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Fig. 1 Schematic illustration of the design of the Tetra-PEG slimes with varied 7, where the blue curve and orange symbol

represent the PEG units and the zirconium ions, respectively.
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Fig. 2 Plots of 75,,/c (black) and In(n,/c) (red) against ¢ of

Tetra-PEG precursor in the dilute regime, and the lines are

extrapolated to ¢=0.

VU 5 & A AR VR R 125 /L, ZAA IR
TESWE, v UG FRREE S K R, [F
122 94 B A1 328 {1 T 4 45 9K JE (Akagi 55 L2 40
VU PEG & RINgELE IR E 2 /D 35 T EHS WK
Y2321, PRI I iR FE IR R, BE RS R
IAPR B B B 25 4 () TR i, O] A 4 485 %) S 56
SERIm
13 bt T B A AR AGFE B 1) Tetra-PEG
VBRI AE 25 °C [ 26 P Ui AR 2 AR A5 21 19 it 7%
P GRS & GRS R, Hd rEHFRR
Zr B 5 Tetra-PEG Aif SRR 9 EL . 7E VEGH )
WIS R AT, HeE T A MR ER H
phantom % 8 T J6 i 4 1Y) 56 4 4 i A ) 24 25
(1)°F & B Gy. 1R Phantom PR REAL, SZHK 5
10k 7 2= T B B A B DTN A SO R R B
AR T SehrsE B, HZERMER TR A%, B
I AR R T R0 1261
Gpn= (v—p)kgT (1)
Horbv A RO SRR B, w A R A B
MRS, kg NIEH2E 2 W, TONAERTEE .
M3 Betha #5784, v Al g ] DL I R v i 2 2K p 3t

5

Ig G, 1g G” (Pa)

-1 (I) i 2

lg w (rad/s)
Fig. 3 Comparison of linear viscoelastic storage modulus
G’ and loss modulus G" as functions of angular frequency @
for Tetra-PEG slimes with different concentration ratio of
Zr** to Tetra-PEG precursor 7, as indicated at 7=25 °C. The
dashed line is the prediction from phantom network model
with connectivity p=1.
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Fig. 4 Connectivity p dependence of the probabilities P(X)
(X=0, 1, 2, 3 and 4) that the tetra-armed prepolymer becomes
a X-functional crosslink.
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Fig. 5 Test of time temperature superposition for the Tetra-
PEG slimes with different » Raw G'and G" are normalized
by an intensity factor by = 7,/T and shifted by a factor a to
superpose the low frequency G' and G" tails. Plots of the =
2.4,3.2,4.0 and 4.8 samples are further shifted vertically by
a factor of K=1, 2, 3 and 4 in the logarithmic scale to avoid
strong overlap.
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Linear Rheological Study of Tetra-poly(ethylene glycol) Transient Networks

Jian Tang”, Quan Chen
(State Key Laboratory of Polymer Physics and Chemistry, Changchun Institute of Applied Chemistry,
Chinese Academy of Sciences, Changchun 130022)

Abstract Transient networks are three-dimensional networks formed by reversible crosslinks. The reversibility is
critical to realize functions of novel materials including self-healing, stimuli-responsive and shape memory
materials. The design, development, and application of these materials are all dependent on a precise
understanding of molecular mechanisms of viscoelasticity. However, defects such as loops and dangling chains
are common in conventional associative polymer systems, which significantly impedes the quantitative
establishment of relationship between structural parameters and physical properties of associative polymers,
thereby hindering the target performance-oriented material design. To address the lack of model systems, this
study designs and fabricates a model physical gel system utilizing tetra-poly(ethylene glycol) precursors and
zirconium ions. The degree of gelation within this system can be precisely controlled by adjusting the molar ratio
of zirconium ions to tetra-poly(ethylene glycol) precursors. By selecting a precursor concentration between the
overlap concentration and the entanglement concentration, defects such as loop and entanglement structures are
significantly suppressed. This suppression is verified by the correspondence between the experimental plateau
modulus and the predictions from phantom network model. By analyzing the thermos-rheological behavior of the
transient network, the evolution on the temperature-dependent structure is revealed. Specifically, examining the
high-frequency moduli related to the ion dissociation process reveals that the failure of time temperature
superposition is due to a decrease in the degree of gelation as the temperature increases. Agreement has been
achieved in the degree of association calculated from the plateau modulus and that from the relaxation time.
Further discussion is given on a relationship between a content of superbridges and the relaxation mode
distribution.

Keywords Associative polymer, Linear viscoelasticity, Relaxation time, Plateau modulus, Superbridge
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