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Fig. 1. Modulus-temperature curves of polystyrene at differ-
ent molecular weight under different ar (The source data
of the reference values marked in panel are extracted from
Ref. [17]): (a) af = 0.00045; (b) ar = 0.00048; (c) af=
0.00052.
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Fig. 2. DSC experimental results of polystyrene recorded
after cooling at different cooling rates('"2%: (a) 0.1, 1, 10,
100 K /min; (b) 10, 20, 100 K/min.
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Fig. 3. Experimental and predicted Cg‘ of PS at different
ar (The source data of the experimental values marked in
panel are extracted from Ref. [20]): (a) af = 0.00045; (b) a; =
0.00052.
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0.9998, A SCIHH A YRR LB I
B 1 AR FR AR EIOR A R R BB A R I B 38 1L
FARFFRRET I A FR AR RO — B0, SR ARSI
IR A — M.

5 WEMAERFHERAA

WRYESS 31, BREZMEH E AR £/
oo I, 5 HOZ B R T LA K T 267
R HZ B BB B R LR KT (267 F)" . S
B AR AT AE 3 T g IR EE R F 378.7T K
i, IR, AT B B AR Y G2 SR 4
THEATAFTE 360 K B RIK 2 iy #uzs sh iy
BEBLHY LA KT 0.008, AT LIIAH 360 K BF R IK
CA B BE BEE R HGE B R AR B A 2RSS
BRI B A b B R Y HGE Bh R 45 ok

HTE L.

1o AR TR (785 43 v R A B [ 1 i
FAEAS AR JUATHES ) J&Ra e i, 2 g As b AU b 20
Zert b BT A A AR R, EREE TR
BOB B I AU . I 4 b TR B R, —
AN EFE TV HGE 8 (—F BB RE S 1) B,
2 BT A LR A 0B 2 XA B R —
E AT RS 138 3. AR AR AR B B AL
AR X (A N S FREC AR RE T, B/
BRI (W | SZBE R NEETT) B S B R
REHA . 131 7 B2 BE I & (142 Bl A 4 By AR Y
2 Bl AT AR 43 T4 B SRR HIGE sh R
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SCE . RO OO A B B R s
RS oG RO R AR, IR AR, RIE L5
A2 AR A2 T B SR I 068 2R 45 5 R Y
iR

P SCHk [12] AT, AR A BT o BE AR 3T
B TTHT, RO 20 B B A AR 1 E AR Ak
26.8 J-mol K. HEIK 2 M 1) HE R Mo & —CH
(CeH5)—CHy—, —MHEHFIUTAH 24> Rk
T, A UL 5 1 B R i AR T, 34k
BEAS 1 L R4 % T 26.8 = 2 = 13.4 J-mol LK 1,
AT 1.61R. LG & B AR VR L SEA
A%F 15RO v LIE R, BARLIGEFEGX—
M. BB ST IE AN, B G &R
POz s LGk A 1.5RE, JE M 4 Ik as Ak
A S SRR IS ) Bl T B R A A
TR Bl XA ZER A S TS B SRR A B 384k
ARSI AR AR TUR B RR M i B Ak
SRR A A B AL AR A A IR AR T, B
BRI AR I BT 8 IR, A2
BB

6 PdyNijgCusgPog 87 b #I8 E A R

55 5 B 43 AT R W AR A A Y B8 AL e
TR 2R 0 1) B BE AL 5% 78 W] e A1 4 R ARE I A o
TR 2 EATHY Lo 2 XA AT R Y, B LA
R S 0 e HGR EA FOR A AR R A 4
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PdyoNi;CuggPyg A IF R W ARES, HAERE T 0.05 Jog— LK1
A 8 L —0.0007T +0.325+ A, 1 PdoNi; Cug,
Py & BE B AT, AR T B A9 F #4OZ 0.00017—
0.349 + A, A Jg— [ EH. OB 19 d5t 5 e (1 I
S o ISR

W 587 KAF N B B AL 5% 2 IR B T, , R4 T, It
b Ve AR RN BE B Y L B 22 B A B B AC, R
0.204 J-g LK 1. PdyoNi;gCugoPy ) BE /K B i &
7368 g/mol, DL FAE N EE /R ARG, AG,
45F0.204 x 7368 + 100 = 15.03 J-mol LK !, #j%
T 18IR, 1 G “dEMm B EM LG A% T
LR IR, ARHEEE 5 W 0o bT, DL 38k i 71
R EE IR TR TG, BROK LRI LI G B S A 4%
T L5R. MR XAE 1 3BT, PdyoNigCusoPyy H1HY
FRF SN TR O B8 T, S REnT LA
ARG 4 PdyoNi; o CuggPy SEAE AR 43R AL
Tl (6) X1, O BUREE T B Pd Ny,
CugPoq A& ATV WAARET 1 LK.

Fie BREE 4.2 45 (1) J7 XAk BEOSCHR [4]) 9L 2(b),
Al LA H R R R 80 K /min (1) 52 1 th 28 45 2|
PdoNi;CuggPy H FL R EE £, A& 4(a) (R f5
Mgk, AT T2 T 581.68 K. M £k I 3% I i
(579.21, -0.1372 + A) 1 (575.74, —0.1927 + A)

b = 11.57. IWAARFRIIMEWNE 4(a) LR, UG
SRR AR AT

PRI e R HRM A (579.21, -0.1372 + A)
1 (571.04, -0.2416 + A) (ANl 4(b) £S5 T7R),
R (6) ZATE 15 ap = 0.00043,b = 7.20. T34
BB Z K 4(b) FLe PR, AT LA 2 i ik 4 40
B SHAF RN B I 2R A S A AR AT A

PIRALA A R (6) 2R A w55k vl AL
GBI FAEE A AR, (6) XX T
PdoNi;oCugoPy S35 F Y. {H 238 13 Wk &
ALENBOR ] S SAR 20 ap, bR —FERY, RS
AR D RS2 S R A B AN | S i A LS
(B D 22, T LA 52 56 800 115045 B 1Y ag, b AN
MBFELSE ar, b WA IR, AL AT LIE ], B
AN ST AR BN a, 22 BRI, T LUK 5256
BRI B ap, b FAAEE BIS I AT BE, SERRERAE I
XoF ST B RS ARG B R AR B . PRIRILG i aSURAT:
U, WA 24HREE AT DT P S T LA, P
BHRM IR FE5IE.

550 560 570 580 590

0.05 J-g~LK~!

(b)
550 560 570 580 590
Temperature/K

Kl 4 PdyNiygCugPy B b HAGE FZ il £ (SRR B9 J5 4R
BUESCHR [4]) () o = 0.00027, b = 11.57; (b) a; = 0.00043,
b=17.20

Fig. 4. Specific heat-temperature curves of Pd oNi;;Cusy Py
(The source data of the reference values marked in panel
are extracted from Ref. [4]): (a) ay=0.00027, b=11.57; (b) a;=
0.00043, b = 7.20.

T % #®

A5 SC B T G 1 A 3 IR A R
(6) 5 LA S A0 19, 1 3 AT 4 uiER T
(6) AR AR AR R T

1) 74 SO B 2 S 5 0
ST S A B L S R A 7,
Firh b R T BOZ SR PNT e 2 I
ATHBURNT 1+ 2 I T iz
sk

2) A S HTF S5 2 W A 2, K O 9 i A 1
R T WS SR T L B, A
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Abstract

The nature of glass transition is one of the most interesting problems in modern condensed matter physics.
There is a theory that shows that when the particle's diffusion motion probability P is less than e’%s, the
proportion of particles whose diffusion motion is frozen is not less than 1 + 2e?/InP. Based on the modulus
temperature formula of this theory and the experimental modulus-temperature curve of polystyrene in the
literature, the free volume expansion coefficient of polystyrene is determined to be in a range of
0.00045—0.00052.

In this paper, we first quantitatively study the specific heat temperature relationship in the glass transition
of polystyrene. Based on this theory, the specific heat-temperature formula in the glass transition region is
derived. The material in the glass transition region is a mixture of rubber and glass, and this two-component
(rubber and glass) system’s total specific heat is the product of the specific heat of the rubber and the
percentage of rubber in the two-component system plus the product of the specific heat of the glass and the
percentage of glass in the two-component system. Let b be the number of atoms in the main chain of the
segment, then the proportion of rubber will be the b-th power of free volume fraction. This specific heat-
temperature formula with polystyrene is tested. By substituting the obtained free volume expansion coefficient
of the polystyrene into the specific heat-temperature formula, the resulting formula can accurately and
quantitatively describe the specific heat-temperature relationship in the glass transition of polystyrene without
fitting any parameters.

In this paper, we also study the change of motion in the glass transition of polystyrene. According to the
analysis, the glass transition process of polystyrene is a process in which the diffusion movement of the main
chain atoms is activated or frozen, which is consistent with the conclusions of relevant research on amorphous
alloys. When the main chain atom is used as the molar unit of measurement, the specific heat change in the
glass transition of polystyrene is 1.61R (R is the gas constant), which is consistent with the law, i.e. “the
specific heat change in the glass transition of the amorphous alloy is about 1.5R”. These consistent conclusions
predict that the glass transitions of amorphous alloys and glass transitions of polystyrene have the same essence.
Based on this idea, the specific heat temperature formulas of the amorphous alloy PdzNijqCusoPyy and

polystyrene are verified and prove to be consistent.

Keywords: glass transition, specific heat-temperature formula, amorphous alloy, polystyrene
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