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Development of new biodegradable cationic ionomers
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The ring-opening polymerization of lactide by using a diol with a tertiary amino
group followed by chain-extension with diisocyanate gave poly(lactide-urethane)s with equally spaced
tertiary amino groups. Treatment of the poly(lactide-urethane)s with iodomethane afforded the polymers
with quaternary ammonium groups. lonization of the polymers was found to enhance their tensile modulus
and to decelerate their biodegradation. Similar poly(e -caprolactone-urethane)s with quaternary ammonium
groups and poly(lactide-urehtane)s with carboxylate groups were synthesized and their properties were
evaluated.
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TABLE 1 Polymerization of LA Initiated with NMDA in the
Presence of Sn(Oct),?

Sample  [LAI/INMDA]  Yield (%) M,? (kg/mol)  Mu/M,°

PLLA20 20 37 B2 1.1
PLLA40 40 86 7.0 1.2
PLLA80 80 96 10 1.3

2 Polymerization conditions: [LA]y/[Sn(Oct),] = 1000, [LA], = 1.04 M, tem-
perature = 100 °C, time = 24 h, solvent = 2 mL toluene.
b Determined by GPC calibrated with standard polystyrenes.
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TABLE 2 Synthesis of PEU by Polymerization of LA Initiated
with NMDA Followed by Successive Chain Extension with
HMDI in the Presence of Sn(Oct),?

Sample  [LAl/INMDA]  Yield (%) M,® (kg/mol)  M./M,P

PEU20 20 93 15 {IE5)
PEU40 40 93 23 1.5
PEU80 80 95 38 1.8

2 Polymerization conditions: [LA]¢/[Sn(Oct),] = 1000, [LA], = 1.04 M, tem-
perature = 100 °C, time = 24 h, solvent =2 mL toluene.
® Determined by GPC calibrated with standard polystyrenes.
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TABLE 3 Thermal Properties of the PEUs and the PEU-Mels

NMDA M, AHpy?
Sample (mol %)  (10%) T, (°C) T, (°C) (J/g)
PEU20 45 15 40.4 119.1 246
PEU20-Mel 39.2 115.0 22.0
PEU40 2.4 23 43.7 142.4 26.8
PEU40-Mel 425 144.8 28.2
PEU80 1.2 38 49.2 156.2 B3y
PEU80-Mel 49.3 155.6 30.8

2 Determined by DSC analysis.

(Table 4) PEU
NMDA

TABLE 4 Mechanical properties of the PEUs and the PEU-Mels.

Sample NMDA(th) /4, Tensile Tensile Elongation
modulus strength at break

mol% /10° MPa MPa %
PEU20 4.5 15 5 3.4 610
PEU20-Mel 660 7.0 410
PEU40 2.4 23 250 9.8 340
PEU40-Mel 1600 13 250
PEUBO 1.2 38 1100 17 680
PEUB0O-Mel 2600 18 480

# Determined by DSC analysis.

(Table
5)

TABLE 5 Contact angle of water of the PEUs.

Sample Contact angle of water (° )
PEU40 82
PEU40-Mel 72
PEU8O 85
PEUB0-Mel 81
PLLA® 90

# Determined by DSC analysis.
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Figure 1. Biodegradation of the poly(ester-urethane)s by
compost at 45 ° C. Samples: PEU40 (m ), PEU40-Mel (O ), PEUSO
( ), PEUSBO-Mel ( ), PLLA (o).
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Scheme 3. Preparation of PCL-based ionomers.
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Table 6 Synthesis of the PCLUs with NMDA units.

cL o
Sample Yield() M x 10° M/MD
|
PCLU40 40 98 59 1.6
PCLU8O 80 >99 65 2.1
PCLU120 120 94 189 2.2

Polymerization conditions: [CL],/[Sn(Oct),] = 1000, [CL], =
0.50 M, Initiator (1) = NMDA, Temp. = 100 ° C, Time = 24 h,
Solvent = 30 ml toluene. Chain Extension Conditions:
[HMDI]/[NMDA] = 1.2, Temp. = 60 ° C. a) Determined by GPC
calibrated with polystyrene standards. b) Averaged number of
combined prepolymer by chain extension.

Table 7 The effect of ionomerization on thermal
properties.

Myx Tis a) 7'g b) T b) A H, b)

Sample
10° cCoO ¢ O
PCLU40 59 299.3 -64.1 48.4 68.6
PCLU40-Mel 275.1 -61.4 49.0 74.2
PCLU8O 65 309.9 -63.7 51.8 87.7
PCLUBO-Mel 292.6 -62.0 54.6 76.9
PCLU120 189 302.9 -62.1 53.7 60.1
PCLU120-Mel 294.7 -62.0 56.3 62.4

a) Determined by TG/DTA
b) Determined by DSC

PCLU
(Table 8)

Table 8 Mechanical properties of the PCLU and ionomer
films.

NVDA® Tensile Tensile Elongation
Sample (ol modulus strength® at break®
(MPa) (MPa) )

PCLU40 2.4 900 31 2000
PCLU40-Mel 710 31 2500
PCLU8O 1.2 1020 32 1900
PCLUBO-Mel 620 28 2200
PCLU120 0.8 670 31 2100
PCLU120-Mel 740 36 2300
PCL® — 120 11 15

(Figure 2)
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Figure 2. Biodegradation of the

poly(ester-urethane)s in compost at 60 ° C. Samples:
PCLU40 (m ), PCLU40-Mel (O), PCLUI20 ( ),
PCLU120-Mel ( ), PCL (x).
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Scheme 4. Synthesis of PLLA-based anionic ionomers.

Table 9 Synthesis of PLLAUs by chain extension of
in situ generated PLLA-diols with HMDI.

a) Theoretical values.

b) Determined on an Orientic universal testing machine
RTC-1210A. .

c) M, = 10000 (React. Funct. Polym. 67, 798-806(2007)).

PCLU

Sample  [Ml/[11 Yield  #? S M
mol/mol %) /10°
PLLAU40 40 98 20 1.8
PLLAU60 60 97 24 2.1
PLLAUSO 80 99 79 2.3
PLLAU100 100 96 32 2.0

Reaction conditions: Common: [M],/[Sn(Oct),] = 200,
Initiator (1) = DMPA, solvent = 2 ml toluene.
Polymerizations: Temp. = 100 ° C, Time = 24 h.

Chain Extensions: [HWDI]/[1], = 1.2, Temp = 60 ° C, Time
=24 h

a) Determined by GPC calibrated with polystylene standard.



Na, K, Mg

(Table 10) DMPA

Table 10 The effect of metal acetate on thermal
properties of the PLLAU.

Table 11. Mechanical properties of the PLLAU and
jonomer films.

Tensile Tensile Elongation

Sample prey/ modulus®  strength® at break ®
[OWPA] (MPa) (MPa) (%)
PLLAU8O - 390 26 14
PLLAU80-Na0.5 0.5 480 21 4
PLLAU80-Nal.0 1.0 430 15 5
PLLAUB0-Na2.0 2.0 160 5 3
PLLAU8B0-KO0.5 0.5 530 21 5
PLLAU80-Mg0.5 0.5 560 39 8
PLLAU80-Mg1.0 1.0 630 24 5
PLLAU80-Mg2.0 2.0 530 13 4
PLLAU40 - 130 21 540
PLLAU40-Mgl1.0 1.0 40 21 1020

[Mel/ Ty D T, AH
Sample . .
[OMPA] (° C) (G 79)
146.0
PLLAUBO - 49.7 40.0
156.2
145.9
PLLAU80-Nal.0 1.0 48.9 40.0
156.5
PLLAU80-Na2.0 2.0 42.1 153.0 43.1
151.4
PLLAU80-K0.5 0.5 53.6 41.1
159.1
146.9
PLLAU80-Mg0.5 0.5 47.7 41.6
155.7
148.4
PLLAU80-Mg1.0 1.0 48.0 40.8
156.9
153.0
PLLAU80-Mg2.0 2.0 50.4 39.8
159.3
134.9
PLLAU40 - 42.8 6.8
140.5
43.4 138.1
PLLAU40-Mg1.0 1.0 4.8
56.6 144.1
a) Determined by DSC
b) #, = 71,000, M/M, = 1.5.
(Table 11)
PLLAUSO (1.2 mol%)
PLLAU40 (2.5mol%)
PLLAU8O

Mg

a) Determined on an Orientic universal testing machine
RTC-1210A.
b) #, = 71,000, M/M, = 1.5.
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