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Claim
1 A modified dense star polymer having a highly branched interior structure

compnised of monomeric umits having associated or chelated at least one metal 1on and an

exterior structure camprised of a different monomeric unit providing a hydrophobic outer

shell

16 A process for dispersing a modified dense star polymer containing metal 1ons

tnto a non-polar polymer matrix which comprises:

{a) intimately contecting ﬁ\\aqueous solution containing metal lonswith a
solution of a modifiea dense star polynier, having a highly branched
nterof structure comprised ot monomeric units having the abihity 1o
25500 ate or chelate with metal ions-and an exterior structure comprised of
a different monomeric unit havirg the ability to provide a hydroohobic
outer shell, once introduced into a water-immiscible solvent,

(b (1) optionally-separating the organic phase which s usually saluble or
miscible with the desired polymer matrix or the monomenic precursor to
the polymeric matrix from the aqueous solution, and (ii) intermixing the
modified dense star polymer carrying the associated metal ion with the
non-polar media either before or atter removal of the water-immiscible
extraction soivent, and

{c) polymerizing the #ixture from step (b) when the non-polar media1s a

monomer.
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172. A modified dense star polymer having a highly branched interior structure
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monomeric unit providing a hydrophobic outer shell
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Dense star polymers or dendrimers having a highly branched interior structure capable of associating or chelating with metal ions
are modified by capping with a hydrophobic group capable of providing a hydrophobic outer shell. The modified dendrimers are useful
for dispersing metal ions in & non-aqueous polymer matrix. Also dense star polymers or deadrimers having a highly branched hydrophilic

! interior structure are modified by capping with a hydrophobic group capable of providing a bydrophobic outer shell, which modified
polymers are useful as gels and surfactants.
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STRUCTURED COPOLYMERS USED AS ABSORBENTS, GELS AND CARRIERS OF METALIONS

This invention was made with U § Government support under subcontract,
number 97514053, batween The Umiversity of California and The Dow Chemical Company The
Umversity of California held the primary contract, number W-7405-ENG-48, which was awarded
to The Umiversity of Califorma by the Department of Energy The U S Government has certain
rights 1n this invention with regard to dense star polymers which have metal ions present and
matrix polymers which have metat ions present Qther aspects of this present invention are not
subject to U.S Governmental rights

This invention concerns structured copolymers and theiwr use as absorbents, gels
and carriers of metal lons Umque polymernc reagents are used which are capable of extracting
metal ions from agqueous salutions INto nen-aqueous solutions contatning structured
copolymers n addiuon, these structured copolymers contatning the metals are capabie of
being dispersed into anotner polymeric matrix More particularly, the present invenuon
concerns a novel class of dense star palymers having a highly branched interior structure
comprised of monameric units having the ability to associate or chelate with metal tons and an
exterior comprised of a different monomeric unit having the ability to provide a hydrophobic
outer shell

Additionally, the dense star palymers, having a highly branched intenar structure
comprised of monomeric units that are hydrophitic and an exterior comprised of different
monomeric units having the ability to provide a hydrophebic euter shell, display a unique
physical feature of forming a homogeneous gel.

The ability to disperse metal 1ons in polymer matrices, particularly those fram
which foams are produced 1s often fraugnt with difficulty. Dispersions of metars in polymer
matrices have typically been formed using salts, such as metal oleate salts, combined with
specific combinations of monomers, but there are problems with this approach Inaorder to
maximize the sofubility of the salt, modificatians of the polymer matrix are required that
change the melt rheclogy of the matrix and affect its foaming characteristics. In addition, the
presence of certain metal oleates, such as copper oleate, in the monomer ofien inhibit
polymenzation so that oniy low molecular weight viscous iquids are obtained  This approach
obwviously introduces significant variables that must be controlled 1n order to ouiain the desired
product. As a result, the camplexity of the problem and any potential solutions are vastly
increased Therefore, new methods of dispersing metals 1n water-immuscibie phases \n generat
and in polymer matnces in particular would be most useful

The formation of a gel in a two phase system (aguepus/organic) has use in an

otl/water emuision system for use as a surfactant $ome known problems arise with regard to
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holding targe quanuues of the organic phase within the cont:nuous agueous phase Asa
result, tne abihity 1o yse a gel for this purpose wouid be useful

In recent years, polymers referred to as dense star potymers or dendrimers or
dendriuc polymers or as STARBURST ™ (a trademark of Dendritech in¢ ) poiymers have been
developed. Dense star polymers or dendrimers exhibit molecular architecture characterized by
requiar dendritic branching with radial symmetry. These rachally symmetrical molecuies are
referred to as possessing “starburst topalogy” These polymers are made in a manner which
can provide concentric dendritic tiers around an iritiator core  The starburst topology 15
achieved by the orderea assembly of repeating unuts, usually organic groups, 1n concentric,
dendritic iers around an initiator core; thisis accomplished by introducing muttiphcity and
setf-replication (wrtren each tier) tn a geometrically progressive fashion through a number of
molecular generatigns. The resulting highly funcuionalized molecules have been termed
“dendrimers” in deference tQ theiwr branched (tree-like) structure as well as their cligomeric
nature Thus, the terms “dense star oligomer™ and “dense star dendrimer” are encompassed
within the term “gense siar polymer” and “dendntic poiymer”. Also topological polymers,
with size and shape controlled domains, are dense star dendrimers that are covalently bridged
through their reactive terminal groups, which are referred to as “dense star bridged
dendrimers” or ' dendritic briciged dendrimers”. The term “dense star bridged dendnmer” is
also encompassed within the term “dense star polymer® The term “dendritic bridged
dendnmer” is also encompassed within the term “dendritic polyreer”. Also, the terms “dense
star polymer” and “dendritic polymer” may be used interchangeably.

These dense star polymers have been previousty described as a solvent soluble,
radhally symmetrical dense star polymer wherein the dense star polymer has atleast one core
branch emanating from a core, said branch having at least one terminal group provided that
(1) the ratio of term:nai groups to the core branches 1s two or greater, (2) the density of
terminal groups per unit volume in the polymer is atleast 1.5 tmesthat 6f an extended
conventianal star polymer having similar core and monomeric moteties and a comparable
molecular weight and number of core branches, each of such branches of the extended
conventional star polymer b&aring only one terminal group, and (3) the dense star polymer has
a molecular voiume that s na more than about 60 to 80 percent of the molecular volume of
said extended conventional star polymer as determined by dimensional studies using scaled
Corey-Pauling molecular madels, and has regular dendritic branching. (See, for example, the
descriptiens of dense star polymers in U S, Patents 4,507,466, 4,558,120; 4,568,737, 4,587,329;
and 4,694,064; and European Patent Application Publication No. 0271 180.) It has been
previously found that the size, shape and properties of these dense star poiymers can be
moiecularty tallored to meet speciahized end uses (e.g . European Patent Application
Publication No 0271 180} Among such speciahized end uses, European Patent Applicauon

Publication No 0271 180 teaches the use of dense star polymers as carriers for agricultural,
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pharmaceutical or uther matenals including metstons, such as altkail and alkaline-eartn metals
and raagtonuchdes generated from actmides or lanthan aes or other similar transition metals
Such dense star polymer conjugates are particutariy useful indehivering carried materiais in
biological systems However, nowhere 15 the use of such structured gense star dendrimers as
absorhents, gels and carrers of metal 1ans taught or s,.ggested

i has now been found that certain modified or structured dense star poiymers are
parucularly effective 1n extracting metalions from aqueoys solutions inta nen-agueous
solutions contaimng these structured copolymers tn addition, these structured conolymers
containing the metals are capabie of being dispersed inta another polymertc matrix. The
present invention concerns these madified dense star polymers or dendrimers having a highly
branched nterior structure comprised of monomeric units having associated or chelated at
least one metat ion and an exterior structure comprised of a different monomeric yunit
providing a hydrophooic auter sheil. Stmilar hydrophaobic dense star polymers and dendrimers
are aiso inctuded which lack the presence of a metal ion

The present invention includes a polymer blenad compriung a modified dense star
polymer assocrated with 3 metal ton and a polymer matrix

Additionally, the use of the present madified dense star polymer or dendnmer in
the formation of a gei in a two phase system (aqueous/argamc) has use in an oiliwater emuision
system for use as a surfactant

The dense star polymers which comprise the highly branched interior structure of
the modified dense star polymers of the presentinvention must have an affinity to associate,
complex or chelatesvith metal tons. Such affimties are usually achieved by incorporating 2
plurahty of oxygen or fitrogen atoms, which readily complex with metal 1ons, within the highly
branched structure of @ dense star polymer which serves as the core Such dendrimers are
known compounds and zan be prepared according to the procedures described, for exemple, in
U.S. Patents 4,568,737 and 4,587,329 and in European Patent Appitcation Publication 0 271 180
and WQ 33/14147. Preferred dense star polymers for use 1n the present invention are amine-
terminated poly{amidoamine) dendnmers, hydroxy-terminated polyiether) dendrimers, amine-
terminated polylethyleneimine) dendrimers, and amine-termmniated poly{propyleneimine)
dendrimers Maost preferable are those poly{amidoamine), poly(ether), poly{ethyleneimine)
and poly(propyleneimine} dendrimers of from 2 to 12 generations, 1.e, in which the
monomeri¢ uriit 1S repeated from & to 15,000 times.

The exterior structure of the modified dense star palymers of the present
invention which imparts the hydrophobic nature to the outer shell is comprised of hydrophobic
groups The term “hydroohabic groups” means groups lacking an affinty for, repelling, or
failing to adsorb or absorb water ["Dictionary of saentific and Technical Terms”™, Ed Syb! P
Parker, ath ed , {1989)] The hydrophobic groups on the surface of the dense star poiymer must

be sgluble i, muscible 1n or compatible with the matnix polymer used to make the blends, and
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the interior of the hydrophobic dense star polymer must be substantialiy iess soluble in,
mscible 1n or compatible with the matrix polymer

“Matrix polymers” means polymers that are saluble in, misable in or compauble
with the hydrophobic groups on the surface of the hydrophobic dense star polymer Examples
of suttabie matnx polymers used in this invention are thermoplastic polymers, such as
polyethylene, polyprapylene, polystyrene, polyacrylate, polymethyl methacrytate,
polyisobutylene, and polymethyipentene

Such hydrophobtc grouns usually include a reactive functonal group such asan
aad chlonde, ester, carboxyiic acid, hairde (1.e , chlonde or bromide), acrytate, or epoxy ether.
Preferred hydrophobic groups are hydrocarbon groups of from 4 to 40 carbon atoms inclusive,
preferably from 4 to 24 These hydrophobic groups may aiso contain oxygen, nitrogen or sulfur
atoms, €.9. epoxy, hydroxy, ester or ether groups However, all substituent groups must be
sterically compatible watn each other

The term “sterically compatible” 1s employed to designate substituent groups
which are not affected by stenc hindrance as this term s defined in “The Condensed Chemical
Dictionary”, 7th edition, Reinhotd Publishing Co., N.Y. page 893 (1966) which definitionis as
follows: “steric hindrance. A charactenstic of molecular structure in which the molecules have
a spatial arrangement of their atoms such that a given reaction with another molecule is
prevented or retarded in rate.” Sterically compatible may be further defined as reacting
compounds having substituents whose physical buik does not require confinement within
volumes insufficient for the exercise of their normal behavior as discussed 1n Qrganic Chemistry
of D. 1. Cram and G. Hammond, 2nd edition, McGraw-Hil Book Company, N Y, page 215
(1964).

Such hydrocarbon graups include hnear atkyl groups having from 4 to 4Q carbon
atoms,optionally substituted independently with hydroxy, with carboxy’  with Cy-Cip atkyl,
with C4-Cyg atkaxy, with C;-Cyg alkoxycarbonyl, with phenyl or phenyl subst tutea with from 1
to S groups of €,-Cs alkyl or C4-Cs alkoxy groups, or with phenoxy or phenoxy substituted with
C;-Cs atkyl ar C,-Cs alkoxy groups. Examples of such hydrocarbon groups are hexy!, octadecyl,
ethylthexyl, tolyldecyl group, anisyldodecy! group, 3-phenoxy-2-hydroxy-1-propyl, (4-
methyliphenoxy-2-hydroxy- 1-propyl, {(4-methoxy)phenoxy-2-hydroxy-1-propyl, telechelic
polymers {which are polymers having a single functional group at thetwr end as described in
Telechelic Polymers:Synthests and Applications, ed. Eric Goethels, CRC Press 1989), 2-
hydroxyatkyl moieties formed from the opening of epoxy moieties, and alkylation of the
hydroxy groups from the 2-hydroxyalkyl motetes to provide the alkoxy groups.

The modified dendrimers of the present invention are prepared by capping the
dense star polymers which compnise the highly branched interior structure with a hydrophobj¢
tail The capping reaction may be performed in any conventional manner suitable for the

reactive grouns present. Some examoles of these react.ons can e found v Advanced Qrganig
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Chemistry, 3rd ed., lonn Wiiey & Sons, NY (1983), by Jerry March, and US Patent 4,558,120 at
column 12
By way of example, this modification can be accomplished by reacting the amine-

terminated ar hydroxy-terminated aendrimers, which serve as the intenor structure, with an
5 appropriate hyarecarbon chioride or bromide, or (Cg-Cha aryl)C+-Chyalkyl cnioride or bromude,
or with an appropriate a,f-epoxide. Reactions with either the halides or epoxides are
preferably conducted by contacting the amine-terminated or hydroxy-terminated substrates
with at least one equivalent of halide or epoxide for each available terminal amine or hydroxy
group in the presence of an inert sotvent under basic or neutral condittons. The reaction can be
10 conducted under temperaturesranging from about 20 to about 130°C. Preferred hydrocarbon
halides are primary atkyl chlorides and bromides which, when subjected to conditions favaring
bimolecular nucieoph:he substitution reactions, provide amines and ethers capped with
primary hydracarban tails Preferred epoxides are those derived from the epoxtdation of
termunal olefins which, when subjected to ning opening under basic or neutrat conditions,
provide predominantly amines and ethers capped with pnmary hydrocarbon tails substituted

with hydroxy groups in the f-positton. Amaong the most preferred capping matenals are, for

15

example, iso-octyl bromde, cetylbromide, lauryl bromide, glycidyl phenyl ether, glycadyt isg-

propyl ether, glycidy! t-butyl ether, glycidyl -naphthyl ether, giycidyt &-methoxyphenyl ather,

glycidy! 2-methylphenyl ether, 1,2-epoxydecane, 1,2-epoxyoctadecane, 4,4-diphenyl-1-butene
20 Oxide and 11,11-diphenyi-i-undecene oxide

As an alternative to mixing the hydrophobic modified dense star palymer or

dendrnmer with a continuous polymeric matrix in a suitable solvent, one mav admix the

appropriate hydrophobic moedified dense star polymer or dendrnmer directly with the poiymer

phase utilizing known melt blending processes, i.e. biending in a Brabender mixer.
25 By modifying the composition of the exterior structure, the overall solubnlity of
the dendrimer can be significantly tailored to fit a specific application. In addition, when
advanced thraugh sufficient generations, these dendrimers exhibit “dense packing” where the
surface of the dendrimer contains sufficient terminal moteties such that the dendrnimer surface
becomes sterically congested and encloses void spaces within the intenor of the dendnmer.

30 Thiscongestion can provide a molecular ievel barrier which can be used to control diffusion of

matenials into or aut of the interror of the dendnimer

The selection of the hydroohobic groups necessary to effect the homogeneous
dispersion of the modified dense star corvmers within a given or desired polymer matrix is
within the capabtility of one skilled in the art. This selection of hydrophobic groups for a given
polymer matrix can be understood by analogy to black copolymer blends.

The thermodynamics of blends of high molecuiar weight materials do not have

35

targe enough entrooy of miung contrtbutions to stabihize the solutions, uniess the polymer

components are very close in thewr surface energy The stability of the dispersion of one
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poivMer witrun another 1s dominated by the intertac al energres between the micrascom¢
domains of the two components Thus, a biend of the tawa homopalymers wiil tend to separate
tNTO o QIsUNCt phases tn order 1o Mummize the inter*acial area and total energy of the
system

itis known i the art that a stabie blena ¢ar be prepared 1f one of the
components is a block copolymer composed of segments with much different solubility
parameters. See, farexample, Domarn Structure and Properties of 8lock and Graft Copaiymers

and Poiyrer Blends, pub Kyote University (1979), oy the Research Staff of Polymer Mechanics

Laboratory at the Department af Polymer Chemistry, Faculty of Engineering, Kyote University
in thus case, there is a consigerable interfacial energy between the segments of the copolymer
This s relieved when the segments of the copoiymer are separated or found to be compatible
with anatnher companent of the blend, preferably at least one other component. With
approoriate choices of homopolymer and capolymer compositions, this high internal energy
within the copolymer 1s greater thar the interfecial energy between the two polymers one s
atternpting 10 compatibidize and as & conseguence tne biend ts more stable than the two
distinct phases

White not wishing to be bound by theory, a sirmular situation is believed to existin
the biends empioyed in the present invention. Experimental and theoretcal studies of the
dense star polymers suggest that many of the end groups of the molecules are folded back into
the interter of the molecule in order to fill space efficrently  This implies that there may be
considerable interaction of the surface madifying groups with the interior groups of the
molecuie when the material isnot blended This high energy interactton within the dendrimer
15 relieved when the dense star polymer is used as a component tn the blends of the present
invention. The best chaice of compositions to optimize the stability of the blend maximizes the
differences hetween intertor and end groups within the dense star polymer and minimizes the
interfacial energy between the matnx polymer and the dense star polymer Thus, the aromatic
derivatives as modifications are superior to the aliphatic hydrocarbon derivatives as
modifications in blends with polystyrene On the other hand, aliphatic surface groups on the
dendrimer may be superior as modification for compatiblizing dendrimersin
acrylatesmethacrylate type systems.

Minimization of interfacial energy i1s expected to minimize the interface area
between the varicus microphases. This would be achieved by placing all of the copolymeric
end groups in a spherical shell, or a poruon of a spherical shell on the surface of the
macromalecular particie Thus, cantrolied microphase separation 1s achieved with groups that
are not rmmediately connected to each other When the multiphcity of end groupss sufficient
to form a continuous sphencal shel, this shell serves to form a barrier between the interior of

the dendrimer macromolecule ang the matrix polymer in which 1t1s dispersed.
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While not wishing to be bound by theory, 1t1s believed that the advantageous
results of the present wnvention in the selection of the hvarophabic groups 1s the result of ar
energetically favorabie balance of the interfacial energies between tne components of the
blend. This favorable balance 13 best exemphified when the volume rauo (wv) of the extenor
groups to the highly branched interior structure 1sabout 1:1Q to 1Q- 1, preferably 1:5%0 5 1,
more preterably about 11

The metal tons that are extracted by the modified dense star poiymersaf th s
invention must be capable of associaton with the highly branched interior structure of the
modified dense star polymer Suitable exampies of such metal 10ns are salts of: transition
metals of Groups VIA {Cr), VILA (Mn), VIHA (Fe), 1B {Cu), and HIB {Zn); alkali metals of Group A
(L1); alkalhine earth metals of Group HA (Be); lanthanides metals of Group IHA (La); Y Ge; Sn;
and Pb.

The term “associated with” tnctudes attached to orlinked to or encapsulated
within the imterior of the modified dense star polymer by means of covalent bonding,
hydrogen nonding, adsorption, absorption, chelation, metallic bonding, van der Waals forces,
ronie bonding, coulombic ferces, hydrophobic or hydrophilie forces, or any combination
thereof.

The ability of these dense star polymers to extract metals from agueous solution
provides a wide range of utilities, not ltmited to water purificatton or precraus metals recovery,
where a small volume of ergani¢ solutien can be agitated with a large voiume of agueous
phase to, in effect, remove the metals fram the water and concentrate them in a more
processable and/or recoverabte medium, This ability atso simplifies the preparation of the
metal loaded dense star polymers for subsequent dispersion in a polymer matrnix. Metals
dispersed \n polymer matrices can add electromagnetic radiation absarption properties to the
polymene mater:al, making them useful for radiation shuelding or as a micrewave neatable
material.

The use of the dense star dendrimers of this invenuon as surfactants and as.gels
can be itlustrated by thewr physical characterisucs. The acylated dense star dendrimers are
usually insoluble i toluene and water, lr .t demonstrate a unique physical feature when
dispersed in a two phase aqueouyvorganic medium. The resultis 3 hornogeneous apaque white
gel This gel forms as the amide 1s produced 1n the two phase reaction { < Y minute) and
becomes thick and non-flowing Filtration ef thisge! (5 wt % product tn 1: 1, H:QOwluene)
removes some of the solvent and gives a st ff most salid (10-2@ wt % product) Rotary
evaporation gives a powder whicl il contatns 50% solvents, and drying in a vacuum oven
produces dned material

The get can also be diluted bevond tne original Swt % in HOMtoluene Diluton
aslow as 1% gives a thickened whitege!l  This thickening ts oroken down by agitauon, but

reftorms it 30 min to Y hour Further ciiution with water ¢ @ mixed .1 a bvender) gives a milky
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white hquid, while addition of toluene merely resutts in separation of a clear toluene layer
Hence the capacity for water {in a water/toluene mixture) s untimited, while that capacity for
wiuene (in H>QNoluene) 1s hrited to a 25-50 fold weight excess of toluene over dendnimer
When toluene s evaporated from the mulky white dilutions in water, the gendrimer
precipitates out and leaves a clear agueous phase

These results imply that there s an oil/water emuision with dense star dendrimer
acung as surfactant and capable of holding large guantities of toiuene within the aqueous
continuous phase. Furthermore, the dense star dendrimers become 1nsolybie in water uniass
large amounts of toluene are present to reduce self-association and disperse the dense star
dendrnimers. This:s alse seen at high concentrations { > 10 wt %} of dense star dendrimer in
H O/toluene where the capacity for water (R = (g <Ph< Cr < Cg}istimited 1o approximately the
votume of toiuene present

White not wishing to be bound by theory, 1t is believed that the thickening
phenamenon results due to a thy se-dimensional hydrophabic network carrected by domatns of
toluene and held in a cantinuous phase of water. This hydrophobic assecauon is also seen
when smallt amounts of dense star dendrimer are dissoived in agueous solutions of a nenionic
surfactant, CghH,;O(CH;CH;O)sH. As the cloudy solution ts heated, the surfactant lases its
waters of solvation and hydrophobic association takes over to give a flocculent precipitate.

Due to the tack of solubility of the dense star dendrimers in toluene and in water,
the dried product cannot be adequatery dispersed in H;Qrtoluene to form the creamy gel. Thus
the gel has only been generated during the synthesis ef the oroduct, or by precaipitation from
acid or methanol when possible

The hydrophobic modified dense star dendrimer and dense star polymer of this
invention begins to resemble an wnverted micelle wherain a hydrophihC intertor 1s encased by a
hydrophoinc exterior. Furthermare, the molecular dimensions of the higher generation
dendrnirmer (1.e. Gen = 3 and higher) are very smular 1o those observed for micelies While the
two systems share the features of being compartmentahized and highly organized on the
molecutar level, they differ markedly in therr dynamic behavior  Mucelles break up and reform
very rapidly; whereas the fixed micelle provided by the dense star dendnmer of thisinvention
has long term stabihity

The followtng preparative exampies are iHustrative of the modified dense star

polymers of the present invention, which are intended to be purely exemplary of the present

tnvention.
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Example 1 - Giyadyl Phenyt Ether Denvative of Tenth Gereration (G = 10) Polyamidoamine

Dense Star Polymer
A mixture of 0 &5 grams (g) of generation 10 gense star polymer gerived from

ammonia, methyl acrylate and ethylene diamine and 0 77 g of glyady! pnenyl ether were
surred 1n 150 mullihiters {mdi) of ethanaol atreflux fur 2 days After cooling the mixture to 0°C,
the proauct {1.0 g) was isolated as a white foam by hitration and character ced by

13IC NMR (CDC3), TMS as internal standard

pom 173.2, 159 3, 129.5, 121.2, 114.2 64-22 (br), 48-60 (br), 32-20{be)

The ability 1o extract metals from aqueous solutions s part of the present
invention. The present invention concerns a process for extracting these meta: 1ons from
aqueous solutions by Intimately contacting the aqueous solution contatming maetal lons with a
solutian of a modified dense star porymer, having a highly branched inter:or structure
comprised of monomeric units having the ability to assoctate or chelate with metal ions and an
extenor structure campnsed of a different manomeric unit having the abtlity to provide a
hydrophobic outer shell, in a water«mmisable salvent, and separating the organic prase from
the agueous solution The madified dense star polymer containtng the metal 1ons 15 then
blended with another palymer 1o disperse the metal tons into the continuous phase matrix.

The following example isillustrative of the preparation of the modified dense

star polymer containing the metal tons.
Example 2 - Extraction of Copper lon from ar Agueous Solution by Treatment With Giycidyl

Phenyl Ether Modified Tenth Generatton (G = 10) Polyamidoamine Dense Star Polymer
The madified dendrimer of Exampie t (0.6 g) was dissolvied in chioroform. A

soiution of 0.12 g of copper sulfate 1n 10 mL of water was added and the muxture stirred at
room temperature, overmight. The layers were separated anc the aqueous layer extracted with
chioroform. The comeped chioraform solutiond were dried with sodium sulfate and filtered.
Distitfation of the salvent in vacuo gave @ 6 g of blue powder.

Non-polar polymeric matrices in which metal tons have been dispersed have been
found to be useful for manufacturing arucies for shuelding e.ectromagnetic radiavon. The
present invention concerns a process for dispersing a modified dense star polymer containing
metal 1ons 1nto a non-polar polymer matrix which s ¢haractenzed by:

{a) intimately contacting the aqueous solution containing metalions with a

solution of a modified dense star polymer, having a mghly branched
Intengr structure comprised of monomeric umts haveng the abihity to
associate or chelate with metal ions and an exterior structure compr.sed of
a different monameric unit having the ab:ity to orovide a hydroohobic
outer shell, once mtroduced into the water<-mmiscibie solvery,

(b)Y i) opueonally separating the organi< nhase whichis usually soluble or

misciie with the gesired poiymer matrix of the monomeric precursor to

8
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tne potyrmeric mateix from the aqueous solution, and
{1} irtermixing the modi ried _ense star polymer carrying the assoc ated
medl ton with the non-polar mea a ertner perore or arter remona of the
Narermmsciple extraction soivent arg
(<) paiymenzing the mxture from step (<) when tne non-polar meQ a 1sa
mQonomer
This method 1s particularty useful for aispersing metal 1ons 1n non-po ar polymer
matnces. insuch cases, after dispersing the modified dense star polymer carrying tre metal
1onNs INTO 3 surtabie monomer, the mixture is subsequently porymenizeq (Step )
The following example isillustrative of the dispersion process

Exampie 3 - Dispersion of Copper lon into Polystyrene Using Glydy! Pheny! Ether Modifred

Terth Generauon (G = 10} Polyamigoamine Dense Star Poiymer

The copper-containing modified dendnmer of Example 2 was added 10 20 g of
styrene and the mixture was sonicated intermittently (total ume 10 hr) over 4 days e give a
homeogeneous solution. Azobisisobutyromurile (0.15 g) was added and the mixture heated in
an ail bath at 100°C for 16 hr. The resultant poiymer was a dark transparent biue, except for a
small portion on the bottom of the bottle that was a darker opaque biye
Example 4 - Blend of Modified PAMAM Dendrimers with Poly(methy! methacrylate)

A: t-Butyl Glyadyl Ether Modificaton
To a soiutton of Q.5 g of generatton 7 (G = 7) PAMAM dendrimer was added 0.56

g of thutyl glyc:dy! ether (TBGE). The soluton was agitated on an orbital mixer for 6 days, then
the solvent and excess TBGE were remaoved by disult ation in vacuo, giving 1.Q g of hyaropheobi(
dendrimer which s characterized by:

3CNMR (COC3), TMS asinternatl standard

ppm 173 Q, 27 8, broad oeaks 85, 64, 36, 34
The TBGE hydrophabic dense star polymer descrined above (0.3 g) was aissoived

tn 60 g of methyl methacrylate To this selution was added O 4 g of azobssisobutyronitrile and
the resulting solution was heated at 6Q°C for 16 hrs. The resulung polymer was grouna and
compression molded to give transparent plagues

B: Epoxyoctane Maodificatior
Te asolution of 0.5 g of generauon 7 (G = 7) PAMAM dendrimer was aaded 0.57

g of epoxyoctane. The solutiun was agitated on an orbital mixer for 6 days, then the solvent
and excess epoxyoctane were remaoved by disttliation i vacuo, giving { 8 g of hydroonebic
dendrimer wnich s charactenzed by
13C NMR (CDCl;), TMS as internal standard
pom 173.Q,32 0. 29.5, 25 8, 22 6, 14.! broad peaks 70. 69, &4, 62, 56, 50, 38, 35

The epoxyoctane hydrophobic dense star potymer described above 1 3 g) was

dissoived in 60 g of methyl methacryiate To thisseiution was added 3 4 g o°

-15-
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azabisisabutyronitrile and the resulting solution was heated at 60°C for 16 hrs. The resulting
polymer was ground and compression molded to give transparent plaques

Example § - Derivatives of 15t Generation (G = !) Dense Star Dendrimer from NH3 (1.0G/NH3)
A: 1.0G/INH - Acetyl; N(CH CH,CONHCH CH NHCOCH ),

A dense star dendrnimer of generation 1 (1.0G, G = 1) from an ammonia core
[N(CHJCHQCONHCH&CHINHz)]]. 7.50 g (62.7 meq), was dissoived 1n 40 mL of water and placed in
a mechancally stirred 3-neck round bottom flask with 80 mL toluene This mixture was stirred
and cooled ir an 1ce bath, and to 1t was added dropwise 4.7 mL (65.8 meq) acetyl chloride in 20
ml toluene. Once addition had begun, 28 mL (69.2 meq) of 10% NaOH was added

When addition was complete, the ice bath was removed and the mixture was

surred for an additional 30 minutes (mins). The selution was then evaporated and the resuiting
oil was dissolved in ethanol and filtered to remove NaCl. This solution was then evaporated o
give 8.6 g (85%) of the product as an oily white solid. The product was relatively insoluble in
diethy! ether and toluene, but fairly soluble inwater and methano!
H NMR (D,0)
§3.9(12H, H-3,4), 3.4 (6H, H-T), 3.2 (6H, H-2), 2.7 (9H, CH;3).
% substitution (NMR} = 90%.
Designation of protons used for NMR tabu lation is as follows for all parts of Example 5:
12 34
N{CHCHaCONHCHCHaNHX)3
B: 1.0G/NH; - Trimethylacetyl; N{CH;CH2CONHCHCHaNHCO-t-C(CHa)3]3
The first.generation dendrimer from Part A, 7.5 g (63 meq), was reacted with

trimethylacetyl chionde (8.1 mi, 85 mmole) as described for Part A above The reaction was
neutralized with 10% NaOH (28 mL, 70 mmole), then stirred for two hours and worked up as
described for Part A above
Evaporation of the ethanol solution and drying in a vacuum over gave 12.3 g

(96%) of the product as a white solid, p 92-96°C. The product was relatively insoluble in
diethyi ether and totuene, but fairly solubfe in water and mettanol.
IR(KBr)
3300, 2930, 2890, 1640, 1540, 1450 cm’!.
TH-NMR {d6-DMSD)
§3.2(12H, H-3,4), 2.6 (12H, H-1,2) 1.1 (27H, t-Bu);
% substitution (NMR) = 97%.
Anal, C3oHsN7Og

L G
caicd. 589 94 16D
found 564 9.1 149
{may contain a few percent NaCl)

Al-
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C: 1.0G/NH3 - Benzoyl; N[CH;CHCONHCHCHaNHCO-(CgHs)]3
The first generation dendrimer from Part A, 6 8 g (57 meq), was dissolved in 40 mL

of water and stirred with 50 mL of totuene at 0°C. Benzoyi chlaride (6.9 mL, 59 meq) and 1G%
NaOH (25 mL, 62 meq) were added An opague white gel formed within two minutes. This was
stirred at room temperature for 1.5 hours, then filtered and washed three umes with water and
three times with toluene. The resulting white solid was dned to give 12.3 g (97%) of the
product, mp 176-81°C. The product was relatively insoluble in water, diethyl ether and toluene,
but fairly soluble tn methanol
IR(KBr)
3280, 3040, 2920, 2850, 1640, 1605, 1550, 1490, 1440
cm'l,
TH-NMR (d6-DMSQ)
58.6(3H, amide), 8.1 (3H, amide), 7.9 (6H, ortho), 7.5 (9H, meta & para), 3.4 (12H, H-3,4), 2.8 (6H,
H-1), 2.4 (6H, H-2);
% substitution (NMR) = 98%.
Anal. Cy3gHasN»O

€ HN

calcd. 64.4 6.75 14.60
found 64.4 6.81 14.36.
D: 1.0G/NH3 - Hexanoyl; N{THCHaCONHCH,CHaNHCO-(CgH11)]3

The first generation dendrimer from Part A, 3.3 g (28 meq). was dissolved in 25 mL
of watér in a glass jar. To it was added hexanoyl chioride (3.9 mL, 28 mmole) in 15mL of
toluene and 10% NaOH (11.0 mL, 28 meq). Shaking produced a white gel. The solid was
filtered and washed fwice with water and with toluene. Drying prpvided 3.5 g (58%) of the
product as a white solid, mp 192-5°C. The product was relatively insoluble in'water, diethyl

ether and toluene, but fairly soluble is methanol,

IR(KBr)

3300, 3080, 2930, 2880, 1640, 1550, 145@ cm™".

'H-NMR (d6-DMS0)

§3.1(12H, H-3,4), 2.5 (6H, H-1), 2.2 (6H, H-2), 2.0 (6H, -CH;CO;-), 1.3(18H, -C3Hg-), 0.8 (IH, CH3);
% substitution (NME) = 90%.

E: 1.0G/NH5 - Qctanoyl; N{CHCH,CONHCH CHaNHCO-(GHy 503
The first generaton dendrimer from Part A, 3 3 g (28 meg), was reacted with

octanoy! chioride (&8 7 mL, 28 meq) according to the procedure of Part D above. The product

was a white solid, 6.2 g (91%),
mp 194-8°C The product was relatively insoluble in water, diethyl ether and toluene, but fairly

saluble in mathanol
£ 1.0G/NH3 - Decanoyl; N[CHCH;CONHCHICHaNHCO-(CoH19)l3

~1e-
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The first generation dendrimer from Part A, 3.3 g (28 meq), was reacted with
decanoyi chionde (5.7 mL, 28 meq) according to the procedure of Part D above The product
was a white gel which held the entire volume of water and toluene The praduct was fiitered,
then washed twice each with water, toluene and acetone Drying gave the product as a white
solid, 6.8 g (90%), mp 195-201°C. The product was relatively insoluble in water, diethyl ether
and toluene, but fairly soluble in methanal.

G: 1,0G/NH3 - Dodecanoyl; N[CH;CHCONHCHCHaNHCO-(Cq 1 Ha30)3
The first generation dendrnimer from Part A, 9.30 g (78 meq), was dissolved in 50

mb of water with 50 mL of toluene in a mechanically stirred three-neck flask. To 1t was added
dropwise dodecanoy! chioride (18.0 mL, 78 meq) in 30 mL of toluene. During this addition
10% of NaOH (31.1 mi, 80 meq) was also added.

The white gelaunous product was stirred for an addwuonal 1.5 hours then filtered
and nnsed twice each with toluene, water and methanol. The resultuing white solid (approx.
180 g} contained large amounts of solvent. Drying provided 21.2 ¢ (30%) of a white powder,
mp 196-201°C. The product was reiatively trisoluble in water, diethyl ether, methano! and

toluene.
IR(KBr)
3300, 3090, 2920, 2860, 1640, 1560, 1460 cm 1.
Anal, C51HggN7Og
C HN
caled. 676 110108
found 66.7 109 9.7

H: 1.0G/NH3 - Octadecanoyl; N[CH,CH,CONHCHCHaNHCO-(C1 7H35)]3
The firsc generation dendnmer from Part A, 10 1 g (84 3 meqj, was dissolved in

100 mL of water and added to a 500 mL separatory funnel containing stearoyl chionde (30.3 g,
100 mmole) in 150 mL of toluene. When shaken, the mixture became warm and a thick gel
formed. To the gel was added 10% of NaQH (80 mL, 200 mmeole) along with an additionat 1Q0
mi of water,

After twenty minutes the creamy white material was filtered and washed with
water and with acetone, and dned to give 32 4 g (39%) of the product as a white powder, mp
190-198°C. The product was relatively insoluble in water, diethyl ether, methanol and toluene.
Exampie € - Pheny! Tetraamine; N{CH,CHNHCO-(CgHs)y

The branched tetraamine, N{CH;CH,NH,); , 2.0 g, (41 meg) was dissolved in 20 mL
of water and placed 1n a 125 mi separatory funnel with benzoyl chloride (4.8 mL, 41 meq) in 20
ml of toluene To the mixture was added 10% NaOH (16.5 mL, 41 meq) and the mixture was

shakert for 15 minutes.
A ball of oily white sohid precipitated Thus salid was washed twice with water and

with toluene, then dried to give 6.4 g (102%) of the oroduct as a white powder, mp 144-9°C
-13-
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The product was relatively insoluble in water, diethyl ether and toluene, but fairly solublen

methano.
IR(KBr)
3360, 3300, 3080, 2930, 1640, 1610, 1550, 1480, 1460
cm i
H-NMR (d6-DMSQ)
8§ 8.3 (3H, amide), 7.7(6H, ortho), 7.3 (9H, meta + para), 3.3(6H, H-1), 2.7 (6H, H-2);
% substitution (NMR) = 104%.
Anal. C7H30N403
CHN
caled. 70.7 €.59 122

found 70.9 6.52 11.8.
Example 7 - Derivatives of 1st Generation Dense Star Dendrimer from Ethylene Diamine

{1.0G/EDA)
A; 1.0G/EDA - Benzoyl; {CH;N);[CH;CHaCONHCH, CHa NHCO-(CgHs) g

The first generation amidoamine dendrimer from of ethylenediamine (EDA;
1.0G/EDA), 3.1 g (24 meq), was dissalved in 20 mL of wzier with 10% of NaOH (10 mL, 25 meq).
To this mixture was added benzoyl chionde (2.8 mi, 24 meq) in 30 ml of toluene. The mixture

was shaken and a white precipitate formed.
The reaction mixture stayed as two phases with only a slight amount of gelation.

The majority of the-product formed a waxy ball After two hours the solid was filtered, washed
twice each with water and totuene, then dried. The product was a white powder, 4.95 g (88%),
mp 190-6°C. The product was relatively insoluble in water, diethyl ether and toluene, but fairly

saluble in methanol.
TH-NMR (d6-DM30)
§ 8.5 (4H, amide), 8.1 (4H, amide), 7.9 (8H, ortho), 7.5 (12K, meta & para), 3 4 (16H, H-3,4), 2.8-
2.3(20H, H-1,2 + NCH,CH,N):
% substitution (NMR) = 104%.
B: 1.0G/EDA - Dodecanoyl; (CHaN)p[CHZCHCONHCHCHaNHCO-(C ~Has)la

The 1.0G/EDA dendrimer, 3.1 g {24 rreq), prepared in Part A above, was dissoived
in 20 mL of water ard 2.5M of NaOH (10 mL, 25 meq) and reacted with dodecanoyl! chionde (5.5
mi, 28 meq) itr 30 mi of toluene. Shaking prowided a dense creamy white gel which solidified

awithin fifteen minutas.
After two hours the solid was filtered, washed with excess water and toluene,

then-with acetone. Drying gave 5.65 g (76%) of the product as a white powder, mp 195-202°C.
The product was relatively insaluble in water, diethyl ether, methanol and toluene.

IR{KBr)
3300, 3090, 2920, 2860, 1640, 1560, 1460 ¢cm ',

-14-
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Anal. CzoHh36N100s5
C H N
caled 675 110112

found 67.8 11.110.2
Example 8- Benzoy! Derivative of 3rd Generaton (G = 3) Dense Star Dendrimer from Ethyiene

Diamine (3.0G/EDA-Benzoyl)
The 3.0G dendrimer from an EDA core, 2.50 g (12 3 meq), was dissolved in 40 mL

of water and placed in a mechanically stirred 500 mi round bottam flask along with 25 mL of
toluene. To this mixture was added 10% of NaQH (4.9 mL, 12 3 meq), then benzoyl ¢chionge

(1.43 mL, 12.3 megq) in 25 mL of toluene.
The mixture was stirred and an oily white solid precipitated. The liquid was

decanted and the s¢hd was taken up in methanal, then precipitated with ether and dried to
give 3.43 g (90%) of the product as a whute solid, m.p. 120-5°C (flows), 198-203°C (ciears). The
praduct was relatively insoluble in water, diethyl ether and toluene, but fairly solubie in

methanol.

{R{KBr)

3400, 3300, 3090, 2920, 2850, 1650, 1610, 155Q, 149Q, 1440 ¢cm!

'H-NMR (d6-DMS0)

&§ 8.5 (amide), 8.0 (amide), 7.7 (32H, ortho), 7.4 (48H, meta + para), 3.3 (88H, H-3,3, 2.7 (80K,
H-LI'), 2.2 (36H, H-2);

% substitution (NMR) = 104%.

Example 9 - Denvative of 4th Generation (G = 4) Dense Star Dendnimer from Ethylene Diamine

4.0G/EDA
A 4.0G/EDA - Butyryl; (NCH3CHaN)~~~m~~[(NHCO-(C3H )12z

The dense star dendrimer, (NCH,CHyN)}~~~ ~~~{NH;)37 . (4.0G/EDA}, 3.06 g (14.2 meq), in
20 mL of water was reacted with butyryl chloride (1.6 mL, 15.2 meq) in 25 ml toluene and 10%
of NaOH (7.1 mL, 25% excess). The productdid not precipitate but was isolated by evaporation
of the aqueous phase. It was purified by dissolving it twice in ethanol, filtering, and
precipitating with ether. Drying provided 2.67 g (70%) of the'product as a white solid, mp 112-
7°C (flows), 212-217°C {clears). The product was relatively insotuble in diethyl ether and

toluene, but fairly soluble in water and methanol.

{R(KBr)
3290, 308¢, 2950, 2880, 2820, 1650, 1550, 146Q, 144Q

cn
TH-NMR (d6-DMS0)
5 8.0 (amide), 3.2 (368H, H-3.3'), 2.6 (352H, H-1,1"), 2.2 (240H, H-2), 2.1 (128H, ~CH,C03), 1.5

(128H, -CHy-), 0.9 (192H, CH3):
% substitution (NMR) = 93%.

.15.
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B 4.0G/EDA - Benzoyl; (NCHaCHN)~~~~~~[{NHCO-(CgHs)]32
The dense star dendrimer, {NCHCHaN)~~~-~~~(NH,)35, (4.0G/EDA), 3.06 g
{14.2 meq), in 20 mL of water was reacted with benzoy! chlonde (1.82 mL, 15.6 meq) in 25 mL of
toluene and 10% of NaOH (7.1 mi, 25% excess). The product was an oily ball and was isolated
as with (CHaN) [CH2CHCONHCH CHaNHCO-(CgHs )4 described in Example 8. Drying provided
4.16 g {92%) of the product as a fluffy crystalline white solid, mp 120-7°C (flows), 148-155°C

{clears). The product was relatively insoluble in water, diethy! ether and toluene, but fairly
soluble in methanal.
TH-NMR (d6-DMSQ)
§ 8.5 (32H, amide), 8.0 (60H, amide), 7.8 (64H, artho), 7.5 (96H, meta & para), 3.3 (184H, H-3,3'),
2.8(176R, H-1,1"), 2.2(120H, H-2),
% substitution (NMR} = 103%.
Anal. C52¢H736N122092

CHN
caled. 61.7 2.24 16.7
found 614 7.12 15.6.
C: 4.0G/EDA - Octanoyl; (NCHCHN)~ ~~~~~[(NHCQO-(CrH5)la2

The dense star dendrimer {NCHCH N}~ ~~~~~(NHM;)32 . (4.0G/EDA), 3.06 g

{14.2 meq),was reacted with octanoyl chloride (1.82 mL, 15.6 meq) as described for Part B
above. The product was a white solid, 3.37 g (70%), mp 150-5°C (flows), >225°C (clears), The
product was relatively insoluble in water, diethyl ether and taluene, but fairly soluble in

methanol.

D: 4 0G/EDA - Dodecanoyl; (NCHCHN)~~~~~~[(NHCO-(Cq1H3)]32

The dense star dendrimer (NCHCHaN) ~ =~~~ {NM3)32 . (4.0GFEDA), 3.06 g

{14.2 meq),was reacted with dodecanay! chloride (3.61 mL, 15.6 meq) as described for Part B
above. The product was a stiff white paste which held all of the reaction solvent. This material
was filtered, washed twice each with water, toluene and acetone, then dried togive 4.35 g
(77%) of the product as a white powder, mp 170-5°C (flows), 201-7°C{clears). The product was
relatively insoluble in water, methanol, diethyl ether and toluene.
tR(K8Br)
3300, 3080, 2910, 2860, 1640, 1560, 1470 cm’!,
Anal. CgaeH1312N12209:2

€ HN
caled. 64.7 10.38 134

found 655 10.60 117
Other embodiments of the invention will be apparent to those skilled in the art

from a consideration of this specification or practice of the invention disclosed herein. Itis
intended that the specification and exarmples be considered as exemplary only, with the true
scope and spirit of the invention being indicated by the following claims.
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1. A modified dense star polymer havir.g a highly branched interior structure
compnised of monomeric units having associated or chelated at least one metal ion and an
exterior structure comprised of a different monomeric unit providing a hydrophobic outer
shell.

2. The polymer of Claim 1 in which the modified dense star polymerisa
dendrimer. ‘

3. The polymer of Ctaim 1 in which the highly branched interior structure is
comprised of an amine-terminated poly(amidoamine) dendrimer, a hydroxy-terminated
poly{ether) dendrimer, an amine-terminated poly(ethyleneimine) dendrimer, or an amine-
terminated poly{propyleneimine) dendrimer.

4. The polymer of Claim 3 in which the poly{amidoamine)}, poly{ether) or
poly{ethyleneimine) dendrimer is from 2 to 12 generations.

5. The polymer af Claim 1 in which the hydrophobic outer shell is comprised of
bydrocarbon groups of fram 4 to 40 carbon atoms inclusive.

6. The polymerof L.aim § in which the hydrocarbon groups contain & from 4 to
24 carbon atoms inclusive,

7. The polymer aof Claim 5 in which the hydrocarbon groups include linear atkyt
groups having from 4 to 40 carbon atams,optionally substituted independently with hydroxy,
with carboxyl, with Cy-Cyg alkyt, with C4~Cyg alkoxy, with Cy-Cy¢ alkaxycarbonyl, with phenyl ar
phenyl substituted with from 1 te S groups of Cy-Cs alky! ar Cy-C5 alkoxy groups, ar with
phenoxy or phenoxy substituted with Cy-Cs atkyl or Cy-Cs alkoxy groups.

8. The polymer of Claim 7 inwhich the hydrocarbon groups are hexyl, actadecyl,
ethylhexyl, tolyldecy! group, anisyldodecyl group, 3-phenoxy-2-hydroxy-1<propyl, (4
methyl)phenoxy-2-hydroxy-1-prapyl, {4-methoxy)phenoxy-2-hydroxy-1-gropyl, telechelic
polymers, 2-hydroxyalkyl moieties formed from the opening of epoxy moieties, or alkylation of
the hydroxy groups from the 2-hydroxyalkyl moieties to provide the alkoxy groups.

9. The polymer of Claim t or 2 wherein the modified dense star polymer is
derived from an amine-terminated poly(amidoamine) dendrimer as its highly branched interior
structure.

10. The polymer of Claim 1 or 2 wherein the modified dense star polymer is
derived from ar hydroxy-terminated poly{ether) dendrimer as its highty branched interior

structure
11. The polymer of Claim 1 or 2 wherein the modified dense star polymer is

derived from an amine-terminated poly(ethyleneimine) dendrnimer as its highly branched

intenor structure.
12. The polymer of Claim 1 or 2 whereinthe modified dense star polymer is

-17.
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giyadyl prenyl ether modihied tenth generation polyamidoamine aendrimer ang tne metai lon

1S copper
13 A polymer biend comprising a maditied dense star polymer of any one of

Claims t through 12 associated with a metation and a polymer matnx
14 The polymer biend of Claim 13 wherein the modified dense star polymerisa

5

modified poly(amidoamine) dense star palymer

15 The polymer blend of Clarm 13 where:n the pol,mer matrix s polystyrene

16 A process for dispersing a modified dense star polymer containing metal ions

1INtO a non-polar patymer matrnx which comprises:

10 ta} numately contacing @:aqueous solution containing metal ions with a
selutron of a modified dense star polymer, having a highly branched
intenor structure compnsed of monameric umits having the ability to
assactate or chelate with metal tons and an extenor structure comprised of
a different monamernic unit naving the ability 1o provide a hydrophabic

15 outer shell, once introduced 1nto a water-immiscible solvent,

(b} (1) opuonally separaung the grganic phase which 1s usually soluble or
rauscibie with the desired polymer matrix or the monomeric precursor to
the polymeric matrix from the agueagus solution, and (i} intermixing the
modified dense star polymer carrying the asseciated metal ion with the

20 non-polar media etther before or after removal of the water-immiscible
extraction solvent, and

fc)  polymerizing the mixture from step (b) when the non-polar mediais a
monomer,

17. A modified dense star polymer having a highly branched intenor structure

25 comprised of hydrophiiic monomeric units and an exterior structure camprised of a different

monomeric unit providing a hydrophobic outer shell.
18. The polymer of Claim 17 in which the hydrophobic outer shell is

trimethylacetyl
19. The polymer of Claim 18:1n which the branched interior is derived from

30 ammonia.
20 The polymer of Claim 171n which the hydrophabic outer shell is benzoy!.

21. The polymer of Claim 20 \n which the branched \nterior is dertved from

ammania or ethylenediamine.
22. The polymer of Claim 17 in which the hydrophobic outer shell 1s hexanoyl,

35 octanoyl, decanoyl, dodecanoyl, or octadecanoyt
23 The polymer of Claim 22 1n which the branched interior 15 derived from

ammonia or ethylenediamine

18-




19
24. A polymer according to claim 1 substantially as hereinbefore described

with reference to any of the examples.

5 DATED: 11 July 1997
PHILLIPS ORMONDE & FITZPATRICK

Attorneys for:
THE DOW CHEMICAL COMPANY
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