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ABSTRACT

The resin, DAPT, was synthesized by condensing 2, 6-Diaminopyridine (0.1M) and terphthalic acid (0.1M) in
presence of DCC (Dicyclohexylcarbodiimide). The tentative structure of resin was assigned by demental analysis,
'H NMR, ** C NMR, FT-IR and UV-VIS spectra. The molecular weight of resin was determined by non aqueous
conductometric titration. The thermo kinetic parameters such as apparent entropy (AS), frequency factor (A), free
energy change (AG) and orders of reaction were determined by Freeman Carroll (FC) and Sharp Wentworth (SW)
methods. The order of degradation determined by FC method was confirmed by SW method.
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INTRODUCTION

Copolymers have a great potential and offer chg#srfor new technology and growth into the twemtsticentury.
Recently there has been growing interest in findiregv applications for available polymers along wikteir
derivatives [1-6]. Copolymers useful applicatiorssaalhesives and coating in electrical sensors, teigiperature
flame resistant, fibers, coating materials, sentcmtors, catalysis, ion exchange resins, electiteallation, heat
and chemical resistivity and thermal stability [Z}1Literature survey has been revealed that varigorkers have
shown immense interest in improving thermal stgbil2, 6 Diaminopyridine was used in flurometricdies of
novel photoactive polyamidg 3].The derivatives of pyrene, other condensednat@ hydrocarbons and some
heteroaromatic hydrocarbons such as pyrazolinereme considerable in the preparation of photolusieace
polymers [14].Many coworkers reported the use of 2, 6 diaminajiga in synthesis macro cyclic ligand for
chelation with metal ions such as Ni(ll), Cu(Il)r(@), La(lll), Pb(l), Cd(ll), Zn(ll) which obviaisly open up
fascinating area of research in coordination cheyni{45-16]. Various efforts were made by polyméemist to
improve the properties of resins by changing monmoocaenposition in light of industrial applicabilityy spite of
difficulties of low processesability and thermalstability. Thermogravimetric study of polymer proegd
information about the degradation pattern duringating and thermal stability. Gurnule have reported
thermodynamic parameters and order of thermal I&tebiof copolymers by using TGA [17]. Some retcen
development have made in the field of thermallyblgtgpolymers that have grown very rapidly to insesdhe
applicability at elevated temperatures. However ghlymer chemists have to face the challenges duadarmal
instability and low processability. In this conrieat many co-workers have made attempt to improerntial
stability by changing the composition of monomet8][ Masram reported kinetic study of thermal degraaatid
resin derived from salicylaldehyde, ethylenediangnd formaldehyde [19].
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The kinetics of degradation can generate paramesdrich can be subsequently used to deduce thniieof
polymers at different temperatures [20].is almost impossible to obtain the exact kingierameters for each
reaction involved in the polymer decomposition apugarent kinetics parameters are often used t@sept the
behavior of polymer decomposition in general [2dtually these parameters rather represent theabwseight
loss behavior during the thermal decomposition &snation of temperature. Hence in literature salvenethods
have been reported for the determination of kingizameter from thermal analysis [2BJany co-workers
determined various kinetic parameters sucih&8s A andAG by using Freeman Carroll and Sharp -Wentworth
method [23-25]. The present paper deals with thetral analysis of newly synthesized copolym&#&PT resin
and its thermal study using following methods [28-2

A) Freeman-Carroll Method: In this method activation energy and order of déatian is related with following
expression,

n...(1)

AIog(dW/dt):[_ Ea }( AQIT)
AlogW. 2303R | AlogW,

Where

dw/dt = Rate of change of weight with time

Wr = Difference between weight loss at completibreaction and at time t
Ea = Activation energy

n = Order of reaction

B) Sharp-Wentworth Method: Following expression has been used to evaluat&itietic parameters.
da /dt A Ea

log g =log = - —..(2)
1l-a) B 2303 RT

Where

da/dt = fraction of weight loss with time

n = Order of reaction

A = Frequency factor

B = Linear heating rate

a = Fraction of amount of reactant

MATERIALS AND METHODS

Materials
Chemicals were obtained from Merck, Qualigens amd Bine in AR and chemically pure grade.

Synthesis of DAPT copolymer Resin

The DAPT copolymer was prepared by condensing 8iathinopyridine (0.1M) and terphthalic acid (0.1/st)
70°C.in oil bath for 9.00 hours with intermittent sivak The pale white colored product so obtained repeatedly
washed with hot water to remove unreacted materidle copolymer was dried and powdered. The prodast
washed with 0.1N HCI to remove unreacted 2, 6- diapyridine followed by several washing with hottes It
was further purified by dissolving in 2% NaOH thiltered and reprecipitated by gradual drop wisditoh of
1:1HCI with constant and rapid stirring in orderawoid lump formation. The DAPT copolymer so obt¢ainvas
washed several times with hot deionized water afetldn vacuum. The purified copolymer washed fingdound
to pass through 300 mesh size sieve and kept acawn over silica gel. The yield of the copolymersviound to
be about 74%. The reaction scheme for syntheddASXT is shown in figure 1.
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Figure 1. A reaction scheme —synthesis of DAPT

Table 1. Synthetic details of DAPT resin

parameters/conditions | Specifications|
Copolymeric ligand DAPT

2,€ Diaminopyridine 0.1M
Terphthalic acid 0.1M
Catalyst (DCC) 10g.
React.Temp 76C

Time 9.0 hrs

Yield 74%

RESULTS AND DISCUSSION

Elemental Analysis and molecular weight of DAPT reisi

The elemental analysis (C, H, and N) of copolymes&in was carried out at Sophisticated Analytinatrumental
Facility (SAIF), Indian institute of Technology Tl Bombay. The average degree of polymerizatioresin sample
was determined by titrating 25ml of 0.1% solutidrresin in DMF against 0.1M KOH solution in abs@wtlicohol,
conductometrically [28].The conductance was plotigdinst the miliequivalents KOH per 100gm. of meSihe

inspection of plot revealed that there were margaks in the plot. The DP was calculated by usinigpvdng
equation,

55 - Milliequivalent of base required for complete neutralisati gy
T Milliequivalentof base required for smallest interval

The molecular weight of repeating unit was deteadifrom elemental analysis data as shown in folhgwable 2.
The molecular weight of resin was determined bygi$bllowing relation,

Mn=DP x Molecular weight of theepeating unit ----------=-=-=-=----- 4)
The repeating unit weight was obtained from eleialeamalysis.

The elemental analysis and molecular weight detstiin data of DAPT resin are given in followingble 2.
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Table 2. Elemental Analysis and molecular weight dermination of DAPT resin

%C %H %N
. _ ° _ ° _ ° Molecular | Mol. Formula of | Molecular Weight
Resin S % S % 8 % oP weight (M) | repeating unit | of repeating unit
[T L L
DAPT | 59.57| 5894 354 348 1985 1965 L7 4794 14HEN,O5 282

Spectral analysis

FTIR spectra of synthesized copolymeric resins weeorded at Department of pharmacy; RTM Nagpur
University, Nagpur Using FT-IR spectrophotometeingtdzu, Model No-8101A'H and **C NMR spectrum of
copolymeric resin using DMSOasolvent was scanned on BRUKER AC 1l 400 NMR spmiotometer SAIF,
Punjab University, Chandigarh. UV-VIS spectra opalymer resin in DMSO solvent recorded by UV-VISubte

Beam Spectrophotometer Shimadzu, Model No-170édfitvith automatic pen chart recorder at Departnoént
Pharmacy, RTM Nagpur University, Nagpur.

FTIR spectrum data of DAPT resin
FT- IR spectra are shown in figure 2 and dataaivelated in table [29-30].
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Figure 2. FTIR spectrum of DAPT resin and peak asgnments

Table 3. FTIR Spectrum data of DAPT resin

Frequency in cih | Nature of fragment assigndd  Frequency in"* crh Nature of fragment assigned
3103 NH Str. in sec. amide 1510 Sec. amide (Il)dban

3062 CH Aromatic sti 1427 C=N Str. (pyridine ring
2339,2360,2418 Overtone bands 1296,1288 C-N SHCDNH-

1691 C=0 amide(l) band 1020,997 C-O deformatiofCiIONH-
1651 C=C (Pyridine ring Str.) 879 1,4 disubstituéedmatic ring
1573 N-H deformation 1114,1112,,783,781 1,6 diswied pyridine ring

The absorption band at 3103 ¢was assigned to N-H stretching in secondary anfitle.broad band at 3062 tm
'was assigned to C-H aromatic streching. The abisorgit 1691 cm was assigned to >C=0 amide (I) band.
Further low value of this band was supported tanfition of polyamide. The band at 1510 tis due to the
coupling of N-H bending and C-N streching absomptiamide Il band) indicates the presence of seagralaide
group (amide linkages). The sharp band displayed5a8 crit was assigned to N-H deformation. . The band
display at 1651 cfhwas assigned to C=C in pyridine ring. The absorptit 1427 cm was attributed to C=N
streching in Pyridine ring. The band display at@,2B288 crit was assigned to C-N stretching in secondary amide.
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The peaks at 1020, 997 ¢nare due to C-O deformation in -CONH-. The peak8% crmwas assigned 1, 4

disubstituted aromatic rings. The peaks at 111421%83,731 crhwas assigned to 1, 6 disubstituted pyridine
rings.

'H NMR and **C NMR Spectrum of DAPT resin
TheHNMR and**C NMR spectrum is shown in figure 3 and figure dpextively.
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Figure 3.*H NMR spectrum of DAPT resin

Figure 4.%°C NMR spectrum of DAPT resin

In *H NMR spectrum of DAPT copolymer the signals at 8ffpm was attributed to M- in amide linkages. The
signal at 8.0% ppm was due to proton in pyridine ring. The sigaa?.505 ppm was due to DMSO solvent. 1fC
NMR spectrum of DAPT copolymer the signal at 129ghbm was assigned to carbon in terphthalic acid tyoie

Signal at 134.33 ppm are due to carbon in pyridine ring. Signal @8 & ppm was attributed toC=0 carbonyl
carbon in amide linkages [31-32].

804
Pelagia Research Library



Darshana N. Uradeet al Der Chemica Sinica, 2012, 3(4):800-807

UV-VIS spectrum of DAPT resin
The UV-VIS spectrum is shown in following figurelBspection of UV-VIS spectrum of DAPT resin revebi®
types of transitiom— 1’ and n-i’ transition. The important UV-VIS absorptions aabulated in table 4. [33].
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Figure 5. UV-VIS spectrum of DAPT resin

Table 4. UV-VIS data of DAPT resin

Resir | Transitior | Wavelength (nr | Group/ moiey assigne
234 C=C Aromatic rin¢
= 70 253 C=N Pyridine ring
267 C=C Pyridine ring
DAPT n- 18 284 C=0 amide group
295 pyridine ring

Thermo gravimetric analysis of DAPT copolymeric refn

The thermo gram of DAPT copolymer resin as showfigare 6 was recorded at Dept. of Material SciendglT
Nagpur, using Perkin EImer Diamond TGA/DTA analy@eargon environment. The resin was allowed td kipa
to 800C at linear heating rate of %0 min™. The initial weight loss up to 180 was due to the loss of waters. The
decomposition of resin starts from 513 to 613 KeTdrder of decomposition was found to be 0.46 erdsr
Freeman-Carroll method, which was further confirrhgdSharp- Wentworth method. The FC and SW methoid p

are shown in figure 7 and figure 8 respectivelye Thermo kinetics parameters determined by thesemethods
are shown in table 5. [34-35].
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Figure 6.Thermogram of DAPT resin
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Figure 7. Freeman- Carroll plot of DAPT resin Figure 8. Sharp -Wentworth plot of DAPT resin

Table 5. Thermo kinetic parameters of DAPT resin

Resin | Parameters Freeman-Carroll method  Sharp-Véetimethod
Temperature range 513-617 K 513-617K
Activation energy, Ea (kJ) 135.54 128.96

DAPT |_Freguency factor, A (mif) 7.621 x 16" 5.689 x 16'
Apparent entropyAS (JK?) -53.38 -50.96
Free energyAG (kJ) 167.30 159.28
Order of reaction, n 0.46 0.46

CONCLUSION

The elemental analysis and spectral studies suthvaglS, IR, *H NMR, **C NMR data is in good agreement to
the above assigned tentative structure of DAPT lgoper shown in figure 2. The activation energy atéd by FC
method is slightly higher than that obtained by 8Wthod. The values of frequency factor, apparetropy and
free energy are in good agreement. The order ofadegion reaction is in a fraction (0.46) due tdidsgtate
degradation. The low value of activation energy dngh value of frequency factor suggest that th&inrés
thermally unstable between above mentioned temyeratinge. Similarly low value of entropy changggasts
well ordered structure of copolymer. The copolymeay be used macro cyclic ligand as well as chejaiim
exchanger due to donor N atoms.
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