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Figure 1 Schematic illustration of multiple polymers that can be
studied within the generalized entropy theory. Circles designate the
united atom groups, solid lines represent the bonds between united atom
groups inside the monomer, and dotted lines denote the bonds between
neighboring monomers.
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Figure 2 Contour plots of (a) the glass transition temperature 7, and (b) the fragility index m in the plane of cohesive energy ¢ and bending energy
E,. These results are predicted from the generalized entropy theory [46] (color online).
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Figure 3 (a) Schematic illustration of chain configurations for different classes of graft polymers. (b) Glass transition temperature 7, predicted from
the generalized entropy theory as a function of the side-chain length » for different classes of graft polymers. Dashed and dash-dotted lines correspond
to results for the flexible and stiff linear polymers, respectively [52] (color online).

(a) (b) 6
5 L -
— 4r
= .
3 )
£ L
a0 @
)
P [MPa] 2F P[MPa]
-0 —30H / -0 30
10 — 40 1p 10 — 40 A
20 — 50 20 - 50
L L : 0 . . L n
0.0 0.5 1.0 1.5 2.0 2.5 0.0 0.5 1.0 1.5 2.0 2.5
10.’5(/) 7.()/T [K 1] 103(1574()/7’ [K 1]

B 4 E5 T BRI I R AR AT RN, (a) log(z,) FI(b) s, /s AN 1T 5 10°97/TiI 56 3. %1k B R s
AR, y55 7.0, El(a)Fl(b) I K73 73 72 log(z,) s, /sCFiE103/TEI’~J§JZ1Jc. X5 ZMMTTRET S5 MARIR T, TAIT N R AL B
(H%’%H)i &)

Figure 4 Thermodynamic scaling predicted from the generalized entropy theory [64]. (a) log(z,) and (b) s, /s versus 10 ¢}/T with y=7.0 for this
particular polymer model. The insets in panels (a) and (b) show log(z,) and s, /s versus 10°/T, respectively. The symbols cross, triangle, and square
indicate the positions of T, T, and 7, respectively (color online).

621



RIS > T B BRI T

Horfir (02K 7 FIIFATBIT ], AV RIFALIRA. 45
FH, R(0) AR A G Hb A R A b S 1] (1) A Ak (]
5a). % LAEHE— B AIE0b L T I AL AAR R 12 5)
RO R BRI, RINE A S s R 2
)T B RO . X — FRS TIN5 B4 5 T A
SR, T IR — S5 R, AR5 4y
BT T & AR Ak 1 B Rl B L P8 R0 1 g F 3 A B A
([&15b). Z5HL ], THAAR R B R 598 L E
BE XTI B (4 AR A BB T, AT BT T 35 AL A A
(43 2

R TAEVOE B — AR W T SRR Mt
HORI 392 30 A4 72 U8 FEE T 4 7 2 30 A8 Ak 24 T LA i
“HER R SR fRE. SR 1 R A 2 809, LA 523
P B 11 21 4 5k 2 e B 20 A SRR 45 TR e, oK
FHEM R HER 2 PR B . G TN, B4 4y T 250 5
Z . AR HUI ) 5 43 T B A B A A 22 1) HE R
PRI 2 TR R B AL AR AR L R A G P 4 R
RIS AL AR b T B RE TR AR I I B 2 T
A%, GETTUIHER R AN 4 T B B AR A P 2
A FEAE— E fEE 55 R

ol IR ) -8 1 AR R

GETIE W] 1T B R 353 A F 5 v B L S Uk g 2
WHEL Gk JA M — DA | s AR 71 B0k T
RIS AIAH AR I S HOR R R I IR T2 .
BE—38, IR A Sk BOR R AR 3 ) 2
G 1 HEORER SRR AL IR0 E /4,
1 7 T AR B 70 S A PO DR A AR U B I ) S

3.3

AR FE BRI — N IEANFAE,  MI2h A1 AL AEAE
FEBEE I SR AR . BRI, BRI %3 0%
KA B 5 B I B O B e b, ik
JUHE R TR T B A R 3 A A o E
ZN 1A B, X SRR AR — e AR R b AR
T AR A AL Rk, R AR IR
VR IR 0% R OF BT H 53 12 Z F K &,
LA W RERA R R G — B — N BSHESE N . T
377 TH 0 BRI 48, 15 7T S AT (01 4™,

BALRMGETHH R T AR 571, WERE
PRI 6 R I A, AR AR . f Y
PREAI RS, JF H B T IR eIy 22 MR i 2 8] (55
R GERRH, MORF M TR, MR, R
PN RERIA R AR L 2 [R) S A7 AE SR RO K, JF HAE B
I A I B BT R I W R 2R PEOC R. B X A Y
Wi TN BEATR RS FEAN R IS 0 T B 2 AR AT
NHEAT o3 HT, A% AR R B R AR AR R Py BE IR T
FRREAT N, MR IRMNIR AR AT . BE)E %
TARRE—DH I T A RIS A5 5 SRR st 7] 2
[A]OR 2. 45 SRR, ANAl i AR R 2R L A7
PN RERIR RS 55 S R st TR 24035 A2 RO T VFT T 12
e R (El6). R, 7EHRME S 7 T B3 )%
JrH, AT A BEATRY AL S B b5 R R AR R AT S5 R 1Y
FENE, W ORI I A R I S R AT SRR
e, BETE LT LS. XL
VEBUAFAEE BRI R AR, IR A A #2441k
JRZ IR R IR R R, BTS2, % TN 7 ANE
RV MR RER, R LG — TR TA

(a) 55T T T T T )v ]
/",
—2.0rF y,y
= e
& 1.5 &
i ,4"
~1.0F 4 T K]
L A e 500 + 260
505 o v 400 « 245 |
’ ,9"‘"4 325 ¢ 235
. 280 » 225
0.0p ¥ . . . I ]
0.0 0.5 1.0 1.5 2.0 2.5
PAV# [kgT

(b) 20 xle4r
L DI
&,
£
S0 i Ey/ks K]
E — 400
2 600
5t W 800
/2 — 1000
Y/ — 1200
0 L L 1 1 1 1
0 1 2 3 4 5 6 7 8
AV# [nm?]

B 5 (a) BT &0 TYES BB SRR B (b) A RRENIE: & 20 TR R S A A FR R 76 A0 B R RE (R 56
. SEERFREIR AT 5 . BRI E 2 IO IE H o6 2R, IR 4625 5L i 20 T BB AR B i 13 207 (k9 2% R 1)

Figure 5 (a) Illustration of the calculation of activation volume AV based on the generalized entropy theory. (b) Differential activation free energy
AEg versus AV* for variable T in polymer melts having variable chain stiffness. Dashed lines indicate direct proportionalities. These results are

predicted from the generalized entropy theory [70] (color online).
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Advances in the generalized entropy theory of polymer glass formation
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Abstract: The theoretical description of glass formation remains an important fundamental problem in condensed
matter physics. Polymers have been a prototypical model to study glass formation, and their unique molecular
characteristics provide a set of powerful constraints on the development of generally valid and broadly applicable
approaches to glass formation. Configurational entropy has been a key quantity in the development of theoretical
approaches to glass formation. The configurational entropy-based models can be traced back to the experimental
observations of correlations between the fluid entropy and liquid dynamics nearly a century ago, and the development of
these approaches has entered a new phase in recent years, especially in the study of polymer glass formation. The
present review begins with a brief summary of classical entropy theories, followed by an introduction to the generalized
entropy theory (GET) of polymer glass formation. Recent advances are then described in our studies of polymer glass
formation based on the GET, with a particular focus on the physical mechanism of the dependence of polymer glass
formation on molecular factors, the theoretical description of activation volume and thermodynamic scaling, and the
thermodynamic-dynamic interrelations of glass-forming polymer fluids. The emphasis is placed on the power and
unique capacity of the GET in investigating the key problems related to glass formation. Finally, the challenges and
opportunities are discussed regarding the further development of the GET, along with remarks on several key topics in
the theoretical study of glass formation.
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