Synthesis, Characterization, and Properties of Novel
Aromatic UV Absorber Polyamides

Samal Babanzadeh* and Shahram Mehdipour—Ataei

Department of Polymer Science, Faculty of Polyurethane and Advanced materials, Iran Polymer and
Petrochemical Institute, P.O. Box 14975-112,Tehran, Iran

Received: 17 September 2018, accepted: 7 April 2019

ABSTRACT

performance and heat-resistant polymers. One of the drawbacks to utilize

these polymers is the difficulty in processing due to their insoluble nature
in aprotic organic solvents in addition to their high melting point or glass transition
temperature. One way of overcoming the main problem of heat-resistant polymers
- i.e., enhancing solubility without too much scarifying of the thermal stability is
designing new monomers.
Methods: Firstly, bis(4-oxybenzoic acid)-1,5-anthraquinone (DA ) and bis(3-
oxybenzoic acid)-1,5-anthraquinone (DA)) were prepared through aromatic
nucleophilic substitution reaction of 4-hydroxybenzoic acid and 3-hydroxybenzoic
acid with 1,5-dichloro anthraquinone, respectively. In the next step, the Yamazaki
method was applied for synthesis of novel polyamides by polycondensation
Keywords: reaction of the obtained new diacids with commercial aromatic diamines such as
oxydianiline (ODA), p-phenylene diamine (PPDA), 2,6-diaminopyridine (DAP), and
diaminodiphenyl methane (DADPM) in presence of triphenylphosphite and pyridine
as the activating agents and N-methyl-2-pyrolidone (NMP) as a solvent.
Findings: The structures of prepared novel monomers and polymers were characterized
using different spectroscopy methods. The thermal and physical properties of novel
polymers such as thermal stability and behavior, solubility, viscosity and ultra violet
absorption were studied and the structure-property relationship of these polymers
was investigated. The prepared polymers showed defined UV-Vis absorption bands
at the range of 344-370 nm. Inclusion of an aromatic and bulky anthraquinone unit
to the main chain of polymers led to high thermal stability while their solubility was
improved in polar aprotic solvents.

Hypothesis: Aromatic polyamides are well known as a main group of high
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Table 1. The results of characterization of synthesized polyamides.

Elemental analysis (%)
IR, KBr NMR
Polymer 1 DMSOd C HN C HN
cmr - m
(crmr) « (Ppm) calculated obtained
3398,1671 )
(18H, aromatic) 7.05-8.17
DA A 1659,1593 7394 | 3.68 | 5.03 | 74.11 | 3.80 | 4.99
10.22 (2H, NH amide)
1521,1248
3370,1667
(20H, aromatic) 7.14-8.12
DA N 1651,1585 75.85 | 3.55 | 4.45 | 7581 | 3.80 | 4.51
10.15 (2H, NH amide)
1488,1246
3365,1670
(17H, aromatic) 6.80-8.14
DA P 1664,1586 71.57 | 3.54 | 759 | 71.44 | 3.61 | 7.70
10.20 (2H, NH amide)
1493,1225
3369,1672
(22H, aromatic) 7.02-8.09
DA O 1668,1588 74.53 | 3.73 | 435 | 7420 | 3.94 | 4.18
10.08 (2H, NH amide)
1498,1216
3400,1666 (18H, aromatic) 7.00-8.06
DA M 1652,1599 10.08 (2H, NH amide) 76.63 | 4.05 | 436 | 76.47 | 3.89 | 4.53
1511,1245 3.89 (2H,CH,)
3400,1662 )
(18H, aromatic) 7.08-8.15
DA A 1656,1584 7391 | 3.59 | 497 | 73.67 | 3.55 | 5.18
10.16 (2H, NH amide)
1513,1244
3394,1669
(20H,aromatic) 7.11-8.10
DAN 1658,1582 75.75 | 3.65 | 4.65 | 75.62 | 348 | 4.73
10.11 (2H, NH amide)
1511,1246
3401,1671
(17H, aromatic) 6.78-8.05
DA_P 1665,1586 71.61 | 344 | 7.59 | 7149 | 328 | 7.71
10.18 (2H, NH amide)
1487,1259
3401,1671
(22H, aromatic) 6.98-7.98
DAO 1662,1584 74.53 | 3.73 | 435 | 7474 | 3.90 | 4.18
10.05 (2H, NH amide)
1498,1248
3403,1673 (22H,aromatic) 6.91-7.96
DAM 1667,1582 10.00 (2H, NH amide) 76.63 | 4.05 | 436 | 7450 | 3.94 | 4.51
1496,1251 3.87 (2H,CH,)
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S Fer Sladenl (3 3l sddag sladal b 65515 5 g pl > Y dsds
Table 2. Solubility and viscosity of polyamides prepared from synthesized diacids.

Polymer Viscosity” Solvent™
(dL/g) Dioxane | Pyridine THF DMSO DMF DMAc | NMP
DA A 0.004+ 0.590 - - -+ ++ ++ ++ + 4
DA N 0.016+ 0.540 - - -+ ++ Tt ++ T4
DA P 0.012+0.560 - - + ++ ++ ++ ++
DA O 0.007+ 0.520 - -+ + ++ ++ ++ ++
DA M 0.006+0.530 - -+ + ++ ++ ++ ++
DA A 0.010+0.540 - - -+ + + ++ ++
DAN 0.0470.500 ; ; 4 4 4 Ly .
DA,P 0.010£0.520 - + + ++ 44 ++ .
DA,0 0.008+0.490 - + + ++ b4 ++ .
DAM 0.006+0.510 -+ -+ + b ++ e+ -

*The average values of three measurements have been reported.

** Solubility: (++) soluble, (+), soluble by heating (+-), and partially soluble by heating (-) insoluble.
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Table 3. Comparison of current research with the results of other researchers in the literatures.

Polyamide T, (°C) n,,(dL/g) T, °C) A, (nm) Ref.
Liou et al.
197-308 0.60-0.28 530-455 354-308 27
Ghaemy et al.
210-138 0.68-0.45 453-380 550-470 28
Hsiao et al.
288-242 0.57-0.29 492-464 362-344 29
Grabiec et al.
290-199 - 521-464 453-417 30
Amininasab et al.
277-184 0.87-0.56 480-410 320-299 31
Kung et al.
326-246 - 571-393 336-302 32
Hsiao et al.
258-237 0.83-0.52 491-471 311-294 26
Hsiao et al.
312-206 0.62-0.35 435-395 352-320 33
Current research
218-183 0.59-0.49 442-410 370-344 -
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