be -(C=0)- or a bond; and each R can be independently
selected from the group consisting of hydrogen, alkyl,
alkenyl, alkynyl, aralkyl, cycloalkyl, cycloalkenyl,
25 heterocycloalkyl, and heterocycloalkenyl; and each R* can
be independently selected from the group consisting of
alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl,
cycloalkenyl, heterocycloalkyl, and heterocycloalkenyl;
or two instances of R* taken together with the nitrogen to
30 which they are attached form a 3 to 8 membered
heterocylic ring; each R° can be independently selected

from the group consisting of hydrogen, alkyl, alkenyl,



21 R2 R2 OR3 R2 Formula 2 wherein n can be a whole number selected from 1-100; A can be -(C=0)-
or a bond; each R can be independently selected ffom the group consisting of hydrogen, alkyl, alkenyl,
alkynyl, aralkyl, cycloalkyl, cycloalkenyl, heterocycloalkyl, and heterocycloalkenyl; each R2 can be
independently selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aralkyl,
cycloalkyl, 40icysipalkenyl, heterotyebalkyl, and-hetdracyictohlkenyl; antyR2 cahkEniydrogen, alkyl,
alkenyl, alé)ég |, aralkyl, cycloalkyl, ¢ %o lkenyl, heterocycloalkyl, or heterocycloalkenyl; wherein at
least one cgaénr g}r%éo%cﬁé%r% gt’n; %% the ﬁén%cn\{'gﬁcol%%gg%ining a basic 15 residue can be
represented by the Formula 3: R6 R N(R4)2 R6 R6 P Formula 3 wherein p can be a whole number

selected from 1-1&0; A can be :(pggé-) ora b(ipdé%(gd ggcr}i ap.he in e&e_r@gntl)& 20 selected from
y lkenyl,

the group consisting %?ﬁyo}l)r%gen, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, cyclbalkenyl,
heterotycldaliyl, end heterocyloakeld; andsaéh R4 can be independently selected from the group
consisting of alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, 25 cycloalkenyl, heterocycloalkyl, and
heterocycloalkenyl; or two instances of R4 taken together with the nitrogen to which they are attached
forma3to 8 menﬂfem@hét@rd@pﬂ@‘@iﬂgﬂeach R6 can be independently selected from the group
consisting of hydrogen, alkyl, alkenyl, 30 alkynyl,aralkyl,cycloalkyl,cycloalkenyl,

Each R* can independently be alkyl. Two instances of

10 R* taken together with the nitrogen to which they are
attached can form a 3 to 8 membered heterocylic ring. R*

can be a methyl, ethyl, propyl, butyl, or pentyl, hexyl.
~N(R*), can be an optionally substituted aziridine,
opticnally substituted azetidine, optionally substituted

15  pyrrolidine, optionally gubstituted piperidine,
optionaily substituted morpholine, optionally substituted

N-alkyl pipyrazine, or optionally substituted imidazole.

The monomeric unit containing a basic residue can be

20 represented by the Formula 3a:

R
AL NN(R"’)z
0
R;E( :

Formula 3a
wherein p can be a whole number selected from 1-100; A
can be -(C=0)- or a bond; and each R can be independently
25 selected ffom..thér group consisting of hydrogen, alkyl,
alkenyl, alkynyl, aralkyl, cycloalkyl, cycloalkenyl,
heterocycloalkyl, and heterocyclioalkenyl; and each R can
be independently selected from the group consisting of
alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl,
30 c¢ycloalkenyl, heterocycloalkyl, and heterocycloalkenyl;
or two instances of R* taken together with the nitrogen to
which they are attached form a 3 to 8 wmembered

heterocylic ring.



22 heterocycloalkyl, and heterocycloalkenyl;and wherein the first water-soluble monomeric unit, the
second water-soluble monomeric unit, and the gomeric unit containing a basic residue can be
present in the copolymer in any 5 order. M can be 3-10; n can be 2-8; and p can be 1-6. A can
be -(0=0)-; each R can be independently 10 selected from hydrogen and alkyl; and R4 can be alkyl.
The ratio of the each of the monomeric units in the copolymer can be controlled by varying the ratio of
the starting monomers used to prepare the copalymer. As 15 such, thg monomers can be present in
the copolymer in 5%}: 46, & hg’ Fatio HS%%%% r-&§61 Sl%tr%%norﬁ%ﬁc bRt tothd"%econd
water-solullemsdramerc afit eaaheseeiweehk20 abaytl 44 lapdut 4G aboull4:1to about 1:3; about
4:1 to about 1:2; about 4:1 to about 1:1; about 3:1 to about 1:1; to about 2.5:1 to about 1.5:1. In the
examples below the first water-soluble monomeric unit and the second water-soluble monomeric unit
are présent in the 2ecopohmmerihoratio froneaboatih6rigtosabork 205: es idike wmtarlatio of the first
water-soluble monomeric. unit to the second watgr-soluble monomeric unit in the copolymer can be
about 1:1 té‘%%_%ﬁ? 541 %% By%%em%ﬁgmlg%% ugrﬂlﬁ'containing a basic residue can comprise from about
0.01 mol% to about 80 mol% of the moridimefa in the copolymer. The monomeric unit containing a
basic residue can comprise about 10 mo B&RM0I%, about 30 mol%, about 40 mol%,
about 50 mol%, about 60 mol%, about 78 moll, or abo®t 80 mol% of the copolymer. The monomeric
unit containing a basic residue can comprises between about 0.01 mol% to about 20 mol%; 5 about 20
mol% to about 30 mol%:; about 30 mol% to ZBBU4E nbitve; about 40 mol% to about 50 mol%; or about

50 mol% taakatd £9 Poldeef the eopalymer. dhaapolumecarcanptisa betvean akaut 0% to
about

10 be hydrogen or alkyl; R* can be alkyl, cycloalkyl, or
aralkyl; or two instances of R® taken together with the
nitrogen to which they are attached can form a 3 to 6

membered heterocylic ring.

15 P can be any one of 1-10, 1-9%, 1.-8, 1-7, 1-6, 1-5,
1-4, 1-3, or 1~2. P can be 1.

The first water-soluble mwonomeric unit can be

represented by the Formula 1:

R
A[\ A{}OR1

Formula 1

20

wherein m can be a whole number selected from 1-100; A
can be -(C=0}- or a bond; and each R can be independently
selected from the group consisting of hydrogen, alkyl,
25  alkenyl, alkynyl, aralkyl, cycloalkyl, cycloalkenyl,
heterocycloalkyl, and heterocycloalkenyl; and R' can be
hydrogen, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl,
cycloalkenyl, Theterocycloalkyl, or heterccycloalkenyl;
and the second water-soluble monomeric unit can be

30 represented by the Formula 2:



10 60% by weight of the monomeric unit containing a basic residue. The copolymer can comprise
between about 0.01% to about 90%, about 5% t fbout 80%, about 10% to about 70%, about 20% to
about 70%, about 30% to about 70%, about 40% to about 70%, or about 40% to about 60% by 15
weight of the monomeric unit containing a basic residue. The copolymer can be represented by a
compound of Formula 4: X 20Formula 4 rein nk2nep, R, A, RI, R2, 12.3, R4 and R6 are as defined
herein and X, Y, and Z represent the wel pe,refe okeach monomer of Formulas 1, 2, and 3
present in the copolymer. X can be up tég%;/l ‘%, o 20%, 25%, 30%, 25 35%, 45%, or 50% by
weight of the copolymer. Y can be up to 5%"10%, 152 20%, 25%, 30%, 35%, 45%, or 50% by weight
of the copolymer. Z can comprise about 20 g9l%,, ahoyt 30 mol%, about 40 moll, about 50 mol%,
about 60 24 mol%, about 70 mol%, or about 80 mol% of the copolymer. can comprise between
about 0 mofAHAEbUR 20709, é’od‘ﬁ?%m@%@@%b%%?@mﬂfyg EPBut 38 761% to about 40 mol%;

about 40 mpl%de abaut.50-mgl%; ofabouial Mol%-4e1d abouke0 Bwl% efshe capelymer.
AIthough, the copolymer of Formula 4 is depicted as having the first water-soluble monomeric unit first,

the secondifaRFsBibELABNoRSc FRRER cSRP A THhEE 0 HonSHMERE IRt cortaly the basic
residue thirgl jtdgpoted thatsppplymercaiceprise dyenepens units efarguilxdnz1and 3 in any
combination and/or order. Depending on the amount and ratio of monomers used 15 %%repare the

copolymerd LSS SR fie mBlEEuRT WEIGRS thE hofyer cafbe cohitrolf&d: copolymer

can have aindabena¢riaye malecwacweight ebabout400,aa6bgimol estess: Theglessed molecular

weight of the copolymer can be controlled during the synthesis. 20 The number average molecular
weight of tﬁ@’%&%&éﬁer cagﬂqggabo%]é%]@? 0g %}5%}%235; %583@%%,00@9{:/{%?%%&3; about

250,000 g/mpt0beEseayahout =000 gihokdideds. 25The chpalgmergan davkenyimber average
molecular weight ef about 10,Q§00 /mol to about 00,02% /mol; 50 (190 /mol ta about.200,000 g/mol;
about 100, g moFt%nab%%t gﬁi%%%egl}moﬁfoﬁrya ouf' glf%g ’g/r%% %nglk;igutaﬁﬁ lg’/mol.
cycloalkyl, cycloalkenyl, heterocycloalkyl, or
heterocycloalkenyl; wherein at least one R’ can be not
hydrogen; and the monomeric unit containing a basic

15 residue can be represented by the Formula 3:

RNW R6 Rﬁ .
R'R

Formula 3
wherein p can be a whole number selected from. 1-1060; A
can be - (C=0)- or a bond; and each R can be independently
20 selected from the group consisting of hydrogen, alkyl,
alkenyl, alkynvl, aralkyl, cycloalkyl, cycloalkenyl,
heterocycloalkyl, and heterocycloalkenyl; and each R* can
be independently selected from the group consisting of
alkyl, ‘alkenyl, alkynyl, aralkyl, cycloalkyl,
25 cycloalkenyl, heterocycloalkyl, and heterocycloalkenyl;
or two instances of R* taken together with the nitrogen to
which they are  attached form a 3 to 8 membered
heterocylic xing; each R® can be independently selected
from the group consisting of hydrogen, alkyl, alkenyl,
30 alkynyl, aralkyl, cycloalkyl, cycleoalkenyl,



30 25 The copolymers described herein can exist as the free base or as an acid addition salt, e.qg.,
formed by the reaction of a basic residue with an,gcid. The copolymer salt can be formed by reacting
the copolymer 5 with the appropriate acid or a salt of the monomer containing a basic residue can be
copolymerized directly to form the copolymer salt. If the copolymer exists as a salt, any where
from 10 onedasie tasidua ikall of thendasiceresitdues coatainechinlthe copolgmertcandierin protonated

form.  Sajts o‘% the co%olgmegs descriped herein can include those derived from inorganic acids
such as hyEi chidrt s 4 id‘?ﬁy&r% Formic am& suﬁf-ﬁric, sulfaric acid, pﬁosﬁhorlc, nﬁrlc, and the like;
and the sak® préfiareddrosmerganiciadids suckl asaeeticyrprogionic, suddiniceglysalic stearic, lactic,

malic, tartaric citrilc ascort:)Lig %almgic, r}ggleicrhggrrzog(yr%lgleigh@he#%}%(:f' 290 i
'I?c,?— ceto?(y%en ne i

.8 _basit Tres n .
glutamic,benzoic; éilcyt:eflc,su%anl zoic, fumaric, tolu onic, _metﬁaﬁesulfonlc,

ethané disuaifaise,.oxalic, isothionic, and the like. 25The salt can be formed with acids that include
without limitation acetate, adipate, alginate, aspartate, benzoate, benzenesulfonate, bisulfate butyrate,
citrate, camphorate, camphorsulfonate, cyclopentanepropionate, digluconate, dodecylsulfate,
ethanesulfonate, Hinnaraté&e3Bglléoheptapvatesylgcérophoshate denisult afe, heptanoate,
hexanoate, hydrochloride hydrobromide, hydroiodide, 2-hydroxyethane-sulfonate, lactate, maleate,
methanesulfonate, 2-naphthalenesulfonate, nicotinate, oxalate, thiocyanate, tosylate and
undecanoate. 262 dAMnstREcesWRef the meAGMere urfddbnt&ifingd BaBrIesRtiEcomprises a

basic pjtrogen-cantaining grouRs; hespitrogen canda quakternized withragentssincluding lower alkyl
halides such as methyl, ethyl, propyl and butyl chlorides, bromides and iodides; dialkyl sulfates such
as dimethyl, diethyl, dibutyl and diamyl sulfates; long chain halides such as decyl, lauryl, myristyl and

stearyl chlorides, bramigdes anddgdides and40 ayalkyhbalides suek as phenethyl hropnides.

copolymer can be controlled by varying the ratio of the
startiﬁg monomers used to prepare the copolymer. As
15 such, the monomers can be present in the copolymer in any

ratio.

The ratioc of the first water-soluble monomeric unit

to the second water-soluble monomeric unit can be between

20 about 4:1 to about 1:4; about 4:1 to about 1:3; about 4:1
te about 1:2; about 4:1 to about 1:1; about 3:1 to about
1:1; to about 2.5:1 to about 1.5:1. In the examples
below the first water-soluble monomeric unit and the
second water-soluble monomeric unit are present in the

25 copolymer in ratio from about 1.6:1 to about 2.5:1.

The molar ratio of the first water-soluble monomeric
unit to the second water-soluble monomeric unit in the
copolymer can be about 1:1 to about 3:1.

30

The monomeric unit containing a basic residue can
comprise from about 0.01 mol% to about 80 mol% of the
monomers in the copolymer. The monomeric unit containing

a Dbasic residue can comprise about 10 mol%, about 20



The copolymers described herein can be prepared using any number of methods known to those
skilled in the art. The copolymer can be prepared,yia the 15 copolymerization of the corresponding
unsaturated first water-soluble monomer, second water-soluble monomer, and monomer containing a
basic residue, which can be represented by Formula I, 2', and 3', respectively. [0--H-OR1 20Formula
1', R2 R2 @RI R2RAbharnuda 2o,1&nd R6RsAR6 R6PForeindaud’ 2Zo0wherein meheptR, R, R2, R3,

R4 and R6 gre as rgvious%/ detfine o 27 - \ninstances where Ajis a bond, the compgunds of

Formulal', 2", an Hre stbstituted vmylHécfﬁgrS. 58%pof§/mcérization of the monmers of Formula 1, 2,

copolymer. The monomeric unit containing a basic residue
can comprises between about 0.01 mol% to about 20 mol%;
5 about 20 mol% to about 30 mel%; about 30 mol% to about 40
mol%; about 40 mol% to about 50 mol%; or about 50 mol% to

about 60 mol% of the copolymer.

The copolymer can comprise between about 0% to about

10 60% by weight of the monomeric unit containing a basic
residué. The copolymer can comprise between about 0.01%

to about 90%, about 5% to about 80%, about 10% to about
70%, about 20% to about 70%, about 30% to about 70%,
about 40% to about 70%, or about 40% to about 60% by

15 weight of the monomeric unit containing a basic residue.

The copolymer can be represented by a compound of

Formula 4:

_ _ ! RR
_ “ R R R -——%
R R "R \/\4
R S\ ’A
—A, Q 2 5 R
O R2 R .R RS
RENC_R®| o N(RY),
n OR®
m OR!
- — — o S —
X Y Z
20 : : Formula 4

wherein m, n, p, R, A, R*, R?, R’, R* and R® are as defined

herein and X, ¥, and Z represent the weight percentage of
each monomer of Formulas 1, 2, and 3 present in the
copolymer. X can be up to 5%, 10%, 15%, 20%, 25%, 320%,
25 35%, 45%, or 50% by weight of the copelymer. Y can be up
to 5%, 10%, 15%, 20%, 25%, 30%, 35%, 45%, or 50% by
weight of the copolymer. 7 can comprise about 20 mol%,

about 30 mol%, about 40 mol%, about 50 mol%, about &0



3' can be accomplished using any of the various means known in the art, such as cationic
polymerization, anionic polymerization, radical palymerization, -
photochemicalpolymerization,andelectrochemical 10 polymerization. = The copolymers can be
prepared using a living (controlled) polymerization technique. Living polymerization techniques are
useful methedsfor ibpreparmgmdlkdefined shpalymers witl a lavf paljdispersity ymdex. Living
polymerization is a form of polymerization in which the ability of a growing. polymer _chajn to terminate
has been rém&7ad. &ﬁ%&w@%ﬁ%m%ﬁ&ﬁ" &n cr%l“a\f:fr? Yrans ern}gg‘/gtio%(sg ar‘l’l‘gbacfglsgent>é oryr vrélP;laI%{N and 20 the
rate of radiealdnitiation issdénerallphnch lagentisn; thetratecof3chai propagatibnuAs alresult of these

conditions, the polymer chajn can grow at a,more constant rate as compared with traditional
polymerizaﬁ(())gL Féacnfgg)?\lslctanJ‘drE,5 in' %%"c;é% 0 %?61& C(??)%OT)‘/%é’r’s, 8gcﬁ%ggﬁor%omg%gl6c%§an be
preparg2d setpaeritiadly. Depéndihgtorethearailirenefithe copolymer that is desired, e.g., block
copolymer, random copolymer, statistical copolymer, etc, the appropriate living polymerization
technique can be employed to prepare the copolymer. Such living 30 polymerization techniques
include living aniohictpelyaieriz&fion, iving tameric pblyfserivatian, diving fréerbeicad pslymerization,
living groupstransfer pelymeization, apd.living, Ziggler-Natia-palymerization 28; . The gopolymers be
prepared by contacting the monomers described herein, e.g., monomers of Formula I, 2', and 3', under

polymerizatigs esdditivas Siereby férhting HHEEBI5ENHAer. WHytpolyrheRzstion ésKblitidr*s known to
those, gkilled in the. attcanhe employgdiie phenake theseapolyraer seh s liviag apjonic

polymerization, living cationic polymerization, living free radical polymerization, such as atom transfer

radical polyrRdiEsti A TRPER hving §rotplraR SR 10550 lymEPIEIBRL aRd WG Zie@ér-Natta

polymerizatign|(} the examples Below; the gopelymesis.ate Brepared By UsingeATRP. ATRP is an
example of a living radical 15 polymerization technique, which employs the use of a transition metal
catalyst to mediate the formation of covalent bonds in a highly controlled process. ATRP reactions

typically employ ap&sgaaic-halide initiaéor am-alefin menomer i and-x transitar metal saklyst. 20
The organic halide initiator can be an_organic halide, such as iodide, bromide or_chloride. Organic

bromites téil B RcTe FoSctRRRMH It e il 188G shiaR trygaric ehiBrigS *rdical organic
halides 25 ipglugies butrare mot bipiieehiarallsdrhalidescbanzy Tedides, adtedo esipes, yneha-halo
amides.  Any qiganic halide injiator car be used n the preparation of the ggpolymers described
400,000 g/mol or less. The desired molecular weight of
the copolymer can be controlled during the synthesis.
20 The number average molecular weight of the copolymer can
be about 350,000 g/mol or less; about 300,000 g/mol or
less; about 250,000 g/mol or less; or about 200,000 g/mol

or less.

25 The copolymer can have a number average molecular
weight of about 10,000 g/mol to about 200,000 g/mol;
50,000 g/mol to about 200,000 g/mol; about 100,000 g/mol
to about 200,000 g/mol; or about 150,000 g/mol to about
200,000 g/mol.

30

The copolymer can have a number average molecular

weight of about 200,000 g/mol or less.



30 organic halide initiator can be an alkyl halide, a benzyl halide, an a-halo ester, or an a-halo amide.
29 RO R5 X R5 Formula 6' wherein X can be chlggide or bromide; R can be alkyl, aralkyl, cycloalkyl, or
heterocycloalkyl; and R5 can be 5 alkyl, aralkyl, cycloalkyl, or heterocycloalkyl. X can be bromide; R
can be alkyl; and each R5 can independently be alkyl. In the examples below, ethyl
a-bromoisobuterattiés 18aisethasthe ofseichalete inkatein CHre cepolymerssdesdrébed herein can
further comprise an initiator attached at a teyminal end of the olymer, wherej initiator can be
representg%ﬁo%%/ethag%%?mﬁg 158: 0 8 ROR F%i_?%h a6 W%%(;l(ce%'ﬁ‘l F)Q/ec'a%' be z%r%;?“ g%glk% , cycloalkyl, or
heterocyclaalkyl;arch R6ican be alky,aratkyl, 20 cysidalkyl, owheterogycloatkiyfl.  TH&eopolymers

described herein can furtggr'l%o(r_z‘r%%rése@@ irgg%tggattquequg%{e_mgnaéﬁgd 8&%1%Mymer, wherein

.. COpOo ar
the initiator can be a-isobuterat
5 with the appropriate acid or a salt of the monomer

containing a basic residue can be copolymerized directly

to form the copolymer salt.

If the copolymer exists as a salt, any where from
10 one basic residue to all of the basic residues contained

in the copolymer can be in protonated form.

Salts of the copolymers described herein can include

those derived from inorganic acids such as hydrochloric

15 acid, hydrobromic acid, sulfuric, sulfamic acid,
phosphoric, nitric, and the like; and the salts prepared

- from organic acids such as acetic, propionic, succinic,
glycolic, stearic, lactic, malic, tartaric, citric,
ascorbic, palmitic, maleic, hydroxymaleic, phenylacetic,

20  glutamic, benzoic, salicyclic, sulfanilic, 2-
acetoxybenzoic, fumaric, roluenesulfonic,
methanesulfonic, ethane disulfonic, oxalic, isothionic,

and the like.

25 The salt can be formed with acids that -include
without limitation acetate, adipate, alginate, aspartate,
benzoate, benzenesulfonate, bisulfate butyrate, citrate,
camphorate, camphorsulfonate, cyclopentanepropibnate,
digluconate, dodecylsulfate, ethanesulfonate, fumarate,

30 glucocheptanoate, glycerophosphate, hemisulfate,
heptanoate, hexanoate, hydrochloride hydrobromide,
hydroiodide, 2-hydroxyethane-sulfonate, lactate, maleate,
methanesulfonate, 2-naphthalenesulfonate, nicotinate,

oxalate, thiocyanate, tosylate and undecanocate.



A broad range of transition metals can be used to catalyze ATRP reactions. Such transition metals
include, but are not limited to Group IV metals, sggh as Ti, Group VI metals, such as Mo, Group VIl
metals, such as Re, 30 Group VIII metals, such as Fe, Ru, and Os, Group IX 30 metals, such as Rh
and Co, Group X metals, such as Ni and Pd, and group Xl metals,such as Cu. Copper based
ATRP catalysts exhibit broad functional group tolerance,good polymerization rates, and form well 5

defined polymer products.Copper can be use%in the +1 oxidation state or a copper precatalyst
generate Cu' in sit caftbe %%Isio %eﬁ%cg‘ a?ysfggﬂﬁf%?%ﬁgan%%%% Contafgmg &

basic residue comprises a basic nitrogen-containing
groupg, the nitrogen can be quarternized with agents
5 dincluding lower alkyl halides such as methyl, ethyl,
propyl and butyl chlorides, bromides and icdides; dialkyl
sulfates such as dimethyl, diethyl, dibutyl and diamyl
sulfates; long chain halides such as decyl, lauryl,
myristyl and stearyl chlorides, bromides and iodides; and

10 aralkyl halides such as phenethyl bromides.

The copolymers described herein can be prepared
using any number of methods known to those skilled in the
art. The copolymer can be prepared via the

15 copolymerization of the corresponding unsaturated first
water-soluble monomeyr, second water-gcoluble wmonomer, and
monomer containing a basic residue, which can Dbe

represented by Formula 17, 2/, and 3’ , respectively.

R
;
R/&ﬁ/A%O/N\%OR
m
R
20 Formula 17,

R R2 RZ

Al OR3
Y Ao S

R R2 R2

Formula 2/, and

R RS RS
4
R)\rA\ OMS(R )2
B
R R%Re

Formula 3’

25 wherein m, n, p, R, R, R*, R’

defined.

, R* and R® are as previously

In instances where A ig -(C=0)-, the compounds of

Formula 1’7, 27, and 3’ are substituted acrylates.



pseudohalide,acarboxylate, halide trif late, ion, a Or hexafluorophosphate. The transition metal, e.g.,
copper, can be complexed with a nitrogenous ligand, such as derivatives of 15 bidentate bipyridine

(bpy) and pyridine imine, tridentate diethylenetriamine(DETA),and tetradentate tris[2-
aminoethyllamine(TREN)and tetraazacyclotetradecane (CYCLAM).In the examples below, copper is

used in
catalyst.

The olefin monomer can be any maonomer,

cted i a bro&s of

o

conjunctionwithl,1,4,7,10,10- 20 hexamethyltriethylenetetramine to prepare the ATRP

e.g.,. those represented hy Formulas P,, 3,
and combinations25 tABEOF R TP FE&ctibns¢an e ?6’%8311 gl

Ivents, such

as benzenedeluene, xyleng! tetrahydmfuten, L14-dioxanesanisaley tlineethylfel. mamide, 30
dimethylsulfoxide, water, alcohols, such as methanol, ethanol, and isopropanol, acetonitrile,
chloroform, and combinations thereof. In certain instances, the ATRP reaction can be conducted in a
solvenf consistingiefibe mendmersiemployed inethecopolymerizédtidio tmties 17, 27,

10

15

20

25

30

3 can be accomplished using any of the wvarious means

known in the art, such as cationic polymerization,
anionic polymerization, radical' pblymerization,
photochemical polymerization, and electrochemical
polymerization.

The copolymers can be prepared usihg a living
{controlled) polymerizatioﬁ technique. Living
polymerization techniques are useful methods for
preparing well defined copolymers with a low
polydispersity index. Living polymerization is a form of
polymerization in which the ability of a growing polymer
chain to terminate has been removed. Chain termination
and chain transfer reactions are absent or wvery low and
the rate of radical initiation ié generally much larger
than the rate of chain propagation. BAs a result of these
conditions, the polymer chain can grow at a more constant
rate as compared with traditional polymerization
reactions and, 1in the c¢ase of block copolymers, each
monomer block can be prepared sequentially. Depending on
the nature of the copolymer that is desired, e.g., block
copolymer, random copolymer, statistical copolymer, . etc,
the appropriate living polymerization technigque can. be
employed to prepare the copolymer. Such living
polymerization techniques include living anionic
polymerization, living cationic polymerization, living
free radical polymerization, living group-transfer

polymerization, and living Ziegler-Natta polymerization.



31 examples below, the ATRP reaction is conducted in isopropanol. In instances, where a block
copolymer is prepared, 5 the ATRP reaction car&zt%e conducted by contacting the organic halide
initiator, the first monomer present in the desired block copolymer, and the transition metal catalyst
under the appropriate reaction conditions for the ATRP reaction. The transition metal catalyst first 10
reacts with the orgaaic haligenjtiéaersto fosan arpergeapatetallisyintetroadiate: s inténmediate can
then sequentially react by inserting, into the double bone of the monomer form.a new carbon-carbon
between tHERHIATS artRie Mo TomerdTd Barbon Metal SoRA With the 15 CAtalyst ﬁﬂs’ newly foimed
intermediate ¢can eprtinu® tp sequertiallyreaetwith neonomers dyrinsertingntothe odefin. In this way,
the polymey chain contjnues to grow in length until substantially all of the first er is consumed in
this fashior. After'the fij?s emoﬁg?%%r 150 Subst;}%%glly ggrtwj urfél(é: ,Zt%g%%%onagngc?r?gr]ﬁé}ll can be
introddcedimiovthe teactidmoeessetlandlthd second biocleottheceapolyeneevad bgdslilttir the same

fashion. This process cap.be repeated,until the blo polyg]éer has the desired pumber, of blocks.
Once the %l@%%%mbeg%? 25 biocks Has béen acgfﬁe&\?ed the react%n ca§ be stopped and the desired

product capdbyisetaiethas arblock dopolgmer zbataidiag the brymd ratiEonat atémdingl end of the
block copolymer and & frapsition,mefalresidue; 6,9, a halide. atthe praxjmal end gtheblock

copolymer. 30 In‘instances where the copolymer is a random or statistical copolymer, the
copolymer raf bezprepardd by adldingithe first\Wake? sblublé hicriomef freBe&diFdfAtr-soluble

monogger, ge@%%mozmgncong@imﬂ%bfﬁ% e%?"ré?% isthedeactiopassebwhgge the ATRP

reaction wifl be”conducted at the same time. | ed, the transition metal residue can be 5 removed
or chemicall} mebfie?@gL Urehahgd e8n bé ReacePRtRTEGucHE agBRERAERRCEH with
hydrogen. Egglg?pgli,m;e_rs described herein can further comprise 10 a residue covalently attached at
a terminal end of the copolymer, wherein the catalyst residue can be selected from chloride, bromide,
or iodide. The copolymer can have the Formula 5:

ATRP is an example of a living radical
15 polymerization technique, which employs the use of a
transition metal c¢atalyst to mediate the formation of
covalent bonds in a highly controlled process. ATRP
reactions typically employ an organic halide initiator,
an olefin monomer, and a transition metal catalyst.
20
The organic halide initiator can be an organic
halide, such asg iodide, bromide or c¢hloride. Organic
bromides tend to be more reactive and provide better
regults than organic chlorides. Typical organic halides
25 include, but are not limited to alkyl halides, benzyl

halides, o-halo esters, and o-halo amides.

Any organic halide initiator can be used in the
preparation of the copolymers described herein. The
30 organic halide initiator can be an alkyl halide, a benzyl

halide, an o-halo ester, or an o-halo amide.

The organic halide initiator can be represented by a

compound of Formula 6



whereinm, n, p, R, A, 121, R2, R2, R4, R6, X, Y, and Z are as defined herein and C and D can be
selected from the group consisting of a residue sglected from chloride, 20 bromide, Or iodide; and an
initiator, wherein the initiator can be represented by the Foimula 6: 0 , RO R5 Formula 6 wherein R
can be alkyl, aralkyl, cycloalkyl, or 25 heterocycloalkyl;and R5 can be alkyl,aralkyl, cycloalkyl, or
heterocycloalkyl; wherein at least one of 33 C or D @agsbe a residue and at least one of C or D can be
an initiator of Formula 6. In the examples below#; copolymer is prepared by 5 copolymerization
of polyethylene glycol methacrylate, polypropyleneémethacrylate,and2-(N,N
dimethylamino)ethylmethacrylate,usinga copper(l)bromidel,1,4,7,10,10-
hexamethyltriethylenetetramine catalyst in isogtopandlzatd0 45 C under nitrogen.  Advantageously,

the copolymeLs pigpaed usind T RE @B canthae AiieRy onspobidispisite 1Py (PDY- The
PDI of the copolymer can be from about 1.05 to about
aralkyl, cycloalkyl, or heterocycloalkyl; and R® can be
5 alkyl, aralkyl, c¢ycloalkyl, or heterocycloalkyl. X can
be bromide; R can be alkyl; and each R® can independently

be alkyl.

In the examples below, ethyl o-bromoisobuterate is

10 used as the organic halide initiator.

The copolymers described herein can further comprise
an initiator attached at a terminal end of the copolymer,
wherein the initiator can be represented by the Formula

15 &6
O Rs%
RON/
RS
Formula 6
wherein R can be alkyl, aralkyl, cycloalkyl, or
heterocycloalkyl; and R°® can be alkyl, aralkyl,
20 cycloalkyl, or heterocycloalkyl.

The copolymers described herein can further comprise
an initiator attached at a terminal end of the copolymer,
wherein the initiator can be a-iscbuterate.

25

A broad range of transition metals can be used to
catalyze ATRP reactions. Such transition metals incilude,
but are not limited to Group IV metals, such as Ti, Group
VI metals, such as Mo, Group VII metals, such as Re,

30 Group VIII metals, such as Fe, Ru, and 0Os, Group IX



15 2.0; about 1.05 to about 1.8; about 1.05 to about 1.6; or about 1.05 to about 1.6 Also provided,
is a formulation comprising a copolymer as descijed herein and at least one excipient. 20 The
excipient can be any excipient useful in the formulation of pharmaceuticals, paints, detergents,
cosmetics, such as hair care products, skin care products, and nail care products, and combinations
thereof. 25me t Aceeptable excipEntscan includeranypsubstartcelusedsasa cagrief i diueht, adjuvant,
binder, and/&;ovehi le for deli\:/{ezry of gnfgent or Eubstaece and/or to improve its handling or storage
properties 6 &é’r iB5738 facilitate formatiSi 6 aa"csombldsition for an intended use. 34 agents,
vitamins, dyes, haicggletingagentsapriteins, ahinotacies; pldmttexbaots] hdmectamsaffagrances,
perfumes, oils, emallients, lubricants, butters, penetrants, thickeners, vi i dif] polymers, 5
resins, hairgf]‘;(%lﬁ%%ﬁl r%rf%?r%%r‘s, %ﬁﬁac ﬁ? X gﬁalrégqn:t%?gmﬂ%? |e§ré, §§l§§ift%%mg%aé§nt?sl, volatiles,
propellantsdéduidashistds;oarrieps;aiuriers . saltS opiedjusting hgentsadeuiralizihg agénts, buffers,
hair conditignin ents, anti-static_agent I-friz ,anti-dandruff agents, hair waving
agents, haicr)}étlrg% gr%ngsagégr%s,%ﬁa%eréoﬁé%?bezﬁ%sg,%ggcﬁé{n%?inag%%s ﬁ]f‘;ereglbe?t}ghmwr%aceutically
acceptablemﬁﬁemecﬂur*ﬁea;m a#fy 48 .substance, not itself a therapeutic agent, used as a carrier,
diluent, adjuvant, binder, and/or vehicle for delivery of a therapeutic agent to a subject, or added to a .
pharmaceutical composition to improve its handling or storage properties or to permit or facilitate
formation 20 of a 5@ potAER R pESHBH-Fd Bfunifddsadeforth fordiifistiedidn. 2
Pharq@celgiggﬂlﬁgﬁgq@agl’e excipignts are welliknownindhe pharmageuticabarts and are described,
for examplé, in Remington's Pharmaceutical Sciences, Mack Publishing Co., Easton, Pa. (e.g., 25
20.sup.th Eie*2000)°aREMFIBBER of Pharmaceutical Excipients, American Pharmaceutical
Association, Washington, D.C., (e.g., 1.sup.st, 2.sup.nd and 3.sup.rd Eds., 1986, 1994 and 2000,
respectively). As will be known to those skilled in the art, excipients may provide 30 a variety of
functions and may'B& deiamsed a8Weliigagerfts DuffergRRTentS FaspendifgRbERE lubricating
agents, emylsifiers, disiptegradsnaksprbenigpraservatives, sugactaats; eeleiants, flaverants, and
sweeteners. Examples of pharmaceutically acceptable 35 excipients.include without limitation: (1)

sugars suchASRicisS, GHRGsEHFsuthbae: (FFarties stth ad o sthrchSith BStto starch; (3)
cellulose apgd &s derivabies; swehas sodimmzcarboxymethyletiviogentate tris[2-

aminoethyl] amine (TREN) and tetraazacyclotetradecane
(CYCLAM) . Iin the examples below, copper is used in
conjunction with 1,1,4,7,10,10-

20 hexamethyltriethylenetetramine to prepare the  ATRP

catalyst.
The olefin monomer can be any monomer, e.g., those
represented by Formulas 1’7, 2/, 3, and combinations

25 thersof.

ATRP reactions can be conducted in a broad range of
solvents, such as benzene, roluene, xylene,
tetrahydrofuran, 1,4-dioxane, anisocle, dimethylfcrmamide,

30 dimethylsulfoxide, water, alcochels, such as methanol,
ethanol, and iscopropanol, acetonitrile, chloroform, and
combinations thereof. In certain instances, the ATRP
reaction can be conducted in a solvent consisting of the

monomers employed 1in the copolymerization. In the



5 ethyl cellulose, cellulose acetate, hydroxypropylmethylcellulose, and hydroxypropylcellulose; (4)
powdered tragacanth; (5) malt; (6) gelatin; (7) talg; (8) excipients, such as cocoa butter and
suppository waxes; (9) oils, such as peanut oil, cottonseed oil, 10 safflower oil, sesame oil, olive oil,
corn oil and soybean oil; (10) glycols, such as propylene glycol; (11) polyols, such as glycerin, sorbitol,
mannitol are: palyetylenssglyegl; (12hesterssach asethyl @leatd and ethylilawrate; (13) agar; (14)
buffering agents, such 1"1 as magnesium hydroxide and aluminum hydroxide; (15) alginic acid; (16)
pyrogen-fr %Fe???fﬁ ISotonic saline; (18) Ringer's solution; (19) ethyl alcohol; (20) pH buffered
solutions; (21) polyesters, polycarbonates and/or polyanhydrides; and (22) other non-toxic 20

compatiblesubstagglesje_m Io¥lecdinpharrlyl\aceutigalgcirmy{lations. %I%e fg%?%%%%%tafurther

. 1 . p .
comprise at least one lffactant SA{nyV%u?fggtant Known to thase skilled in the rt can be used in

combidiationtwith #iReopolyars alescribad frereirc Suihcswfactapts imeiudes bungre hbelimited to
anionic surasianis cajlgnie suragiants, panionic gurfagiants angdpspeboteresulactans

30Examples of anionic Surfactants inc ude, but are not limited enzene sulfonates, alkyl or
alkenyl ethehsulfstesiaikegl ocbatkehyl solfstésrsisiin sulidnatés alkapasifomiesnsifutated or

unsaturate auy: aeid salisy a1 kenyl elpericarborylales, oy 36 sylfaaty ald sals, N-acylamino

acid surfactants, mono- or di-phosphate surfactants and sulfosuccinate salts. 5The anionic surfactant
can be an &kgl stFGFate havingBetwechgbobir 20 %4 bt 2Earbors afemy NontRfikihg examples

of anigpic surfactants jnglyde spdiun dodeey sulfate, sodiumslayeath sulfate, apypgnium lauryl sulfate,

sodium lauryl sulfate, sodium myreth sulfate, 10 dioctyl sodium sulfosuccinate, alkylbenze sulfonates,
poly(ethyleRE GRRONLA-AbAHPhef STEROPASGIRA ethdPpStasSitfraat afinfan then
dodecylbenzengsulfanate, sodilyn coer, faity alcohphgulfate.sodivm G416 swfeaaterand sodium

trideceth sulfate. 15 Examples of the counterion to the anionic residue- of the above-described

anionic surtaefant@FRAUEE, blCare"Rdlimited TS HIkafi FEANTR'RN aPLE5HERFon IR potassium

ion, alkaling gathwelal ighg sHelk ascaleHaR 281an ageimargnestin icfoammaiumdaas, and
alkanolamines having from1to3 alkanoligroups with 2 or 3 carbon atoms (such, as

monoktharoRifingS iethalotamme e tTeHEMin AT RS0st bBafaEmire) - 2588n Sithiting

examples fageb €ationig syiEaeiants;ith monomers by inserting into the
olefin. In thig way, the polymer chain continues to grow
in length until substantially all of the first monomer is
consumed 1in this fashion. After the first monomer is
20 substantially consumed, the second monomer can be
introduced into the reaction vessel and the second block
of the copolymer can be built in the same fashion. This
process can be repeated until the block copolymer has the
desired number of blocks. Once the desired number of
25 Dblocks hag been achieved the reaction can be stopped and
the degsired product can be isolated as a block copolymer
containing the organic initiator at a termihal end of the
block copolymer and a transition metal residue, e.g., a

halide, at the proximal end of the block copolymer.

30

In instances where the copolymer is a random or
statistical copolymer, the copolymer can be prepared by
adding the first water-soluble monomer, the seccond water-

soluble monomer, and the monomer containing a basic



include fatty amines; quaternary ammonium surfactants; and imidazoline compounds. Examples of
nonionic surfactants include, but are 30 not limitgd,to polyoxyalkylene alkyl ethers, polyoxyalkylene
alkenyl ethers, higher fatty acid sucrose esters, polyglycerin fatty acid esters, higher fatty acid mono-
or diethanolamides, polyoxyethylene hydrogenated castor oils, polyoxyethylene sorbitan fatty acid
esters, 37podfaxyethylene serbitelfatty anid estese lalkyhsaechatide urfaptantss atkidamine oxides,
and alkyl amidoamine oxi%es.tS al’rgp|gﬁ of am hoéeric surfactants include, but are not limited to
imidazolinés: rk%%e?é%ﬁ E,Car%ldoabetalnteas,ss% obetla[flnee‘s, hydroxysulfobetaines, and
amidosulfobetaines. 10The formulation can comprise at least one copolymer as described herein and
at least one surfactant. . The surfactant can _be a sodium al Ifate ormylatiopn can comprise
about 8% to abou% §50/§ %)S/zvggléht :angdqunr o é“c%f8&1fa%.g%%{Thg%grlnaﬁétior%%%n #a(l%/e a zero
shear-fate viscosigdofabooteideldbout2d Phisl, P& =dl. kg/@hs2))aThd 20 fevmulion can have
a shear-rate visgosity of about 0.01 P abaut 20.Ras, about 5 to
about 20 Pra‘-&safrfcri:o@rrctlt abg&tgg to gbou%oﬁ%ggggg?ror%%%%%% tc?) ab%l%%%%g-s, flrg”;w %%%5 to about 16
Pa-s, fromlapdut§eaabout 14 Pa.s, from about 5 to 25 about 12 Pa-s, or from about 5 to about 10
Pa-s. The shear-rate viscosity of the formulations described herein can change as a function of the pH

of  the formulation.In some instances, the shear-rate .
The copolymers described herein can further comprise

10 a residue covalently attached at a terminal end of the
copolymer, wherein the cétalyst residue can be selected

from chloride, bromide, or iodide.

The copolymer can have the Formula 5:

- _[Trr |-
B ] R R R Yomd—D
R R R\)L X
R M ‘\ ,A
""””fa‘ o) 2 RB RB
0 R F‘; R6
z RZ R 1P N(RY;
n oOR3?
im OR|
15 X Y Tz

Formula 5
wherein m, n, p, R, A, R*, ®R*, ®R®, R*, R% X, Y, and Z are
as defined herein and C and D can be selected from the
group consisting of a residue selected £from chloride,
20 bromide, or lodide; and an initiator, wherxein the

initiator can be represented by the Formula 6:

A

RS
Formula 6
wherein R can be alkyl, araikyl, cycloalkyl, or
25 heterocycloalkyl; and R° <can be alkyl, aralkyl,

cycloalkyl, or heterocycloalkyl; wherein at least one of



30 viscosity of the formulation increases as pH decreases. 38 about 10% when the pH of the
formulation is decreased pH 7 to pH 4. The pH of the formulation can be between about 0 to 5 about
14, from about 2 to about 10, from about 4 to about 8, from about 4 to about 7 or from about 4 to about
6. The pH of the formulation can be about 4.5 to about 5.5. The pH of the formulation can be about 4

to about 6.d0r Drhesshess-ratendscenity ofrifie farmudation eaeinsreaseqyitvingseasiag
concentration of the copolymers described herein. Typically, the copolymer can be present in the
formulatiorf'at &BULHJO%E%},:aBSuFfﬁ@&Jﬁ Bbout 1.5%, about 2.0%, about 2.5%, about 3.0%, about
3.5%, about 4.0%, about 4.5%, about 5.0%, about 5.5%, about 6.0%, about 6.5%, about 7.0%, about
7.5%, or about 8.0% by weight of the formulation. 20The copolymer can be present jn the formulation
at about 0.5% to &%u‘%%%gaﬁ%ﬂp %Stobatio%‘f 5%1”72{131%01(1%O ?‘Ef)%gmaebrouf’ SoeF ]ég?gﬁgﬁtdﬁ 510 about 4%,
or abosit byrweighfof theztormotation £25the fornhwdtimecancdompiise alsaitacE%itotabout 3.0% by
weight of the E%OI me{r.) The formula@%récan .{urEFIEer comprise anfgam stabilizgr.(Tlg oam stabilizer
a e

can be an)pf% 30%¢abilizer known to those skilled 1n the art, such as cetyl alcofiol, cétearyl alcohol,

stearic acidiamekfiellke iExanelby Df skin caresadentsyicitde guar gunysing a
hydroxyethé(lcg:&ggljg;?xfbqé(]gégﬂxy@éopylmethylcellulose, polyethyleneglycgl;qxdiolygggwg]%atproteln,
hexamethyltriethylenetetramine catalyst in isopropancl at

10  45° C under nitrogen.

Advantageously, the copolymers prepared using ATRP

reaction can have a very low polydispersity index (PDI).

The PDI of the copolymer can be from about 1.05 to about

15 2.0; about 1.05 to about 1.8; about 1.05 to about 1.6; or
about 1.05 to about 1.6

Also provided, is a formulation comprising a
copolymer as described herein and at least one excipient.

20 The excipient can be any excipient wuseful in the

fofmulation of pharmaceuticals, paints, detergents,
cosmeticsg, such as hailr care products, skin care
products, and nail care products, and combinations
thereotf.

25
Acceptable excipients can include any substance used
as a carrier, diluent, adjuvant, binder, and/or wvehicle
for delivery of an agent or substance and/or to improve
its handling or storage properties or to permit or
30 facilitate formation of a composition for an intended

use.

Cosmetically acceptable excipients include

preservatives, antioxidants, chelating agents, sunscreen



39 polyoxyethylene stearyl ether, and the like.Other useful foam stabilizers also include the fatty
amides, and particularly the mono- or diethanolagmjdes of cocos fatty acids, lauryl- or oleic acid mono-
or 5 diethanolamides.  The formulation can ft?r%]%er comprise about 0.1% to about 10%, about 1% to
about 10%, about 1% to about 9%, about 1% to about 8%, about 1% to about 7%, about 1% to 10

about 6%, abeut:1% te abauti®Mb, ahopt 4% te-ahout-4%e o1 agoul dd6 te; abasit 3 by aveight of a
foam stabilizer.  The formulation further can comprise about 2% to about 6% bgﬂ\;vei ht of a foam
C

stabilizer. PFIROTh&forAtilations Hescrib&t hafeif can DeReHR te mantfett d hair care
product or g&skingaie, produstier,a paisme0BriehDescriptivaafiReavdsgs  Hlhecaggompanying
drawings illustrate a discloseci}emgodiment and. serves to ex%&:ﬁ%{w ¥1.e principles of the disclosed
embodimeRENT5 16 BEIMderSh5E s wEver, D5TRP the dralings afe desighSd 81 piiposes of
illustration esly;apd notrasia defipiticn-afthe limit€ Dithe ifentions, Houifdepietsithe synthetic
scheme to eets nthesis of bé%sri-lig €9 %Iymer vg(t::hi@ol ethylenee%l¥cé‘ol ("PE%@%F)
ponproperneg%&?FﬁﬁG"),aanay%l- méthﬁgmlno& ;I/]r%et?‘]%cry atée ("I¥B %\s)'side chains.
40 CDC13@at4peMEzL25 CYinplardatiebf PEGIPPGar 21371 sonteatoflRDMAEMA 549.75 mol %
andZSEBWg@)adjusting agents, neutralizing agents, buffers, hair
conditioning agents, anti-static agents, anti-frizz
10  agents, anti-dandruff agents, hair waving agents, hair
straightening agents, relaxers, abscorbents, and

combinations thereof.

Pharmaceutically acceptable excipient can mean any

15 substance, not itself a therapeutic agent, used as a
carrier, diluent, adjuvant, binder, and/or vehicle for
delivery of a therapeutic agent to a subject, or added to

a pharmaceutical composition to improve its handling or
storage properties or to permit or facilitate formation

20 of a compound or composition.inﬁd a unit dosage form for
administration. Pharmaceutically acceptable excipients

are well known in the pharmaceutical arts and are
described, for example, 1in Remington's Pharmaceutical
Sciences, Mack Publishing Co., Baston, Pa. {e.g.,

25 20.sup.th =4., 2000}, and Handbock of Pharmaceutical
Excipients, American Pharmaceutical Association,
Washington, D.C., {e.g., l.sup.st, 2.sup.nd and 3.sup.rd
Eds., 1986, 1994 and 2000, respectively). As will be
known to those skilled in the art, excipients may provide

30 a wvariety of functions and may be described as wetting
agents, buffering agents, suspending agents, lubricating
agents, emulgifiers, disintegrants, absorbents,
preservatives, surfactants, colorants, flavorants, and

sweeteners. Examples o©f pharmaceutically  acceptable



Fig. 3 shows the GPC elution curves of brush-like copolymer 3-4 synthesized via one-pot ATRP, DMF
5 containing 0.1 wt % LiBr as eluent with a flow rate of 1.0 mL/min at 25 C (molar ratio of PEG/PPG =
2.37; content of PDMAEMA = 49.75 mol %, 25.9 wt %). (a) Light scattering signal, (b) refractive index
signal. Fig. 4 shows the FTIR spectra of brush-like 10 copolymers with different PDMAEMA content.
3-1, 0 1,-; 32¢19:8hmai% {2 1wd&o);vB-8h 28133 el ¥ 2ibmwi%) Br-4, 49qrmol% @259 wt%); 3-5,
58.48 moI%%SB 3 wt%g; B-6, 69.44 mol% (44.5 wt), B-7, 79. motl'%r@7.6 wit% r%spgctively. 15Fig.
5 shows th a&gt?o%o Fzerd Hgéjr’?%teavrilscogﬁlf of t%ee’bru(s 'lik8 c%poff/?nse’r BZ7fEUrfactant system as
a function afcSRS eanteahat 2L gndtptt 6.0 sCapalymer dhcentralionoz® wed-. Bigs6 shows the
variation of zero shear-rate 20 visc¢osity of the mixtures of brush-like copolymer/surfactant system as a
function of TEFATGE S 9b'C. (Of Ebpolner B2 Futar s P B PLIA, 15 comoh ekt o with
PDMAEMAecdgtent of 49.75 moldo(R6:8=2wt%); (c) copobhierBSavith PDMAEMAwontent of 58.48 25
mol% (33.3 wi%). Copal r concentration; 2,0 wtl. FH %]%ﬁ iai fo shear-rate
viscosity o é%%ﬁ%’ﬁ%ﬁé%g‘é%gﬂ g%s%éé?a%%?ﬁixtﬁ%% ai’%acz uncti SrJ{o \iggl\%g{lgﬂl% fgﬁtent.
Concentratich ofcopbiymér: 2e.ga%a2sIC; pif b.madt; 4. SysHavws the Variatienlst izero

shear rate \isposiy. ot {ne. fuishike capolymerisydagtant guxiures 25 funeliga of copolymer
concentration at 25 C and pH 6.0. (a) Copolymer B-6 with the PDMAEMA content of 69.44 5 mol%
(44.5 wt%)vesiedpolyirher B2E With PEMAREMYS capfeiist 7931 molte i5PBSAe8). ©1Fig. 9 depicts
theorgjcal ponscoyalent inferactions hehween differept corapongnts of afhgolagysmogdifigr/surfactant
system, which are believed to lead to 10 a thickening effect. Fig. 10a shows the typical oscillatory
stress sweSPYESHE Sbtained R 1 HIFSEMESsur &y slehrRdeHR T2 b withB-7 at 25 C.

Fig. 10b srgg@yrgggypiceg@@ﬁillatgg/ strgsssuween 15 resulisiohiained gk Ahlzden the sufactant
system thickened with 2.0 wt% NaCl at 25 C. Fig. lla shows the typical arlﬁoular frequency sweep

results obtHREY BENBI6EFaIF O IR surfabtant SFLEHRTthickEHEY wWith 250-With B2 8855 C.

and ethyl laurate; (13) agar; (14) buffering agents, such
15 as magnesium hydroxide and aluminum hydroxide; (15}
alginic acid; (16) pyrogen-free water; (17) isotonic

saline; (18)'Ringer‘s solution; (19) ethyl alcohcl; (20)

pH buffered soluticns; (21) polyesters, polycarbonates
and/or polyanhydrides; and (22) other non-toxic

20 compatible substances employed in pharmaceu;ical
formulations.

The formulation can further comprise at least one
surfactant. Any surfactant known to those skilled in the

25 art can be wused in cowmbination with the copolymers
described herein. Such surfactants include, but are not
limited to anionic surfactants, cationic surfactants.

nonionic surfactants, and amphoteric surfactants.

30 Examples of anionic surfactants include, but are not
limited to alkylbenzene sulfonates, alkyl or alkenyl
ether sulfates, alkyl oxr alkenyl sulfates, oiefin
sulfonates, alkane sulfonates, saturated or unsaturated

fatty acid salts, alkyl or alkenyl ether carboxylates, «-



20Fig. lib shows the typical angular frequency sweep results obtained at 10% strain for the surfactant
system thickened with 2.0 wt% NaCl at 25 C, whege the cross over point occurs at a frequency of
90.76 rad/s and G' is 217.16 Pa. 25Examples Example 1: Preparation of brush-like copolymer via
atom transfer radical polymerization (ATRP) 42 purified before undergoing characterization methods
such as gekpermagation, chragiatography §GPCY-kt-MNMit and FTéR idhe sapdiymens described herein

can be synthesized throug%qn%-_ggt r multl-steg (}%LRCI; 17:_E]actlons. In thSPf%xamgles q:eelow, the

copolymer%ofé?rﬁed%in met f%stly,al a ﬁI‘IOV\S/n AMOUnt of monomers (109)

consisting ekpalg(propylene glycol) methacrylate ("PPGMA", typical 10 M, of 375, Aldrich) and
poly(ethylene glycol) methyl ether methacrylate ("mPEGMA", typical Mr, of 475, Aldrich) and 2-
dimethylaminoethyl methacrylate ("DMAEMA", Merck, 99%) were weighed into a dry reaction flask,
and dissolved in 8wl eh2propanshiihecoatent cDMAEMAwasvdied 18UldmOaec80 mol% while

the molar ratio of MPEGMA/PPG as| aigging q}tzozt@ c@g&qmg@&é—l i B-7, as indicated
in foIIowingg'?’aﬁggi. Egb 61 5e %%gchgacteriz_at}?gn results for the brushiike copolymers DMAEM
PEG/PPPDNMAEM REGHRRmBA pimictEd AGHSTAL molHitdiead: #iol 86 rhviziiafol Aeel1um

dodecyl sulfate, sodium laureth sulfate, ammonium lauryl
sulfate, sodium lauryl sulfate, sodium myreth sulfate,
10 dioctyl sodium sulfosuccinate, alkylbenze sulfonates,
poly (ethylene glycol) 4-nonylphenyl 3-sulfopropyl ether
potassium salt, sodium dodecylbenzenesulfonate, sodium
coco fatty alcohol sulfate, sodium Cl4-Cl6 sulfonate, and
sodium trideceth sulfate.
15
Examples of the counterion to the anionic residue of
the above-degcribed anionic surfactants include, but are
not limited to alkali metal ions such as sodium ion and
potassium ion, alkaline earth metal ions such as calcium
20 ion and magnesium ion, ammonium ions, and alkanclamines
having from 1 to 3 alkanol groups with 2 or 3 carbon
atoms (such as monoethanolamine, diethanolamine,

triethanclamine and triisopropanclamine).

25 Non-limiting examples of useful cationic surfactants
include fatty amines; quaternary ammonium surfactants;

and imidazoliine compounds.

Examples of nonionic surfactants include, but are

30 not limited to polyoxyalkylene alkyl ethers,
polyoxyalkylene alkenyl ethers, higher fatty acid sucrose
esters, polyglycerin fatty acid esters, higher fatty acid
mono- or diethanolamides, polyoxyethylene hydrogenated

castor oils, polyoxyethylene sorbitan fatty acid esters,
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polyoxyethylene  soxrbitol fatty acid esters, alkyl
saccharide surfactants, alkylamine oxides, and alkyl

amidoamine oxides.

Examples of amphoteric surfactants include, but are
not limited to imidazolines, carbobetaines,

amidobetaines, sulfobetaines, hydroxysulfobetaines, and

amidosulfobetaines.

The formulation can comprise at least one copolymer

ag described herein and at least one gurfactant.
The surfactant can be a sodium alkyl sulfate.

The formulation can comprisé about 8% to about 235% -

by weight of sodium dodecyl sulfate.

The formulation can have a zero shear-rate viscosity
of about 0.01 to about 20 Pa-s (1 Pa = 1 kg/{(m-s%)). The
formulation can have a shear-rate viscosity of about 0.01
to about 20 Pa-g, from about 2 to about 20 Pa-s, from
about 5 to about 20 Pa-g, from about 5 to about 15 Pa-s,
from about 5 to about 18 Pa-s, from about 5 to about 16
Pa-g, from about 5 to about 14 Pa-s, from about 5 to

about 12 Pa-s, or from about 5 to about 10 Pa-s.

The shear-rate viscosity of the formulations
described herein can change as a function of the pH of
the formulation. In some instances, the shear-rate

viscosity of the formulation increases as pH decreases.

The shear-rate viscosity of the formulation can

increagse about 50%, about 40%, about 3¢%, about 20%, or
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about 10% when the pH of the formulation is decreased pH

7 to pH 4.

The pH of the formulation can be between about 0 to
about 14, from about 2 to about 10, from about 4 to about
8, from about 4 to about 7 or from about 4 to about 6.

The pH of the formulation can be about 4.5 to about 5.5.
The pH of the formulation can be about 4 to about 6.

The .shear—rate viscosity of the formulation can
increase with increasing concentration of the copolymers
degcribed herein. Typically, ‘the copolymer can be
present in the formulation at about 0.5%, about 1.0%,
about 1.5%, about 2.0%, about 2.5%, about 3.0%, about
3.5%, about 4.0%, about 4.5%, about 5.0%, about 5.5%,
about 6.0%, about 6.5%, about 7.0%, about 7.5%, or about

8.0% by weight of the formulation.

The copolymer can be present in the formulation at
about 0.8% to about 5%, about 1% to about 5%, about 2% to
about 5%, or about 2% to about 4%, or about by weight of

the formulation.

The formulation can comprise about 0.5% to about

3.0% by weilght of the copolymer.

The formulation c¢an  further <comprise - a foam
stabilizer. The foam stabilizer can be any foam
stabilizer known to those gkilled 1n the art, such as
cetyl alcohol, cetearyl alcohol, stearic acid, and the
like. Examples of skin care agehts include guar gum,
hydroxyethylcellulose, hydroxypropylmethylcellulose,
polyethylene glycol, hydrclyzed wheat protein,
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polyoxyethylene stearyl ether, and the like. Other
useful foam stabilizers also include the fatty‘.amides,
and particularly the monc- or diethanclamides of cocos
fatty acids, lauryl- or oleic acid wmone- or -

diethanolamides.

The - formulation can further comprise about 0.1% to

about 10%, about 1% to about 10%, about 1% to about 9%,

o

about 1% to about 8%, about 1% to about 7%, about 1% to

about 6%, about 1% to about 5%, about 1% to about 4%, or
1

o

about to about 3% by weight of a foam stabilizer.
The formulation further can comprise about 2% to

about 6% by weight of a foam stabilizer.

The formulations described herein can be used in the
manufacture of a hair care product or a skin care

product, or a paint.

Brief Desgcription Of Drawings

The accompanying drawings illustrate a disclosed
embodiment and serves to explain the principles of the
disclosed embodiment. It is to be understood, however,
that the drawings are designed for purposes of
illustration only, and not as a definition  of the limits

of the invention.

Fig. 1 depicts the synthetic scheme to the synthesis
of brush-like copcolymer with polyethylene glycol (“PEG”),
polypropylene glycol {(“PPG"}, and poly(2-
dimethylaminoethyl methacrylate (“PDMAEMA”) side chains.

Fig. 2 shows the 'H NMR spectrum of brush-like

copolymer B-4 synthesized via one-pot ATRP recorded in
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CDCl, at 400 MHz, 25° ¢ {(molar ratio of PEG/PPG = 2.37;
content of PDMAEMA = 49.75 mol % and 25.9 wt%).

Fig. 3 shows the GPC elution curves of brush-like
copolymer B-4 synthesized . via one-pot  ATRP, DMF
containing 0.1 wt% LiBr as eluent with a flow rate of 1.0
mL/min at 25 °C (molar ratio of PEG/PPG = 2.37; content of
PDMAEMA = 49.75 mol %, 25.9 wt %). (a) Light scattering

signal, (b) refractive index signal.

Fig. 4 shows the FTIR spectra of Dbrush-like
copolymers with different PDMAEMA content. B-1, C %; B-2,
19.84 mol% (8.1 wt%); B-3, 28.33 mecl% (12.4 wt%); B-4,
49.75 mol% (25.9 wt%); B-5, 58.48 mol% (33.3 wt%); B-6,

£§9.44 mol% (44.5 wt%); B-7, 79.37 mwmol% (57.6 wt%},
respectively.
Fig. 5 shows the wvariation of =zero shear-rate

viscosity of the Dbrush-iike copolymer B-7/surfactant
system as a function of SDS content at 25 °C and pH 6.0.

Copolymer concentration: 2.0 wt%.

Fig. 6 shows the variation of zero shear-rate
viscosity of the mixtures of brush-like
copolymer/surfactant system as a function of pH value at
25 °C. ({a) Copolymer B-1 containing no PDMAEMA; (b)
copolymer B-4 with PDMAEMA content of 49.75 mol% (25.9
wt%); (¢) copolymer B-5 with PDMAEMA content of 58.48

=)

mol% (33.3 wt%). Copolymer concentration: 2.0 wt¥%.

Fig. 7 shows the wvariation of zerc shear-rate
viscosity of the brush-like copolymer/surfactant mixtures
as a function of PDMAEMA content. Concentration of

copolymer: 2.0 wt%; 25 °C; pH 6.0.
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Fig. 8 shows the wvariation of zero shear-rate
viscosity of the brush-like copolymer/surfactant mixtures
as a function of copolymer concentration at 25 °C and pH
6.0. (a) Copolymer B-6 with the PDMAEMA content of 69.44
mol% (44.5 wt%); (b) copolymer B-7 with PDMAEMA content
of 79.37 mol% (57.6 wt%).

Fig. 9 depicts theoretical non-covalent interactions
between different components of a rheology
modifier/surfactant system, which are believed to lead to

a thickening effect.

Fig. 1l0a shows the typical oscillatory stress sweep
results obtained at 1Hz for the surfactant system

thickened with 2.0 wt% B-7 at 25 °C.

Fig. 10b shows the typical oscillatory stress sweep
results obtained at 1Hz for the surfactant system

thickened with 2.0 wt% NaCl at 25 °C.

Fig. 1la shows the typical angular freguency sweep
results obtained at 10% strain for the surfactant system

thickened with 2.0 wt% B-7 at 25 °C.

Fig. 11b shows the typical angular freguency sweep

results obtained at 10% strain for the surfactant system

thickened with 2.0 wt% NaCl at 25 °C, where the cross over
point occurs at a frequency of 90.76 rad/s and ¢ 1is

217.16 Pa.

Examples

Example 1: Preparation of brush-like copolymer via atom

transfer radical polymerization (ATRP)

The brush-like copolymer was synthesized via a

controlled technique known as ATRP and subsequently
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purified before undergoing characterization methods such
as gel permeation chromatography (GPC), 'H NMR and FTIR.
The copolymers described herein can be synthesized
through one-pot or multi-step ATRP reactions. In the
examples below, the copolymer is formed using a one-pot

ATRP method.

Firstly, a known amount of monomers (10g) consisting
of poly(propylene glycol) methacrylate (“PPGMA”, typical
M, of 375, Aldrich) and poly(ethylene glycol) methyl ether
methacrylate {“mPEGMA”, typical M, of 475, Aldrich) and 2-
dimethylaminoethyl methacrylate (“DMAEMA"”, Merck, 99%)
were weighed into a dry reaction flask, and dissoclved in
18 mL of 2-propanocl. The content of DMAEMA was varied
from 0 to 80 mol% while the molar ratio of mPEGMA/PPGMA
was maintained at 2.0 to c¢reate samples B-1 te B-7, as

indicated in following Table 1.

Table 1. Selected characterization results for the brush-

like copolymers

Monomer Copolymer

- c* o Molecular Weight, M,

Composition Composition PO

# DMAEM PEG/PP PDMAEM  PEG/PP Iy P
A G % Aml% G T Mygee
mol %  mol/mol mol/mol

(231£22)

B-1 0 2.0 93 0 177 205K 1.41

K

(197+43)

B-2 20 2.0 92 19.84 1.99 177K K 1.45
(201£20)

B-3 30 2.0 95 28.33 1.91 170K K 1.50
' A (164£18)

B-4 50 2.0 81 49.75 237 160 K K 1.26

B-5 60 290 80 58.48 2.23 161 K (161£15) 118
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(169422)
B-6 70 2.0 83 69.44 238 166 K
(214+24)
B-7 80 2.0 93 79.37 2.5 185 K

2The average monomer conversion was calculated according
to the 'H NMR spectra of the ATRP reaction mixture after
removal of copper catalyvst; ®The copolymer composition was
calculated according to the 'H NMR spectra of the final
purified copolymer; “The predicted M, was calculated based
on the total weight of feed monomers, the feed initiator
concentration and the average monomer conversion; 4The
molecular weight and the polydispersity index (PDI) of
the .final copolymer were measured on Waters GPC system
with differential.refractive index and iight.scattering

detectors.

The flask was subseguently sealed and purged using

dry nitrogen for several minutes. Using a degassed’

i

syringe, ethyl o-bromoisobutyrate (Aldrich, 97%) (0.05
mmol, 9.8 mg ) and 1,1,4,7,10,10-
hexamethyltriethylenetetramine  (HMTETA, Aldrich, 97%)
(0.075'mmol, 17.3 mg) 1in thoroughly degassed 2-propancl
were added as the initiator and ligand respectively. The
mixture was stirred at room temperature and purged with
dry nitrogen for 10 minutes. The catalyst coppex(I)
bromide (CuBr, Fluka, 98%) (0.05 mmol, 7.2 mg) was added
and the mixture was purged with dry nitrogen for another
10 min at room temperature. The mixture was then heated
at 45 °C under nitrogen atmosphere in an oil bath. The
synthesgis of the brush-like copolymer comprising PEG,
PPG, and PDMAEMA isg shown in Figure 1.



2.25 185 K 1.42 'The average monomer conversion was calculated according to the 1.H NMR spectra
of the ATRP reaction mixture after removal of co%)] er catalyst; IdThe copolymer composition was
calculated according to the 111 NMR spectra of the final 5 purified copolymer; dThe predicted Mr was
calculated based on the total weight of feed monomers, the feed initiator concentration and the
average monomergenvarsign; ddbe raclepulaeweight anddiie polyrlispeysity incdgoRY of the final

copolymer were measulred on Waters GPC salst%m 10 ¥vlith qﬂﬁer%rggtrllre%%gjyg igdea\(r aasnd light
scattering §8@ctGRE2 e fibgk iaAS su%?eque%ﬁgy séalédand purged using ﬁy nitrogen for several

minutes. Usihgua dggasset syengesiyld-bremoisablityrateldrchs 9786) (005 T5wmol, 9.8 mg)
and 1,1,4,7%}9(2%9%2 xag}leltg)éltr ethgllen%(%??mlne &ITIMTE'I{'CAC\), Alder%ggvgﬂ/%%@._oz%g#rggl, 17.3 mg) in
sse ely.

thoroughly deg 2-propan% were addéd as the mitiator an ligand respectiv e mixture was
stirredsat recmaémperatme artcepuigeéd withe2Ovdry nitrogemfordifedinutesl Thaekatalyst copper(l)

bromide (CuBr, Fluka, 98%) (0.05 mmal, 7.2_m was adged af_nd lép emas-purged with dry
nitrogen fo#%ﬁgf%%}r: 10prrr1ﬁga{ﬁ%)5ﬁ1@t]é%lper%tsuzfe. The mixturg was t%e{@n%é}gued at 45 C under nitrogen
atmospheredd aardil batfhFhes25 symthegisasf ihé baksh-like eopolidacdoidprising FEG, PPG, and

PDMAEM%JiiSt%Oﬁ\@OmnFﬂg%f lhexane/ether mix solvent for about 3 to 4

ftimesg, and dried undex vacuum.
10
During ATRP, the 3 monomers, mPEGMA, PPGMA and
DMAEMA were copolymerized by following the above standard
ATRP procedure in 2-propanol at 45° C with varied feed
ratio of [M1,/[I]l, and fixed feed ratio [I]./[Culq/[L]le =
15 1/1/12.2 ([Mlg, [Ilg, [Culy, and [L]l, represent the feed
molar ratics of mixed monomers, initiation sites,

catalyst CuBr and ligand HMTETA, respectively).

Under the one-pot ATRP conditions, the typical
20 average monomer conversion was about 90% based on ‘H NMR

analysis.

Example 2: Characterization of brusgh-like copolymer
developed via 'H NMR

25
Proton nuclear magnetic resonance ('H NMR) spectra

was recorded at room temperature on a Bruker Avance DRX
400 MHz NMR spectrometer operating at 400.1 MHz. Chemical
shifts were reported in parts per million {ppm) on the &

30  sgcale, and were referenced to residual protonated solvent
peaks: DMSO-ds spectra were referenced to (CHD;) (CD;)SO at
3H 2.50; CDCl; spectra were referenced to CHCl; at OH
7.26.

The 'H NMR results of the brush-like copolymer were

35 obtained as below:



44 The flask was re-opened again after 2 days, exposing the catalyst to air and the final green
mixture was diluted with tetrahydrofuran (THF). Jhe mixture was then filtered through an Al203 column
to remove the copper 5 catalyst and the filtrate was concentrated to 10 mL with further precipitation
using 1 L of hexane/ether mix solvent. The sticky precipitate was collected, washed with 200 mL of
hexane/ether mix*splverkfior ghout 304 tintes;and deed undes vacaum(d0 - dBuringprATRP, the 3

monomers, NPEGMA, PPGMA and DM EMé V{e_r? cgpol;i)meriz_e y fggowg&thes%(?%/e standard
ATRP proc%%?&?ﬁ“?—%roﬁlg}%& at45 CWith varied feed ra{lo’of[ fl]0"and fixed fee

ratio
[l]d[Cu]d[L}e12dR1/1/1.25d]a, [l]&[Culormanddl [oappieseat thaafeedahelan Fatids. 6fmixed monomers,

initiation sit_?ﬁé ((I;%Iz?IysEé %UEB%%M%?M HMTETA, rpg&&gyelég% U?B%%%lbng%‘%r thg ope=paf ATRP

conditions, ypical 20 average mohoirier contersioit was a sed on 1H NMR analysis.
Examgde 2{Sharacterization Df BEGsIaiide eG0lymér. dedeldpedviaptibENMR 28] Restofn nuclear
magnetic resonance (11i NMR) spectra was recorded at room temperature on a Bruker Avance DRX
400 MHz I\ﬁ\?RnCzs:}beecﬁ%ir:lnee%el\?j (C)z)f)le%ﬁat'ing at 400.1 MHz. Chemical shifts were reported in parts per
million (ppm) on the 6 30 scale, and were referenced to residual protonated solvent peaks: DMSO-d6
spectra were refeférmetda ( CEPR)HCDB)SG aré+ L RS0L CHO Pspddireefle eceddrenesd to CHC13 at

SH7.26. o5 ThedEAMRIesults ofthe Rysh-like Gopolvmeryere 33,9btained gs halow:
resonances due to the protons adjacent to the ester bonds
10 of all the three repeating units at the region 4.0 to 4.2
ppm, the protons of PEG and PPG at the region 3.2 to 3.8
ppm, the methylene protons of PDMAEMA at 2.6 ppm and all
the methyl protons on the formed copolymer main chain and
PPG side chains between 0.6 to 1.4 ppm. The typical *H NMR
15 spectrum of the synthesized brush-like copolymer £from

sample B-4 is shown in Figure 2.

The average monomer conversion was also calculated
from - 'H NMR spectra (recorded in DMSO-dg or CDCl;) of the
final reaction mixture by comparing the integration of

20 the vinyl protons of the remaining monomer in the xregion
of 5.0 to 6.5 ppm io the overall integration df methyl
proton signals between 0.6 to 1.4 ppm due to the formed

polymer and the PPG side blocks.

25 - Example 3: Characterization of brush-like copolymer
developed via polydispersity index (PDI)

The number-average molecular weight (M,) of the
copolymer was predicted based on the total weight of feed
monomers, the feed initiator concentration and the

30 average monomer conversion. The molecular weight as well
as the polydispersity index (PDI = M,/M;) of the obtained
copolymers were further measured on a Waters system

equipped with a Waters 2690 separations module, a Waters



45 IH NMR (400 MHz, CDC13, 5): 0.6-1.1 (b, -CH3 on copolymer main chain), 1.1-1.4 (b,
-CH3 on PPG side block), 1.5-2.1 (b, -CH2 on c%%olymer main chain), 2.3 (s, -N(CH3)2 of
PDMAEMA), 2.6 (s, -CE(2-N- of PDMAEMA), 3.2-3.8 5(m, protons of PEG and PPG), 4.0-4.2 (b,
protons adjacent to the ester bond). Chemical composition of the final purified copolymer was
determined: by IHENBMR vsingiategradopdata o& resadancesldue da the piatbnsadjgeent to the ester
bonds 10 of all the three_repeating units at,the region 4.0 to 4 m, the protons of PEG and PPG at
the region -@?iltjo_g%%r%, %Etme ﬁ?l%%%rpjrlél n%%o?%%r\ﬂﬁENﬁ«r%? f.%aprpar%%%ﬁlzﬁﬁﬁéoﬂethyl protons
on the forngect sof@lymehamin chgiolanEPRGriside chaimsdietwedn 6 tablgppim. Theetypical 114
NMR 15 s rum qf the synthesized brush-like copalymer from sample.3-4 is shown in, Figure 2.
The averagpzac#o‘ﬁg%%{?séor%\r/%rg%}lewgg g%%y@a?é:lﬁatg [P%annﬁfri{jl ﬁpéﬁﬁ‘é%%% (r@%%i ezd in DMSO-d6
or CDG13)wifihé final reactionamixtare by tbmparingtheartégrationtdz20 thefwinyl protdns of the
remaining monomer in the region of m to overgll_integratj f yl proton signals
between 0.6 1o %%rr%é%{e: 0 the f rﬁ%&%%ﬁﬁer an%@%%e PP%%% e bloc S.BErSQ E%#%E’e 3:

- Characterizationi ofistushike cbpelyniar déveldpedviaponetispeasityr e (PDIPTHhe _
number-average molecular weight (Me) of the copolymer was predicted based on the total weight o
feed monomers, the feed,initi ign. The
molecular wetgtt as el as opolymers were
furthgrymeasur i

GPC analysis was carried out with a Waters system

equipped with a Waters 2690 separations module, a Waters

410 differential refractive index detector and a Wyatt
mini-DAWN light scattering detector! HPLC-grade DMF

15 containing 0.1 wt% LiBr was used as eluent at a flow rate
of 1.0 mL/min at 25° C. Values of the molecular weight
based on light-scattering measurement were found to
correlate well with the predicted molecular weights from
Table 1. Together with the PDI values, the results showed

20 that the brush-like co-polymers of mPEGMA, PPGMA and
' DMAEMA were synthesized in controlled fashion by using
the one-pot ATRP in this study. The corresponding GPC

trace of sample B-4 1is shown in Figure 3.

25 Example 5: Characterization - of Dbrush-like copolymer
developed via FTIR

The FTIR spectra of samples deposited on surface of

KBr plate were recorded on a Perkin-Elmer FTIR 2000

30 spectrometer in the region of 4000-400 cm’t; 64 gcans were
signal-averaged with a zresolution of 2 em™  at room
temperature. The FTIR results of the brush-like copolymer

were obtained as below:

FTIR {(KBr): w{Nu) = 3500 (br, vw(0-H)), 2945, 2874 {(m,
35 vo(C-H) and vas(C-H)), 1728 (s, v{C=0), ester bond), 1456



410 differential refractive index detector and a Wyatt mini-DAWN light scattering detector. The
characterization data for these copolymers wereésymmarized in Table 1. The PDI values of the
copolymers remained acceptable (<1.5) 5 which is one of the indication that for all copolymerization
performed, the final compositions remained very close to the initial monomer compositions. Example
4: Characteftgationzof drusty-likercgaolymer developed, via gebpefimeatiga ehramatogegihy (GPO) 10
GPO analysis was Garried out with a Waters system equipped with a Waters 2690 separations
module, a erd'410 differential refractive index detector and a Wyatt mini-DAWN light scattering
detector. HPLC-grade DMF 15 containing 0.1 wt% LiBr was used as eluent at a flow rate of 1.0
mL/min at 25 C. Vialees ¢fithe maleedar-weight basdteon kghtiseatterirfy mbasusieniarkavere found to

correlate well with the predicted molecular weig IJL?x Table 1. Together wit%giwe PD] values, the
results sho(\fv%%othﬂhea %he“%@slh-ﬁi%%‘é%ﬁg@%me%go %Gﬁ&t&&gMﬁraend AEMA Were
synthesized igrepatrelled fashion by using the one-pot ATRP in this study. The corresponding GPO
trace of sample B-4 is shown in Figure 3. 25 Example 5: Characterization of brush-like copolymer

developed via FT he FTIR spectra of s es depasited surface %]‘ K plate were
recorded on a Pe%%r?—%ln%élgﬁﬁ? ;0'00 sviroae%r:o]fr%%?gr iﬁ%%egregi%n 0 4%00-2%% cm-1; 64 scans
were signabavermepetngitma reBMaENA of 2lvard atasonrtepiperaipire SThet FTIR Fésuits of the

brush ke sopaMMEL AR ohIpNEg A8 el %00 AB4(9) L SLyy(C N300 (.

v(C-0-C)), 954 he FTIR spectra of the series of brush-like copolymers with different
PDMAEMAbdientie stosmrinGLPgurtd. 110§ 6m Fighves tewabeoumhniat fopBstscopolymer

contajging ne RPMAENMA, thare wag po absorplionatd 191em carespandingto the ExN stretching
of -N(C143)2 group. While the absorption at 1108 cm-1 due to the ether bonds
increasing the content of PDMAEMA, the intensity of the
absorption band at 1151 cm* increased gradually, while
intengity of the absorption band at 1108 cm™t decreased
obviously. This observation from the FTIR spectra clearly

15 showed the change in the chemical composition of the

final copolymers.

Example 6: Preparation of brush-like copolymer/surfactant

formulation

20 Samplegs for rheoclogical study were then prepared by
weighing é required amount of brush-like copolymer into
the surfactant system, stirred at room temperature for 4
h until the mixture was homogenized, and then the pH of
the mixture was adjusted to a required value (viable
25 ©between 4.0 and 10.0 according to  experimental

requirements) with 1M HCl aqueocus solution.

The brush-like copolymer/surfactant formulation was
prepared by adding the brush-like copolymer (about 0.5 to
30 3.0 wt%), as prepared in Example 1, into a surfactant

o

system comprising of S8DS (Sigma Aldrich, 99%) with a



10 (C-0-C) on PEG and PPG blocks was very strong. With increasing the content of PDMAEMA, the
intensity of the absorption band at 1151 cm-1 incé{gased gradually, while intensity of the absorption
band at 1108 cm decreased obviously. This observation from the FTIR spectra clearly 15 showed the
change in the chemical composition of the final copolymers. Example 6: Preparation of brush-like
copolymerisgifastant fofmalation 20Samplescior cheotagicas study wiane thyenqireparetkhy weighing a
required amount of brush-lige copgjl mer irglo the(s rfactant sg%tnfeljn, sti;crﬁd gt %oorgé%l@lgerature for4 h
until the mixFEWHs Mthogeizec Hhdthen the P ot ihe mixtdre was adjusteal%o aréquired value
(viable 25 ketsiees 4£06andi0.®Acaardingttd expesinferdal regqaivehents) witidl MaHEL aqueous
solution. The brush-like copolymer/surfactant formulation was prepared by adding the brush-like
copoly, er]ggcbOS t0 30 3_. E ,tparesd in%x Rl 1,inl0.a gg@gg@égyst% comprising of

SDS (Sigmg;Ald 99%)-with-a—48-¢0 of abotta-0to 250 wtYoas g primary cleanser, coconut
DEA (3B p%ﬁ ey 855 it aconsta Ww‘ﬁi. stabilizer
and water. Sple 7 Effect of surfactant concentration on viscosity measurements of the
copolymer/surfactant formulation The rheological tests were performed in an AR-G2 10 rheometer
(TA instrument, UAY, using.sonerplae gegmetry (30 mmya diaypgies, 1 steebeongl, Tigg viscosity of
copolymer/surfactant mixture was measured over a range of shear rate 0.01-100 s-1, and the zero
shealPate vizeesifEwhs CBleuidted viEast cuH&Mitting SWhgh YRISISEd{c°1 58¢AIBIRE the thickening
effect of thq ppushylike;copelymes in surfagtantgystam. conSyrfaciant systems with different SDS
content (8.0 - 25.0 wt%) were thickened using the same amount of brushlike copolymer B-7
mopmymeﬁﬁﬁﬁ&ﬁﬁ@ﬁéﬁ9?fﬁﬁﬁﬁﬁt mixtlre was measured over a range of

shear rate 0.01-100 g%, and the zero shear-rate viscosity

was calculated via best curve-fitting, which was used to
15 evaluate the thickening effect of the Dbrush-1like

copolymer in surfactant system.

Surfactant systems with different SDS content (8.0 -

25.0 wt%) were thickened using the same amount of brush-
like copolymer B-7 {copolymer concentration: 2.0 wt%).

20 The zero shear-rate viscosity of these mixtures was
measured at 25° ¢ and pH close to 6.0 (the pH of the
mixture was adjusted with 1 M HC1 aguecus solution}. It

was found from Figure 5 that the zexro shear-rate
viscosity of the mixture increased obviously with

25 increasing SDS concentration.

Example 8: Effect of pH on viscosity measurements of the
copolymer/surfactant formulation

The pH-dependent thickening property of this kind of
brush-like copolymers in surfactant system was

30 dinvestigated. Cationic copolymer B-4 and B-5 with PDMAEMA
content of 49.75 mol% (25.9 wt%) and 58.48 mol% (33.3
wt%), respectively were used for this study. Copolymer B-

1, which contains no PDMAEMA was used as control.



20 The zero shear-rate viscosity of these mixtures was measured at 25 C and pH close to 6.0 (the pH
of the mixture was adjusted with 1 M HC1 aqueoys solution). It was found from Figure 5 that the zero
shear-rate viscosity of the mixture increased obviously with 25 increasing SDS concentration. Example
8: Effect of pH on viscosity measurements of the copolymer/surfactant formulation The
pH-dependent thickeningi propeety of thisskind i brusbdikecapalymersiasurfactanisysiemwas 30
investigated. Cationic ccl)_Bé)lymer -4 and B-5 wicgfh DMAEMA content of zle9cl7§ r(l].olc%) g 5.9 wt%) and
58.48 mol¥ 553 Whoe) TeBp&dtivak) ERIReT tor it Studl: Copdlyniet BT which cohtains no
PDMAEMAwes tiserbasdeatrado 4 he ThenhixiureypboattonicrcopdtymePSMHBERRANt Sygtem used in
this study ai{)c%?ared gaﬂc with pH caﬁ: iated f& ggout 1th%e é(?n the aming groups on tg% PDMAEMA.
By adding %ﬁlge us HEA 61l the afiino sfal%’groups on 5 the AEMARas lonized, and
the pHsof thenmixteperrgdiice dvaccortmgly ddereirgadseridgseof pdpolymerfsheactait mixtires with
constant copolymer.concentration, (2.0 wt) and variable pH value_(about 4 to .about 10) vere prepared,
and the zerlges ar-rate 10 VISCOS| %/nogf Kese mix%%:éa %v%’s measured at %%t% F%gure 6(3\/% As
shown in Figuwe by ascieanptiaepantentthickemiag effett was obsetedtfor tedsrughdike copolymers

containing ERNAEMA K aufaciant Sysio JR4FOLEA SngurveD aAd Gl Byagammparison, the

copolymer B-1 containing no PDMAEMA did not show such effect (Figure 6, curve a). In the case
of the brushiikeeopdiPrnerswsortainiBy FRMAEMA, Finstly, & st inefésse iFMBREsHREFthe 20

COPO'VGST‘E’@%%E}QEEE}‘i%%ret‘M@%Qb%rXEM\é@ descendant g gtagiing, o thexinitial pH value of
10.0 (Figure 6, curve b and c). Then, the increase in viscosity of the mixture became slow when the pH
value reaclfed 6.0. Figure 6 also showed that pH-dependent thickening 25 effect of the copolymer in

surfactant system was increased with a higher PDMAEMA content in the copolymer. In the case of
copolymer 3-4 with PDMAEMA content gf;23,9 i, the zerp sheaitate viseosityatitd #£6.0 was
found thickening -effect was observed for the Dbrush-like
copolymers containing PDMAEMA in surfactant sgystem
15 (Figure 6, curve b and c¢). By comparison, the copolymer
B-1 contalning no PDMAEMA did not show such effect

(Figure &, curve aj.

In the case of the brush—iike copolymers containing

poMAEMA, firstly, a fast increase in wviscosity of the

20 copolymer/surfactant mixture was observed with descendant
pH starting from the initial pH value of 10.0 (Figure 6,
curve b.and ¢). Then, the increase in viscosity of the

mixture became slow when the pH value reached 6.0.

Figure 6 also showed that pH-dependent thickening

25 effect of the copolymer in surfactant system was
increased with a higher PDMAEMA content in the copolymer.

In the case of copolymer B-4 with PDMAEMA content of 25.9
wt%, the zerc shear-rate viscosity at pH of 6.0 was found

to be 16-fold higher than the initial one at pH 10.0.

30 However, in the case of copolymer 2B-5 with PDMAEMA

content of 33.3 wt%, the zero shear-rate viscosity at pH



to be 16-fold higher than the initial one at pH 10.0. 30 However, in the case of copolymer B-5 with
PDMAEMA content of 33.3 wtl5, the zero shearggte viscosity at pH 50 of 6.0 was up to 65-fold
higher than the initial one at pH 10.0. Example 9: Effect of cationic PDMAEMA content on viscosity
measurements ofthecopolymer/surfactant 5 formulation The influence of PDMAEMA content on
the thickenig pertormance.ef this kind ebbaishdikpcopelymersinsuifactans sysier was also
investigated. All the copolymers (El to B7) for this study possess similar 10 molecular weight, similar
PEG/PPG Pi{io:,l%upvaried PDMAEMA content (Table 1). The copolymer/surfactant mixtures with
copolymer concentration of 2 wt% were prepared and measured at 25C and the pH of the mixtures
were adjustehin.0 (Figure Af Eskwasseen framibiguce 7 HaiZEr sheasatenviscosity of
copolymer/stigaciant gixtuse iereaseshwih iIneséasingtbe conternt bfwatigiic PRMAEMA. At first, this
increase was syl srdases where the copolymer contained low amounts of PDMAEMA, such as in the
range of 20 0 to 25 wt%. When the PDMAEMA content became higher than 25 wt% in the copolymer,
the zero shear-ratehascasifyl akeapolyrierisDifatieit mixttrerincreasedhrapidlyi Witrautdpeing bound
by theory, it is helieved that t% oﬁwg:eLQ/at'k%)En as reflat%drg) @gfa%te tha(t:, Wiglinc&[i%asse %g in the
content of Eationic PDMAEMZ in the copolymer, the ionization dlegree o?gopgf)r)mer main chain
increased accofdingbyret fixesypHamluevaishe miktme (6iB)y adicioplondpted thélcopdimer chain to
_extend intoca%uc%us n%esdia( 1fortg10ph¥§i5:al @%tj\_;\/orglg{@qtg%%p the ather hand, 30the ionic
interactions btween brush-Tike copolymer chains and anionic micelles or aggregates formed by
surfadtant molectissaweressglenhansedibich FECURAButetad the stability ovenelstiysical network

sucture. ppfiiE{IR" Syt bR rafsparengh ol e BAAYMDEY SuiagiaRpRIxure also
changed with PDMAEMA

mixtures with copolymer concentration of 2 wt% were

prepared and measured at 25° C and the pH of the mixtures

were adjusted to 6.0 (Figure 7).

15 It was seen from Figure 7 that zero shear-rate
viscosity of copolymer/surfactant mixture increased with
increasing the content of cationic PDMAEMA. At Zfirst,
this increase was slow 1n cases where the copolymer
contained low amounts of PDMAEMA, such as in the range of

200 0 to 25 wt%. When the PDMAEMA content became higher than
25 wt% in the copolymer, the zero shear-rate viscosity of
copolymer/surfactant mixture increased rapidly. Without
being bound by theory, it is believed that this
observation was related to the fact that, with increase

25 in the content of ‘cationic PDMAEMA in the copolymer, the
ionization degree of <copolymer main chain increased
accordingly at fixed pH value of the mixture (6.0), which
prompted the éopolymer chain to extend into agueous media
to form physical network structure. On the other hand,

30 the ionic interactions Dbetween brush-like copolymer
chains and anionic micelles or aggregates formed by

gurfactant molecules were also enhanced, which



5 content at constant copolymer concentration of 2.0 wt% and pH value of 6.0. When PDMAEMA
content is below 60 wt%, the mixture is transparent and homogeneous; when PDMAEMA content is
higher than 60 wt%, the mixture began to turn semitransparent. 10 Example 10: Effect of brush-like
copolymer concentration on viscosity measurements of the copolymer/surfactant formulation In this
study, the eencentiatioadependerhihickering pregerty of this&indatlerishilikeneapatymers in 15
surfactant system was investigated at 25 C and pH 6.0. The copolymers B-6 and B-7 with the
PDMAEMA EGHBRTEF69.44 mol% (44.5 wt%) and 79.37 mol% (57.6 wtd), respectively were used for
this study (Figure 8). It can be seen from Figure 8 that both copolymer B-6 and 20 B-7 showed obvious
concentration-depandent thickening efectwagurtaciant systemmx bhatds rander lowker espolymer

concentrations (0 - 1.0 wt%), the increase,in viscosity.of the copol r/surfact ixtyre with
increasing i éoﬁ&?rﬁé?%%%@eﬁ%‘%n Wﬁ%ﬁ%ﬁve%lfgsIo@v?%?%%g%ﬁgah?é%%g effect of
the copolymenitresurfactantcsystemwas celptivetyeveak andenlonser copolyherohcentfation.
However, once th%COQO [mer Cc):%ncgnyati%reer?c%%bl\t&l.g gvntg/% I_'E_Ee i{]gre%%%g)qdvis&g)sity of the
mixture with mcré)asingat e copolymer 30 concentration became very fast, showing that the thickening
effect of thercbpolyrher bedarnemery cleat. fhis pbgemvationwhas kcorregpording to tWaduilding up of

PDMAEMA content 1is higher than 60 wt%, the mixture began

to turn semitransparent.

10 Example 10: Effect of brush-like copolymer concentration
on viscosity measurements of the copolymer/surfactant
formulation :

In this study, the concentration-dependent thickening
property of this kind of Dbrush-like copolymers in
15 surfactant system was investigated at 25° C and pH 6.0.
The copolymers B-6 and B-7 with the PDMAEMA content of
69.44 mwol% (44.5 wt%) and 79.37 mol% (57.6 wt%),

respectively were used for this study (Figure 8).

It can be seen from Figure 8 that both copolymer B-6 and

20 B-7 schowed obvious concentration-dependent thickening
effect in surfactant system. That is, under lower
copolymer concentrations (0 - 1.0 wt%), the increase in
viscosity of the copolymer/surfactant mixture with
increasing the copolymer concentration was zrelatively

25 slow, showing that the thickening effect of the copolymer
in surfactant system was relatively weak under Ilower
copolymer concentration. However, once the copolymer
concentration reached up to 1.0 wt%, the increase 1in
viscosity of the mixture with increasing the copolymer

30 concentration became very - fast, showing that  the
thickening effect of the copolymer became very clear.

This observation was corresponding to the building up of



52 supeimolecular aggregates (physical network structures) in the copolymer/surfactant mixture. The
copolymer concentration where the copolymer/sydfactant mixture showed a rapid increase in viscosity
is the critical 5 aggregation concentration (CAC). According to Figure 8, the CAC is about 1.5 wt% for
copolymer 3-6 and 3-7. By adjusting the copolymer concentrations, a broad zero-shear rate viscosity
range of thewgepohsnersilriactanymbdutecean bpashieved aceerdingto applicationtdsiequirement.
Example 11: Thickening mec anismé)f br%sh-{;irl:%coporlryj{gc%ruiggurfacf%rét system Not to be bound by
theory andBased 8 the SRAMpIES Sé‘brovae? fe tthickenlng Mechanism for the brugh-Tike copolymer
in surfactanicsystemmwas postulateetas showen in FguréSndhésopbhatenitackivond isriadicated by 1
with the hydrophilic side chains being omitted for_clarity. TQE .cQpolymer/SDS mixed.micelle complex
formed viaslcglr#g% in?erarc%%ﬁéis ﬁ%?:nrges Town i 2 \Yvﬁﬁg %%(ﬁgsgr%]s t?e%o&%}n%r S!%S mixed
micellé formegdingamrophahinirteracionsriT hedaBimoledglaraggdregation fiwarsopdlymer chains
via hydroph%%ic E’ﬁ%ragt'éongﬂ)%[ﬁe@relsggtq&l%y Afol?%asggé)@l Jarigus-interactigns 25 postulated, one
single cop(ﬁymer molecule 1s able to participate in different non-covalent interactions, which can form
an extendettjhysicaietivbek thzprahesalt iFartHRRENAE Effett. SREXaRRRAE 12ZETmparison of the
thickening performange between 1he develaped brush-liks copalymer and salt forthe gugrent
surfactant system via oscillatory stress test The comparative study was conducted using the 35
surfactant 8yistérhickerrid with&opGiyies BeR (copsIFREr edAcentration 300 wigs) aheNacCl (salt
concepfration 2,9 a3 %) at pH 6.0, respectively. Under this condition, the zero shear-rate viscosity
of surfactant system thickened with NaC1 was about 5.7 Pa-s, which was the maximum value this
system could reach at the salt concentration range 5 of 1.5 - 4.0 wt%. By comparison, the zero
shear-rate Gxeasiheofihe sTReTipaticht 8esialtitkeRéd RIHTBNOAATer BRPCOURER
at the copolymé&rediertfatiof St 9% and pH 6.0, showing that the thickening efficiency of the
brush-like copolymer B-7 was 10 better than NacCl.

Not to be bound by theory and based on the examples

A

15 above, the thickening mechanism for the brush-like
copolymer in surfactant system was postulated as shown in
Figure 9. The copolymer backbone is indicated by 1 with
the hydrophilic side chains being omitted for clarity.
The copolymer/SDS mixed micelle complex formed via ilonic

20 interactions is being shown in 2 while 3 represents the
copolymer/SDS mixed micelle formed by  hydrophobic
interactions. The intermolecular aggregation of two
copolymer . chains via hydrophobic interactions is
represented by 4. Based on the various interactions

25 postulated, one single copolymer molecule is able to
participate in different non-covalent interactions, which
can form an extended physical network that can result in

a thickening effect.

30 Example 12: Comparison of the thickening performance
betweenn the developed brush-like copolymer and salt for
the current surfactant system via oscillatory stress test

The comparative study was conducted using the
35  surfactant system thickened with copolymer B-7 (copolymer

concentration 2.0 wt%) and NaCl (salt concentration 2.0



Using the same rheological methodology from Example 7 to investigate the viscoelastic behavior,
oscillatory measurements were perfoL med for the two thickened surfactant systems mentioned
above. Results were obtained 15 as a function of applied stress (at constant frequency of 1 Hz) and
frequency (whereby the strain or stress was fixed in the linear viscoelastic region). Figure 10 shows
the typical eséijlatary stiess stveep-eesudtstobtaihgd atibde for the surfantantthase, thickened 20 with

(@ 2.0 vvt% B 7 an%ég) 2.0 wt% NaCl re ect| 1‘tf:ly In(? %sgsg @&G'E@m@g%&mﬁmt up to
rte e

a critical stféss. above Hhtdhbottl & and G sts crease with increasing oscillatory stress.
Herein, thewdriticalRstréssessthelpoirt ab whidtea 5% whande frem 281theriaitisbstabieaGuls occurred.

The reglontt?flow the grl Cal:%hﬁscf af %\%1% % ¢ QQ,E " remain constant with ir&{eaisgdgestress is

denoted thé Tinear Viscoe astlc region (L e seen, that the surfactant system thickened with
copolyimer 87 dave a-loriged LW ¥0.0By20c30nPay é6mpared ith #rrsystenebasédba NaCl with a

shorter LV {8ds 12 Fa. Thintefliagied e ARcreRae In Apbuar sUHee Retverh e two

systems, and the surfactant system thickened with copolymer B-7 (longer
copolymer B-7 could reach 7.0 Pa-s at the copolymexr

concentration 2.0 wt% and pH 6.0, showing that the
thickening efficiency of the brush-like copolymer B-7 was
10 better than NaCl.

Using the same rheological methodology from Example

7 to investigate the viscoelastic behavior, oscillatory
measurements were performed for the two thickened
surfactant systems mentioned above. Results were obtained

15 as a function of applied stress fat constant frequency of
1 Hz) and frequency (whereby the strain or stress was

fixed in the linear viscoelastic region).

Figure 10 shows the typical oscillatory stress sweep

results obtained at 1Hz for the surfactant base thickened

20 with {(a) 2.0 wt% B-7 and (b) 2.0 wt% NaCl, respectively.

In both cases & and G” remained constant up to a

critical stress, above which both & and G started to

decrease with increasing oscillatory stress. Herein, the

critical stress ig the point at which a 5% change from

25 the initial stable & is occurred. The region below the

critical stress at which & and G” remain constant with
increase in stress is denoted the linear viscoelastic

region (LVR}. It can be seen, that the surfactant system

thickened with copolymer B-7 gave a longer LVR (0.01 - 20

30 Pa) compared with the system based on NaCl with a shorter

YR {(0.01 - 2.5 Pa). This reflected the difference in

network structure between the two systems, and the

surfactant system thickened with copolymer B-7 (longer



54 LVR) may give a more coherent network region than the system thickened with NaC1 (shorter
LVR).  After the LVR was obtained, the effect gf, frequency on the two systems was measured. The
typical frequency 5 sweeps for the surfactant systems thickened with 2.0 wt% B-7 and 2.0 wt% NaCl
are shown in Figure 11 (a) and (b) respectively. The results showed a distinct difference between
the two thickemed systemsvierom Figure llbc@he sarfactartthfosystens tickenedhanth Nal), a
cross-over point (at which G' = G" and indicated, as 5) was ved at frequency 90.76 rad/s (Gf=
217.16 Pa); Be 5% tk\%,kswb%?ﬁ%a re(%l(re]%q?:;g (gisyg?glrﬁl)‘(/gaesr mqéb\rzg{r/i'scous than elastic (G" > G'), while
above this critical frequency, the system 15 began to appear elastic (G" < G"). By comparison, in
Figure 11a (the sarfactantsystehivEhickenedwithicopblymérB-F¥ hewrosstovier puirstwas found in the
angular frequency range of 0.5 - 628.3 rad/s. Ac %l to curye trend, t -over point should
occur at Zog%ué%{ ﬁig&%’rofreaﬁ%ﬁ%n %orﬁ%geé%vﬁﬁ{tl § gsémtg%%seyﬁc&ge%ledﬁﬁasﬁaél{? %l‘ﬁis implied a
much fowesyagxatiohctime for tlver BER diiekenedstirfmtant systeanesmpared vatPthatthickened with
salt, and this explajged aefies perfermance opaurfactant sysiems thickened wify 2587 Applications
Rheology modifiers are useful for modulating the viscosity of aqueous solutions, organic solutions, and
30 combinatareheisttlRheology modifiers can be used in a wide range of applications, such as in
paint formulations, such as architectural paints, cosmetics 55 such as nail, skin and hair care

products, and cleagging farmulatians giefodncieass the vigeosi.of,{hese.sysiems. The copolymer

described herein can be used to
two thickened systems. From Figure 11b (the surfactant

10  system thickened with NaCl), a cross-over point (at which
G .= G” and indicated ag '5) was observed at frequency
90.76 rad/s (¢ = 217.16 Pa). Below this critical

frequency, the system was more viscous than elastic (G >

G'), while above this c¢ritical frequency, the system
15 Dbegan to appear elastic (G” < ¢ ). By comparison, in
Figure 1lla (the surfactant system thickened with

copolymer B-7) no cross-over point was found in the
angular frequency range of 0.5 - 628.3 rad/s. According
to the curve trend, tThe cross-over point should occur at

20 much higher frequency compared with the same base
thickened with salt. This implied a much lower relaxation
time. for .the B-7 thickened surfactant system  cowpared. . ..~
with that thickened with salt, and this explained a
better performance on surfactant systems thickened with

25 B-7.

Applications

Rheclogy modifiers are useful for modulating the
viscosity of aqueous solutions, organic solutions, and

30 combinations thereof. Rheology modifiers can be used in
a wide range of applications, such as in paint

formulations, such as architectural paintsg, cosmetics



5 change, e.g., increase, the viscosity of the surfactant systems by utilizing relatively low
concentrations of copolymer (0.5 to 3 wt%) and syyfactant, wherein the surfactant system comprises
as little as about 8 to about 25 wt96 surfactant, a foam stabilizer, such as coconut 10 diethanolamide,
and water. Compared to conventional electrolytes or associative polymers, the present copolymer is
capable of achieving desirableskdcosiiesd Wwithicurrentsugactdntsysierasdt Elatrehy oy

concentratlgg% ﬂﬂhﬂ!}_ grllval)ng é’lﬁg to %ngesirggllee%% éhe I glcaﬂlfgg%@ggetrg_u?@n%%%%seonal effects,
such as becoming Stringy or rubbéry in"appearance. e copolymers disclosed herein also have
additional adxairtarges. For example, the incorporation of at least one monomeric unit containing a

basic residue can 20 contribute to the folmation and stabilization of a network-like supramolecular

structure in the suffglé:tané & s¥§tem ¥ia igt&@gﬁﬁg@r qg&%g%lergig{eraggon%s%gh as,van Der
Waals interactions, 10n-ion 1n ef}é%%ons, ion dipole interactions, and dipole dipole interactions.
25Further totthisgthe fergulatidmotazepolyrmbeasdessrivedherdin 8h¢ a SUHASIPREEAN possess an

optimum thigkeping.effegt in 4 pHTags ohabollt £9apould, whish s.sitable fasisedp hair and skin
care products. In addition, the zero shear-rate viscosity of the 30 copolymer/surfactant system can
change as adnnadtioieaf bdth-the pH afd/of Bte welgit pettehtageasithe MbRSMERC (iIEcontaining the

basic residyg, Fhys, {he sutfaciant aGpysienms vscosity can beeasly modifiedtomsgt the

requirements of the desired application, such as in cosmetic products, detergents, paints and other

suitable appficatitris. SHwARBEPPareft tHAVAriciPothet Adific&iHE afd adiahiors of the

inventign wifl e apRarent fadhe persan skilled in the estafierdgading thedorpaaing disstosure without
departing from the spirit and scope of the invention and it is intended that all such
electrolytes or associative polymers, the present

copolymer is capable of achieving desirable viscosities
with current surfactant systems at relatively low
concentrations  without giving rise to undesirable
15 rheoclogical characteristics and sensorial effects, such

as becoming stringy or rubbéry in appearance.

The copolymers disclosed herein also have additional
advantages. For example, the incorporation of at Ileast
one monomeric unit containing a basic residue can

20 contribute to the formaticn and stabilization of a
network-like supramolecular structure in the surfactant

. Bystem via intermolecular non-covalent interactiong, such

a& Van Der Waals interactions, ion-ion interactions, ion

dipole interactions, and dipole dipole interactions.

25 Further to thisg, the formulation of a cbpolymer as
described herein and a surfactant can possess an optimum
thickening effect in a pH range of about 4 to about ¢,
which is suitable for use in hair and skin care products.
ITn addition, the =zero shear-rate viscosity o©f the

30 copolymer/surfactant system can change as a function of
both the pH and/or the weight percentage of the monomeric

unit containing the basic residue. Thus, the surfactant



10 modifications and adaptations come within the scope of the appended claims. 57 Claims 1.A
copolymer comprising at least one first water- sofyble monomeric unit, at least one second
water-soluble 5 monomeric unit, and at least one monomeric unit containing a basic residue, wherein
the first water-soluble monomeric unit is different from the second water-soluble monomeric unit. 10
2.The copdlymeenf elailvd_‘lamlsemejn thanopimdymeaisi&jarumbdiké :"oepolymerm@él’he topolymer of
claim 1 or 2, whereln the first Lrelt: soI ble. mo omen |t | Brese %e 15 fFormula 1:
Formula 1 weh%reln mie a Wh(ﬁe number se?eclteg rom R S -(C=0)- or a bond; and each R is
independenthsseledtedfrordtlve groupgedorrsisting ©f hydwgeﬁ &lh}ﬂ alkdyayt, atlaiivalakalkyl,
cycloalkyl, Céd alkegxll hgterocycloalkyl and heterocycloalkenyl; and Rl is hydrogen, alkyl, alkenyl,
alkynyl, are?l ﬁ cyc‘iL 25 cycloalkenyl, heterocycloalkyl, or heterocycloalkenyl; and the second

water-soluble monomerlc unlt is 30 wherein n is a whole number selected from 1-100;
5 Tt will be apparent that various other modifications

and adaptations of the invention will be apparent to the
person skilled in the art after reading the _foregoing
disclosufe without departing from the spirit and scope of
the invention and it 1s intended that all such
10 modifications and adaptations come within the scope of

the appended ciaims.



58 Ais -(C=0)- or a bond; each R is independently selected from the group consisting of hydrogen,
alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, cycloalkenyl, heterocycloalkyl, and 5 heterocycloalkenyl;
each R2 is independently selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl,
aralkyl, cycloalkyl, cycloalkenyl, heterocycloalkyl, and heterocycloalkenyl; and R6 is hydrogen, alkyl,
alkenyl, alkynyl, aralkyl, cycloalkyl, 10 cycloalkamdrseterocycloalkyl, or heterocycloalkenyl; wherein at
least one R2 is not hydrogen; and the monomeric unit containing a basic residue is represented by the
Formula 3:x-ivvy R6 R&GPRGRE: &Skpmialirdywherein pasa whoke ndmbet seledted-from 1-100; A

is -(C=0)- or a hond; and each R is independently selected fro roup g%%sli%' of hydrogen,
alkyl, alkensy??hf gnﬁ/l,r%?gf@ ) Ei‘/glogﬁiﬁ? ’cygl%a&g%ﬁ?hige?oc%%%gﬁgyl, an%%eterocyc oalkenyl; and
each R4 isnindependntly selédted frantithe group teasistingosfealkyleikerst; ikynyanaialkyl,
CydoamyLSXQQQ%EQXBhe&”Qﬁggggmy£é§¥hue, wherein the first water-

goluble monomeric unit 1s different from the second

water-soluble monomeric unit.

10 2. The copolymer of claim 1, wherein the copolymer is a

brush-like copolymer.

3. The copolymer of claim 1 or 2, wherein the first

water-soluble monomeric unit 1is represented by the

R
_ A[\ /\,}ow

Formula 1

15 Formula 1:

wherein
m is a whole number selected from 1-100; B
20 A dis -{(C=0)- or a bond; and each R is independently
gelected from the group consisting of hydrogen, alkyl,
atkenvyl, alkynyl, aralkyl, cycloalkyl, cycloalkenyl,
heterocycleoalkyl, and heterocycloalkenyl; and R' is
hydrogen, alkyi, alkenyl, alkynyl, aralkyl, cycleoalkyl,
25 ecycloalkenyl, heterocycloalkyl, or heterocycloalkenyl;
and the second water-soluble monomexric unit is

represented by the Formula 2:

R RY 4
R%( Al\ O/\SH(OR
R R2 n

Formula 2
30 wherein

n is a whole number selected from 1-100;



25 heterocycloalkenyl; or two instances of R4 taken together with the nitrogen to which they are
attached form a 3 to 8 membered heterocylic ringzeach R6 is independently selected from the group
consisting of hydrogen, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, cycloalkenyl, 30 heterocycloalkyl, and
heterocycloalkenyl; and wherein the first water-soluble monomeric unit, the second water-soluble
monomeriauiig ang-the) mosemeribaundt ;containing 59 a basic residue are present in the copolymer in
any order. 4. The copolymer of claim 3, wherein m is 3-10' njs 2-.58; and p,is 1-6. 5. The copolymer
of claim 4, Whetein Ais - 520)-%%a%ﬁ%§sgfﬁ%e¥end%ﬁ )?%gl%%ted ﬁ)%rlhyd%éaen a%rdoéjlﬁyl; and R4 is
alkyl. 10 6cdheopbhymerfoflcjaimchdurthe éomprisinég eatalyst sddigsue tovaleathkatached at a
terminal end of the.copplymer, wherein the catalyst resi i framchloride,_bromide, or
iodide. 15 7 %aclgc pﬁ/mer of g%?nﬁoé%ﬁﬁlgﬁdomprisﬁl%%a% ?ﬁ\%%gtgﬁgg’t{%ﬁwe’d ata tgrré?inal end of the
copolyimer hwherehe e imitidtenis repeeseintéd bithe Roemeldert Ly ROhRS @0F6iaMa 6 wherein

the group consisting of hydrogen, alkyl, alkenvyl,
alkynyl, aralkyl, cycloalkyl, cycloalkenyl,
heterocycloalkyl, and heterocycloalkenyl; and R® is
hydrogen, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl,
10  cycloalkenyl, heterocycloalkyl, or heterocycloalkenyl;
wherein at least one R® is not hydrogen; and the monomeric

unit containing a basic residue 1is zrepresented by the

R-nnm RB Rﬁ .
N(R
R&A\OM (R%),
R 6 i°p

RRB

Formula 3:

15 Formula 3
wherein
p is a whole number selected from 1-100;
A is -(C=0)- or a bond; and
each R ig independently selected from the group
20 consisting of hydrogen, alkyl, alkenyl, alkynyl, aralkyl,
cycloalkyl, cycloalkenyl, heterocycloalkyl, - and
heterocycloalkenyl; and each R' is independently selected
from the group consisting of alkyl, alkenyl, alkynyl,
aralkyl, cycloalkyl, cycloalkenyl, heterocycloalkyl, and
25 heterocycloalkenyl; or two instances of R taken together
with the nitrogen to which they are attached form a 3 to
8 membered heterocylic ring; each R° is independently
selected from the group consisting of hydrogen, alkyl,
alkenyl, alkynyl, aralkyl, cycloalkyl, cycloalkenyl,
30 heterocycloalkyl, and heterocycloalkenyl; and wherein the
firgt water-soluble monomeric unit, the second water-

soluble monomeric unit, and the monomeric unit containing



R is alkyl, aralkyl, cycloalkyl, or heterocycloalkyl; and R5 is alkyl, aralkyl, cycloalkyl, or
heterocycloalkyl. 25 8. The copolymer of claim Egwvherein the molar ratio of the first water-soluble
monomeric unit to the second water-soluble monomeric unit in the copolymer is about 1:1 to about 3:1.
30 9.The copolymer of claim 1, wherein the copolymer comprises between about 0% to about 60% by
weight of the rhesdmericamiticentaineg adasierdsidie. 6the0. Theedpolymeriof claii 1, wherein the
copolymer hla ea;_,number average molecular weight of about 200,000 g/mol or less. 5 11. A
formulation comprising at least one copolymer of claim 1 and at least one excipient. 12. The
formulation of claim 11, further comprising at 10 least one surfactant. 13. The formulation of claim 12,

wherein thg formulgon,cRRRsgs aBQULA R apoulRSYeNgIolL Obhe SuTaCianty LS 14. The
|

formulation of claim 11, w n the formulation has a zero shear-rate viscosity of about 0.01 to about
20 Pads. 28;15Fherformulation of claim 11, comprising about 0.5% to about 3.0% by weight of the
copolymer. 16. The formulation of claim 11, further comprising about 2% to about 6% by weight of a

foam stabilizer. 25 17. The formulation of claim 11, wherein the zero shear-rate viscosity changes as
a function &f-the FHof BCRIMREORI3T 1BLTHE fortf&io ofeldifh 11 SRerein BREEH of the

formulatiorkis about, 410, @REUHR 1y selected from hydrogen and alkyl; and

R* is alkyl.

10
6. The copolymer of claim 1, further comprising a
catalyst residue covalehtly attached at a terminal end of
the copolymer, wherein the caﬁalyst residue is selected
from chloride, bromide, or iodide.

15
7. The copolymer of cilaim 6, further comprising an
initiator attached at a terminal end of the copoclymer,

wherein the initiator is represented by the Formula 6:
0

ROM; :

RS
20 Formula 6
wherein _
R is alkyil, aralkyl, cycloalkyl, or heterocycloalkyl; and
R® is alkyl, aralkyl, cycloalkyl, or heterocycloalkyl.

25 8. The copolymer of claim 1, wherein the molar ratio of
the first water-soluble monomeric unit to the second
water-soluble monomeric unit in the copolymer is about

1:1 to about 3:1.

30 9. The - copolymer of c¢laim 1, wherein the copolymer
comprises between about 0% to about 60% by weight of the

monomeric unit containing a basic residue.



61 19. The use of the formulation of claim 11 in the manufacture of a hair care product or a skin care
product. 5 20. The use of the copolymer of claimgkin the manufacture of a hair care product, a skin
care product, a detergent, or a paint. 21. A process for preparing a copolymer of claim 2, said 10
process comprising the steps of contacting a first water-soluble monomer represented by the Formula
1': OR1 Formula 1' wherein 15 m is a whole number selected from 1-100; A is -(0=0)- or a bond; and

each R is independently selecied iromdhe gtoup qonsistiog ofavdipaenaliof alienylglkynyl, aralky

cycloalkyl, cycloalkenyl, ycloalkyl, and heterocycloalkenyl; and RI is 20 hydrogen, alkyl, alkenyl,
alkynyl, aralkyieyetoalian sartsalkepyt telarboydsakyl, fhaboecldlRefPIa S6B6Hd
water-soluble manamer represented by the Formula 2' : 25Formula 2" wherein n is a whole number
selected from 1-100; A is -(0.0)- or a bond; each R is independently selected from the group 30
consisting of hydrogen, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl,cycloalkenyl,heterocycloalkyl,and

11. A formulation comprising at least one copolymer of

claim 1 and at least one excipient.

12. The formulation of claim 11, further comprising at

10 least one gurfactant.

13. The formulation of claim 12, wherein the formulation
comprises about 8% ’to about 25% by weight of the
surfactant.

15
14. The formulation of claim 11, wherein the formulation
has a zero shear-rate viscosity of about 0.01 to about 20

Pa-s.

20 i5. The formulation of claim 11, comprising about 0©.5%

to about 3.0% by weight of the copolymer.

16. The formulation of claim 11, further comprising
about 2% to about 6% by weight of a foam stabilizer.

25
17. The  formulation of claim 11, wherein the zero shear-
rate viscosity changes as a function of the pH of the

formulation.

30 18. The formulation of claim 11, wherein the pH of the

formulation is about 4 to about 6.



62 heterocycloalkenyl; each R2 is independently selected from the group consisting of hydrogen, alkyl,
alkenyl, alkynyl, aralkyl, cycloalkyl, cycloalkenyl, fgterocycloalkyl, and heterocycloalkenyl; and Rs is 5
hydrogen, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, cycloalkenyl, heterocycloalkyl, or
heterocycloalkenyl; wherein at least one R2 is not hydrogen; and a monomer containing a basic
residue representety theeFomiulac3ie RE RentORormeia 3oWhetdia pris aWholgnumiber selected

from 1-100&@ is fg%%gr a btond' antg %alw,cch Igé% delggggg téy sgl cted fram.the grqyp 15 consisting
of hydrogen, gl&yl, alkenyl, ?kyny, araﬁy, cycloalkyl, cycloalkenyl, heterocycloalkyl, and
heterocyclgatkeiwdtand each R4 is independently selected from the group consisting of alkyl, alkenyl,
alkynyl, aralkyl, cycloalkyl, cycloalkenyl, heterocycloalkyl, and 20 heterocycloalkenyl; or two instances
of R4 taken together with the nitrogen to which they are attached form a 3 to 8 membered heterocylic
ring; each R is iMdependestly sdectebfrontrgrBlig EonsistingFéfiydroden, Hkyl, @fieenyl, alkynyl,

aralkyl, cycloaliofeygloalkenyl 25 heterocyclaliyl, gnd heterogycloalkenyk updgppelymerization
conditions thereby yielding said copolymer of claim 2.
a detergent, or a paint.

21. A process for preparing a copolymer of claim 2, said
10 process comprising the steps of contacting a first water-

soluble monomer represented by the Formula 17 :

R
R’ﬁ/ Ao JOR
R m
Formula 1'
wherein
15 m is a whole number selected from 1-100;
A is -(C=0)- or a bond; and each R is independently
selected from the group consisting of hydrogen, alkyl,
“alkenyi, alkynyl, aralkyl, cycloalkyl, cycloalkenyl,
heterocycloalkyl, and heterocycloalkenyl; and R is
20 hydrogen, alkyl, alkenyl, alkynyl, aralkyl, cyclealkyl,
cycloalkenyl, heterocycloalkyl, or heterocycloalkenyl; a

second water-soluble monomer represented by the Formula

A
R R? g2
R& A[\ O)gﬁORf*
R Rngn
25 Formula 2/
wherein

n is a whole number selected fxom 1-100;

A is -{C=0)- or a bond;

each R is independenily selected from the group
30 consisting of hydrogen, alkyl, alkenyl, alkynyl, araikyl,

cycloalkyl, cycleoalkenyl, heterocycloalkyl, and
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15

20

25
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heterocycloalkenyl; each R® is independently selected from
the group consisting of  Thydrogen, alkyl, alkenyl,
alkynyl, aralkyl, cycloalkyl, cycloalkenyl,
heterocycloalkyl, and heterocycloalkenyl; and R*  is
hydrogeh, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl,
cycloalkenyl, heterocycloalkyl, or heterocyclcalkenyl;
wherein at least one R® is not hydrogen; and a monomer

containing a basic residue represented by the Formula 3 :

R RG RG
R)\rA\OMN(R“}z
R RB Rsp

Formula 3f
wherein
p iz a whole number selected from 1-100;
A is -(C=0)- or a bond; and
each R is independently selected from the group
congisting of hydrogen, alkyl, alkenyl, alkynyl, aralkyl,
cyclecalkyl, cycloalkenyl, heterocyéloalkyl, and
heterocycloalkenyl; and each R' is independently selected
from the group consisting of alkyl, alkenyl, alkynyl,
aralkyl, cycloalkyl, cycloalkenyl, heterocycloalkyl, and
heterocycloalkenyl; or two instances of R' taken together
with the nitrogen to which they are attached form a 3 to
8 membered heterocylic ring; each R® is independently
selected from the group consisting of hydrogen, alkyl,
alkenyl, alkynvl, aralkyl, cycloalkyl, cycloalkenyl,
heterocycloalkyl, and heterocycloalkenyl; under
polymerization conditions thereby yielding said copolymer

of claim 2.



