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Abstract A series of novel soluble aromatic polyamides with pendant cyano

groups were synthesized by low temperature polycondensation of aromatic dia-

mines with a new monomer 2,6-bis(4-chloroformylphenoxy)benzonitrile (ClPOBN)

in the presence of N,N-dimethylacetamide (DMAC) as the solvent and tertiary

amines as the absorbent of HCl. The properties and structures of obtained polymers

were characterized by means of FTIR, TG, and elemental analysis. Structures of

prepared polymers are as expected. TG studies show that the polymers had excellent

thermal stability as measured by 5% weight loss temperatures in nitrogen (409–

438 �C).They are soluble in aprotic polar organic solvents such as N-methyl pyr-

rolidone (NMP), dimethyl sulphoxide (DMSO) and N,N-dimethylformamides

(DMF) and are swelled in common solvents, such as CHCl3, ethylene dichloride

(DCE), CH2Cl2, tetrahydrofuran (THF), etc. Their thin films which cast from DMF

had tensile strength of 79–93 MPa, Young’s moduli of 1.7–2.6 GP, elongation at

break of 9–15%, indicating they are strong in mechanical properties.
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Introduction

Wholly aromatic polyamides (PAs) have been noted for their high thermal and

chemical resistance as well as their high strengh and high modulus as fibers. Kevlar

[poly(p-phenyleneterephthalamide)] and Nomex [poly(m-phenyleneisophthala-

mide)] are commercially marketed as high performance polymers, usually in fiber

form. Rigid rod-like aromatic polymers are usually difficult to process because of

their high softening or melting temperatures and their insoluble nature in most

organic solvents. Current or previous attempts at the solublization and processing of

rigid-chain polymers have been made through synthetic modification by the addition

of flexible linkages (e.g., –O–, –CH2–, and –SO2–), molecular asymmetry, or side

groups to the backbone(e.g., –CBr3, –CF3, and –C6H5) [1–8]. As known, one

pendant nitrile group on aromatic ring in polymer appears to promote the solubility

of the polymer [9] and its adhension to many substrates [10, 11], possibly through

polar interaction with other functional groups [12, 13]; and it also serves as a

potential site for polymer cross-linking [14]. However, it appears that wholly

aromatic soluble polyamides with pendant cyano groups have not been reported in

detail in open literature. In this article, a new monomer 2,6-bis(4-chloroformyl-

phenoxy)benzonitrile (ClPOBN) was first designed, and then a series of novel

soluble aromatic polyamides with pendant cyano groups were synthesized by low

temperature polycondensation of aromatic diamines with the new monomer 2,6-

bis(4-chloroformylphenoxy)benzonitrile (ClPOBN) in the presence of N,N-dimeth-

ylacetamide (DMAC) as the solvent and tertiary amines as the absorbent of HCl.

Different techniques were used to characterize the polymers.

Experimental

Materials

p-Hydroxybenzoic acid (Shanghai Wulian Chemical Factory, China), 2,6-dif-

luorobenzonitrile (Aldrich), N-methyl pyrrolidone (NMP, Aldrich), dimethyl

sulphoxide (DMSO, Aldrich), N,N-dimethylacetamide (DMAC, Tianjin Damao

Chemical Reagent Factory, China) and N,N-dimethylformamide (DMF, The First

Chemical Reagent Factory of Tianjin, China) were used as received. The other

fractions were collected and stored over sieves.

Synthesis of new monomer: 2,6-bis(4-chloroformylphenoxy)benzonitrile

(ClPOBN)

To a 250-mL round-bottomed flask equipped with a mechanical stirrer, a

thermometer, and nitrogen inlet and out tubes, and a Dean-Stark trap, 72 mmol of

p-hydroxybenzoic acid, 144 mmol of KOH, 70 mL of dimethyl sulphoxide (DMSO),

and 55 mL of toluene were added. The reaction mixture was heated to 140–150 �C

until no further water was azeotropically distilled from the reaction mixture, and then

temperature was raised to 170 �C to remove toluene. After being cooled to 40 �C,
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30 mmol of 2,6-difluorobenzonitrile was added and the reaction mixture was heated

to 185–195 �C and stirred at this temperature for 8 h. After cooling to room

temperature, the reaction mixture was dissolved in water and hydrochloric acid was

added, and then the product was precipitated. The solid product was washed with

water and recrystallized from the mixture of ethyl alcohol and water thrice to give

2,6-bis(4-carboxyphenoxy)benzonitrile (CPOBN). Yield 85%; purity 96%; m.p.

311–312 �C.

The reaction of 2,6-bis(4-carboxyphenoxy)benzonitrile (CPOBN) with sulfur oxy-

chloride yielded 2,6-bis(4-chloroformylphenoxy)benzonitrile (ClPOBN). The product

was recrystallized from anhydrous hexane. Yield 96%; purity 97%; m.p. 140–142 �C.

2,6-Bis(4-chloroformylphenoxy)benzonitrile (ClPOBN) was synthesized as

shown in Scheme 1.

Polymer synthesis

To a 100-mL round-bottomed flask equipped with a mechanical stirrer, a

thermometer, nitrogen inlet and out tubes. 0.01 mol diamines, 15 mL of N,N-

dimethylacetamide (DMAC), and 1 mL tertiary amide as the absorbent of HCl were

added. Into the resulting suspension were added 5 mL DMAC and 0.01 mol 2,6-

bis(4-chloroformylphenoxy)benzonitrile (ClPOBN). The reaction mixture was

stirred at 0 �C for 1 h and warmed to room temperature for 2–3 h. Then the

mixture of 0.74 g Ca(OH)2 and 5 mL DMAC were added to neutralize HCl. After

the reaction is over, the products were precipitated from water, and washed with

water, and were dried at 100 �C under vacuum overnight to give the novel aromatic

soluble polyamides with pendant cyano groups.

The novel soluble aromatic polyamides with pendant cyano groups were

synthesized by polycondensation of 2,6-bis(4-chloroformylphenoxy)benzonitrile

(ClPOBN) and different aromatic diamines as shown in Scheme 2.

Characterization

Elemental analysis was performed with Perkin-Elmer Model 2400 CHN analyzer.

The inherent viscosities (ginh) of polymers were measured in a 0.1 wt% NMP

solution at 30 �C. The FT-IR spectra of the polymers in KBr pellets (2%) were

recorded using a Nicolet FT-IR (510P) spectrophotometer. 1H NMR spectra of the
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Scheme 1 Synthesis of 2,6-bis(4-chloroformylphenoxy)benzonitrile (ClPOBN)
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monomers was recorded with a Bruker PC-A400 (400 MHz). Thermogravimetric

analysis (TGA) was carried out on a Perkin-Elmer 7 Series thermal analysis system

with an increasing rate of 10 �C/min, N2 atmosphere at the flow rate of 40 mL/min,

scanning scope ranging from 50 to 750 �C, and sample weight of 5.0–7.0 mg. The

mechanical properties of thin films(cast from 10% DMF solution onto glass plates,

and followed by thermally backing with the following conditions: 80 �C/3 h,

120 �C/2 h, 150 �C/2 h and 180 �C/2 h were evaluated at room temperature on an

Instro 1121 instrument at a strain rate of 10 mm min-1.

Results and discussion

New monomer synthesis

2,6-Bis(4-chloroformylphenoxy)benzonitrile (ClPOBN) was synthesized as shown

in Scheme 1. 2,6-Bis(4-carboxyphenoxy)benzonitrile (CPOBN) was first synthe-

sized by the condensation of 2,6-difluorobenzonitrile with p-hydroxybenzoic acid in

the presence of KOH and DMSO, and toluene was used for the azeotropic removal

of water. Then 2,6-bis (4-chloroformylphenoxy)benzonitrile (ClPOBN) was yielded

by the reaction of 2,6-bis(4-carboxyphenoxy)benzonitrile (CPOBN) with sulfur

oxychloride, and a little DMF was added to improve the rate of production. The
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Scheme 2 Synthesis of novel soluble aromatic polyamides with pendant cyano groups
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chemical structures of CPOBN and ClPOBN were confirmed by FT-IR, 1H NMR,

and elemental analysis. The results were listed as follows:

CPOBN

IR(KBr): 3429 (OH), 2235 (CN), 1695 (C=O), 1605, 1578, 1506 (C=C); 1245

(–O–). 1H NMR (DMSO-d6), d: 8.07–8.09 (4H, H1); 7.02–7.04 (4H, H2); 7.21–7.22

(2H, H3); 7.31 (1H, H4). Elemental analysis calculated for C21H13NO6; C, 67.2; H,

3.47; O, 25.6. Found: C, 67.3; H, 3.54; O, 25.7.

ClPOBN

IR(KBr): 2232 (CN), 1774 (C=O), 1602, 1574, 1497 (C=C); 1245(–O–). 1H NMR

(CDCl3), d: 8.10–8.13 (4H, H1); 7.06–7.09 (4H, H2); 7.23–7.25 (2H, H3); 7.34 (1H,

H4). Elemental analysis calculated for C21H11NCl2O4; C, 61.65; H, 2.70; O, 15.53;

Cl, 17.23. Found: C, 61.59; H, 2.67; O, 15.46; Cl, 17.36.

The above-mentioned results showed that the structure of the new monomer

(ClPOBN) was as expected.

Synthesis of novel soluble aromatic polyamides with pendant cyano groups

Synthesis of all the novel polyamides were carried out in the same manner reaction

of 2,6-bis(4-chloroformylphenoxy)benzonitrile with different diamines. The reac-

tion proceeded as low temperature polycondensation, with elimination of hydrogen

chloride. The inherent viscosities (ginh) of obtained polymers were affected by

different conditions. Thus, we try to explore the effect of different conditions on the

inherent viscosities (ginh) of polymer IV as one example, which are listed as follows:

Effect of initial reaction temperature on inherent viscosities (ginh) of polymer IV

Figure 1 shows the effect of initial reaction temperature on inherent viscosities (ginh)

of polymer IV. The ginh value of polymer IV increases with increase of the initial
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reaction temperature when it is below -5 �C The ginh value reaches highest when the

initial reaction temperature is -5 to 5 �C. However, The ginh value of polymer IV

decreases with the increase of the initial reaction temperature when it is over 5 �C This

may be attributed to the reasons: (1) if the initial reaction temperature is too low

(\-5 �C), the rate of polycondensation becomes slow and the terminal group of acyl

chloride has much time to touch with water (in solvent), which result in the decrease of

the ginh value, (2) if the initial reaction temperature is too high ([5 �C), the

polycondensation is too vigorous to be controlled, the macromolecular chain can not

grow stably, which in turn results in the decrease of the ginh value too. Therefore, the

suitable initial reaction temperature should be -5 to 5 �C.

Effect of ClPOBN concentration on the ginh value of polymer IV

Figure 2 shows the effect of ClPOBN concentration on the ginh value of polymer IV.

From Fig. 2, the ginh value of polymer IV increases with the increase of ClPOBN

concentration when the concentration is below 0.45 mol/L. The ginh value reaches

highest when the concentration is 0.45–0.55 mol/L. However, if the ClPOBN

concentration is above 0.55 mol/L, the ginh value of polymer IV decreases with the

increase of the concentration. This may be attributed to the reasons: (1) if the

ClPOBN concentration is too low (\0.45 mol/L), the collision frequency of

monomers (ClPOBN and diamines) in the polymerization solution become low,

which results in the low ginh value of obtained polymer in turn, (2) in the case of

high ClPOBN concentration ([0.55 mol/L), the polycondensation solution would

become viscous quickly, which prevents the macromolecular chain from growing

and also results in low ginh value of polymer IV. Thus, the suitable ClPOBN

concentration should be limited to 0.45–0.55 mol/L.

Fig. 1 Effect of initial reaction temperature on inherent viscosities (ginh) of polymer IV. Molar
concentration: 0.5 mol/L, tertiary: 2-methyl pyridine
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Effect of tertiary amine types on the ginh value of polymer IV

A series of novel soluble aromatic polyamides with pendant cyano groups were

synthesized by low temperature polycondensation of aromatic diamines with a new

monomer 2,6-bis(4-chloroformylphenoxy)benzonitrile (ClPOBN), with elimination

of hydrogen chloride. Thus, in this study, different tertiary amines (pyridine, 2-methyl

pyridine, 2,6-dimethyl pyridine, tributylamine, and triethylamine) were used to

absorb the HCl formed during the polycondensation, which would be favorable to

get high molecular weight polymers; moreover, the complex of tertiary amines/HCl

appeared to act as a solvent for the obtained polyamide/HCl complex formed during

the reaction, maintaining the polymer in solution or a reactive gel state. The effect

of different tertiary amines on the ginh value of polymer IV were studied, the results

showed that the ginh value of polymer IV was highest when tertiary amine was

2-methyl pyridine as the absorbent of HCl, because the basicity of N atom in -methyl

pyridine was stronger than that in pyridine tributylamine, and triethylamine due to

the electron donor effect (?I effect) of ortho-methyl group. However, when there

were two ortho-methyl groups (?I effect) in 2,6-dimethyl pyridine, the high steric

restriction prevented the N atom from accepting HCl, the ginh value of obtained

polymer IV under this condition was also lower than that in the case of 2-methyl

pyridine. Thus, 2-methyl pyridine used as the absorbent of HCl was suitable.

The structure analysis and inherent viscosities (ginh) of polymers

The chemical structures of the prepared polyamides were confirmed by FT-IR and

elemental analysis. The results are shown in Table 1.

The samples of polymers I-IV were dried at 100 �C for 24 h under vacuum,

extracted with boiling propanone for 10 h, and were dried at 100 �C for 24 h under

Fig. 2 Effect of ClPOBN concentration on the ginh value of polymer IV. Initial temperature: 0 �C,
tertiary: 2-methyl pyridine
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vacuum again before they were characterized by the elemental analysis. The

elemental analysis values, i.e., C, H, and N content of polymers I–IV (Table 1) are

in close agreement with theoretical values confirming the proposed structure.

The FT-IR spectra of polymers (Table 1) show that all the spectra have the

stretching vibration for the C=O group (1,653–1,657 cm-1) and the N–H group

(3,394–3,398 cm-1) in the acylamide linkage, the stretching vibration for CN group

(2,231–2,233 cm-1), the stretching vibration for C–N (1,244–1,247 cm-1), and the

stretching vibration for the ether group asymmetrical vibration of Ar–O–Ar (1,241–

1,242 cm-1), indicating that the prepared polyamides have the proposed structures.

Inherent viscosities of the polymers are also given in Table 1. Inherent viscosities

(ginh) (0.64–0.75 dL/g) reveal that high molecular weight polymers have been

obtained in the given reaction medium. Thus, the polycondensation route is

appropriate.

The solubility of polymers

The solubility behavior of the polymers prepared in this study was determined for

powdery samples in excess solvents at room temperature for 24 h. The results

showed that all the polymers were soluble in aprotic polar organic solvents such as

N-methyl pyrrolidone (NMP), dimethyl sulphoxide (DMSO), and N,N-dimethyl-

formamides (DMF) and were swelled in common solvents, such as CHCl3, ethylene

dichloride (DCE), CH2Cl2, tetrahydrofuran (THF), etc. The good solubility of

polymers might be attributed to flexible units (meta-phenylene units, etc.), ether

linkage, and cyano pendant groups. In addition, the good solubility of polymers

indicates they have much potential for solvent processing and application.

The mechanical and thermal properties of polymers

The prepared polymers were dissolved in DMF with a solid of 10% to give a

homogeneous polymer solution that could be used to produce PAs films by casting

the solution followed by thermally backing with the condition of 80 �C/3 h, 120 �C/

2 h, 150 �C/2 h, and 180 �C/2 h in vacuo. The mechanical properties of the thin

Table 1 The structure analysis and inherent viscosities (ginh) of polymers

Polymer Elemental analysis;

found (calculated), %

IR, cm-1 ginh, dL g-1

C H N

I 72.45 (72.48) 3.83 (3.80) 9.42 (9.40) 3395 (N–H); 2231 (CN); 1245 (C–N);

1657 (C=O); 1242 (Ar–O–Ar)

0.75

II 73.45 (73.47) 3.95 (3.90) 7.81 (7.79) 3396 (N–H); 2232 (CN); 1247 (C–N);

1653 (C=O,); 1241 (Ar–O–Ar)

0.70

III 75.58 (76.0) 4.32 (4.28) 7.83 (7.82) 3394 (N–H); 2233 (CN); 1244 (C–N);

1655 (C=O); 1241 (Ar–O–Ar)

0.66

IV 67.41 (67.46) 3.61 (3.58) 7.18 (7.16) 3398 (N–H); 2231 (CN); 1246 (C–N);

1656 (C=O ); 1242 (Ar–O–Ar)

0.64
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films of polymers which cast from DMF are summarized in Table 2. The thin films

have tensile strength of 79–93 MPa, Young’s moduli of 1.7–2.6 GP, elongation at

break of 9–15%, indicating that they are strong in mechanical properties.

The thermal stabilities of the polymers were investigated by TGA in N2. The

thermal decomposition temperatures (Tds) (Table 2) at 5% weight loss of polymers

I–IV are 435 �C, 438 �C, 409 �C, and 416 �C, indicating that the novel polyamides

have good thermal stabilities used as novel polymer materials.

Conclusions

The conclusions that can be drawn from the present study are as follows:

(1) A new monomer 2,6-bis(4-chloroformylphenoxy)benzonitrile (ClPOBN) was first

prepared. Then a series of high molecular weight novel polyamides with pendant

cyano groups were synthesized by low temperature polycondensation of aromatic

diamines with 2,6-bis(4-chloroformylphenoxy)benzonitrile (ClPOBN), when the

initial reaction temperature was -5 to 5 �C, ClPOBN concentration was limited to

0.45–0.55 mol/L, and 2-methyl pyridine was used as the absorbent of HCl.

(2) All the obtained aromatic polyamides were soluble in aprotic polar organic solvents

such as NMP, DMSO, and DMF, and were swelled in some common solvents, such

as CHCl3, DCE, CH2Cl2, THF, etc. the good solubility of polymers indicates they

have much potential for solvent processing and application.

(3) The thin films of obtained polyamides have tensile strength of 79–93 MPa,

Young’s moduli of 1.7–2.6 GP, elongation at break of 9–15%, indicating that

they are strong in mechanical properties.

(4) Properties and structures of obtained polymers were characterized by means of

FTIR, TG, and elemental analysis. Structures of prepared polymers are as

expected. TG studies showed that the polymers had excellent thermal stability

as measured by 5% weight loss temperatures in nitrogen (409–438�).
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