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Abstract

Since developed in 1970s, liquid crystalline polymer (LCP) has attracted much
attention for their fortuitous combination of beneficial factors, such as high strength,
excellent chemical resistance and anisotropy of optics and electricity. Nowadays,
LCPs have been widely used in many fields, including electronic, electrical, fiber
optics, automotive and chemical industry equipment, etc. To date, numerous new LCP
materials have been obtained and demonstrated. However, with triggering new
application of LCPs in the above areas and other promising fields, there are still high
demands to synthesize novel types of LCPs with multifarious compositions,
nanostructures and functions.

Based upon this view, in this thesis, we aimed at the functionality of LCPs and
tightly focus our attention on the main line: the fabrication technique
-structure-performance relationship. We mainly designed and constructed the

following functional modules in the traditional LCP: (1) chiral elements in the
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polyester-imides backbone (endowing the optical activity) and (2) aniline oligomer in
the polymer main chain (enhancing the electrical activity). With this proof-of-concept
structural design, novel functionalized LCPs were prepared, and their
structure-property relationship was investigated in detail by means of nuclear
magnetic resonance (NMR), fourier transform infrared (FTIR) spectroscopy,
thermogravimetric analysis (TGA), differential scanning calorimeter (DSC),
polarizing light microscope (PLM), cyclic voltammetry (CV), scanning electron
microscope (SEM), X-ray diffraction (XRD), spectropolarimeter, and so on. The

results were showed as follows:

1. Controllable preparation of polyester-imides combined with liquid

crystalline property and optical activity.

In the past, the polyester-imides with optical activity are always optically
resolved arising from the high melting temperature by using the melt polycondesation.
In this paper, on the basis of the successful preparation of serials of diacid monomers
(e.g., N-trimellitic acid-L-leucine acid imides), we introduce effectively chiral
elements into the polymer backbone through the direct polycondensation reaction of
different aromatic diamines with chiral diacid. The experimental results showed that
the resulting polymers displayed excellent liquid crystalline property, fine optical
activity, high thermal stability and improved glass-transition temperature. Based on
aforementioned preparative, we prepared the thin layer chromatography boards by
mixing these polymers obtained here with carboxymethylcellulose sodium in aqueous
solution. It was found that these boards are well-proportioned and had satisfied
solvent resistance.

The relationship of the content of p-hydroxybenzoic acid in the monomers and
the properties of resultant polyester-imides was studied. The results showed that in the
terpolymerization reaction, it was unfavorable to create a liquid crystalline structure
when the mole-percentage of p-hydroxybenzoic acid in the monomers was less than
50%.
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The effect of the species and relative content of diacid monomers on the liquid
crystalline property of the polyester-imides was also discussed in this thesis. It
illuminated that the introduction of unsymmetrical monomers with side group is
favorable for enhancing the molecular weight and the glass transition temperature of
the resulting polymer, but detrimental to the increase of the crystallinity and the
formation of the liquid crystalline state. The glass transition temperature and the
degree of crystallinity can be adjusted by altering the relative content of pendant
group.

In the case of the role of monomer configuration in the optical activity, it was
presented that the optical activity constructed in the resulting sample is radically
originated from the asymmetry of the monomer’s structure. The specific rotation can
be tailored by changing the content of chiral monomer. Moreover, some other factors
(e.g., conformation, molecular weight, etc.) would affect the rotation capacity of the
as-synthesized polymers.

Besides, the size of the side group severely affects the property of the
polyester-imides synthesized. For example, the monomer with bulky and rigid side
group is beneficial in improving the glass transition temperature and optical activity.
Simultaneously, the as-prepared polymer displayed a lower melting temperature. But
it would hinder the capability of the formation of crystallization and liquid crystalline
state.

Studies on the relationship between the texture of the diols monomer and the
properties of the liquid crystalline polymers are carried out. It was found that the more
rigid the diols monomer, the better is the liquid crystalline polymer’s performance. On
the other hand, it was shown that the liquid crystalline behavior would not be affected
with the introduction of dihydroxydiphenylsulfone that had a big and distorted radical

as diols monomer.

2. Construction of electroactive functional monomer wuints in the

polyester-imides
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Liquid crystalline polyester-imides and aniline oligomer could benefit
substantially from their respective advantages. A novel type of lectroactive liquid
crystal polyimide polymer with well electroactive property has been successfully
obtained by using solution polycondensation in mixed solvent of benzene sulfonyl
chloride, dimethyl formamide and pyridine by
N,N’-hexane-1,6-diylbis(trimellitimides), p-hydroxybenzoic acid,
2,2-bis(4-hydroxyphenyl) propane and aniline trimer as starting materials. It was
found that such an polymer combined the excellent properties of both the thermal
stability of polyimide and excellent electroactivity of oligoaniline. Thus the
as-prepared sample shows liquid crystal property as well as electroactivity and
processability. From the results of PLM, it was demonstrated that the as-synthesized
polymer showed nematic texture on glass substrate after sheared from melt state. The
CV test revealed that the obtained polymer exhibited excellent electrochemical
stability. When the polymer is in liquid crystal state, its conductivity is anisotropic,
with 10° S/cm along the shear direction vs. 10”7 S/cm perpendicular to the shear
direction. Furthermore, by tuning the content of oligoaniline in the polytﬁer main
chain, we can synthesize a series of electroactive liquid crystal polyimide or

conductive liquid crystal polyimide.

Key words: Thermotropic liquid crystalline, Polyester-imide, Optical activity,

Electrical activity
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Figure 1.5 Classical texture of nematic liquid crystalline polymer *!

a. threaded texture b. Schlieren texture

Figure 1.7 Classical texture of cholesteric liquid crystalline polymer ™!

a. lined texture b. fingerprint texture
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KB WAFHEY. BRZOHEYAGREE, 285ETUREIRFER
BELBAGHKEBEME . KLY FRFEEYENE, FIT A E PR,
B T FARIFLLA AR HEEEL

GEFR, BarHGAHTRERNGE MR- EZF L ERRT TEEK
[TRRIE, JTRET B TR SN R B 7 1 o (BRBEA SR H R RE K
B T A BAT AR S04 2 b B, BRULI R R 46 KRR B R OB TR I
F4FRI, GRMLRMES. EEEHTENRT TG, X—HENHTRA
HHAEEREN.

14 B8 FREHIFRIT

B TRENA TR RIEEERBF TEEHANESAS. CREES
FAELEARD FRBOGEHER RIARIEENER, EHE—EXHF TR
HREMBGNE, 2FEERES R AFERHAM R, % E&MSF
IR, EERTREF BRI, MIHE. KBS KRR
55 FHEMPIRANE.

HEEHATS FREE AR, NI, BHEERHESZ—HRBELK
S FHEM AR R RMRIE S, A2 38 B 5 AT A A 2 IR R A,
BAERUTHESR: (1) ERIEEEFSIARERRGE, B EERMARN%
PR A4 F O REE S (2) SINMIBEIAREE, Mins FRIMIES, Woba
FEEER S (3) ZERIME 38 5IN &40 i 45 Ha i 5 o0 LURR R 4 &
11, (4) RAZHAIRR KR AETAAIERE.
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T e DA S

BB G RY RIEERE S TREMBHARALL — BTHEHEAR
HRROTEEMATNNE, BB iz GgBKE. FIISHES 2Rt
BSH, RHHIETITERMGEH, ZAHE RGN R ZRET 75
£, WitSRAHNEERNES TR,

1.5 KX KRB S X BRI R

BIESFROTREREBITRE R &S THREME, B8 THREaEE S
HEARANEAERE—NMREZEMNAAL R, B, EHEESkREHESE
kK, EREtSHEESESRERES. TARKSS FRENER. S5
REMIX AN THRE ST TRBNFATRMTRF R R ES T THHAEEERN
R ORI R BT,

FHASFHBERE/LERFEFEFROFARIL, RASHFHEHHRE
VIR FFH4 TS EBKEZ B AN RE, HTZEATFHEDREE? S
MBFRHs PO, EEENFERNER EERNETRRZE, —N
WREUT &M (D FHRMNNEZT R MFEFRNREMDBHREM; (2
FHERHRES, TEEORTAUARRELRS: 3) EREFEZNN
Fit.

AEFEEBBREVHTEEFANEFE, E252EBA. RIEARIE,
EHMARBEYN AAIEFFHRCR, FHREFRAE. RHBGER
Ptk RS RITE R FRE, TR R B 668 8% BP0 5 B A S
R RS A, TRy Gl THEARERITRME SR,
HaiFms FRBRAECEEEMEFHRUTRE: (1) BRI (2) 2
BB BAHTEE: 3) BRRARSHEETER.

FEMR—MILBRNMOFHE, RESHIHEESEE S, BEEITH®
BESINES FEHSHT . Khalil Faghihi™FUSHAERIEAFHE, SRT
—RII A BB AE 1 IR BALBL I B, ZE ik B Xt f ik - B e
JZF. Shadpour Mallakpour" M WA =RET 5 L-RRERRNEH T RF L
MRk, EEHARELRERT S ZMERNE BRBMB LR, 5T
BRMREYRE BRI FEE.



LK SR TR

i, BATRABMEEAE ERABMRGERER L LI ANEERFHE,
F il A SRR AR A R IRYE S X R A MR REHEAT RS, MIB W REA R —2&
BA RIFHOEEENE. BFMRREEILERENE. BHRBELETERE R
RHRRRABEURANBEREY, UABH—FMRIEKER. AT, RS
BRI B B RO R TS AT . H TR R AWIE D B IRIE.

FHASHS TFEEREEROHRE, KEKKNEE RN ESEFREL AR
H IR XAEMRTTE BRI TRAREDRER BT M. EdERL S EFH
W EREE Y 3 LRI R BB AT E T REWERLIN T g, B
SRR R IR B REM TR RSy, TEARERITRENE. BiFt
M mIHTF SRRy, Barhik, ERRRLEYELSDME, BAHREKNR
LR e R % g S

ETU Eat, KRXHUEmT Rk BT SRR :

(1) BHAKR

FRNHAMNEEGREREM UMK FREABREZEACFRLERE
BT — R R IR R Y, AR TR Al Bl 2 F i v T R Be Bt
W R&HT I ZHRE -

(2) FRE BRI 25 T K R BRI RL B 5 B

BEREA—MRNOFHER, AESGHSEEER A, FRCKASH
FEMGRAR AN R, ISR AR B PR & B R X
REMNRE BRI CRe ST . Fn, $aRmgsRisa s A it
A B B T P A 7 B o ) 0 7 T 3 BURE DG M D 7 A T e A Y B »
AW E A Higashi ERAERFH#ITRE . TEMAKMIIR. TGA. DSC. 1w
KB A XA Bt i B R & WitTRIE.

(3) FEIEVED)AE T SR BE R WAL T B AT MR

FR=RERZAFRARMAFEERT, KOICEEFIAREBER X% L,
Bl REREEAR R RERER, 8l S EREERN AR AT RIS
HI B AR R S W HARHRRE, R AW AABRIRMERNEEM—
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PR - 2R

FrvE it MITREMItE. SRFEH Higashi BEEFREHITRE, HRR
RS 5 TR A P A AR R IS P 1R 0 TR & BRI o e 4, AT 97 Lk e = ZR f 7E
RpGE RS AR, EEFAGBILR. T6A. DSC. WEBHE. ™A X-H&f
B TERRZIERROMT WAE ST E N REWHITRIE.



PR A2 X

2.1 LREH

FRICHF P AN EELRFER TR

25 KBS

JRE 2 FR BXBRXPHE ks > 3]

! . p-Hydroxybenzoic acid (A=) L HERL
XA (PHB) (CP) I
4’4(’1;; figf * Bli';h;; ol 4 99% | ACROS

- o . (A=27)
PRZE =R AT Trimellitic anhydride (CP) ACROS
f 2ok 245 &L AL
141 D W Pyromellitic dianhydride T 2RAER
) AT
e . HYRRF | LSRR
L-XRER L-Phenylalanine (BR) SR AT]
o A . AR | LRk
DL- RN EK DL-Phenylalanine (BR) S RAR
= . AYRF | b sadihik
L-Z8™ L-Leucine (BR) A AT
Y, . YRR | i saiRk
DL-R& R DL-Leucine (BR) AR AT
TN LigpRrE
L-RER L-Alanine YR YA R
BR) A
1,6-C _f& Hexamethylenediamine %i?ﬁ t%{ﬁ_%ﬁ
, — . Dimethyl formamide MR I~ MALER
N,N’-Z R R (DMF) (AR) U
. Benzene sulfonyl e | ZFLTR
KM chloride (BsCl) (CP) F
- o | RETAE
i Pheno! (AR) | 2t
L SHraE | TR
AN Hydrochioric acid (AR) R
areE | RETAE
TKLEE Anhydrous ethanol (AR T2t
ahral | RETKRE
V. Ethyl acetate (AR e

16




LR AR X

ER =Rk Aniline Trimer - T EERK

44-—HRE_FE | 4,4-dihydroxybenzophenone - LREGK
N,N-8 —3#%-1,6-%U% | N,N’-hexane-1,6-diylbis(trim I A

F=RREIBL AL — B ellitimides i SR AL

2.2 iRFl4

e MABZERTRAFUHEHFA.
NN-ZRIER R EHEAPIASFRERFA.

K. WILAM, HREEERES, WETESEHEA.
HARKFIIEEEA .

23 BHIERERIEL S A B

FLRERT ZANZREGL, ATIIRNERRER:
o
o

Hooe O + H,N g COOH DMF HOOC H
2NTL— L — -
R 120°C 10h N i COOCH

o 0

Scheme 2.1 Synthesis of diacid

H
H;N-G~COOH
R ER P R RIETIHAMEERPH—F: L-ZEE. DL-&

2R, L-ANER. DL-ANERK L-RER. EERNEHNTHR:
H

LN
*~~-COOH
H'C.ICHZ H3C H NHZOH
(.T,H'CH3 H3C>\)<ﬂ/
H3C (o)
L- R8N DL-ZE M
HZN\C,COOH
H” "CHz H NH,
O OH HN. ..COOH
0 H CH;
L-ENER DL-ZNEM L-WAR

THEUMRE=REA L-ER2BA N R EAE, BEMERFEDT:
7 50ml EEBEMES, # 1.5 g(0.0078mol)fw & =FHEF, 1.03 g (0.0078mol)
L-ZE BT 10.0 mIDMF #, M AEER 10h, REEIEE, BHEBA 50 m]

17



DRI E AR

R, PSR AR B I AR AR, KPR B R, B XBITENIH,
R SRE-HhE, WENE, BALDELEREEEHT, £ 0CEFSHFTE 10h,
IHEHRER 1.8723 g, 7°EH 78.6%.

2.4 GiHIRHER BRI R AT L5 SRR TR — BR RO & B

% 1.09 g (0.005mol) HZEIIFEF, 1.31 g (0.01mol)L-Z=EEIMAZF] 250 ml
FELEF, DA 30 ml BEBERD 20 ml ZB8, ZEZIR T M 2h, BEIAMHIHF 8 h,
EE RN, ERAMEARSERRDL, P mA Soml KkiBE, HiE, M
KL=, BETESRAEPTF S0CTE 10h. FERNAWMTF:

() o)
H 9 Py tir 2h reflux 8h
o] O + H,N-C-C-OH > St - -
CH, CHsCOOH  at room temp.
0 0 '
HyC en,
(o) 0
QH HQ
HO-C—CI:—N N—CIJ-C—OH
cl;HZ 'CH2
(o) (0]
HC M eh HC S eHg

Scheme 2.2 Synthesis of PMDA-L-leu

25 BARM

AREGRNT, XRICKANZBEHREE, B BMBEEFRN B3
BREE—E, MAZCLFELN —REEPETRE RN,

25.1 RANFEEABRRER EEN SR

HTFARLBRRATEM RO _MsE5RN, XA THRMEN:

MHOOC-X-COOH + (1-r)n HOOC-Y—COOH + N HO-Z~OH + mHOOCOOH

BsCl
HO{’OC—X—COHO—Z—OHOC— Y—COHO-Z-O-}—[—OC—Q*O}H
DMF'Py m ™m m

(1-r)n (I-r)n

Scheme 2.3 Synthesis of polyester-imides

18



B KRS

H#, HOOC—X—COOHRZIETFF/LF M —F: WE=R-L-ZER
BEF i — B (TMA-L-Lew) . WA =% -DL- =& B# W —# (TMA-DL-Leu) .
MAE=R-L-EHNERB T M (TMA-L-Phe) . ME=B-DL-XHNERE T
f&—% (TMA-DL-Phe) . WE=R-L-WEMRB T —& (TMA-L- Ala) B3
FIE-ML- B RBE L 8% (PMDA-L-Leu). HOOC—Y—COOHAL % H £
N,N-2 Z#-1,6- XKW =BMB T A% —# (1A6) , HO—Z—OHR KM £4’4- 5
E_REHSRKE . RFchZBHEEE GFE0E1ZH, BF0M1D , m
RENBEXPROE, fREX-BRIANE, KXZHMANE, —R5-B
SEER

BppmEERENT:

copolymers

DMF at room temp.

di PHB and diols inPy

BsCl } aging 30 min T: keeping 10min_ 80°C IOminl _ polycondensation at 80°C 3h
Py

TERE R L R HN-RE=ZRE-L-RER (TMA-L-Lew) . NNN-C
-L6-EM=BBL T — 8 (IA6) . 4,4-_¥25 " K KJ(DHBP). LARIHIZRE
H# (PHB) (HBAEERESEAH0%) HHRERN, HEAmERELAER
EYER SRR, REEHFEWT:

£ 50ml1 B2 O EELRT A 0.83 mIBsCl. 0.38 mIDMF 71 2.5 mlPy, %
EBLEEE, EERTHERN 30 min, ZEBEBHET, A 0.2900¢g (0.75
mmol) 1A6 & 0.2286 g (0.075 mmol)TMA-L-Leu, ZiEHHE 10 min, REHKH
JEFRB ZE O TAZE 80 CHIMAE T, HHHE 10 min. 1§ 0.3453 g(2.5 mmol)PHB
#10.2677 g (1.25 mmol) DHBP ¥ f#7E 2.5 mml Py F, }7E 2 min * A HRE T
B, WMTEE, 7680 CHigdiELMHA 3 h, S, FYHEETL
LR ZIRGE, BETEZHREDT 80 CTH# 24 h.

2.5.1 BA TR 5 R BB L&

FE 50 ml B O RELMEF A 0.83 miBsCl. 0.38 mIDMF H1 2.5 mIPy, % b2
OHIEE, EERTREML 30 mn. ERBEBET, MA 0.2900 g1A6, Eif
Ptk 10 min, REHEELRBZCHAZE S0°CHMAF, HHHE 10 min. ¥

19
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0.3453 g(2.5 mmol)PHB. 0.2142 g(1 mmol)DHBP #1 0.0723 g(0.25 mmol) % iz =5
RYERRLE 2.5 mIPy B, FF7E 2min APCETEMBIGAMS, WinwEE, 780 C
WB P ELER 3 h, U8, PYEETWZBRESZKE, AREMIE 24 h,
BETHTHRAPTF 80 CHELTME 24 h,

R AR T

PHB, DHBP
Aniline Trimer

1A6
BsCl

DMF
Py

aging 30min, RT l keep stirring 10min  80°C, 10min polycondensation at 80°C for 3h
POLYMER

BAMRNR IR 2.4 FiR:
L0 s e L PR TT, T, SR, € 7, S, S

o w0+ 0o OO0

Scheme 2.4 Synthesis of polymer with Aniline Trimer

2.6 BRGIEEERENGF

CMCHRRIBCE]: FRE10TEER BRETHEMN, MAFI990 midik 44,
WEROCHRF20 40, VIR EHCMCERTE, YitiR o O i fs fa 22
£, BEN%HCMCEH

IR FRENO.S gL BT & AT REEHNBAREY, HERBRAN
BURL, BOALS mIECAFHFICMCIFRIR 6395, RETHNBIER L, BREREIE
HEF, EBRBET—REERAT0CTLES h

BEFGZEEBAERS: RN 0.4 gEi=E, BT 95 ml ZFM 5 ml KK
BAWT, BMA L5mlots, #£45.

FAR: 73518 0.03 g L-REM K DL-=& R, & M 20 ml BKEREREA .
SR A EREENFEMHEE, SER—CHIREPEBROEMEST, EHE
BRTRSIHRR, BEFERMEYSR L =RERE A,
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2] TRFMERKRE A%
2.7.1 ¥H3tk ("H-.NMR)

Varian FT-NMR  (INOVA-500) #ZHE3EHRAL, R H4AH R DMSOME )
Mg, BEYWHRR=HK2Z8 (CFCOOD) #MEHME.

2.7.2 4536 (FT-IR)

Nicolet 2108 3Lt e 2r A i A0, WAL EH e . WRBEGEE A
500-4000 cm’, FAMEZE H10KHZ, HRBKEH161K.

2.7.3 LR
&K Elementat Vario EL JEE L, 2T AR TTRA K.
2.7.4 RESH (TGA)

FAME 2 HT{X (TA Instruments TGA Q-50) 1 FT & A HAAMER & W
EWBATHR, AEEZE20 C/min, BETEEH40 C-800 C, £P#<40 mV/min,
ERREARWE,

2.7.5 ZRAHERMT (DSC)

KHAZERARKEHAL (TA Instruments MDSC Q-10) X} Fi & B HI R &Y
PAT HBATHIF, BRAHA, ARABEEEHH10 C/min, WRRELEN
40 C-300 C.

2.7.6 | X-5H£kAT75F (WAXD)

¥ B A #D-MAX 2200 VPCEIX-§H AT X KT BT & i R S W i 45 &
GEMPRITRIE, TIEREA0KY, THERKIOmMA, NidiE, CuKoZiBs, Wik
KT8 $120=5°-60°, FAREEZE 10 9/min. KM AERDIITIIR .
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2.7.7 WA EHE (PLM)

FLeitz Orthoplanff Yt 2 B MR S VLM IBRIIT A -

BREYBEEER LinAZBERERIIRE—E A%, R T
FRERAHE, ETRAECEHMETUR: BUEHEMMEBEETHED R 2,
BEHE L EMERE EHRE, B,

2.7.8 BT EME (SEM)

FIJEOL-54003 R A F EMBEMMERES. HABRERESTR
EEEF, REEREHEENEFHE.

2.7.9 HeXAX

FSCHMIDT+HAENSCH POLARTRONIC HHWS i Y6 {X X Bk IR &Y H)
FELEHRATRE . AR BTDMFR, BEVHERETERN,122-WH L1
GRAERE) FHITRE.

2.7.10 TEFRREZE

¥ i R4\ FCHI660CHL £ T 1Euk, AR RZENREWHEHE
BT, WREHER: L0 moV LI FTRBR1E W L HE BRI, PER R
100 mV/s, FH#IREAH30K.

2.7.11 45X (UV)

¥AOBERESWETDOMEF, 2EREYRGBE BT MImoVLI 8.
NaOH# B K I E 4L A1PbO,, {# A HITHACHI U-39004 4GS AR R &9
1A RIEAT B SMRBCR, R & TE A 5 500-280 nm, FH#5E ZE 450 nnvmin.

2.7.12 DUHEHE

ERNEEN R AV SRRTRE . SIETEN: BREVEFER
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WA EmAEEM, KRREVWLETREST, REUKFEHaET—80,
RGP BIY) 1 7 R HES .

2.7.13 $RPERE B W E

PAZERY,1,2,2-DU 258 (324D s, RBRER0.4 g/dl, FS Kk
B E30°C/KBFIIE .
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LR R -2 R 3

£=E RAAFRMMBARRERITRNS N

AERIEA—FRNOFHIRE, AESHSHESRA. EREGFIA
KEZARIS, HNREEFTIERIHERTRAATEER L. AR
THEERS MABRAR R Ak HEE TR MR REY
AR 2RI R B SLRESIAT R R, HERBEMRF BRI, LR & ERE
BRET - SHNBEEHD TREY.

BT BRI AR, B B, AR5 R &Y
REMRESEHHFERKNEW, BFEFENU LTS R EH SR A
PIMERERI R R .

31 FREERGHNBTR_RAFNEHNE TR
FRICRAME=RE 455 L-RAK. DL-ZEAM. L-FRNEMK. DL-¥
NERM L-AERKRNER T AMIENKSEME ZRAE, oHaak
TMA-L-Leu. TMA-DL-Leu. TMA-L-Phe. TMA-DL-Phe 1 TMA-L-Ane. $4},
ERAHRNRE S L-REARRNEREHNFRER R H % PMDA-L-Leu.

BRI RRIEWT:
7 0
Ho/‘k@é\, ?‘;
C,N:c,’ “OH

1)TMA-L-Leu:
X H CH,

O  CHCH,
H;C

['HINMR(DMSO-d6,TMS,300MHz) : 50.85-0.89(d,6H) , 1.41-1.52(t,1H) ,
1.82-1.91(t,1H), 2.11-2.21(t,1H), 4.77-4.82 (d,1H), 8.00-8.01 (d,1H) , 8.25(s,1H) ,
8.36-8.39(d,1H), 13.55 (s,br,2H) .

MS—ESI: m/z caled=305; m/z found=305,

TEM: HERX: : CisHisNOg, FW=305

HEME (%) : C, 59.02; H, 4.92; N, 4.59
SLHE (%) : C, 58.63; H, 4.70; N, 4.66
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2)TMA-DL-Leu:

0 0
/1
C\

HOJ\@[ N- i ~COOH

4 |
G CH,
(o)
Hyc“Meh,

['HINMR(DMSO-d6,TMS,300MHz) : 50.85-0.89(d,6H) , 1.41-1.52(t,1H) ,
1.82-1.91(t,1H), 2.11-2.21(t,1H),4.77-4.82 (d,1H), 8.00-8.01 (d,1H) , 8.25(s,1H),

8.36-8.39(d,1H),13.55 (s,br,2H) &

TCEMHT: FER: : CsHisNOg, FW=305
WHEME (%) : C, 59.02; H, 492; N, 4.59
SHME (%) : C, 59.83; H, 4.73; N, 4.56

3)TMA-L-Phe:

TMA-L-Phef) 4514 5 B RAEBAE I F -
['H]NMR(DMSO-d6,TMS,300MHz): 53.40-3.68(d,2H), 5.20-5.32(q,1H),
7.20(s,5H), 7.98(d,1H), 8.29 (s,1H) , 8.40 (d,1H) , 13.75 (s,br,2H) &
MS—ESI: nvz caled=339; m/z found=339
JLEMT: ¥ : CisHisNOg, FW=339
WEME (%) : C 63.72; H, 3.83; N, 4.13
SCPME (%) : C, 63.33; H, 3.99; N, 4.35

4) TMA-DL-Phe:
0 0
(’;’\ H
HO)‘\©: IN_(:;—COOH
(\:\ CHZ
(o]

O

25
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['HINMR(DMS0-d6,TMS,300MHz):83.40-3.68(d,2H) , 5.20-5.32(q,1H)
7.20(s,5H), 7.98(d,1H), 8.29 (s,1H) , 8.40 (d,1H) , 13.75 (s,br,2H) .
JCEMT: 2R CisHisNOs, FW=339
WHEE (%) : C, 63.72; H, 3.83; N, 4.13
LHE (%) : C, 63.96; H, 3.96; N, 4.34

5) TMA-L-Ane:
)

,O

HO ¢ 9
N<n~-C<
e oH

\(\)H CH,
['HINMR(DMSO0-d6,TMS,300MHz):51.52-1.54(d,3H), 4.83-4.93(q,1H),
7.97-7.99 (4,1H) , 821 (s,1H) , 8.34-8.35(d,1H), 13.49 (s,br,2H)
TR ¥R CiHiNOg, FW=263
WHME (%) : C, 54.75; H, 3.42; N, 5.32
ScOE (%) : C, 54.41; H, 3.49; N, 533

6) PMDA-L-Leu:

o) 0

\\ 1/
2 b
G~ £ 36O

HQi,c 3, § G endt
H,ccH O CH-CH;,

CHa HaC

['HINMR(DMSO-d6,TMS,300MHz): 50.78-0.91(d,12H) , 1.45-1.48(t,2H) ,
1.80-1.88(t,2H), 2.10-2.17(t,2H), 4.82-4.85(d,2H), 8.29 (s,2H) , 13.42 (s,br,2H) .
JTLEMT: %K CpHINOg, FW=444
HHME (%) : C, 59.46; H, 5.40; N, 6.31
SEPE (%) : C, 58.81; H, 5.27; N, 6.25
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HL R 2 22 A8 3

BT i 9 LA b #A 4R B THNMR 8

a
f DMSO
h oo d
HooC H h
N—+—COOH
i T
& 0" cH
f H:;C, b‘CH:;
a a
fe
d
“b
h L it
_J

ppm
Figure 3.1 '"H-NMR of TMA-L-Leu
e
h H o d
HOOC H h
N——COOH
H H——H a
& 0° ey
f HsC” b\CHE
a a
DMSO
ef
d
h T] J chb
14 12 10 8 6 4 2 ) 2
PPmM

Figure 3.2 '"H-NMR of TMA-DL-Leu
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KRR AT 1

d
9 H o0 a
HOOC H 9 c
N-C-COOH
H Hy C—H b
® HcoH He DMSO
f
H H
c H ¢ 4
C § b
s
0 A
16 14 12 10 8 6 4 2 0 2
ppm
Figure 3.3 "H-NMR of TMA-L-Phe
d
g H o0 a
HOOC H g c
N-C-COOH
H ~C-H b
e H cHO He DMSO
f
H H
c H ¢ d
[+ i b
a
: L
16 14 iz 10 8 6 4 2z o0 =2
PPM

Figure 3.4 "H-NMR of TMA-DL-Phe
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C
f H 0 b a
HOOC }ll f
N— (|: ~—COOH
H CHs DMSO
e H 0 a
d

Cc
oY LCH,
MObU e HOBUL g
° d
ch
L IJ
1; 14 12 1‘0 8 é ; é (o] 2
ppm

Figure 3.6 "H-NMR of PMDA-L-Leu

AR BE R HL R SR IR 3.1 BiR, P RAMRERE B TGA WA,
P& p A A RLOGIIAS, T LR e B A A SR BAT e . MRFIIBIERTLLE
B, Ak RFEERE M R AM AR E RS S8 T HE RN EERAT
BRI R XRENCENEERE R BB ENE RS A, HHE
TefRFT & BB ERE SR EN SR, WS SR 3Rk b
HEAEER, 7E DMF #, TMA-L-Leu fl TMA-L-Phe XHFP 5 B G EH 1T M
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HEthE S . 3.7 hEikl) TGA k.

Table3.1 Some physical properties of diacid

Sample Td 5% loss (C ) Tm (°C) (oo
(C.cm’.dm™.g™)

TMA-L-Leu 271.8 232.0-235.6 -35.2
TMA-DL-Leu 246.1 229.6-232.4 -

TMA-L-Phe 306.8 243.1-244.5 -33.2
TMA-DL-Phe 295.8 229.6-232.4 -
TMA-L-Ane 313.2 - -1

PMDA-L-Leu 3194 - -1.2

Measured at a concentration of 0.4g/dl in DMF at 26.0°C

100
80}
2 eof
=
=
2
0 e
3 40 . _
TMA-DL-Leu i TMA-L-Phe\
20+ TMA-L-Leu ' .\,/ TMA-L-Ane
7
TMA-DL-Phe \\\%ﬂa——a—
ok PMDA-L-Leu

1 1 1 1 1
0 100 200 300 400 500 600 700 800

Temperature (°C)

Figure 3.7 TGA curves of diacid monomers

3.2 SIEXERE IR T Bt — B§ TMA-L-Leu BB ASELTE ik
3.2.1 BEKREW. AREEEYNEWRIE

EVHHROEEDHUT = RAEAR: N-RE=RE-ZERBUG =
B (TMA-L-Leu) . 4,4-"¥X " %% (DHBP) FixZE%EHH (PHB) . &
BRI T:
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it 0
HO/‘K@C,: g
/N\ A
c C. OH

W H CH,
O CHCH,
HsC
TMA-L-Leu
2
DHBP PHB

REFYIREX TR E 7% PLDP20.PLDP33.PLDP50.PLDP60
FPLDP67, HPHFERANBEELFRE=FAETHHENERSE, —KH
&5 Ry BAKI LB A 1:1. Hltn: PLDP50 R =FM AP REEFRNT
B 50% (BRESE, TR , HAT=FRERREERLEN1: 2: L.

PLDP50 RAYIH 'H BB WA 3.8, B SEMHETTLIES), B
AEMNENERTFHEREGES TH ENERFEAME, XFHHA=FRAEA b
HEETHERMN.

['HINMR(CF:COOD, 300MHz): 81.08-1.14(q,6H) , 2.58-2.66(t,2H) »
3.22-3.40(d,1H) , 5.54-5.59(t,2H) , 7.00-7.13(d,8H) , 7.59-7.69(d,4H) ,
7.85-7.87(t ,1H), 8.06-8.09(d,4H), 8.41-8.43(d,1H), 8.52(s,1H).

Figure 3.8 'TH-NMR of PLDP50 (in CF;COOD)
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Figure 3.9 IR spectra of the polyesterimides

Table 3.2 The Wavenumbers of the main groups of polyesterimides

a4 PLDP20 PLDP50 PLDP67
-CHo- 4 523} 2954.2, 2867.7 2954.4, 2865.7 2954.2, 2867.7
ziiggiiz 1769.5,1743.2,  1773.5,1746.4, 769.5, 17432,
pp— 1716.8 1719.3 1716.8
C-N {43 #3) 1393.4 1394.4 1393.4
k7 i B 25 it 4 ) 720.2 724.9 720.3
BEPR AL a1 3) 1740.4 1740.4 1740.4
AR B 4 1 5) 1651.7 1651.7 1651.7
FHE LXK HR) 1597.5 1599.9 1596.7

[ 3.9 %% &4 PLDP20, PLDPSO & PLDPG7 (4I4h X% B, EE M
ShRTIR M EE B AR 32. ARESYMUSEELTUESY, RAPE
1710-1775cm™ . 1390-1395cm™ . 715-725cm™ 4b359 4 B T B 0 Ric ik 455 1 TR i e
Horp 1710-1775cm™ LE0R 08 T4 R ) R % T i 3 7T BF _L ROt RR AR X B 4
), 1390-1395cm™ ZbRULIA 4 C-N MgEHRZ), 715-725cm AL BT ke W%t 7 Bk
W REE M HIRE). 1740-1745 cm™ & 1650-1655 cm’ 4LMI4F B L T AE3 A
MRS AR . T 1595-1560 em™ Ab (4 B A0S 4E TR Wi AR 2 26 SR 2R 11 X 438 35
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F)o XJLAAFFIER OIS SE T BB SE T AL IR 5454
322 RMBRENREVRTERENZW

% ERE S0%XM B ERFROARBE, QRS BELIHMTER, ¥l
BBES AR 70°C. 80°C. 100°CHI 120°C KM 3h.

FIBRAVRRERERR 3.1, AAENELMFER: UEF,1,2,2-T08 F i
(AR 3: D EAER, BRYVIHBKER 04gdl, REEEMEERR 30C,
S R H R vHE .

K 3.3 MERTUER, YRNEEET 80CH, RIMEEMER, X
REFYMFFHEEREDI K. ERERIRE P, 125 K HE ERER R MR &
REfE, EREEMTEXFNRT 4HR RN R, mnERE, Bk
MITHREIL S, BB, X T B 1k RO B A ekt B AR R R FE R R AR 4
e, &RICRAMEEREHN 80C.

Table 3.3 Relationship between reaction temperature and [1}(50%PHB)

NO. Temp.(C) ninh (dl/g)
1 70 0.58
2 80 0.63
3 100 0.62
4 120 0.65

3.23 REFBINESYREEERZW

321 WP S0%MEBEEFROAMTE, LREGRELSTHMTES,
BmBRE S B &R 80°C, KM 2h, 3h & 4h. FIBRAWAMFHFERL
%34,

MK 3.4 FHEEATLLEE, YREEAMABHARS KM 3h L LR, &
REETUARK, RHAREGUNYFECLBTIESE, Mk RNEERER.
A T ERAEBT I B B4R T8 43 58 28 R, 48 R S I ) #2078 3Sh R A& IE .
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Table 3.4 Relationship between reaction time and [1](50%PHB)

NO. Time(h) ninh (dlVg)
1 2 0.57
2 3 0.63
3 4 0.65

3.2.4 BARHENREWHERERZS

1% 3.3.1 WHHHEISRABNR MR ENESRII TR 5. AR
35FATUES, BEPHBHSE, AFATREREGVNEE.

Table 3.5 Relationship between relative content of monomers and intrinsic viscosity [n)

PHB(mol1%) 20.7 33 50 60 67

[nl(dVg) 0.77 0.69 0.63 0.38 0.33

3.25 BEYWHRRIBESES

MFE 3.6 FRIBWEATUE R, REVHRTEF LBIF#TaEN, HK
& PHB B INE A 50%H1 60%HF dh #IRE B EH M if .

110
100 [
90 |
80
70 |
60 |
50 |
40 |-
30
20|

Weight (%)

0 100 200

300 400 500 600 700 800
Temperature (°C)

Figure 3.10 TGA curves of the polymers with different PHB contents
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Table 3.6 Relative content of PHB and TGA temperature

TMA-L-Leu (mol%) 20 33 50 60 67

Td 5% loss (C ) 341.7 321.9 400.4 374.1 330.1

Td max decomposed 428.8 431.3 466.1 436.8 4348
rate ('C)

3.2.6 BAYIH DSC BFR

YRSV SEIT DSC WA, BHREHHRABM—KER, FEMZE
HEEHE A 10 C/min, EEAFE] 3 min. & 3.11. 3.12 /1 3.13 HHERESWE
—WRIHE. BRME ZIXKFHEK DSC fhk,

X EANRGEFZFTXT N DSC %%, FTLLER|, REVESE KA RSE
PREAERA R R, MERRTRERE ZRFHR 2 P B 2R W
B BRI R BRI R R EYIRITEE X BRI 16 3ENIE 3R A i BT RE
KR, BT REAERET — KBRS, &RAEERIK, TERHIHMm.
RREABBRET K THRNEE, REVVIGHRRERNIES NEBP -
UUUE R, WHRADHEM B EERR AW FRRNEL D, HERABNHE
e, &RRERRE, WER—XKARIBPHBUEELRAR. 4REVE
H—KBERE, BENEREER GV THLBIEE™E, 15T SRS,
FES BT E X 8 , AE PR IR dh 4 R 8 IR FHE fh 4k LRI B B R 3Rk
B, BB ZKFRME LB ZERETLUES, fE PHB 4B
m, REVHIFBILETEE I TRIES, BRIENERERELZ PHB 4 %N
0 R B A B A DB B 45 TMA-L-Leu B3 BN, RN FH23) f PR R
59, MIFE BB ERE LT .

FEHE—IRFHR LT, SNMREYIIE200 CHITHILT B ERIR HIE,
XaTgeR: 1) #ERPFERAMARNRE, ERIMNIRENABEET, BA
RENGUALRKOEE T AHER, B2 MEMENRE—MREER: 2)
BRBNBRETmY ZREFATER S SER, EFSH, BRUIETm N &
AHRRE.

FERRBREES, PLDP60 A1 PLDP67 ¥ R — M8 Bl BRI 4 R pihi,
TR MR . XS PLDP60 1 PLDP67 LA S 4 . BEWL
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AN G REFENZR, REFEREARKES FRENFRMSEHEIFE, WX
LA EPRARNEZ N A S MBI R R ER PR RE R XE. 4T
MR AYF, HHMER "R TMA-L-Leu M5 NEBREWREKXIFR
PR, ZREAEEX, AN TREVD FHETRENHS], Fit, pE% PHB
HEKHEM, —REARTEANMD, BREVNERREILEREEHELT,

Table 3.7 Transition temperatures determined from DSC

PHB(mo1%) Heating Tg(C) Tml(C) Tm2(C)

1 121.6 187.2 218.7
20

2™ 163.0 - -

1 117.1 - 177.4
33

2™ 148.4 - -

1 118.4 185.8 207.3
50

o 159.3 - -

1 133.3 187.4 216.9
60

2™ 157.0 - 244.1

1% - 160.76 -
67

o™ 129.97 - 239.88

/_//\ PLDP20
PLDP33

J—
A /_\_// o PLDP50
8 e N
= ) /
\/_//\ PLDP60
i = = PLDPT

1 e 1

-} i 1 " 1 i
50 100 150 200 250 300 350

Temperature (°C)

Figure 3.11 DSC curves of the polymers with different PHB contents under first heating
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— PLDP20

PLDP33

ENDO>

- PLDP50

) PLDP60
T PLDP67

L 1 1 1 " 1 n 1

50 100 150 200 250 300 350

Temperature (°C)

Figure 3.12 DSC curves of the polymers with different PHB contents under cooling

PLDP20
/ PLDP33

-

- ... - PLDPs0

ENDO>

PLDP&0

" PLDP67

.
50 100 150 200 250 300 350
Temperature (°C)

Figure 3.13 DSC curves of the polymers with different PHB contents under second heating

3.2.7 BEYINIRICE MBI

WREVERE NG, EWLEME T RE, HRME BN HAER.
T REYERE LLL10 C/min FHFHEER MM EER, ERCEM FHITR
2, RAREGYHIXIFHAEIARNAE, B S BEEHFEE, Eusz
BE%E PHB S 2/, SHNZETHE, RME&EEEHEMEE PHB &
BRMMER. B 3.4 AEURFIREYIMHEREEMmRCZEE T HERMER
b, THBEEEE A ETAR. ZRIIREVERE, ERKEELSENRDG
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DA PER L i ST

B RF K€% 200 pm, LEBNERREENR, MRSOMERES HNB)Z
WA, ROVMRE, ERIMAHERRREME, SRIIRAYTERCH HH
TERBRMNEMRERE . X TX—IBKE 3.7 FnLliti.

Figure 3.14 PLM photographs of the polymers with different PHB contents: (a) PLDP33
(210°C); (b)PLDP50 (230°C); (c) PLDP60 (220°C); (d) PLDP60 (50°C); (¢) PLDP67 (220°C);
(f) PLDP67 (270C).
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3.2.8 BRI A X-SHERATHHUA

BRERYTEHELHENSHSH, ABRERE. RN B
BRFHERETFETRAFINHENMLE. X HATHAINY RS TRESSEN
B8, HEBKITRATGHE A RARK IRE

B 3.15 RERSYH X ST EE. RIERSWHIT A X-5 A5 BT
AR SV R AL EREREY), HE%E PHB & BRI, REVEHR
REME, X5DSCaMBNgEL—2.

“/VM\________ PLDP20
y P ol \"“\\,‘_\__
o T
c ’ "
s
A\ o
PLDP60
;«//“4 V/‘\
! ! 1 ! . I - |PLDPGZ
0 10 20 3 4 0 6 70
‘ 2 'rheta(deg')

Figure 3.15 WXRD powder pattens of the polymers with different PHB contents

3.2.9 EAYNLLIECERIEE

PAZENM,1,2,2- & Pk (BB 3: 1) fEABEH, BEREWEA 0.4g/dl
RIFIBGEAT LU B R RO 2, TIRIBAE N 26.0C, EK 1dm. Fi LR ES)
FR38P. RPHENAE o BIEHLBREBENA, HWIEEEolp ZHAR

[0]p=0/CXL

HEMAE, P CHBRIKE, B gmL, L AEK, BARZ dm
A R HE S RN R T AR e, THTFRIE
[0]mor=10"[0]pxM
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R MRRDMFFUEDH T TEMEEVN B F&.

BT AR P &R REWRENEHEH 0T 8, BORAUEATE/RLIE
KRR

MEFKEIMAT LIRS, e RSMIRE RN, ERESBARE
SRR AR R AR, ARSI E RS BN, F
YL E KT R, XRHEEERF MM,

Table 3.8 Specific rotatory power of polymers with different PHB contents

Sample PLDP20 PLDP33 PLDP50 PLDP60 PLDP67
a(®) -0.034 -0.031 -0.028 -0.020 -0.014
[a]p

34 -8.5 -7.8 -7.0 -5.0 3.5
(°.cm’.dm™.g")

3.3 B RR &% 1A6 1 TMA-L-Leu Z5#I80 B BERE T %

3.3.1 BARSH. AREREYRESHRIE

AFFMANEESYHUTREAR: NN-CZHE-DURE =BT =
B (IA6) « N-RAFA=ME-RERB T X 8 (TMA-L-Lew) . 44-"8BHE %
&l (DHBP) MIXZEEFR (PHB) . FRANLEHRWT.:

(o]
HOJ\C[ :N—(CHg)s‘N:

Oso
O’,
'% O
(o]
I
I
(o]
2 N
\z ,O\o
o/
X
0=0
o
I

W H ’C\H2
C c O  CHCH,
[} 7
0 0 H;C
1A6 TMA-L-Leu
2
DHBP PHB

SR NI EAREERE A (IA64TMA-L-Leu) : PHB: DHBP=1:2:1. &
IV B BRGNS EL A BT TMA-L-Leu FHXS BE/R & &4 528 0. 25, 50,
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75 F1 100 K9E &4 L-PILDPO. L-PILDP25. 'L-PILDP50. L-PILDP75 FI
L-PILDP100.

L-PILDP50 ] 'H %L E WL 3.16, Wit st &R TLUES|, it
WNBANERTHRSREES FEELMERFHARE, XA NM R EEA FE
25T HE R,

["HINMR(CF3COOD, 300MHz): 81.03-1.09(q,6H), 1.51(s,4H), 1.81(s,4H),
2.26-2.55(t,2H) , 3.20-3.38(d,1H) , 3.86-3.89(t,4H) , 5.50-5.54(t2H) ,

7.45-749(d,16H) » 8.01-8.04(d,8H) , 8.11-8.14(d,3H) , 8.41-8.43(d,8H) ,
8.71-8.73(d,3H), 8.78(s,3H).

m m m CH3
0 H O fchb b cf Q H O 0 H (”)Hsc\q'_He
A c HHHHHH ¢ ° ¢ CdH-C-H d
N-6-6-6-¢-6-6—< N-c-c—
H % HHHHHH § H H C HO
I o} o} I A g
H H | H (o)
k k K
h i i h
H H H H j

f b a
¢
|
6 4 2 N 0
ppm

Figure 3.17 '"H-NMR of L-PILDP50 (in CF;COOD)

332 KRN RSV EZNZH

REVHFHRBERERE 3.9, ARFPHREFTLUES, SRHREYE
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BERRMSHEE, FEREVNSEEENE TMA-L-Leu & BH N TY
R(L-PILDPO F&4F). #R#E TMA-L-Leu &5 H, TATANF4 LRFE RSB
BAMERR: TMA-L-Leu WHWUE, SHMAERREY>FHEKHIE
RAWD, REARTHFRYGEHRE N, FRREYSTFELIRSEE
A FERITR TR, Hik, FEE TMA-L-Leu & B850, HHEERA.

Table 3.9 Relationship between relative content of TMA-L-Leu and intrinsic viscosity [n}
TMA-L-Leu
(mol%)

[m](dVg) 0.42 0.28 0.45 0.52 0.63

25 50 75 100

333 “RAGREHKSREYREEHRNXER

K 3.17 AR SYH TGA thzk. NEIFRR 3.10 FRIRETUEER, BE&Y
BHBHEIFIRIEM, 7E350CZaiEARRI R, 5% FEFEIITE 370°CEL
Lo TMA-L-Leu BFI5IAJ RSV EHREWA K.

Table 3.10 Relative content of TMA-L-Leu and TGA temperature

TMA-L-Leu (mol%) 0 25 50 75 100

Td 5% loss ('C) 421.4 372.5 418.2 388.9 400.4

Td at max decomposed

. 474.1 460.5 482.5 442.8 465.1
rate ('C)

110

100}
90 |
sof
o}

6o}
s}
so0f
0|
20}

Weight (%)

0 100 200 300 400 500 600 700

Temperature (°C)

Figure 3.17 TGA curves of the polymers with different TMA-L-Leu contents
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3.3.4 BAYK DSC A

& 3.18. 3.19 f1 3.20 B HIRAF TMA-L-Leu & BHIR &Y DSC £ —K
Frifghek, BRMLME ZRFE L. FHEMPFEREE N 10C/min.

MEZRFHR ik ERTLLE 3, 24 TMA-L-Leu AIAEXS BE/R & BIA E] 50%H,
REVH XA RSB ERR AR, TR EENEARE, XikH
TMA-L-Leu AR T REYVHILE & RE R TMA-L-Leu HIE A FRIE R
WENE, EAREGYSFHREERIEAD, RERREZEHT], NREETH
G,

RAEVHREZEIF TR 3.11. ARPHEERETR, BEWHBBET
HEERE TMA-L-Leu & £/ K. % TMA-L-Leu M /RS B GEXF
ZR, TR A 100%8, HEBEUHEREREDR 1594 C, WHMHAMNEERS O
RIFE A BB AR X (10553 C) RE2RH T 53.8 C. XE&HMT TMA-L-Leu
ERrHRMBEERREYS FRIZE) MM, MRS THEBULETEE.

MERBESIE, ZRIINREVHRERIENBRIEE, TR THR
SRR, XEBUREESYTUAREMRECEETNI. REERAEEY
ML, RNATEBERAVARBERNEERZFFUTILA: (D X
AT LHARSHNN RREHITER, AARRREUNGERERE: (2 =
Rk TA6 BIMAZED FREFSIANT EREREREE, AF T HEREYISHEE
BETY;  (3) EATFHPIIATRIMEM LR DHBP, $ETREWH THK
B, BESTROBEKE, NTTHERSYOARER Tm AEESEE
TP, (4) MEHIAMBRENS THEORENBGETERZH, NEK
THREFEE. X TMA-L-Leu KARXT & B4 50%0, DL E&FEERTFES
TREENWFAER, SBEBREERKE.
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ENDO>

pra— i . 1

50 100 150 200 250 300 350
Temperature (°C)

Figure 3.18 DSC curves of the polymers with different TMA-L-Leu contents under 1*

heating

ENDO>

50 100 150 200 250 300
Temperature (°C)

Figure 3.19 DSC curves of the polymers with differents TMA-L-Leu content under

cooling
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Figure 3.20 DSC curves of the polymers with different TMA-L-Leu contents under 2™

heating

Table 3.11 Transition temperature of polymer with different TMA-L-Leu contents

TMA-L-Leu(mol%) Heating Tg(C) Tm(C) Tmy(C)
1# 112.1 173.5 207.1
0
o 105.5 157.7 218.4
1 123.3 160.2 219.6
25
2 117.7 177.8 219.9
1* 130.6 166.7 191.5
50
o 136.7 - -
1* 146.6 182.5 207.7
75
o 150.6 - -
1 - 186.0 206.5
100
o 159.3 - -

MEREYIH DSC MATER, LR EWES —KIHE th & FAERME
RS, T2 —REMAHE, BAENSE—MERENE. hikES
R T FII#HEZILR (Scheme 3.1) RMBRILR:

EFHEERET, HEEEIERIEE Ta N, BERITHEER, EALR
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LKA R

A, RN FAEREE ST E X MR EH Y AL R ES, HREEE
Tm2 B, ERTESHIERR—E0HINRRE, BERESHEK, £HE
A R R

=& 4 & 12 | E g
Gaws—T  ERTEH T msiE S AR

crystal ———s smectic transitional phase——— nematic phage— Isofropic phase
. i ) A
As-synthesized ! : '
samples ! ' !
amorphons —8 —— .. _..__....] U SR

S et

FAE» Te

Scheme 3.1 Schematic representation of the transition processes of L-PILDP """l
3.3.5 REVHImCBHENE

K REVMAREHASRAET, B TMA-L-Leu KA ERTERN 100%
FIEE AL, HARREWHTUERE EHETERIHZOIITHRER, FHTU
WLELE [ 5 BB R AV I 2R . Hoh TMA-L-Leu 4853 5 &4 50%H
FERZEIRE T MBI ERAFFET. B 321 ALRFIREW WL MR
A, HENOEENEA EFR.

EE M RIARREARE 1A6 KM, ZRFIREVHABEREMREAR
B, RERAREHEMRREUL, TTAE 1A6 MIFE R KM & AE K HE
1R%E, KA 220 CE 240C2 8], B 3.22 A4 L-PILDP50 ¥ RETRRIE
BETHmEEHERE, NELTUES, RAVE 190 CHiBIFHBRIEA
WaRA, XA DSC MERAILE R —B, E3L T DSC AR ghik LIS — AN R xt
MR EAY IR T ESR—ERFIRBEESNEE. YREWEE 300 C
CAErf, BEEEBERMM, WHEHERE, LREBE 393 CELR, EIT
BAVMERAEE, REVEELEARENREEE S ARENEE, 8
B—BRNEE, MHTE, BAEHER. AU ESHTH, BEYRGAEET
HZ 210 C, RRAZRFIIREVAFTREOMLIED, HEd SRR
F, Wm] e o8 i R VE B AR .
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Figure 3.21 PLM photographs with different TMA-L-Leu contents (250°C): (2)
L-PILDPO; (b) L-PILDP25; (¢) L-PILDP50; (d) L-PILDP75; (¢) L-PILDP100
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Figure 3.22 PLM photographs of L-PILDP50 in different Temperature

3.3.6 REWH X-H LA 5

W 323 RAFZBEE TARNREDWENKFERNT A X-H &5
B. WEHATLAEZ, 20 A 2004 HAF —DIRaITI ¥, 55 S aEE A
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0.45 nm'Ac A, X R [ FI R GRE S YRR . SATHIERIRTH S HFI T & 3.12,
4158 B B TMA-L-Leu & BRI T35, 23 TMA-L-Leu FIARXT BE/R & B iX
B 75%0}, #7518 JLFEH K. X TMA-L-Leu BIIIATIE T B AW HERI N R
HRUREEYE, MTESRENRE, 4RTEEEREK. X5 DSC RFRH
ZWR—B. LB MERK X HEATHIEE, RN TMA-L-Leu XS EHR
0% 25%HIFE RIL R ELBAEM, {85 TMA-L-Leu 5588 50%M 75%HIH
mitENERRR, RPEMNHRELEHEHEMNES, FHi7E PLM THE
BB RS HEE T AR

Intensity

0 10 20 30 40 5 60 70
2Theta(deg.)

Figure 3.23 WAXD patterns of polymers with different TMA-L-Leu contents

Table 3.12 Comparison of diffraction parameters of polymers

TMA-L-Leu content 26(°) B d-value(A) 10
0 19.56 0.81 4.5346 100
25 19.22 0.91 4.6142 100
50 19.32 0.711 ~ 4.5901 60
75 19.36 0.47 4.5810 100
100 19.20 0.66 4.6176 100

3.3.7 BEYIHIBE R IR

PAEEY/1,1,22-D0 B (ARRLL 3: 2) EREH, BREVEK 04 gdl

49



PR HEA I

MIEBEAT LR E il e, WEREN 260 C, EK 1 dm. FIREIESITE
3.2, NRFEIETUEL, FEE TMA-L-Leu SERM, REWHEIEOE
B2 EAREY, BR TMA-L-Leu AHX &84 50%H0H R L L
fREREK. BEVHTHTFEKR, 4TFREK, FEAFTEMEENES, K
TRGHIEE RS, FHHZRITRCEN TR, BATMMNXFERE
EHUTHMAER: 1) IARNEEYNTES CRTLATRAMD FEHEP,
HigkEZRREENEW, REESIBHENOREWREBITORE L. 2
TMA-L-Leu & EEHREVBEBERE, MBERSHEMAHAERRS, W
s FREbbEEt, 20 FRNANKRERMENEGS T HRIBESEW, B
B By AR 3o R R M B B R R K i e R,

Table 3.13 Specific rotatory power of polymers with different TMA-L-Leu contents

TMA-L-Leu content 0 25 50 75 100
a (®) 0.00 -0.012  -0.031 -0.018 -0.028
[a]p(®.cm’®.dm™.g™) - -3.0 7.8 4.5 7.0

3.3.8 BEVMAHBEFEME (SEM) WE

AT B R R AN BN RAMBRET AR, BRI ZRF
BEREAT TR AR T BEBNER.

SIREHER: I Img SET sml =HZRE, BEBEZRA L, 2
HAMTEETHMAE LR, REVNRERAME 3.26 Fix, BOKEEA
LTt

MELRATTUE LR EWHHES, TMA-L-Leu XS ER 0 FIFERRE
B HBRCR, TMA-L-Leu HX & B 25%M 75%HH & EHE BERES
MIFE$R, T TMA-L-Leu AHXTS B 50%H 100%MFE U 2T H MR XM
ZREAYAE B RESEHHH .

BAITAARXTRERINFINNFE _RABFH X, FAHHHE TMA-L-Leu
MR SUHERKONE, AFZRAESHS TREAMEE, RAVEHR
&, ERFERSREY, M TFRERNARENFEHENESEAYN FHER
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Figure 3.24 SEM photographs of polymers with different TMA-L-Leu contents: (a)

L-PILDPO; (b) L-PILDP2S; (¢) L-PILDPS0; (d) L-PILDP50; (e) L-PILDP75 and (f)

L-PILDP100
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3.4.1 BERSH. AREREYNLEHRIE
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SABFEUHEOB TR R ¥ TMA-L-Leu Bl ie O BE W % — B B4k
TMA-DL-Leu, FHMBtI L — B H{A TMA-L-Phe 4 7 he Bt T A% — 8% 5. 4%
TMA-L-Phe. & HAAEIHEI T BT7R:

o} 0 0

1 W
C. Jo
HOJ\@ N (CHN, :©/KQH
C
(! 1
(o) (6]
1A6
0 O
(o]
HO QN 2 C,N;c_jC‘OH
N<e” oH % H' CH,
2 H' CH, o)
CH-CH;,
HiC
TMA-L-Leu TMA-L-Phe

0]

H N=C
HOJ\@: N-C-COOH %
e [e
H
HaC M cHg

TMA-DL-Leu TMA-DL-Phe

0:0
x
Q
;;‘o
o, 0
it
0O-O-T
I |
o]
Q
@]
I

o=0

52



PR EERAH 2413

o 3
Ho—<<:j>—6—<<:j>—0H Ho—<<:j>—000H

DHBP PHB

K 3.25 A &Y L-PIPDPSO FIBHEE &, &RAHTIT:

['H]NMR(CF;COOD, 300MHz): §1.32-1.46(t,2H), 1.55(s,4H), 1.85(s,4H),
3.83-3.90(t,4H), 5.69-5.76(q,1H), 7.22(s,5H), 7.50-7.52(d,16H), 8.06-8.08(d,8H),
8.16-8.19(d,3H), 8.45-8.48(d,8H), 8.75-8.78(d,3H), 8.83(s,3H).

k k
O H o gcbbcd H o g f
o Y HHHHHH ¢ C H H
- c NIRRT EEEL S C ~ o}
N-c-C-c-c-c-c— )
2 R —C o—
H 2 HHHHHH C H
i H (o] o H

(@)

_M;J W&M \ a

ppm

Figure 3.25 "H-NMR of L-PIPDP50 (in CF;COOD)
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REVRRFHERENR 3.14. ARTHEEATLUER, RRARKHENERE
VHEREWAKR—B, HHANNRENSTFEOEWEFE— DRI,

Table 3.14 Relationship between configuration of monomers and intrinsic viscosity [1}

Sample L-PILDP50 DL-PILDP50 | L-PIPDP50 DL-PIPDP50

ninh (dl/g) 0.45 0.24 0.42 0.64

3.4.2 BEYHIBES T

Kl 3.26 AR AV TGA thiZk. ME 3.26 1K 3.15 PRI LLES], &
EVHRFURIFHHPIREN, MAFR WK RERERAREY, AR
UM BT FHERAARERNESY. THEREREFH R IEFT &SRR SN
S FHAMBERL, REAYREBERE.

Table 3.15 TGA temperature of polymers with different configurations

Sample L-PILDP50 DL-PILDP50 L-PIPDP50 DL-PIPDP50
Td 5% loss ('C ) 418.2 409.0 430.9 383.7
Td at max
483.7 480.2 484.2 479.2

decomposed rate ('C )

110 110
1o 100E e
90 |- 90} \
- sof 8ot i
§ 70 § 700
£ =
K4 -]
e 6of e 6o
S 2
50+ 50 F
40+ 40F K
. DL-PILDPS5O|
30} ST DL-P'PDP50 30}
-PI 3
2 e, DUPIROPY ol e o v LPIORSO]
0 100 200 300 400 500 600 700 800 90C 0 100 200 300 400 500 600 700 800
Temperature (°C) Temperature (°C)

Figure 3.26 TGA curves of polymers with different configurations

343 REYH DSC R

A 3.27 MK 3.28 2 HI R R EMHE—KFHRIE K FHEH DSC k. N5
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—XkFAB ML ETUES, ¥ LPILDPSO MAMBEHERTHER
DL-PILDP50 F/ARRE. MBE _XFAH ML, TEBAAFRLENAAS
BEESYHANERAASRNESY A E R BT,

- LPILDPSO
8 |
=] - e LPIPDPS0
8| —— & . DL-PILDPSO
i DL-PIPDPSO
%0 100 150 200 20 %00 3% 5 10 150 200 250 30 30
Tomperature (°C) Temperature (°C)

Figure 3.27 DSC curves of polymers with different configurations under 1* heating

\

\\
\
|
1
§

ot DL-PILDPSO
OL-PIPDPSO i
50 100 150 200 250 300 3% 50 100 150 200 2% 300 350
Temperaturs (°C) Temperature (°C)

Figure 328 DSC curves of polymers with different configurations under 2* heating

344 BSONRCERERE

329 ARAYMAEREERAZERETARINEF . AREVHR
KEMER ) LRE, FRBALRARHTAHAR, BRENNABDEE
BXHEH, LS L-PILDPSO ERHEHABMAFIREARLRAH, T
L-PIPDP50 RO HINIA iR LI FHHE & C P EZSH, KRR IMERNARS
L-PIPDP50 [P kI8 i .
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Figure 3.29 PLM photographs of polymers with different configurations (250°C): (a)
L-PIPDP50; (b) DL-PIPDP50; (c¢) L-PILDPS0 and (d) DL-PILDP50.

3.4.5 BEESYWH X-5 LT MR

MBS X HEGHEA ETUEER, ReEVHTE 20=1727°NEHAF L
BB RS, TAEEAEN ZRAFHERNE YN HEREHNET
W — AR &R &Y, XEAANENAEER TRAEREMNE
fatERE, X5 3.5.2 PATB MR 3.
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Figure 3.30 WAXD patterns of polymers with different configurations

3.4.6 REYHLLIOLEIE

REVHHLEAEERETITE 3.16 P. NRFHOLETLUEER, 2HHMN
Fh iR S R SRR & Ottt ERPGH BT T &H A%
REERREFNBESTRERA AR NHIRARRE,

Table 3.16 Specific rotatory power of polymers with different configuration

sample L-PIPDP5S0 DL-PIPDP50 L-PILDP50 DL-PILDP50
a (® -0.036 0 -0.031 0
[¢]p(®.cm®.dm™.g?) -9.0 - 7.8 _

35 MELMEREMMEENKTR

ERLEARTRA, HTHORE. 2 THROHENBROERSSME
MEMAEBRAMXR, BRATEETRTURLEMEREYHENXER.

3.5.1 BAKEH. AREEEVNGEHRIE

AHiHEHEEWHE LT ILA: L-PIADP50. L-PILDP5S0 1 L-PIPDP50. iX
R GV ARG AR T

L-PIADP50 WA FHRARETA: BTN _8% 1A6, FHBMEK R
TMA-L-Ane, —$% — %] DHBP fiX{}2 5 X & PHB. HF TMA-L-Leu =
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R R EE RS ER 50%, MG REFRNERLSY 1:2.

L-PILDP50 1 L-PIPDP50 KA A5 L-PIADP50 —F¢, R 24515 F 118k
T ik — B ¥4& TMA-L-Ane /8 TMA-L-Leu 1 TMA-L-Phe. &F8{kf4 ¥
TR

0 0 o

0 o
I W 7 o
C c HO C I
HO N / OH \
J\@ N=(CHN, ﬁ J\@ N=c on
G ¢ %H CH;
1A6 TMA-L-Ane
0 it o}
S A ey :
C n Nn~-C-
Nen-C~ ¢ .C.OH
N~c " oH % H' CH,
W CH, o
CH-CH,
HaC
TMA-L-Leu TMA-L-Phe
Q
HO‘QC OH HO‘@"COOH
DHBP PHB

K 3.31 AFAY) L-PIADP M RLER, 4GRS0

['HJNMR(CF;COOD, 300MHz): §1.38-1.44(t,3H), 1.64(s,4H), 1.93(s,4H),
3.70-3.99(t4H) ,  5.64-5.66(q,1H) , 7.58-7.60(d,16H) , 8.14-8.17(d,8H) ,
8.24-8.27(d,3H), 8.53-8.56(d,8H), 8.84-8.86(d,3H), 8.91(s,3H).
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Figure 3.31 "H-NMR of L-PIADP (in CF;COOD)
EEYNEERELE 3.17,

Table 3.17 Relationship between configuration of monomers and intrinsic viscosity [n]

Sample L-PIADP50 L-PILDP50 L-PIPDP50

ninh (dl/g) 091 0.45 0. 42

352 REMHRIELM

B 3.32 ARSYHRKEMZE, ERSVHAKESEIITER I8P, A
RPHIETR, XENREYHAEFFEFHRIREN, S RERFHE 415 C
AL, 7E400 CLLRTJLFRBEfTRE.
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Table 3.18 TGA temperatures of polymers with different pendant group

Sample L-PIADP50 L-PILDP50 L-PIPDP50
Td 5% loss (C ) 425.5 4182 4309
Td at max 483.5 4837 484

decomposed rate ('C )

110

100 |
90
80 i
70
60 L

Weight(%)

50}
40}

. L-PIADP50
~ L-PIPDP50
L-PILDP50

0 1 " L 1 L 1 1 L L 1 .

0 100 200 300 400 500 600 700 800 900

Temperature (°C)

!

Figure 3.32 TGA curves of polymers with different pendant groups
353 BEYH DSCHIR

B 333, 334 #1335 A EHRARMENR SR OE—KFHE. B
FIZRFHE DSC sk, FiBMMEERIERE 3.19. BAYES—KFHE
BRI AP, AR E AR R AR AR, LR M
VORI, R REE. MR R, WA L B A
BT, XREHTRAMSL—RAERE, HEREERE. NEAWIBE
WHB SRR, SINRKONEEHTRERES YOI ER.

EE—KFEBET, BEVHE 190 CHIEL R BIORMIE, LB
B PTG B B L A B B MR, T EF 300 Tk
EF B AR RIS, BATHN, 190 CHHE AR IR R & Yk
W, IR NS YR .

fEE—KFiR i LE A E B, &Y L-PILDPSO # L-PIPDP50 7E Tg LA L
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Tm LT T —MPMTRS R, FRZ ARERIE. X2HTIHES Tg
Db, BBRAMEHFBREREHMAIE. U REAMENRER L-PIADP
W Tk 45 LS o

-PIADP50
)
2 \ . L-PILDP50
& P
e
" ... LPIPDPSO0
L e L )

50 100 150 200 250 300 350 400
Temperature (°C)

Figure 3.33 DSC curves of polymers with different pendant groups under 1* heating

\\ L-PIADP50

S —
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ENDO>
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Figure 3.34 DSC curves of polymers with different pendant groups under cooling
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Figure 3.35 DSC curves of polymers with different pendant groups under 2 heating

Table 3.19 Transition temperature of polymers with different pendant groups

Sample Heating Tg(C) Tmi1(C) Tm2(C)

1 - - 186.3
L-PIADP50

o™ 122.3 -

1* 130.7 166.7 191.6
L-PILDP50 ‘

o 136.7 -

1* - 167.3 186.9
L-PIPDP50

2™ 130.0 -

354 REVHREEHETIAR

B 336 REREVMAZHREEREEHETREINER, TRX=A
REVERATHERR B HXITHRAR MERARE N FEAH R L-PIADP50
FANPEE, ToEEDUREE DT 2R 2 B 0B & N e SR RS T R A BT s
ik, HPHES L-PILDPS0 BFIXITH R AIEF R, TH 4 L-PIPDP50 XU
FOEIEFE T, WA RS IX TR i TR PR KR T 2 FRIE R,
HRRUBBSNRES TR, 5—HH, KOMEES THERSTERIRREH.
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Figure 3.36 PLM photographys of polymers with different pendant groups (250°C): (a)
L-PIADPS0; (b) L-PILDPS0 and (c) L-PIPDP50.

3.5.5 BEWM X5 EATH 8L

B 3.37 EREVIGH SR A X-HEHTHE. AESPTLEE, REWE
20=1527°MEE ARG RATHE, RURSVRGE —EEENG &, =1
FAK X SRS BRAN, REX=AREVATAUNERESSH. |
FREYIE 20=19°HIE HIATAT R LLE W BAIK A, RYPXAATHEERY 55K
EYMMENGRRRA X, RHNEGLSHNT R IRGDIRESS
.

63



Pl KRR 2R3

2
‘0
c
8
£
L-PIADP5Q)
vg ) ara
e ~ L-PILDP50)
. . . . . . .~ L-PIPDP5
0 10 20 30 40 50 60 70
2Theta (°C)

Figure 3.37 WAXD powder patterns of polymers with different pendant groups

3.5.6 A YK e B WA

RSV ROLE RS TR 3.20 . WEHR 3.1 FREMHRCEME
3.20 PRAVK IO LR AT UEE, TN TREEEREY, KHME
WEHTRALIEE. BRSHOEREREVHEIER, HERRS,
REOMEEN T EmSTHERIRENRIEEE, NTTEREBIFRLEEE.

Table 3.20 specific rotatory power of polymers with different pendant groups

sample L-PIADP50  L-PILDP50  L-PIPDPS0
a(®) -0.010 -0.031 -0.036
[a]p(®.cm’.dm™.g?) -2.5 -7.8 9.0

3.6 —EAEHMSEASYHEMNXA

MNEZH BEZR 4,4 ZRETKRM RE T RPEF RS R
PR BB WAL S0 F R P LM BRI Rl A RIE Z R B K, B
X R E VIR R B KR . A5 Hagashi EEBROFE, #1T
BARERTALNER, ER_BERNEHEREGUMERNXER.
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3.6.1 BARKE ML 5K

FHitie B EYWHUT LA : L-PILHP50. L-PILBP50. L-PILDP50 #!
L-PILSP50. XLRSYIMEALFIA I T

L-PILHP U T HRGRETMN: ML _8K 1A6, FHBREK K%
TMA-L-Leu, X _Ky HQ FIX 2 E X F K PHB. HF TMA-L-Leu E_RTH
MW REER 0%, —HMENRBEPRIGERILA 12, RA-HRAEENR
EXARBAERENTERITRS.

L-PILBP50. L-PILDP50 #1 L-PILSP50 HIZH /%5 L-PILHP50 —¥f, R4 %!
KX & B AR ECE By (BP) « B E X (DHBP) R_#HBE_EMN
(BPS) . EMBAREHITFiR:

O %I
1y i) N\
N (CHz)s'N \‘
o c CHCH3
o) ) HsC
1A6 TMA-L-Leu

B aliavatalev v

DHBP
OO
(u) HOOCOOH
BPS PHB

REVMFERLE 3.21. NRTEIRTES, KA MEAEESRIREY
BEREMFE, X0TAERE b H b 5 04 ROV ik R P 85 R KR a8
m, FRREYSFEERAREATIEIE. BRZREZENEMA, 4
BERSRFHAT KRR AR, FHAITEANTR, HEFREIE,

Table 3.21 Intrinsic viscosity [n] of polymers with different diphenols

Sample L-PILHP50 L-PILBP50 L-PILDP50 L-PILSP50

ninh (dV/g) 0.32 0.36 0.45 0.39
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3.6.2 EEYRRIRE ST

MZFE 3.21 F1E 3.38 ATLLEF], &4 L-PILHP50. L-PILBP50 # L-PILDP50
BRBABREHRENE, RE S%HEEISAE 400 CLLE B REEREY) L-PILSP50
HFERAIRPEATHRER LR, 2 FERIK, NTTSBHAREERT.

Table 3.22 TGA temperature of polymers with different diphenols

Sample L-PILHP5S0 L-PILBPS0 L-PILDP50 L-PILSP50
Td 5% loss ('C ) 412.4 403.9 4182 330.1
Td at max d(‘fé";“m“d rte 49 496.1 4838 432.1

110
100 |
0+
80

70}
60 |
50 |
40!

Weight(%)

30

20

0 100 200 300 400 500 600 700 800
Temperature (°C)

Figure 3.38 TGA curves of polymers with different diphenols

3.6.3 BE&WH DSC HFR

B 3.39. 3.40. 3.41 HHRKAAF_—BMHAERBREVHE—KTHE. M
\BAE ZRFHEM DSC fhek, fEHRLIT RS BRRRELTEITTR 3.22.

MFE 3.22 FEZRFHES P OB UE TR TLUER, RAWHBE
LG B AN I B RS % (L-PILBPSO BR5M) , X HFHk
Rt K S 2R & 53T 5 B P e 58 R A o
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Table 3.23 Transition temperatures of polymers with different diphenols

Sample Heating Tg(C) Tml(C) Tm2(C)
1 124.2 191.2 211.6
L-PILBP50
o 126.6 184.2 220.7
1* 116.5 - 219.9
L-PILHP50
o 142.0 . .
Ist 130.7 166.7 191.6
L-PILDP50
2nd 136.7 . -
Ist - 175.0 198.6
L-PILSP50
2nd 132.4 - .

L-PILBP

=" L-PILHP

7 . LPIWDP
;;f;\é!%?////h\‘\—‘meSP

1 1 —

50 100 150 200 250 300 350

ENDO>
\
.

Temperature (°C)

Figure 3.39 DSC curves of polymers with different diphenols under 1st heating

MEEE B2k FRTLLE R, RS L-PILBPS0 ZERREE BT E — A4 Mg,
FE - RFHE ML BT ERCE, MRS R, KR
B LA SR TR B 4 A
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Figure 3.40 DSC curves of polymers with different diphenols under cooling
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Figure 3.41 DSC curves of polymers with different diphenols under 2nd heating

3.6.4 BEDMREEMBENE

KR EVERBBEA DB EE, EREEME T REASE XTI
%, MERBREGYHREAEMATERREHITNE, KEY L-PILBPSO.
L-PILHP50 1 L-PILDP50 7] LAE WA RHIXIA S L, HEXFHEAIEFE
&. {BRH M L-PILSPS0 ZE W)t B E T HMBEAZTTHAER, MEEMREH
bt SR —HME A, XiBH BPS HSINEEREYMBERHE. X

68



R R U478

a]figtH T BPS [MIBAE LB K, 1 B 41 b 54 7, A5 B 2 T2 B S 0 442 LL(L/D)

Figure 3.42 PLM photographs of polymers with different diphenols: (a) L-PILBP50 (250C) ;
(b) L-PILHP50 (280°'C); (c) L-PILDP50 (250°'C); and (d) L-PILSP50 (250°C).

EEYERSE, LL10 C/min KZE 21T RR, 4P L-PILBPS0. L-PILHP50
0 L-PILDPS0 ¥){REF ORI MM A, EALEN. MH & L-PILSPSO W43
LR ML L T MR, FHILRTE 3.3 WPt iBlid. EAY, &
AR BAE T 3 — SR .

WATHHF i L-PILSPSO 48RS, 7 HILL BRI, 10 C/min 80 1 C/min
HEHTRER, MRERN, TeBRERMEEL, ZHEROERBUETEE
MHE (Z9145 C) AABRSRAZ, HEMERENRE, XHUZAHE.
AHEZRGHETHE BEAE 70 CLL, RIBTTHHEENK, £120 C
EEEENE. d TFEMRR R EWBLETREME, RIVENERANE
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RO RSP, LT RR, ERRURTESRESYHITEMN. BRERSA
YY) DSC MR b, BADHFRHE L BHA% R, IEERIE N G
i A X-B R RER, FTAER WA 3.44 R, ATLAES), 7E20=31" X
8 B, NS LRPIIUKIMURRETHEMNXREEFE—L

Figure 3.43 PLM photographs of polymers L-PILSP50 under different Temperatures
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Figure 3.44 WAXD powder pattern of L-PILSP50 after melting
3.6.5 &Y X-5HEATH R

B 3.45 R AV ARERKT A X-HEA5E. NESTLEER, b
ERGWN THRIME AR, 20=19°%F AT itie B E 858, &g mnfist
SHFIFR3.23. ARPHEIETLUES], 2 FRENMEEGRMESDEMIER
WEBE B ELRI A 8)BE d (A LU/, X UL BA A F NI BGRIR SV N 4 &
BABE . THEM L-PILSPSO MBS —/ME k18, SRS REEATE.
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c
é’ -PILBP50
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Figure 3.45 WAXD powder patterns of polymers with different diphenols
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Table 3.24 Comparison of diffraction parameters

Sample 26(°) B d-value(A) 111y
L-PILBP50 19.53 0.71 4.5393 100
L-PILHP50 19.52 0.72 4.5439 100
L-PILDP50 19.32 0.71 4.5901 60
L-PILSP50 19.59 0.88 4.5257 100

3.6.6 TV LI B

REVMHLIERERES TR 3.25 . AR 3.25 FRANEER, BAENE
R RFIF ek, BiXRAESANRSYHIMAN S EERERL, BR
BT & MM RSP E &AM XA G RERIEL T RSV RAREIERT
AXFRBR R F IO R TTERSb, 20 T BEAE 2 R A HS E i 2 th Xt B AR B
HH BTk .

Table 3.25 Specific rotatory power of polymers with different diphenols

sample L-PILBP50 L-PILHPS0 L-PILDP50 L-PILSP50
a(®) -0.023 -0.015 -0.031 -0.013
[a]o(C.cm’.dm™.g™) 6.8 3.8 7.8 33

3.7 &3 ERGEHIREE B2 — % PMDA-L-Leu RO EREBE TR

371 BEAEMEH. ARREEVHSGHRE

AR EEYEU T EF AN : NN R RR- K MR8 WA
¥ (PMDA-L-Leu) . 44’-_33% %% (DHBP) FMIxt#EXH# (PHB) .
F AR SRR T:
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DHBP PHB

¥ PMDA-L-Leu B & Bik 2 25%Kf, 7 PHB & DHBP HJJR & % 0 in ¢ &
B, RMAREERR LA, BRER, BEASSHT, IHHARERLER
RIS . R B0 R MR SRR B K R R R ) L, BERGRS,
FRRICHRNBEEE 60C, RRBREFERBMEESLRFHFHRER
HEHIMER, NAEKERY. BEEXTRNERT PHB SE5HH 67%K 15%
HBAN A

MY FEEHHIREE, BREVHBEBRNBELFHFAERRE: ——_EEY
AR A BEE, ZRXYTFZRIKES. BHEREREVAERPRERS
YMETRER, ERASTFHRRITY fBBH, NERESIE B kR R
EWREMERSYNOKEAE. AN, &0 TRBKEEHRNEE, A5IEE
GEEHMORE, HREFTRENESIHRBEE, FHEEKEEM.
PMDA-L-leu #H B MM, EFETRDKEBEZIOFAN, BEFRE
YIEVR P BT G AR, B & AR, 24 PMDA-L-Leu fEHNE—
ERER, ARIMEAS, IRWEHRE, NS T KRR REZI>=E.

SR & IR EYEITEEE AR, Fra B E S YHRERYE T DMF.
DMSO. THF £##, E=HIBERE/,1,22-lUH 26 (FRH 3:2) BAH

igagiabay e .
&l 3.46 4 PHB S B2 5K 67%H RSV HEE, 2TER0OT:
["HINMR(CF;COOD, 300MHz): 81.20-1.26(q,6H) ,  1.46-1.82(t,1H) ,

2.39-2.75(d,2H) , 5.64-5.74(t,1H) , 7.48-7.67(d,6H) , 8.11-8.23(d,2H) ,
8.51-8.56(d,4H), 8.71(s,1H)s
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Figure 3.46 "H-NMR of L-PMDP67 (in CF;COOD)

3.7.2 BEYRPRBERLSH

B 3.47 AREGYHRREHRL . ARFTHERETR, REWHRBEER
REFHIEE, WRERSERIKAIREN.

Table 3.26 TGA temperature of polymers
PMDA-L-Leu (mol%) 67

75

Td 5% loss(C ) 359.4

Td at max decomposed 457.1 430.4
rate('C )

324.5
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Figure 3.47 TGA curves of the polymers
3.7.3 BAYIK DSCHIR

Kl 3.48. 3.49 1 3.50 A3 A AREVKE KR, BREME ZKIHEH
DSC fizk. NEEYH DSC #iZk ERTLLER|, ANREHBRERERNRED
533 Wit S ARRFREGERHR S ER LA — A RS HE.
FEE—KFE N b, ARSI R RSV RIS S(Te) 4 &R HIE(Tc)
RIS (Tm) |, IX 2 R34 5 A BTS04,

7E DSC M4k FETTLAE S|, PHB B/REEA 67%HHEMEERRLE P B
TN BN B, HNMESEZKARME EHRT —/ N BN
W, 7§ PHB BE/R&EA 75%MIHE 5 NI 45 i Mg aig 3 R B . X386
¥ PHB S EMMM, REVNERENESEREE TR, XREAHMEE PHB &
B, REWKINIES N, F80FREsIR%E, FHYBREHETIEE
AR, AmEENTH.
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Figure 3.48 DSC curves of the polymers under first heating

ENDO>

.......

e i,

50 100 150 200 250 300
Temperature (°C)
Figure 3.49 DSC curves of the polymers under cooling
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Figure 3. 50 DSC curves of the polymers under second heating
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374 BB ABTHA

KESDMAEREERCEMB THE, X3 PHB S 67%HHRA
FREBMDITHIE, T PHB BN 75%HHERERE TSRS FAHE.

{a)

Figure 3.51 PLM photographs of the polymers: (a) 67%(210°C) and (b) 75%(220'C).
375 RPN X-HEATH R

AREYH X-HERTHE LATLUES, FERMHERTE 20=19°-22°4 193
B ERERBNASE, RUREGWAFLEREREY. PHB S1% 67%H

BRZENE ST 10 EEERLEMIFS R, Kricheldo(®' 1% BERB TR

fET KREIBIF, I H D AEE A HRORSH S H FRRERESHRESS
#3 (smectic layer structure) HX.

Intensity
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Figure 3.52 WXRD powder patterns of the polymers
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3.7.6 B YR HCIES R HR

RV ERRERIITR 3.27 . ARFHEITTR, ERRPT
R RFPRFEF—BRER T, MR UE, MREYH LI
WA IFE, FARESVM LR RANE R, dikal 1, REVMIIENT M
5RERIBEOETT MIFRA LREKR, REWIROLR AR T R ARKHE LA
TEERSh, EZE|h THRA NI SBAH —SHERERNGRERRL W,

Table 3.27 Specific rotatory power of polymers with PMDA-L-Leu

Sample *PMDA-L-Leu ®p67 ®p75
a () -0.005 0.005 0.004
[a]pC.cm’.dm™.g") -1.25 12.5 10

RH, aRNLLDMF EABER, HEMIKEN 0.4 g/dL7E 26.0 CHIBTFHAT
MER; b RN DMF ERER, FERIKE N 0.04 g/dl, 7F 26.0 CHIEE T AT
Ko

3.8 REMERIEETEHPHAHIF R

R BIEE (TLO RIRES B M i DBV K — I EZ R LRER.
" BAIRA T SRR L RIS MR A A, DLE @RS R A FEUAR R & F it
ITHEMEE, TR, BER. BERSMIRESH. B—FrfEfsk
R ERS BTk Bl ZRCE &N R S WA TR E R E e A,
i HAE £ 1 1 e AR T T M R R TR KRR

B REWHATRIE AR, RABR=HIM. ¥8/1,1,2,2-0UKZ
FANREHEFIS, FTERNREYILFANETHERROBEIER. @i 6L
T, BATRIL, Fedh L-PILDPS0 RALLKFHMEZEERE, FtkF %
mERREAEZWRAFIEEREGERE M, AUSEIEROTER. A
ST E AR RRE I, BEAMRIMNERET IPRE 4R 0F:

Bl EARMIERE RAETREY: HIRNEERERESN, TRY, £ DMF.
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HRE, 2B, W, WERRRSETP RIEE RAER, M. REVS5EHE
R RS, WTERAMA.

R ERE: RO T ZHRIMRATHR, 2RI R—FEEHRI)
M. WK 3. 28HETMEER, XHAFCK: RAB=64 fFEERBE—N 41
ML E, BHAREBIETE.

Table 3.28 composition and ratio of Mobile phase

TBIAHL A R BCEE BERME
(2.0
Eof: —Hk: LB#=75:20:5 JEEHR
EC: #RE=9:1
ETE: K: Z8=53:1 TS
IETEE: K: Z2=6:2:0.2
IFCkE: RAEE=64 =

BEREE: EMAFEAAREE, FRET=ZHERME QTN AAREFN
EBHR.

t TR AR, X FEER S5 & RER T AP 2 &0 H e EE
B—HHRT.

3.9 KENG

1. BT AWM _EHE, HF TMA-L-Leu f1 TMA-LPhe R IEHHF
R, ZEMEERE b, 5% Higashi HEFARERE, AR TEBAME. K
FEHREROM T TR REY, FBRREY AT F AR E
FIME B AL IR P R B R A TS, W T4 B A [ A

2. SINHREMEN _—REFNREYUHEFERROZN, FRXHMES
RERSVNBBLEZERE. N RBREREE, BEAFTHRES
HITE R o

3. BAMMBELYRRAYNAREHNE RIS, R I4uRBNRE
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VAR EFHPREEMSE RS BITERMAXFRIERE R S et ae
HIRARE

4. RItEBCORSUHR SENH B S HN B R AER Ta RS RT, T
RERREY. HH KA G EAN Bk - BEZERHTINEREDN
BTt K.

5. REVIRBEEREIRR T BRI IE A DM TTiRSE, TR B T HEK A
i SBMF—SHERRRNHZEENEW.

6. FIXIFREHIN —BRE 4K PMDA-L-Leu & B R S W R A RIF G
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4.1 E=EN

B W Y Rie 2K 70 93 F ¥R B 19874 Kricheldorf% A1 i RBALL R, B4LIE
T—RIIMEKHRE. KARSY AR, ROEKRE. KRR
RERLIIEREF IR 7, FRERERRE. MEE. RiVEEErf 8k
METYE, B8, LR B REM SR SRR R EM R S KN A
BREIZR.

H5lAe, XEERYR-XBEEEFRROY R, TH, HELRRR
T REERE IR, DR EARE AR BT A8 5 3 LU T Kok
R ERRRDITUESUEFRRIAZREY S, MAG=LERGRE, F
EEME, EMHERE-EELNEIERNS, BNEASMI. ER mt,
EHARRYM ISR THRFRETZHGEP, RTT, SRW BRI s
RAT LB AX R ER, THERIMERE ESIEMEAERRMERE, K
MREHURERE, T RANASUR, EFERANIAHZRBELERDSREWE
& RE RS RR SRR TRt 5EARSYR R RN LR E L HH
RIsem T

FRABAREBREMMEREREDAEZEBRNR, EEED, BITAH
BMESGEER, BE—MEAERANE, NARFNBAEELTREERTE,
HBRHEATIIMB N, TEREBRUMAMFREZ BRI, REERIER
KL, NTAEI—FH KT

42 BEpSEH. AR RESMMEHRI

A EFIT R R BB R th DO P B AR B, 5302 NN-BZRE-RUR K=
MBI R (1A6) . WREXFR (PHB) . 4,4-"HE " XNF (DHBP) .
ML IR =& (AT) . H™P 1A6: PHB: (DHBP+AT) =1:2:1, it
V41 DHBP 5 AT BILLBIZ A& AT S84 0. 5% 10%8IREW, 2Hl&4
1 PIDP. P1. P2. &K/ TFI7R:
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Figure 4.1 1H-NMR of P1
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BREVNTTEDHT:
HHEAE (%) : C, 69.95; H, 3.99; N, 3.95
S (%) : C, 69.84; H, 4.06; N, 3.88

43 BEYHRREYS

B 4.2 AZREYHRERSL, WRFHEARIIA T 20C/min #TH
B NEPERPHEERNTUEER, ERNHHHER=ZRENTEAD %
i, BAWEHRGHHIEENE, & 304CERATFESR, KE SYHIDRERE
mik 400C, TEE T ERK=RE. HEMEEARN TREBMELR =R
SR, TT 4R =B & B ME) 1095, BEWTE 200CLERITIEI R,
RHETEERFEREYTHER =R BB PRI T —28 2857, EX—REH
B, BT RMMBRIEETRE™,
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100}
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Figure 4.2 TGA curves of polymers

44 BEYHEXERNERE

FEXAMCEHERRSWERRIEREHT T 5. H43 RERSYE
RUGHEM—ANKFEY S, BRERNEZEFEMLEME TREIHINE.
MER EWTUES], & ERHIRAET, REVHSIRSREBHE, BHRTIE
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Figure 4.3 PLM photographs of P1 in room temperature

E4ARKREVPIEHBETRAZHUBHRET, LB EMNR I
BB, MNETATUEE, £20CHHE, H&ITHREANRRAS, BEH
BERFE, DHRZGREAL, HEEXBRI0CURE, SETHETIRG
RREHHK, BHE20CHAAHERALR. TLRAVHBERSERI R
wEUE.

E4SRRSUPERASHFME THRRFIMRAMB L, NEFTUE
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Figure 4.4 PLM photographs of P1 in different temperatures: (a) 220.0°C; (b) 240.2°C; (¢)
260.1°C; (d) 270.2°C; (€)280.1°C and (d) 290.0°C.
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Figure 4.5 PLM photographs of P2: (2)230°C and (b) 240TC
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BA IR A, g, 7658 IR THR e BT LUE BIZE105 CHTEH — AN
BT, HHETREVNEBLEEARKET, RHLE—RBRE, K&
YT S 8, Xr[ R REARE WIS THE TR, SBERE S
THRAD R RRB TS,

EHE—FHRIERET, HB TR, AR S5 A175CH239C.
ZERMABUENRRLER, RITRARSYRIFRSAE290CLL L, distr#
Wi239'CHHEREYRIERABE . X DA AREHR B —MEEERET#
BUET, AR S5 BB AR LT BB (1) #175CHRIiE A Tml,
MRF A=A I RANEE: (2) #239CHEATm2, MRETAZ
YR GER—ERIHARNEE. EE_RIEMRZK L, BATATUIE R Tm]
Wk, MAMEISSTAELIRT — Mg, XATHERE h TR EY 5 T HERITE
bR, A BRI R kAR RAET SRR R i, T DR — R R,
BER-AKARME ELEARLTml. MEAEAZRTRSYRNEBELETS
Tg, S TFEBITHRIZE), ERS TFRMRIMERRERE R T 2 TH#ES).
BERZEMSEAE, FTHOSIHERTANES, KNS TFRITKLEES), &
T AT, FERRERIE (EZARPHEISSCHMIE) 2I— i,
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Figure 4.6 DSC curves of P1
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Figure 4.7 WAXD powder patterns of typical polymers
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47 BEYKBLES T

ZRE YR EAE R R R R 2 B AT AR AE . R = itk id Rt
TR E: HREVHDMFEBRIGFBERRRME S £, AOMTHRT, AT
fEmtk. SR NAg/ALCE MK APRK. WRFZMAWTF: BL1.0moV/LH)
HRBRIE AR, BHEEERA100mV/sFAMREA30K. BEYP1. P2
FHU=RAEMEARZHES R W48, 49714.10, NEFTLUEER, BEYW
PIERH IR E MR EWIE R, IR, WAl K AL AR LR REE IR
RIS AN R AR TR . SR EW PR =R AEK & B MET, REVHIHER
BRI OAREYIP2KIME AR % LA E i, T B Py 3 e = B Ak vy e
FEBRREZML, HERBREATRD, XEHXANERLERBERHERES
YIE. NEWBARAT, FE=RENHEIMALA0.55V, TREYIPIFIP2
ISR A0.65VEAS, XREFTEBMRESDLEMER=RBEETHF
IR E .
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Figure 4.8 CV curves of P1
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Figure 4.10 CV curves of Aniline Trimer

48 BEVHBSE

HTHRAREVERRANAEE AR, BRIFERHESVEEBRE
t, NEFFK=RBER, A —EnmiEt. FERNUETREMAETH
s AR, AR A RELEE,

89



R EAIL X

BATRANREER R EYPIA B SR HITTHE.

HIRTTER: BERGUPINEMERI A EMRFE250CLEEIER, R
YL THBET, REEKFFRBEN—8Y0, MEREWHETHRK=R
WHBINEYINNT RN FHS], BREVERAE, SHEBRREERETX,
R AR AT R = R B AT 15 2% B % HORE & 43 BT T H5BIED
i EMEE TR LNESRNE, MELREA, WETIAK R EHE
SEH10°S/em, BRTEET Y HH I LHEFEI07S/om. XA R
il &MREMAF R AR EN RS E.,

4.9 REMAEM Y

HIFALREUESRHSHEER=ZRENREDERRARNFRTXENR
ARG, FIGERLMK. FIURNBHATREVPIEIEE, URE
YIPIDPAE AR HL . MR EWAIESMEE ERATVKI, PIDPTEH B EMT
i 3R, FERRMEZM T A BKRIEN. TR&YPIEARRKMpHEEAL
PRIE T HG U A A BB A AL A RAL . TIX AT Be R i T AT & B R & 0P R4
Rtk K, BFEBE=REHTERDPHEL.

/\ P1 with acid,base,[O]

Abs

PIDP with acid

300 400 500
Wavelength(nm)

Figure 4.11 UV spectra of PIDP and P1
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Figure 3.22 PLM photographs of L-PILDP50 in different Temperature
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Figure 3.29 PLM photographs of polymers with different configuration (250°C): (a)

L-PIPDP50; (b) DL-PIPDPS0; (¢) L-PILDP50 and (d) DL-PILDP50.

Figure 3.42 PLM photographs of polymers with different diphenol: (a) L-PILBP50 (2507C) ;

(b) L-PILHP50 (280°C); (c) L-PILDP50 (250°C); and (d) L-PILSP50 (250°C).
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Figure 4.3 PLM photographs of P1 in room temperature
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