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Fruitful ways of molecular packing in the ordered phases formed by long-chain molecules are
directly linked to various applications that can be possibly developed from soft materials. However,

due to the complicated natures of long-chain molecules, it is frequently met that many mechanisms

able to influence and govern molecular assembly and crystallization behavior still wait to be further
investigated and learned. The studies on the packing of polymer provide the possibility to reveal the
knowledge at molecular level, which might be elusive for other techniques, about how these long-
chain molecules continuously join into the crystalline phase or other types of ordered phases
Reported in this article, single crystal diffraction pattern of Form II crystalline modification of poly-
4-methyl-pentene-1 (P4MP) obtained by TEM surprisingly helps to decipher an unusual monoclinic
structure, which has lower symmetry than what have been previously learned based on X-ray

powder and NMR spectrums. It is suggested that this lower symmetry of Form II results from
growth

conformational restrictions set by chain folding on the stem chirality and clinicity of helical
18

polyolefins, and this structural analysis is well consistent with the single crystal growth habit
(preferred ac growth planes). And the adjacent-reentry mechanism should be adopted in the crystal
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REWERE ST RATREESENSTHBE
(molecular conformation) X5 (repeat unit)
It 5% B % ¥ HE Y B LR (assembly) N FG &
(crystallization){T By o L HAERE (melt) BV fF
(solution) HIRRE » fEAEFF 22 I HAN S FER [
EOESHEAE

TEEI ARG R B A 7T 5EE
L FRERRIE RS 2 B o —SR RS+
ZREERK - BRI S TBIE » MR EH
Hor 45 (molecular structure) ZKIAE » {HAIHL AT
RERIERIRRYRZ 2 BIANGE ~ B -~ pH 55 ME
ENFEFEERIFREE o RN FEREES - FEE AT
FEWHI MG TFAYEIER T (physical
interactions) < [IHYHEFELH & » 43[R EREL
TR ERIEFERE T (helical conformation) FJREE
BRTRE - T2 T SHEP AR BTEET] - BB
B fE P RE R AR AV BB > PSR
IZHERE T » RUE(EIRELTHE (amorphous region)
AR N HERENST B - Rt&ES 1Y
fomu R (RAEEEW T 4 RS T I B 2 Bk
(rearrangement) ° CHE—LEE ST HIEET
Ry~ FEERP R R ~ Ky TR R P A
(ordered phase) HPHHYRRHIHE BT % - HE AN
R FRHERP A TR E S8R - MELt
HERNMEFPNE— DR REES T2 B A
741 (growth habit and sequence) 5253147 HIHEZ]
HIEERE > SRR T RER D EERNE - N RYEE -
it H A E R A Y Re N < KA 751 2 L2A
ANFEIR 53 1P B SR T AR Se il S E WY AE V) Dse
ERPRER ] i FERRE AR, -

LBy T R A A B R BES 9
BEREH] - SRR Rl A R E E (crystal growth
habit) » AJREE AL TP B A i 1 s B B i 1Y
FEJZ S (crystalline morphology) © M43 F-HIR
HIHEY] (BHR Al LR B2 o3 1) AT EH AGSHY
R Xoray FTEEERURRET K HERR o IR LAR ST &
R HLARRIRF I N - # R R RS AL R T E

EERE -

eSS A B Ry 2 Ak e FHAI R 22 T/E
BN S E AN E T R EE R ERS
EL I (crystalline domain) » [RIELANME AT DUE 1B HY
I F W AP AVFE > JRRERIRE S [E] A &
(zone) W) _HEFE T-HE5TEIZE (2D electron diffraction
pattern) ° BEAEKE FABLL Xoray S FeHs S i Yy
FETH BRI &R ERE Y
REVY)HEAER] - BB RO — IR E A A
HAFERAI TR  ASCprE /st - BIFHE
FEAMSRPTIR LR PTREME - DAPTIEIS Y AR 1%
BRSSPI - BRI+ PAMP 2
Form 11 ftMHAE I e H R EE » s A EAE
BT THEY] > FEEFSTHRIE Xoray &2 NMR KT
W AR A G 2 AR A SR - WIS AR - 2
—{EHERNL PN R ARSI S T HEY S
R BHE LT chain folding ¥4 T 1E 5L AH
HRR R HEY i SR PERYRZ%2E < 1T adjacent reentry 2
chain folding B&#l » JRA] AR SIRIAS Sl £
Mk o BRI chain folding FLBHRSH TG ML 1T
R I - B AR AR B B T AP -

— ~ PAMP 3 FRYFERITR

Poly(4-methylenepentene) (PAMP) 73 > {LEE=
WHArR - F— BE SRR ST -

~(CHCH) -
CH

2

I
CH-CH,
|

CH

LA PAMP 5 EHIM B BEEE HEF 26 L B FE
OV PAMP 3 TR BB A A R RS T R
O o TR ER il L T RN PAMP 5L TT R AURE
i IRIEREER o PAMP 73T HIIATIRE (melt state)
RAINR - FIVEH 7, et PR ry Y 755
EHERE (tetragonal structure) © HBRHYSE > & (S S
A > 5 T ROHERE B RS R A TS LA E® -
e (BB KAAS ERE L - (B7K5F TR S g ]
TRt — AT AfRREE > ] PAMP Al EE(EAI Rk 5
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1.(a) & B PTHL#E Z > Claudio DeRosa Pi#2 i PAMP Form 11 dhAB 89 o THEZIREA > & ab FHE o9& % -
EHBER TR ERERTE > Hin M e ke kTE4 > RELME - Ldn * £4k 4% >
BI4831F © Rup © T4dA47% > M4e9 £ - (b) & EMELH X » Claudio DeRosa Ff#% & PAMP Form II b

f{EFE JJ (secondary interaction between molecules) °

PAMP 43 T I AR AT - (68
HIRTEREREE T » AT RS NURER RIRIASSSAE - 43
AIEH 2, ~ 3, 30 72 4, 1B o FHE R ™ - Hep
PAMP 43+ A EFH Form I FAYHEY] » 7F Claudio
DeRosa LI —HERE A X-ray V3 2 NMR SEElssf
FEFEATER R > ERTEE—BA P2/a B
TEMEERNELES (monoclinic structure) ZAETE o #iE
Claudio DeRosa FrfzHHY T PEVIIEAL - AM1E 1.2
BIEE R EE - B (E B AN (unit cell) ZH
WA 8 B Ry B I E R (— R ERE > —RAE
antichiral) Y 4, BRfjE7T-5HEZ FTAH AL © M58 W fE 7
T HEAAISERI DA— &5 E ~ —(E8AT (anticline) Y
T BB HER

#f#2 Claudio DeRosa 2 PAMP 73{F Form II
FIPES AR - AT RIS RS 2] E [001] zone HY
ZHEE T REETIERS o a0 2 i o BRI THEY
i D R B HERE B AR B Sl A RERY BB 2K
E e toa HFa@En o ARmERMLET
FAMEREZA cyclopentane chloride 1AW & HIHY
Form II BL&LIF » AT AT &SRy —AE = T
i (A0l 3 frR) 0 E R R FIREA S
53 FHES I HERR -
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45 Claudio DeRosa #EiH].Z PAMP 43 F1F
Form 11 HYHES Fir f82 8 HH B A4 5 5 81 5 LU e
K AR E R E R T S B R BE T I RE R - 40
4 Fior > ALOE RIS - W o B9 51A 0 12
TERIBE B > BE P2/a BT AT REAERE
HOBEST B (FTEEPTFRC BERTRY) o 15 LR AL FHEI Y
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3. A %%gﬁﬁﬁﬁﬁ#‘?‘%iﬁiﬁi Form 11 ¥
C PTHEAT 0 48 T S5t B 5 o

TESHG - MEARBESEHAT2ERE - HIREE T
% N#E3 Form 11 HYE&L - EL%?\EH‘ Wy R EL
1B BERMELL Xoray BIZZEIAURESTES > IELATAT - 4
HEAY Form 11 A7 T PRV AL E B T EZ W E IE
) - BE L B HIRE S RIS AR > PAMP
73 THE Form Il FHPEST > 1157 o BHAYTTAIER R
RAETEIE -

{EHE_EAG ALAS RO RENT » I DMRE Xoray By
F o R X-ray BRI HTEARI K EH 2 R4S
mm SRS » 08 LG S I AT B E R R
JimA > R G R — ARG HERIREST IS -
B E N E S AL R o T HR IR S R - A
R SE  fAATTAre B Bl R A RS B B 3 S A S« T
BB AERESIAI R EREET R, » HsaEa
PREARYZZ 71 > HILE A e B E— e X-ray BEdf
HEL A P REM T R (B — (BRI - (REEEY
ORI o SELE X-ray BB FArEL AT _LIIFR
A RERZ BT AR 4RI A IR -
EAR L EtEERE— R E A SRR - 2R
O FEAMETPAIPET IR MR RE B B R - 1T
BRI  TR B R Y JERE T EE SN
St > FrLART DA ZAERYEE T B R 2 e 43
T-HRYIRETEE - FFDUEE I S A& A -
SN BEFREMER ] — RIEBIE—(E 5, - L REH
P15 . AR T oy EEE AR E R HE ] - TEHEE
e 0 EEAERLEST S 2 AL R HEY
> JRENENT S8 (reciprocal lattice) EAE R4+
PEI <z Ea A& P A B AR BN AT o (K] L AR 58 F (E #
X-ray FTIETSZ Z{[HE S S IR ET - n] DOE R
AT — & 2 BRI R R B R R —
KIEE

DeRosais reciprocal 4.
lattice proposed by X-
ray powder pattern and
NMR spectrum.
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= > P4AMP %*F7E Form Il S&tH4EY
HEI

Ry THE— IR FINE B o B T1R9BEY
1B > RERERTHEam ey TRV IR B A TERE T - R
FERA B SR DL o K b Ryl (S5—(E&E 1
SRS PR LR AT REME) AT IS 21 5S4 MR {iE 2K H
[01-1] zone % [-102] zone Y 7E T8 [E7E - 40
&l 5 Frs

I E LB B P (S Y AR T e B 3L
NS BB » —BERERETE P112, BY antichiral
and isoclinic Z RN GG - A 6 FiR - #idE
amHEE PAMP 53 FF Form 11 FHEE & B FHE
FITTE o FEE (I FH —HEEE TG EEE A A Y 5
FHEYIREAL > A] LLZETE A Claudio DeRosa & < 15
HILL# > #H B antichiral and isoclinic & (7 &4 il
(unit cell) HYFI{E PAMP 735 - HEFHERS
16 0 & ab VA ERR 2N FER » & a JIAs
TBRFIREH R R R T -

HHEE (I E R R R (R Y 43 HES | I Y P g
f [001] zone —#EE T HEAERE - +H V)& ERRH
TR PSR A R - 6] AR BT
X-ray Frop At AR S AE S B o 55 (B {2 B AR A e g
EERERN S THEY] > RIEGRATE B BRI
Fro LG R — W IEMER R - et > 2

[ 5. 8% PFiE I8y Form [T B &b 5 5483 o B b* b
ko TR FR A A RMEAR A (a) [01-1]
zone > & (b) [-102] zone # =4 T T 424t B 3L

HEFE e 5T B 3% F I AYIE e Be AT B - S
PAMP 73 TERF ERURG AL IRIE T - R R — (5
ANE R~ HR R R LS o MM S R —{E
R RS - AR REE A TR EE
FHY AR T R -
3E 5 BEY IR A i R B 22 AR RS - (ISERY
FEEZ[E] A4 (isocline) BUE &2 [A) 14 (anticline) ° 1F
serzehaE s - fISERYFEAITE (clinicity) F153 54
B BIIEE: (chirality) » [FlRAGaaBEY | hEE %
FERYE SRR - BENTE T HEDI T bt seh -
PEFEARIAR A 2 —(E A S RIS - R
=T ER AR R R EiE A fEU%LTEﬁE/J%EEUﬁEE
NFAE o NI E ISR R (38 A f - H%
HIYERE SR E i (E S R AR -

& 6.

1&¥% Form 11 3 &b A7 & &

o) — 4 E T E AT E GE
TG BB -

h 25 THFIEA o

Symmetry: P112,

Monoclinic structure

with two monomers in
each unit-cell
a=18.5A,b=104A, c=

\ 7.2R, y=113°

a

Different ab projection of lateral
group
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1/d (A'1) h=-10_ -8_ -6= .4_. 2.0 2 4
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..... el o« o+ oo+ |—; *P112;symmetry
| S without inversion
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e ; c-e. e center
—-3
047 Terter T Tttt =4 4 (hko) reflectionswith
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7.

RAZPTHEHZ Form 11 £ M
8y o FHEFIAEA » Pret AR
0y 4B T HATE 3L -

/0 ~ Chain Folding %S48+ 2FHE
HIEFEEREE

ST PRV ESF—ERETENE - T [E— A
TRV HERER Y g — (TR AR BT DI —E
B DB EREHEEEIRTE (energy state)
LIRS BE AR - RGBSy T35
BRSPS I A R RATE B - ALK fa] PAMP 57
TR R — SR s s B HERE R HEY T
=0 TP ECE R e (A B R A HE 2 Petraccone 55
A Bam " R T —E AT REAMARE - AfE 8
Firm - P SRR B R 5T B R — i/ N
chain folding FE 2N - 15 Wi [ 53 T SEELAHE
antichiral and isocline B & isochiral and anticline *
ATHEGR A 58 b AR — B AR R A A A R
HIRETE - TSR —RE B mAmREE

Claudio DeRosa #EHIZ RS » 5y T i e BE A HE
TEAYIE R » AHA T 8EELAE Form 11 AYASIEARAIHE
¥I[Fs antichiral and anticline ° 3% HFFI BRI A Hi# 5
HE % - ([HAER T Petraccone 5§ ¥ chain
folding FYsZZEFTEH 2 B - (RIILIE [ER T HE
i AEfn AL REE T A4 adjacent reentry
Z chain folding * [fii 5 PAMP 43 T-{E Form II 1
PHER - HAr P ZERF S antichiral and isocline 7
SR WA QISR R AR AIME - TR R T R

FIBETIHERE - /2R - R R RER P
fi¥, adjacent reentry <7 chain folding HY /7 =ET » 15
fil PAMP 73F-4f Form II g5fHH - B RE %
HERE B SR s = IR T = -

Chain folding 2 &H# =7 T A FAHE—K
Frta > Moy si2 B a7 LB e 22 AHR -
EEAIFFEFEH » folding surface 2 {F1EH AIRER
B R B I R R BB R - TG
HE (BB R4 > chain folding PR EEE LI
BT TR R IR S R -

Opposite Chirality Same Chirality

z fold fold. fod
roy \
J\‘ NN
\ y ¥
] v N
\ y ¥
pop v .
down down up up up down
A B C

Opposite clinicity are feasibl
for connected stems

Same clinicity are feasible for
connected stems

8. Petraccone % 4t ¥} chain folding #4935 %8 A7 $2
= Fix"" .
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1/d (A h=-10,:8

06—

4 2

04
0.2

0.0

9.
7 B 4 Bt R 1
B BT AEAT X B BT A
AT T HHNE

-0.2

-0.4

Wik

A

3 -

EBE2HIAEZRTE » 737 LL adjacent reentry
#5 #= 5E chain folding > BEIA AT DA ME F (R 1F
folding surface 2 F2[AIRE (surface energy) ° A1t AH
A REFRIE T BB Y 73T BES RS nAY B e - B
B8 E - [EASARIFT/ET adjacent reentry F
chain folding H&HIHIRAYEL T » 20E 9 Fix >
PAMP 531 Form II HRHJHERE » JRFR L AIGEF S
FIRRRIME - M EE ST PRV BB IN - WRF &
Claudio DeRosa HJ7THEF A K DL X-ray FT/ES
B REER -

F ~ Form Il S&&+EAYRL RS

Form II #5428 — & a SRR HE & IRATE
AL EERE > 20 10(a) » FTLL Form IT A FiR B,
EHER R T EETZER - E— DT
chain folding ¥ ¥ X H B % > 75 adjacent
reentry Y chain folding /247 522 Bl LAY F 22 /7
= B T 8B4 Form II H A 1T 38 <F
Petraccone SEHYHERm » AE LT B AL R G2 1 AL T
JEZ a AT c BhAT AR SLTE - ALE R S A
TEATREME © A 10(b) Fr » —FsHE (210) A1EEE ¢
HH A S > SR (<210) MIEE o BiPER
[ - AR EHALAIEGRH » chain folding FYZ2[F
P BCRE & RS d i > 8 2 LI 45+ SRR I HE
HIIA 754 antichiral and isocline AYJTE o RIHEEH
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0.4

1/d (A1)

REH R B EER  THE TP R B R
BEFTE LattvEH] > a]sE—2 B8 Petraccone 542
.2 chain folding ¥fA&AH 7> T-HEELRE T AU
TS IEHE o FHAEE T #AisR 0] DA —(H B 5L iy
o5 s H A R AR g T HES IR 51 - P
DAR R 1735 (B s B B R B T B - 2
11 Fis > BRI LUERRET > E— R E A
BRVERT b FTEEESIRYE A > HAE N & i
FB ML IMAY R ARG TR H RS B HE
HfEH T4 HEFIRI A -

& HE i B AL TP SRV B 22 > AT DUBE A% chain
folding & FEHYSLE » MIMEE T 701582 BdfS S HY
Bl —adjacent reentry HYZEA o (RIS ATEE T
i) adjacent reentry I chain folding /7 =\ e 52285715
EEHRYIFE AL FEHRAIRETY - St s 2 T R RIBET Y
ETEERIHER® © chain folding FYREH] — 73T BN ASS
e fH R =X — S A L 22 R e B RE Y R
AR 2 - MELiHsE 2 HRTE K& a chain
folding MM 73 F1E R B AT 2 2R HE
as |

TERZI TR AR MBS 22 ) A B TR (B Bl S
eI SR A ER S - HEHIH adjacent reentry HIFE SRR
BEH] - GEEE T chain folding 7720 2 Bl S 43
TSI E s HRIBLRERE T (il PAMP 53
T PRI — (A T PRSI 20 - TE(ER
FREIRFHEREH » Xoray K EF#AMBRAEAS AN L



Folding along
a direction on
the ac plane

Antichiral and

Isocline
or
Isochiral and
(@) Anticline
Fast
growth
direction 10.
: (a) Form Il ¥ e9& Rk H
i ME o (b) W THE71 09 K
b Form I %7 ¥ &b k% ey &b
& 0 JER a $hFn ¢ BhPT K6 oh
a & miaigehdhd o EA miE
N THM - — AW (210) BER

T cHEk R\ B — AW
(210) M E L c dh KB SLE °

Diffraction pattern of twined  crystals

Stack of single
crystalline laths
on a flat single
crystal thinfilm

210

-210
(a) (b)

B 11.(a) w7 B h e 30 7T i — F BR3 chain folding #H& R K H e F & o (b) £ (a) B PTERI 5] 64 F B8
P& A2 48 T4 8% -

b, by
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12.

(a) iPP 5T — B
& oh R E e el Rk
> (b) & (a) B
iPP 4 Sh T & £ 89 =
HE T AT EGE (a)

NFRINEHRES - R AN #E R e T BRI A i) - &
B TAESMHEPIRTR > W — P RS

RETERIIHT - B BRSSP
il -

N BRSFRBEMRER

GRS THIE LR (epitaxial crystallization)
PRI AT A1) FH — s e T R s 2B S — {8 93 O AR BR B
ot Tk » MECR—EME(EFHTERIERE - %S
TR SRR R B - (B RER R E I
BT BB AR AR N 1 — EORAEHGEE TR
B o TERESCHY R R » R B TR AT RE BT BARY
WA BB A R R A B F— R B i

T3 FAEAN I S & A N FE R =
PEEE[HIHYEEHE - DL iPP (isotactic polypropylene) 43
TE—fE 5B B (crystalline substrate) FY#E il 5 By
B > ERr P BB s TE - 2 iPP o3 T5EDL 3, R
TEREIPAE AR B S AH AR - B VEEC RS LA 22
12 73 THEY (lattice match) FITTE BRI SAIE © B2
il et T O T2 ol o B 25 et A SR 38 S BRI R 3R T
NE] - FrEER N ME R AR RIULED - RE+ R
TER AT RE A EEE R - RIS (Bl a
HIE B ET 2 VB ) — R B RS SR - AR
T {83 APES R R 18 ] DAsS B 55— {8 73+ 2%
SRBLRE LT R R R -
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(b)

11 7E ok W (el o 1 IR 2 LB > MERT DA
feem R ST R B - A RIREE Rt = T
TEFTEEAUFE SR LM (crystalline substrate) FR[HI KB
FABATRE RIS - 206 12(a) FR » & PP HY
S E—EEE FRRET R > RZ R B AR
[ T HATHETIR 8228 > iPP 43 T 1T IS dl ik
o HEREE (amellar) 120 HE A HARIEAE A
#e HTIAAYECR: « TEf ek M o2 R P AT AR e
% HPTEISH) —AEE T e BT RS - 200 12(b) Fr
7~ 0 A LAHERR Y iPP 3R ILAS A BRI R
flan T o EHEM#E I EE L PP o EH A SR EAS

B 13. B sb A8 P&y 4 T 37 7 X £ d Bernard Lotz
HRER > M HIATER -




IR T BN AT B A -

B A A BT FES 5 Nl R e ik AlE 13
A » BRI L G 15— (6 22 B I L AE Y 73
THECE BRI B RE 2 IRRE - 555 FHISAH
Hh o SE R IRRYPEY SRS /2 Bernard Lotz 503
oo WM RIS (B EE) (frustrated
structure) ™ o SEAERIAHERELE LY S T FT I B &
MG ZEH - fEE BTSSR LIE 3, 8
TER T S B A EAG f R A PRV Bt B BLE R
feid (BN R, o Rt PAMALE - "] DAFE s
RIS SN 615 iPP TS SR B R TeE -
Hl T R AR ER o sfHIRE - A5
FRFHE B AE o

€ - FEEw

BT RS E MER (ORISR
HEEENERGE » 208 T —EE Ay T35
BIAG SR R VB HIAT T RENE - BIFRHEZ
BGEERFERE MREEI > R RIE R AR
FeFHYEE T BB - FFEITNE T AT e T E B
HyE -

DR FHRERAAER] > B 55—
TZRERT R G RAIE B2 HElE
PRI R B 2 RO T DAGEERRY > T5E — T ISR
FEHARAETE TR A B Bl - IR MR B 15
AT LAFIRF R I B AL Y2 3 (morphology) K —
HERE TS ERE - SER AR TR R E TR
T ERRIBIR - DLEFrRARSERR - Al
DU —A ) Rt ¥ T B SR AE R e A 0 T2 R 1T
TR Rt b A ) _E P i ey A G B B SR - TiTTSE
SERHIN B 0T TR SR T R Bt Ak R Tl Y B R AT
a0 AE TS5 R Bl S AT A (S A Y B i B
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