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Abstract

The N,N-alkyl and aryl bismaleimide (BMIs) have been synthesized and studied
spectroscopically and X-ray single crystal analysis. The structure of bismaleimides was
confirmed by Elemental analyses, El-mass, FT-IR, 'HNMR, *CNMR, DEPT-135 NMR,
COSY, HSQC and HMBC spectral data and X-ray of BMI7. Infrared spectra of serial from
bismaleimides have experimentally been reported in the region of 4000600 cm™ to study the
effect of spacer between two maleimides moieties , by three type of spacer , first direct N-N
bonded ,second with different aliphatic serial and finally by two different aromatic
molecular as spacer. The position of the absorption bands for some functional groups (C=0,
C=C, C-H and C-N) varies depending on the type and length of the link spacer (R) between
the two maleimide rings moieties on the studied bismaleimides. The optimized molecular
structure has been investigated experimentally and theoretically using Gaussian09 software
package. DFT calculations were carried out by using B3LYP funcutional with 6-311G(d,p)
basis set.
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1 Introduction

Bismaleimide (BMI) resins as a kind of characteristics without the formation of
high-performance materials [1], are used in volatile  by-products and outstanding
a wide range of applications from thermomechanical and flammability
commodity materials to hi-tech aerospace behavior on the finally cured state [5].
industries, such as multiplayer printed Bismaleimide possesses some remarkable
circuit boards for large scale computers properties such as low moisture absorption,
[2,3]. These  resins  have  high highly crosslinked structures, high chemical
thermostability, tensile strength and resistance, high mechanical stability, etc.
modulus, good flame resistance, excellent These advantages make bismaleimide
chemical and corrosive resistance, as well applied widely in adhesive, packaging and
as low water sensitivity [4]. The aerospace industry [6].
bismalemide resins have attracted much Bismaleimides (BMIs) are versatile
attention in the fields of advanced building blocks in polymer synthesis. BMIs
composites due to their excellent processing are used for the synthesis of high molecular

93


http://www.basra-science/

Dhumad & Abood’ Synthesis, Vibrational spectroscopic investigation, and structure study of some ...

weight, step-growth polymers, and serve as
effective cross-linkers. BMI thermosetting
addition polyimide resins are the key
components of aeroengines and aircraft
because of their high temperature stability,
hot—wet strength, and fatigue resistance [7].
BMI crosslinkers are commonly used to
explore and characterize protein structure or
interactions by site specific biomolecule
modification (i.e. click chemistry), and
forming crosslinks between sites in a
protein oligomer or interaction can assist in
determining intra- and intermolecular
distances. N-Alkyl bismaleimides find
application as water soluble thiol-reactive

2- Experimental
2-1 Materials and methods

All chemicals purchased were of
reagent grade and used without further
purification. Determinations of infrared
spectra were performed in KBr disc using
FTIR spectrophotometer Model Bruker
Tensor . Melting point was determined by

homobifunctional cross-linkers. BMIs have
found application in the production of
multimeric forms of the T cell surface
glycoprotein CD4 through a sugar-based
crosslinking  strategy,  synthesis  of
bradykinin (BK) antagonist dimers, and
crosslinking of diene-modified DNA [8].

We required N-alkyl BMIs in gram
quantities. Although commercially
available, the high cost of commercial
BMiIs has driven us to look for an efficient
and economic  synthesis of these
compounds in our laboratory and on the
other hand we had a detailed spectral for
this class of compounds study.

Buechi 530 melting point. 1D and 2D-NMR
spectra were recorded on a Bruker NMR
spectrometer Avance DRX 400, using
DMSO-d® as solvent and tetramethylsilane
as an internal standard.

2-2 General Procedure for the synthesis of bismaleimide (BMI1-BMI7)

Desired bismaleimides precursors were
prepared according to the classical
approach for the synthesis of N-alkyl (or N-
aryl) BMIs follows Searle’s method. A
scheme of mechanism steps of dehydration
reaction of bismaleimide BMI1-BMI7 is
illustrated in scheme 1.

Maleic anhydride (0.042mol) in 25 mL
diethyl ether (acetone for compounds BMI6
and BMI7) was reacted with, diamine
(hydrazine for compound BMI1) (0.02mol)
in 50 mL diethyl ether (acetone for
compounds BMI6 and BMI7) to give the
corresponding  bismaleiamic acid. In
addition, the mixture was stirred for 30 min
at 0°C, then the temperature was raised to
35°C. Over a period of 1h. Bismaleamic

94

acid (0.024 mol) was refluxed in the
mixture of (0.176 mol) acetic anhydride,
(0.043 mol) sodium acetate for 3 hr., then
the solution was cooled down to room
temperature and poured into ice-cold water
under stirring and left to be sedimented.
Then the solid substance obtained was
filtered. The product was washed with a
solution of sodium carbonate (10%) until it
became free from acetic acid. Finally, it
was washed with water and dried in
vacuum at a temperature of 80°C.

Structure of bismaleimides (BMI1-BMI7)
was confirmed by Elemental analyses, El-
mass, FT-IR, 'HNMR, *CNMR, DEPT-
135 NMR, COSY, HSQC and HMBC
spectral data and X-ray for BMI7.



Journal of Basrah Researches ((Sciences)) Vol. (41). No. (2) A (2015)

P A o Q
C~H R NS & \;E"r
R- —
E j + CH;CHOORa — = |l NFL-R- N | - CH;CHOOF
"H;C
c—OH HO - S8, 88 3
N % c—ONa Nad -
O s o =4
Q o Q =) ﬁagbc?é_ HaC-—8Ra
HzC— < — HsC | S CHs ) | _CHs
3 ~, N, b - CHg Sc~— E/\ -~
o + | N -R- NFE O — O—C H <
H3C — ~e—CHs % —“ e “ S
<& O/’C\; C=O\_/A Y oﬂc\ 4C\C/N R N\C/C§ =0
) = =1
o N Il H
®>Na Na® H O fe)
= C c N 4
S TCHs  HacT T —CcH, HszC— S
22> \D/QS) o Cl> i
==
HC/C\ /C\CH = R ’C\"=\|_;?
—~————
HS G}N R N D & RS H/N H = +2CH;COONa
\Cf QH_> CHMﬁ/ HC\C\ c—CH
\
O o
o o Acronym R
II |l BMI1 R = 0
C, C BMI2 R = -CH,-CH -
H(l:l/ N / \h:H BMI3 R — - CH>-CH>-CH,—
N——R——N BMI4 R = -CH,-CH,-CH,-CH,-CH,-CH -
HC\ / \ /CH BMIS R = - CHL-CH,-CH,-CH,-CH,-CH,-CH,-CH
C < BMIG6 R = -Ph-
| | | | BMI1I7 R =—Ph-SO,-Ph
o o

Scheme 1. Mechanism steps of dehydration reaction of bismaleimide BMI1-BMI7.

'H and *CNMR spectra of bismalemides
(BMI1-BMI7) as DMSO solutions were
recorded at 400MHz, at 298 K. Chemical
shifts (8) are quoted in ppm and referenced
to internal TMS. D Data are reported as
follows: s, singlet; d, doublet; t, triplet; m,
[1,1"-bipyrrole]-2,2°,5,5 -tetraone BMI1

White crystals, m.p. 165-167°C. Anal. Calcd.
Found: C, 49.01; H, 2.27; N, 14.58. IR (KBr,

multiplet; 2D NMR techniques (COSY,
HSQC and HMBC) were used to assist in
structure elucidation. IR spectra were
reported in reciprocal centimeters (cm™Y).
Accurate mass were determined by and
electronic impact (EI).

CgH:N,O,4: C, 50.01; H, 2.10; N, 14.13.
cm ) 3101, 1728, 1576, 1368; 'H NMR

(DMSO-d®) § 7.408 (s 4H, 2-CH=CH); *C NMR & 166 (C=0), 135 (CH=CH); DEPT-135, up
signal 135; HSQC (6.31,132.8), (6.42,127.29); HMBC (6.42,165.65), (6.39, 162.06), (6.42,
127.29), (6.39, 132.4); (m/z) [M"] = calcd for CgH4N,0,4 192.0, found 192.0.

1,1°-(ethane-1,2-diyl)bis(1H-pyrrole-2,5-dione) BMI2.

Brown crystals, m.p. 186°C. Anal.
Calcd. C10HsN>O4: C, 54.55; H, 3.66; N,
12.72. Found: C, 53.94; H, 3.78; N, 12.42.
IR (KBr, cm™) 3105, 2971, 1687, 1584,
1381; 'H NMR (DMSO-d®) § 7.024 (s 4H,
2-CH=CH), 3.55(s, 4H, 2CH,); **C NMR §

171 (C=0), 135 (CH=CH), 35 (CH,CHy);
DEPT-135, up signal 135, down signal 35
(CH,CHy); HSQC (3.55, 35), (7.024,135);
HMBC (3.55,35), (3.55, 171); (m/z) [M'] =
calcd for C1gHgN->O4 220.1, found 220.1.

1,1°-(propane-1,3-diyl)bis(1H-pyrrole-2,5-dione) BMI3.

Brown crystals, m.p. 169°C. Anal.
Calcd. C11H10N>Oy4: C, 58.06; H, 4.87; N,
11.29. Found: C, 56.39; H, 4.37; N, 11.48.
IR (KBr, cm™) 3088, 2971, 1687, 1584,
1381; 'H NMR (DMSO-d®)  7.025 (s 4H,
2CH=CH), 3.26 (t, 2H, 2CH,), 1.79(m, 2H,
CH,); *C NMR § 171 (C=0) , 135
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(CH=CH), 35 (2CH,), 27 (CH,) ; DEPT-
135, up signal 135, down signal 35 (2CH,),
27 (CH,); COSY (3.26, 1.79), HSQC
(7.025,135), (3.26,35), HMBC (3.26,171),
(1.79, 35); (m/z) [M'] calcd for
C11H10N204 2341, found 234.1.
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1,1"-(hexane-1,6-diyl)bis(1H-pyrrole-2,5-dione) BMI14

White crystals, m.p. 138-140°C. Anal.
Calcd. CisH15N,O4: C, 60.86; H, 5.84; N,
10.14. Found: C, 59.23; H, 5.76; N, 10.43.
IR (KBr, cm™) 3089, 2940, 1687, 1608,
1373; 'H NMR (DMSO-d® & 7.01 (s 4H,
2CH=CH), 3.13(t, 4H, 2CH,), 1.45(m, 4H,
CH,), 1.22(m, 4H, CH,); *C NMR § 171

(C=0), 135 (CH=CH), 38 (2CHp), 27
(2CHy,), 25 (2CH,) ; DEPT-135, up signal
135, down signal 38(2CHy), 27 (CHy), 25
(CH;) ; COSY (3.13, 1.45), HSQC
(3.13,38), (7.01,135); HMBC (7.01,171),

(1,1°-(octane-1,8-diyl)bis(1H-pyrrole-2,5-dione) BMI5

White crystals, m.p. 127-130°C. Anal.
Calcd. CisH2oN>O4: C, 63.14; H, 6.62; N,
9.20. Found: C, 63.11; H, 6.49; N, 9.14. IR
(KBr, cm™) 3108, 2937, 1689, 1610, 1371;
'H NMR (DMSO-d® & 7.00 (s 4H,
2CH=CH), 3.37(t, 4H, 2CH,), 1.46(m, 4H,
CH,), 1.20(m, 4H, CH,); *C NMR § 171
(C=0), 135 (CH=CH), 37 (2CH,), 28.5

(1.22, 171); (m/z) [M'] = calcd for
C14H15N204 2761, found 276.1.
(2CHy), 28 (2CHy), 26 (2CH;) ; DEPT-

135, up signal 135 down signal 37 (2CH,),
28.5 (CH,), 28 (CHy), 26 (2CH,); COSY
(3.37,1.46), HSQC (1.46,28), (3.37, 37),
(7.00, 135); HMBC (7.00,171), (3.37, 171);
(m/z) [M™] = calcd for CygH20N,04 304.1,
found 304.1.

1,1-(1,4-phenylene)bis(1H-pyrrole-2,5-dione) BMI6

Pale yellow crystals, m.p. >300°C. Anal.
Calcd. C14HgN,O4: C, 62.69; H, 3.01; N,
10.44. Found: C, 61.93; H, 3.22; N, 10.46.
IR (KBr, cm™) 3107, 1696, 1600, 1389; 'H
NMR (DMSO-d6) &, 7.24 (s 4H,
2CH=CH), 7.46 (s, 4H, 4CH aromatic); *C

NMR § 170 (C=0), 135 (CH=CH), 131 (C-
N aromatic), 128(4CH aromatic); DEPT-
135, up signal 135, 128; HMBC (7.24,170),
(7.46, 128); (m/z) [M'] = calcd for
C14HsN,04 268.0, found 268.0.

1,1"-(sulfonylbis(4,1-phenylene) bis(1H-pyrrole-2,5-dione) BMI7

Colorless crystals, m.p.245°C. Anal.
Calcd. CyoH12N206S: C, 58.82; H, 2.96; N,
6.86. Found: C, 58.50; H, 3.18; N, 6.88. IR
(KBr, cm™) 3106, 1708, 1590, 1392; 'H
NMR (DMSO-d6) & 8.125 (dd, 4H, 4CH
aromatic), 7.643(dd, 4H, 4CH aromatic),
7.24 (s, 4H, 2CH=CH); *C NMR & 170
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(C=0), 139 (N-C aromatic), 137 (S-C
aromatic)135 (CH=CH), 128.00(CH
aromatic), 127 (CH aromatic); DEPT-135,

up signal 135, 128, 127; HSQC
(8.125,128), (7.64,127), (7.24,135); HMBC
(7.24,170);  (m/z) [M'] = calcd for

CooH12N>06S 408.0, found 408.0.
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2-3 X-ray crystallography

A single crystal of the 1,1-
(sulfonylbis(4,1-phenylene))  bis  (1H-
pyrrole-2,5-dithione)  (BMI7)  product

having colorless crystal crystallizes in the
monoclinic  system, space group P2;/c
with the cell dimension a =11.698(3),
b=15.002(3), c¢= 20.053(6)A and B =
98.818(2)° Volume = 3478.07(13) A3 R1 =

2-4 Theoretical calculations.

The geometry optimization of prepared
bismaeimides  (BMI1-BMI7) were
performed by carrying out density
functional theory (DFT) calculations with
Becke’s three-parameter exchange and

3- Results and discussion
3-1 X-ray single crystal structure analysis

The structure of the compound 1,1°-
(sulfonylbis(4,1-phenylene))  bis  (1H-
pyrrole-2,5-dithione) (BMI7) was also
unambiguously confirmed by X-ray single
crystal structure analysis. The colorless
crystal crystallizes in the monoclinic
system, space group P2;/c with the cell
dimension a =11.698(3), b=15.002(3), c=
20.053(6)A and P = 98.818(2)° Volume =
3478.07(13) A®>, R1 = 0.0376 and wR
=0.0866.

The ORTEP diagram and the molecular
structure optimization of compound (BMI7)
is shown in Figures (1) and (2). The crystal
data and structure refinement, hydrogen
bonds and bond length and angles, were
given in Tables 1-3.

The geometry calculated of compound
(BMI1-BMI7) was optimized using a
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0.0376 and wR =0.0866. The crystal was
measured on an Oxford Diffraction
diffractometers (the firm is now called
"Agilent™); either an "Xcalibur E" for Mo
radiation or a "Nova A" (for Cu radiation),
wavelength (4 = 0.71073 A) radiation at
100(2) K.

Lee-Yang-Parr  correlation  functionals
(B3LYP) with a combination of 6-311
G(d,p) basis set as implemented in
Gaussian 09 suite of program [9]

Density functional theory DFT with B3LYP
hybrid functional and 6-311G basis set, and
is in good agreement with the structure
obtained by the X-ray single crystal
structure of compound BMI7 as in fig. 1.

The bond length of C(1)-C(2) is 1.393A,
all aromatic bond length in range of 1.39 A.
C(8)—-C(9) is 1.328 A. Bond length for the
C=C = bond exhibit acceptable values for
C=C bond lengths [10]. The C—N bond
length in range (1.400-1.419 A) s
significantly shorter than 1.4641 A for a
typical C—N single bond [11] which reflects
an extent of m-conjugation with carbonyl
group and aromatic ring. The C=0O bonds,
C(7)=0(3), C(10)=0(4) are 1.204 A. The
crystallographic values were very close to
the theoretical values as in fig.3.
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Fig.3 The bond lengths and bond angles obtained from crystal data of compound (BMI17) are comparable
to theoretical data which calculated using DFT /B3LYP-6-311G (d,p) basis set.

Crystal structure study of many long-
chain substances, is considerably hampered
by the difficulty of growing single crystals
large enough for a complete X-ray
diffraction analysis.

The bond angles around the carbon
atom C7 (i.e., O(3)-C(7)-N(1) = 12553 °
(11), O(3)-C(7)-C(8) =128.650(12), N(1)-
C(7)-C(8) =105.82 ° (11), C(7)-C(8)-C(9)
=108.82 ° (11), C(8)-C(9)-C(10) = 109.29 °
(11). ORTEP plot of the compound 1,1'-
(sulfonylbis(4,1-phenylene)) bis (1H-

pyrrole-2,5-dione) (BMI7) and
Optimization of compound BMI7,
calculated by DFT-B3LYP/6-311G(d,p)
were given in figs. 4 and 5 respectively.

The bond lengths and bond angles
obtained from crystal data of compound
(BMI7) are comparable to theoretical data
which calculated using DFT with B3LYP
method and 6-311G (d,p) basis set. The
selected bond lengths and angles of
Compounds (BMI1-BMI7) are given in
Table 4.

C19.}' cis
C203

Fig. 4 ORTEP plot of the compound (BMI7).
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=

Fig.4 Optimization of compound BMI7, calculated by DFT-B3LYP/6-311G(d,p)

Table 1. Crystal data and structure refinement of compound BMI7

Identification code adipla

Empirical formula CyoH1:N,06S

Formula weight 408.38

Temperature 100(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P2,/c
a=11.6988(3) A o=90°

Unit cell dimensions b =15.0024(3) A B =98.818(2)°
¢=20.0539(4) A y=90°

Volume 3478.07(13) A®

Z 8

Density (calculated) 1.560 Mg/m®

Absorption coefficient 0.231 mm*

F(000) 1680

Crystal size 0.40 x 0.4 x 0.15 mm®

Theta range for data collection 2.22 to 30.85°

Index range -16<=h<=16, -21<=k<=21, -28<=1<=28

Reflections collected

180867

Independent reflections

10617 [R(int) = 0.0460]

Completeness to theta = 30.50°

99.0%

Absorption correlation

Semi-empirical from equivalents

Max. and min. transmission

1.00000 and 0.94932

Refinement method

Full-matrix least-squares on F>

Data / restraints / parameters

10617 /0/523

Goodness-of fit on F>

1.055

Final R indices [I>2sigma(l)]

R1 =0.0376, wR2 = 0.0866

R indices (all data)

R1 = 0.0484, wR2 = 0.0916

Largest diff. peak and hole

0.413 and -0.473 e.A-3
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Table 2. Hydrogen bonds [ A and °] from crystal data of compound (BMI7).

D-H.A d(D-H) d(H...A) d(D...A) <(DHA)
C(3)-H(3) ..... O(1)#1 0.950 2.620 2.321(15) 131.300
C(5)-H(5) .... 0Q)#2 0.950 2.620 3.158(15) 131.300
C(9)-H(9) .... OB)#3 0.950 2.290 3.203(16) 116.300
C(12)-H(12) ... OB)#1 0.950 2.390 3.112(15) 132.400
C(15)-H(15) ... O(4)#1 0.950 2.510 3.306(15) 141.600
C(19)-H(19)...0(5)#1 0.950 2.640 3.277(17) 125.200
C(3)-H(3) ....O(1)#4 0.950 2.550 3.227(15) 128.700
C(8)-H(®) .... 02 )#5 0.950 2.300 3.178(16) 153.400

Symmetry transformation used to generate equivalent atoms:

#1 -x+1,-y+1,-z+1, #2 X,-y+3/2,2+1/2, #3 -X,-y+1,-z+1, #4 -X,-y+2,-z+1, #5 -X,y-

1/2,-z+3/2

Table3. The bond lengths [A] and bond angles [ °| obtained from crystal data of compound
(BMI7) are comparable to theoretical data for compounds (BMI1-BMI7) which
calculated using DFT /B3LYP-6-311G (d,p) basis set . The atoms are numbered

depending on the numbering system in optimization geometry as in fig. 3

Geometric parameters Compounds
Bond (A) BMI1 BMI2 BMI3 BMI14 BMI5 BMI6 BMI7

Calc. Exp.
C(4)-N(9) 1.444 1.395 1.396 1.396 1.397 1412 1.415 1.404
C(10)-N(9) - 1.454 1.460 1.459 1.459 1.426 1.423 1.424
C(4)=0(7) 1.194 1.206 1.208 1.207 1.207 1.204 1.203 1.204
C(4)-C(3) 1.491 1.507 1.503 1.504 1.504 1.498 1.497 1.494
C(3)=C(2) 1.322 1.332 1.331 1.332 1.332 1.330 1.330 1.328
C(2)-C(1) 1.491 1.502 1.501 1.504 1.504 1.498 1.497 1.485
Angle [°]
C(4)-N(9)-C(10) 125.88 125.01 125.39 124.68 124.65 125.18 125.32 126.65
C(4)-N(9)-C(1) 108.23 110.64 110.42 110.64 110.63 109.63 109.46 110.22
O(7)-C(4)-N(9) 129.89 125.48 125.89 125.90 125.95 126.58 126.53 125.53
0O(7)-C(4)-C(3) 124.17 128.58 128.07 128.11 128.07 127.28 127.33 128.65

3-2 FT-IR spectrum

The absence of the band at 3284 cm™
due to v(N-H) amide and band at 3065 cm’
! due to v(O-H) absorption bands and
appearance of band at 1694 cm™ for
sym. v(C=0) imide in the spectra of 1,1'-
(ethane-1,2-diyl)bis(1H-pyrrole-2,5-
dione) (BMI2) proving success of
dehydration  reaction  [12]. The
bismaleimides showed absorption band at
range 3435cm™ attributed to amide groups
[13].
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Absorption bands of v(C=C) and v(C-
N) imide appeared at 1585 cm™ and 1406
cm™ respectively. The asymmetrical and
symmetrical stretching absorption band
v(CHz) methylene groups, appeared at
2962, (2971-2898), (2940-2858), (2937-
2848) cm™ in compounds BMI2, BMI3,
BMI4, and BMI5 respectively and
absence in compounds BMI1, BMI6, and
BMI7 which haven’t methylene group.
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The position of the absorption bands another studied compounds, which are
vary depending on the type and length of calculated using DFT. FT-IR spectra of all
the link spacer (R) between the two studied compounds shown in Fig.5. The
maleimide rings in the studied compounds absorption frequency of vinyl group
(BMI1-BMI7). Absorption bands of increases with increasing methylene
v(C=0) has been shifted to a lower aliphatic chain spacer link between two
frequency compared , 1728-1689 cm™ in maleimide rings, Figs. 6-8 show the
compound from compound BMI1 (which correlation between some absorption
direct bound with two maleimide rings) to bands and the type (direct link or aliphatic
compound BMI5 (which have octa or aromatic) and length of aliphatic chain
methylene aliphatic chain spacer link link spacer (R) substance between the two
between two maleimide rings). On the maleimide rings in the studied compounds
other hand, the C=0O bond length of (BMI1-BMI7).

compound BMIL is shorter than that of

BMI7 ~ : MMAFW

BMNII6 ~ANA

BMIS

BMI4 -

Transmittance (%)

BMI3 ) \ 1}'}\ f'LL.
BMI2 :
BMI1 AN A_
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Fig.5. FT-IR spectra of Bismaleimides (BMI11-BMI7)
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Fig. 6 The length of aliphatic spacer effect on the absorption bands of C=0 and C=C in BMI1-BMI5
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4- Conclusions
A BMiIs in different chain spacer
linking between two maleimides rings
were synthesis. The FT-IR observation
showed that the position of the absorption
bands varies depending on the type and
length of the link spacer (R) between the
two maleimide rings in the studied
compounds (BMI1-BMI7). Absorption
bands of v(C=0) have been shifted to a
lower frequency compared , 1728-1689
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cm™ in compound from compound BMI1
(which direct bound with two maleimide
rings) to compound BMI5 (which have
octa methylene aliphatic chain spacer link
between two maleimide rings). On the
other hand, the C=O bond length of
compound BMIL is shorter than that of
another studied compounds, which are
calculated using DFT with B3LYP
method and 6-311G(d,p) bases set.

University of Braunschwieg,
Braunschwieg, Germany.




Journal of Basrah Researches ((Sciences)) Vol. (41). No. (2) A (2015)

References

1-

Xiaoyun Liu, Yingfeng Yu, and
Shanjun Li, Polymer 47 (2006)
3767-3773.

Pappalardo L.T., J Appl Polym
Sci 21(3), (1977) 809-20.
Zhenhua Luo, et al., European
Polymer Journal 43 (2007)
3461-3470.

MITICA SAVA, MATERIALE
PLASTICE 46, Nr. 1 (2009) 32-
36.

Anton Airinei, et al., Int. J. Mol.
Sci. 12 (2011), 6176-6193.

S. L. Fan, F. Y. C. Boey, and M.
J. M. Abadie, eXPRESS
Polymer Letters VVol.1, No.6
(2007) 397-405.

Sunita R. et al., Indian Journal
of Chemistry, 49B, 487-
488(2010).

Rolf Tona and Robert Haner,
Mol. BioSyst., 1, 93-98(2005).
Frisch, M. J.; Trucks, G. W.;
Schlegel, H. B.; Scuseria, G. E.;
Robb, M. A.; Cheeseman, J. R.;
Scalmani, G.; Barone, V.
Mennucci, B.; Petersson, G. A.;
Nakatsuji, H.; Caricato, M.; Li,
X.; Hratchian, H. P.; Izmaylov,
A. F.; Bloino, J.; Zheng, G,
Sonnenberg, J. L.; Hada, M.;
Ehara, M.; Toyota, K.; Fukuda,
R.; Hasegawa, J.; Ishida, M.;
Nakajima, T.; Honda, Y.; Kitao,
O.; Nakai, H.; Vreven, T.;
Montgomery Jr., J. A.; Peralta, J.
E.; Ogliaro, F.; Bearpark, M.;

105

12-Donald L. Pavia,

Heyd, J. J.; Brothers, E.; Kudin,
K. N.; Staroverov, V. N,
Kobayashi, R.; Normand, J.;
Raghavachari, K.; Rendell, A.;
Burant, J. C.; lyengar, S. S,
Tomasi, J.; Cossi, M.; Rega, N.;
Millam, J. M.; Klene, M.; Knox,
J. E.; Cross, J. B.; Bakken, V.;
Adamo, C; Salvador, P.;
Dannenberg, J. J.; Dapprich, S.;
Daniels, A. D.; Farkas, O.;
Foresman, J. B.; Ortiz, J. V;
Cioslowski, J.; Fox, D. J.
Gaussian 09, Revision B.01,
Gaussian, Inc., Wallingford CT
2009.

10-S. A. Richards and J. C.

Hollerton, “Essential Practical
NMR for Organic
Chemistry”,1st, John Wiley &
Sons, Ltd, (2011).

11- Satish G. Bodige, Miguel A.

Me’ ndez-Rojas, and William H.
Watson, Journal of Chemical
Crystallography, Vol. 29, No. 1,
(1999) 57-66.

Gary M.
Lampman and George S. Kriz,
“Introduction to Spectroscopy”,
Third edution, Thomson
Learning, Inc.
Thomson,USA,(2001).

13- Satheesh Chandran M., et al.,

International Journal of Polymer
Science, Volume 2010, Article
ID 987357, 8 pages.



Dhumad & Abood’ Synthesis, Vibrational spectroscopic investigation, and structure study of some ...

Clalaillall AU ClSye G cuSslly 43aY) Cild) dulag sl

e Ao Al den D Jile
Sparl dnals — ddpall o glell Lo yill LulS—¢ LasSlf acid

sdadAl

iV GahadY) alasiuly 5 Lk Leudy colylalall AU (Jyl) SSU = uant duball o3 Chiaas
Aldae & s FEV) il aladiuly bpmad) LS el crads L Leie 2aldd Single crystal X-ray i)
Ol e GRS 5 13- snlslly (sigonll lalinad) Gyl il 5 ehead) Coal A2 Y1 ol ALY
il Sl dlae LSyl puen <€ « HMBC 5 HSQC 5 COSY eyl il asibalial
b bl il oy Adall) ALl Jsdag g9 o aaiad paliaia¥) aja adlse o) elpeall ciad Cagla gl
LS el Leiiylie die il 235 ) chnyl Ji ) Ao gane abiaial daia .« (BMIL-BMIT7) s yaall il yall
il ad Loyt 53l) BMIS aSyall () (35l 850y laallal) s 48 Jagys (0]1) BMIL Sl (s
A all dais)|Sl) e sanal 5pa¥) s cgpa) Aali G (Ui gelas L (0 A8 A5l Al aladlall
oabiaia¥) 23y3 . DFT Z360 Jlsa Ay alasinly lgbua o3 il (5AY1 dgpad) LSl (e yuail BMIL
cladld) s ddalyl) A0l ALulid) Jsk 3L alag Jlidl) de ganal
) e dlenl) glial) e X-ray dpiedl 2L GaladV) aladinly BMI7 CS5all el (S5l s o
aadiul 28y ¢ 6-311G(d,p) s2cl yalics BBLYP slulys DFT 48USH Jlgo dyplas aladialy Lylas 4 sundl)
e Zulid) s o Lyl 40l mStl) cujela) . Gaussian 09 gaeliy (el 1ag)
G s Al g Al AtV Calyadl ¢ Adada Aualyas ¢ colaladla) A dalidad) cilalsl)

106



