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[6G003] Polyethylene terephthalate and its copolyesters (hereinafter referred to

collectively as “PET”) are widely used to make containers for carbonated soft drinks,
juice, water, and the like due to their excellent combination of clarity, mechanical,
and gas barrier properties. In spite of these desirable characteristics, insufficient gas
~ barrier of PET to oxygen and carbon dioxide limits application of PET for smaller
sized packages, as well as for packaging oxygen sensitive products, such as beer,
juice, and tea products. A widely expressed need exists in the packaging industry to

further improve the gas barrier properties of PET.

[0004] The relatively high permeability of PET to carbon dioxide limits the
use of smaller PET containers for packaging carbonated soft drinks. The permeation
rate of carbon dioxide through PET containers is in the range of 3 to 14 cc’s per day
or 1.5 to 2 percent per week loss rate at room temperature depending on the size of the
container. A smaller container has a larger surface area to volume ratio resulting in a
higher relative loss rate. For this reason, PET containers are currently used only as
larger containers for packaging carbonated soft drinks, while metal cans and glass

containers are the choice for smaller carbonated soft drink containers.
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monolayer.

[0008] In WO 01/12521, Plotzker et al. propose the use of additives selected
from 4-hydroxybenzoates and related molecules to increase the gas barrier properties
of PET. This published patent application discloses barrier additives of the following

structure:
HO-AR-COOR, HO-AR-COOR1COO0O-AR-OH, HO-AR-CONHR,
HO-AR-CO-NHR3-COO-AR-OH, HO-AR-CONHR2ZNHCO-AR-OH

In the foregoing structure, AR is selected from substituted or unsubstituted phenylene
or naphthalene and R1, R2, and R3 are selected from the group consisting of C1 to C6
alkyl groups, a phenyl group, and a naphthy!l group.
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copolymers or blends, isophthalate (IPA) modified PET, PET blended with
polyethylene isophthalate (PEI) or a polyamide, such as nylon, and PET modified
with resorcinol based diols. For a PET copolymer to achieve modcrate barrier
enhancement of 2X or higher, the modification is normally more than 10 to 20 weight
or mole percent of the total co-monomers. When PET is modified to such a high
level, the stretching characteristics of the PET are changed dramatically such that the
normal PET container preform design could not be used in the manufacture of
containers. Using these PET copolymers to mold conventional PET container
preforms results in preforms that can not be fully stretched and the ultimate containers
are very difficult, if not impossible, to make. Even if such a container can be made, it
does not show improved barrier performance and shows deteriorated physical
performance such that it can not be used to package carbonated soft drinks. U.S.
Patents 5,888,598 and 6,150,450 disclose redesigned PET container preforms with

thicker side walls to compensate for the increased stretch ratio. This thicker preform,
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polymer container with enhanced gas barrier properties.

[0014] In a particular embodiment, a multilayer container comprises at least
two outer layers comprising a polymer matrix and at least one barrier layer disposed
between the at least two outer layers. The at least one barrier layer comprises a first
polymer composition comprising a polymer matrix and a low molecular weight
additive. In another particular embodiment, a multilayer container comprises at least
one intermediate layer between the at least one barrier layer and the at least two outer

layers.

[0015] Particular embodiments of this invention provide polymer containers,
such as polyester containers, with enhanced gas barrier, and in particular, enhanced
gas barrier to carbon dioxide and oxygen. This makes certain embodiments of the

invention particularly suited for packaging carbonated soft drinks and oxygen
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[0021] FIG. 5 is a schematic diagram of a system for making a polymer

container with enhanced gas barrier in accordance with an embodiment of this

invention.
DETAILED DESCRIPTION OF THE INVENTION

[0022] This invention encompasses a polymer container with enhanced gas
barrier properties and a method for making a polymer container with enhanced gas
barrier properties. Embodiments of this invention, including the structure and
composition of container, methods for making them, and their uses are described

below and illustrated in the accompanying figures.

[0023] The present invention provides a multilayer container having enhanced
gas barrier properties. As is well known to those skilled in the art, both single and
multilayer containers can be made by blow molding a container preform. Examples
of suitable preform and container structures are disclosed in U.S. Patent 5,888,598,

the disclosure of which is expressly incorporated herein by reference in its entirety.
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[0026] The preform 12, container 14, and packaged beverage 138 are but
examples of applications using the preforms of the present invention. It should be
understood that the process and apparatus of the present invention can be used to
make preforms and containers having a variety of configurations. Suitable containers

include, but are not limited to, bottles, drums, carafes, coolers, and the like.

[0027] The container 14 desirably comprises a plurality of layers and can
include any number of layers, limited only by the capabilities of available coextrusion
equipment. Figs. 4A, 4B, and 4C illustrate the multiple layers of the container in
accordance with different embodiments of this invention. In a particular embodiment,
the container 14 comprises at least two outer layers comprising about 99 to about 20
weight percent of the container and one or more barrier layers comprising about 1 to
about 80 weight percent of the container. In another particular embodiment, the
container 14 comprises at least two outer layers comprising about 99 to about 60
weight percent of the container and one or more barrier layers comprising about 1 to

about 40 weight percent of the container. In still another particular embodiment, the
6
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barrier layers 224-228 cnhance the gas barrier properties of the container. The one or
more intermediate layers 224-228 may serve multiple functions, such as providing
further structural integrity to the container 14, providing an adhesive to hold the two
outer layers 220, 222 and one or more barrier layers 224-228 together, or providing
further gas barrier enhancement to the container. In one embodiment, the container
14 comprises one barrier layer 224 and two intermediate layers 226, 228. In another
embodiment, the container 14 comprises two barrier layers 226, 228 and one
intermediate layer 224. It should be understood that the one or more barrier layers
and one or more intermediate layers 224-228 may be disposed between the two outer
layers 220, 222 of the container 14 in any order determined to be suitable by one of
ordinary skill in the art, as demonstrated in Table 1. As described above, the two
outer layers 220, 222 generally comprise a polymer matrix or optionally a polymer
matrix with recycled content while the one or more barrier layers 224-228 comprise a
first polymer composition comprising a polymer matrix, or optionally a polymer

matrix with recycled content, and a low molecular weight additive. The one or more
7
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wei ght per ceMUi&f-4¥ie cont ailner Bagrigy/gigeniatabaver
barriler layers conprising about 1 t@uaR@u{er80 wei gl
percent of the container. ln another particular
enbodi nment, the container 14 conprises at | east tmo

out er Iayers conprising about 99 to about 60 wejg

n@os@ta nt  of Iopyeb aecshrr g Ianerabogieer havy © Higr 4G dhe Sontiner

Igyc%h@rlgeg%'o%te? gaﬁg%b %Cff gn(iigﬁ)eu&r élgre"\?ah@é?tlaﬁ?sr &RNne or
of t cont al ner I'n sti anot her parti cul ar
emtiwdhtmmﬂdlatetlhm&ﬁﬁ‘ia?ﬁerAﬂdbS@rdwéW%letbe arevioga §mbedigent, the
rsyﬁbs é'nﬁmﬂﬂn Et‘Peo Fuctital 1&6%‘9 W tl%occytﬁdngé?tm and
rceF ecotalner an one or barri er
Inaylmt sgresnq theilong redewdar wdight additive from the one or more barrier

layers 234-242, while the one or more barrier layers 234-242 enhance the gas barrier

th

—+

properties of the container. The one or more intermediate layers 234-242 may serve
multiple functions, such as providing further structural integrity to the container 14,
providing an adhesive to hold the two outer layers 230, 232, one or more barrier
layers 234-242, and other intermediate layers 234-242 together, or providing further
gas barrier enhancement to the container. In one embodiment, the container 14
comprises one barrier layer 234 and four intermediate layers 236-242. In another
embodiment, the container 14 comprises two barrier layers 236, 238 and three
intermediate layers 232, 240, 242, In yet another embodiment, the container 14
comprises three barrier layers 234, 240, 242 and two intermediate layers 236, 238, It
should be understood that the one or more barrier layers and one or more intermediate
layers 234-242 may be disposed between the two outer layers 230, 232 of the

container 14 in any order determined to be suitable by one of ordinary skill in the art,
8



about 20 wei ght percent of the container. [0028] In a
particul ar enbodi nent shown in Fig. 4A, the container
wa 4008083765 ses two outer |ayers 210, 212 and onPCDERIN®078024
| ayer 214. The outer |ayers 210, 212 help maintain the
structural integrity of the container 14 while the
barrier layer 214 enhances the gas barrier properties
%f éfb&%nﬁ&%afnnﬁd'bi Eener aldedpedt {iBve Re Q\% Qlitet PNEFS2301932
1 conprise a péiyner matri x or a polymer matrix W t h
rgemgrcllyewmmms antto]yndni thasrix e optingalliap pPlimer gypBix witly recycled
[ & ' RSh34 &QﬁHPfé%'ﬂ& i
ng Wﬁﬁ%ﬁ? Q&?Br%&hyﬁﬁﬁwpan %%ﬁg§% th rgcyc etefjoymer
ccompmen aodprésingow mrmuharlx,v\en gbtionallid iat pohener Tiatrix  with
I.tions
GEVR P e b oy BB S EC AR ByTR2, 212 alo
enitibid i gresst ofsthcolmw inpleéila. wed@yt atitiéve tromh ghabarridrglayer 214. The
rlse u | aye r
ﬁ%\?’ rql%ch gyg?lgﬁaﬁltlvH eéé'c]) e vo%zgil? a cg rlr}rg at%g% & Blgpg’ Fould
APrs2 38t of Alie lﬁlm@rlaybedtcahemosmﬂea: ibnidtefor thaylﬁcrsia)&?iﬁlo.’zm.

hel p mai nt ai n, the ctur te
it i AL g6kl dflebitieflonl i anethema
Fhie @Qﬂymér\h@uﬁx QipolyfiRer ﬁﬁﬁlxﬁﬁlt}ﬁﬁé}eleﬂ&bﬁtblﬁ[a bayeranatrix
e the one or nore barrjer frs 224- 228 ephance
tvmél yhadgtys .aePole%fp@PWe‘glﬂbfeWﬂ% COHENY; HEr2n ﬁCPﬁié“V&‘n@” an
QHhd¥RE Gayent er Medi at e | ayers 224-228 may serve nultiple
functions, such as providing further structural

'[Mﬁpr Ity $@tabRGobAtrAfonQke #fihe RURY |1@bﬂ3g)f&mbaahhems\m this
to hold the twg outer |ayers 220, 222 and ane or

BrMeRtiay mﬁwemgr@zwwwg‘&méﬁnelw ffr BOFHT g tffl%ﬁ@f%f? in

Qﬁusesp@fr fdoet. RONARGEFRRImpIRs IBRAE Py AteRe Polyhiides) fpolyoleﬁns
di nent, t he contai ner 14 co rses one barr|

|pagy4acmz@4p%lw@%an%%@pmf%@érep ay B & Pﬁsularz%bodr'ﬁem the
%QB/H%FFH ﬁ'ﬂp&gﬁp‘}ﬁgg PET. h%uﬁzgsl i Bh1PGErs Hdr GRMAthe Bferi¥@iate and
rier layers 226, 228 and one
barrier layers o embodiments of thlS invention include polymers with glass transition
temperatures above room temperature. Non-limiting examples include polyesters,
polyester copolymers, polyamides, polyethylene naphthalate (PEN), polyethylene
isophthalate, copolymers thereof, and the like. PET copolymers are particularly
useful because they are used for many barrier applications such as films and

containers.

[0032] PET copolymers suitable for use in embodiments of this invention
comprise a diol component having repeat units from ethylene glycol and a diacid
component having repeat units from terephthalic acid. In particular embodiments, the
PET copolymer has less than 20 percent diacid modification, less than 10 percent
glycol modification, or both, based on 100 mole percent diacid component and 100
mole percent diol component, respectively. Such PET copolymers are well known.
PET copolymers suitable for use in embodiments of this invention also may comprise

a polyester with recycled content.



intermedi ate |ayer 224. 1t shoul d be understood that
the one or nore barrier |ayers and one or nore

w0 pdosBEds at e | ayers 224-228 nay be di sposed bp¢mesmno/o78024
the two outer layers 220, 222 of the container 14 in
any order determned to be suitable by one of ordinary
skill in the art, as denonstrated in Table 1. As
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conimdingnts ob Biisy ipEention cpmprisea oo yln’@ﬁularawgb@ aﬁsdtttvre that is at
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ERY Safilng OGN i IRl IR Bt e otAlle Al b e s
qroljaneraohwgi‘»lvgl | Mgtevishifnisl te bbundbnposthedrprit bfbelieyed tiwt the
a . e | e
TIPSR PRSI0 LAAAGD e 000 e
Mlmmmgltheﬁee wolumgj thereb)apematlﬁ@ Ootamﬂof e qbolyner ohains and
e bar ers an nor e {nternediate

r .l a
%l}%ngé%zgaﬂ %s%eéggtrhf BEMSE CRPBRLOY T evi ous
|nent 0, .2 |nta|

flﬂﬁ’f‘@uuct Td 5y bkt BUERCR0ERRe iRy AP pIRE b Bhbhics of
i thd cdaitdinee gries spraséntumﬂxelcon‘zaimi 1e aulasountan giiet raggddiftabae 0.2 to
fron1the e or re barrier.la

(e Seip R s T plaine™ial PS5 ot By B difar
bagiglit eiddipive p‘nepfeseas inothe tchi@aig&nih ainn@iount! hﬁth@ m-mge fof ABGR 2 to
i nter dla ers 34-242 ma l e
s [ Rend peseot FE o Reme T n oL angth tepBidipent, the low
irhd1egitdr tweighd aumﬁve: msraseﬁern thé comhias @i dhdarddun@ N 8% ke of

to haold the _twy outer ers 230, 232, one or nore
@gPllltIZéP aP%éﬁ%e‘gi‘éﬂerﬁﬁop%ﬁﬁon&l?FéT internedi ate | ayers

T2 B B S BASE S B S
Q&4 ReEls hBove 10 weight percent of the container, the barrier improvement
factor (BIF) is substantial; however, the polymer composition’s properties deteriorate
and make forming a container more difficult. The BIF is a measure of enhanced gas
barrier properties (the ratio of the gas transmission rate of a polymer composition
without an additive to the gas transmission rate of a polymer composition with an
additive). Not wishing to be bound by any theory, it is believed that when the low
molecular weight additive is present in the container at loading levels significantly
above 10 weight percent of the container, the additive acts as a plasticizer, thereby
permitting rotation of the polymer chains and reducing the barrier properties of the
polymer composition. When the low molecular weight additive is present in the
container at loading levels below 0.2 weight percent of the container, the BIF is

insignificant.
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conprises one barrier layer 234 and four internedi ate

| ayers 236-242. |In another enbodi nent, the contai ner
wA.4008083765 ses two barrier |ayers 236, 238 and p&r/es2007/078024

intermedi ate | ayers 232, 240, 242. In yet another

enbodi nent, the container 14 conprises three barrier

| ayers 234, 240, 242 and two internediate | ayers 236,
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rier Iayers and one or nore internedi ate ayers

2@~ batdieniayerb@).dthe aa@ent QiéthW@é rleashene WoTigfutouer praseer & the
2
8 haik?2up's ?Iﬁ% ERSROPRe 18 hOleamY idRLIMRIEHIARS the

oneo |narys inthe art, as
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CBR e Eom 8 o PP AR FAR Rl P o Zop et

Nk debXo Mhd Esamaaasef el aroBtitk eﬂﬁbocﬁlﬂdltamtha(ﬂﬁigb oV £houD3. 7810 about

adhesive | a [,0031] Suitable for use in

t Hevgghlderce ﬂ%ﬂ 3frics fAyEH A wt%l“&fm Tﬂe? SRt ndhe femge of

CABTN 3. B0 ABYut POk Wdiht Yrbdht af B birkidda@k. processing
tenperature in excess of 1000C. Non-limting exanples

i maésyde pOlIVzEﬁdrﬁdSLﬁar eﬂfbb&iﬂféhlq @Sen 90 1ye nefeahlar welght addltlve is
| ylactides, .polyimdes, and copol %(msrs ther% I n
ﬁﬁ?sleptclﬂltgﬁ" c%wllﬁ@mamopﬁtem the range of about 0.2 to about 10 weight

percent of the container, the low molecular weight additive is present in the barrier
layer in an amount in the range of about 0.25 to about 25 weight percent of the barrier
layer. Furthermore, the at least two outer layers comprise about 99 to about 60 weight
percent of the container, and the at least one barrier layer comprises about 1 to about

40 weight percent of the container.

[0039] In yet another particular embodiment, when the low molecular weight
additive is present in the container in an amount in the range of about 2 to about 10
weight percent of the container, the low molecular weight additive is present in the
barrier layer in an amount in the range of about 3.75 to about 25 weight percent of the
barrier layer. Furthermore, the at least two outer layers comprise about 99 to about 80
weight percent of the container, and the at least one barrier layer comprises about 1 to

about 20 weight percent of the container.



pol ymer matrix conprises PET. Suitable polyners for
use in the internediate and barrier |ayers of

werieasitent s of this invention include pol ynerBCwus1ivo7/078024
gl ass transition tenperatures above room tenperature.
Non-limting exanples include polyesters, polyester
copol yners, pol yam des, pol yethyl ene naphthal ate
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slimngls the risk op delgmpatinoandods assesitednpsgatiyesHIichy fartggrmore,
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layer that would be too volatile for inclusion in a single layer container. Normally,
the use of volatile additives in containers can lead to fouling of the molds, and
eventually deterioration of part quality, impacting both the appearance and
performance of the container. For example conventional injection molding of
polymers having high melting and processing temperatures, such as PET, with low
molecular weight additives results in significant plate-out, which occurs when there is
deposition of material onto the surfaces of the injection molding apparatus during
processing of the polymers. Plate-out reduces the running time of the injection
molding apparatus, resulting in costly delays in production for cleaning. Using a
multilayer container can significantly reduce or eliminate the plate-out caused by low
molecular weight additives because the low molecular weight additive is contained
within two outer layers without the low molecular weight additive, preventing contact
between the low molecular weight additive and the surfaces of the injection molding

apparatus.



| ow nol ecul ar wei ght additive acts as an
anti-plasticizer in the polynmer matrix, elimnating

w0 b@shszes vol unme, thereby preventing rotation pET/UB®07/078024
pol ymer chai ns and enhancing the barrier properties of
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[0045] A purine derivative has the chemical structure of Formula I

[0046] wherein R;, Rs, Rs, and R, independent of one another, comprise a
hydrogen, arylamino, alkoxy, aryloxy, alkenyl, alkynyl, or a straight, chained,
branched, or cyclic alkyl, alkenyl, alkynyl, aryl, heteroaryl, heterocyclic, or acyl

group;
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insignificant.[0036] The anount of the |ow nol ecul ar
wei ght additive present in the at | east one barrier

wo agen3i7aj, the anount of the at | east one barpPCEUS2007/078024
| ayer present in the container (b), and the amount of
the | ow nol ecul ar wei ght additive present in the
container (c) are interrelated as follows: a - b =c¢

[[937] The Jves 1| d, 0, tx, 0k, thend OWniEeRseul 8f omemqﬁﬁer are a
addi tive present in the at | east one barri er | ayer

i gngle Rprdeer houblrebandinhersin i &', &f: apkhe’» dtdepedet obiee argoﬂzer

bgﬁ&hlo?ﬁ WRHER xpr)esaﬁfatw’l iﬂd&ﬂ%ﬁdeﬁ%ﬁo% RSJthdeRe 1 &NB Upper
mt of the | ow nolecular weight additive present in

t fb@4ﬂt | eas«&he%"x?wﬁ’@{ ¥ is@dobigY §5ncﬂ ﬁ{)ls 'a%m%lemoﬁ@ dvHRYeid BBen x,
| ow nol ecul ar wei ght additive' to conpound

wis adonirle bpwgl, yiead xne pingde b?pdﬁhevhfrpmé'fhepép {prigclouble bond, x; and

Ctorﬁp@gxh%k%ngé WiRGeiRtvHeE 3SE aOREpR AR S alnéléez{re single bonds;
Accor y, I'n a particular enbodi ment, the |ow

nwheein deen Wi ayinublechend. it ieen singlpbandevier¢in wharet % a {ieulstbond,
OAd Qa!n{e ﬁ{%lel l:t%}{gJ }\@Ereﬁhﬂb AL %g&li%ie 8 d. an 1?6“%1‘1‘8&@ \Qheﬁﬂ?or

rangé- o out wei ght” “per dent
raris iagloublaybend, ¥’ris dnwhérein véveb odis medvubkebonthey’ iafgad of is 1;

\Pfl?e%m %v g t EIO t1 ?%);9 {iléub%qjo tg Et() Qv%ar%ﬁln\khe%f Jnﬁ‘? apeagu%ee Borgrds

ano enbodi ment
ab’outZ I'bthEeut wha’on ot t k2 &buhkl tghd, weisde mhelcefn Whtm bara dawble

BbcnD VBt RaBT ol iR RRER] SR o af aplFie P

I and &N yarm ih tindeperidie of amgotier, &digut 0. 2 to about 10
wei ght percent of the container, the | ow nol ecul ar
v{ﬁ(’)@l}t addwhierem R5 Rpraad daf indepehiivat bfoid anothegyngay benmainties

‘?E i n th% ranl?q? lgf dabout 0.25 to about 25 wei ght
flby BFERST BIFHS By Iayer Furthermore, the at
two guter |ayers rise ab 9@ abo

A@?s}ﬁn por SBE oY AR AR I mOaR ooRisasd ARHE bR
lrarant Rk, ihdepelideaiosfoné Sr&ﬁhea,bsﬁhﬂprlﬂe 4 lydedgenithydroxyl, amino, amido,
alkylamino, arylamino, alkoxy, aryloxy, nitro, acyl, alkenyl, alkynyl, cyano, sulfo,
sulfato, mercapto, imino, sulfonyl, sulfenyl, sulfinyl, sulfamoyl, phosphonyl,
phosphinyl, phosphoryl, phosphino, thioester, thioether, anhydride, oximno,
hydrazino, carbamyl, phosphonic acid, phosphonato, or a straight, chained, branched,

or cyclic alkyl, alkenyl, alkynyl, aryl, heteroaryl, heterocyclic, or acyl group;

[0051] wherein when R, Ry, or R is a moiety attached by a double bond, R;,
Ry, or R, independent of one another, comprise oxygen, sulfur, CRgRg, SO;, or NR;
Rg and Ry, independent of one another, comprise a hydrogen, hydroxyl, amino, amido,
alkylamino, arylamino, alkoxy, aryloxy, nitro, acyl, alkenyl, alkynyl, cyano, sulfo,
sulfato, mercapto, imino, sulfonyl, sulfenyl, sulfinyl, sulfamoyl, phosphonyl,
phosphinyl, phosphoryl, phosphino, thioester, thioether, anhydride, oximno,
hydrazino, carbamyl, phosphonic acid, phosphonato, or a straight, chained, branched,
or cyclic alkyl, alkenyl, alkynyl, aryl, heteroaryl, heterocyclic, or acyl group; and R

comprises a hydrogen, arylamino, alkoxy, aryloxy, alkenyl, alkynyl, or a straight,
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40 wei ght percent of the container. [0039] In yet
anot her particul ar enbodi nent, when the | ow nol ecul ar
wowdsogls37asidi tive is present in the contai ner iPCBDS2007/078024
anmount in the range of about 2 to about 10 wei ght
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or no barrier additive, the outer and any internedi ate
| ayers of the container .of fset Ht he negative inpact the

one or nore barrier r\H er Nd ot herwi se have on the
mechani cal properti eEf t 13 co; ai ner.
\N N

wherein x, Xa, y, and t are double bonds; wherein x,, t; and z are single bonds;
wherein x°, y’, and ¢’ are 0; wherein X7, ¥, z°, and w’ are 1; and wherein Rz, Ry, Rs,

and R are hydrogen.

[0055] In another embodiment of the compound of Formula I, the purine

derivative comprises a compound having the chemical structure of Formula Il
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[0042] Drawbacks often associated with multil ayer
containers can be elimnated by using simlar
worisnsaks i n each [ ayer, which woul d m ni m zePOr/US2007/078024

elimnate the risk of delam nation and its associ at ed
negative effects. Furthernore, the advantages of a
mul til ayer container can be realized by using
additives in a barrier lgyer that would be too
volatile for inclusion ifh a singﬁe | ayer contai ner.
Normal 'y, the use of voljatile additives in containers
can lead to fou||ﬁg\§g h , and eventually

[ i pacting both the

deterioration of part; qual

appearance and perforlmance cont@i ner. For
exanpl e convention ecHi | di ng of pol yners
havi ng hi gh neltiRfeg and Yrocessing tenperatures, such

as PET, with IOM/nDIecudEr wei ght additives results in
significant plate-out, ich occurs when there is
deposition of naterial onto the surfaces of the

" i ) h |
e L0, PRRCGRRLGA By S5 L IR gl
iwh@emlwh meulﬂgxap@mWaTu& 1y edeiein rigisi(y wmsﬁhszandlh

roduct on for cl.ean

BTl oR Lo St S hofees Bl BY oo o peiHsing
p&;@gar @mtﬁjrpaﬂaﬁplsm ot Nw]d;rmhdewhﬂraﬁ RpER G RE, and @t indepsndent of
becaus the | ow cuI ht,addit ve i's contained
i S SER I N AR A R AT e A
Rkt a@msiytmt\t@,,acpr el\keﬂi}ll | amgmgp ﬁ%ﬁ@l s} VERbD, fn’(t@cabﬁ:\/\/immo
nol ecul ar _wei ght additive an e surfaces of
i wifemtli onlieeyldi WY ibp syl obaphond: oré@émusféd Piﬁﬁ%h@ryl

t (iR sdtidcs thietey, mbetﬁmaﬁd@ Bxiftfnol MRirdinol @a&ﬁimﬁnﬂlosphomc
barrier |ayer desirably conprises a | ow nol ecul

vitsidg RhosphRyiata, B stegdplty %hamyd brisheco ﬁbfﬂhé@lhyéra“%éi’lgﬁl‘ynyl
aadfl hdi4Bars D ARELSRSic r 6QTRAMPD Wi th a nol ecul ar wei ght
ow about 2000 daltors. bel ow about 1500 dal tons, or

hebsyy abougy AR08 aho@isent bR e Bt dufd | R IF ol RN burine
the I'ow nol ecul ar wei ght additive conprises an ester,
dlegigatiyve comprises theobromine, a purine dione having the chemical structure

[/
j@r
|

wherein t;, X, X;, ¥, and z are single bonds; wherein x» and t are double bonds;

wherein w’, xX°, y°, 2’, x”, and y” are 1; wherein t’ is 0; wherein R, and Rg are

hydrogen; wherein R; and R4 are oxygen; and wherein R; and Rs are methyl,

[0057] In another embodiment of the compound of Formula I, the purine

derivative comprises caffeine, a purine dione having the chemical structure
16



or polyester of an aromatic or aliphatic nature; an
am de, diam de, or polyam de of an aromatic or

wa@bkeophad7sx nature, non-limting exanples of WhPCIUS2007/078024
i nclude acetanilide, terephthal am de, and nylon 6; a
cyclic ester wwth one or nore ester groups,
nonlimting exanples of which include |actone,
pol yl act one, caprol actone,jand lactide; a cyclic amde
with one or nore am de groyps, non-Aimting exanples
of which include lactam p Iylactaﬁi caprol actam and
al ani ne anhydri de; or_rixtures t eof. [0044] In a

particul ar enbodi nent, M he | ool esul ar wei ght
additive conpri ses i%;iLL;: deti vat gve, as descri bed

in the co-pending no QVi S| atent application
11/532,361 fil ed omo-Sept ember 15, 2006, entitled
" Cont ai ner and Cbnpositioanor Enhanced Gas Barri er
Properties,” which clains priority to the provisional
pat ent . appli cati on / Fi t.oher, :
2'8’5‘53,1“ by % ﬁ{{/eyntag?'zsg uSY'é% gg@? ’ gt‘&giﬁl%!e} a%stcelggsdgélges bglflds’
twWhefth patbeny’, appli adtyl’ ars;avherax grie §siviereindorip bydiogan; Ra
herein by reference i heir tirety. [0045] A purine
6‘3‘5 ﬁ?/%ﬁei ?éget‘?a?dﬁﬂe ﬁ\‘grﬁ%‘%ﬁm%ﬁﬂmt ure of Fornula |

] wheyein RL, R3 n '
afRhe " Chriane Spe sl O o teEBERARRA: FincHiine
ABAY0IXY corfprice hebphyalideynpyirine diona hatingtihg biiemic afruntte
branched, or cyclic al kyl, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclic, or acyl group;[0047] wherein
t, ti, x, xi, x2, y, and Zq i ndependent of one
anot her, are a single bondfjor a doubl e bond; wherein
t', x', y'", and z', indepefjdent of one another, are O
or 1; wherein x"3y",~and i ndegendent of one
another, are 1 or 2; | rei mwhen x is a double
bond, X is a single bond; [ en x \ is a double
bond, x and x2 are si erein when x is a
doubl e bond, xi ando N N

wherein 1, X, X1, v, and z are single bonds; wherein x; and t are double bonds;
wherein w’, X’, v, z’, X", and y” are 1, wherein t* is 0; wherein Rs and Rg are

hydrogen; wherein R; and R4 are oxygen; and wherein R; and R; are methyl.

[0059] In still yet another embodiment of the compound of Formula [, the

purine derivative comprises xanthine, a purine dione having the chemical structure

O
H
N
HN | >
OéffL\\N N
H
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t ] are single bonds; wherein when t is a doubl e bond,

ti and z are single bonds; wherein when z is a double
wdewd/ 033765 S a single bond; wherein when t | i spar/dsiot/arso2s

bond, t and X2 are single bonds; wherein when x is a

doubl e bond, x' is 0; wherein when x or Xi is a double

bond, x" is 1; wherein when y is a double bond, y' is

Q’vh%FE% ¥1 >J \%]%,J'y quﬁﬂe%lw BorldsOWhéredn )lgsanﬁ dge k&o@bl@%ﬁ‘ds

en z and t are single bonds, W _is
mhwmxewé,u X, ¥ihenxs and vi are 4; wheteinls] ie Obwhrasin B, RisRyand R are

m@%ng&pﬁg@33P§1 ‘"9%§%lee bond, z' is 0; wherein when

t of one another is a single

and e t her
6’6@] (004 an }éerr ee%{bo enk@f‘j?n% %})@Eﬁhncﬁfﬁf 25121}1125;% h‘% purine
@iesvsmvet:buepnsemyorbl@md) hastiigetbe eltermieh ghchye @ Formglp &l or
doubl e bond; [0050] wherein when R2, R4, or R6 is a
noi ety att ached by a sifigle bond, R2, t and R,
i ndependent of one anotfier, conprise a hydrogen,
hydr oxyl, am no,ram do | kyl agi no, arylam no, alkoxy,
aryl oxy, nitro, acy N~ al ke | kynyl, cyano, sulfo,
sul fato, mercapto, i no, splfon | fenyl,
sul finyl, sulfanDyI phosph nyl ./ phosphi nyl ,
phosphoryl phos& oes er t hi oet her,
anhydri de, oxi md hydr12|no banyl phosphoni ¢
aci d, phosphonato, or a stralghtRTChalned br anched,
or cyclic alkyl, aIkenyIR3 al kynyl, aryl, heteroaryl,
heterocyclic, or acyI gr oup; [0051] mherein when R2,

afheﬁ?nr x,IR )ﬂldz,pa 30 61511@6;%%?%& eyﬁergg%lﬁg% zg %gegdouﬁle%ohds
SHefelit ﬁRg R, y’$(§2, afd erFf{r@dD,l, Rvireh Bg s |0ndé1amurqmtandfm
one anot he ' se a roge ro , &M, No .

SHeM ol R Dot PHBer a5 RS, Sl PR opmpgising
¥&Yden, e TRy, BOCYSNR o CandMehereiitiR f, Rs, Bé,lblﬁdikﬂ independent of

gg; ggqflgﬁ% cc:r%}qgg ﬁﬂéﬁlgﬂtggnn yhlyarosc’ql?lll ];lgir]n)cl)l am%lél z];llqr)lxmmo arylamino,

alkoxy, aryloxy, nitro, acyl, alkenyl, alkynyl, cyano, sulfo, sulfato, mercapto, imino,

sulfonyl, sulfenyl, sulfinyl, sulfamoyl, phosphonyl, phosphinyl, phosphoryl,
phosphino, thioester, thioether, anhydride, oximno, hydrazino, carbamyl, phosphonic
acid, phosphonato, or a straight, chained, branched, or cyclic alkyl, alkenyl, alkynyl,

aryl, heteroaryl, heterocyclic, or acyl group.

[0061] In another embodiment of the compound of Formula I, the purine

derivative comprises a compound having the chemical structure of Formula IV
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phosphi nyl, phosphoryl, phosphi no, thioester,
t hi oet her, anhydride, oxi mo, hydrazino, carbanyl,

w@b@spbsres ¢ aci d, phosphonato, or a straight, edBURBI7/078024

branched, or cyclic al kyl, alkenyl, alkynyl, aryl,

het eroaryl, heterocyclic, or acyl group; and R1O
conpri ses a hydrogen, arylam no, al koxy, aryl oxy,

al kenyl , al kynyl, or a ﬁ%ralght chai ned, branched, or
cyclic al kyl, alkenyl, kynyl Raryl , heteroaryl

het er ocyclic, or acyl grjoup. 52] mhereln when x" is
2, both R2 ﬁDIetNGS\ ane or different;
wherei n when y" is N both R4 noi etles may be the same
or different; and wherein en w bot h

R5noi eties may be sa fferent [ 0053] The
noi eti es descri abov may fu her be substituted as
known by one skilled in the art with a hydrogen,

hal ogen, hydroxy!, am ng, am do, Al kyl ani no,

aryl am no, alkoxy, aryl oxy, nitro, acyl, alkenyl,

al kynyl, cyano, sulfo, sulfato, nercapto, imno
StHefciny x;, B4 tf,@any i aressingld boplls; vdateiraxoy h doybholsmbonldrein ¢,

PRG0N Y1, RRPSPLY by PASBOR, 1 1858 g o

RROMBRAE @naaﬁeddby P lestd bovait @mlﬁﬁ(ﬁg anygent hdfur vewg,esoz, or

f t 054 di t of
ot mBr e n fr, a1t B0 GRIREAIE A Pt D Eb S PPUEs®
?1 @Qéﬂ ﬂ'@dro@lﬁl\/ lafi@hol tﬁﬁu@%lﬁyﬁ@hn@ﬁi’ﬂ@tﬁiﬁbﬁ‘aw ar)rlo»y, nitro,

and t are doubl e bon? wher ei n, X1, l% q fenvl
e Jel §Ikﬁ’@f] alkypls CyaRR o PHion syl ato,ym,ercgma, tmm%f shlignyl, sultenyl,

‘Q@l@i‘h?l' nsu’l(famoyl ph%sphoﬁ\j’ld Mos libhos@ﬁﬁyl/\he;ﬂﬁ)lsﬁuﬁg ﬁ‘fbester
Rs, and are ydroaﬁ I'n anot her e I%%

@hnoccth@ @Yhﬁﬁ)@ﬁ?ﬂ@l’“@flo F'wama qaéaama(é PBesPRAHC Adf: fﬂh%ato or
owélﬁe%aﬁwegomﬁéﬁéq baviag £lhﬁ %h@ﬂ@lcalkyﬁﬁlr WS1,URQer0firyl,
ormuta ITwherein ti, x, xi, y3 z are single

wonu§ydmm@mévh¥wm and t are double bonds; mhereln W,

x", and y" are 1; whereint ' 0;
\mﬂ,ﬁab n R ]@rw:t pgzpther embodiment of the compound of Formula L, the purine

derivative comprises uric acid, a purine dione having the chemical structure

0]
H
N

HN
)\ l i

N

0] N
N H

wherein x, X1, v, t, t;, and z are single bonds; wherein x; is a double bond; wherein ’,
w’, X’, y’, z’, X", and y” are 1; wherein R, Rs, Rs and R7 are hydrogen; and wherein

R2, R4, and Rg are oxygen.
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I ndependent of one another, are noieties attached by a
doubl e bond conprising oxygen, sulfur, CR Rc, SO, or
woRs/03Eesl wherein R, R3, R5, and R, indepenBenusmin7/ 078024

one anot her, conprise a hydrogen, hydroxyl, am no,

am do, al kyl am no, aryl am no, al koxy, aryloxy, nitro,

acyl, al kenyl, al kynyl, cyano, sulfo, sulfato,

n@b@ﬁpt o, 'Iﬁnaﬂ&herséiﬁl;o‘am{ént 0B Uhd @Wﬂoun@%'ffﬂoﬂﬂﬁ]a 1, the purine

sul famoyl, phosphonyl, phosphinyl, y

pdwgmewempmﬁs@@gmmundﬁm%thhéhem%ﬁtywqr@ef RO,

hydr azi no, carbanyl, phosphonic acid, phosphonato, or

a straight, chained, brapched, og, cyclic al kyl ,

al kenyl , al kynyl, aryl, |peteroaryl, heterocyclic, or

acyl group. [OOSBL\Ln qﬁbodinent of the

conpound of Formnmul a™h; derivative conprises

t heobrom ne, a puring dionellhavi chem ca

structure wherein ti N PRz //nd z are single

bonds; wherein X2 _end | e bonds; wherein w,

X", y\ z', x", and y" are | ; whereint ' is O;

wherein R and R are hydrogen; wherein R2 and R4 are

oxygen; and wherein R3 and R5 are nethyl. [0057] In

another enbodi nent of the conmpound of Formula 15 the
rine derlv i 0 o I ng, L e, di )

B e e R A

zwlwmnsm ngl 2, Bondd y” ateel; etharcin grohdtt’ ae d; WbﬂbiHM@mdmiety

erei,n w , ooz N\ o xt

R Tt upibiebond ForbpriSine BB snBb Rk RE sl AR g oy
Riherd®3 Ran®,,RB s, asng H@tlhgl'dpenc[eﬁOSB]oné ransthér Icoapoztehe rhydrogen

odi ment of the . c ound .0 t he
NS e T o R T A S
Immthgc)tahs sorfemhgzab ﬁeajﬁd uhmngm&g@mutfbnyu@ubﬁlnyl yulfa&nﬂl
Z_ ar n onas ereln x an . are ou
Whesphpny w?’L?é‘PE‘Wl lﬁ‘osf’h? Bh?fp?“o’aﬂ“éoefter ‘?eg?eﬁ gn Y Ede
Qxin¥e hdrizily camemi, @h@,phw& fge, %wkmlaﬁaﬁb mraZst@igm Réained,

are oxygen; and wherein R] and hyl
branched, or cyclic alkyl, alkenyl, alkynyl, aryl, heteroaryl heterocyclic, or acyl

group.

[0064] In yet another embodiment of the compound of Formula I, the purine

derivative comprises guanine, having the chemical structure

o
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[0059] In still yet another enbodi nent of the conmpound
of Formula |, the purine derivative conprises

woa0u8/083765 a puri ne di one having the chem cal PCT/US2007/078024
structurewherein ti, x, xi, y, and z are single bonds;
mherein X and t are doubl e bonds; wherein w, x', y',

, X", and y are |l ; whereint' is 0; wherein R1, R
G G 8%%@6& bond
[“68%'? Ir)f]’ar"fo er g{grr odi R@ﬁ? g%raﬁgz’cor?pg?n of o
Fdrerain & %", £'he”, pod iyherede mhomin X/ eind snase Dswherein donBoandRe
haV| the ﬁerll 1ﬁgcfslanﬁﬁcf %&&&ﬁﬁ?ﬂ% gggg 2 | H wherein x,

are sin wherein X2 and
doub [

i?ﬁsi #nelalﬁ‘ﬁ{zég%mbx\éaﬁgﬁ ﬁmépurm%e téveycom dlé%seaﬁg%%%(ound
aﬁwng&wammmhehmuane(ﬂﬁpumﬂaglattached by a doubl e bond
conpri sing oxygen, sulfur, CR R, SO, or NR1O; and
wherein R, R3, RO and R, independent of one
anot her, conprise a hydgogen, hydroxyl, am no, am do,
al kyl am no, aryl am no, koxy, aryloxy, nitro, acyl,
al kenyl , al kynyl, cyano,| sulfo, sulfato, nercapto,
i mno, sulfonyl, sulf minyl, sul f anoyl ,
phosphonyl, phosphin phogpho phosphi no,
thioester, thioether| anhydyide, OX|ﬁho hydr azi no,
car banyl, phosphoni S honat o, or a straight,
chai ned, branchery” or C I'kyl, al kenyl, al kynyl,
aryl, heteroaryl het er ocyclic, \or acyl group. [0061]
I n another enbodlnent of the coﬁbound of Formula I,
the purine derivative conprises a conpound havi ng t he

chenlcal structure qf Fornu ereln Xl Mo t, o o
YRRt X7 Xaro ] Agred m&oﬂ%&l@ﬁw X ooty i PBE Jeads:
WHeFe®l 1, °, x” Vind yX'are ¥ \Wietein X y’, @idlz Yare @f aﬁldlvhemeRglm Rs,
R2, R4, and R |ndependent of one_anot her, are npi et

a0d Be PRapisg a4 droawt, By BeTt A AInidongkekpinonary Lo, alkERy,
189, n1§@ acy® IR Cark @R d iMh%r K113, ﬁlﬁatoR%ercﬁéto alﬂﬂndQZulfonyl

|ndepen ent “of one anof her, gg;lse a h

yléhnak y sulfingd i sufamerks cpbospap'wgh sobinyhr 91\{ Pr'i‘?'i’b‘ " phosphino,
%15&@‘, tlﬁBéffléi’,X)énh}J?l'rlt:lé,oommno, hydrazino, carbamyl, phosphonic acid,

phosphonato, or a straight, chained, branched, or cyclic alkyl, alkenyl, alkynyl, aryl,

heteroaryl, heterocyclic, or acyl group.

[0066] In still yet another embodiment of the compound of Formula I, the

purine derivative comprises adenine, having the chemical structure

N/ \>
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acyl, al kenyl, al kynyl, cyano, sulfo, sulfato,
nmercapto, imno, sulfonyl, sulfenyl, sulfinyl,
wailBasargs , phosphonyl, phosphi nyl, phosphoryl P¢T/US2007/078024
phosphi no, thioester, thioether, anhydride, oxinmmo,
hydr azi ne carbanyl, phosphonic acid, phosphonato, or a
strai ght, chai ned, branched, or cyclic al kyl, al kenyl,
alkynyl LRG0 'i%dq @C%lllbd
I 504 B EHBY b oA REERYEL Lind O ot boncs
mounawax”mdrmlaw 15, wherwén puyi ned geare Oawlilwn &rﬁsﬁs piadbRy
uri.c aC|d aV|ng the chem ca
§f r‘lXéfoé a\g\lﬁvﬂgt.reln% lgég%ﬂﬁing ,

erern x and z are single

TP, " ehehiu? emo&xmq%ugﬂ e bc%ﬂ%ouﬂ’&“@f b 1. i putine

aegvdtiy el @opiEes acrdnpmhact kvingrize chemjcabsiticRrentd Ormllla Vii
oxygen. [ 0063] In anot her enbodi ment of the conpound of
Formula I, the purine d xlvatlngconprlses a compound
having the chem cal strycture o *Formul a V wherein X,
Xi, t , and z are singlLs _bonds;/ wherein Xt , and vy

are doubl e bonds; [ Q z\ x", and y" are 1;
wherein y' and t ' ; erei RS a noiety
attached by a doubl g bond g npr i/Si ng oxygen, sulfur,

CRgRg, SQO2, or Nn R, R, R5, and R,

i ndependent of orfe anot conprise a hydrogen,

hydr oxyl, am no, am do, |a|ky|an1no aryl am no, al koxy,
aryl oxy, nitro, acyl, aﬁkenyl al kynyl , cyano, sulfo,
sul fato, nercapto, imno, sulfonyl, sul fenyl,

sui finyl, sulfanoyl, phosphonyl, phosphinyl,
phosphoryl, phosphi no, thioester, thioether,

qousyAr i de, whorkiiROx,, Mddragzdorele b@)ﬁdsbaﬂﬁyﬂem tplmgpdmdmme single
aci d, Fhos honatg or a, str

Bendsy whFreinal kyl 2 a1 ki arg| k‘gﬂw‘“‘a? F’e‘%eé?‘gﬂ 2is 8

RELSY 8Gahtd By a AbuRE ¥bnddd dazgmnk@ﬂ%éh iunfuy,EERgaﬁl,(ﬂCbbebr NR 0;
enbodi nent of the conp rmula |, the . ur|n
and wherein Ra, Ry, Rs, and Rﬁ, 1ndepen ent 0 one another, comprise a hydrogen,

hydroxyl, amino, amido, alkylamino, arylamino, alkoxy, aryloxy, nitro, acyl, alkenyl,
alkynyl, cyano, sulfo, sulfato, mercapto, imino, sulfonyl, sulfenyl, sulfinyl, sulfamoyl,
phosphonyl, phosphinyl, phosphoryl, phosphino, thioester, thioether, anhydride,
oximno, hydrazino, carbamyl, phosphonic acid, phosphonato, or a straight, chained,
branched, or cyclic alkyl, alkenyl, alkynyl, aryl, heteroaryl, heterocyclic, or acyl
group.

[0069] In another embodiment of the compound of Formula I, the purine

derivative comprises a compound having the chemical structure of Formula VIII
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derivative conprises guanine, having the chem ca

structurewherein x, xi, t and z are single bonds;
wob@sesiteX, t, and y are doubl e bonds; wherei np@k/U%2007/078024

z\ x", and y" are 1; whereiny' and t ' are 0; wherein

Rl, R5, and R are hydrogen; wherein R2 is am no; and

wherein R4 is oxygen. [0065] In another enbodi nent,

the purine derivative ceggprises a conpound having the

chem cal structure of Fgfrnula VIRswherein x, Xy and z

are doubl e bonds, whereiln xi, tf and t i are single

bonds; wherein tRV\%I X"y " are 1; wherein x',
y', and z' are 0; and where R R and R7 conprise
a hydrogen, hydroxyl ] am no ¢kyl am no,

aryl am no, al koxy, OX VY~ o, acyl, alkenyl,

al kynyl, cyano, Bfll fo, &ulfato, nercapto, imno

sul fonyl, sulfenyl, sulfinyl, sulfanmoyl, phosphonyl,
phosphi nyl , phosphoryl, phosphino, thioester,

t hi oet her, anhydri de, oxi mo, hydrazino, carbanyl,
phosphoni ¢ aci d, phosphonato, or a straight, chained,
branched, or cyclic al kyl, al kenyl, alkynyl, aryl,
Hea78t oar y| whireinew.gcandltiac, dogble hoyds; ghaelp X, £00681d 2 are single
till yet.another i.nent , oungd. - -
%8? I“éelie,m thé ’pzu’r)?gg&gﬁr%ét %%rgggnp&ﬁ@eégggﬂ‘g&?ﬁg,& 5
eoi¢tn gtidhed b erdooble bstd cabprisengtvay ginn sulfur, )XCRsRy, $d oz NR¢;

S L, PR b ok, g T,
ShydroRyitdlardino pareid0), alkytigd, rrfRnin® Alety Rifylakg rityd aodeaikenyl,

alkisth . o chBE TR oo eSO 18 gy s

PaEIpUatyilV 9&1?591;;@5/1, Slﬁﬁs%lfﬁ,@,?'gg%sgﬁﬁn&aﬂiimwt,h&idzdﬂ&m gﬁﬂydride,
st_ructureq ornmul a ereln x Xz, an .
SKEP0 HHTTEZ 190 (faLamy b 8PePRORIY a%éa %%B#anazo’aﬂfea drajehf e&‘amed,

heRdRsd, WRRL&icNalyl, alkenylZ alkydyl, adl)Chelroa®y1E hdterodNBicebR atyl
" and x' are O; mﬁereln R2 is a noiety attached by a
@sBl e bond conprising oxygen, sulfur, CRSR, SO, or

N
[(%TTII] In another embodiment of the compound of Formula I, the purine

derivative comprises 7-methylguanine, having the chemical structure
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and wherein R3 R, R5, and R, independent of one
anot her, conprise a hydrogen, hydroxyl, am no, am do,
wa@bkdogloasTsno, aryl am no, al koxy, aryl oxy, nitropCBU$1007/078024

al kenyl , al kynyl, cyano, sulfo, sulfato, nercapto,
i mno, sulfonyl, sulfenyl, sulfinyl, sulfanoyl,
phosphonyl, phosphi nyl, phosphoryl, phosphi no,

ster hloether r
URESL £ whOLER Rk ARG, KSR TG Bl
tbbxa;lsnﬁﬁereinrva’.nx hedx” and gyat ilx:wlwrﬂy} anél:/kfe'nﬂ)l wheagir fmpid Rs

S R ety oy e
AP " SRS SR PO P s

@ﬁﬂnetde@ﬁ&tnx&wmbﬁsebm@anlmeha‘engnhx che)illcaltsl]ructland z are

singl e bonds; wherein w, x', z', x", and y" are 1;

wherein t ' and y' are 0O; wherein R4 is a noiety

attached by a doubl e boAd conpri sing oxygen sul fur,

CRsRg, SO, or NR O; anf wherein R, , Rs, and R

i ndependent of one anot er, coﬁprlse a hydr ogen,

hydr oxyl, am no, ] no, arylam no, al koxy,

aryl oxy, nitro, acyl a kynyl cyano, sulfo,

sul f at o, nercapto/nykl\ , sulfenyl sul fnyl

sul famoyl, phosphag 5P 'n I, phosphoryl

phosphi no, thid@¥er, tHNioether, anhydride, oximo,

hydr azi no, carbanyl, phosphonic aci d, phosphonato, or

a straight, chained, branched, or cyclic al kyl,

aIkenyI aIkynyI aryl, heteroaryl, heterocyclic or
group. 0071] I'n anot her e

&‘Hﬁ’ﬂbund OVhereip fryy yznfl t afcguble P?frrﬁ’g fé‘?r?'{}é‘t Yy %’gr%pﬁf? dngle

boniRt ARbGHam, ne z havidagy tdie | chRdtiaal arﬁit)l’ ued urxelﬁe@éh? Iql, Rs,

wherein x : vy t are double bonds; ein x,

#id Raprd hydragé; E’?‘?F@ln&bmo aRA ayherein By is S'ﬁ czZ\ X" and

" are 1; wherein t e 0; where .
#W€5hydrod@dwtWﬁ@Fﬁngﬁﬂm§“é%ﬂWb“”W%@PiPtpﬁp+%ﬁgg§@%ﬁye
ﬁ@ﬁva%@gﬁﬁﬁlsa% 3 rcBFtbffIne, having the chemical structure

[0076] wherein X2, y and t are double bonds; wherein X, xi, 1, and z are single

bonds; wherein w’, X, z’, X, and y” are 1; wherein t” and y’ are 0; wherein R, Ro,

Rs, and R are hydrogen; and wherein R4 s sulfur.
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[0073] In another particul ar enbodi nent of the
conpound of Formula |, the purine derivative conprises
w0 beos@saEes ne, having the chem cal structure [ OBFHS2007/078024

wherein X, y and t are doubl e bonds; wherein x, X1, t

| and z are single bonds; wherein w, x', z x", and y"

are 1; whereint' and y' are 0; wherein R1, R5, and R

a{(j)ﬁ 7Hydr 0 IR st VARKIRE BmBodiSeRIBr AR coRipeuniis "F%hﬂulBI Ithe purine
'fur. [0075] In yet another enbodi ment of the

cdmivalinectoptpriFes hirpgxanthine: hawing thei chemigalSfydteve conpri ses

6- mer capt opuri ne, having the chem cal structure [0076]

wherein x2, y and t are jfloubl e bonds; wherein x, xi, t

| s and z are single bonfls; wherein ww x', z', x", and

y" are 1; whereint ' [$ 0; wherein Rl, R2, R

and R are hydrogen; Ha 4 is sul fur.[0077] In

still another enbodi ent npound of Formul a |
the purine derivativ

ypoxant hi ne, havi ng
the chem cal structure erein X2, y and t are
doubl e bonds; wherein x, X1, tl and z are single
bonds; wherein w, x', z', x", and y" are 1; whereint
" and y' are 0; wherein RlL, R2, R5 and R are hydrogen;
and wherein R4 is oxygen. [0079] In another enbodi nment

of the conpound of Fornmula |, the purine derivative

C i ses [ stru

L 2% BRI N Ay SRR 1506 Bl

bm%MMMmmﬂXWMWWMMmMWMMM@wmmmM
whereint', y', and z' are

y X X!
\(/)45’ AR el %qa?\geﬁ andé”hereﬂi Rig anﬁy% [ ndependent of one
iﬂm an ng?mgnot St < errhbo 1drr::1Jl %E oF ’th (grrr)llproo)ﬁ ‘of %’5}191913 Ia'{'il, 8121r1ne
alekiestivk combrkgemy Icompx;uam havm;gnhé ohensudl fstamomrc nﬁFm‘amtadX
i mno, sulfonyl, sulfenyl, sulfinyl, sulfanoyl,
phosphonyl , phosphi nyl, Rehosphoryl, phosphi no,
t hi oester, thioether, arhydride, oxinmmo,

)\%

[0080] wherein xy, ¥, t1, and z are double bonds; wherein X, X», and t are single
bonds; wherein w’, x’, x”, and y” are 1; wherein t’, y°, and 2’ are 0; and wherein R;,
Rz, Ry, and Rs, independent of one another, comprise a hydrogen, hydroxyl, amino,
amido, alkylamino, arylamino, alkoxy, aryloxy, nitro, acyl, alkenyl, alkynyl, cyano,
sulfo, sulfato, mercapto, imino, sulfonyl, sulfenyl, sulfinyl, sulfamoyl, phosphonyl,
phosphinyl, phosphoryl, phosphino, thioester, thioether, anhydride, oximno,
hydrazino, carbamyl, phosphonic acid, phosphonato, or a straight, chained, branched,
or cyclic alkyl, alkenyl, alkynyl, aryl, heteroaryl, heterocyclic, or acyl group.
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hydrazi no, carbanyl, phosphonic acid, phosphonato, or

a straight, chained, branched, or cyclic alkyl,
wa@bdosnyizes al kynyl , aryl, heteroaryl, heterocychPCusSmnT /078024

acyl group[0081] In still another enbodi nent of the

conmpound of Formula I, the purine derivative conprises

| H purine, having the chem cal structure [0082]

\’\@65 i N XLin ¥l hdotheRBAlb&diRER of %%ﬁlp@tﬂﬂdﬁ%%ﬁﬁ eithe fSurme

nd t are single bonds; whereinw, x', x", andy
adegivativevgompeies 1k puyine, hayiag she cheraict stryfieeei n RL R2, R4,
and R6 are hydrogen. [0083] In still yet another
parti cul ar enbodi ment of the conpound of Fornula I,
the purine derivative conprises di am nopurine, having
the chem cal structure [0084] wherein X1, y, tl1 and z
are doubl e bonds; wher and t are single
bonds; wherein w , XN hd are 1; wherein t',
y', and z' are 0; wherein and are hydrogen; and
wherein R2 and R4 ar 5] I't should be
understood that the fo ing ate nmerely exanpl es of
suitabl e | ow nol ecul ar wei ght additives that should
not be construed as in any way inposing limtations
upon the scope thereof.[0086] As described above,
mul til ayer containers are useful for making containers

g enh
BT v ng PEE a0 & BALLFE By RRat SAACKS, ol EnrdBfic
i boinds; twhercdie s, e dx rand 'l &y dr whemindi, nérandy’ ewmriy evieieonBl, Ro,

tho su as nelt formng. Suitable nelt formng

g§0@5®§€§ ffk ?%ﬂe but are not linted to,
jecti COz.ex

AR repr B By en G5 o Bsaf AR B b ot
nethb @arideaderingtiviergmpties dranﬁrmpnmas hofing the shenmicad Biricome i s
stretch bl ow nol ding. Such nethods are well known to
those skilled in the art and are described in U S
Pat ent Nunbers 6,596, 213125 914,138; and 5,01 1, 720;

and in U S. Patent Publijcati on Nunmber 2004/ 02477309.
The di scl osures of

[0084] wherein x1, y, t1, and z are double bonds; wherein x, X;, and t are single
bonds; wherein w’, x°, x”, and y” are 1; wherein t’, ¥°, and z* are 0; wherein R, and

R¢ are hydrogen; and wherein R; and R4 are amino.

[0085] It should be understood that the foregoing are merely examples of
suitable low molecular weight additives that should not be construed as in any way

imposing limitations upon the scope thereof.
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these references are expressly incorporated herein by
reference in their entirety. [0087] Methods for

w0 pasnpaTsat i ng the | ow nol ecul ar wei ght addi t i P€T/UB1007/078024
the contai ner and pol yner conposition also are
provi ded herein. Such nmethods also well known to those
skilled in the art. For exanple, an additive can be

{&ﬂlﬁgl recthy 4 Qérﬁ)ea hgono! Mﬂﬁfag%’iwﬂtﬂneﬁw fafe gsetﬁhefor makmg

i‘njection m)I |ng process, | ended with gﬂm
rcesthiner rhaving teohanngdegasi barriers | %i.lCh ontainers rﬁtﬂ)mﬁféﬁr b)t He the

TR, FSURBRL RALARD Sobdifioh Sy thy TR ASmIRRLEI Pl by

resin prior
icoieatiérahmetbd sugh &a‘mtlhbnnmlt Sulrvéfe mf[10f©881]lg FIOQGSS® include,

il lustr s.a system 3 cord
é’fﬁ) 3k B aﬁ,}flmg?d Sf% go- mhvté ) Imgll]cﬁﬁ o &%ﬁ&oﬁm th&nﬁp a’ormmg and
QOﬂbﬁbsﬁkﬁf mpldafgo e jhéhl(ul;irlmtﬁeatcbrdethoﬂ Far gmakmg ﬂamdntamers of

g%rgfpﬁ*oo%kggtgeﬁé\ﬂ%é\? ﬁ'nioHi u.S.,t%'aB ed ! g& cﬁ(}w\ivn %Wh(t_)se%kllled
gﬂi)'tl@é?HhadndV\ﬁb giescriggl@lilﬁ e Baent Hluﬁlibrﬁs’y ,526,0U3;i HB14,138; and
erivativ re a
aay 3 B RS hcdn NORDE i 8RBT gi¢ fsdifes of
WHs€ RefdrfiR e araRQReRlySnaira®] kepdn BN ebfiabn dedieir BlitiFeth or
formng the at |east two outer layers simlarly is fed

tgospe hot Medbls BX incughefatis the(18@tmledilad eibht addigveniato the
nmel t extruder 326 co-extrudes ths9 :%Iten PE’K‘E@]ﬂa t]he 1
enteiaer anppelymsT sMIsEion 950 AgPreaLFImsTdt LT hplso we
G FoViBos32killE@MGhOgH.t NG ckdrdyik RE 28ditiCaHR te Ged diRdtipinenge
concentric annular flow paths into an

polydien grafiey fumedbe injestion malding PIASHS: Pl‘ayflé?d%g r@ﬁbﬁ‘ﬁmpﬁmef
T(%?n Pﬁ&t td By&tioR rn%‘l(‘ﬁﬁén FlintSp&aried B cbRERVAAnS WM the

ecti on nol ding device 328 and delivered to. a
polyere ns blagigrbaigh @nqi] headilanded b hihpelimst Fesinghiop e fpiection

mkﬂﬁ bGe Potidibd-ayer preform 12 into a finished rigid
mul ¢t

_ ayer container 14. [0089] The nelt residence
160%8) of t hgig P& QlRIARPS QUG BAR i SocBldBARN R ¥ bBB&liment of

this invention for making a rigid container preform 12 (illustrated in Fig. 1) and a
rigid container 14 (illustrated in Fig. 2) from the preform. As shown in Fig. 5, PET
320 and a low molecular weight additive 322, such as a purine derivative, are added
to a feeder or hopper 324 that delivers the components to a hot melt extruder 326 in
which the components are melted and blended. PET for forming the at least two outer
layers similarly is fed to the hot melt extruder 326 (not pictured). The hot melt
extruder 326 co-extrudes the molten PET and the molten mixture of PET 320 and low
molecular weight additive 32, forcing the flowing streams to flow along concentric
annular flow paths into an injection molding device 328 to form the multilayer
preform 12. The multilayer preform 12 is cooled and removed from the injection
molding device 328 and delivered to a stretch blow molding device 330 which stretch

blow molds the multilayer preform 12 into a finished rigid multilayer container 14.

[0089] The melt residence time of the preform production is preferably less

than five minutes and more preferably from about one to about three minutes. The
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than five mnutes and nore preferably from about one

to about three mnutes. Thenelt tenperatures are
wolemisnadrby from about 270 to about 3000C and nmBCEUS2007/078024

desirably from about 270 to about 2900C. The nelt

residence tinme begins when the materials enter the

melt extruder 326 and start nelting, and ends after

i njection of th t teri ' t 4cQiabl
Rk GEb SRR R BRI BB L s
FRPSHONEPT0 totdbeuti J9DECt TROMED kﬂld@g:epm&cl@mso’dmn olge materials
nodi fi ed by pressuri zi

Shtge thegpglt e)ggld@"é’ggrqngég% fﬁg?lﬁ.’e algg T@ gF]y 1@1}661%1 crulfI tme folten

DM {af iR03he IRRERMMARR fofiRtHepRetb@d BR5, 844 filed on
Sept enber 15, 2006, entitled "Pressurized Tooling for

I[ﬁ\i%ﬁt ion M)li HaRBuRP @nﬂﬁ@d‘h@ﬁ’t Qlﬁe Wgdcrion "mcbdlin§qimtle£sh eirs be

et a t he di scl osure of whi is .express

m@aﬁqddmmréﬁu%?%rhﬁ 1'{1)(3} F%‘flgrt@ ﬁl&lgln}lﬁe late- Oghtaf; 'dgstcg)bed in the

Pﬁ z)%‘ﬁ‘ B U8 q:rg\hﬁoﬁm |pgteﬁla¥|§p‘h¥atféh HDERS, s gilddy Aagtmsmbdr 15,
processing cycle by reducing or._conpl et el

éDOGnenhttlﬁdﬁ‘é’rQSﬁEIZa%TP¢lt75% for Injsqtion Mplsing 8 yisthorkef Using,” by
ts?ﬁ@ﬁg ngz C%ﬁohﬁ%gur@'?ﬁ WEBPSE texprRsstyn ercdoRidfficds HEERC By

esired pressure of the nold cavity
cefirehe mpt5| lipetid P@ssuazrpartlnei @QldacraVﬁbFWﬁ?s e drpamips, Of the

proce::?{2 l}))?( reﬁlg&n gg 'é;érgﬂlftela{ A0k tinENGe f&mef b€ 8dditives to

inj pi ctured) includes the
alifelise mnmagh it eppaympr gulsdoppsit oy the lmzﬁrcﬁuﬁgﬁeu ¢t thempdd-ndhe
ssurized s_int c t
SIS, e S P bl Py e b ¥ed B YR potymer
@Qmﬁalmemnmrmmmmmmadmneatruding t he pol yner
conpositions into the nold cavity; cooling the poly
¢eo9ppsi t i ofie modifiod rinjtdien retding ayeqest Grot @ﬂ%ﬁ?d)pmélpé%nﬁhe

th [ ti] t
AOfoEnop 7 pleame e A SN i BBl ol Sk el A0 Rt
tcheity Hhoe® mold, edtreinrawrt lab]dycaftf/ eh;ﬁmtsh@e mbhgmef the container

i%o r\%s Id:b%ﬂ?(tr}udmg rhe porﬂfmer n%mep)égi[rglllsei%tol {ﬂl%'rH&iS c%llify; %ggliﬂgl the
polymer compositions to form the multilayer container preform; and removing the

multilayer container preform from the mold cavity.

[0092] The pressurized gas may be any gas that does not detrimentally affect
the polymer composition. Non-limiting examples include air and its individual
components, oxygen, nitrogen, and carbon dioxide; the noble gases, argon, ncon,
helium, and xenon; and mixtures thereof. In a particular embodiment, the mold cavity

is pressurized to a pressure in the range of about 1 to about 1000 psig.

[0093] The present invention is further illustrated by the following example,
which is not to be construed in any way as imposing limitations upon the scope
thereof, On the contrary, it is to be clearly understood that resort may be had to
various other embodiments, modifications, and equivalents thereof which, after

reading the description therein, may suggestion themselves to those skilled in the art
28



conmponents, oxygen, nitrogen, and carbon dioxide; the
nobl e gases, argon, neon, helium and xenon; and
wooossxss t hereof. In a particul ar enbodi nent, p¢vesrot/erso24
cavity is pressurized to a pressure in the range of
about 1 to about 1000 psig. [0093] The present
invention is further illustrated by the foll ow ng
SRR &e alﬂdﬂ% rh Shd Yirit O BE pPQBTRthHAH0A ﬁn(ﬂtﬁWth\é\@b’op'éSof the
i mposi n tati ons upon the scope thereof. On the
@pprnded ¢lainist i s to be clearly understood that resort
may be had to various other enbodi nents,
nodi fi cations, and equival ents thereof which, after
readi ng the description ERaRAILRk nay suggestion
t hensel ves to those skilled in the artw thout
iﬁgfag“ ng Né&ﬂhﬁé?&alﬁpwah&bl@Bol&zé!;?er%ﬁﬁﬁé\t grhdfbvl%ﬁh éIN‘VISTA
nd/ or the sco the appended cl ai ns.
[Spasupurg, So amlma) yandug CF B wacpyn ey ay 1490%%{?%@ to a
gr(oqugf rlcev%l el WW AThRM th BRI %elgﬁpéﬂdml\@aéa@eln@ AVas\WRisd
vacuum oven at 1400C overnight to a
nmlaswanugml eval abh@PEvosanishinto THeoveowwriden arttee. wiugHeyer
b CrefahbEl Wi YRSPIEF 18 Ant Duftr VALY VReVER B POP G
8 i h? to renove surface nol sture. | 'ayer
eombmamr withwtireecafifztbe avithenbartier IRET. éFéletHameollﬁyelr cqmppyised 20

PET. t
VA R B o P it CREN B bk ts bt po £ Bl oS i bafifr
Wegtﬁ wp@htpmenobf theecoatinesdi nedab {c‘al‘ef@lbmg wmntwmts @dectisn
\é\%l(? n‘gBﬁfggraHﬁ%ﬁ%edt Te1n_§g 1(%1L1§F}lgln’&¥ glfjhe d)r etire %fr“p%lg ded

IwifhecSideInsBm G B1gw maddihg havidse ﬂm&ﬁd(efaeteptabjeemhtooncontamers
nDIdin%f The ef rns were blow nolded with a Side

388 b Brafergym 'ﬁﬁcﬁﬂEﬂF%e to make acceptable

contour co aln s..A21.1 g preform
ki ner . ﬂr ﬁhﬁéld& &F%Hﬁlsgimb){@ase F’?haengorﬁtamerso were then
&ﬁ:ﬁﬁﬁe@ﬁsﬂé’kﬁl\/ﬁ%ﬂ AbMMbSe| Warémbki@n22.2°C and 50% relative humidity

(RH) with the No/H, (99:1) and air purging rates of 10 mL/min on opposite sides.
The results are shown in Table 2. The barrier improvement factor (BIF) was defined
as the ratio of the carbon dioxide transmission rate of the multilayer polyester
container comprising a low molecular weight additive in the barrier layer to the
carbon dioxide transmission rate of the multilayer polyester container without additive

in the barrier layer.

Table 2 Carbon dioxide transmission rate of 12 oz multilayer PET containers

Additive | Caffeine Barrier Cafteine in Caffeine in Blow- CO,
in Layer in Container Molded Container | BIF
Barrier Container Preform (Wt %) (Wt %)
Layer (Wt %)
(Wt %)
N/A 0 20 0 0 1.00
Caffeine 15 20 3 3 1.3
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nmeasured using a Mocon 2/60 nodel instrunent at 22.2C
and 50%relative humdity (RH with the N2/ H2 (99:1)
wepahsas37epur gi ng rates of 10 nl/m n on opposi t BCHUSEB7/078024
The results are shown in Table 2 . The barrier
I mprovenent factor (BIF) was defined as the ratio of
the carbon dioxide transm ssion rate of the nmultilayer
g@ig%f.st er ?RJ‘%a% eJioﬁ&’J"Bp’ 5t 9 12 o'z%l{ﬂa&(ﬁ%hé{neeéﬁh@%ed
rtive inthe barrier [ayer to the carbon dioxide
tstpatfeanthswitinthe additiof ofchifeinatotthd Rijlesonpokijies efdhe barrier layer.
container without additive in the barrier |ayer. Table
20084t bon dltckiwé be rppesenit dlwit e forageingfrelates ey e ithei prafpeed
PET cont ai s C L OX| :
SRR S Rarep i En 0 208 oL By B holftion
e rddade lereiofvithaft fdepartng fiom hiee T and spapsi of ithgninggntioh @s

barrier Jayer..[0097] It shquld pparent that the
PS&'&&&W@G %’@P‘gi"g%bnﬁ% qpdeguiy ﬂeentsptrhe 81?r ed enbodi nents of
the present invention and that nunerous changes and
nodi fi cati on may be nmade herein w thout departing from
the spirit and scope of the invention as defined by
the follow ng clainms and equival ents thereof.Wat is
claimed is: 1. Anmultilayer container conprising: at

| east two outer layers conprising a polyner matrix;
and at | east one barrier |ayer disposed between the at
| east two outer |ayers, wherein the at |east one
barrier layer conprises a first polyner conposition
conprising a polyner matrix and a | ow nol ecul ar wei ght
additive. 2. The multilayer container of claima1l,
further conprising at |east one internedi ate | ayer
between the at | east one barrier |ayer and the at

| east two outer layers. 3. The nultilayer container of
claim1l, wherein

30



a) the at least two outer layers conprise about 99 to
about 20 wei ght percent of the nultilayer container;
whlooshss7as | east one barrier |ayer conprises aPoODuUSHot/@78024
about 80 wei ght percent of the nultilayer container;
and c) the | ow nol ecul ar weight additive is present in
the nmultilayer container in an anmnount in the range of
alput is Otadnddisabout 10 wei ght percent of the nultilayer
container. 4 . The nultilayer container of claiml,
wherein the | ow nol ecul ar wei ght additive is present

in the mul t4 hakRlyeFQrtaleP&mprRingn amount in the range
of about 0.2 to about 10 wei ght percent of the

mul tilayer At aVheerdpers aompHEnge PelyastmaHE r ri er
| ayer in an AURUN b%rlriertl%%r figpuaey hw @R a1 eadwb QuRP AL,
the at Te

25 wei ght percent of t| ast one barrier layer.”
SwheTeie thal ot leastepnec bamrign dayer somptises m firstwhely@in campaesiieon

a - r ] . - 99 to about
g%ﬂkgﬁﬁﬁﬁﬁﬁﬁwﬁﬁhﬁﬁgfﬁ?Egﬁﬂﬁﬁ |lé§§?@@gnlgﬁ%er; and b)
the at | east one barrier |ayer conprises about 1 to

?.Eom 2140 W%lhg mult?lgre%%%tal(r)lfer Sih ﬁai%m],t #ul’tﬁ%regom%%rs]i%glap(?gaStGOne
e mul'tilayer container of clalm’l, erern e |ow
ninfcantdiae laver Géttveaddii tat Weasti e pragie tdyer and the amldasi ivayaner
ontai ner in an anpunt in the range of about 2 to
10 wei ght percent of the nultilayer container
and in the at | east one barrier layer in an anmount in
75.t0 wei ght percent of

the range g% ab&qt 3. ouH 2%
the at” | east' BHE'BET FEIeF Y@H™ 7 WhTHE nul ti | ayer
container @f clakniGeastwey Sitér layers comprise about 99 to about 20
weight percent of the multilayer container;

b) the at least one barrier layer comprises about 1 to about 80
weight percent of the multilayer container; and

c) the low molecular weight additive is present in the multilayer

container in an amount in the range of about 0.2 to about 10 weight percent of the

multilayer container.

4, The multilayer container of claim 1, wherein the low molecular weight
additive is present in the multilayer container in an amount in the range of about 0.2
to about 10 weight percent of the multilayer container and in the at least one barrier
layer in an amount in the range of about 0.25 to about 25 weight percent of the at least
one barrier layer. |

5. The multilayer container of claim 4, wherein

a) the at least two outer layers comprise about 99 to about 60
weight percent of the multilayer container; and
b) the at least one barrier layer comprises about 1 to about 40

weight percent of the multilayer container.
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a) the at least two outer layers conprise about 99 to

about 80 wei ght percent of the nultilayer container;
wa@pashysbhe at | east one barrier |ayer conpri SEeT/abmat/078024

1 to about 20 weight percent of the nmultilayer

container. 8. The nultilayer container of claim1,

wherein the | ow nol ecul ar wei ght additive is present

in the mul t’Fhle@Mﬁtila)feOB&ﬁmﬁ@rof blBinRf, vAHERkNhe ildw hdRclilaNg&ight
of about 2 to_ about ght percent of the mul til ayer

st e Presgag iny the t‘lﬁlé“aé’ter ?‘é‘é?éfter ghn amgupt igrthg apes of %0%1 i
afBunto e fgﬁhﬁerééﬁﬂ gLthe fmaleydr c3ntdimer Mdahf ke a]taea@t &9&' Biitier

percent o at | east one barrier |ayer.

nlarﬁtrrlm Ay aRowd Hythe rrege offabepta ih g abahéd ‘éfFlﬂh'a‘f)e“Fﬁté’f élte at least
| SRShrdeMyut er | ayers conprise about 99 to about 60
wel ght percent of the nmultilayer container; and b) the
at | east one barri er | ayer conprises about 1 to about

40, welght RSE GRMNS! chiinetl ki Shefent al ner . 10, The

mul tilayer contal I'm1, wherein the at |east
two outer Pkayertheqongst te aut@mbwmppmstlsecamet g abaut 80

t‘Ee?‘ﬁ’l {ct,ht%\f% réa]ﬁpl nzg gg[rtalggr gl@i m 10, wherein the

ast nprises pol yester, polyan de,
pol on ef m bbol yihmadéqasmmezﬂtmtrr lehesr compdessiabatti I/ és about 20

ther rlrull i I ayer contai ner of claiml1l,
el perc ‘of t diaver c St &her
wh % Flrr ntl YT EWO Ot er | ayers corrprlse

pol yet hyI ene t er epht hal ate. 13. The nultil ayer

cont ai_ner L ere the gt |eas fwo oy

ayer & compps GultiSgeiopllingt b C Pt aral B fildteien
GApilvy [Fredentvin mig: ﬁlelﬁﬂlyéthﬁbﬁtaﬂl@r in an amount in the range of about 2 to
about 5 weight percent of the multilayer container and in the at least one barrier layer
in an amount in the range of about 3.75 to about 12.5 weight percent of the at least

one barrier layer.

9. The multilayer container of claim 8, wherein
a) the at least two outer layers comprise about 99 to about 60
weight percent of the multilayer container; and
b) the at least one barrier layer comprises about 1 to about 40

weight percent of the multilayer container.

10.  The multilayer container of claim 1, wherein the at least two outer

layers comprise a thermoplastic polymer.
11.  The multilayer container of claim 10, wherein the thermoplastic

polymer comprises polyester, polyamide, polyolefin, polyimide, polylactide, or

derivatives thereof.
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percent diacid, or less than 10 percent glyco

nodi fi cation, or both, based on 100 nol e percent
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14. The multilayer container of claim1, wherein the

at least two outer |layers conprise a polyethylene

terephthalate with recycled content 15. The

nultll yer_cont ai ner of .clai.m1

matri >'< f T emf'lfpaé’f’r ST O S o egéﬁp éhté’% r]?égg\{f@ outer

pakpebhiptisnlicaipbidigihtimate. 16. The mul til ayer

container of claiml, wherein the polynmer matrix of

the first polymer conposition conprises a polyethyl ene
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The nultllayer container of claiml, wherein the
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conprises a polyethylene terephthalate with recycIed
content. 18. The multilayer container of c
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he mul t1layéer container of claiml1, wherein the
| ow nol ecul ar wei ght additive conprises a purine

derival i vergQy i rgeghtrafngla(yfecﬁanﬁqn%ﬁél@ﬁrth@ﬁolﬁ%&'rﬁﬁtﬁgof the

wherein the purin rivative conprises purine dione
d‘mmpniymengnmmen panprishepptepiling éerephihad oni ne,

xant hine, uric acid, or mxtures thereof. 2 1. The

mul tilayer container of claim19, wherein the purine
deri vaé.i veTleamgtilagesonidimai cvfetlaugdawhﬁem the polymer matrix of the

ﬁrsrtmi)olr%e lélgmn[l)onsﬁiontcghgg&@gl ﬂ%ﬁf(etﬁyl%rtgl%%tﬂﬁ%j Msed copolymer
having less than 20 percent diacid, or less than 10 percent glycol modification, or

both, based on 100 mole percent diacid component and 100 mole percent diol

component.

17.  The multilayer container of claim 1, wherein the polymer matrix of the
first polymer composition comprises a polyethylene terephthalate with recycled

content.

18.  The multilayer container of claim !, wherein the low molecular weight

additive comprises a compound with a molecular weight below 1000 daltons.

19.  The multilayer container of claim 1, wherein the low molecular weight

additive comprises a purine derivative.
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hypoxant hi ne, di am nopurine, 7H purine, |H purine, or
m xtures thereof. 22. The nmultil ayer contai ner of
W@ b@snsizes wherei n the | ow nol ecul ar wei ght addp¢T/v82007/078024
conprises an ester, diester or polyester of an
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29Mprises fpPEiRg digas C‘Eﬂiﬁtsﬂﬁgﬁé&e@% theophyfiine, theeaioa)ing, tXH@hme

abrid K88 br ANGukHHEFEdI ate | ayer conprises a pol yester
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content, or an adhesive layer. 24. The nultil ayer
contaijjer e Gh@fiffyer cofdflefb cbiie 18t whas tthé) ﬁrme derivative

i ntermedi ate |ayer” conprises the first poly
COMpise | asianiod. tekening: V@aﬁhylg)ﬁ@mtaarﬂmp@wninayeérmelza?tomerme

?@@%ﬂ&%ﬁn Qi ‘ﬁnﬁeo'ﬂ}réiu?ﬁh QiﬂlapLP‘ﬁX%"rﬂS)quE ?h%fé%?d in

‘ayer ntain Im’l and a seal for
sealing the beverage in the multilayer container.

22.  The multilayer container of claim 1, wherein the low molecular weight
additive comprises an ester, diester or polyester of an aromatic or aliphatic nature; an
amide, diamide or polyamide of an aromatic or aliphatic nature; a cyclic ester with
one or more ester groups; a cyclic amide with one or more amide groups; or mixtures

thereof.

23. The multilayer container of claim 2, wherein the at least one
intermediate layer comprises a polyester terephthalate, a polyester terephthalate with

recycled content, or an adhesive layer.
24, The multilayer container of claim 2, wherein the at least one
intermediate layer comprises the first polymer composition of the at least one barrier

layer.

25. A packaged beverage comprising a beverage disposed in the multilayer

container of claim | and a seal for scaling the beverage in the multilayer container.
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