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Abstract : We have synthesized two types of diamine monomers containing various chain length to prepare polyimides
with layered structure. By using these diamines, homo-polyimides and co-polyimides having hydrophobic and hydrophilic
segment of flexible side chain were synthesized. The segregated layered structures were formed by repulsive force with main
chain as the side chains reach a critical length because the rigid main chains are packed into layered structure with the
flexible side chains occupying the space between layers. As a result, the gallery space of each homo-polyimide was increased
at spacing of 32.7~48 A or 7~105 A as the increased hydrophobic or hydrophilic side chain length through X-ray
diffraction. The gallery space of co-polyimides was also showed similar phenomenon by repulsive force of side chains witt
different properties. We have also confirmed that gallery space and molar volume were significantly depended on length of
flexible side chain via molecular modeling.

Keywords : polyimides, flexible side chains, segregated layered structure, molar volume.
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A2k HH-3-8rl 2= Junsei ChemicalA}e] N Y-2-3] & E(MV
methyl-2-pyrrolidinone, NMP)-& CaH,Z F2AA & 243t S7F31o
ARR3FTE T8l BEA| 24 Daicel Aboll A A Z3FF 99% o)A %
o] | 2H 2 Y o|F4E(pyromellitic dianhydride, PMDA)2 220 C

ool A 1 Ztste] AT F AREE AT =3 TekE
(palladium on carbon, Pd/C, 5% with palladium metal, Aldrich), 3,5-
YYE= o}d g3 5-dinitroaniline, Tokyo Kasei Kogyo Co., Ltd), 3,5
HUEZWZY FZa}o]=(3,5-dinitrobenzoyl chloride, 99%, Acros
organics), °F| E4Hacetic acid, AA3she MEe] A §lo] AR
AT 2-FH D EAY F4E(2-octenylsuccinic anhydride), 2-5H
M EAY F-4=E(2-dodecenylsuccinic anhydride), 7z3)AME| A &A1Y
F-4~E(mrhexadecylsuccinic anhydride) 52 Tokyo Chemical Industry
(TCDHALZH-H A3t AE-3IR AL, 2-H] 5-A] o F-&-(2-methoxy-
ethanol), (2= F) T %Oﬂ B Z(di(ethylene glycol)mono-
methyl ether), EE|(elEAN=E]F) Tl lH E(tri(ethylene glycol)
monomethyl ether)t= Aldrich Co. ZFE] F{Jsle] AL&3ltt 3-01&
HB-picoline)} OFHMELF F4E(acetic anhydride, Ac,0)2 ZH2t
Aldrich Co.9} J. T. Bakeroll M T43+3th.

717]. A e] FA oI F+= Jasco 610 FTIR spectrometer2} Bruker
AMX-300MHz '"H-NMR spectrometer, =3¢} Thermo-Finnigan Flash
EA-1112 Elemental AnalyzerE ©o]&3le] ZABIAT. 93 542
TA Instruments TGA 295022 A2 7|57 3lollA] 10 CT/min®] <

Fxo| EelolrE 3 57

O,N NO,
N CHZ)
Q/ + CHz(OCH,CH,),OH
n=1,2,3
n=59, 13 o~ ©
Acetone
1 i 0,
Acetic acid J 120°C Pyridine J Ice bath
DA8-N (n=5) ON NO, ME-N (n=1)
DA12-N (n=9) ME2-N (n=2)
m DA16-N (n=13) ME3-N (n=3)
(CHa)nCHs 07 “O(CH,CH,0)nCH3
EtOH l Pd/C EtOH l Pd/C

NH, ME (n=1)
ME2 (n=2)
ME3 (n=3)

O(CH,CH,0)CHs

@ DA8 (n=7) HoN
DA12 (n=11)
\/_f DA16 (n=15)

(o)

(CH2)nCH3

Scheme 1. Synthesis of the monomers.
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DA8. 'H-NMR(CDCl;) ppm : 5.91(s, 3H), 3.68(s, 4H), 2.95~2.86
(m, 2H), 2.50~2.46 (dd, 1H), 1.94~1.57(m, 2H), 1.38~1.27(m, 12H),
0.87(t, 3H). FTIR(KBr) v (cm™) : 3455, 3367(amine N-H), 1772(male
imide C=0, asym), 1700(male imide C=0, sym). Anal. Calcd for
CisHy»N;O,: C, 68.11; H, 8.57; N, 13.24. Found: C, 68.76; H, 8.81; N,
13.23. (yield : 86%)

DA12. 'TH-NMR(CDCl;) ppm : 5.97(s, 3H), 3.37(s, 4H), 2.97~2.88
(m, 2H), 2.51~2.47 (dd, 'H), 1.96~1.58 (m, 2H), 1.39~1.26(m, 20H),
0.86(t, 3H). FTIR(KBr) v (cm™) : 3417, 3343(amine N-H), 1773 (male
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imide C=0, asym), 1703(male imide C=0, sym). Anal. Calcd for
C»H;5N502: C, 70.74; H, 9.44; N, 11.25. Found: C, 70.05; H, 9.57; N,
11.14(yield : 85%).

DA16. 'TH-NMR(CDCl;) ppm : 5.99(s, 1H), 5.95(s, 2H), 3.66(s, 4H),
2.96(m, 2H), 2.52(m, 1H), 2.53~1.58(m, 2H), 1.37~1.25(m, 28H),
0.88(t, 3H). FTIR(KBr) v (cm™) : 3369(amine N-H), 1772(male imide
C=0, asym), 1707(male imide C=0, sym). Anal. Calcd for C,sHzN;02:
C, 72.68; H, 10.09; N, 9.78. Found: C, 72.44; H, 10.32; N, 9.58(yield :
81%).

OIESAOI=ETE EE CILER SBHE(ME3-N)S &Y. 45
Zo] =2 500 mLe| Zg}~Fol 35-tUERNZEY F2o)
27.6672 g(0.12 mol)y& ¥HS-EmQl ofA|E 189.48 gofl &3l & =
2 9.492 g(0.12 mol) & H7IEITh olo] EFj(elEAEE) =
L EoE| 2 19.704 g(0.126 mol)S ¥l A 7|57 3loll 0 TollA 15
ARt aRkskTh W8 T4 F Y 98 AFste] AASka, o3
H &94L rotary evaporators ©]-83t] WR3-&Hl ofMES AASH
Atk 25 AEdE AAS] ¢85 wWEdl =2 2ko] E(methylene
chloride)$} SFFE 4= A8 2% &, vlvlE Ao ] E(magne-
sium sulfate anhydrous)2 G- A|A3IAE ©]o] rotary evaporator
E o] gsle] Wgl F2eo|5E AAT & Aozl v gA AHE
& oo E ¢ dlakRan|=3 : 1)o] T8 HY I=2nE
a9 E Sl sk, &7 AAEME3N)S AT

OIESAOI=E7F =S CloKI TRIFMIMES)S| &Y. 343 ME3-
N 10 g& oll8h& 200 mL7} E1UE 715t F438) ¥-g7]o] Y1
=2l B P4/C 1 g€ Bl 40~50 psi®] 4 &S 715kt o]0
W79 255 50 TE 528 F 2403 B¢ Snkg-& 3
Fach vkgo] $29 & 898 5 um membrane filterol] SZHAIA
FS ZuiQl Pd/Cot S-S AASATE A3 F Holxl wAA
JHEL olHotAlHolE : KR H|=3 : )] 8= ZH 2
ZalEIHNE F8l EEstd, £Fv-EE(ME3)E AUt MES}
ME29] 95 54t Hoz FAstATh

ME. '"H-NMR (DMSO-ds) ppm : 6.42(s, 2H), 6.01(s, 1H), 4.99(s, 4H),
4.27(t, 2H), 3.59(t, 2H), 3.28(s, 3H), FTIR (KBr) v (cm™) : 3300~
3450(amine, -NH,, asym), 2900(C-H, stretch), 1735(C=0, stretch),
1375(-CH3), 1000~1300(C-O, stretch). Anal. Calcd. for CioH1aN,Os: C,
57.13; H, 6.71; N, 13.33. Found: C, 56.95; H, 6.79; N, 13.91(yield :
83%).

ME2. 'H-NMR (DMSO-ds) ppm : 6.43 (s, 2H), 6.02 (s, 1H), 5.02 (s,
4H), 4.27 (t, 2H), 3.66 (t, 2H), 3.55 (t, 2H), 3.43 (t, 2H), 3.22 (s, 3H),
FTIR (KBr) v (cm™) : 3300~3450 (amine, -NH,, asym), 2900 (C-H,
stretch), 1735 (C=0, stretch), 1375 (-CHs), 1000~1300 (C-O, stretch).
Anal. Calcd. for C,,H;sN,O,: C, 56.68; H, 7.13; N, 11.02. Found: C,
56.81; H, 7.17; N, 11.32. (yield : 78%)

MES. '"H-NMR (DMSO-ds) ppm : 6.42(s, 2H), 6.01(s, 1H), 4.99(s,
4H), 4.27(t, 2H), 3.67(t, 2H), 3.55~3.48(m, 6H), 3.41~3.35(m, 2H),
3.21 (s, 3H), FTIR(KBr) v (cm™) : 3300~3450(amine, -NH,, asym),
2900 (C-H, stretch), 1735(C=0, stretch), 1375 (-CHj), 1000~1300(C-O,
stretch). Anal. Calcd. for CisH,N,Os: C, 56.36; H, 7.43; N, 9.39.
Found: C, 55.57; H, 7.52; N, 9.09(yield : 71%).
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Scheme 2. Synthesis of polyimides containing flexible side chain.
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Figure 1. 'H-NMR spectra of diamine.
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Figure 2. IR spectra of PI-DA16 & PI-ME3.
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Table 1. Thermal Properties of Polyimides

- Thermal stability
Polyimide p— po— e - p
T(C) T(C) Ti(C) Residue at 800 C

PI-DA16 450.1 398.4 424.3 24.7

PI-ME2 391.5 368.2 411.9 40.8

PI-ME3 4152 347.5 378.8 385

PI-DAME2 470.1 384.9 413.6 36.0

PI-DAME3 421.2 346.4 387.6 40.6

*Maximum decomposition temperatures measured by TGA at a heating rate of
20 °C /min under N;.°*5% and 10% weight loss temperatures measured by TGA
at a heating rate of 20 ‘C /min under N,.

Table 2. Solution Properties of Polyimides

Code Solubility
CHCl3 THF DMSO  DMAc NMP
PI-DA16 + + ++ ++ ++
PI-ME2 - + ++ ++ ++
PI- ME3 - + ++ ++ ++
PI-DAME2 - + ++ ++ ++
PI-DAME3 - + ++ ++ ++

Keys: - insoluble, + swelling, ++ soluble at heating, +++ soluble at r.t.

—— PI-DAS
—PI-DA12
—P|-DA16

Intensity(Arb. unit)

Figure 3. X-ray diffractograms of PI-DA series.

Polymer(Korea), Vol. 30, No. 1, 2006



r

60

5o] AAUAAZRE AZREE 03 272 dol= 1349 A=
A= ST ol PLDA8S] g9 °F 1729l si@3h= Zo|E Figure 5
X A vle} o] FA%k A7IA7T fully extended FUS-S
d&3 = Yok vEIAE PEDA12¢}F PLDALGOIA = F9% 27}
A7} fully extended FAeS ASE 5 AUk

olyst ARE uiglo g & 7R g sl dist Sd3t
Z2] W3}lE Figure 69 EAISISITE °LZJ_ 737}1191 gha Zljeel] ok
o] SAL A=A vlEEA 5 R & Jslon e
712 191, Y& AHEL 101622 AL oJ7]olA Y= dHe
DEARY] FAN A ARE 7R o, fa% 2717 9
= = Figure 4914 o]2& o2 Al4tel PMDAS T/ 4.9 A9
oF 2ujle]] sFete AL & T ASUTh

E DA series®] HESAS B3t A €2 27HA A&
o] FEYE o =3}HTh DA seresoll 4] BEE th29] Alog A
F ok

mlo r

=S

Rigid backbone
[ | |
Flexible side chain
o N0 T_I_ mf(m.)
49A(th.)
4 Ao —'—1236A(9(p)
9 L
R 70 7 )
O N0 o g g 11.13A(th.)
Bl -
<
Ao L |2 g 3
sk T
N PI-DA8
o

Figure 4. Calculation of chain length of layered structure.

Exp.2 The Exp. Exp. Th.
27.98A 26.98A 34.68A 33.01A 39.04A
PI-DA8 PI-DA12 PI-DA16
fully extended fully extended fully extended

Figure 5. Models of flexible side chain in layered structure(*Experi-
mental calculation; PTheoretical calculation).
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Linear Fit PI-DA16

Y=A+B*X

d-spacing(A)
w
o

Parameter  Value Error

A 12.36333 1.7053
B 1.9125 0.13712

8 10 12 14 16
number of carbon

Figure 6. Linear dependancy of d-spacing on the number of carbon.
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Table 3. Calculated Molar Volume From the Density of DA
Series

Code Density(d) M(m) Wim)
PI-DA8 1.168 535.12 458.15
PI-DA12 1.153 591.24 512.78
PI-DA16 1.115 647.36 580.59
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number of carbon

Figure 7. Linear dependancy of molar volume on the number of
carbon.
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Table 4. Calculated Molar Volume From the Density of Hydrophilic
Series

Code Density(d) M(m) Wim)
PI-ME 1.382 412.87 298.75
PI-ME2 1.376 456.92 332.06
PI-ME3 1.368 500.97 366.21
~ 375
] i i -
E Linear Fit PI-ME3
-
=
<
£
2 Y=A+B*X
9 Parameter  Value Error
'(—‘g A 265.33333 0.62361
E B 335 0.28868
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number of ethylene oxide unit

Figure 14. Linear dependancy of molar volume on the number of
carbon
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Figure 15. Proposed structure of PI-ME series(Layered structure of
single backbone).
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Figure 16. X-ray diffractograms of segregated layered structure.
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