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A new acetylene terminated nitrophenyl sulphone (ATNPS) has been synthesized by nucleophilic
displacement reaction between bis(4-chloro-3-nitrophenyl)sulphone and 3-ethynyl aniline. ATNPS is
characterized by elemental analysis, IR and IH-NMR spectroscopies. On heating at ca. 2SO"Cor above
ATNPS becomes crosslinked due to the presence of the acetylenic end group. The thermal behaviour
has been studied by DSC and DTA techniques. The kinetic study of the curing has been carried out by
both differentialand integralmethods by use of a computational programing.

In recent years acetylene terminated oligomers
have received considerable attention because of
their inexpensive synthetic route, information on
chemical structure-property relationships, excellent
thermal and chemical stability of cured resins and
broad scope of resin products for various applic­
ationsl. The chemistry of acetylene terminated ma­
terials permits the tailoring of systems to provide
cured resins with a uriique combination of pro­
perties. The terminated acetylene group reacts un­
der various conditions. For example, the thermal
curing of acetylene end groups leads to linear
chain extension, branching and cross linking. There
are various methods used for synthesis of acety­
lene terminated monomers, oligomers and polym­
ers. The nucleophilic displacement reaction of an
activated nitro or a halogen group by ethynyl
phenoxide is widely used to inttoduce the ethynyl
group. By using this method, the synthesis of acet­
ylene terminated sulphone2 (ATS) and its polymer­
ization have offered a low cost route for signifi­
cant commercial application.

Very recently, ethynyl terminated polyethers
through halo/nitro displacement reaction forming
new end-capping agents have been reported by
Delfort etaL3.
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The acetylene terminated (AT!) imide oligomers
are also well known because the early work4 on
ATIs led to the development of a material called
HR-600 (trade name, Thermid-600). The ethynyl
substituted aromatic amine, namely 3-ethynyl ani­
line, is widely used in these purposes.

However, 3-ethynyl aniline as an end capping
agent has not so far been used via nucleophilic
displacement reaction for synthesis of reactive oli­
gomers. The use of aromatic diamines for prepar­
ation of poly(aryl amines) from bis(4-chlorophe­
nyl) sulphone (BCPS) is reported elsewhere5• But
it is seen that the reactivity of diarnines with BCPS
is rather poor (producing very low molecular
weight polymers~ whereas the introduction of nitro
groups into the meta position of the aromatic
dichloride greatly enhances6 the reactivity of
BCPS for the polycondensation reaction with aro­
matic diamines (TJinh values in the range of 0.10­
0.42 dUg).
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This result encouraged us to develop a new
reactive oligomer from nitro substituted BCPS,
namely bis(4-chloro- 3-nitrophenyl)sulphone
(BCNPS) with 3-ethynyl aniline following the
principle of activated nucleophilic displacement
reaction.

Materials and Methods

Bis(4-chlorophenyI)sulphone (BCPS) (Fluka
A.G., Switzerland) was of 95% purity. It was puri­
fied by recrystallization (m.p! 146-148°C). 3-Ethy-
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nyl anili e was received as a gift from U A and
used as eceived. Triethylamine (S.D. Fine hem.),
nitric ac d, cone. AR (Viswabharati) sulph ric ac­
id, cone. 98%, AR (Viswabharati), acetic aid, AR
(S.D. Fi e Chern.) were used without furth r puri­
fication. ethanol was purified by distillatio .

Preparat on and characterization of bii..4-chldm- 3­
nitrophe ynsulphone(BCNPS)

BCN S was prepared according to the ethod
describe by Korselt and coworkers 7• BCP , (10 g,
0.0348 ) was dissolved in cone. H2S04 ( 0 ml),
then co c. HN03 (50 ml) was added slo ly and
the react on mixture was heated on a boilin water
bath for h. Afterwards, the solution mixt re was

cooled a d poured into cold water. The p ecipit­
ate was ltered and repeatedly washed wit water.
The ligh yellow powder, BCNPS, was re rystal­
lized fro acetic acid. The light yellow needle
shared CNPS was dried in vacuo at HOT for 16
h. Yield 11.8 g (90%), m.p., 200°C (lit. value7
202°C), he IR spectrum (KBr): 1540 an 1360
cm 1 ('va)' 1340 and 1170 em-I (vso ) a d 779
cm I (',i (1)'" "

Synthesis if acetylene terminated nitrophenyl
sulphone ATNPS): bi~4{3 '-ethynyl phenyl amrno)­
3-nitroph ny~sulphone

BCNP (0.943 g, 0.0025 M) 3-ethynyl niline
(0.585 g, 0.005 M) triethylamine (Et3N) (0. 0 ml,
0.005 M and DMAC (5 ml) were taken in three
necked fl sk and the reaction mixture was tirred
for 12 h t 80°C followed by quenching in 30 ml
of metha ai-water mixture (50:50, v/ v). T e re­
sultant se lid was washed with water and finally
refluxed ith methanol and dried in va uo at

room te perature. Yield = 2.28 g (90%); olour:
yellow.

Materials nalysis and characterization
Eleme tal analysis viz. carbon, hydroge and

nitrogen as carried out by a Heraeus Car 0 Er­
ha 1108 lemental analyzer. Element sulph r was
analyzed y the Schoniger Combustion flask meth­
od. IR s ctrum was recorded with a KBr pellet
using a P rkin-Elmer Model 837 spectroph tome­
ter. 'H-N R spectrum was recorded with Var­

ian EM 60, 90 MHz NMR spectrometer using
DMSO-d as solvent and trimethyl silane as inter­
nal standa d.

Curing study was carried out in a temperature

controlled oven. Thermal analysis was do e by
TGA and DSC techniques. TGA and DSC were
made wit a Stanton Redcroft, Model 625 th rmal
analyzer i air at a heating rate of IO°C/ m n for
TGA and ,10,20 and 40°C/min for DSC.
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Curing of ATNPS
A 5% solution of ATNPS in DMF was cast on

a glass plate using a doctor bladt:. The wet film
was dried under vacuum at 30°C for 6 h. The
tack-free film on glass was transferred to a
forced-air oven and dried in stages to a tempera­
ture at 100°C for 0.5 h, 200°C for another 1 h.
Further drying was performed in vacuo at a final
temperature of 250"C for 1 h. The film was re­
moved from the glass' plate in water and used to
study the crosslinking behaviour.

Results and Discussion

Synthesis of acetylene terminated nitrophenyl
suiphone (ATNPS)

Synthesis of the acetylene terminated' suiphone
i.e., ATNPS was achieved by condensation of
3-ethynyl aniline with BCNPS. BCNPS was pre­
pared7 by a reaction of BCPS with HN03/H2S04.

N<>2 NOz

CI@SO~I H2S04- CI >cY - - 'ff~CIHN03 ~

I~N1§rC=CH
NOz NOz

HC:C --c§r ~-@-S~'<Q)--~lSrC =CH

Scheme I--Synthesis of ATNPS

The amine is a nucleophile but due to the en­
hanced reactivity of BCNPS, the reaction becomes
possible6• The purifil~d ATNPS is a yellow solid
and soluble in many organic solvents such as
chloroform, DMSO, DMF, DMAc, NMP, HMPA,
etc. However, the solubility of ATJ'lPS decreases
when the compound is exposed to light (UV-radia­
tion) or heal: over a long period of time owing
probably' to slight crosslinking of the acetylenic
groups.

Characterization of AINPS
The results of elemental analysis is in good

agreement with the proposed structure for
ATNPS: Calc. for (C28HI8N404S): C, 66.40; H,
3.56; N, 11.07; S, 6.32. Found: C, 67.10; H, 3.98;
N, 10.87; S, 6,18.

The IR spectrum of ATNPS is given in Fig.
1(a). The most characteristic IR absorption bands
for the detection of acetylenic group ( - C == CH)
are the stretching vibrations of the hydrogen-car­
bon and carbon-carbon bonds which usually ap­
pear at 3300, 3080, and 2100 em -I, respectively8.
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Fig. 3- The intensity ratio of the IR bands at 3300 cm ~ 1 and
1100 em - I versus curing temperature of ATNPS

Fig. 2-1 H-NMR spectrum of ATNPS

Fig. )-IR spectra of ATNPS and its cured products

Curing study of ATNPS
The ATNPS was cured at elevated temperatures

to yield a crosslinked material. When heated at
30°C to 200°C, the colour of the oligomer

changed from yellow to brown. In the IR spectra
[Fig. .1(b) and (c)] of the cured ATNPS, the inten­
sities of the acetylenic C - H and the C = C
stretching bands at 3300 and 3080 cm - 1 are dec­
reased gradually with the rise of curing tempera­
ture. The intensity ratio of the bands at 3300
cm -! and 1100 cm - I is plotted against the curing
temperature, as shown in Fig. 3. The results indic­
ate that after curing (up to 350°C), most of the
acetylenic groups were reacted to give a cross­
linked material. This observation is consistent with

the curing study of hexakis (4-ethynyl anilino) cyc­
lotriphosphazenel2• It is well-known that thermal
crosslinking of acetylenic groups leads to various
conjugated species including aromatic rings and
some conjugated linear chains 1.1.[. ••

The resultant material (cured at up to 250°C) is
insoluble in common organic solvents, even in
conc. H2S04, indicating formation of the cross­
linked polymer I'. After curing at temperatures up
to 350°C, the material became a brownish black
powder. No melting was observed in the tempera­
ture range of 30-350°C.

Thermal behaviour of ATNPS
Differential scanning calorimetry (DSC) was

performed on the ATNPS in air (Fig. 4a). There is
one exothermic peak at 3600C. The onset temper­
ature for the exotherm is - 300°C. The DSC of
the oligomer ATNPS also shows lack of a clear
melting process. No significant weight loss of
ATNPS in the temperature range of 50-250°C in
air is indicated by the TGA of ATNPS (Fig. 5).
However, the TGA shows a small weight gain (ca,
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ATNPS shows a strong, sharp absorption band at
3310 cm - I and weak bands at 3080 and 2100

cm - I [Fig. l(a)], indicating the presence of the
acetylenic group in ATNPS.

The lH-NMR spectrmn vf ATNPS is shown in
Fig. 2. The singlet at 3.10 6 is assigned to the acetyl­
enic· (-C=C-H) protonY• The signal of aromatIc
protons of the phenylene groups from dinitro­
diphenyl sulphone moiety appears in the region ,of
7.6-8.8 6 and that of ethynyl aniline moieties 10 is
in the region of 7.2-7.5 6. The proton of the
( - NH - )groupll appears in the region 9.2-9.4 6.
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Fig. 4--qiC thermograms of ATNPS and its cured droducts
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Fig. 5- TGA thermogram of ATNPS

2%) in e temperature range of - 250- 00°e.
This indi ates that oxidation of ATNPS by xygen
occurs' this temperature range. During t ermal
curing fr e radicals and/or other reactive pecies
are gene atedI6,17, which react with oxyg nand
lead to t rmation of carbonyl and other 0 ygen­
containin groups. The oxidation reaction, seem
to start a - 250°e. As the temperature is urther
increased more carbonyl and other oxyge -con­
taining s ecies are produced, which are re ponsi­
ble for th weight gain in the TGA thermogra .

This is confirmed by the IR studies of TNPS
after the al curing under various conditi ns. It
should b noted in Fig. 3 that the thermal cross­
linking 0 the acetylene groups almost r aches
completi at 350°e. This is consistent wi h the
fact that e thermal crosslinking reactions re re­
sponsiblle for the exothermic peak at 3500C in the
DSC ther ogram of ATNPS (Fig. 4a).

The n exotherm in the DSC curve app~ars as

a should at Ca. 250°C when ATNPS is c ed at

325°C (F . 4b). This exotherm is presumed to bedue to 0 idation of ATNPS during the cur ng of
ATNPS t 325°C for 1 h. Further curi g of
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ATNPS at 425°C for 1 h eliminates both these ex­
otherms (Fig. 4c). Similar kind of curing in male­
omido-terminated polyimide has also been ob­
served by a group of Chinese workers IX.
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Fig. 7-A typical Ellerstein plot of ATNPS (heating rale
20K/min)

Kinetic study of curing ofATNPS
Among various methods of curing kinetics I'i,

the differential/integral analysis of the DSC curve
has been proved as an elegant and rapid tech­
nique20. The determination of kim:tic parameters
such as activation energy, E, the kinetic order, II,

and heat of polymerization (or crosslinking), ~ Hp'

by such thermal analysis techniques has been ap­
plied mainly in structural adhesives and fiber rein­
forced materials. The analysis of curing kinetics in
reactive oligomers has not been studied well. Two
analytical methods for evaluating the activation en­
ergy, E, and kinetic order, n, during the polymeri­
zation (or crosslinking) of the reactive oligomer,
ATNPS, from the DSC curves have been used in
this study.

Fig. 6-DSC thermograrns of ATNPS at different heating rates
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Table I-DSC anaiysis during curing of ATNPS from the first exotherm

.p(K/min) T*(K) ilHp E n E/n
(Cal/g) (kcal/mol)

5 514 71 27.6 0.85 32.47

10 525 76 29.6 0.86 34.42

20 537 70 28.0 0.90 31.10

40 549 72 36.0 1.00 36.00

Average values: 72,25 32.50 0,90 33.48
Standard values: ±5,18 ±3.37 ±0.09 ±2.16

%Deviation: ±7,17 ±11.00 ±1O.00 ±6.45
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Fig. 8-Correlation of In .p versus (T*t I for four scan rates of
ATNPS
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of DSC thermograms for determination of the kin­
etic parameters of the maleimidoterminated polyi­
mide with the help of a computational programm­
mg.

A typical Ellerstein plot is shown in Fig. 7
(heating rate: 20 K/min). It is evident from Fig. 7
that application of Eq. 1 produces an effective lin­
earization of the DSC curves showing activation
energy, E= 28 kcallmol and the order of the reac­
tion, n=0.90. Four different scan rates (4)) has
been performed (Fig. 6) and the values of T* are
shown in Table 1. The E In ratio obtained from

the slope of In 4> versus l/T* according to Eq. 2
(Fig. 8) is 34 kcallmol. The activation energy of
this method is only comparable to the first method
when n> 1. From this discussion it is clear that the
order of the reaction will be as follows:
0.85 < n< 1.074. Similarly, the comparison of the
first method with the second shows the activation

energy will be higher when the value of n will be
less than one.

... (2)

The first method utilizes a detailed differential
analysis of a single DSC curve to isolate E, n, and
~ Hp as suggested by Ellerstein21•
T2(Slh)=EIR-nP(hlr) ... (1)

The second method is based on the relationship
(2).

dln~

d (~*)
A plot of In 4>. versus (T*)- I from several DSC
curves will give a straight line with slope ( - E/nR)
where E I nR > > 2T* and 4> = err I dt.

The resultant thermogram at heating rate of 20
K/min (Fig. 6) was analyzed by Eq. 1. The ba~e
line was obtained by drawing the best smooth
curve connecting the beginning ,and the ending of
the exothermic peak. The calculations were made
by a computational programming22• Recently, a
group of Chinese workers18 also reported the use
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