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Heat Capacity of Polymers
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The analysis procedure of heat capacity for polymers using DSC, as well as crucial tips for the measurement
procedure and the advantages of analyzing DSC traces using heat capacity, are summarized. Heat capacities of
polymers can be calculated based on group vibrations and skeletal vibrations linked to the Tarasov function, which has
been established by B. Wunderlich et al. as the ATHAS (Advanced Thermal Analysis System) scheme. The ATHAS
data bank contains equilibrium information on heat capacities and transition parameters for over 200 polymers and
polymer-related materials. The ATHAS schemes for polydioxanone, polytetrafluoroethylene, and polyethylene
terephthalate are described. The method for accurately determining the crystallinity of polymer is explained on the
basis of the ATHAS data bank. The availability of heat capacity proved to be of great importance for the analysis of
metastable states such as rigid amorphous and conformational disordered crystal states of polymers.
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Fig.1 Heat capacity measurement of a sample (S) using DSC,
plotted with both the calibration run (C) and a reference run (R)
in order to eliminate asymmetry.
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Fig.2 ATHAS scheme for the calculation of heat capacities of
polymer solids, leading on the basis of experimental heat
capacities over a limited temperature range to computed full
range data. The method is based on fitting to approximate
vibration spectra.
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Table 1 Approximate frequency spectrum for CH: group
vibrations such as polyethylene, polyoxymethylene, polymethyl
methacrylate, and others. 9

— Number of
Vibration type Frequency /K gropu vibrations
CHj, as. strecth Oe 41481 1.00
CH, sym. stretch Oe 4097.7 1.00
CH, bend e 2074.7 1.00
CH, wag 6L, Gy 1698.3 - 1976.6 0.65
CH, wag Oe 1976.6 0.35
CH, twist & rock 6L, 6y 1689.6 - 1874.3 0.48
CH, twist & rock e 1874.3 0.52
C-C stretch 6L, 6y 1377.6 - 1637.5 0.34
C-C stretch 6L, 6y 1377.6 - 1525.4 0.35
C-C stretch e 1525.4 0.31
CH, rock & twist e 1494.1 0.04
CH; rock & twist 6L, 6u 1038.0 - 1494.1 0.59
CH, rock & twist e 1079.1 0.37

Netsu Sokutei 48 (3) 2021



§7\

)iy

3.3 BRIEFFEIZLATERE (ER) A=

FEH L7 Cpr MBS EM - TRDTZ Cexe N Cpgovp
Z7ELBIK Z LI Lo T, BRIRENC L 5 Cpkelenl R &
nas,

skeletal _ ~€Xp __ ~group
cieleal = ¢o® _ ¥

@1

—Ri g

LB TVND,

F- D Cyskeletal |37k D Tarasov B Tl T& 5 2

13,24-27)

cxeeal /N R = T(0,/T,0,/T,05/T)
= D1(0,/T) — (8,/0,)[D1(0,/T) — D(0,/T)]
—(03/(016,))[D(03/T) — D3(05/T)]

2T, NsiXERIEE 708, D IFXA7ND 1 IROT A
%, D2 & D3 id23), ReHTEEND 2K E 3ROT
NA BT, O O, O IIEKTABETH D,

(22)

6/T (6/T)3e/T

Da(6/T) = 2(1/6)* J; "L d(o/T) 23)
Da(0/T) = 3(1/0)* ;" S d(o/m) (24)

BHE OBIRE ST TIE, 6= 63 L@ HDT, Tarasov IZ
Lo TREINI-RSAIC L Y Cpkelenl 2550145 2 LN T
X 7, 132427)

CvSkeIEtal/NsR = D;(6,/T) — (03/61)[D1(03/T) —
D5(03/T)] (25)
Thbb, BRES TOEKEML, S 7RICETL 1R
DT A A B L, SFHICBET D 3 ROT A B E -
THEPT 2 ENTE D, WA 1R~ ROT A B
A RIS K - TGRSR D B b, 2

KRHITIEL 61 & O DRIEN —2d 5, 03 IXIKIRM (0
<T<O3) OEFEEND, OTEIRM (0:<T<0) DEE
BRLRODHIENTED, 0 51, BLFOIRAD i/
HREICLY, FRFCHEORBHELRETE D, 3 F
b, 01k 0 DfEEENENEZ T, KQ2HD 5 Cpfelenl
EHERMEL, WA TCorERkD D,
C([:/al - CSVkeletal + Clg/rouP (26)
Z LT, WADF¥ " FiEZRMSE: Root Mean Square
Erron) &K, ZOHRMENS 01 & 0 ZRET D,

RMSE = J% (z

FHHE 7 1 77 A% FORTRAN,3D C29 Mathematica'>) C{E
KENTEY, V=27 077 NI ST 5,

RINZ 61 & & FFHMT 25 E LT, 61 % 200~960
K T40K A7, ©3% 10~200K T 10 K Z AT, 20X20 A
v 22OV T RMSE 3K 5 HIEMERES TN 5, 89
FEEIL, LUFOTFIRIC X » TR 61 & 0 DRcEfE %
KOTND,

n CRUT)-CP(T)
=1 c(T)

)2 x 100 7)

(@)U A4 RAF ¥ : 61 % 200~1000 K T 20 K%, 63
% 10~200 K T 10 K Z|H D 40 X20 A v 3/ =T Cskeletal
ZHEHL, RMSE /e 72% 01 & 03 %3RD 5,

) RAAF x> (@THLILZ, 6L 612 LT10
K OfiFHEZ 1 K Z70 20X20 A 3 = T Cyskeletal 251

Netsu Sokutei 48 (3) 2021

117

FOEEE

H L, RMSE Of/he72% 01 & O3 %3KD 5,

©FuE—AF ¥ (L) THLN, 61 & 61Tk L Tx22K
DOFFHZ 0.1 K 217D 20X20 A v 2T Cykeletal 251
HL, RMSE O/ 785 01 & O3 %KD 5,

FRUCESLFHE T v 7T L& 4] CHTIERR L7223,
T—HY A TR OEEZZF LT Python DY T AT
A7 7 VICBEL TS,

3.4 EERBENEH

Ot O ERETENE, KX QDL AN ESR,
(15EN S Cr ZHETE D, ZIUT XD ERNHE LV E
BE CEREKOEEREAHEIZL > TRDAZENTX S,
Z D= OIS OREFIA S HEIC 2V, RITBR B HRIR
DOEERE L GOE THITT 5 &, iR —2AT7 4 VR
b o, B Ot bE L2 EMEICRD D 2 ENTX D,

—_
=

=]

4 ERFRADERBE

TRAIRRE Tlx @ T I PHRIRREIC B B 729, ZAR RO
EOFIMIL IV, EEOKARKIE T, BHRESIT 5o
W S TWA =D, ZIL— IR L ARRKEITITHE
B X DI S35, £D—fF & LT, Fig.3 (A5
BT A v OREIREEOBRREDOM 2T, &7 —X
IR LT, e REIZ L > TR LR E Figd FIR
L, TORIZLHHEBREEMOBTRT, KOBRITER
MERTHD, NP NeldAF L (CH) $o%k, Mt
7 2 FfEA (CONH) O THb, ZOX I ITEDFDIE
AARBE DB BTN EDS BNE LU, F TR R TR I k)
U CEMBABRPENT 5.9 IBIEAR Y =27 13 5
ARV A%V A K 3 THRAKREOEE B OIR KT
WV TEARBR 2SR B, AT & B It ER AL 5,
7285, Fig.3 OREHIE, &5 1Ok 0 K L OREE AL O 5y
FENT-VOAEE K mol!) THHZ LIZEESN

—H

WV, EATORTREYLY OBRERETYH, EEYLVO
BERETHR, @y OMERA AEO RS B THi§
TE %,

YA
it}

28Tk, MR kDA

1000

900

800

700

600

Cp 1J K mol

500 £

4001 [Cp= No(7.451+0.0745T) + N(86.848 — 0.02267T))

400 450 500 550 600 650

T/K

300
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Fig.4 Contour map regarding RMS on the fitting of the
experimental skeletal heat capacity for polydioxanone (PDO) to
a Tarasov function with parameters @ and 6.9
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Fig.5 Heat capacities of polydioxanone (PDO). Open circles
represent Lebedev’s resuls from adiabatic calorimetry,® closed
circles are the TMDSC data, and open squares indicate the DSC
results. Both TMDSC and DSC data represent averages from
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Fig.9 Comparison of measured and calculated heat capacities
of polyethylene terephthalate (PET).>”? (I) temporary baseline
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