Synthesis and Properties of New Copolymers Containing

Hindered Amine

HANG-QING PAN,"* WAYNE W. Y. LAU,>t Z. F. ZHANG,' and X. Z. HU'

"nstitute of Chemistry, Academia Sinica, Beijing 100080, People’s Republic of China, and *Department of Chemical
Engineering, National University of Singapore, 10 Kent Ridge Crescent, Singapore 0511

SYNOPSIS

Eight new copolymers containing hindered amine (HA) were synthesized by copolymeri-
zation of vinyl monomers [styrene (St), methyl methacrylate (MMA)] with new functional
monomers produced by reaction of 4-amino-2,2,6,6-tetramethylpiperidine (ATMP) and
epoxy compounds containing double bond, and mixture copolymerization of vinyl monomers
(St and MMA) with a mixture of ATMP and above epoxy compounds. The structure of
these new copolymers were characterized by IR, NMR, and elemental analysis. The prop-
erties of these new copolymers were described and their photoprotecting effectiveness ex-
amined. Experimental results indicate that they possess high photoprotecting effectiveness
comparable to or higher than that of a commercial polymeric HALS “PDS.” © 1996 John

Wiley & Sons, Inc.

INTRODUCTION

It is well known that hindered amine light stabilizers
(HALS) are the most effective light stabilizers. Ex-
tensive research work and reviews of HALS have
been published.!”” However, HALS with low molec-
ular weight (MW) are relatively volatile and are easy
to be extracted by liquid;*'® therefore, the effec-
tiveness of low MW HALS is limited. A new trend
for HALS development is to prepare HALS with
higher MW.1® Copolymerization or homopolymer-
ization of functional monomers containing hindered
amine is the usual method for preparation of higher
MW HALS. There are several polymeric HALS re-
ported in the literature;'"!* many of them are based
on 2,2,6,6-tetramethyl-4-piperidinyl methacrylate.>8
Recently, a new monomer made from isopropenyl-
o,a-dimethylbenzyl isocyanate (m-TMI) reacting
with 1,2,2,6,6-pentamethyl-4-piperidinol and its co-
polymers with St and MMA have been reported.!®*
New monomeric HALS based on isocyanate and
hindered piperidine have also been reported.?’*? In

* Visiting research scientist at the National University of
Singapore.
' To whom correspondence should be addressed.

Journal of Applied Polymer Science, Vol. 61, 1405-1412 (1996}
€ 1996 John Wiley & Sons, Inc. CCC 0021-8995/96/081405-08

this article, eight new copolymers containing HA
are described.

EXPERIMENTAL

Materials

Allyl glycidyl ether (AG) and 1,2-epoxy-5-hexene
(HEPO) were supplied by Aldrich Chemical Com-
pany Inc.; 4-amino-2,2,6,6-tetramethylpiperidine
(ATMP) was from Fluka. These chemicals were used
without further purification. Styrene (St) and
methyl methacrylate (MMA) were also supplied by
Aldrich Chemical Company; they were distilled be-
fore use. The initiator, «o,a-azobis(isobutyloni-
trile) (AIBN) was supplied by Tokyo Chem. Ind.
Comp., Japan.

Synthesis
Monomers

N-3-Alloxy-2-hydroxypropyl-4-amino-2,2,6,6-tetra-
methylpiperidine (monomer I). In a three-neck flask
equipped with a condenser, a nitrogen inlet, a mag-
netic stirrer, and an oil bath were placed 13.6842 g
(0.0872 mol) ATMP and 10.0000 g (0.0872 mol) AG.
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Table I Preparation of Copolymers A, B, C, and D

Comonomer
Copolymer 1 2 Mol, Mol, AIBN (g) T (°C) Time (h) Yield (%)
A | | MMA 0.008 0.028 0.0480 80 8 43.52
B 1 St 0.083 0.026 0.0480 80 13.45 41.07
C 11 MMA 0.0025 0.018 0.0200 80 10.20 25.00
D 11 St 0.0022 0.020 0.0200 80 11.20 50.48

The reaction was carried out at 80°C for 6 h under
nitrogen and stirring. The reaction product was a
yellow viscous-oil-like substance. Distillation at
125°C/82 mmHg removed unreacted AG and
ATMP. A yellowish paste product remained. Yield
was 90.10%.

N-2-Hydroxyhexenyl-5-4-amino-2,2,6,6-tetra-
methylpiperidine (monomer II). Using same reac-
tion apparatus as above, 7.9188 g (0.0507 mol)
ATMP and 5.0000 g (0.0507 mol) HEPO were placed
in the flask, the oil bath temperature was then raised
and mantained at 80°C with stirring under nitrogen
for 6 h. The reaction product was a viscous-oil-like
substance. Distillation at 110°C/100 mmHg re-
moved unreacted HEPO and ATMP. A yellowish
paste product was obtained with 25.60% yield.

Copolymerization

A typical copolymerization to produce new copoly-
mer in this work is described as follows: in a three-
neck flask equipped with a condenser, a nitrogen
inlet, a magnetic stirrer, and an oil bath were placed
2.8080 g (0.0280 mol) MMA, 2.1635 g (0.0080 mol)
monomer I and 0.048 g AIBN. The oil bath tem-
perature was raised and maintained at 80°C with
stirring under nitrogen for 8 h. A rubberlike sub-
stance was obtained. Extraction with pentane (3

Table II Preparation of Copolymers E, F, G, and H

X 50 mL) yielded a white solid product (A) with
43.52% yield.

The other copolymers were obtained through the
same procedure described above, and are summa-
rized in Table I.

Mixture Coplymerization

A typical mixture copolymerization to produce co-
polymers in this work is described as follows: in a
three-neck flask equipped with a condenser, a ni-
trogen inlet, a magnetic stirrer, and an oil bath were
placed 10.1795 g (0.0980 mol) St, 5.1456 g (0.052
mol) HEPO, 8.0475 g (0.052 mol) ATMP, and 0.0318
g AIBN. The oil bath temperature was raised and
maintained at 80°C for 10 h with stirring under ni-
trogen. An oil-like substance was obtained. Extrac-
tion with pentane (3 X 50 mL), and after drying, a
yellowish product (E) was obtained with 44.20%
yield.

The other copolymers were obtained by the same
mixture copolymerization procedure and are sum-
marized in Table II.

Characterization

IR spectra were recorded using a Shimadzu FT-IR
1801 Fourier Transform Infra Red Spectrophotom-
eter. Proton-NMR spectra were obtained using a

Copolymer Vinyl? Mixture® AIBN (g) T (°C) Time (h) Yield (%)

E St HEPO ATMP 0.0318 80 10 44.20
0.098 0.052 0.052

F MMA HEPO ATMP 0.0818 80 10 51.64
0.107 0.052 0.052
St AG ATMP 0.1138 80 10 52.15
0.097 0.044 0.044

H MMA AG ATMP 0.0890 80 10 65.64
0.157 0.044 0.044

2 In moles.
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Figure 1 IR spectrum of product from AG + ATMP.

JOEL FX-900 FTNMR, DCCI,; as solvent and TMS
as internal standard; MS spectra were recorded using
a MICROMASS 7305E. CHN analytical values were
obtained using a Perkin-Elmer 2400CHN Elemental
analyzer.
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IR spectrum of product from HEPO + ATMP.
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Figure 3 Proton-NMR of product from AG + ATMP.

Photooxidation

The preparation and photooxidation of polypropyl-
ene samples containing these new copolymers fol-
lowed the usual procedure reported elsewhere.?
Photooxidation of the samples was monitored using
a Perkin-Elmer 782 IR spectrophotometer at a wave
number of 1710 cm ™. Induction period was deter-
mined from plot of carbonyl absorption versus ir-
radiation time.
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Figure 4 Proton-NMR of product from HEPO + ATMP.



1408 PAN ET AL.

Table II C—-H-N Content of Monomeric Products

Found (%) Caled (%)
Product C H N C H N
Monomer I 66.13 12.93 10.50 66.67 11.11 10.37
Monomer II 69.06 12.90 12.10 70.87 11.81 11.02

RESULTS AND DISCUSSION

Synthesis

It has been reported® that epoxide readily reacts
with amine in a stoichiometric reaction. Our exper-
imental results show that the reaction of epoxides
(HEPO and AG) with ATMP was stoichiometric.
The reaction of AG with ATMP was faster than
HEPO with ATMP. The yield in the former reaction
was, thus, higher than in the latter (90.10 vs.
25.60%). It has been observed that the reaction of
AG with ATMP occurred even at room temperature,
but not so for the HEPO-ATMP system. AG,
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a — copolymer of styrene with monomer -1 {Copolymer B)
b — copolymer of styrene with monomer -1 {Capolymer D)
¢ — pure polystyrene

4

Figure 5 IR spectra of copolymers made from styrene
with monomer I and monomer IIL.

HEPO, and ATMP with boiling points of 154, 119,
and 198°C, respectively, will evaporate on heating;
therefore, use of a reflux condenser was necessary
to avoid loss through evaporation. AG, HEPO,
ATMP, and their reaction products are liquids that
are soluble in most organic solvents and water;
therefore, common purification methods such as
liquid extraction and precipitation cannot be used.
Monomers I and II were purified by removal of un-
reacted starting materials by reduced pressure dis-
tillation. Experimental results show that monomer
I and monomer II are reluctant to homopolymerize
by free radical initiation. This may be associated
with the “degradative chain transfer of the allylic”
(autoinhibition).?> However, these monomers can be

BTy

100+

o 200 00 W00 40
Wave number cm™
a - copolymer of MMA with monomer-1 (Copolymer A)

b - copolymer of MMA with monomer - I { Copolymer C}
¢ - MMA

Figure 6 IR spectra of copolymers made from MMA
nwith monomer I and monomer II.
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Table IV Characterization of Copolymers A, B, C, and D

1409

Copolymer A B C D
Copolymerization MMA +1 St+1 MMA + 11 St + 11
NMR (ppm) 3.60, 3.40, 4.00, 7.07-7.25, 3.4, 3.60, 1.20, 1.24 6.8-7.0, 6.4-6.6
Major peaks 1.13, 1.19 6.4-6.5, 4.0
1.12, 1.18 1.14, 1.19
Element C H N C N C H N C H N
Content (%) 59.87 9.13 2.74 86.86 9.37 3.05 60.52 9.30 3.80 88.38  8.57 1.74

copolymerized with vinyl monomers such as styrene
and MMA by free radical initiation.

Experimental results also showed that new co-
polymers containing hindered amine can also be ob-
tained by free radical copolymerization of vinyl
monomers (St and MMA) with a mixture of ATMP
and epoxy compounds with double bond.

Structure Characterization of Monomers |
and Il

IR spectra of the reaction products are shown in
Figures 1 and 2. From Figure 1 it can be seen that
after reacting at 80°C for 6 h the epoxy group (3040
and 840 cm™) in AG had disappeared,? the double
bond (1650 cm™) in allyl remained in the product
and new peaks at 3080, 3200, and 3300 cm ™! were
formed, indicating that the following reaction had
taken place.

CH, = I;‘H CH, = l;‘H
‘,:Hz E"?
) 9
I'IH2 +  HN N — EHZ (1)
H-C~ H-C-04
10 '
H-C~ H,C-N<  N-H
| !
H H
AG ATMP Monomer -1

From Figure 2, it can be seen that after reacting at
80°C for 6 h, the epoxy group (3040 and 840 cm™?)
in HEPO had disappeared, and new peaks at 3080
and 3260 cm™! in the product appeared, which con-
tained double bond (1640 c¢cm™!).2° Therefore, the
following reaction had occurred:

CH, = CH
CH,

i |

(I:Hz + HYN—< N-H — EHZ (2)
H-C~ H-C-0H

10 i
H'[;/ H'E"‘|'< N-H

H HH

HEPO ATMP Monomer - II

Proton—-NMR spectra of the products are shown
in Figures 3 and 4. From Figure 3 it can be seen that
product (monomer I) contains allyl group (double
bond: 5.89 and 5.15, 5.35, a-methylene connecting
ether group: 4.05 ppm)*"*® and 4-amino,2,2,6,6-tet-
ramethylpiperidine (2,2,6,6-tetramethyl: 1.12, 1.18;
3,5-two methylenes: 1.80, 1.90; and r-proton: 3.80
ppm), consistent with IR results.

From Figure 4 it can be seen that monomer II
contains hexenyl (double bond—5.80, and 5.00, 5.20,
a-methylene—2.15 ppm) and 4-amino-2,2,6,6-tet-
ramethyl piperidine (2,2,6,6-tetramethyl-1.12, 1.18,

Table V Characterization of Copolymers E, F, G, and H

Copolymer E F G H
Copolymerization St-HEPO-ATMP MMA-HEPO-ATMP St-AG-ATMP MMA-AG-ATMP
IR (cm™) 1600, 3400 1735, 3400 1600, 3400 1735, 3400, 1240

3080, 1240 1240 3080, 1240
NMR (ppm) 7.0-7.25, 1.18 3.60, 1.19 7.0-7.24, 3.49 3.60, 3.49, 4.05
Major peaks 6.4-6.6, 1.20 1.13 6.4-6.60, 4.05 1.15, 1.20
1.18-1.20
Element C H N C H N C H N C H N
Content (%) 87.34 8.84 2.20 57.86 9.61 3.84 84.82 9.46 2.89 59.19 9.49 2.91
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Figure 7 Change in carbonyl absorption in PP film containing polymeric HALS (0.3%)
during irradiation. (0) blank, (A) copolymer A, (B) copolmer B, (C) copolymer C, (D)
copolymer D, (E) copolymer E, (F) copolmer F, (G) copolymer G, (H) copolymer H.

3,5-two methylene—1.74, 1.78, r-proton—3.50
ppm),2222526 consistent with IR results.

The results from MS show that the molecular
weight is 270 for monomer I and 254 for monomer
IL. The results of elemental analysis shown in Table
III agree with that caculated from the structure.

Based on the results of IR, NMR, MS, and ele-
mental analysis, one can conclude that the two
monomers synthesized in this work conform to the
following structure:

o = CH, = CH
=
i "l
! -
CH, 0
H-C-O H-{-OH
HC—N =< H-H H-C-N < "i‘"
H HH
Monomer - 1 Monomer - I

Structure Characterization of Copolymers
A,B,C,and D

The IR spectra of copolymers made from styrene
with monomer I and monomer II are shown in Fig-

ure 5. From Figure 5 it can be seen that in these prod-
ucts, besides the polystyrene unit (1600, 3080, and 700
cm™!), there are new peaks at 3400 cm™! (— OH and
—NH) and inbetween 1230 cm™! and 1240 cm™
(which is weak but still discernable) derived from
monomer I and monomer II. The double bonds in
monomer I, monomer II, and styrene (1650, 1640, and
1630 cm™'), respectively, had disappeared after co-
polymerization. Therefore, the above results indicate
that these two new monomers can be copolymerized
with styrene by free radical initiation.

The IR spectra of copolymer made from MMA
with monomer I and monomer IT are shown in Fig-
ure 6. From Figure 6 it can be seen that in these
copolymers, besides the polymethyl methacrylate
unit (1735 cm™!), there are new peaks at 3400 cm™!
(—OH and —NH) and 1240 cm™? derived from
monomer I and monomer II, the double bond in
monomer I, monomer II, and MMA (1650, 1640,
and 1640 cm™), respectively, had disappeared after
copolymerization. Therefore, the above results in-
dicate that these two new monomers can be copo-
lymerized with MMA by free radical initiation.

The results of NMR spectra and elemental anal-
ysis of copolymers A, B, C, and D are shown in
Table IV. From Table IV it can be seen that the
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structure unit of monomer I (3.40, 4.00, 1.13, and
1.19 ppm), monomer II (1.14 and 1.23 ppm), styrene
(7.07-7.25 and 6.40-6.70 ppm), and MMA (3.60
ppm), respectively, existed in the copolymer. These
NMR results are consistent with IR results.

Based on the results of elemental analysis, IR, and
NMR, the four new copolymers (A, B, C, and D)
formed from monomer I, monomer II and vinyl mono-
mers (St and MMA) possess the following structure:

——-MMA-); s-—(-AG-ATMP-),-- (St z(-AG-ATMP-), -~

copolymer-A copolymer-B

—ee(-MMA -} g-—(-HEPO-ATMP);-- —(-8t-)15——(-HEPO-ATMP-);----

copolymer-C copolymer-D

From Table V it can be seen that after mixture
copolymerization, the double bond in the vinyl
monomer St, MMA, and AG, HEPO (1630, 1640,
1650, and 1640 cm '), respectively, had disappeared,
and the structure unit of monomer I (AG-ATMP)
and monomer II (HEPO-ATMP), styrene, and
MMA, respectively, existed in these copolymers
produced by the mixture copolymerization. There-
fore, the following reactions had occurred: reactions
(1) and (2) for formation of the new monomers con-
taining HA, and the copolymerization of above new
monomers with vinyl monomer:

CHy =CH CH, = CH How HoH
Z + H +§_EHE_H7
Hhy [
i N@B W hy
] —_— 0
EH7 !
e B EHZDH
; i
H-C-N< M i
t IQ H-C-N-QNH
HoH i
o
tp=CH . Ch=CH =t t-ty;
(Hy - ué HoCH,
[I:Hz I'ZH;
H-C-0H H-C-OH
"'“',“Q"“ =€ N~ OmH
HH K
cn—EcH] tH, = CH 1o
- 1= [—Ctl—
E:g + H, +| |H| EY
1 —_— B =0 H K
0 | !
1

1

t

b

th ' 1

thy i o

¢

t

i

H
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Based on results from IR, NMR, and elemental
analyses, the structures of new copolymers E, F, G,
and H are as follows:

—eo(-St-)g g--~(-HEPO-ATMP-); —---- —{-MMA-); ——~(-HEPO-ATMP),-—

copolymer-E copolymer-F

—eeen(-St-)g 7 --(~-AG-ATMP-} e ——(-MMA-)s5-——(AG-ATMP-),

copolymer-G copolymer-H

PRODUCT PROPERTIES

Monomer I and monomer II are yellowish paste
substances. They can be dissolved in water and most
organic solvents such as petane, hexane, benzene,
chloroform, acetone, ethanol, and methanol.

Copolymers A and F are white solids and copol-
ymers B, C, D, E, G, and H are yellowish solids.
They can be dissolved in benzene, toluene, acetone,
chloroform, but cannot be dissolved in pentane,
hexane, alcohol, and water. The temperature ranges
in which these new copolymers start to melt are:
105-115°C [A], 78-85°C [B], 108-118°C [C], 78—
90°C [D], 85-95°C [E], 110-118°C [F], 75-85°C
[G], and 110-120°C [H].

PHOTOPROTECTING EFFECTIVENESS

The photoprotecting effectiveness of these new co-
polymer HALS for polypropylene is shown in Figure
7. Photooxidation induction periods of these new
copolymer HALS with different effective nitrogen
content (nitrogen content in the piperidine ring)
are shown in Table VI.

From Figure 7 and Table VI it can be seen that
with increasing content of effective nitrogen (nitro-
gen in the piperidine ring) in the copolymer, their
photoprotecting effectiveness for PP film was in-
creased. Their photoprotecting effectivveness is
higher than that of a commercial polymeric HALS
PDS produced in China.”!*'® The photoprotecting
effectiveness of PDS had been reported to lie in-
between polymeric HALS Tinuvin-622 and Chi-
massor-944.% PDS has been successfully applied to
polypropylene fiber against photooxidation.!®
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Table VI Photooxidation Induction Periods of PP Film Containing the New Copolymer HALS

Copolymer Blank A B C D E F G H PDS
N%* — 1.37 1.53 1.90 0.87 1.10 1.94 1.45 1.46 2.20
IP (h)® 20 108 145 260 68 94 240 120 145 92

2N in piperidine ring; IP, induction period.

HH HCH

NBGIRY

CONCLUSION

Eight new copolymers containing HA were prepared
by copolymerization of vinyl monomers St and
MMA, with new functional monomers produced
from reacting ATMP with epoxy compounds con-
taining double bond and mixture copolymerization
of vinyl monomers St and MMA with a mixture of
ATMP and the epoxy compounds. These new co-
polymers are potential photostabilizers with high
photoprotecting effectiveness.

The authors would like to thank the Chinese Academy of
Sciences and the National Universityof Singapore for their
support of this study.

REFERENCES

1. M. Minagawa, Polym. Degrad. Stabil., 25(2), 121
(1989).

2. F. Gugumus, Polym. Degrad. Stabil., 24(2), 289
(1989).

3. P. P. Klemchuk, Polymer Stabilization and Degrada-
tion, ACS Symposium series 28, American Chemistry
Society, Washington DC, 1985.

4. A.J.C.Pardron, J. Macromol. Sci., Rev. Chem., C30,
107 (1990).

5. F. Gugumus, Angew. Makromol. Chem, 190, 111(1991).

6. J. F. Rabek, Photostabilization of Polymers,, Elsevier

Applied Science Publishers, New York, 1990.
. J. Q. Pan, Polym. Bull., 3, 138 (1992).
. K. Murayama, J. Org. Chem. Jpn., 31, 1 (1973).

W =

9. A. Tozzi, Text. Res. J., 48, 473 (1978).

10. J. Q. Pan and Y. Liu, Addit. Commun.,3, 1 (1981).

11. C. Pavol and P. Martoe, Angew. Makromol. Chem.,
137, 249 (1985).

12. C. Stefen, H. Pavol, and M. Zdenek, Polym. Degrad.
Stabil.,, 11, 233,239 (1985).

13. W. W. Y. Lau and J. Q. Pan, in Functional Polymers
for Emerging Technologies, Reza Arshady, Ed., Amer-
ican Chemical Society, Washington, DC, 1996.

14. J. Q. Pan, W. Cheng, Y. Song, and X. Hu, Polym.
Degrad. Stabil., 39(1), 85 (1993):

15. W. Liang, J. Qi, X. Hu, and H. Xu, Polym. Dégrad.
Stabil.,, 32(1), 39 (1991).

16. Q. Lu, G. Zheng, W. Liang, H. Feng, R. Sun, X. Hou,
X. Zhou, B. Su, R. Zhao, and D. Shen, Gaufenzi
Tongxun ( Polym. Commun. Beijing), 285 (1979)

17. C. S. Lee, W. W. Y. Lau, S. Y. Lee, and S. H. Goh,
J. Polym. Sci. Chem., 30(6), 983 (1992).

18. F. Gugumus, Res. Discl.,, 209, 357 (1981)

19. C. S. Lee, W. W. Y. Lau, S. Y. Lee, and S. H. Goh,
J. Polym. Sci. Chem., 29(3), 1889 (1991).

20. W. W. Y. Lau, C. S. Lee, S. Y. Lee, and S. H. Goh,
J. Polym. Sci. Chem., 31(3), 1499 (1993).

21. J. Q. Pan and W. W. Y. Lau, Polym. Degrad. Stabil.,
46(1), 45 (1994).

22. J. Q. Pan and W. W. Y. Lau, Polym. Degrad. Stabil.,
46(1),51 (1994).

23. M. B. He and X. Z. Hu, Polym. Degrad. Stabil., 18(2),
321 (1987).

24. H. Lee and K. Neville, Handbook of Epoxy Resins,
McGraw-Hill, New York, 1967.

25. P. J. Flory, Principle of Polymer Chemistry, Cornell
University Press, Cornell, NY, 1953, p. 173.

26. K. Nakanishi and P. H. Solomon, Infrared Absorption
Spectroscopy, 2nd ed., Holder-Day Pub. Inc.,, San
Francisco, 1977.

27. J. F. Clerc, Structural Analysis of Organic Compounds,
Elsevier Science Publishers, New York, 1981.

28. R. M. Silverstein, in Spectromeric Identification of Or-
ganic Compounds, John Wiley and Sons, New York, 1981

29. J. Q. Pan and Z. Ma, Photogr. Sci. Photochem., 1, 52
(1988).

Received October 7, 1995
Accepted March 30, 1996





