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Abstract of Thesis

[Introduction]  Crosslinks are Chapter 2 Chapter 3 Chapter4
crucial for the mechanical Movable crosslink b

. T -1 stacking effect Movable crosslink Friodol Crafts
properties of polymers. The 0

traditional covalent crosslink g‘ A\ lw e
easily causes stress concentration ¢ f. ' 0 ?:‘% ®= 0
L cylic

and localized failure when the \) 00 ____________________ o

o ’ 0
polymers are stretched. In O — CyclicPPS W—T Metal O“Sh\\ef
7~ \

. L
supramolecular chemistry, i

PCL l Steric hindrance group s y
reversible and movable crosslinks m-Tstacking effect  PS-PEA Cyclic PPS /

have been widely used to reinforce

polymers by efficient —energy  pigyre 1. The research scheme of this thesis.

dissipation. Cyclic polyphenylene _ -
sulfide (PPS) is the byproduct in the synthesis of linear PPS and has +H-cHc! cHscl -
almost no application, leading to waste in resources and pollution on t@jh( Oé\ot)' @‘
environment. Thus, by making use of macrocycle structure and L ’ ) Jn
benzene rings of cyclic PPS, movable and reversible crosslinks can be PS(80)-PEA/TU(y)
formed and used in the reinforcement of polymers, and make the

. . . . - crgeH\-rfeHch—\—+
application of cyclic PPS possible (Figure 1). t @i)‘: ( OAONJ / _[.Q_s-l;

[Chapter 2: Reinforcement of polystyrene-based materials by the

addition of cyclic PPS]! The used cyclic PPS is a mixture of oligomers PS(80)-PEA/I-PPS(y)

Figure 2. Chemical structures of
oligomer. In here, cyclic PPS is also named as 7U. Cyclic PPS and  PS(80)-PEA/7U(y) and PS(80)-PEA/I-PPS
(y) where y refers to weight percents of

ranging from 5 unit to 15 unit and mainly composed of 7-unit

linear PPS with the same molecular distribution were mixed with

PPS.
styrene (St) and ethyl acrylate (EA) to obtain copolymers, respectively
(Figure 2). After the introduction of EA and 7U, there are a four-fold a)3s —TTTETY
. . . ——PS(80)-PEATU(3%)
increase in toughness and no change in Young’s modulus compared 30 1 PS(80)-PEA/-PPS(3%)
with polystyrene. When the composition of copolymer was fixed, 7U &2
=143
led to a two-fold increase in toughness and linear PPS decreased the ;13
e . .. $12
toughness significantly because of phase separation when the addition Z
G 4
amount is same (Figure 3). 7U can form m—m stacking effect with St o /
units of the polymer chains and complex with the polymer chains to b) o o5 511 ) 11}5 2 25
rain / %
form rotaxane structures, generating reversible and movable €°'5 PS(E0PEATUL)
crosslinks, respectively. And these interactions also made the S04 - ‘}
. =03
polymers more homogeneous to prevent the stress concentration and o i
2o.2 ; A
localized failure when the addition amount of 7U is appropriate. Thus, g { | .
30.1 -
7U has the potential to reinforce polystyrene-based materials via e o b
supramolecular chemistry. 0.0%1.5%3.0%4.5% 6.0%7.5%

U (%
[Chapter 3: Reinforcement of poly(s-caprolactone) based materials by e
the addition of cyclic PPS] Whether 7U is still able to reinforce  Figure 3. a) Stress-strain curves, b)

polymers when there are no benzene rings in the polymer chains is toughness of PS(80)-PEA/7U(y).




another  problem to be considered and investigated.
Poly(e-caprolactone) (PCL) is a biodegradable aliphatic polyester
without benzene rings. Three kinds of PCL-based materials were
prepared to have different amount of rotaxane structures formed by
7U. B-PCL/7U(x) were obtained by blending 7U and PCL with high
molecular weight (M,=73 kDa), P-PCL/7U(x) were prepared by the
polymerization of e-caprolactone mixed with 7U, and PU-PCL/7U(x)
were obtained by the reaction of PCL-diol and 4,4"-methylene diphenyl
diisocyanate (MDI). The order of amount of formed rotaxane
structures (less to more) is B-PCL/7U(x), P-PCL/7U(x) and
PU-PCL/7U(x) (Figure 4). Because there is no interaction between
PCL and 7U, the rotaxane structures are the key points to connect
polymer chains by the movable and reversible crosslinks derived from
the nm—m stacking effect between the 7U itself. When the dethreading
of rotaxane structures was inhibited by the end-capped steric
hindrance group, MDI units, in the case of PU-PCL/7U(x), there is a
two-fold increase in toughness and no change in Young’s modulus
(Figure 5). Moreover, the introduction of 7U has almost no influence
on the crystallinity of PCL, and the reorientation of crystals when the
PCL-based materials were stretched. In the degradation experiments,
the hydrophobicity of 7U and the crosslinks slowed down the
enzymatic degradation when the dumbbell-sized samples were used.
When the crosslinks based on the noncovalent interactions were
broken by dissolution in the solvents, the degradation of PCL chains
was almost not affected. Thus, even in the case when there are no
benzene rings in the polymer chains, 7U can still be used to reinforce
polymers by the reversible and movable crosslinks.

[Chapter 4: Modification of cyclic PPS and investigation of
metal-ligand coordination] The modification of cyclic PPS is
necessary to maintain the rotaxane structures as much as possible to
have more efficient energy dissipation and have more application
occasions. The acrylated cyclic PPS and cyclic PPS dimer were
obtained by Friedel-Crafts acylation. Acrylated cyclic PPS has the
potential to prepare other derivatives by the thiol-ene reaction, and
cyclic PPS dimer maintains the applicability of cyclic PPS and can be
used in each polymer system. Moreover, the metal-ligand
coordination between metal ions and sulfur atoms of cyclic PPS was
investigation by dissolving PCL polymers and mixing with zinc
chloride solution, and subsequent casting. The PCL-based materials
with zinc ion showed two-fold increase in the toughness and no change
in Young’s modulus (Figure 6). Probably, besides the m—m stacking
effect, cyclic PPS can also form metal-ligand coordination with metal
ions, which is another noncovalent interaction that can form
reversible crosslink to reinforce polymers further.

Thus, this research shows that cyclic PPS can reinforce polymers via
supramolecular chemistry.
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Figure 4. Schematics of B-PCL/7U(x),
P-PCL/7U(x), and PU-PCL/7U(x), where x
refers to the weight ratio of added 7U.
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Figure 5. a) Stress-strain curves, b)
toughness of PU-PCL/7U(x).
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REERENT L 72,
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