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Abstract   The equilibrium melting point (Tm
0) is a crucial thermodynamic parameter for characterizing the crystallization and melting behavior

of semi-crystalline polymers. However, the direct measurement of Tm
0 poses a significant challenge because of the difficulty in physically fabricat-

ing fully-extended chain crystals of high-molecular-weight polymers. Therefore, various extrapolation equations for Tm
0 have been proposed that

utilize the thermal properties of ordinary folded-chain lamellae. Among these, the Gibbs-Thomson equation is one of the most commonly em-

ployed for modeling. Despite its widespread use, there are notable variations in the Tm
0 values obtained by different research groups, even when

based on similar samples. This raises questions about the validity and accuracy of using the Gibbs-Thomson equation to linearly extrapolate Tm
0.

In  this  study,  we prepared a  series  of  oligomer  extended-chain crystals  (ECCs)  of  poly(butylene succinate)  (PBS)  and used their  properties  for

Gibbs-Thomson fitting. The results reveal a perfect linear relationship, with an extrapolated Tm
0 value of 136.08 °C. The basal surface free energy

of the oligomer ECCs was calculated as 0.084 J/m2, which is approximately twice that of folded-chain lamellae. This difference is attributed to the

aggregation  of  highly  mobile  free  tails  on  the  crystal  surface.  The  two  structural  features  of  oligomer  ECCs—large  thickness  and  fixed

surface—better fulfill the conditions for applying the Gibbs-Thomson equation, ensuring its validity and accuracy. Therefore, we believe that the

Gibbs-Thomson fit can produce reliable results when sufficient high-quality data are used.
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INTRODUCTION

The  equilibrium  melting  temperature  (Tm
0)  is  theoretically  im-

portant  for  determining  the  driving  force  of  semi-crystalline
polymers.  However,  the  direct  fabrication  of  polymer  crystals
with a defined Tm

0 is challenging because melt or solution crys-
tallization  typically  results  in  the  formation  of  folded-chain
lamellae  with  thicknesses  ranging  from  a  few  to  a  dozen
nanometers.  Consequently,  various  methods  have  been  em-
ployed  to  assess  the Tm

0 values  of  semi-crystalline  polymers.
Among  them,  Gibbs-Thomson  extrapolation[1−3] and  Hoffman-
Weeks  extrapolation[2−5] are  traditionally  the  most  widely  used
and  simplest.  The  Hoffman-Weeks  method  assumes  negligible
variation  in  lamellar  thickness  during  thermal  measurements,
which can lead to significant biases and thus has limitations. Al-
ternatively,  the  Gibbs-Thomson equation (Eq.  1)  offers  another
approach  for  estimating Tm

0 by  linearly  fitting  the  relationship
between the reciprocal lamellar thickness (L–1) and melting tem-
perature  (Tm)  of  folded-chain  lamellae  crystallized  at  various
temperatures.  In this  equation,  ΔHV and σe represent the melt-

ing enthalpy per unit volume and basal surface energy, respec-
tively.[1−3] According to the Gibbs-Thomson equation, the accu-
racy  of  the  estimated  of Tm

0 value  heavily  relies  on  the  mea-
sured data  of L.  However,  the  typical  thickness  of  folded-chain
lamellae  is  so  small  that  even  slight  experimental  inaccuracies
can result in significant shifts in the extrapolating intercept val-
ue  (i.e., Tm

0).  For  instance,  the  estimated Tm
0 of  poly(butylene

succinate) (PBS) has been reported in the literature from 127 °C
to 151 °C based on lamellar data.[3,6−9]

Tm = T0
m (1 −

2σe

ΔHV ⋅ L
) (1)

T0
mThe fluctuating  results raise questions regarding the ap-

plicability  and  accuracy  of  the  Gibbs-Thomson  equation.  To
address  extrapolation  inaccuracies,  several  modified  or  non-
linear  versions  of  the  Gibbs-Thomson  equation  have  been
proposed.[10−12] However, these variations introduce addition-
al parameters and complicate the calculation process. In fact,
if  we  consider  a  series  of  thick  crystals,  known  as  extended-
chain crystals (ECCs), we may have a better chance of validat-
ing this equation. ECCs are anticipated to be more thermody-
namically  stable  polymer  crystalline  structures,  characterized
by high melting temperatures and crystallinity,[13−19] owing to
their  crystal  thickness.  Typically,  polymer  ECCs  are  produced
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via melt-crystallization  under  ultra-high-pressure  conditions
(>200  MPa).  Unfortunately,  the  effective  adjustment  of  the
ECC thickness remains a challenge that is yet to be overcome.

Recently,  we  devised  a  novel  approach  to  fabricate  poly-
mer ECCs by utilizing polymer/urea inclusion complexes as in-
termediate  structures.  In  this  structure,  the  polymer  chains
serve  as  isolated  guest  molecules,  whereas  urea  molecules
build  host  frameworks.[17−19] The  ultimate  thickness  of  the
ECCs is influenced by the thickness of the inclusion complex.
Furthermore, research has shown that the thickness of inclu-
sion complexes in oligomer/urea systems can be regulated by
adjusting  the  molecular  weight  of  the  oligomers.[20] There-
fore, in this study, we employed a range of PBS oligomers to
produce  ECCs  of  varying  thicknesses.  Subsequently,  we  uti-
lized these data to investigate the validity of Gibbs-Thomson
fitting.

EXPERIMENTAL

Materials
Succinic  acid  (SA,  AR  grade),  1,4-butanediol  (BDO,  GC  grade),
tetra-n-butyltitanate  (TBT,  purity  ≥99%),  hexafluoroisopropanol
(HFIP,  AR  grade),  and urea  (U,  AR  grade)  were  purchased from
Shanghai Aladdin Reagent Co. Dichloromethane (AR grade) and
methanol  (AR  grade)  were  supplied  by  Beijing  Chemical
Reagent Factory. All the reagents were used as received.

Synthesis and Purification of PBS Oligomers
PBS  oligomers  with  different  molecular  weights  were  synthe-
sized using a conventional two-step reaction of successive bulk
esterification  and  polycondensation  of  SA  and  BDO.  To  obtain
the hydroxyl group terminal chains, the feeding ratio of SA: BDO
was set constant at 1.4.  TBT was used as a catalyst with a 0.5%
added  amount  relative  to  the  total  weight  of  the  reactants.
Specifically,  esterification  was  conducted  by  step  heating  from
135  °C  to  190  °C  under  a  flowing  nitrogen  atmosphere  and
holding at 135, 150, 175 and 190 °C for 30 min. Then, the react-
ing system was further switched to 220 °C under a pressure low-
er than 100 Pa and maintained for various times to prepare dif-
ferent  PBS  products.  The  as-polymerized  products  were  dis-
solved in chloroform at a concentration of approximately 5 wt%
and centrifuged at a rate of 10000 r/min for 10 min to remove
insoluble impurities. The clear solutions were then precipitated
with  an  excess  amount  of  methanol  to  obtain  the  final
oligomers. The oligomers were dried under vacuum at 50 °C for
48 h before use and were named asp-PBS.

Fractionation of PBS Oligomer
A chloroform solution of the PBS oligomer with a concentration
of  5  wt% was  first  prepared at  25  °C.  Then,  a  mixed solvent  of
chloroform and methanol (3:7 by mass) was slowly dropped in-
to  the  PBS  solution  under  gentle  stirring.  Once  turbidity  ap-
peared in  the  solution and did  not  disappear  with  stirring,  the
addition  of  the  mixed  solvent  was  stopped,  and  the  solution
was  left  to  equilibrate  for  12  h.  The  precipitate  was  separated,
and the remaining solution was further fractionated by repeat-
ed  operations.  Finally,  all  the  fractions  were  dried  under  vacu-
um at 50 °C for 48 h and stored for further use. For convenience,
the fractionated oligomers were labeled with f-PBS.

Preparation of ECCs of PBS Oligomers
Inclusion  complexes  between  the  PBS  oligomer  as  the  guest

chain and urea as the host molecule (PBS/U-ICs) were fabricated
by  electrospinning  on  an  instrument  (Beijing  Ucalery,  HD-X1)
and  then  treating  at  120  °C  for  1  min[17] for  the  fractionated
samples  or  melt  blending  at  120  °C  in  desktop  twin-screw  ex-
truder (Shanghai Xinshuo Company, WLG-10G) for the as-poly-
merized  samples.[18] The  PBS/U-ICs  were  washed  with  deion-
ized water with gentle stirring for 24 h to remove urea, and the
released  PBS  chains  coalesced  to  form  crystals  (c-PBS  crystals),
which  were  expected  to  be  ECCs  according  to  previous
work.[17−19,21]

Characterization
The  average  number  molecular  weights  (Mns)  of  the  samples
were  determined  based  on 1H  nuclear  magnetic  resonance
(NMR)  spectra  obtained  using  a  JEOL  JNM-ECA  600  M  spec-
trometer.  Chloroform-d  (CDCl3)  was  used  as  the  solvent,  and
tetramethylsilane (TMS) was used as the internal reference. The
polydispersities (Đ) of fractionated sampels were determined by
a  WATERS  1515  gel  permeation  chromatographer  (GPC)  using
HPLC  grade  chloroform  as  the  elution  solvent  and  the  calibra-
tion  curve  of  polystyrene  standards  (Fluka)  as  references.  The
thermal  properties,  including  the  melting  point  (Tm)  and  melt-
ing  enthalpy  (ΔHm)  of  the  samples,  were  measured  on  a  NET-
ZSCH  204  F1  differential  scanning  calorimeter  (DSC)  equipped
with  an  intercooler  system  under  a  nitrogen  atmosphere.  The
samples  were  weighed  to  approximately  5  mg  and  sealed  in
aluminum pans, and the heating rate during the measurement
was set  at  10 °C/min.  The microstructures of  the samples were
investigated using a HITACHI SU8010 scanning electron micro-
scope  (SEM).  The  samples  were  sputtered  with  thin  layers  of
gold before scanning and the working accelerating voltage was
set  to 5 kV.  The scattering vector  of  the samples was obtained
using France Xenocs small-angle X-ray scattering (SAXS) operat-
ed  at  50  kV  and  0.6  mA.  The  sample-to-detector  distance  was
selected as  2513 mm and the effective  range of  the scattering
vector (q) was 0.1−2.5 nm−1. Each SAXS pattern obtained at the
center  of  the  sample  was  collected  for  10  min,  background-
corrected,  and  normalized  using  the  standard  procedure.  The
lamellar  thickness  (d, including  the  crystalline  layer  and  amor-
phous surface) was calculated using the following equation:

d = 2π
q (2)

RESULTS AND DISCUSSION

The Mns  of asp-PBS  determined  by 1H-NMR  ranges  from
1.13×103 g/mol to 6.75×103 g/mol and are tabulated in Table 1.
DSC thermographs of asp-PBS are shown in Fig. 1(a). Melt crys-
 

Table 1    Number-average molecular weights and thermal properties of
the asp-PBS samples.
 

Sample Mn (g/mol) Đ Tm,asp
* (°C) Tm,c

** (°C)

asp-PBS1.1k 1130 2.10 104.7 106.4
asp-PBS1.7k 1660 1.69 109.2 107.5
asp-PBS2.3k 2300 1.78 110.5 106.1/108.4
asp-PBS2.9k 2930 1.53 111.4 111.1/118.7
asp-PBS6.8k 6750 1.74 113.8 111.0/127.3

* Tm,asp indicates  the  highest  melting  point  of asp-PBS  sample  prepared
using  a  conventional  melt-crystallization  process.  ** Tm,c reveals  all  the
melting points of c-PBS crystals coalesced from asp-PBS/U-IC.
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tallization and multiple melting behaviors existed in all asp-PBS
samples,  and  it  was  found  that  the  melting  point  (Tm,asp,  the
highest  one in  each curve)  gradually  increased with increasing
Mn. The Tm elevated from 104.7 °C of asp-PBS1.1k to 113.8 °C of
asp-PBS6.8k, which could be ascribed to the content decline of
terminal  group  in  chains.  The  terminal  groups  play  as  defect
roles  and  thus  depress Tm,asp.  After  inclusion  complexing  with

urea molecules,  all  samples,  as  presented in Fig.  1(b),  display a
sharp  endothermic  peak  at  around  140  °C,  which  was  much
higher than the Tm,asp of asp-PBS, and the melting point of pure
urea  (~133  °C).  Thus, asp-PBS/U-ICs  were  successfully
obtained.[17,18] The slight elevation of  the melting point of asp-
PBS/U-IC with respect to the Mn of asp-PBS could be due to the
increase  in  the  persistence  length  of  the  urea  channels.[17,20]

Note that  an additional  endothermic peak at  aroud 133 °C ap-
peared in asp-PBS1.1k/U-IC, which corresponded to excess urea
that  did  not  form  an  inclusion  complex.  Because  the  terminal
group  content  that  is  not  conducive  to  forming  complexes  in
such low Mn PBS oligomers is quite high, leading to the remain-
ing uncomplexed urea component.

The c-PBS crystals were obtained by washing asp-PBS/U-ICs
with water  at  25 °C.  The DSC thermographs of c-PBS crystals
are  shown  in Fig.  1(c),  and  the  melting  point  temperatures
(Tm,c)  are tabulated in Table 1.  The c-PBS6.8k crystals  exhibit-
ed  a  main Tm,c at  127.3  °C  with  a  small  lower-temperature
shoulder peak at ~111 °C.  The much higher Tm,c of c-PBS6.8k
crystals  in  comparison  to  the asp-PBS6.8k  might  reveal  the
formation  of  ECCs.[17] The  shoulder  peak  corresponds  to  the
melting of folded-chain lamellae, which is almost the same as
the original asp-PBS6.8k (Tm,asp=113.8  °C).  With a  decrease in
Mn of  PBS,  the  enthalpy  proportion  of  higher Tm,c became
weaker,  while  the  lower Tm,c became  stronger  in c-PBS2.9k
and c-PBS2.3k  crystals.  It  is  reasonable  to  consider  that  PBS
chains  with  ordered  conformations  were  first  released  from
the urea frameworks and then packed together to crystallize
when  the  inclusion  complexes  were  washed.  The  degree  of
conformation preservation is  very  important  for  the success-
ful  formation  of  ECCs.  With  a  decrease  in  molecular  weight,
the  molecular  chain  relaxation  time  shortens  and,  thus,  the
conformation maintenance ability weakens, which is not con-
ducive to the formation of ECCs. Consequently, only Tm,c with
a  value  close  to Tm,asp of  the  corresponding asp-PBS  sample
appeared for both c-PBS1.7k and c-PBS1.1k crystals.

To  further  confirm  the  formation  of  the  ECCs,  the  mi-
crostructures of c-PBS6.8k crystals were examined using SEM.
As shown in Fig. 2(a), the c-PBS6.8k sample consisted of peri-
odic crystalline stacks with an average thickness of 41.34 nm
(Gaussian fit in Fig. 2b), based on the statistical calculation of
over  100  crystals.  PBS6.8k  with Mn of  6750  g/mol  means  an
average number of repeating unit (172 g/mol) in a molecular
chain of  39.2,  which equals  to a thickness of  42.73 nm when
adopting  ECCs  of α crystal  modification.  The c-axis  of α PBS
crystal is 1.09 nm,[22] and the c-PBS crystals have been proven
to take α crystal modification.[17] The fact that the experimen-
tal  and  calculated  values  were  very  close  (only  a  ~3%  differ-
ence)  directly  suggested  the  successful  formation  of  ECCs.
The  slightly  smaller  value  of  the  SEM  result  in  comparison
with  the  theoretical  calculation  might  be  due  to  the  distur-
bance of the chain terminals, which could not be included in
the lattices. Because the chain lengths of other asp-PBS sam-
ples were shorter than that of PBS6.8k, the energy barrier for
the  formation  of  ECCs  from  ordered  chains  released  from
PBS/U-ICs  was  lower.  Therefore,  the  higher Tm,cs  values  of
both c-PBS2.3k  and c-PBS2.9k  are  ascribed  to  the  melting  of
their  ECCs.  The  SAXS  profiles  of  the  three  melt-crystallized
asp-PBS samples are shown in Fig. 2(c). The appearance peri-
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Fig. 1    DSC heating thermograms of the asp-PBS samples (a), their
inclusion  complexes  with  urea  (b)  and  the  coalesced  crystals  after
washing by water (c).
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ods  at  approximately q=1.6  nm−1 can  be  observed,  which
demonstrates the formation of folded-chain lamellae with an
average  thickness d<4  nm,  which  is  much  thinner  than  the
stacks in Fig. 2(a).

Based on the above results, it seems that PBS with Mn high-
er than 2300 kg/mol can be used to obtain ECCs via the inclu-
sion complexing approach. Therefore, PBS6.8k was fractionat-
ed,  and  the  resulting  oligomers  with Mn ranging  from  2600
g/mol to 9040 g/mol (Table 2) were utilized. Fig. 3(a) displays
DSC thermographs of the fractionated PBS oligomers (f-PBS).
The  melting  points  (Tm,fs)  of f-PBS  samples  gradually  in-

creased  with  respect  to Mn.  When  the f-PBS  samples  formed
inclusion  complexes  with  urea  molecules,  sharp  melting
points over 140 °C (Fig. S1 in the electronic supplementary in-
formation, ESI) demonstrated the successful formation of the
PBS/U-ICs.

After  being  washed  completely  with  water,  the  melting
processes  of c-PBS  crystals  were  recorded,  as  shown  in Fig.
3(b), and the higher Tm,cs, which are obviously higher than the
corresponding Tm,fs  and  can  be  assigned  to  the  melting  of
ECCs, are tabulated in Table 2.

Previously, we found that PBS ECCs, due to their high crys-
tal stability, can tolerate chloroform and dichloromethane,[23]

which are good solvents for ordinary PBS samples. The c-crys-
tals of f-PBS9.0k were then soaked in dichloromethane for 24
h  at  room  temperature.  Most  of  the  crystals  remained  and
were collected and measured using DSC (Fig. 3c). It was found
that the small shoulder melting peak at 111.9 °C before being
soaked in dichloromethane disappeared, indicating the disso-
lution  of  normal  folded-chain  lamellae  in  PBS.  The  main  en-
dothermic  peak  of c-PBS9.0k  after  soaking  in
dichloromethane remained due to the melting of ECCs.

The  microstructures  of c-PBS9.0k  crystals  after  soaking  in
dichloromethane  are  shown  in Fig.  4(a).  Many  crystalline
stacks were clearly observed. Based on the statistical calcula-
tion  of  over  100  crystals,  an  average  thickness  of  57.09  nm
was  determined  (Gaussian  fit  in Fig.  4b),  which  was  close  to
the theoretical calculation value (57.29 nm, α crystal modifica-
tion  based[17]).  Thus,  the  formation  of  the  ECCs  of  the  PBS
oligomers was confirmed.

When PBS oligomers were employed to prepare ECCs,  ter-
minal  hydroxyl  groups  were  located  on  the  top  and  bottom
surfaces of  the crystals.  That is,  ECCs adopt the same surface
structure and basal surface energy. Therefore, it is wise to use
the Gibbs-Thomson equation (Eq. 1) to fit the relationship be-
tween the melting points (given in Table 2) and crystal thick-
ness of the ECCs (L,  calculated from the Mn values).  The plot-
ted  data  and  the  as-fitted “Tm,c-L–1” curve  are  presented  in
Fig. 5. It was demonstrated that the data fit very well linearly,
with  an  adjusted R-squared  of  0.9985.  The  fitted Tm

0 of  PBS
was 136.08 °C,  which was the same as the directly measured
melting point of ECCs of high-molecular-weight PBS.[17] Thus,
Gibbs-Thomson  equation  worked  well  here  to  extrapolate
Tm

0.
Because  PBS  is  a  popular  semi-crystalline  biodegradable

polyester,  its Tm
0 has  been  widely  studied  and  used.[3,6−9]

Some of the values of Tm
0 were obtained by fitting the data of

folded-chain  lamellae  using  the  Gibbs-Thomson
equation,[3,5,6,17] and they are summarized in Table 3 and plot-
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Fig.  2    SEM  images  of  the c-PBS6.8k  crystals  (a),  the  thickness
distribution  and  Gaussian  fitting  curves  of  100  crystals,  41.34±0.57
nm  (b),  and  one-dimensional  scattering  intensity  distribution
profiles of asp-PBS2.3k, asp-PBS2.9k and asp-PBS6.8k (c).

 

Table 2    Number-average molecular weights and thermal properties of
the fractionated PBS samples.
 

Sample Mn (g/mol) Đ Tm,f 
* (°C) Tm,c ** (°C)

f-PBS2.6k 2600 1.26 110.8 108.6/112.4
f-PBS3.6k 3550 1.14 113.0 112.8/118.6
f-PBS3.9k 3860 1.22 113.2 113.1/120.5
f-PBS5.4k 5440 1.19 113.9 113.7/124.6
f-PBS9.0k 9040 1.22 114.7 111.9/129.3

* Tm,f indicates  the  highest  melting  point  of asp-PBS  sample  prepared
using  a  conventional  melt-crystallization  process.  ** Tm,c reveals  all  the
melting points of c-PBS crystals coalesced from f-PBS/U-IC.
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ted in Fig.  5.  It  was  found that  the  as-fitted values  of Tm
0 re-

markably  varied  obviously  from  different  literature,  even
though the ranges of lamellar thickness among them are on-
ly slightly different (ca. 3–6 nm).

This  variable  value  of Tm
0 can be attributed to  two impor-

tant  factors.  First,  the  large  gap  between  the  experimental

data and extrapolated intercept is the data deficiency. In this
case, a disturbance or variance in the measured data triggers
a  significant  change in  the intercept  value (i.e., Tm

0).  Second,
the slope of the fitting line, which is related to the basal sur-
face  energy  (σe)  of  the  lamellae,  might  change  when  the
lamellar  structure  changes.  PBS  has  a  typical  three-phase
model  structure  after  ordinary  crystallization,  and  a  rigid-
amorphous  fraction  (RAF)  exists  between  the  mobile  amor-
phous  region  and  the  crystalline  region.[24,25] That  is,  RAF
plays a key role in determining σe. In addition, it has been re-
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with the data from literature.[3,5,6,17]
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vealed that RAF content increases with increasing crystalliza-
tion temperature.[25] Thus, when the lamellar thickness is reg-
ulated  by  changing  the  crystallization  temperature  (almost
all), the surface state of the PBS lamellae will be somewhat al-
tered,  leading  to  inappropriate  and  inaccurate  linear  fitting
results of the Gibbs-Thomson equation. However, the data of
ECCs explored here can avoid these two deficiencies, leading
to a reliable and accurate result.

With  the  relationship  between  the  fitting  slope k and σe

shown  in  Eq.  (1),  the  value  of σe can  be  determined  by  em-
ploying Tm

0=136.08 °C and ΔHV=177.56 J/cm3. ΔHV is equal to
ΔHm

0 (133.5  J/g)[19] times  crystalline  density  (ρ=1.33
g/cm3).[22] The  as-deduced  values  of σe from  the  data  in  the
previous literature range from 0.032 J/m2 to 0.047 J/m2. How-
ever, the σe of oligomer ECCs reaches a much higher value of
0.084  J/m2,  which  is  approximately  twice  that  of  the  folded-
chain  lamellae.  The  chemical  structure  contributing  to σe in-
cludes  chain  folds,  loops,  and  tails  in  common  PBS  lamellae,
with  the  first  two  structures  being  the  main  contributors.  In
contrast,  the  chain  tails  (terminal  hydroxyl  groups  here)  are,
ideally, contributors to the σe of oligomer ECCs. The tails have
greater mobility than the chain folds and loops, which induce
a significant increase in σe. As references, the σe values of fold-
ed-chain  lamellae  are  most  estimated  as  much  smaller  than
0.1 J/m2.[26−32] A similar set of phenomena have been report-
ed  in  the  investigation  of  poly(ethylene  oxide)  (PEO).[33] The
σe values of the folded-chain and extended-chain crystals are
0.098 and 0.275 J/m2,  respectively.[33] Thus,  a higher σe value
is an intrinsic characteristic of ECCs and leads to a larger slope
of the fitting line based on the Gibbs-Thomson equation.

CONCLUSIONS

In summary, we successfully fabricated a series of oligomer ECCs
of PBS and leveraged their unique properties to reassess the va-
lidity of the classical Gibbs-Thomson equation. Our findings re-
veal a perfect linear relationship, with the extrapolated melting
temperature (Tm

0) at 136.08 °C, aligning precisely with the previ-
ously directly measured value of ECCs of high-molecular-weight
PBS.  The σe of  these oligomer ECCs was calculated to be 0.084
J/m²,  which  is  approximately  twice  that  of  the  folded-chain
lamellae. This disparity was attributed to the accumulation of
highly mobile free tails on the basal surface of the crystal. The
two  defining  structural  characteristics  of  oligomer
ECCs—their  large  thickness  and  fixed  surface  structure—are
well  suited  for  applying  the  Gibbs-Thomson  equation,  ensur-
ing  its  validity  and  accuracy.  Consequently,  we  are  confident
that  the  Gibbs-Thomson  equation  can  yield  reliable  results
when based on sufficient high-quality data. Thus, this study of-
fers  a  precise  method  for  determining  the  thermodynamic
properties of semicrystalline polymers from their oligomer ECCs.
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