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Thermal Analysis of Model Compounds of Polymers
— On n-Alkane Crystals

Kanichiro Takamizawa

In order to obtain a comprehensive understanding of polyethylene crystals, n-alkanes
have been examined as model compounds, It has become apparent that the phase transition
and related thermtal behavior of n-alkane samples have remarkably been affected by the
existence of homologues. At first, it is described on the crystalline structure of low molecular
weight polyethylene fractions formed in dilute solution. By the presence of molecular
weight distribution in the fractions, bicomponent crystals were obtained; one was extended-
chain crystal, the other was once folded-chain crystal. Thermal analysis was proved to be
useful in characterization of the bicomponent crystals. In order to get a precise information
of chain folding phenomena, it was necessary to prepare the monodisperse samples having
exact molecular weights corresponding to n-alkanes, although it was difficult to synthesize
pure and long n-alkanes. It has been known that folded-chain crystals exhibit thickening
when they are maintained at a temperature below their melting point. It was suggested that
this phenomena seemed to correlate to solid-solid transitions of higher n-alkane crystals.
The high temperature phase showed a gradual structural changes during heating process by
X-ray measurement, although it was difficult to discern the change on DSC curves. Transi-
tion temperatures and entropies of pure odd n-alkanes from heneicosane to tritetracontane
are given as a function of carbon number per molecules.
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Fig. 1 Plot of crystallite thickness of low molec-

ular weight polyethylene fractions as a
function of molecular weight (or number
of carbon atoms); crystallized from dilute
solution in p-xylene (©), n-hexane (©),
and isoamyl acetate (®). Numeral
denotes the number of sharp chain folds.
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Fig. 2 DTA curves of solution grown crystals of

M?2020 fraction and <-ray irradiated
crystals. a) crystals crystallized from
p-xylene and b) from isoamyl acetate
solution,
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Fig. 3 DSC curve of n-Tritriacontane (C33) and
schematic representation of correspond-
ing polymorphs. A: orthorhombic, B:
monoclinic Aa, and C: monoclinic A2
crystals. DSC was measured on | mg
sample at a heating rate of 0.5 K/min.

Netsu Sokutei 16{3) 1983 o

DT

DFHEES RS D ERESH LR h 0 2B R
HTBELDEEbN A,

CHOBHEBRO R A MEY 220k LT,
MEB OB EE & B E O JBRIIBIGE ORI
OND. T, SHIED n — 7 v h vilEhs g b
185, Selcub s, [RAS IR CIIFET I IS S 5
DT, Reinhard& Dixon'® itk % §UEEN AT 5
TEEL, ORI T v L E VR v TS

MOT V=7 b VEIRICE > TO S MEFL, A
BaLLTn—Tuh vk, BeEEHMONES LTCuE:
B LT ZOREOMKIZRSHhOFR s v — 7 TH

NONTV S, Wurtz i SRAELS0 B« G0 Fhon
~TAAOERbUREEN B, ALK SHO n — T
NI EGL, £ ORI I 0T DSCHEB LD

TR ORETEMASTY . BEREH A TR
TR G, ARV o2 b EBRIKARSE S LT
99.9 BLLED n— 7 vEEA T, FIDKHIZ109

~W DT+ 3y 7Ly OEEODT, BBEORMEA
DRIMBURETSH D, 1217, HR 20« H 5 L0

BT IR S A O R 1c &
ORI SO G H 5

B n— T n v C33, C3TH Lk C450 DSC g

IO BEEE DA A 1 & 58

}'«Ié;
Fig.d o, RIAMIORIER R Fig 510112 5, Bl
Bl n b AR tm ©H 5, DSCHIT (X5
FRATACEIN - L0 5K mindD EMAMIETIT 7, Fig.d

Tl SR %ﬁt— 7 BWHT T s, @G
LU E — 7O LHAEROTH S, X R
i3 B.*Hﬁfihﬁm%z()pmmgém%/fu:org, C HIffR
THET T 5. Sallivan T3 i LT A F A
IRMIO MRS MR 2004 5 EM 101 Th b, o kgt
Atz TS, ZOMEIICRIHING 5, XEME
WUBEAE 3 A9 B8R BHICELER T - s, CHISER T O
FINBID AL B m 3BREIR T I3, TOBIRE Y

B D ok 500, BISRT GBS AR S
NTHILe

B n - Toun OB, E ‘%liﬁ?&@ %G’DJ: ] %J’sé'%@
ETL D FIVISERNT IR, T H B3, aEsh (L
O, FrdEEOM M\@dt/\n—»‘)ﬁ}/’ﬂ:ék l"”U)fK

ORI A, 7043, COWEE Een S CRYRh
Gl SN S Fo M, A F U RO MRS bl -
TOALMONHEETH S, CARIZHDNT LD DS
CHBRUXMEMBORREE Fig. 6 & 712509, 2
Enl *W?hm»ﬁ DEBMTCHITER L, CHITDDSC ih
iz )wJ\*t\ =08 L 0y, I
%;E{}’\jlcl\rl 101 2 S MEIROM 201 ~ - Bi1d 5, -7
L, EEJ%JJQ}OD LA DSCH & B st s w3 2 &



WamxX BOA

Endo
—>

. 1 " 1

70 80 30

T/°C
DSC curves of C45, C37 and C33 crystals.
DSC was measured on 1 mg sample at a
heating rate of 5 K/min. Symbol A, B, C,
and D denote the polymorphs.

Fig. 4

ETE AL, FRBASOMMERE, BLIRTCM 0t
> MI101 > M201 A 5N S, M 011 -» M 101 (34
AUliiEE e d 2HEROEBTH D, FIHEERTS
HooT, EilEBos Fiss Lféﬂium H 5o
SEATEICH) O, CHREEDZ IR o OEnVEAT N
Tk S, o, EMDg#sriEiclaghl—-&8 5,
W-T, HhELOmmBHERLT 2 AU
WAL L L EHDICTHS D, Bied, n-7
WH VRN T — A IR0 SDEDLNT EOER LT
SRR YN
X OITERUEOCEL, CesHXUCENCI A L, A
S Uz X AR R AURETH S8 Eh ok
IRBEIE (3 CaURE & R & L . BB
— 2 EEMENnY, CHle— 7 A2 Lctkatfid 5, X
SIAoOREE(RE, C4a8&Nkkiz, CHIMER
B SnC EE2 R LTO S, BEBOMEFEEM 101 %
HUTM 201 BARH LT D, SOk bizxis
LT C R D SCillig . DSC ORI
i E A Lo b LK o,
— e DSCMSE T 30T, (BN A E
Tl R R 12 C O RTYELEIE DA 2T S 19,
"D_U*L (AL CORED I RE S CHRIES DS

T A

e
SN

L OHLTED

- 116 -

&

_
——0
59
C
- 45
57+
=My
561 A 8 C
o <! L 00— 0——0000
~
“u8t Cy
47+
o- 1Mo
461 A B C D
- 44.
43+ Cy3
azp T 5 C3 Mo
20 40 60 80
T/°C

Fig. 5 Temperature dependence of crystallite
thickness, L, for C45, C37, and C33
crystals. Calculated L value corresponding
to the M101 structure is shown on right-
hand ordinate.
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Fig. 7 Temperature dependence of crystallite
thickness of C48 crystals of two modifica-
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monoclinic and orthorhombic modifica-
tion, respectively.
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Fig. 8 Plots of transition temperatures of n-
alkanes as functions of carbon number
per molecule: fine solid line for melting
and hexagonal transition; solid line for
solid-solid transitions of odd n-alkanes;
dashed line for solid-solid transition of
even n-alkanes,

OFALE LTHEI ATV 3%, BEHLIEO FRiKE
TAHMAL A F L # O EE BT B B TS

4 XOBEED -7 I H R OEES

B EE ORERIKENAHEE L TE< T &
EBOAHEMET L L TEETH S, COBLELS,
MRS #ICEE S, Sk S LBy BRI (R
MO -7 v ERNBLEE L, Mo LS
W, EEEHIEE TR RO AMNBIT 3D T, #HaAE
FORBERG L, S —Tun vaREGE LT,
HovE VBRI S 7 v RIS AT, B
b rELL CNEBILT BT L o o BUND I
SCERE T R de IRHE22E T, FUEO9BLL D A vk
vEEDSHERE N, @YRERIE S,

FFERBCLORE U n— v U Fh VB (GBRK
H0.4%) OB LzC2513 0. 11 BDC24&0.23%
DCLT % EGH, O DSCHlE I3 MEMEBD1.5K
$KBM%@@%W@P»7%&MLtW C25TDB
DB RE OB DS A O R T S X
NTHD2 g, WEHEA %  LollED 5% 309
KICHB I € — o DMEfEd 2 D% B LT, Th
i3 Snyder Fo 0 &R 1T B, RABTHEAS
LN 2 el A

AL A E X4 B9, GPCRBIA T ~7r, HERE
PEITT CIRIAE ST L D0 8Ic L O X 24849, S8



W A B

RICERNE BB, GPCHAERM U, FiORBARE
KIZCBGPCABE— 7 DBOMIKA-TLEHDT, @ 5

E— s SEA RO M UBRREE Y, Fig 9 a)ic

GPC E— 7 NEONE, bliciiohi&XKaD DS 2

CHEE <, K572 Tld C27h3 0.5 BiclEfixh, A MJ
BB — o oML L BEERREOE RIS, AR RAN 3

K3 &4l, @FRMMERVTNRG 0175 TH B8 e ton voume \J
BEREMED CUEELHITTH 2, MKSEHBH 4 \

G E— 7 ERSTVT EMEE NS, C2513 Bl

B4 LRV OREREKRADORIC 15 Ei5® 300 ® g
T& Do A Y — 7 RERE D S BEERIKED 18R
BEICHT 23BN RTH BT EMFINL, COLD

| —

Fig. 9 a) GPC elution curve for C25 sample and
separation scheme for fractions, Numeral

i, EARERRS IS DO IR 7 - 4 21 BT, M is the fraction number. b) DSC curves for
EoOFERCLLELS L, SkI% GPC B TR% the corresponding fractions crystallized in
4 2D EROB AL SIRRND 5. & LSRN bulk at 0.625 K/min. Heating rate is 5
BRI B ARG E DO S, #ROEL K/min. Sample size, 4 me.

0.9 mJ s

ENDO
«—

HREWEOBRBECRIBESEEITH>ONEE L, Kk
2D ER AR VBRIZ T X v LT IGER 2 o
7 MER L OERICRIBEEERIRDR T EDTEETH b, A ‘ Al } B 1 D L
BLAZCOBEICHELEBEA « SEEBELHELY) ——
INR EBEFE n — 7 VI Y OERICHOEA T 5, a) ﬂf |
BB e 8<% DSC i & LT, sikali~rok
ST, (EREAEETOEBEMEN L GOPHEEL
Vo EEEEOTHTH SRR, & ihRlEiicy b)
— BN VARV EBRER DSC HHIT CoMRIcHE
LTWwb, Fig.10ic, FIHEASEEE99.99 %D C27D DSC
R A Rd . BRIKESSAE B ETEE 6 K /h) 3k % 30
K/hTHIEL, @EDOERRE & DI Kil&E S5 2
HEE 1mgT0.2 k]/mol DA’ =7 a2®IB LI,
EHCASEIR T N— R « 54 VD oOFROEAEL, B
BURRERL T %,
CoOth TORREOHEL & SICERIICHERT 51
¥, R CoTEREHOR B — 2 RIL 5 C268 &
UC28% 0.5 EVBHALISKON A DS C % 316 326 336
Fig 1R, BIRES & 55 2 5800 T Tl iy T/K
AfeEEEARNGE, ESERRIIEARNM A LT 5 Fig. 10 DSC curves of C27, crystallized in bulk
ThHDHH, BEOHWARLETH O, BEHEREES K at a rate of 6 K/h. Heating rate, 0.5 K/
X BT x5, min. Sample size, 1 mg.
ESHEHD 1 — 7 07 Y DEFRBR R 2RO Y ommal drawing and ) enlarged
RIS & LT Fig 121059, Mrid Mt & 033y
BRETREL, DSCEBEEI I ORMITERLT
BIE L7, DSCHISERBEIIC2TOBAEEHITHS, £ IREHOBRIZ, TORBHEHEE TR/ DIV EDHEER
fr, EBERILI In EGalc L 08IE L, A~ AT BRI & 15 4z, Broadhurst ®FFRIC Laud, MlEsiidC43
CAITRIEAT S, A BRUBCEuBREDKER FTEHEHTAENLH>TOEND, CITBEETH » 1o

REMIE, Fig.8 DXEF -7 icE 0k s, 4 Fig.13ic, L0t v b o -5 REFUCKLT
DRAEF-FILEISY, BIEWIET S, CERBEHE— 7oy bd5, CNSIEDSCUHIERD v — 7 kD & &7

— 118 — Netsu Sokutei 16{(3) 1989



%ﬁ%%?ww%%®%ﬁﬁ~—n»?wﬁy%%momf

0.l mJ/s

—
—

312 322 332
T/K

ENDO
<«

a)xﬁ¥\v1ffﬁx\Jwﬁ
b)
c)

-

Fig, 11 Effect of small amounts of homologues

in C27 Enlarged drawing of DSC curve
of a) pure C27, b) C27 + 0.5 mol %
C26, and ¢) C27+ 0.5 mol % C28.
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