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UV STABILIZATION OF ISOSORBIDE 
POLYCARBONATES 

FIELD OF THE INVENTION 

The present invention relates to the development and use of 
UV stable, isosorbide-based polymer compositions. 

BACKGROUND OF THE INVENTION 

There is a demand for bio-sourced materials as a more 

environmentally friendly means to construct products. Isos 
orbides are derived from biologically based sources, namely 
sugars, rather than from the petroleum feed stocks used to 
prepare other polymer structural units. Isosorbide-based 
materials and products have a loW net environmental impact, 
and can be utiliZed as reneWable resources by the plastic 
manufacturing industry. These materials and products can be 
used for the production of polymeric materials such as poly 
carbonates. Polycarbonates are used in hundreds of applica 
tions such as eyeglass lenses and optical media, Where their 
transparency and tough physical properties are bene?cial. 

Light induced degradation is a general problem for all 
polycarbonate polymers both non-isosorbide base and isos 
orbide base polymers. The originally ductile polycarbonate 
becomes brittle due to accelerated chain scission of the poly 
carbonate due to UV radiation. The degradation of these 
polymers occurs at the surface of the material. Light stabiliZ 
ers may be used, but limited choices are available in order to 
avoid negatively in?uencing processability (i.e., decrease 
melt viscosity by molecular Weight degradation), and long 
term thermal aging. HALS in polymers have been used as UV 
stabiliZers as Well in polyole?ns (polyethylene, polypropy 
lene). Some of them have been marketed as ?ame retardants 
as Well for these polymers. The only previous HALS used in 
polycarbonates Were piperaZinone based HALS for the pur 
pose of acting as a ?ame retardant and do not provide su?i 
cient UV protection. In non-isosorbide-based polycarbon 
ates, use of sterically hindered amines (HALS) is excluded as 
HALS dramatically accelerate hydrolysis of polycarbonates. 

Accordingly, there is a clear need to provide polymeric 
compositions that are suitably protected from UV-induced 
discoloration and degradation. 

SUMMARY OF THE INVENTION 

Provided herein is a composition comprising an isosorbide 
polymer and one or more hindered amines. The one or more 

hindered amines (HALS) may have a formula selected from 
the group consisting of: 

R6 X 
\ / 

R5 R1 R2 

5iN:€ 
wherein R1 is C, X is H, and R2 is H; Wherein R4 is hydro 

gen, oxyl, hydroxyl, alkyl of l to 20 carbons, alkenyl or 
alkynyl of 3 to 8 carbons, aralkyl of 7 to 12 carbons, 
aliphatic acyl of l to 10 carbons, aromatic acyl of 7 to 13 
carbons, alkoxycarbonyl of 2 to 9 carbons, aryloxycar 
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2 
bonyl of 7 to 15 carbons, alkyl, aryl, cycloalkyl or aralkyl 
substituted carbamoyl of 2 to 13 carbons, hydroxyalkyl 
of l to 5 carbons, 2-cyanoethyl, epoxyalkyl of 3 to 10 
carbons, or a polyalkylene oxide group of 4 to 30 car 

bons; 
R5 is hydrogen or alkyl of l to 4 carbons; 
R6 is hydrogen, hydroxyl, or alkoxy of l to 4 carbons, 

o o 

jokmmio 8 

n 

(CH2)17-21CH3; 

A 

Wherein R is methyl or acyl; or 

Z is ADi, iN(RlO)i, or iN(Rl2)iRl l-N(Rl2)i, 
When R6 is hydroxyl or alkoxy, X is a divalent radical 

selected from iR74C(:O)iN(R8)- or 4C(:O)i 
N(R8)-, 

R7 is an alkylene diradical of l to 4 carbons, 
R8 is selected from hydrogen, primary or secondary alkyl 

of l to 8 carbons, aralkyl of 7 to 12 carbons, or cycloalkyl 
of 5 to 12 carbons, 

R9 is selected from a direct bond or the folloWing substi 
tuted or unsubstituted radicals of alkylene of l to 14 
carbons, oxydialkylene of 4 to 10 carbons, thiodialky 
lene of 4 to 10 carbons, alkenylene of 2 to 10 carbons, o, 
m, or p-phenylene, Wherein the substituents for R9 are 

N». 
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selected from lower alkyl, lower alkoxy, hydroxy, bro 
mine, chlorine, mercapto, or lower alkylmercapto. H—O 

R10 and R12 are selected from hydrogen, alkyl of 1 to 10 N 
carbons, aryl of 6 to 12 carbons, aralkyl of 7 to 12 carbons, / \ 

and cycloalkyl of 5 to 12 carbons, 5 Q /N 
R10 may be a radical of 2-cyanoethyl radical or a radical of N 

the formula: 

R5—CH2 CH3 
\ H 

/C—C\—R5 10 
_ CH_ , (also known as CYASORB® 5411 (Cytec) or TNUVIN® 

C_C{I 329 (Ciba) (MW 323.4; mp 101-105)); 
2 

15 H_ 0 Ph 

and 
R11 is alkylene of2 to 12 carbons. /N\ 
The weight percent of HALS in the composition may be N 

below 0.3%. The HALS may have a molecular weight of \N/ 
below 2000 g/mol. 20 

The polymer in the composition may comprise at least 20 
Ph weight % of a biologically-based unit. The biologically-based 

unit may be isosorbide. _ 
The isosorbide of the polymer may be derived from at least (also known as TH 1 U ' IN® 234 (Clba) or TH 1 U ' IN® 900 

one ofthe following isosorbides: 1,4:3,6-dianhydro-D-sorbi- 25 (Clba) (MWI447'6; mp:135'143); 
tol; 2,6-dioxabicyclo[3.3.0]octan-4,8-diol; 1,4:3,6-dianhy- O 
dro-D-glucitol; 2,3,3a,5,6a-hexahydrofuro[3,2-b]furan-3,6 
diol, or an isomer thereof. The polymer may be a O 
homopolymer or a copolymer. The polymer may be a poly 
carbonate. The polycarbonate may be 30 / 

o 

o 

OLZj/Op / O o ’35 o 

@i O O 
0 

Y1 

wherein n is greater than 1. The polycarbonate may be (CYASORB® UV-3638); and 

O O 
O 0 

Uk ’ 
O O 

O 
O 

O 

50 

styrene (SBS), styrene-butadiene rubber (SBR), styrene-eth- NC 
ylene-butadiene-styrene (SEBS), ABS (acrylonitrile-butadi- 55 
ene-styrene), acrylonitrile-ethylene-propylene-diene-styrene O O 
(AES), styrene-isoprene- styrene (SIS), methyl methacrylate- NC CN 
butadiene-styrene (MBS), styrene-acrylonitrile (SAN), or a O O 
combination thereof. The impact modi?er may be MBS. The 

O impact modi?er may be SEBS. 60 Ph Ph Ph Ph 

The composition may also comprise at least one UV sta 
biliZer. The UV stabiliZer may be a hydroxybenZophenone, 0 CN 

Ph 

wherein Z is an aromatic compound and n is greater than 1. Ph Ph 

O 

The composition may further comprise at least one impact 
modi?er. The impact modi?er may be a styrene-butadiene- O 

hydroxyphenyl benZotriaZole, cyanoacrylate, oxanilide, 
hydroxyphenyl triaZine, or a combination thereof. 65 

Optionally, the composition may not comprise one or more 
of the following UV stabilizers: 1UVINUL® 3030). 
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Provided herein is an article comprising the herein 
described composition comprising an isosorbide polymer 
and one or more hindered amines. 

Also provided herein is a method of manufacturing an 
article. The method may extruding the herein described com 
position, comprising an isosorbide polymer and one or more 
hindered amines, and molding the extruded composition into 
an article. 

Also provided herein is a composition comprising betWeen 
90 and 95 Wt % isosorbide polycarbonate; betWeen 4 and 8 
Weight % SEBS impact modi?er; optionally betWeen 0.1 and 
0.6 Wt % of an antioxidant; optionally betWeen 2 Wt % and 6 
Wt % of titanium dioxide; optionally betWeen 0.1 and 0.5 Wt 
% of plasticizers, lubricants and/or mold release agents and/ 
or other additives; and betWeen 0.1 and 0.5 of HALS 770. The 
composition may further comprise betWeen 0.15 and 0.30 Wt 
% of HALS 770. The composition may further comprise 
betWeen 0.01 and 0.05 Wt % of NaOH Wherein the NaOH is 
33 Wt % in Water. Also provided herein are articles comprising 
the foregoing described compositions. 

DETAILED DESCRIPTION 

Described herein is an isosorbide-based polymer compo 
sition that contains hindered amines (HALS). This composi 
tion may be in the form of a resin, Which can be manufactured 
into an article that is resistant to discoloration and degradation 
induced by ultraviolet light (UV). The inventors have discov 
ered that speci?c HALS can impart UV protection to isosor 
bide-based polymers as Well as articles derived from resins 
containing combinations of these speci?c HALS and poly 
mers. 

l. De?nitions. 
The terminology used herein is for the purpose of describ 

ing particular embodiments only and is not intended to be 
limiting. As used in the speci?cation and the appended 
claims, the singular forms “a,” “an” and “the” include plural 
referents unless the context clearly dictates otherWise. 

“Alkyl” as used herein may be linear, branched, or cyclic 
such as a methyl group, ethyl group, n-propyl group, isopro 
pyl group, n-butyl group, isobutyl group, tert-butyl group, 
n-pentyl group, isopentyl group, n-hexyl group, isohexyl 
group, cyclopentyl group, cyclohexyl group, and the like. 

“Alkenyl” as used herein may be a straight or branched 
hydrocarbyl chain containing one or more double bonds. 
Each carbon-carbon double bond may have either cis or trans 
geometry Within the alkenyl moiety, relative to groups sub 
stituted on the double bond carbons. Non-limiting examples 
of alkenyl groups include ethenyl(vinyl), 2-propenyl, 3-pro 
penyl, l,4-pentadienyl, l,4-butadienyl, l-butenyl, 2-butenyl, 
and 3-butenyl. 

“Alkenylene” as used herein may be a divalent unsaturated 
hydrocarbyl chain Which may be linear or branched and 
Which has at least one carbon-carbon double bond. Non 
limiting examples of alkenylene groups include 4C(H):C 
(H)i, %(H):C(H)iCH2i, iC(H):C(H)%H2i 
CHZi, iCH2iC(H):C(H)%H2i, iC(H):C(H)i 

“Alkynyl” as used herein may be a straight or branched 
hydrocarbyl chain containing one or more triple bonds. Non 
limiting examples of alkynyl include ethynyl, l-propynyl, 
2-propynyl, 3-propynyl, decynyl, l-butynyl, 2-butynyl, and 
3-butynyl. 

“Alkynylene” as used herein may be a divalent unsaturated 
hydrocarbon group Which may be linear or branched and 
Which has at least one carbon-carbon triple bonds. Represen 
tative alkynylene groups include, by Way of example, 
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6 
4CECi, iCEC4CH2i, 4CECiCH2iCH2i, 
4CH24CEC4CH2i, iCECiCH(CH3)i, and 
4CH24CEC4CH(CH2CH3)i. 
“C3-C6 cycloalkyl” as used herein may mean cyclopropyl, 

cyclobutyl, cyclopentyl and cyclohexyl. 
“Carbocycle” or “carbocyclic” or “carbocyclyl” as used 

herein may be a saturated (e.g., “cycloalkyl”), partially satu 
rated (e.g., “cycloalkenyl” or “cycloalkynyl”) or completely 
unsaturated (e.g., “aryl”) ring system containing Zero het 
eroatom ring atom. “Ring atoms” or “ring members” are the 
atoms bound together to form the ring or rings. A carbocyclyl 
may be, Without limitation, a single ring, tWo fused rings, or 
bridged or spiro rings. A substituted carbocyclyl may have 
either cis or trans geometry. Representative examples of car 
bocyclyl groups include, but are not limited to, cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, 
cyclopentenyl, cyclopentadienyl, cyclohexadienyl, adaman 
tyl, decahydro-naphthalenyl, octahydro-indenyl, cyclohex 
enyl, phenyl, naphthyl, indanyl, l,2,3,4-tetrahydro-naphthyl, 
indenyl, isoindenyl, decalinyl, and norpinanyl. A carbocycle 
group can be attached to the parent molecular moiety through 
any substitutable carbon ring atom. 

“Carbocyclylalkyl” as used herein may be a carbocyclyl 
group appended to the parent molecular moiety through an 
alkylene group. For instance, C3-C6carbocyclylCl-C6alkyl 
refers to a C3-C6carbocyclyl group appended to the parent 
molecular moiety through C l-C6alkylene. 

“Cycloalkenyl” as used herein may be a non-aromatic, 
partially unsaturated carbocyclyl moiety having Zero heteroa 
tom ring member. Representative examples of cycloalkenyl 
groups include, but are not limited to, cyclobutenyl, cyclo 
pentenyl, cyclohexenyl, and octahydronaphthalenyl. 

“Cycloalkyl” as used herein may be a saturated carbocyclyl 
group containing Zero heteroatom ring member. Non-limiting 
examples of cycloalkyls include cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, decalinyl 
and norpinanyl. 

“Halo” as used herein may be a substituent to Which the 
pre?x is attached is substituted With one or more indepen 
dently selected halogen radicals. For example, “Cl-C6 
haloalkyl” means a Cl-C6 alkyl substituent Wherein one or 
more hydrogen atoms are replaced With independently 
selected halogen radicals. Non-limiting examples of 
Cl-C6haloalkyl include chloromethyl, l-bromoethyl, ?uo 
romethyl, di?uoromethyl, tri?uoromethyl, and l,l,l-tri?uo 
roethyl. It should be recogniZed that if a substituent is substi 
tuted by more than one halogen radical, those halogen 
radicals may be identical or different (unless otherWise 
stated). 

“Halogen” or “halogen atom” as used herein may mean a 
?uorine, chlorine, bromine or iodine atom. 

“Heteroaryl” as used herein may mean any aromatic het 
erocyclic ring Which may comprise an optionally benZocon 
densed 5 or 6 membered heterocycle With from 1 to 3 het 
eroatoms selected among N, O or S. Non limiting examples of 
heteroaryl groups may include pyridyl, pyraZinyl, pyrimidi 
nyl, pyridaZinyl, indolyl, imidaZolyl, thiaZolyl, isothiaZolyl, 
pyrrolyl, phenyl-pyrrolyl, furyl, phenyl-furyl, oxaZolyl, isox 
aZolyl, pyraZolyl, thienyl, benZothienyl, isoindolinyl, ben 
ZoimidaZolyl, quinolinyl, isoquinolinyl, l,2,3-triaZolyl, 
l-phenyl-l,2,3-triaZolyl, and the like. 

“Heterocycle” or “heterocyclo” or “heterocyclyl” as used 
herein may be partially unsaturated (e.g., “heterocycloalk 
enyl” or “heterocycloalkynyl”) or completely unsaturated 
(e.g., “heteroaryl”) ring system Where at least one of the ring 
atoms is a heteroatom (i.e., nitrogen, oxygen or sulfur), With 
the remaining ring atoms being independently selected from 
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the group consisting of carbon, nitrogen, oxygen and sulfur. A 
heterocycle may be, Without limitation, a single ring, tWo 
fused rings, or bridged or spiro rings. A heterocycle group can 
be linked to the parent molecular moiety via any substitutable 
carbon or nitrogen atom(s) in the group. 
A heterocyclyl may be, Without limitation, a monocycle 

Which contains a single ring. Non-limiting examples of 
monocycles include furanyl, dihydrofuranyl, tetrahydrofura 
nyl, pyrrolyl, isopyrroyl, pyrrolinyl, pyrrolidinyl, imidazolyl, 
isoimidazolyl, imidazolinyl, imidazolidinyl, pyrazolyl, pyra 
zolinyl, pyrazolidinyl, triazolyl, tetrazolyl, dithiolyl, oxathi 
olyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, thiazolinyl, 
isothiazolinyl, thiazolidinyl, isothiazolidinyl, thiadiazolyl, 
oxathiazolyl, oxadiazolyl (including 1,2,3-oxadiazolyl, 1,2, 
4-oxadiazolyl (also knoWn as “azoximyl”), 1,2,5-oxadiazolyl 
(also knoWn as “furazanyl”), and 1,3,4-oxadiazolyl), oxatria 
zolyl (including 1,2,3,4-oxatriazolyl and 1,2,3,5-oxatriaz 
olyl), dioxazolyl (including 1,2,3-dioxazolyl, 1,2,4-diox 
azolyl, 1,3,2-dioxazolyl, and 1,3,4-dioxazolyl), oxathiolanyl, 
pyranyl (including 1,2-pyranyl and 1,4-pyranyl), dihydropy 
ranyl, pyridinyl, piperidinyl, diazinyl (including pyridazinyl 
(also knoWn as “1,2-diazinyl”), pyrimidinyl (also knoWn as 
“1,3-diazinyl”), and pyrazinyl (also knoWn as “1,4-diazi 
nyl”)), piperazinyl, triazinyl (including s-triazinyl (also 
knoWn as “1,3,5-triazinyl”), as-triazinyl (also knoWn 1,2,4 
triazinyl), and v-triazinyl (also knoWn as “1,2,3-triazinyl), 
oxazinyl (including 1,2,3-oxazinyl, 1,3,2-oxazinyl, 1,3,6-ox 
azinyl (also knoWn as “pentoxazolyl”), 1,2,6-oxazinyl, and 
1,4-oxazinyl), isoxazinyl (including o-isoxazinyl and p-isox 
azinyl), oxazolidinyl, isoxazolidinyl, oxathiazinyl (including 
1,2,5-oxathiazinyl or 1,2,6-oxathiazinyl), oxadiazinyl (in 
cluding 1,4,2-oxadiazinyl and 1,3,5,2-oxadiazinyl), mor 
pholinyl, azepinyl, oxepinyl, thiepinyl, and diazepinyl. 
A heterocyclyl may also be, Without limitation, a bicycle 

containing tWo fused rings, such as, for example, naphthy 
ridinyl (including [1,8]naphthyridinyl, and [1 ,6]naphthyridi 
nyl), thiazolpyrimidinyl, thienopyrimidinyl, pyrimidopyrim 
idinyl, pyridopyrimidinyl, pyrazolopyrimidinyl, indolizinyl, 
pyrindinyl, pyranopyrrolyl, 4H-quinolizinyl, purinyl, pyri 
dopyridinyl (including pyrido[3,4-b]-pyridinyl, pyrido[3,2 
b]-pyridinyl, and pyrido[4,3-b]-pyridinyl), pyridopyrimi 
dine, and pteridinyl. Other non-limiting examples of fused 
ring heterocycles include benzo-fused heterocyclyls, such as 
indolyl, isoindolyl, indoleninyl (also knoWn as “pseudoin 
dolyl”), isoindazolyl (also knoWn as “benzpyrazolyl”), ben 
zazinyl (including quinolinyl (also knoWn as “ 1 -benzazinyl”) 
and isoquinolinyl (also knoWn as “2-benzazinyl”)), benzimi 
dazolyl, phthalazinyl, quinoxalinyl, benzodiazinyl (including 
cinnolinyl (also knoWn as “1,2-benzodiazinyl”) and 
quinazolinyl (also knoWn as “1,3-benzodiazinyl”)), benzopy 
ranyl (including “chromenyl” and “isochromenyl”), ben 
zothiopyranyl (also knoWn as “thiochromenyl”), benzox 
azolyl, indoxazinyl (also knoWn as “benzisoxazolyl”), 
anthranilyl, benzodioxolyl, benzodioxanyl, benzoxadiazolyl, 
benzofuranyl (also knoWn as “coumaronyl”), isobenzofura 
nyl, benzothienyl (also knoWn as “benzothiophenyl”, “thion 
aphthenyl”, and “benzothiofuranyl”), isobenzothienyl (also 
knoWn as “isobenzothiophenyl”, “isothionaphthenyl”, and 
“isobenzothiofuranyl”), benzothiazolyl, benzothiadiazolyl, 
benzimidazolyl, benzotriazolyl, benzoxazinyl (including 1,3, 
2-benzoxazinyl, 1,4,2-benzoxazinyl, 2,3,1-benzoxazinyl, 
and 3,1,4-benzoxazinyl), benzisoxazinyl (including 1,2-ben 
zisoxazinyl and 1,4-benzisoxazinyl), and tetrahydroiso 
quinolinyl. 
A heterocyclyl may comprise one or more sulfur atoms as 

ring members; and in some cases, the sulfur atom(s) is oxi 
dized to S0 or S02. The nitrogen heteroatom(s) in a hetero 
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8 
cyclyl may or may not be quatemized, and may or may not be 
oxidized to N-oxide. In addition, the nitrogen heteroatom(s) 
may or may not be N-protected. 
The number of carbon atoms in a hydrocarbyl moiety can 

be indicated by the pre?x “CK-Cy,” Where x is the minimum 
and y is the maximum number of carbon atoms in the moiety. 
Thus, for example, “C 1 -C6alkyl” refers to an alkyl sub stituent 
containing from 1 to 6 carbon atoms. Illustrating further, 
C3-C6carbocycle means a carbocycle containing from 3 to 6 
carbon ring atoms. A pre?x attached to a multiple-component 
substituent only applies to the ?rst component that immedi 
ately folloWs the pre?x. To illustrate, the term “carbocycly 
lalkyl” contains tWo components: carbocyclyl and alkyl. 
Thus, for example, C3-C6carbocyclyl Cl-C6 alkyl refers to a 
C3-C6carbocyclyl appended to the parent molecular moiety 
through a Cl-C6 alkyl group. 

“Polycarbonate” as used herein may mean an oligomer or 
polymer comprising residues of one or more polymer struc 
tural units, or monomers, joined by carbonate linkages. 

“Straight or branched C1-C3 alkyl” or “straight or 
branched C1-C3 alkoxy” as used herein may mean methyl, 
ethyl, n-propyl, isopropyl, methoxy, ethoxy, n-propoxy and 
isopropoxy. Unless otherWise indicated, each of the forego 
ing groups may be unsubstituted or substituted, provided that 
the substitution does not signi?cantly adversely affect syn 
thesis, stability, or use of the compound. 

“Substituted” as used herein may mean that any at least one 
hydrogen on the designated atom or group is replaced With 
another group provided that the designated atom’s normal 
valence is not exceeded. For example, When the substituent is 
oxo (i.e., :0), then tWo hydrogens on the atom are replaced. 
Combinations of substituents and/ or variables are permis 
sible provided that the substitutions do not signi?cantly 
adversely affect synthesis or use of the compound. 
The terms “structural unit” and “monomer” are inter 

changeable as used herein. 
For the recitation of numeric ranges herein, each interven 

ing number there betWeen With the same degree of precision 
is explicitly contemplated. For example, for the range of 6-9, 
the numbers 7 and 8 are contemplated in addition to 6 and 9, 
and for the range 6.0-7.0, the number 6.0, 6.1, 6.2, 6.3, 6.4, 
6.5, 6.6, 6.7, 6.8, 6.9, and 7.0 are explicitly contemplated. 
2. UV-Stable lsosorbide Polymer Compositions 
The present invention is directed to a photoresistant com 

position comprising a combination of one or more isosorbide 
containing polymers and one or more speci?c HALS. The 
polymer may be a polycarbonate. The HALS protects the 
isosorbide-based polymer against UV-induced discoloration 
and degradation. The composition may further comprise 
other additives such as one or more impact modi?ers and/or 
UV stabilizers. 

a. Components of lsosorbide-Containing Polymers 
The isosorbide-containing polymer may contain at least 

one isosorbide-containing monomer. The isosorbide-contain 
ing monomer may be formed from polymerizing an isosor 
bide bisphenol and an isosorbide-bisphenol reacting com 
pound, Wherein monomers are formed and polymerized to 
produce isosorbide containing polymers (“Polymer 1”). The 
isosorbide-containing polymer may be a homopolymer or a 
copolymer. To form a copolymer, other monomers, Which 
may be non-isosorbide containing monomers, for example, 
may be reacted With the at least one isosorbide-bisphenol and 
an isosorbide-bisphenol-reacting compound under polymer 
ization conditions. The polymerization conditions are dic 
tated by the type of polymerization method, such as interfa 
cial polymerization or melt polymerization, Which are more 
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fully described in Us. patent application Ser. No. 12/965, 
574, ?led on Dec. 10, 2010, Which is herein fully incorporated 
by reference. 

The isosorbide-containing polymer may be a polycarbon 
ate polymer. The polycarbonate polymer may comprise an 
isosorbide unit, an aliphatic unit derived from a C14-44 ali 
phatic diacid, C14-44 aliphatic diol, or combination thereof; 
and optionally, an additional unit different from the isosor 
bide and aliphatic units (“Polymer 2”). The isosorbide unit, 
aliphatic unit, and additional unit may be each contain a 
carbonate, or a combination of carbonate and ester units. The 
polycarbonate polymer may be a homopolymer or a copoly 
mer. 

(1) Components of Polymer 1 
(a) lsosorbide-Bisphenol 
lsosorbide-bisphenol may be represented by formula (1): 

R5 

HO R2 R9 

Wherein R1 is an isosorbide and R2-R9 may be indepen 
dently selected from the group consisting of a hydrogen, 
a halogen, a C1-C6 alkyl, a methoxy, an ethoxy, an alkyl 
ester and an arylalkyl. The bisphenol may have a pKa of 
betWeen 8 and 11. 

(b) lsosorbide-Bisphenol Reacting Compound 
The isosorbide-bisphenol reacting compound may react 

With the isosorbide-bisphenol of formula (I). The isosorbide 
bisphenol reacting compound may be one or more of phos 
gene, a triphosgene, diacyl halide, dihaloformate, dicyanate, 
diester, diepoxy, diarylcarbonate, dianhydride, dicarboxylic 
acid, and/or diacid chloride. The isosorbide-bisphenol react 
ing compound and the isosorbide-bisphenol may react under 
polymeriZation conditions to form a polymer structural unit, 
Which can be polymeriZed. 

(c) lsosorbide Unit 
The isosorbide unit may be derived from an isosorbide. For 

the isosorbide unit may be a derivative of one or more of 
1,4:3,6-dianhydro-D-sorbitol; 2,6-dioxabicyclo[3.3.0]octan 
4,8-diol; 1,4:3,6-dianhydro-D-glucitol; 2,3,3a,5,6a-hexahy 
drofuro[3,2-b]furan-3,6-diol, and/or an isomer thereof. 

The isosorbide unit may be derived from an isosorbide, a 
mixture of isosorbide, a mixture of isomers of isosorbide, 
and/or from individual isomers of isosorbide. The stere 
ochemistry for the isosorbide-based carbonate units of for 
mula III is not particularly limited. Speci?cally, isosorbide 
has the general formula III: 

(III) 

fr OH 

and can be a single diol isomer or mixture of diol isomers. 
The stereochemistry for the isosorbide of formula III is 
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10 
also not particularly limited. These diols may be pre 
pared by the dehydration of the corresponding hexitols. 
Hexitols are produced commercially from the corre 
sponding sugars (aldohexose). Aliphatic diols of for 
mula 111 include 1,4:3,6-dianhydro-D glucitol, of for 
mula IV; 1,4:3,6-dianhydro-D mannitol, of formula V; 
and 1,4:3,6-dianhydro-L iditol, of formula VI, and any 
combination thereof. lsosorbides are available commer 

cially from various chemical suppliers including Archer 
Daniels Midland Company, Cargill, Roquette, and 
Shanxi. 

(1V) 

(V) 

(VI) 
Ho2 H 

III“ 

The diol of formula IV may be desirable because it is rigid, 
chemically and thermally stable aliphatic diol that may be 
used to produce higher Tg copolymers than the other diols of 
formulas V and VI. 
The isosorbide may have moisture content of less than 5%. 
The isosorbide may have a pKa value of greater than 12. 
The isosorbide may be made from a biomass derived starch 

through hydrolysis, hydrogenation, and dehydration reac 
tions. For example, 

Starch 

iHydro lys is 
D- gluco se 

LHydrogenation 
S orbitol 

LDehydration 
lsosorbide 

lsosorbide provided by many commercial suppliers may 
contain sorbitol, Which may be present due to the incomplete 
conversion to isosorbide. Sorbitol may react to form sorbitol 
derived color bodies at elevated temperatures and extended 
reaction times of various reaction mixtures. The isosorbide 
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may be tested for the presence of sorbitol and treated to 
reduce the concentration of sorbitol prior to polymerization. 
The isosorbide may be treated to reduce the concentration of 
sorbitol regardless of Whether it is present or not. The sorbitol 
content in isosorbide may be measured by an organic purity 
measurement method such as chromatography. Such chro 
matographic methods include gas chromatography, and high 
performance liquid chromatography. 

(d) Bisphenol Polymer Unit 
The bisphenol polymer structural unit may have the fol 

loWing formula (VII): 

(v11) 
HO 

Wherein R is selected from the group consisting of a hydro 
gen, a C1-C6 alkyl, and an aromatic compound. The aromatic 
compound may be a substituted aromatic, such as a phenol. 
The phenol may be substituted. The aromatic compound may 
be substituted With a hydroxyl, alkoxy, alkoxycarbonyl, ary 
lalkyl, halogen, sul?de, sulfate, nitrate, amino, nitrile, and/or 
nitro group. The aromatic compound may contain alkyl sub 
stituents of one or more carbon atoms per alkyl substituent. 
The aromatic compounds may be mono-nuclear or poly 
nuclear and may contain one or more alkyl substituents. For 
example, the second reactant may be a mono-, di-, tri, or 
tetra-alkyl substituted aromatic hydrocarbon, such as a dim 
ethylbenZene, trimethylbenZene, dimethylnaphthalene, trim 
ethylnaphthalene, tetramethylnaphthalene, diethylbenZene, 
mono-methylbenZene, monoethylbenZene, monomethyl 
naphthalene, diethylnaphthalene, methylphenanthrene, dim 
ethyl anthracene, dimethylpyrene, tetraethyl phenanthrene, 
dimethylchrysene, tetraethyl pyrene, trimethyl anthracene, 
diethyl-dimethyl phenanthrene, methyl ethylbenZene, methyl 
ethyl naphthalene, and the like. The alkyl substituent may 
have 2 or more carbon atoms. The aromatic compound may 
be heterocyclic. 

The second reactant may have a pKa value such that, When 
the second reactant reacts With the ?rst reactant, a bisphenol 
is produced that has a pKa value of betWeen 8 and 11. The 
second reactant may be methyl-4-hydroxybenZoate. 

(e) Other Monomers 
The one or more isosorbide-bisphenol structural monomer 

unit(s) described above, Which may be identical or different, 
may be polymerized With one or more other non-isosorbide 
containing monomer compounds (“other monomers”) (e. g. a 
second, third, fourth, ?fth, sixth, etc., monomer compound). 
The other monomer(s) or compounds may be optionally 
selected for incorporation into the product polymer. There 
fore, the polymers or polycarbonates may be isosorbide-con 
taining copolymers. 

The isosorbide-bisphenol monomers and other monomers 
may be randomly incorporated into the polymer. For 
example, the copolymer may be arranged in an alternating 
sequence folloWing a statistical distribution, Which is inde 
pendent of the mole ratio of the structural units present in the 
polymer chain. A random copolymer may have a structure, 
Which can be indicated by the presence of several block 
sequences of isosorbide-containing monomers (I-I) and other 
monomers (0-0) and alternate sequences (I-O) or (O-I), that 
folloW a statistical distribution. In a random x:(l —x) copoly 
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12 
mer, Wherein x is the mole percent of the other monomer(s) 
and l-x is the mole percent of the isosorbide-containing 
monomer, one can calculate the distribution of each monomer 

using peak area values determined by 13C NMR, for 
example. 
The copolymer may have alternating copolymers With 

regular alternating I and 0 units (-I-O-I-O-I-O-I-O-), I and 0 
units arranged in a repeating sequence (eg a periodic copoly 
mer having the formula: (I—O-I-O-O-I-I-I-I-O-O-O)n)). The 
copolymer may be a statistical copolymer in Which the 
sequence of monomer residues folloWs a statistical rule. For 
example, if the probability of ?nding a given type monomer 
residue at a particular point in the chain is equal to the mole 
fraction of that monomer residue in the chain, then the poly 
mer may be referred to as a truly random copolymer. The 
copolymer may be a block copolymer that comprises tWo or 
more homopolymer subunits linked by covalent bonds (-I-I 
I-I-I-O-O-O-O-O-). The union of the homopolymer subunits 
may require an intermediate non-repeating subunit, knoWn as 
a junction block. Block copolymers With tWo or three distinct 
blocks are called diblock copolymers and triblock copoly 
mers, respectively. 
The other monomer may be a dihydroxy compound. The 

dihydroxy compound may be represented by formula (II): 

(11) 
HO OH 

/ 

Wherein Z may be an aromatic compound or an aliphatic 
compound. 
The dihydroxy compound may be a 4,4'(3,3,5-trimethyl 

cyclohexylidene)diphenol; a 4,4'-bis(3 ,5 -dimethyl)diphenol, 
a l,l-bis(4—hydroxy-3—methylphenyl)cyclohexane, a l,l-bis 
(4'hydroxy-3‘methylphenyl)cyclohexane (DMBPC), a 4,4' 
l —methyl-4-(l -methyl-ethyl)- l ,3 -cyclohexandiyl]bisphenol 
(1,3 BHPM), a 4-[1—[3-(4—hydroxyphenyl)-4-methylcyclo 
hexyl]-l-methyl-ethyl]-phenol (2,8 BHPM), a 3,8-dihy 
droxy-5a, 1 0b -diphenyl-coumarano-2',3',2,3 -coumarane 
(DCBP), a 2-phenyl-3,3-bis(4-hydroxyphenyl)heptane, a 
2,4'-dihydroxydiphenylmethane, a bis(2-hydroxyphenyl) 
methane, a bis(4-hydroxyphenyl)methane, a bis(4-hydroxy 
5-nitrophenyl)methane, a bis(4-hydroxy-2,6-dimethyl-3 
methoxyphenyl)methane, a l , l -bis(4-hydroxyphenyl) 
ethane, a l,l-bis(4 -hydroxy-2 -chlorophenyl)ethane, a 2,2-bis 
(4-hydroxyphenyl)propane (BPA), a 2,2-bis(3-phenyl-4 
hydroxyphenyl)propane, a 2,2-bis(4-hydroxy-3 
methylphenyl)propane, a 2,2-bis(4—hydroxy-3-ethylphenyl) 
propane, a 2,2-bis(4-hydroxy-3-isopropylphenyl)propane, a 
2,2-bis(4-hydroxy-3,5-dimethylphenyl)propane, a 2,2-bis(3, 
5,3',5'-tetrachloro—4,4'-dihydroxyphenyl)propane, a bis(4 
hydroxyphenyl)cyclohexymethane, a 2,2-bis(4-hydroxyphe 
nyl)-l-phenylpropane, a 2,4-dihydroxyphenyl sulfone, 4,4' 
dihydroxydiphenylsulfone (BPS), bis(4-hydroxyphenyl) 
methane (bisphenol F, BPF), a 4,4'dihydroxy-l,l-biphenyl, 
2,6-dihydroxy naphthalene, a hydroquinone, a resorcinol, a 
Cl-3 alkyl-substituted resorcinol, a 3-(4-hydroxyphenyl)-l, 
1,3-trimethylindan-5-ol, a l-(4-hydroxyphenyl)-l,3,3-trim 
ethylindan-5-ol, or a 2,2,2',2'-tetrahydro-3,3,3',3'-tetram 
ethyl-l,l'-spirobi[lH-indene]-6,6'-diol. The dihydroxy 
compound may be 1,3-propylene glycol, l,2-propylene gly 
col, 2,2-diethyl-1,3-propanediol, 2,2-dimethyl-l,3-pro 
panediol, 2-ethyl-2-butyl-1,3-polypropanediol, 2-ethyl-2 
isobutyl-l ,3-propanediol, 1,3-terbutanediol, l,4-butanediol, 
1,5-pentanediol, 1,6-hexanediol, 2,2,4-tnmethyl-l,6-hex 
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anediol, 1,3-cyclohexanedimethanol, 1,4-cyclohex 
anedimethanol, or a 2,2,4,4-tetramethyl-1,3-cyclobutane 
diol. 

The isosorbide-bisphenol may be polymerized to form a 
homopolymer, the isosorbide-bisphenol may be polymerized 
With one or more other isosorbide-bisphenol structural units 
and/or it may be polymerized With one or more other non 
isosorbide-containing monomers to form a copolymer. The 
homopolymers may be manufactured by selecting and react 
ing a single polymerizable isosorbide-containing monomer. 
Copolymers can be manufactured by selecting and reacting 
tWo or more different polymerizable monomers, Wherein at 
least one monomer is an isosorbide-containing monomer, 
such as isosorbide bisphenol-containing structural unit. The 
isosorbide-containing polymer may be a polycarbonate, a 
polyurethane, a polyurea, a polyarylate, a polyester, a poly 
ether, a polyetheramide, a polyformal, and a polyphenylene 
ether. 

The polycarbonate may be 

0 

o oLzj/oYg 
o o ’ 

d O O 
0 

wherein n is greater than 1. 
The polycarbonate may be 

0 O 
O 

0 £27 0 O 

O 

Wherein z is an aromatic compound and n is greater than 1. 
The polymer may have a Weight average molecular Weight 

(MW) of about 3,000 to about 150,000, of about 10,000 to 
about 125,000, of about 50,000 to about 100,000, or of about 
75,000 to about 90,000, and a glass transition temperature 
(Tg) of about 80° C. to about 300° C., of about 100° C. to 
about 275° C., of about 125° C. to about 250° C., of about 
150° C. to about 225° C., or ofabout 175° C. to about 200° C. 
The polymer may have a high mechanical strength. The elas 
tic modulus may be about 2.0 GPa to about 6 Gpa or about 3 .0 
GPa to about 5 Gpa, as determined by, for example, an instru 
mented indentation technique. The polymer may have a hard 
ness of about 150 MPa to about 350 MPa, of about 200 MPa 
to about 325 MPa, of about 225 MPa to about 300 MPa, or of 
about 250 MPa to about 275 MPa. The polymer may have a 
Fries product concentration of less than about 500 ppm, less 
than about 400 ppm, less than about 300 ppm, less than about 
200 ppm, or less than about 100 ppm. The Fries product 
concentration may be determined by high performance liquid 
chromatography (HPLC). The polymer may exhibit loWer 
refractive index (RI), higher scratch resistance and/or loWer 
oxygen permeability compared to conventional homo- or 
copolymers. The polymer may be optically active. 

The herein described polymers may be blended With other 
polymers, such as thermoplastics and thermosets. The herein 
described polymers may be blended With polycarbonates 
including, but not limited to, conventional BPA polycarbon 
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14 
ate and polycarbonates made using monomers such as resor 
cinol, 1,1-bis(4'-hydroxy-3'methyl phenyl)cyclohexane and 
4,4'[1-methyl-4-(1-methylethyl)-1,3-cyclohexandiyl] 
bisphenol. The herein described polymers may be blended 
With an aliphatic polyester. The aliphatic polyester may be 
polycyclohexylidene cyclohexanedicarboxylate (PCCD). 

(2) Components of Polymer 2 
Polymer 2 may be an isosorbide based polycarbonate With 

an optional aliphatic-diol base. The polycarbonate may be a 
homopolycarbonate or a copolycarbonate having repeating 
structural carbonate units of: 

(A) 
o 

Wherein the R1 groups are derived from a dihydroxy com 
pound that can be aliphatic, aromatic, or a combination of 
these. 

The polycarbonate described herein may have an isorbide 
Weight percent of 100%. 

The polycarbonate may be a combination of an isosorbide 
and diol; or isosorbide/diol/aliphatic base. The polycarbonate 
may comprise isosorbide units in a Wt % amount of 50 to 
100%, 60 to 100%, 70 to 100% of the total Weight of the diol 
5%, betWeen 65 and 70%, betWeen 70 and 75%, betWeen 75 
and 80%, betWeen 80% and 85%, betWeen 85% and 90%, or 

O 

T 
O 

O O 

n 

and diacid used to make the polycarbonate. The polycarbon 
ate may comprise isosorbide units in a mol % betWeen 60 and 
6betWeen 90 and 95% of the total Weight of the diol and diacid 
used in the polycarbonate. The isosorbide Wt % may be 70, 
71, 72, 73, 74, 75, 76, 77, 78, 78, 79, 80, 81, 82, 83, 84, 85 or 
86%. Examples of isosorbide-aliphatic-diol based polycar 
bonates also may include, but are not limited to, those 
described in Us. Patent Pub. Appl. No. 2009/0105444, the 
contents of Which are fully incorporated herein by reference. 
The aliphatic-diol based polycarbonates in Which R1 

groups of carbonate units of formula (A) comprise aliphatic 
groups, and in particular fused cyclic alkyloxy groups, such 
as those based on fused furan ring structures found in ali 
phatic diols such as isosorbide. Speci?cally, the isosorbide 
based polyester-polycarbonate comprising isosorbide-based 
carbonate units shoWn in formula (B): 

(B) 

(a) lsosorbide 
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The isosorbide unit may be derived from an isosorbide, a 
mixture of isosorbide, a mixture of isomers of isosorbide, 
and/or from individual isomers of isosorbide. The stere 
ochemistry for the isosorbide-based carbonate units of for 
mula III is not particularly limited. Speci?cally, isosorbide 
has the general formula (C): 

(C) 

fr OH 

and can be a single diol isomer or mixture of diol isomers. 
The stereochemistry for the isosorbide of formula C is 
also not particularly limited. These diols may be pre 
pared by the dehydration of the corresponding hexitols. 
Hexitols are produced commercially from the corre 
sponding sugars (aldohexose). Aliphatic diols of for 
mula 3 include 1,4:3,6-dianhydro-D glucitol, of formula 
D; 1,4:3,6-dianhydro-D mannitol, of formula E; and 
1,4:3,6-dianhydro-L iditol, of formula F, and any com 
bination thereof. Isosorbides are available commercially 
from various chemical suppliers including Archer 
Daniels Midland Company, Cargill, Roquette, and 
Shanxi. 

(D) 

(E) 

(F) 

‘on. Ill“ 

The diol of formula IV may be desirable because it is rigid, 
chemically and thermally stable aliphatic diol that may be 
used to produce higher Tg copolymers than the other diols of 
formulas E and F. 

The polycarbonate, including the isosorbide-based poly 
carbonate as disclosed herein, can comprise a further carbon 
ate unit derived from a dihydroxy compound, such as for 
example a bisphenol, that differs from the aliphatic diol of 
formula (C). In one embodiment, each further R1 group in 
formula (A) is a divalent aromatic group, for example derived 
from an aromatic dihydroxy compound of the formula (G): 

HO-AI-YI-AZ-OH (G) 
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Wherein each of A1 and A2 is a monocyclic divalent arylene 
group, andYl is a single bond or a bridging group having one 
or tWo atoms that separate A1 from A2. In an exemplary 
embodiment, one atom separates A1 from A2. In another 
embodiment, When each of A1 and A2 is phenylene, Y1 is 
para to each of the hydroxyl groups on the phenylenes. Illus 
trative non-limiting examples of groups of this type are 
40*, iSi, iS(O)i, iS(O)2-, iC(O)i, methylene, 
cyclohexyl-methylene, 2-[2.2.1]-bicycloheptylidene, eth 
ylidene, isopropylidene, neopentylidene, cyclohexylidene, 
cyclopentadecylidene, cyclododecylidene, and adamantyl 
idene. The bridging group Y1 can be a hydrocarbon group or 
a saturated hydrocarbon group such as methylene, cyclohexy 
lidene, or isopropylidene. 

Polymers of isosorbide contents of 50 Weight percent (Wt 
%) to 100 Wt % isosorbide (i.e., With high biocontent) can be 
dif?cult to process because of the high Tg that accompanies 
homogeneous blocks of isosorbide carbonate units, Where 
isosorbide homopolymer is expected to have a Tg in the range 
of 165 to 1700 C. Therefore compositions With isosorbide are 
expected to possess a someWhat higher Tg compared to simi 
lar compositions based on BPA. Such runs of isosorbide 
carbonate units can require high processing temperatures of 
greater than or equal to 2800 C., Which can lead to degradation 
of the isosorbide carbonate units and thus the polycarbonate 
overall. In addition, isosorbide homopolymers, or isosorbide 
based polycarbonates With high isosorbide carbonate unit 
content (translating to isosorbide block lengths of greater 
than about 20 isosorbide units) and prepared by interfacial 
polymeriZation methods can crystallize, making them more 
dif?cult to process than either isosorbide copolymers or non 
isosorbide containing polycarbonates such as, for example, 
bisphenol A homopolycarbonate. Polymers With less than 50 
Wt % isosorbide are knoWn, but by de?nition also have 
reduced biocontent. 
The herein described polymer 2 may have an isosorbide 

mol % of betWeen 60 and 65%, betWeen 65 and 70%, betWeen 
70 and 75%, betWeen 75 and 80%, betWeen 80 and 85%, 
betWeen 85 and 90%, orbetWeen 90 and 95%. Polymer 2 may 
have an isosorbide Wt % of 80, 81, 82, 83, 84, 85, 86, 87, 88, 
89, or 90%. 
The herein described polymer 2 may have an amount of 

biocontent that is derived from the presence of a biologically 
based unit. The biologically-based unit may be a biologically 
derived monomer. The biologically based unit may be derived 
from a plant, for example. The plant may be any plant, such as 
a starch-based plant, sugar cane, corn, etc. The biologically 
based unit may be isosorbide. At least 20 Weight %, 25 Weight 
%, 30 Weight %, 35 Weight %, 40 Weight %, 45 Weight %, 50 
Weight %, 55 Weight %, 60 Weight % or 65 Weight % of the 
polymer, or composition derived therefrom, may be a biologi 
cally-based unit. The polymer, or any composition derived 
therefrom, may have at least 20 Weight percent of isosorbide 
and/or a recyclable polymer. 

(b) Bisphenol 
Included Within the scope of formula (G) are bisphenol 

compounds of general formula (H): 

(H) 
(RAW (Rb)q 
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wherein Ra and Rb each represent a halogen atom or a 
monovalent hydrocarbon group and can be the same or dif 
ferent; p and q are each independently integers of 0 to 4; and 
Xa represents a single bond or one of the groups of formulas: 

(I) 

(I) 

Wherein Rc and Rd are each independently are each indepen 
dently hydrogen, Cl -l2 alkyl, Cl-l2 cycloalkyl, C7-l2 ary 
lalkyl, Cl-l2 heteroalkyl, or cyclic C7-l2 heteroarylalkyl, 
and Re is a divalent Cl -l2 hydrocarbon group. In particular, 
Rc and Rd are each the same hydrogen or Cl-4 alkyl group, 
speci?cally the same Cl-3 alkyl group, even more speci? 
cally, methyl. 

In an embodiment, Rc and Rd taken together represent a 
C3 -20 cyclic alkylene group or a heteroatom-containing 
C3-20 cyclic alkylene group comprising carbon atoms and 
heteroatoms With a valency of tWo or greater. These groups 
can be in the form of a single saturated or unsaturated ring, or 
a fused polycyclic ring system Wherein the fused rings are 
saturated, unsaturated, or aromatic. A speci?c heteroatom 
containing cyclic alkylene group comprises at least one het 
eroatom With a valency of 2 or greater, and at least tWo carbon 
atoms. Exemplary heteroatoms in the heteroatom-containing 
cyclic alkylene group include 40*, iSi, and iN(Z)i, 
Where Z is a substituent group selected from hydrogen, 
hydroxy, Cl -l2 alkyl, Cl- 1 2 alkoxy, or Cl -l2 acyl. 

In a speci?c exemplary embodiment, Xa is a substituted 
C3-l 8 cycloalkylidene of the formula (K): 

(K) 

Wherein each Rr, Rp, Rq, and Rt is independently hydrogen, 
halogen, oxygen, or Cl-l2 organic group; I is a direct bond, a 
carbon, or a divalent oxygen, sulfur, or iN(Z)i Wherein Z 
is hydrogen, halogen, hydroxy, Cl -l2 alkyl, Cl -l2 alkoxy, or 
Cl-l2 acyl; h is 0 to 2,j is l or 2, i is an integer ofO or 1, and 
k is an integer of 0 to 3, With the proviso that at least tWo of Rr, 
Rp, Rq, and Rt taken together are a fused cycloaliphatic, 
aromatic, or heteroaromatic ring. It Will be understood that 
Where the fused ring is aromatic, the ring as shoWn in formula 
(K) Will have an unsaturated carbon-carbon linkage Where the 
ring is fused. When k is l and i is 0, the ring as shoWn in 
formula (K) contains 4 carbon atoms, When k is 2, the ring as 
shoWn contains 5 carbon atoms, and When k is 3, the ring 
contains 6 carbon atoms. In one embodiment, tWo adjacent 
groups (e. g., Rq and Rt taken together) form an aromatic 
group, and in another embodiment, Rq and Rt taken together 
form one aromatic group and Rr and Rp taken together form 
a second aromatic group. 
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When k is 3 and i is 0, bisphenols containing substituted or 

unsubstituted cyclohexane units are used, for example 
bisphenols of formula (L): 

(L) 
(Rg)l 

Wherein substituents Ra' and Rb' can be aliphatic or aromatic, 
straight chain, cyclic, bicyclic, branched, saturated, or unsat 
urated, and Rg is Cl -l2 alkyl or halogen, r and s are indepen 
dently integers from 0 to 4, andt is an integer of 0 to 10. It Will 
be understood that hydrogen ?lls each valency When r is 0, s 
is 0, and t is 0. In one embodiment, each Ra' and Rb' is 
independently Cl -l2 alkyl. In a speci?c embodiment, Where 
r and/ or s is l or greater, at least one of each of Ra' and Rb' are 
disposed meta to the cyclohexylidene bridging group. The 
sub stituents Ra', Rb', and Rg may, When comprising an appro 
priate number of carbon atoms, be straight chain, cyclic, 
bicyclic, branched, saturated, or unsaturated. In a speci?c 
embodiment, Ra', Rb', and Rg are each C1_4 alkyl, speci?cally 
methyl. In still another embodiment, Ra', Rb', and Rg is a 
Cl -3 alkyl, speci?cally methyl, r and s are 0 or 1, andt is 0 to 
5, speci?cally 0 to 3. Useful cyclohexane-containing bisphe 
nols of formula (L) Where t is 3, r and s are 0, and Rg is methyl 
include, for example those derived from the reaction product 
of tWo moles of a phenol With one mole of a hydrogenated 
isophorone such as e. g., 3,3,5-trimethylcyclohexanone, are 
useful for making polycarbonate polymers With high glass 
transition temperatures and high heat distortion temperatures. 
Such isophorone-bridged, bisphenol-containing polycarbon 
ates, or a combination comprising at least one of the forego 
ing With other bisphenol polycarbonates, can be obtained 
from Bayer Co. under the APEC® trade name. 
Some illustrative, non-limiting examples of suitable 

bisphenol compounds include the folloWing: 4,4'-dihydroxy 
biphenyl, l,6-dihydroxynaphthalene, 2,6-dihydroxynaphtha 
lene, bis(4-hydroxyphenyl)methane, bis(4-hydroxyphenyl) 
diphenylmethane, bis(4 -hydroxyphenyl)- l - 
naphthylmethane, l,2-bis(4 -hydroxyphenyl)ethane, l,l-bis 
(4 -hydroxyphenyl)-l -phenylethane, 2-(4 -hydroxyphenyl) -2 
(3 -hydroxyphenyl)propane, bis(4-hydroxyphenyl) 
phenylmethane, 2,2-bis(4-hydroxy-3-bromophenyl) 
propane, l,l-bis(hydroxyphenyl)cyclopentane, l,l-bis(4 
hydroxyphenyl)cyclohexane, l , l -bis(4 -hydroxy-3 -methyl 
phenyl)cyclohexane l , l -bis(4-hydroxyphenyl)isobutene, 
l,l-bis(4-hydroxyphenyl)cyclododecane, trans-2,3-bis(4 
hydroxyphenyl)-2-butene, 2,2-bis(4 -hydroxyphenyl)ada 
mantine, (alpha,alpha'-bis(4-hydroxyphenyl)toluene, bis(4 
hydroxyphenyl)acetonitrile, 2,2-bis(3-methyl-4 
hydroxyphenyl)propane, 2,2-bis(3-ethyl-4-hydroxyphenyl) 
propane, 2,2-bis(3-n-propyl-4-hydroxyphenyl)propane, 2,2 
bis(3-isopropyl-4-hydroxyphenyl)propane, 2,2-bis(3-sec 
butyl-4-hydroxyphenyl)propane, 2,2-bis(3 -t-butyl-4 
hydroxyphenyl)propane, 2,2-bis(3 -cyclohexyl-4 
hydroxyphenyl)propane, 2,2-bis(3-allyl-4-hydroxyphenyl) 
propane, 2,2-bis(3-methoxy-4-hydroxyphenyl)propane, 2,2 
bis(4 -hydroxyphenyl)hexa?uoropropane, l, l -dichloro-2,2 
bis(4 -hydroxyphenyl)ethylene, l , l -dibromo-2,2-bis(4 
hydroxyphenyl)ethylene, l, l -dichloro -2,2-bis(5-phenoxy-4 
hydroxyphenyl)ethylene, 4,4'-dihydroxybenZophenone, 3,3 
bis(4 -hydroxyphenyl) -2 -butanone, l,6-bis(4 
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hydroxyphenyl)-1,6-hexanedione, ethylene glycol bis(4-hy 
droxyphenyl)ether, bis(4-hydroxyphenyl)ether, bis(4-hy 
droxyphenyl)sul?de, bis(4-hydroxyphenyl)sulfoxide, bis(4 
hydroxyphenyl)sulfone, 9,9-bis(4-hydroxyphenyl)?uorene, 
2 ,7 -dihydroxypyrene, 6, 6' -dihydroxy-3 , 3 ,3 ', 3' -tetramethyl - 
spiro(bis)indane (“spirobiindane bisphenol”), 3,3-bis(4-hy 
droxyphenyl)phthalide, 2,6-dihydroxydibenzo-p-dioxin, 
2,6-dihydroxythianthrene, 2,7-dihydroxyphenoxathin, 2,7 
dihydroxy-9, 1 0-dimethylphenazine, 3 , 6-dihydroxydibenzo 
furan, 3,6-dihydroxydibenzothiophene, and 2,7-dihydroxy 
carbazole, and the like, as Well as combinations comprising at 
least one of the foregoing dihydroxy aromatic compounds. 

Speci?c examples of the types of bisphenol compounds 
represented by formula (G) include 1,1-bis(4-hydroxyphe 
nyl)methane, 1,1-bis(4-hydroxyphenyl)ethane, 2,2-bis(4-hy 
droxyphenyl)propane (hereinafter “bisphenol A” or “BPA”), 
2,2-bis(4-hydroxyphenyl)butane, 2,2-bis(4-hydroxyphenyl) 
octane, 1,1-bis(4 -hydroxyphenyl)propane, 1,1-bis(4 -hydrox 
yphenyl)n-butane, 2,2-bis(4 -hydroxy-1 -methylphenyl)pro 
pane, 1,1-bis(4-hydroxy-t-butylphenyl)propane, 3,3-bis(4 
hydroxyphenyl)phthalimidine, 2-phenyl-3,3-bis(4 
hydroxyphenyl)phthalimidine (“PPPBP”), and 9,9-bis(4 
hydroxyphenyl)?uorene. Combinations comprising at least 
one of the foregoing dihydroxy aromatic compounds can also 
be used. 

Polymer 2 may have a bisphenol Wt % of betWeen 5 and 
10%, betWeen 10 and 15%, betWeen 15 and 20%, betWeen 20 
and 25%, betWeen 25 and 30%, betWeen 30 and 35%, 
betWeen 35 and 40%, betWeen 40 and 45%, betWeen 45 and 
50%, or betWeen 50 and 55%. Polymer 2 may have a bisphe 
nol Wt % ofless than 95%, less than 90%, less than 85%, less 
than 80%, less than 75%, less than 70%, less than 60%, less 
than 55%, less than 50%, less than 45%, less than 40%, or less 
than 35%. 

(c) Other Diols 
Other types of diols can be present in the isosorbide-based 

polycarbonate. For example, a R1 can also be further derived 
from a dihydroxy aromatic compound of formula (M): 

(R014 

Wherein each Rf is independently C1-12 alkyl, or halogen, 
and u is 0 to 4. It Will be understood that Rf is hydrogen When 
u is 0. Typically, the halogen can be chlorine or bromine. In an 
embodiment, compounds of formula (M) in Which the ‘OH 
groups are substituted meta to one another, and Wherein Rf 
and u are as described above, are also generally referred to 
herein as resorcinols. Examples of compounds that can be 
represented by the formula (M) include resorcinol (Where u is 
0), substituted resorcinol compounds such as 5-methyl resor 
cinol, 5-ethyl resorcinol, 5-propyl resorcinol, 5-butyl resor 
cinol, 5-t-butyl resorcinol, 5-phenyl resorcinol, 5-cumyl 
resorcinol, 2,4,5,6-tetra?uoro resorcinol, 2,4,5,6-tetrabromo 
resorcinol, or the like; catechol; hydroquinone; substituted 
hydroquinones such as 2-methyl hydroquinone, 2-ethyl hyd 
roquinone, 2-propyl hydroquinone, 2-butyl hydroquinone, 
2-t-butyl hydroquinone, 2-phenyl hydroquinone, 2-cumyl 
hydroquinone, 2,3,5,6-tetramethyl hydroquinone, 2,3,5,6 
tetra-t-butyl hydroquinone, 2,3,5,6-tetra?uoro hydro 
quinone, 2,3,5,6-tetrabromo hydroquinone, or the like; or 
combinations comprising at least one of the foregoing com 
pounds. 
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Various types of polycarbonates With branching groups are 

also contemplated as being useful, provided that such branch 
ing does not signi?cantly adversely affect desired properties 
of the polycarbonate. Branched polycarbonate blocks can be 
prepared by adding a branching agent during polymerization. 
These branching agents include polyfunctional organic com 
pounds containing at least three functional groups selected 
from hydroxyl, carboxyl, carboxylic anhydride, haloformyl, 
and mixtures of the foregoing functional groups. Speci?c 
examples include trimellitic acid, trimellitic anhydride, trim 
ellitic trichloride, tris-p-hydroxy phenyl ethane, isatin-bis 
phenol, tris-phenol TC (1,3,5-tris((p-hydroxyphenyl)isopro 
pyl)benzene), tris-phenol PA (4(4(1,1-bis(p 
hydroxyphenyl)-ethyl)alpha, alpha-dimethyl benzyl) 
phenol), 4-chloroformyl phthalic anhydride, trimeric acid, 
and benzophenone tetracarboxylic acid. The branching 
agents can be added at a level of about 0.05 to about 2.0 Wt %. 
Mixtures comprising linear polycarbonates and branched 
polycarbonates can be used. 

Polycarbonates, including the isosorbide-based polyester 
polycarbonate, also includes copolymers comprising carbon 
ate units and other types of polymer units, including ester 
units, and combinations comprising at least one of homopoly 
carbonates and copolycarbonates. A speci?c type of polycar 
bonate copolymer of this type is a polyester carbonate, also 
knoWn as a polyester-polycarbonate. Such copolymers fur 
ther contain, in addition to recurring carbonate chain units of 
the formula (A), carbonate units derived from oligomeric 
ester-containing dihydroxy compounds (also referred to 
herein as hydroxy end-capped oligomeric acrylate esters) 
comprising repeating units of formula (N): 

0 

|| 

Wherein D is a divalent group derived from a dihydroxy 
compound, and may be, for example, a C2-120 alkylene 
group, a C6-120 alicyclic group, a C6-120 aromatic group or 
a C2-200 polyoxyalkylene group in Which the alkylene 
groups contain 2 to about 6 carbon atoms, speci?cally 2, 3, or 
4 carbon atoms; and T is a divalent group derived from a 
dicarboxylic acid, and may be, for example, a C2-120 alky 
lene group, a C6-120 alicyclic group, a C6-120 alkyl aromatic 
group, or a C6-120 aromatic group. 

Generally, polyester-polycarbonates can have the structure 
of formula (N) Where in some embodiments D is a C2-120 
alkylene group having a straight chain, branched chain, or 
cyclic (including polycyclic) structure. In other embodi 
ments, D is derived from a dihydroxy aromatic compound of 
formula (G) above. In yet other embodiments, D is derived 
from a dihydroxy aromatic compound of formula (L) above. 
In a speci?c embodiment, as disclosed herein, D is a group 
derived from an aliphatic diol of formula (C). Where the 
aliphatic chain is long, for example greater than about 18 
carbon atoms, it is necessary that it is branched to prevent 
crystallization. Thus, in a speci?c embodiment, D is a C14-20 
alkylene group having a branched chain structure, such that 
the aliphatic alkylene chain Will not crystallize in the poly 
mer. 

Examples of aromatic dicarboxylic acids that may be used 
to prepare the polyester units include isophthalic or tereph 
thalic acid, 1,2-di(p-carboxyphenyl)ethane, 4,4'-dicarboxy 
diphenyl ether, 4,4'-bisbenzoic acid, and combinations com 
prising at least one of the foregoing acids. Acids containing 
fused rings can also be present, such as in 1,4-, 1,5-, or 
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2,6-naphthalenedicarboxylic acids. Speci?c dicarboxylic 
acids are terephthalic acid, isophthalic acid, naphthalene 
dicarboxylic acid, cyclohexane dicarboxylic acid, or combi 
nations thereof. A speci?c dicarboxylic acid comprises a 
combination of isophthalic acid and terephthalic acid Wherein 
the Weight ratio of isophthalic acid to terephthalic acid is 
about 91:9 to about 2:98. In another speci?c embodiment, D 
is a C2-6 alkylene group and T is p-phenylene, m-phenylene, 
naphthalene, a divalent cycloaliphatic group, or a combina 
tion thereof. This class of polyester includes the poly(alky 
lene terephthalates). 
Where ester units are formed in the absence of other linking 

chemistry (e.g., carbonate precursors such as phosgene, or 
diaryl carbonates), the individual ester oligomeriZe to form a 
polyester unit, also referred to as a polyester block. The 
polyester unit can then be copolymeriZed in the presence of 
carbonate precursor and dihydroxy compounds to form the 
polyester-polycarbonate. The number of repeating ester units 
in a polyester unit of such a polyester-polycarbonate is typi 
cally greater than or equal to 4, speci?cally greater than or 
equal to 5, and more speci?cally greater than or equal to 8. 
Also in an embodiment, the number of ester units of formula 
(I) is less than or equal to 100, speci?cally less than or equal 
to 90, more speci?cally less than or equal to 70. It Will be 
understood that the loW and high endpoint values for the 
number of ester units of formula (I) present are independently 
combinable. In a speci?c embodiment, the number of ester 
units of formula (I) in a polyester-polycarbonate can be 4 to 
50, speci?cally 5 to 30, more speci?cally 8 to 25, and still 
more speci?cally 10 to 20. Conversely, Where ester units are 
formed in the presence of other linking chemistry such as 
carbonate precursors, a more random polyester-polycarbon 
ate can form, With individual ester units or smaller blocks of 
repeating ester units of 2 or 3, interspersed With one or more 
of the other linking chemistry (e.g. carbonate units). Overall, 
in the polyester-polycarbonate, the molar ratio of ester units 
to carbonate units in the polyester-polycarbonate copolymers 
may vary broadly, for example 1:99 to 99:1, speci?cally 
10:90 to 90:10, more speci?cally 25:75 to 75:25, depending 
on the desired properties of the ?nal composition. 

In an embodiment, the ester units of a polyester-polycar 
bonate may be derived from the reaction of a combination of 
isophthalic and terephthalic diacids (or derivatives thereof) 
With resorcinol. In another speci?c embodiment, the polyes 
ter unit of a polyester-polycarbonate is derived from the reac 
tion of a combination of isophthalic acid and terephthalic acid 
With bisphenol-A. In a speci?c embodiment, the carbonate 
units of a polyester-polycarbonate can be derived from ali 
phatic diols of formula (C). Alternatively or in addition, in an 
exemplary embodiment, the carbonate units can be derived 
from resorcinol and/or bisphenol A. In another exemplary 
embodiment, the carbonate units of the polyester-polycar 
bonate can be derived from resorcinol and bisphenol A in a 
resulting molar ratio of resorcinol carbonate units to bisphe 
nol A carbonate unit of 1 :99 to 99:1. 
As disclosed hereinabove, in a speci?c embodiment, the 

ester units are derived from an isosorbide of formula (C) to 
provide a polyester unit of formula (0): 
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Wherein T1 is a C2-118 alkylene group derived from the 
esteri?cation reaction product of a C4-120 aliphatic diacid 
With the aliphatic diol of formula (C), and Z is an integer of 
greater than or equal to 1. 

(d) Aliphatic Diacid/Fatty Acid Dimer 
As disclosed herein, the aliphatic-based polycarbonate fur 

ther comprises, in addition to carbonate units of formula (B), 
aliphatic units that are either aliphatic carbonate units derived 
from aliphatic diols not identical to formula (C) (i.e., isosor 
bide) but having greater than 13 carbons, or a combination of 
aliphatic ester units derived from aliphatic diacids having 
greater than 13 carbons, in combination With isosorbide and 
aliphatic diols having greater than 13 carbons. Speci?cally, an 
isosorbide-based polycarbonate is an isosorbide-based 
copolycarbonate comprising, in addition to a carbonate unit 
of formula (B), an additional aliphatic carbonate unit derived 
from an aliphatic diol of greater than 13 carbons; or the 
isosorbide-based polycarbonate is an isosorbide-based poly 
ester-polycarbonate comprising, in addition to a carbonate 
unit of formula (B), an ester unit of formula (0) in Which T1 
of the ester unit of an isosorbide-based polyester polycarbon 
ate is derived from an aliphatic diacid of greater than 13 
carbon atoms, and isosorbide and/or an aliphatic diol having 
greater than 13 carbons. Thus, in a speci?c embodiment, the 
isosorbide-based polycarbonate comprises aliphatic units 
derived from a C14-44 aliphatic diacid, C14-44 aliphatic diol, 
or combination of these. 
The C14-44 aliphatic diacid or C14-44 aliphatic diol is 

each linear or branched, difunctional alkylene or alkenylene 
compounds that have the basic formula (P): 

Wherein each X represents a carboxylic acid (4C(O)OH) or 
methylol (iCH2OH) functional group (Where each com 
prises a single carbon atom). In an embodiment, each X in 
formula (10) is the same. Also in formula (P), L represents a 
linking group of greater than 11 carbon atoms. More speci? 
cally, L is a branched C12-42 alkylene or C12-42 alkenylene 
group. L may also include cyclic carbon substructures, spe 
ci?cally monocyclic, polycyclic, or fused polycyclic C3-12 
cycloalkyl, C3-12 cycloalkenyl, C3-12 cycloalkylidenyl, 
C3-12 cycloalkylene, or C3-12 cycloalkenylene groups. In a 
speci?c embodiment, L is a C12-42 alkylene group compris 
ing tWo alkyl branches. In a speci?c embodiment, the com 
pound of formula (P) can be a branched, dimeric C36 or C44 
fatty acid or alcohol. In another embodiment, the compound 
of formula (P) is a branched or linear C13-18 dimeric fatty 
acid or alcohol. A C36 or C44 dimeric fatty acid or alcohol 
must be branched to prevent crystallization of the alkylene or 
alkenylene chain. 
The aliphatic diacid can be a branched chain dicarboxylic 

acid, and can if desired contain a cyclic group. Speci?cally, in 
an embodiment, the aliphatic diacid is a C14-44 aliphatic 
diacid or derivative thereof comprising the formula (Q): 

Where m and m' are independently 0 to 38, n and n' are 
independently 0 to 38, and the sum m+m'+n+n' is an integer 
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from 8 to 38. In a speci?c embodiment, a C36 aliphatic diacid 
has the structure of formula (Q), Where m and m' are inde 
pendently 0 to 30, n and n' are independently 0 to 30, and the 
sum m+m'+n+n' is 30. In another speci?c embodiment, a C36 
aliphatic diacid has the structure of formula (Q), Where each 
m and m' is independently 5 to 10, each n and n' is indepen 
dently 5 to 10, and the sum m+m'+n+n' is 30. In an exemplary 
embodiment, m and m' are independently 7 or 8, n and n' are 
independently 7 or 8, and the sum m+m'+n+n' is 30. In a 
speci?c embodiment, a C44 aliphatic diacid has the structure 
of formula (Q), Where m and m' are independently 0 to 30, n 
and n' are independently 0 to 30, and the sum m+m'+n+n' is 
3 8. In an exemplary embodiment, m and m' are independently 
12 or 13, n and n' are independently 6 or 7, and the sum 
m+m'+n+n' is 38. Such diacids are also referred to generally 
as dimeric fatty acids, and may be derived from the conden 
sation of readily available biologically-derived feedstocks. 

Polymer 2 may have a dimeric fatty acid mol % content of 
betWeen 2 mol % and 8 mol %, betWeen 5 mol % and 10 mol 
%, between 10 mol % and 15 mol %, between 15 mol % and 
20 mol %, betWeen 20 mol % and 25 mol %, betWeen 25 mol 
% and 30 mol %, betWeen 30 mol % and 35 mol %, betWeen 
35 mol % and 40 mol %, or betWeen 40 mol % and 45 mol %. 
Polymer 2 may have a dimeric fatty acid content of 5 mol %, 
6 mol %, 7 mol %, 8 mol %, 9 mol %, or 10 mol %. Polymer 
2 may have a dimeric fatty acid content of less than 50 mol %, 
40 mol %, 30 mol %, 20 mol %, 10 mol % or 5 mol %. 
Polymer 2 may have a dimeric fatty acid content of 0 mol %, 
1 mol %, 2 mol %, 3 mol %, or 4 mol %. 

In a speci?c embodiment, an isosorbide-based polyester 
polycarbonate can comprise ester units having the formula 
(R) 

Where m, m', n, and n' and the sum of these are as described for 
formula (Q), and Z is an integer of greater than or equal to 1. 
In an exemplary embodiment, in formula (R), each m and m' 
is independently 7 or 8, each n and n' is independently 7 or 8, 
and the sum m+m'+n+n' is 30. 

CH3 

(CHZM 

—O 
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In another embodiment, the isosorbide-based polycarbon 
ate is an isosorbide-based copolycarbonate comprising car 
bonate units derived from an aliphatic diol having greater 
than 13 carbon atoms. In an embodiment, the aliphatic diol is 
a Cl4-44 aliphatic diol of formula (S): 

65 
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CH3 

Where t and t' are independently 0 to 38, u and u' are indepen 
dently 0 to 38, and the sum t+t'+u+u' is an integer from 8 to 38. 
In a speci?c embodiment, a C36 aliphatic diol has the struc 
ture of formula (S), Where t and t' are independently 0 to 30, 
u and u' are independently 0 to 30, and the sum t+t'+u+u' is 30. 
In another speci?c embodiment, a C36 aliphatic diol has the 
structure of formula (S), Where eacht and t' is independently 
5 to 10, each u and u' is independently 5 to 10, and the sum 
t+t'+u+u' is 30. In an exemplary embodiment, a C36 aliphatic 
diol has the structure of formula (S), Where t and t' are inde 
pendently 7 or 8, u and u' are independently 7 or 8, and the 
sum t+t'+u+u' is 30. In another speci?c embodiment, a C44 
aliphatic diol has the structure of formula (12), Where t and t' 
are independently 0 to 30, u and u' are independently 0 to 30, 
and the sum t+t'+u+u' is 38. In an exemplary embodiment, a 
C44 aliphatic diol has the structure of formula (S) Where t and 
t' are independently 12 or 13, u and u' are independently 6 or 
7, and the sum t+t'+u+u' is 38. 

In a speci?c embodiment, the isosorbide-based copolycar 
bonate comprises, in addition to a carbonate unit of formula 
(B), a carbonate unit of formula (T): 

CH3 

Wherein t, t', u, and u', and the sum of these, is as de?ned for 
formula (S), and W is an integer of greater than or equal to 1. 

In another speci?c embodiment, the isosorbide-based 
polyester-polycarbonate can include, in addition to carbonate 
units of both formulas (B) and (T) and ester units of formula 
(R), ester units of formula (U): 

CH3 

O (CH;),, O 

(CHZM 

CH3 
2 

Where m, m', n, and n' and the sum of these are as described for 
formula (U), t, t', u, and u' and the sum of these are as 
described for formula (S), and Z is an integer of greater than or 
equal to 1. In an exemplary embodiment, in formula (U), each 
m, m', t, and t' is independently 7 or 8, each n, n', u, and u' is 
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independently 7 or 8, and each of the sums m+m'+n+n' and 
t+t'+u+u' is 30. 

In an embodiment, a useful aliphatic diacid or diol having 
greater than or equal to 13 carbons can be derived from the 
addition reaction of tWo unsaturated aliphatic acids. “Unsat 
urated”, as used herein, can mean monounsaturated, diunsat 
urated, triunsaturated, polyunsaturated, or a combination of 
at least one of the foregoing. It Will be understood that for 
unsaturated sites in the aliphatic diacid, the cis isomer, trans 
isomer, or a combination of cis and trans isomers can be 
present Within reactant unsaturated aliphatic acid (such as 
Where a single aliphatic diacid can have at least one each of a 
cis and trans isomeriZed double bond), or different isomers of 
unsaturated aliphatic acids may be combined (such as Where 
a combination of a trans aliphatic acid and a cis aliphatic acid 
is used). Aliphatic acids that can be reacted to form the ali 
phatic diacid can include C3-37 unsaturated acids, speci? 
cally C4-30 unsaturated acids, more speci?cally C6-22 unsat 
urated acids, and still more speci?cally C12-22 unsaturated 
acids, provided the combined number of carbons in the 
reacted unsaturated acids is selected such that the resulting 
aliphatic diacid is a C14-44 diacid. 

Exemplary unsaturated acids include unsaturated fatty 
acids derived from plant oils including sun?ower oil, rape 
seed oil, tall oil, castor bean oil, soybean oil, and the like. 
Speci?c unsaturated aliphatic acids include isomers of 
octenoic acids, nonenoic acid, decenoic acid, undecenoic 
acids, and dodecenoic acids; C14 unsaturated acids such as 
myristoleic acid (unsaturated at C9-C10); C16 unsaturated 
acids such as palmitoleic acid (unsaturated at C9-C10); C18 
unsaturated acids such as oleic acid (unsaturated at C9-10), 
vaccenic acid (unsaturated at C11-C12), linoleic acid (unsat 
urated at C9-C10 and C12-C13), alpha-linoleic acid (unsat 
urated at C9-C10, C12-C13, C15-C16), and arachidinoic 
acid; C20 acids such as gadoleic acid (unsaturated at C9-C10) 
and eicosapentaenoic acid (With 4 unsaturation sites); C22 
acids such as erucic acid (unsaturated at C14-C15) and 
docosahexaneoic acid (With 6 unsaturation sites). Combina 
tions of the foregoing can be used. In a speci?c embodiment, 
a useful aliphatic diacid is a C36 aliphatic diacid that can be 
obtained from the reaction of tWo C18 unsaturated acids, such 
as oleic acid, linoleic acid, or a combination of these. In 
another speci?c embodiment, a useful aliphatic diacid is a 
C44 aliphatic diacid. In a further speci?c embodiment, a C44 
aliphatic diacid can be prepared by dimeriZation of erucic 
acid. 

Reaction of tWo unsaturated aliphatic acids can be accom 
plished by a carbon-carbon bond forming reaction betWeen 
unsaturated sites in different unsaturated aliphatic acids, and 
can result in formation of a single bond, multiple single bonds 
(Where an at least diunsaturated aliphatic monomer is used), 
cyclodimeriZation to form a bridging carbocycle, or other 
such carbon-carbon bonding betWeen the unsaturated ali 
phatic acids. It Will be understood that such reactions can 
produce a mixture of products and isomers, and that all such 
combinations of products and isomers are contemplated here 
With. The reaction betWeen unsaturated diacids may be 
accomplished by radical initiation, metal catalysis, photoini 
tiation, acid catalysis, or any suitable method. In an embodi 
ment, the reaction of unsaturated aliphatic acids to form a 
C14-44 aliphatic diacid can be effected by use of a catalytic 
inorganic material including a clay having catalytic proper 
ties such as Montmorillonite. It is also possible that the ali 
phatic diacid can be derived from the condensation of tWo 
shorter chain unsaturated aliphatic acids such as, for example, 
acrylic acid, methacrylic acid, crotonic acid, or the like, With 
one or more unsaturated compounds that do not have acid 
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groups. It is desirable that the C14-44 aliphatic diacid group 
is derived from plant based biological sources (such as e.g., 
vegetable oils), but may also be preparable from other com 
mercially available feedstocks such as petroleum derivatives, 
coal extracts, animal sources, other plant sources such as 
timber, and the like, and so should not be considered as 
limited to vegetable or crop sources. Dimer fatty acids 
derived from natural sources are available commercially from 
chemical suppliers including Uniqema, Cognis, and Oleon. 

(e) Polymer 2 Characteristics 
The relative amount of each type of carbonate and/or ester 

unit present in the isosorbide-based polycarbonate Will 
depend on the desired properties of the copolymer. In general, 
the isosorbide-based polycarbonate or polyester-polycarbon 
ate Will comprise 55 to 97.5 mol %, speci?cally 60 to 95 mol 
%, even more speci?cally 65 to 90 mol % of isosorbide units 
including carbonate units of formula (B) or ester units of 
formula (0). In an embodiment, the isosorbide carbonate or 
ester units are derived from the isosorbide of formula (C). In 
an embodiment, the isosorbide-based polycarbonate or poly 
ester-polycarbonate Will comprise 2.5 to 15 mol %, speci? 
cally 3 to 13 mol %, even more speci?cally 5 to 10 mol % of 
aliphatic units, Where the aliphatic units are carbonate and/or 
ester units derived from aliphatic diols of formula (S) and/or 
aliphatic diacids of formula (Q). In an embodiment, the ali 
phatic units comprise carbonate units of formula (T), ester 
units of formula (R), ester units of formula (U), or a combi 
nation of these. The isosorbide-based polycarbonate can fur 
ther comprise 0 to 42.5 mol %, speci?cally 2 to 40 mol %, 
even more speci?cally 5 to 30 mol % of additional units that 
can be carbonate and/ or ester units and that are not identical to 
the isosorbide or aliphatic units in the isosorbide-based poly 
carbonate. In an embodiment, each of the additional carbon 
ate units is derived from the dihydroxy aromatic compound of 
formula (C). In an exemplary embodiment, the additional 
carbonate unit is derived from bisphenol A. It Will be thus 
understood that the isosorbide unit, aliphatic unit, and addi 
tional unit are carbonate, or a combination of carbonate and 
ester units, and the sum of the above mol % values of isosor 
bide units, aliphatic units, and additional units equals 100 mol 
%. In another embodiment, the iso sorbide-based polycarbon 
ate consists essentially of the isosorbide unit, the aliphatic 
unit, and the additional unit. 

In an embodiment, the isosorbide-based polycarbonate 
consists essentially of carbonate units of formula (B) and 
carbonate units of formula (T). In another embodiment, the 
isosorbide-based polycarbonate further consists essentially 
of carbonate units of formula (A), Where the carbonate units 
of formula (A) are not identical to the carbonate units of 
formulas (B) and (T). In another embodiment, the isosorbide 
based polyester-polycarbonate consists essentially of carbon 
ate units of formula (B) and ester units of formula (R). In 
another embodiment, the isosorbide-based polyester-poly 
carbonate fur‘ther consists essentially of carbonate units of 
formula (A), Where the carbonate units of formula (A) are not 
identical to the carbonate units of formula (B) and (T). In yet 
another embodiment, the isosorbide-based polyester-poly 
carbonate consists essentially of carbonate units of formula 
(B) and (T), and ester units of formulas (R) and (U). In 
another embodiment, the isosorbide-based polyester-poly 
carbonate fur‘ther consists essentially of carbonate units of 
formula (A), Where the carbonate units of formula (A) are not 
identical to the carbonate units of formulas (B) and (T). In a 
speci?c embodiment, isosorbide-based polycarbonate and/or 
the isosorbide-based polyester-polycarbonate each further 
consist essentially of carbonate units derived from dihy 
droxyaromatic compounds of formulas (D) and/or (L). In an 
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exemplary embodiment, isosorbide-based polycarbonate 
and/or the isosorbide-based polyester-polycarbonate each 
further consist essentially of carbonate units derived from 
bisphenol A and/ or resorcinol. 

In an embodiment, the content of biologically derived 
material in the isosorbide-based polycarbonate (copolycar 
bonate or polyester-polycarbonate) is greater than or equal to 
50 Weight percent (Wt %), speci?cally greater than or equal to 
55 Wt %, more speci?cally greater than or equal to 60 Wt %, 
and still more speci?cally greater than or equal to 65 Wt %, 
based on the total Weight of the isosorbide-based polycarbon 
ate. In a speci?c embodiment, the content of units derived 
from isosorbide of formula (C) is 65 to 95 Wt %, speci?cally 
70 to 90 Wt %, more speci?cally 75 to 90 Wt %, and still more 
speci?cally 78 to 86 Wt %, based on the total amount of 
biologically derived material in the isosorbide-basedpolycar 
bonate. In another speci?c embodiment, the content of ali 
phatic units derived from aliphatic diacid of formula (Q) 
and/or aliphatic diol of formula (S) is 5 to 35 Wt %, speci? 
cally 10 to 30 Wt %, more speci?cally 15 to 25 Wt %, and still 
more speci?cally 14 to 22 Wt %, based on the total amount of 
biologically derived material in the isosorbide-basedpolycar 
bonate. In an embodiment, the biocontent of the isosorbide 
based polycarbonate comprises units derived from isosorbide 
of formula (C), and units derived from aliphatic diacid of 
formula (Q) and/or units derived from aliphatic diol of for 
mula (S). In a speci?c embodiment, the biocontent of the 
isosorbide-based polycarbonate consists essentially of units 
derived from isosorbide of formula (C), and units derived 
from aliphatic diacid of formula (Q) and/ or units derived from 
aliphatic diol of formula (S). 

In one embodiment the content of bio sourced monomers 
comprises greater than 60 mole % of all monomer in the 
isosorbide polycarbonate polymer. In another embodiment it 
comprises greater than 70 mole %. In yet another embodi 
ment it comprises greater than 80 mole %. In yet another 
embodiment it comprises greater than 90 mole %. 

Molecular Weight for the polycarbonates, including the 
isosorbide-based polycarbonates disclosed herein, can be 
determined by gel permeation chromatography using univer 
sal calibration methods based on polystyrene (PS) standards. 
Generally polycarbonates can have a Weight average molecu 
lar Weight (MW), of greater than about 5,000 g/mol based on 
PS standards. In an embodiment, the isosorbide-based poly 
carbonates can have an MW of greater than or equal to about 
39,000 g/mol, based on PS standards. In a speci?c embodi 
ment, the isosorbide-based polycarbonate (including isosor 
bide-based polyester-polycarbonate) has an MW based on PS 
standards of 39,000 to 100,000 g/mol, speci?cally 40,000 to 
90,000 g/mol, more speci?cally 40,000 to 80,000 g/mol, and 
still more speci?cally 40,000 to 70,000 g/mol. In another 
embodiment, the isosorbide-based polycarbonate has an MW 
based on polycarbonate (PC) standards of 20,000 to 70,000 
g/mol, speci?cally 21,000 to 65,000 g/mol, more speci?cally 
22,000 to 60,000 g/mol, and still more speci?cally 25,000 to 
60,000 g/mol. 

In an embodiment, the isosorbide-based polycarbonate has 
a number averaged molecular Weight (Mn) based on PS stan 
dards of 15,000 to 65,000 g/mol, speci?cally 16,000 to 
60,000 g/mol, more speci?cally 17,000 to 55,000 g/mol, and 
still more speci?cally 18,000 to 50,000 g/mol. The polydis 
persity (MW/Mn) for the isosorbide-based polycarbonate is 
less than or equal to 3, speci?cally less than or equal to 2.5, 
more speci?cally less than or equal to 2.3. In a speci?c 
embodiment, the polydispersity is 2.0 to 2.3. 

Molecular Weight (MW and Mn) as described herein, and 
polydispersity as calculated therefrom, is as determinedusing 
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gel permeation chromatography (GPC), using a crosslinked 
styrene-divinylbenZene column, and either PS or PC stan 
dards as speci?ed. GPC samples are prepared in a solvent 
such as methylene chloride or chloroform at a concentration 
of about 1 mg/ml, and are eluted at a How rate of about 0.2 to 
1.0 ml/min. 
The glass transition temperature (Tg) of the isosorbide 

based polycarbonates can be less than or equal to 135° C. In 
an embodiment, the glass transition temperature of the isos 
orbide-based polycarbonate is 85 to 130° C., speci?cally 90 
to 130° C., more speci?cally 90 to 125° C., and still more 
speci?cally 90 to 120° C. 

Polycarbonates, including the isosorbide-based polycar 
bonates disclosed herein, can have a melt volume ratio 
(MVR) of 0.5 to 80, more speci?cally 2 to 40 cm3/ 10 min 
utes, measured at 250° C. under a load of 5 kg according to 
ASTM D1238-04. 
The isosorbide-based polycarbonates can further be manu 

factured to be substantially transparent. In this case, the isos 
orbide-based polycarbonate can have a transparency of 
greater than or equal to 5 5%, speci?cally greater than or equal 
to 60%, more speci?cally greater than or equal to 70%, still 
more speci?cally greater than or equal to 80%, and still more 
speci?cally greater than or equal to 90%, as measured using 
3.2 mm plaques according to ASTM D1003 -00. Altema 
tively, or in addition, the isosorbide-basedpolycarbonates can 
have a haZe of less than or equal to 15%, speci?cally less than 
or equal to 10%, and still more speci?cally less than or equal 
to 5%, as measured using 3.2 mm thick plaques according to 
ASTM-D1003-00. In a speci?c embodiment, the isosorbide 
based polycarbonate is an isosorbide-based polycarbonate 
homo- or copolymer With a haze of less than about 5%, and 
more speci?cally less than or equal to 4%, and still more 
speci?cally less than or equal to 3%, as measured using 3.2 
mm thick plaques according to ASTM D1003 -00. 

In addition, the color capability and stability of the ther 
moplastic composition can be determined spectrophoto 
metrically on extruded pellets, and classi?ed according to the 
CIELAB color measurement method detailed by CIE (Com 
mission Internationale de l’Eclairage). The values of E, L, a 
and b, used to describe the color space of a test material, are 
related by the equation (1): 

In this equation, L represents the difference betWeen light 
(L:100) and dark (L:0). The value a represents the difference 
betWeen green (—a) and red (+a), and b represents the differ 
ence betWeen yelloW (+b) and blue (—b). The value of each 
parameter represents the magnitude of the difference in color. 
The net deviation for color capability is given by the overall 
deviation value E, Which is the Euclidean distance betWeen 
tWo points in a three dimensional space. Thus, the separation 
betWeen points a and b, and the net deviation from the stan 
dard color, is given by the overall deviation value AEab. 

In an embodiment, the isosorbide-based polycarbonate has 
an initial color measured using extruded pellets such that L is 
greater than or equal to 70, speci?cally greater than or equal 
to 75, more speci?cally greater than or equal to 80, and still 
more speci?cally greater than or equal to 81, When measured 
after extrusion and/or molding. In another embodiment, the 
value of a is —0.5 to 10, speci?cally 0 to 8, When measured 
after extrusion and/or molding. In another embodiment, the 
value of b is 10 to 30, speci?cally 12 to 29, more speci?cally 
14 to 28, and still more speci?cally 15 to 28 When measured 
after extrusion and/or molding. 

Polycarbonates can also include, in some embodiments, 
polysiloxane-polycarbonates comprising carbonate units of 
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formula (A) andpolysiloxane blocks derived from a siloxane 
containing dihydroxy compounds (also referred to herein as 
“hydroxyaryl end-capped polysiloxanes”) that contains dior 
ganosiloxane units blocks of formula (V): 

1|‘ 
SiO 

l 
R 

15 

wherein each occurrence of R is same or different, and is a 
Cl-l3 monovalent organic group. For example, R can be a 
Cl-Cl3 alkyl group, Cl-Cl3 alkoxy group, C2-Cl3 alkenyl 
group, C2-Cl3 alkenyloxy group, C3-C6 cycloalkyl group, 
C3-C6 cycloalkoxy group, C6-Cl4 aryl group, C6-Cl0 ary 
loxy group, C7-Cl3 aralkyl group, C7-Cl3 aralkoxy group, 
C7-Cl3 alkylaryl group, or C7-Cl3 alkylaryloxy group. The 
foregoing groups can be fully or partially halogenated With 
?uorine, chlorine, bromine, or iodine, or a combination 
thereof. In an embodiment, Where a transparent isosorbide 
based polycarbonate is desired, R does not contain any halo 
gen. Combinations of the foregoing R groups can be used in 
the same isosorbide-based polycarbonate. 

The value of E in formula (V) can vary Widely depending 
on the type and relative amount of each of the different units 
in the isosorbide-based polycarbonate, the desired properties 
of the isosorbide-based polycarbonate, and like consider 
ations. Generally, E can have an average value of about 2 to 
about 1,000, speci?cally about 2 to about 500, more speci? 
cally about 2 to about 100. In an embodiment, E has an 
average value of about 4 to about 90, speci?cally about 5 to 
about 80, and more speci?cally about 10 to about 70. Where 
E is of a loWer value, e.g., less than about 40, it can be 
desirable to use a relatively larger amount of the units con 
taining the polysiloxane. Conversely, Where E is of a higher 
value, e. g., greater than about 40, it can be desirable to use a 
relatively loWer amount of the units containing the polysilox 
ane. 

In one embodiment, the polysiloxane blocks are provided 
by repeating structural units of formula (W): 

(V) 

(W) 

E 

Wherein E is as de?ned above; each R is the same or different, 
and is as de?ned above; and each Ar is the same or different, 
and is a substituted or unsubstituted C6-C30 arylene group, 
Wherein the bonds are directly connected to an aromatic moi 
ety. Ar groups in formula (W) can be derived from a C6-C30 
dihydroxyaromatic compound, for example a dihydroxyaro 
matic compound of formula (H) or (M) described in detail 
beloW. Combinations comprising at least one of the foregoing 
dihydroxyaromatic compounds can also be used. Exemplary 
dihydroxyaromatic compounds are l,l-bis(4 -hydroxyphe 
nyl)methane, 1,1-bis(4-hydroxyphenyl)ethane, 2,2-bis(4-hy 
droxyphenyl)propane, 2,2-bis(4-hydroxyphenyl)butane, 2,2 
bis(4 -hydroxyphenyl)octane, l , l -bis(4 -hydroxyphenyl) 
propane, l,l-bis(4-hydroxyphenyl)n-butane, 2,2-bis(4 
hydroxy-l -methylphenyl)propane, l, l -bis(4 
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hydroxyphenyl)cyclohexane, bis(4-hydroxyphenyl sul?de), 
l , l -bis(4-hydroxy-3 -methylphenyl)cyclohexane, and l , 1 -bis 
(4-hydroxy-t-butylphenyl)propane, or a combination com 

prising at least one of the foregoing dihydroxy compounds. 
Polycarbonates comprising such units can be derived from 

the corresponding dihydroxy compound of formula (X): 

T 
HO—Ar—O TiO Ar—OH 

R 
E 

Wherein Ar and E are as described above. Compounds of 
formula (T) can be obtained by the reaction of a dihy 
droxyaromatic compound With, for example, an alpha, 
omega-bis-acetoxy-polydiorganosiloxane oligomer under 
phase transfer conditions. Compounds of formula (T) can 
also be obtained from the condensation product of a dihy 
droxyaromatic compound, With, for example, an alpha, 
omega bis-chloro-polydimethylsiloxane oligomer in the 
presence of an acid scavenger. 

In another embodiment, polydiorganosiloxane blocks 
comprises units of formula (Y): 

(X) 

Wherein R and E are as described above, and each R6 is 
independently a divalent Cl-C30 organic group, and Wherein 
the oligomeriZed polysiloxane unit is the reaction residue of 
its corresponding dihydroxy compound. The polysiloxane 
blocks corresponding to formula (Y) are derived from the 
corresponding dihydroxy compound of formula (Z): 

(Z) 
R 

(E-I) R 

Wherein R and E and R6 are as described for formula (Y). 
In a speci?c embodiment, the polydiorgano siloxane blocks 

are provided by repeating structural units of formula (AA): 

(AA) 

Wherein R and E are as de?ned above. R7 in formula (AA) is 
a divalent C2-C8 aliphatic group. Each M in formula (AA) 
can be the same or different, and is a halogen, cyano, nitro, 
C1-C8 alkylthio, C1-C8 alkyl, C1-C8 alkoxy, C2-C8 alkenyl, 
C2-C8 alkenyloxy group, C3-C8 cycloalkyl, C3-C8 
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cycloalkoxy, C6-C10 aryl, C6-C10 aryloxy, C7-C12 aralkyl, 
C7 -C 1 2 aralkoxy, C7 -C 1 2 alkylaryl, or C7 -C 1 2 alkylaryloxy, 
wherein each n is independently 0, 1, 2, 3, or 4. 

In one embodiment, M is bromo or chloro, an alkyl group 
such as methyl, ethyl, or propyl, an alkoxy group such as 
methoxy, ethoxy, or propoxy, or an aryl group such as phenyl, 
chlorophenyl, or tolyl; R7 is a dimethylene, trimethylene or 
tetramethylene group; and R is a C1-8 alkyl, haloalkyl such as 
tri?uoropropyl, cyanoalkyl, or aryl such as phenyl, chlo 
rophenyl or tolyl. In another embodiment, R is methyl, or a 
combination of methyl and tri?uoropropyl, or a combination 
of methyl and phenyl. In still another embodiment, M is 
methoxy, n is one, R7 is a divalent C1-C3 aliphatic group, and 
R is methyl. 

Polysiloxane-polycarbonates comprising units of formula 
(AA) can be derived from the corresponding dihydroxy poly 
diorganosiloxane (BB): 

(BB) 

Wherein each of R, E, M, R7, and n are as described above. 
Such dihydroxy polysiloxanes can be made by effecting a 
platinum-catalyzed addition betWeen a siloxane hydride of 
formula (CC): 

I I 
H TiO TiH 

R (E!) R 

Wherein R and E are as previously de?ned, and an aliphati 
cally unsaturated monohydric phenol. Exemplary aliphati 
cally unsaturated monohydric phenols included, for example, 
eugenol, 2-allylphenol, 4-allyl-2-methylphenol, 4-allyl-2 
phenylphenol, 4-allyl-2-bromophenol, 4-allyl-2-t-butox 
yphenol, 4-phenyl-2-phenylphenol, 2-methyl-4-propylphe 
nol, 2-allyl-4,6-dimethylphenol, 2-allyl-4-bromo-6 
methylphenol, 2-allyl-6-methoxy-4-methylphenol, 
4-allylphenol, and 2-allyl-4,6-dimethylphenol. Combina 
tions comprising at least one of the foregoing can alai be used. 

In an embodiment, the polysiloxane-polycarbonate can 
comprise polysiloxane blocks derived from the correspond 
ing dihydroxy polysiloxane compound, present in an amount 
of 0.15 to 30 Wt %, speci?cally 0.5 to 25 Wt %, and more 
speci?cally 1 to 20 Wt % based on the total Weight of polysi 
loxane blocks and carbonate units. In a speci?c embodiment, 
the polysiloxane blocks are present in an amount of 1 to 10 Wt 
%, speci?cally 2 to 9 Wt %, and more speci?cally 3 to 8 Wt %, 
based on the total Weight of polysiloxane blocks and carbon 
ate units. 

Polysiloxane-polycarbonates further comprise carbonate 
units of formula (A) derived from a dihydroxy aromatic com 
pound of formula (H). In an exemplary embodiment, the 
dihydroxy aromatic compound is bisphenol A. In an embodi 
ment, the carbonate units comprising the polysiloxane-poly 
carbonate are present in an amount of 70 to 99.85 Wt %, 
speci?cally 75 to 99.5, and more speci?cally 80 to 99 Wt % 

(CC) 
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based on the total Weight of polysiloxane blocks and carbon 
ate units. In a speci?c embodiment, the carbonate units are 
present in an amount of 90 to 99 Wt %, speci?cally 91 to 98 Wt 
%, and more speci?cally 92 to 97 Wt %, based on the total 
Weight of polysiloxane blocks and carbonate units. 

(3) Method of Making Polymer 2 
Polycarbonates can typically be manufactured using an 

interfacial phase transfer process or melt polymerization. 
Although the reaction conditions for interfacial polymeriza 
tion can vary, an exemplary process generally involves dis 
solving or dispersing a dihydric phenol reactant in aqueous 
caustic soda or potash, adding the resulting mixture to a 
Water-immiscible solvent medium such as for example meth 
ylene chloride, and contacting the reactants With a carbonate 
precursor (such as phosgene) in the presence of a catalyst 
such as, for example, triethylamine or a phase transfer cata 
lyst salt, under controlledpH conditions, e. g., about 8 to about 
10. 
The isosorbide-based polycarbonate or polyester-polycar 

bonate may be prepared by a melt polymerization process. 
Generally, in the melt polymerization process, polycarbon 
ates are prepared by co-reacting, in a molten state, the dihy 
droxy reactant(s) (i.e., isosorbide, aliphatic diol and/or ali 
phatic diacid, and any additional dihydroxy compound) and a 
diaryl carbonate ester, such as diphenyl carbonate, or more 
speci?cally in an embodiment, an activated carbonate such as 
bis(methyl salicyl)carbonate, in the presence of a transesteri 
?cation catalyst. The reaction may be carried out in typical 
polymerization equipment, such as one or more continuously 
stirred reactors (CSTR’s), plug ?oW reactors, Wire Wetting 
fall polymerizers, free fall polymerizers, Wiped ?lm polymer 
izers, BANBURY® mixers, single or tWin screW extruders, or 
combinations of the foregoing. Volatile monohydric phenol is 
removed from the molten reactants by distillation and the 
polymer is isolated as a molten residue. A speci?cally useful 
melt process for making polycarbonates uses a diaryl carbon 
ate ester having electron-WithdraWing substituents on the 
aryls. Examples of speci?cally useful diaryl carbonate esters 
With electron WithdraWing substituents include bis(4-nitro 
phenyl)carbonate, bis(2-chlorophenyl)carbonate, bis(4-chlo 
rophenyl)carbonate, bis(methyl salicyl)carbonate, bis(4-me 
thylcarboxylphenyl)carbonate, bis(2-acetylphenyl) 
carboxylate, bis(4-acetylphenyl)carboxylate, or a 
combination comprising at least one of the foregoing. 
The melt polymerization includes a transesteri?cation 

catalyst comprising an ?rst catalyst, also referred to herein as 
an alpha catalyst, comprising a metal cation and an anion. In 
an embodiment, the cation is an alkali or alkaline earth metal 
comprising Li, Na, K, Cs, Rb, Mg, Ca, Ba, Sr, or a combina 
tion comprising at least one of the foregoing. The anion is 
hydroxide (OHi), superoxide (02*), thiolate (HSi), sul 
?de (S2-), a C1-20 alkoxide, a C6-20 aryloxide, a C1-20 
carboxylate, a phosphate including biphosphate, a C1-20 
phosphonate, a sulfate including bisulfate, sul?tes including 
bisul?tes and metabisul?tes, a C1-20 sulfonate, a carbonate 
including bicarbonate, or a combination comprising at least 
one of the foregoing. Salts of an organic acid comprising both 
alkaline earth metal ions and alkali metal ions can also be 
used. Salts of organic acids useful as catalysts are illustrated 
by alkali metal and alkaline earth metal salts of formic acid, 
acetic acid, stearic acid and ethyelenediamine tetraacetic 
acid. The catalyst can also comprise the salt of a non-volatile 
inorganic acid. By “nonvolatile” it is meant that the refer 
enced compounds have no appreciable vapor pressure at 
ambient temperature and pressure. In particular, these com 
pounds are not volatile at temperatures at Which melt poly 
merizations of polycarbonate are typically conducted. The 
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salts of nonvolatile acids are alkali metal salts of phosphites; 
alkaline earth metal salts of phosphites; alkali metal salts of 
phosphates; and alkaline earth metal salts of phosphates. 
Exemplary transesteri?cation catalysts include, lithium 
hydroxide, sodium hydroxide, potassium hydroxide, cesium 
hydroxide, magnesium hydroxide, calcium hydroxide, 
barium hydroxide, lithium formate, sodium forrnate, potas 
sium forrnate, cesium forrnate, lithium acetate, sodium 
acetate, potassium acetate, lithium carbonate, sodium car 
bonate, potassium carbonate, lithium methoxide, sodium 
methoxide, potassium methoxide, lithium ethoxide, sodium 
ethoxide, potassium ethoxide, lithium phenoxide, sodium 
phenoxide, potassium phenoxide, sodium sulfate, potassium 
sulfate, NaH2PO3, NaH2PO4, Na2H2PO3, KH2PO4, 
CsH2PO4, Cs2H2PO4, Na2SO3, Na2S205, sodium mesy 
late, potassium mesylate, sodium tosylate, potassium tosy 
late, magnesium disodium ethylenediamine tetraacetate 
(EDTA magnesium disodium salt), or a combination com 
prising at least one of the foregoing. It Will be understood that 
the foregoing list is exemplary and should not be considered 
as limited thereto. In an embodiment, the transesteri?cation 
catalyst is an alpha catalyst consisting essentially of an alkali 
or alkaline earth salt. In an exemplary embodiment, the trans 
esteri?cation catalyst consists essentially of sodium hydrox 
ide, potassium hydroxide, sodium carbonate, potassium car 
bonate, sodium methoxide, potassium methoxide, 
NaH2PO4, or a combination comprising at least one of the 
foregoing. 

The amount of alpha catalyst can vary Widely according to 
the conditions of the melt polymerization, and can be about 
0.001 to about 500 umol. In an embodiment, the amount of 
alpha catalyst can be about 0.01 to about 20 umol, speci?cally 
about 0.1 to about 10 umol, more speci?cally about 0.5 to 
about 9 umol, and still more speci?cally about 1 to about 7 
umol, per mole of aliphatic diol and any other dihydroxy 
compound present in the melt polymerization. 

In addition, a second transesteri?cation catalyst, also 
referred to herein as a beta catalyst, may be included in the 
melt polymerization process, provided that the inclusion of 
such a second transesteri?cation catalyst does not signi? 
cantly adversely affect the desirable properties of the isosor 
bide-based polycarbonate. Exemplary transesteri?cation 
catalysts may further include a combination of a phase trans 
fer catalyst of formula (R3)4Q+X above, Wherein each R3 is 
the same or different, and is a Cl-l0 alkyl group; Q is a 
nitrogen or phosphorus atom; and X is a halogen atom or a 
Cl -8 alkoxy group or C6-l 8 aryloxy group. Exemplary phase 
transfer catalyst salts include, for example, [CH3(CH2)3]4 
NX, [CH3(CH2)314PX, [CH3(CH2)514NX, [CH3(CH2)614 
NX: ICH3(CH2)4I4NX: CH3 ICH3(CH2)3I3NX: and CH3 
[CH3(CH2)2]3NX, Wherein X is Ci, Bri, a Cl-8 alkoxy 
group or a C6-l8 aryloxy group. Examples of such transes 
teri?cation catalysts include tetrabutylammonium hydroxide, 
methyltributylammonium hydroxide, tetrabutylammonium 
acetate, tetrabutylphosphonium hydroxide, tetrabutylphos 
phonium acetate, tetrabutylphosphonium phenolate, or a 
combination comprising at least one of the foregoing. Other 
melt transesteri?cation catalysts include alkaline earth metal 
salts or alkali metal salts. In some embodiments, Where a beta 
catalyst is desired, the beta catalyst can be present in a molar 
ratio, relative to the alpha catalyst, of less than or equal to 10, 
speci?cally less than or equal to 5, more speci?cally less than 
or equal to l, and still more speci?cally less than or equal to 
0.5. In other embodiments, the melt polymerization reaction 
disclosed herein uses only an alpha catalyst as described 
hereinabove, and is substantially free of any beta catalyst. As 
de?ned herein, “substantially free of” can mean Where the 
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beta catalyst has been excluded from the melt polymerization 
reaction. In a speci?c embodiment, the beta catalyst is present 
in an amount of less than about 10 ppm, speci?cally less than 
1 ppm, more speci?cally less than about 0.1 ppm, more spe 
ci?cally less than or equal to about 0.01 ppm, and more 
speci?cally less than or equal to about 0.001 ppm, based on 
the total Weight of all components used in the melt polymer 
ization reaction. 
The use of a melt process employing an activated carbonate 

is particularly preferred. As used herein, the term “activated 
carbonate”, is de?ned as a diarylcarbonate that is more reac 
tive than diphenylcarbonate in transesteri?cation reactions. 
In an embodiment, the activated carbonate has a formula 

(DD): 

Wherein Ar is a substituted C6-30 aromatic group. In a spe 
ci?c embodiment, the activated carbonates have the formula 

(EE): 

(EE) 

(Q1); (Q06 

Wherein Q1 and Q2 are each independently an activating 
group present on Al and A2 respectively, positioned ortho to 
the carbonate linkage; Al and A2 are each independently 
aromatic rings Which can be the same or different; “d” and “e” 
have a value of 0 to a maximum equivalent to the number of 
replaceable hydrogen groups substituted on the aromatic 
rings Al and A2 respectively, and the sum “d+e” is greater 
than or equal to 1; R1 and R2 are each independently a Cl -30 
aliphatic group, a C3-30 cycloaliphatic group, a C5,-30 aro 
matic group, cyano, nitro or halogen; “b” has a value of 0 to 
a maximum equivalent to the number of replaceable hydro 
gen atoms on the aromatic ring Al minus “d”; and “c” is a 
Whole number from 0 to a maximum equivalent to the number 
of replaceable hydrogen atoms on the aromatic ring A2 minus 
“e”. The number, type and location of the R1 or R2 substitu 
ents on the aromatic ring is not limited unless they deactivate 
the carbonate and lead to a carbonate, Which is less reactive 
than diphenylcarbonate. 

Non-limiting examples of suitable activating groups Q1 
and Q2 include (acyloxycarbonyl)aryl groups, halogens, 
nitro groups, amide groups, sulfone groups, sulfoxide groups, 
or imine groups With structures shoWn beloW: 

Wherein X is halogen or nitro; M1 and M2 independently 
comprise N-dialkyl, N-alkylaryl, an aliphatic functionality or 
an aromatic functionality; and R3 is an aliphatic functionality 
or an aromatic functionality. 
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Speci?c non-limiting examples of activated carbonates 
include bis(o-methoxycarbonylphenyl)carbonate, bis(o 
chlorophenyl)carbonate, bis(o-nitrophenyl)carbonate, bis(o 
acetylphenyl)carbonate, bis(o-phenylketonephenyl)carbon 
ate, bis(o-formylphenyl)carbonate. Unsymmetrical 
combinations of these structures Where the type and number 
of substitutions onAl andA2 are different can also be used as 

the carbonate precursor. In an embodiment, the activated 
carbonate is an ester-substituted diarylcarbonate having the 
formula (FF): 

4 4 (PF) 

R o2c\ \ 0T0 \/CO2R; 
[/3 O ARS) (R5) 

Wherein R4 is independently at each occurrence a Cl-20 
aliphatic group, a C4-20 cycloaliphatic group, or a C4-20 
aromatic group, R5 is independently at each occurrence a 
halogen atom, cyano group, nitro group, a Cl-20 aliphatic 
group, a C4-20 cycloaliphatic group, or a C4-20 aromatic 
group and f is independently at each occurrence an integer 
having a value of 0 to 4. In one embodiment, at least one of the 
substituents iCO2R4 is attached in an ortho position of 
formula (AA). 

Examples of speci?c ester-substituted diarylcarbonates 
include, but are not limited to, bis(methylsalicyl)carbonate 
(CAS Registry No. 82091-12-1) (also knoWn as BMSC or 
bis(o-methoxycarbonylphenyl)carbonate), bis(ethylsalicyl) 
carbonate, bis(propylsalicyl)carbonate, bis(butylsalicyl)car 
bonate, bis(benzylsalicyl)carbonate, bis(methyl-4-chloro 
salicyl)carbonate and the like. In one embodiment, bis 
(methylsalicyl)carbonate is used as the activated carbonate in 
melt polycarbonate synthesis due to its loWer molecular 
Weight and higher vapor pressure. 
Some non-limiting examples of non-activating groups 

Which, When present in an ortho position, Would not be 
expected to result in activated carbonates are alkyl, cycloalkyl 
or cyano groups. Some speci?c and non-limiting examples of 
non-activated carbonates are bis(o-methylphenyl)carbonate, 
bis(p-cumylphenyl)carbonate, bis(p-(l , l ,3,3-tetramethyl) 
butylphenyl)carbonate and bis(o-cyanophenyl)carbonate. 
Unsymmetrical combinations of these structures may also be 
used as non-activated carbonates. 
An end-capping agent (also referred to as a chain-stopper) 

can be used to limit molecular Weight groWth rate, and so 
control molecular Weight in the polycarbonate. Exemplary 
chain-stoppers include certain monophenolic compounds 
(i.e., phenyl compounds having a single free hydroxy group), 
monocarboxylic acid chlorides, and/ or monochloroformates. 
Phenolic chain-stoppers are exempli?ed by phenol and 
Cl-C22 alkyl-substituted phenols such as p-cumyl-phenol, 
resorcinol monobenzoate, and p- and tertiary-butyl phenol, 
cresol, and monoethers of diphenols, such as p-methoxyphe 
nol. Alkyl-sub stituted phenols With branched chain alkyl sub 
stituents having 8 to 9 carbon atoms can be speci?cally men 
tioned. Certain monophenolic UV absorbers can also be used 
as a capping agent, for example 4-substituted-2-hydroxyben 
zophenones and their derivatives, aryl salicylates, monoesters 
of diphenols such as resorcinol monobenzoate, 2-(2-hy 
droxyaryl)-benzotriazoles and their derivatives, 2-(2-hy 
droxyaryl)-l ,3,5-triazines and their derivatives, and the like. 
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Endgroups can derive from the carbonyl source (i.e., the 

diaryl carbonate), from selection of monomer ratios, incom 
plete polymerization, chain scission, and the like, as Well as 
any added end-capping groups, and can include derivatizable 
functional groups such as hydroxy groups, carboxylic acid 
groups, or the like. In an embodiment, the endgroup of a 
polycarbonate, including an isosorbide-based polycarbonate 
polymer as de?ned herein, can comprise a structural unit 
derived from a diaryl carbonate, Where the structural unit can 
be an endgroup. In a further embodiment, the endgroup is 
derived from an activated carbonate. Such endgroups can 
derive from the transesteri?cation reaction of the alkyl ester 
of an appropriately substituted activated carbonate, With a 
hydroxy group at the end of a polycarbonate polymer chain, 
under conditions in Which the hydroxy group reacts With the 
ester carbonyl from the activated carbonate, instead of With 
the carbonate carbonyl of the activated carbonate. In this Way, 
structural units derived from ester containing compounds or 
substructures derived from the activated carbonate and 
present in the melt polymerization reaction can form ester 
endgroups. In an embodiment, the ester endgroup derived 
from a salicylic ester can be a residue of BMSC or other 
substituted or unsubstituted bis(alkyl salicyl)carbonate such 
as bis(ethyl salicyl)carbonate, bis(propyl salicyl)carbonate, 
bis(phenyl salicyl)carbonate, bis(benzyl salicyl)carbonate, or 
the like. In a speci?c embodiment, Where BMSC is used as the 
activated carbonyl source, the endgroup is derived from and is 
a residue of BMSC, and is an ester endgroup derived from a 
salicylic acid ester, having the structure of formula (GG): 

HO 

O 

In a more speci?c embodiment, the endgroup is an ester 
end group derived from an isosorbide salicylic acid ester 
(-IS-Sal-OH), having the structure of formula (HH): 

(HH) 

OH 

O 

in Which the free hydroxy of a penultimate isosorbide unit 
(ester or carbonate) at the terminus of a groWing isosor 
bide-based polycarbonate polymer forms a transesteri 
?cation product (i.e., an ester endgroup) as shoWn in 
formula (HH). The amount of ester endgroup can vary 
according to the melt polymerization reaction condi 
tions. In an embodiment, Where a combination of alpha 
and beta catalysts are used in the melt polymerization, an 
isosorbide-based polycarbonate polymer prepared from 
an activated carbonate includes endgroups in an amount 
of less than 2,000 ppm, speci?cally less than 1,500 ppm, 
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more speci?cally less than 1,000 ppm, based on the 
Weight of the polycarbonate. In another embodiment, 
Where only an alpha catalyst is used in the melt poly 
merization, an isosorbide-based polycarbonate polymer 
prepared from an activated carbonate includes end 
groups in an amount of less than or equal to 500 ppm, 
speci?cally less than or equal to 400 ppm, more speci? 
cally less than or equal to 300 ppm, and still more spe 
ci?cally less than or equal to 200 ppm, based on the 
Weight of the polycarbonate. In a speci?c embodiment, 
the endgroups are endgroups of formula (GG). 

The reactants for the polymerization reaction using an 
activated aromatic carbonate can be charged into a reactor 
either in the solid form or in the molten form. Initial charging 
of reactants into a reactor and subsequent mixing of these 
materials under reactive conditions for polymerization may 
be conducted in an inert gas atmosphere such as a nitrogen 
atmosphere. The charging of one or more reactant may also be 
done at a later stage of the polymerization reaction. Mixing of 
the reaction mixture is accomplished by any methods knoWn 
in the art, such as by stirring. Reactive conditions include 
time, temperature, pres sure and other factors that affect poly 
merization of the reactants. Typically the activated aromatic 
carbonate is added at a mole ratio of 0.8 to 1.3, and more 
preferably 0.9 to 1 .3, and all subranges there betWeen, relative 
to the total moles of monomer unit compounds (i.e., isosor 
bide, aromatic dihydroxy compound, and aliphatic diacid or 
diol). In a speci?c embodiment, the molar ratio of activated 
aromatic carbonate to monomer unit compounds is 1.013 to 
1.29, speci?cally 1.015 to 1.028. In another speci?c embodi 
ment, the activated aromatic carbonate is BMSC. 

The melt polymerization reaction using an activated aro 
matic carbonate is conducted by subjecting the above reaction 
mixture to a series of temperature-pressure-time protocols. In 
some embodiments, this involves gradually raising the reac 
tion temperature in stages While gradually loWering the pres 
sure in stages. In an embodiment, the pres sure is reduced from 
about atmospheric pressure at the start of the reaction to about 
1 millibar (100 Pa) or loWer, or in another embodiment to 0.1 
millibar (10 Pa) or loWer in several steps as the reaction 
approaches completion. The temperature may be varied in a 
stepWise fashion beginning at a temperature of about the 
melting temperature of the reaction mixture and subsequently 
increased to about 320° C. In one embodiment, the reaction 
mixture is heated from room temperature to about 150° C. 
The polymerization reaction starts at a temperature of about 
150° C. to about 220° C., then is increased to about 220° C. to 
about 250° C. and is then further increased to a temperature of 
about 250° C. to about 320° C. and all subranges there 
betWeen. The total reaction time is about 30 minutes to about 
200 minutes and all subranges there betWeen. This procedure 
Will generally ensure that the reactants react to give polycar 
bonates With the desired molecular Weight, glass transition 
temperature and physical properties. The reaction proceeds to 
build the polycarbonate chain With production of ester-sub 
stituted alcohol by-product such as methyl salicylate. Ef? 
cient removal of the by-product may be achieved by different 
techniques such as reducing the pressure. Generally the pres 
sure starts relatively high in the beginning of the reaction and 
is loWered progressively throughout the reaction and tem 
perature is raised throughout the reaction. Experimentation is 
needed to ?nd the most e?icient conditions for particular 
production equipment. 

The progress of the reaction may be monitored by measur 
ing the melt viscosity or the Weight average molecular Weight 
of the reaction mixture using techniques knoWn in the art such 
as gel permeation chromatography. These properties may be 
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38 
measured by taking discreet samples or may be measured 
on-line. After the desired melt viscosity and/or molecular 
Weight is reached, the ?nal polycarbonate product may be 
isolated from the reactor in a solid or molten form. It Will be 
appreciated by a person skilled in the art, that the method of 
making aliphatic homopolycarbonate and aliphatic-aromatic 
copolycarbonates as described in the preceding sections may 
be made in a batch or a continuous process and the process 
disclosed herein is essentially preferably carried out in a 
solvent free mode. Reactors chosen should ideally be self 
cleaning and should minimize any “hot spots.” HoWever, 
vented extruders similar to those that are commercially avail 
able may be used. Fur‘ther description of melt polymerization, 
as it may be used to make polymer 2, may be found in U.S. 
Pat. Nos. 7,138,479 and 7,718,755, the contents ofWhich are 
fully incorporated by reference. 

b. HALS 
The photoresistant composition further comprises hin 

dered amines. Hindered amines are used to make the ultra 
violet radiation stable in isosorbide-containing polymer. The 
sterically hindered amine (HALS) are blended into the isos 
orbide-containing polymers described above and have the 
structure of Formula I: 

(1) 

R5 I R5 

wherein R1 is C, X is H, and R2 is H; Wherein R.sub.4 is 
selected from hydrogen, oxyl, hydroxyl, alkyl of 1 to 20 
carbons, alkenyl or alkynyl of 3 to 8 carbons, aralkyl of 7 to 12 
carbons, aliphatic acyl of 1 to 10 carbons, aromatic acyl of 7 
to 13 carbons, alkoxycarbonyl of 2 to 9 carbons, aryloxycar 
bonyl of 7 to 15 carbons, alkyl, aryl, cycloalkyl or aralkyl 
substituted carbamoyl of 2 to 13 carbons, hydroxyalkyl of 1 to 
5 carbons, 2-cyanoethyl, epoxyalkyl of 3 to 10 carbons, or a 
polyalkylene oxide group of 4 to 30 carbons; R.sub.5 is 
selected from hydrogen or alkyl of 1 to 4 carbons; R.sub.6 is 
selected from hydrogen, hydroxyl, alkoxy of 1 to 4 carbons, 

O O 

oimmgio 


































