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A new family of wholly aromatic polyamides containing halogen-substituted triphenylamine units were synthesized by the phosphorylation polyamidation reactions of 4,4’-diamino-4”-halo- triphenylamines with terephthalic acid 
(TPA) and isophthalic acid (IPA), respectively, in N-methyl-2-pyrrolidone using triphenyl phosphite and pyridine as condensing agents, where the halogen atoms included F, Cl, Br and I. All polyamides were readily soluble in polar 
organic solvents. These polymers were amorphous and most of them could afford flexible and tough films. They had useful levels of thermal stability associated with high glass-transition temperatures (255–330oC), 10% weight-loss 
temperatures in excess of 442℃ in nitrogen, and char yields at 800℃ in nitrogen higher than 66%. Cyclic voltammograms of the polyamide films on an indium-tin oxide (ITO)-coated glass substrate exhibited one reversible redox
couple at around 0.83-0.90 V versus Ag/AgCl in acetonitrile solution. The polymer films revealed excellent stability of electrochromic characteristics, with coloration change from a pale yellowish neutral state to a green oxidized state.
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Wholly aromatic polyamides (aramids) are characterized as high-performance polymers with a favorable balance of thermal and mechanical properties. However, rigidity of the backbone and strong interchain interactions result in 
high melting or glass-transition temperatures (Tg) and limited solubility in most organic solvents. These properties make them generally intractable or difficult to process, thus restricting their wide-spread applications. To overcome such 
a difficulty, polymer-structure modification becomes necessary. One of the common approaches for increasing solubility and processability of aramids without much impairing their thermal and mechanical properties is the incorporation 
of bulky, packing-disruptive groups into the polymer backbone.1 We have demonstrated that aromatic polyamides containing bulky, propeller-shaped triphenylamine unit are amorphous, have good solubility in organic solvents, and 
exhibit excellent thin-film-forming capability and high thermal stability.2 Furthermore, many triphenylamine-based polymers also show interesting light-emitting and electrochromic behavior.3-7

It has been demonstrated that the introduction of halogen substituents into the polyamide backbones generally led to an increase in solubility and Tg because of the great volume of halogen atoms and the polarity of carbon-halogen 
bonds.8-9 To understand the effect of halogen substitution on the properties of triphenylamine-containing aramids, we prepare four 4,4’-diamino-4”-halotriphenylamines and their derived triphenylamine-based polyterephthalamides and 
polyisophthal- amides. The solubility, thermal, electrochemical, and electrochromic properties of these halogen-substituted polyamides were compared with those of the parent polyamides without the halogen substitution.
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Polymer Synthesis

The preparation of polyamide PTPA-F was used as an 
example to illustrate the general synthetic procedure 
to produce the polyamides. A 50 mL round-bottom 
flask equipped with a magnetic stirrer was charged 
with 0.4400 g (1.50 mmol) of diamine momomer 2-F, 
0.2492 g (1.50 mmol) of terephthalic acid (TPA), 1.5 
mL of triphenyl phosphate (TPP), 3 mL of NMP, 0.8 
mL of pyridine, and 0.2 g of calcium chloride (CaCl2). 
The reaction mixture was heated with stirring at 110 
°C for 3 h. The resulting polymer solution was poured 
slowly into excess of stirring methanol giving rise to 
a stringy, fiber-like precipitate that was collected by 
filtration, washed thoroughly with hot water and 
methanol, and dried. The other polyamides were 
prepared by an analogous procedure.
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Monomer Synthesis

Synthesis of 4-Halo-4’,4”-dinitrotriphenylamine (1)

A typical example of the synthesis of 4-fluoro-4’,4”- dinitrotriphenylamine (1-F) is described as follows: A mixture of 11.1 g 
(0.1 mol) of 4-fluoroaniline, 28.5 g (0.2 mol) of 4-fluoronitrobenzene, and 30.4 g (0.2 mol) of cesium fluoride (CsF) in 100 mL of 
dimethyl sulfoxide (DMSO) was heated with stirring at 140 oC for 12 h. After cooling, the mixture was poured into 500 mL mixed 
solution of ethanol/water (1:1), and the olivine precipitate was collected by filtration and washed thoroughly with water. 
Recrystallization from DMF/methanol yielded 26.5 g of the desired dinitro compound 1-F as yellow crystals in 75 % yield [mp = 
295-296 oC, measured by differential scanning calorimetry (DSC) at a scan rate of 2oC/min]. IR (KBr)：1321, 1551 cm-1 (-NO2
str.). ANAL. Calcd for C18H12N3O4F (353.30): C, 61.19 %; H, 3.42 %; N, 11.89 %. Found: C, 60.79 %; H, 3.49 %; N, 11.73 %. 

Synthesis of 4,4’-Diamino-4”-fluorotriphenylamine (2-F)

In a 300 mL round-bottom flask, 17.7 g (0.05 mol) of dinitro compound 1-F, 0.2 g of 10 wt% Pd/C, 10 mL hydrazine monohydrate 
and 100 mL of ethanol was heated in nitrogen flow at a reflux temperature for 12 h. The solution was filtered hot to remove Pd/C 
and then allowed to cool to room temperature to afford 11.7 g (80% yield) of diamine 2-F as colorless needles; mp = 175~177 oC
(DSC, 2oC/min). IR (KBr): 3407, 3324 cm-1 (-NH2 str.). ANAL. Calcd for C18H16N3F (293.34): C, 73.70 %; H, 5.50 %; N, 14.32 
%. Found: C, 74.11 %; H, 5.93 %; N, 14.72 %. 1H NMR (500 MHz, DMSO-d6, δ, ppm): 4.95 (s, 4H, -NH2), 6.55 (d, J = 8.6 Hz, 
4H, Ha), 6.64 (dd, 3J Hc-Hd = 9.0 Hz, 4J Hc-F = 4.7 Hz, 2H, Hc), 6.78 (d, J = 8.6 Hz, 4H, Hb), 6.90 (t; overlapped dd, J = 8.9 Hz, 2H, 
Hd). 13C NMR (125 MHz, DMSO-d6, δ, ppm): 114.82 (C2), 115.05 (d, 2JC-F = 22.6 Hz, C7), 118.64 (d, 3JC-F = 7.5 Hz, C6), 126.69 
(C3), 136.38 (C4), 145.19 (C1), 146.14 (C5), 155.30 (d, 1JC-F = 234 Hz, C8).

Synthesis of 4,4’-Diamino-4”-iodotriphenylamine (2-I)

In a 1000 mL round-bottom flask, 23 g (0.05 mol) of nitro compound 1-I, 90.3 g(0.05 mol) of SnCl2‧2H2O and 400 mL of 
ethanol was heated in nitrogen flow at a reflux temperature for 4 h. After cooling to room temperature, the solution was filtered to 
remove the impurities. The filtrate was evaporated under reduced pressure to remove the ethanol. The pH is made slightly basic 
(pH 7-8) by addition of 1M aqueous sodium hydroxide before being extracted with ethyl acetate. The organic phase is thoroughly 
washed with brine, treated with charcoal and dried over anhydrous magnesium sulphate. Evaporation of the solvent leaves 17.7 g 
(88.2 % yield) of diamine 2-I as gray powders; mp = 147~149 oC (DSC, 2oC/min). IR (KBr): 3399, 3309 cm-1 (-NH2 str.). 1H 
NMR (500 MHz, DMSO-d6, δ, ppm): 4.99 (s, 4H, -NH2), 6.41 (d, J = 8.9 Hz, 2H, Hc), 6.56 (d, J = 8.6 Hz, 4H, Ha), 6.82 (d, J = 
8.6 Hz, 4H, Hb), 7.32 (d, J = 8.9 Hz, 2H, Hd). 13C NMR (125 Hz, δ, ppm, DMSO-d6): 78.43 (C8), 114.77 (C2), 118.45 (C6), 
127.39 (C3), 135.07 (C4), 136.82 (C7), 145.86 (C1), 149.39 (C5).
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Figure 1. Figure 1. (a) (a) 11H NMR and (b) H NMR and (b) 1313C NMR  C NMR  spectra of 4,4’-diamino-4”-halotriphenylamines in DMSO-d6.

Table 1. Inherent viscosity, solubility behavior and thermal properties of the polyamides

a Inherent viscosity measured at a concentration of 0.5 dL/g in DMAc–5 wt % LiCl at 30 oC.
b Solubility: ＋, soluble at room temperature; +h, soluble on heating; －, insoluble even on heating. NMP: N-methyl-2-pyrrolidone; DMAc: N,N-
dimethylacetamide; DMF: N,N-dimethylformamide; DMSO: dimethyl sulfoxide; THF: tetrahydrofuran.
c The film samples were heated at 300 oC for 1 h prior to all thermal analysis. The midpoint temperature of baseline shift on the DSC heating trace (scan rate 20 
oC/min) was defined as Tg.
d Softening temperature measured by TMA (scan rate 10 oC/min) using a penetration method.
e Decomposition temperature at which a 10% weight loss was recorded by TGA at a heating rate of 20oC/min.
f Residual weight percentages at 800 oC under nitrogen flow

Figure 3. WAXD patterns of the poly(amine amide) thin films.
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a UV/vis absorption measured in NMP (1x10 –5 mol/L) at room temperature.
b PL spectra measurements in NMP (1x10 –5 mol/L) at room temperature.
c Oxidation half-wave potentias from cyclic votammograms. 
d Energy gap = 1240/λ abs, onset of polymer film. 
e The HOMO energy levels were calculated from E1/2 and were referenced to ferrocene (4.8 eV); LUMO = HOMO - Eg.
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Figure 4. TGA thermograms of polyamides PTPA-X in nitrogen 
at a scan rate of 20 oC/min.

Figure 5. Cyclic voltammograms of the cast films of 
polyamides PPTA-X on the ITO-glass in CH3CN containing 
0.1 M TBAP at a sweep rate of 100 mV/s. The inset shows the 
CV curve of ferrocene as the standard.

Figure 7. Spetroelectrochemical behavior of the cast film of polyamide PTPA-
F on the ITO-glass (in CH3CN with 0.1 M TBAP as supporting electrolyte) at 
various applied voltages: (a) 0.0, (b) 0.3, (c) 0.6, (d) 0.9, (e) 1.2 V.

Figure 2. Typical IR spectrum of the poly(amine amide) PTPA-F.
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Table 2. Optical and electrochemical properties of the polyamides

Figure 6. Cyclic voltammograms of (a) polyamides PTPA-F and 
PTPA-I film onto an indium-tin oxide (ITO)-coated glass 
substrate over 500 cyclic scans (b) ferrocene in CH3CN 
containing 0.1 M TBAP at scan rate = 100 mV/s 
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