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Abstract
In this work the polyimides were prepared as thermally stable
polymers by different ways. In order to perform the above mentioned
project the following outlines are ciassified: '
l. A- Preparation of a number of new N-substituted maleamic
acids.
B- Dehydration of above maleamic acids (o thcn corresponding N-
substituted maleimides.
C- Polymerization of all the new maleimide monomers.
2. A- Preparation of N-substituted maleimides from reaction of
maleimide with alkyl halides.
B- Polymerization of N-alky! substituted maleimide monomers.
T A- Polymerization of maleimide compound free radically by
using AIBN as initiator.
B- Substitution of polyimide by using different alkyl halides.
All the prepared monomers and polymers were characterized by
IR, UV spectra, elemental analysis, thermal analysis and chemical
reaction. Physicai properties and the viscosities for all polyimides were
determined by using DMF as a solvent.
We concluded: from all the ;cqult% of dlﬂblcnt ways that the 3"
method gave the best result than the 2" and the 1% methods, it gave
higher molecular weight and higher softening point.

Introduction In 1901, Kuhara and Fukui

Imides  are organic ©) obtained n-pheny! phthalimide
compounds  containing  two from reaction of acetyl chloride
carbonyl groups and one nitrogen with n-phenyl phthalamic acid @.
atom. These compounds can be In 1959, Bender and
written by the general formula Neven @ isomerized  the
and could bc as an Qpcn chain ESOiITlidBS to maleimides by ‘LlSiﬂg
molecule or cyclic forms &2, acetate ion through nucleophilic

attack by acetate ion.
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Scheme[l]
N-Substituted maleimides
q ~
i were prepared {rom

ammonium salt of malic acid at
high temperature,

CL0NH3R
-3H,0 N ’ "
’ A
General methods ©™ for
preparation  of  N-substituted

cychic imide include: -

A. Dehydration of Amic
Acids Using Proper
Dehyvdrating Agent such as:

1 Phosphorus pentoxide
7 .

401

Yol 2. (3) 2008

2, Phosphorus trichloride
(7

3. Acetic anhydride -
sodium acetate *.

4. Acetyl chloride %',
3. Acetyl  chloride  with

- . »
triethylamine ',

6. Thionyl chioride '

. Thermal Debydration:
Thermal dehydration - of N-
substituted  amic  acids Y
produce low  yields
corresponding imides.

of

Dicls
(16},

C. Via
Adducts
Frifl prepared maleimides from
heating maleic anhydride with
cyclopentadiene to form the Diels
Alder adduct which converted to
the imide and heated with excess
maleic anhydride at 400 °C.
Hedaya and coworkers ' used a
stimilar method in preparing bis
maleimide.

Alder

D. By
Synthesis:
N-Cinnamyl phthallmlde
prepared in high yield.

Polyimides prepared two
types of polymers:

. Chain  growth-addition
polymerization 727,

2 Chain growth-

condensation  polymerization
@1)

Gabriel - Type

L —

Pyriadi and [Fraih @)
prepared N-phenyl, N-p-tolyl, N-
p-methoxy phenyl, N-o-ethyl
phenyl and N-p-chloro phenyl!
itaconimides and polymerized
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fow
2H

{ree radically to yield
molecular weight polymers
In 1989, Pyriadi and Alasli
synthesized n-ethylene
phihalimidyl acry\aie and
polymerized resulting esters free
sadically and anionically.

Several isoimide and imide
were prepared and allowed to
react with acryloyl chloride to
form the corresponding acrylate
esters .

(24

In (081, aromatic
polyetherimides  have been
prepared  from  bis-ph enoxide

salts and aromatic
dinitrobisimides by nucleophilic
aromatic  substitution reactions
(260),
o) 0
i Ii
C C
4 A
MO-A-OMT 4 ON-Ar N-R-N ArNO,
N/
il f
0

AN
Ar N—R-N Ar-OATO - 1 2 MNG,
{\C/ o }

| I
0 ¢

4.4-Oxydianiline with
3,3,4,4-bis phenyl tetracarboxylic
dianhydride was prepared B g
follow:
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1. Preparation
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Experimental
Instruments:
Gallen-Kamp MIB-600
melting point apparatus.
Flectronic specira
measurements using Cintra-5
UV-Visible
spectrophotometer:

Infrared
spectrophotometer
measurements using SP3-100
Pye-Unicam (600-400 cm™).

Viscosity measurements
using capillary  viscometer
type Ostward viscometer, at
30 °C.

Thermogravimetric
analysis  using NETSCH
Geratebau Gmbtt Model STA-
409.

Elemental analysis using
C.JLN. analyzer, type 1100
Carlo-Erba.

Acid number
determination by the titration

of polymer solution with
alcoholic KOH.
Polymer swelling

determination using water,
DMPFand acetone as a solvent.
All chemical materials were
purchased from Fluka and BDH.
Synthetic Methods of

Polyimides:

of . N-
Substituted Amic Acids (N=
Nk

N-Substituted ~ maleamic
acids were prepared according to
the procedure of Liwschitiz et al
28 "DMF instead of ethter was
used  to  dissolve  maleic
anhydride. Most of the amic
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acids produced were precipitated T Corp No | & Clor | Tl | MPY |
spontancously after the addition Eg" r |
of primary amine. In I:1 and 1:2 LN Yellaw 1 [IRLTI
molar  ratio  with  diamine : o |
compound. ; v M
in i H Ervwn 65 18514
However, some additional i J |
amic acid was left in the solvent, 2. Preparation of N-
and it was obtained by the Substituted Maleimides
addition of some cyclohexane. from Amic Acids (N-<-
The crude amic acids were Ng): - i
purified either by In a (100 ml) round bottom
recrystallization [rom Mask provided with a magnetic
cyclohexane or by dissolving bar were placed for example (5
them in dilute sodium gm) of N-(6-hydroxy-2-pyridine)
bicarbonate solution followed by maleamic acid (Ny), (50 n‘gl} ol
reprecipetation of the amic acid dry acetone, (30 ml) of acetic
with dilute  hydrochloric acid. anhydride and (3 gm) of
Physical ~ properties  of  the anhydrous sodium acetate. The
prepared amic acids are listed in mixture was refluxed [Or (2 hrs)
tables (1&2). untit  a clear solution was
Table (1): Physical Properties obtained. The solution was
of Amic Acids (N;&N;) cooled to room lemperature

= before pouring it into a beaker
- containing ice and water with

Sl vigorous stirring. The precipitate
i was filtered, then washed with

(Oomp Mo |-+ R | Colori| DldpW | -MPT ! cold distilled water several times
? before drying. The products were
My @m Beowa 15| s ' recrystallized from cyclohexane
| " | : until a constant melting point was
@ g obtained. Physical properties of
th el IR DG N-substituted maleimides (Ns-

Ng) are listed in table (3&4).

Table (2): Physical Propertics

Table (3): P dcal Pr tics
of Amic Acids (N3&Njy) able (3): Physical Propertics

of N-Substituted Maleimides

" (Ns&N)
,,Ji-—DH HO 0=<—3.:Q
L{ | N

C!—NH—H- Hmj ]R

4063



Um — Salama Science Journal

Vol 2 (3).2005

TCaphe | R | Colr | TEH(Y) HP'ci times, dried in a vacuum oven
: AP' : overnight. The results of these
- i E 3 .

N { Dukbwwy| 6 | M6 experiments are listed in table
| | (5&6).
o
ks | Wone 1) I Table (5): Physical Properties
- o — . of Poly N-Substituted
Fable {4}:. I‘hysn::ﬂl I‘rupe‘rttcs Maleimides (Ny&N )
of N,N -Substituted Bis
Mﬂlfgﬂldﬂ'ﬁ {\:&\q:‘ e : nO
; fe N
N, — |
— x =)
e b i oy Tkl () . [ lawse |
s N () HP'G_ e e s;zwl
| i i | |
o T B | H
‘ iy @4} Biown 8l b E8 1 ! Ny LJJ‘M Fiokn T | ]
|
o5 o
i' % Y | Bk i N4 H". @ Vellw | 08l x 1."'EIDH.§
3. Polymerization of
Prepared Maleimides  (No- Table (6): Physical Properties
Nia): of Prepared Cross-Link Poly
(2 gm) of the pure N- Malimides (N &Nyp)
substituted ‘maleimides (Ns-Ng)
was dissolved in (10 ml) of
freshly distilled dry acetone in a N—R—N
screw-capped polymerization
bottle. An amount equal to 0.02%
of the monomer’s weight of
azobisisobuteronitrile was added ot rie Comeron | Sflening
ke 5 4 i Comg. M R Color
as initiator. The mixture was [ M PWT.;
Mushed with nitrogen for few :
minutes inside a glove bag and Ny — oo e
firmly  stopped. The clear i
solution was maintained at (55 56
°C) in a constant temperature M Dakloown | 6 il

water bath for (2 hrs). The
solution was then poured into
about (20 ml) of ethanol to
obtaine coagulate polymers, then
washed with ethanol several

464
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Preparation  of  N-
Substituted Malcimides
from Alkyl Halides(N;3-Ns):

Three N - substituted
maleimides were prepared from
reaction between maleimide with
different aliphatic halides such as
cyclohexyl iodide as in follow
procedure:-

In (100 ml) round botlom
flask was added (2 gm, 0.1 mole)
of maleimide, dissolved in (10
ml) of dry DMF. The
stochiometric amount of alkyl
halide such as cyclohexyl or
butyl or isobutyl halide was
added, (3 ml) of pyridine was
added as catalyst, the mixture
was refluxed for (1 hr), the
clear solution was cooled to room
temperature, a white precipitate
of N-substituted maleimide was
separated by filteration, washed
and recrystallized with dioxane
for several times, until a constant
melting point was obtained.
Table (7): Physical Properties
of N-Substituted Maleimides

Monomers (N;3-Njs)

R
Vo Na [T [ Cor . | Tl | MPY |
! E
o L 16
| It O Browy | o 166-168
AT ] IR R T
0H |
- M fHE T | Orage B B
s n
i |

465

=%

- .Yol 2 (3) 2005

Polymerization _of N-
Alkyl Maleimides (Nyo-Njg):

To a° screw  capped
polymerization bottle containing
(2 gm) of N-alkyl maleimides
(Ny3-Ns) were added (0.05 gm)
(0.025% Dby weight of the
monomer  concentration)  of
AIBN and (20 ml) ol freshly
distilled DMF. The clear solution
was flashed with pure nitrogen,
followed by stream nilrogen gas.
The bottle was then closed and
incubated in water bath at (65
°C) for (1 hr). The mixture was
cooled and the contents poured
into a beaker. A polymeric
precipitate was formed which
coagulated when warmed. The
precipitate was filtered, washed
with ethanol and dried in vacuum
oven overnight. The yield of
polymer was (46-59%).

Table (8): Physical Properties
of Prepared Poly Maleimides
(Nig-Nig)

R
Efjff o Lo | 3@“""::‘1
Dak | . ;
L3 wo | 11| 9 [0
Mo |Genhos | Bew | 065 | 8 m‘mg
| i
i CH i ] & Dng. |
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Free Radical
Polymerization of

Maleimide Monomers:

(5 gm) of maleimide was
dissolved in (15 ml) of DMF in
polymerization bottle then added
(0.05 gm) of dibenzoyl peroxide.
The bottle was flushed with
argon for few minutes inside a
glove bag. Heated at (90 °C) in a
constant temperature water bath
for (2 hrs).
pourad inwe (30

wd
5
b Bl - "_"\I":!"""_'l"nl
- e T L L L

The seclution was
—:1 of ethanol to

it b o o %

which was washed with eim.—*_ol
severz. tmes. then dried In 2
vacuum  oven  for  overnight.
Table (9) shows  physical

properties of polymalimides.

Table (9): Physical Properties
of Polymaleimides

H
T
1] | Comerion | Sofcing A
Colar !"TF ; 5
e | 0 |t FEN
1 Rm
Rl | 0 & | O |4

Jh

Preparation of N-Alkyl

Substituted Maleimides
Polymers (Nyg=Nig):
Polymaleimide was
modified to N-substituted
maleimide polymers from
reaction  polymaleimide  with

different alkyl halide by using
pyridine as catalyst, the DMF
used as a solvent, the
reaction refluxed about (4 hrs),
the product was reprecipitated in
CCl;. the polymers were dried in
a vacuum oven at (50 °C), the
conversion % was about (70-
84%a). The physical properties
were listed in table (10).

was

Table (10): Physical properties
of prepared N-alkyl maleimide
pDI}’I’I’IET‘S (Nm—N'g}

Cw.

;I it A ? PR "'.:'.. pigerts |.-1 T"_:'?n.i-
B O B e B e
: @l
My | Rel {080 | 66 | %0
Me || g |0t | om0 |
L Wy | BEOTHOH | Bem | 08 ) 6 Oily
f E :
Results and Discussion
There are several

procedures for preparations of N-
substituted cyclic imides, the first
method was found suitable for
the preparation of N-substituted
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maleimides as a  valuable
procedure involve heating of the
intermediate amic acid produced
from the reaction of the desired
primary amine with maleic
anhydride. Heating of the amic
acid may be performed alone or
in presence of a dehydrating
agent as acetic anhydride with

anhydrous  sodium  acetate,
Produced N-substituted
maleimide, which polymerized

[ree radically to linear polyimide.
Also, the reaction of maleic
anhydride with primary diamines
produces bis amic acid, which is
converted to the corresponding
bis maleimide upon heating.

The various combinations

ol the monomers available for

polyimide  synthesis provide
access a vast array of structures.
New monomers are constantly
being  evaluated and the
commercialization of processes
for their manufacture depends on
the properties that they mmpart to
the polyimides, which depended
on chemical and physical
variables. The former include
monomers, purity, reactivity and
solvent purity, catalyst and
crosslinkage reactions for bis
malcimide monomers to producce
crosslinkage polymers through
two double bonds free radically
by using dibenzoyl peroxide as
initiator. Scheme (1) illustrates
the two types of monomers and

their  polymers, A- Linear
polymer (N, Nio), B-
Crosslinking polymers (N,
Nj2).

467
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These polyimides derived
from aromatic diamines exhibit
outstanding thermal stability. The
thermal stability of crosslinking
polyimides are evaluated by
different thermal analysis (DTA)
and thermal gravimetric analysis
(TGA), which recorded a
function of temperature with loss
of weight of polymer samples
N, poly  (N,N-1,4-
anthraquinonyl dimaleimide),
and polymer Nja, (N,N-diphenyl
dimaleimide) are listed in table
(11).

Table (11): Thermal
Decomposition Temperatures
for Typical
Aromatic Polymaleimides

N P AT log | oo | doy:
ol | Tom |t T | ot T
|7 (T T
ITEIRERERERE! W
Ll | ML BT 0] K

N-Aromaltic substituted
maleimide such as Ns (N-2-

pyridinyl maleimide) and Ny (N-
2-pyrimidinyl maleimidinyl
maleimide) were polymerized as
linear polyimides having good

stability due to containing
heterocyclic groups. Also,
crossed linked aromatic
maleimides polymers are
insoluble in  most  organic
solvents, such as Ny, and Nys.
The conversion% of

polymerization was (60-64%).
The results of polymerization are
summarized in table (5 and 06).
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The high molecular weight
of prepared polyimides with high
inherent  viscosities  (0.64-0.9
dL/g) were obtained.

The elemental analysis
values agreed quite well with the
calculated for the
proposed structure of prepared
polyimides. The IR spectra Fig.
(1 and 2) show the characteristic
absorption bands of the prepared
amic acid (N,, Nj), appeared
absorption at 3500-3000 cm’ due
to OH carboxylic acid and at
3200 cm™ for —NH group.

IR Fig. (3) shows the
characteristic absorption bands of
the imide prepared N, appeared
near 1780 ecm™ asym. for (C=0Q),
1720 cm’' sym. for (C=0), 1390
em™ for (C-N) and 745 em’ for
imide ring deformation.

Tables (11&12) show the
IR absorptions of prepared new
monomers.

The mechanism ol imide
formation is illustrated as in
5c]1%me (3).

o 0
“~OH g d‘n'm‘
l i ¢ CH—C—0 Na' ——= ||

values

e |
rl‘_hl EI Hi—R
Q
,.«J‘I\.,_ 0} 0.
i e cry o
R |
TE_H -:‘Ha..!r’ g
v |
: ] I
4 'ill W _<0-C-Cip0
I N\ ~\4
CH—C—OH F N-R < .
Seleme |3
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The UV absorptions as in
Fig. 4 for N7 and Fig. 5 for Ny,
polymers show the electronic
shift due to (n-m*) transitions.

Poly [N-alkyl maleimides]
were prepared according to two
ways as in scheme (2).

Preparation of N-alkyl
maleimide monomers (N,;-
Njs), then polymerized free
radically gave polymers (N4-
N;g) with conversion (40-
59%) with low  molecular
weight have [n;, = 0.51-0.54
dl./g], their m.p. was lower
than (205 °C).

Polymerization of
maleimide monomer, then
condensed with different alkyl
halides gave the similar
structure of polymers (Nye-
Nig), which prepared
previously — with  different
physical properties and with
higher conversion % and
higher [n;, = 0.68-0.78 dL/g],
so with higher softening point
above (350 °C).

Tables (8&10) list all physical
preperties of N-alkyl maleimide
polymers were prepared by
different methods A and B.

We conclude from all results
of these different ways, which
appeared that the modification of
polymaleimide gave better results
than classical methods, which
polymerized as a  bulky
unsaturated maleimide.

IR spectra of polymer N4, Fig.
(7) was compared with IR spectra
of polymaleimide Fig. (6), which
indicated disappearance of a band
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at 3250 cm™ for NH group when
substituted with alkyl halide.

;
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Figure (1): IR Spectra of Ny
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Figure (6): IR Spectra of
Polymalcimide



Um — Salama Science Journal B Vol 2 (3).2005

7
'
CACHROA : L |
3 !
"um £ |
|
!

0 iim e e R

B0 MO M0 40d B9 B0 TR0 100 R0

Temperalurg "7
t 1 i —t—
40010 3004 2040 1500
T o hf’;“ﬂ'\'f S
Figure (7): IR Spectra of N7 Figure (8): Weight loss-temperature

curves for Nyg and Nyz

-

dalisa 39 oy Aladyl & jadl g ary juaad

ijll_}"JI' AT ;TQ}MI A alall t.r__}iw_“ als 1:1.-‘;.-&._15-“ Ta.ul.i.

N
ek LS b ddlisa (3 e bl o 8 adl L)) ol yad gy paamnd Ciall 138 pans
asiadl s guall Slialllall (aad ga (ge 230 jaiand - bl
AR D gt halaillall 1 Lehpai g odel dlisliladl paal ga e ele A im0
Sagad alayl dfﬁy&;i_}xﬂg s
SN Cladla pa abaillall Jelis (o wlabllall O ye gige jriasd -1 .2
i grall Ll Gl pa g e B pals —o
AEVI Clalla e alaialladl Jelis e wladallall LS pe b aly -1 3
SV Sladla pladiuly alaidle gl g el =
AN casadill (g A il Ul g3 5 peimacdl O pad il g ) pa g gall paas Cuadd
A gl il el i L AilaarSl s gaill g G M T sl Jlal ¢ jealiall o el jasdl cund
Liria daleygb Jie cglall Jlaxinly 3y ol Aadtil) il yadd sl gaand 3a 550
1 A ylally &l Juadl el Calae | AN A5 il ) Ak 3kl S e el
cele! gl a3y Al Ll ja o ol cadael L A

470



	168.jpg
	167.jpg
	166.jpg
	165.jpg
	164.jpg
	163.jpg
	162.jpg
	161.jpg
	160.jpg
	159.jpg
	158.jpg

