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A
series of new polyhydrazides were obtained by direct polycondensation of 4,4'-

diphenyl sulphone dicarboxylic acid with dihydrazides in ionic liquids (ILs) as a

new class of solvents which have interesting properties such as nonvolatility,

high ionic concentration, good thermal stability and non-flammability. Direct polycon-

densation is successfully proceeded in ILs and triphenyl phosphite (condensing

agent), without any additional components, such as LiCl and pyridine. Therefore IL can

act as both solvent and catalyst. In this investigation high molecular weight polyhy-

drazides have been synthesized and their properties such as solubility, and thermal

stability were studied. The resulting hydrazide containing polymers exhibited inherent

viscosities in 0.26-0.73 dL/g range. All polymers were soluble in polar solvents such

as N-methyl pyrrolidone and dimethyl sulphoxide. The polyhydrazides had glass-tran-

sition temperatures (Tg) between 165-210ºC. They could be thermally converted into

the corresponding poly(1,3,4-oxadiazole)s approximately in the region of 210-330ºC,

as evidenced by the TGA thermograms. 

INTRODUCTION

In recent years, wholly aromatic

polyhydrazides have attracted con-

siderable attention as one of the

most important classes of special

polymers. Polyhydrazides [1,2]

have been extensively studied since

they enhance dyeability of synthet-

ic fibres; improve elasticity over

other polymer types. They possess

fair absorption characteristics [3]

when the hydrazide link in the

main chain or in the polymer back-

bone. They provide a synthetic

base for the chelate polymers [4],

since the hydrazide group

–(–CO–NH–NH–CO)– can react

with metal ions to form complexes.

They are important intermediates
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in the preparation of poly(1,3,4-oxadiazole)s, through

their cyclodehydration either by heating at elevated

temperature or by use of dehydrating agents [5-10].

Poly(1,3,4-oxadiazole)s and copoly(1,3,4-oxadia-

zole)s are potentially interesting as materials for high-

temperature applications owing to their high thermal

stability and tough mechanical properties and have

been investigated as high temperature and flame

resistant fibres [11,12], thermally stable films [13]

and in the fields of polymer light emitting diodes and

polymer electronics [14–22].

Ionic liquids (ILs) are low melting (<100ºC) salts,

which represent a new class of non-molecular and

ionic solvents. They are advanced technological sol-

vents, that can be designed to fit a particular applica-

tion. In recent years much attempts have been given to

the synthesis of polymers in ionic liquid medium. Due

to plenty of benefits, ionic liquids are receiving con-

siderable attention as novel, environment-friendly

solvents [23-27] to replace traditional organic sol-

vents (that evaporate into the atmosphere with detri-

mental effects on the enviroment and human health)

in a number of industrial processes. They also become

utilized as activating reaction medium for a plenty of

polymerization reactions [28-38]. It was shown that in

these neoteric reaction media there is a possibility to

perform free [34,35], living/controlled radical poly-

merization (atom transfer [28,32,36] and addition-

fragmentation chain transfer [37,38]) of methyl

methacrylate, styrene and other unsaturated

monomers.

ILs also, are attracting more attention due to their

significant role in controlling the reaction as  catalyst.

It is important that ILs are the chemicals that can be

applied as solvent and catalyst in green chemistry

processes [39]. 

Recently Vygodskii et al. [40] have used

hydrazine’s salt to synthesis polyoxidazole from

diacid in ‘‘one-pot’’ direct polycondensation tech-

nique, using IL/TPP mixtures. 

They also [41] synthesized different polymers by

direct polycondensation effectively in ILs under the

influence of triphenyl phosphite as activating agent,

and revealed that there is no need to use any extra

components, for example, LiCl and pyridine.

Herein we demonstrate that IL method is an effi-

cient and environmentally friendly green route for the

synthesis of polyhydrazides. The usage of dicar-

boxylic acids in direct polycondensation instead of

their significantly more toxic analogues, such as acid

chlorides, is one of the main and important advantage

of polymer synthesis in ionic liquids in comparison

with conventional methods [42].

EXPERIMENTAL

Materials

Solvents and chemical materials were either prepared

in our laboratory or purchased from Fluka

(Switzerland) and Merck (Germany) chemical com-

panies. 4,4'-Dicarboxylic acid diphenyl sulphone

(DSDA) was synthesized according to the method of

Hsiao et al. [43]. The dihydrazides were prepared by

the following method: diethyl (or dimethyl)ester (1

mol) was refluxed with 3-4 mol of 100% hydrazine

hydrate in 250-500 mL of dry methanol for several

hours. The crude dihydrazide that separated out was

crystallized from water or alcohol. They have charac-

teristic IR absorption (KBr) at 3250 cm-1 (NH stretch-

ing) and 1620 cm-1 (C =O). All ILs were prepared and

purified in accordance with the procedure described

previously by Vygodskii et al. [44]. 

Apparatus

Melting points were determined in open capillaries

with a Buchi 535 melting point apparatus.  Proton

NMR spectra were recorded on a 250 MHz Bruker

Avance DPX-250 spectrometer using tetramethyl-

silane (TMS) as an internal standard. Chemical shifts

are given in the δ scale in parts per million (ppm).

Proton resonances are designated as singlet (s), dou-

blet (d), triplet (t), multiplet (m), and doublet of dou-

blet (dd).  UV Spectra were recorded on a Pharmacia

Biotech Ultraspec 3000 model 80-2106-20

specterometer. IR Spectra were recorded on a

Shimadzu FTIR-157 spectrophotometer. The inherent

viscosities (ηinh = lnηrel/C, where ηrel is the relative

viscosity and C is the concentration) of the polymers

were determined in 0.5 g/dL solutions of DMF at

30ºC with a Canon-Fenske viscometer. TGA and DSC

analyses were performed on a Stanton STA-625 or

TGA-1500 with heating rate of 20ºC/min under N2

atmosphere. The Heraeus CHN analyzer (Germany)
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was used for elemental analysis. 

Model Compound

From Benzhydrazide and 4,4'-Dicarboxylic Acid
Diphenyl Sulphone
Model compound I was synthesized from benzhy-

drazide and 4,4'-dicarboxylic acid diphenyl sulphone

(DSDA) by direct polycondensation in IL. 4,4'-

Dicarboxylic acid diphenyl sulphone (0.001 mol),

benzhydrazide (0.001 mol)  and 3.20 g of (1-Me-3-Pr

im)Br were mixed at room temperature for 10 min.

Then, 0.52 mL (0.00225 mol) of triphenyl phosphite

(TPP) was added and the mixture was heated under

inert gas atmosphere up to 120ºC for 2 h. The

obtained dihydrazide was isolated by the precipitation

in excess methanol. Dihydrazide was thoroughly

washed with methanol and dried in vacuo (Scheme I);

yield 97%; IR (KBr): ν = 3290 (NH),  1710 (C=O),

1340, 1160 (S=O) cm-1; UV (DMF) λmax: 275 nm; 1H

NMR (250 MHz, DMSO-d6) δ = 7.50-8.22 (m, 18H,

Ar), 10.75 (s, 4H, NH) (Figure 1).

Preparation of Polyhydrazides
All the polyhydrazides were synthesized by direct

Figure 1. 1H NMR of model compound.

polycondensation in IL. Diacid (DSDA) (0.306 g,

0.001 mol), dihydrazides (0.001 mol)  and 3.20 g of

(1-Me-3-Pr im)Br were mixed at room temperature

for 10 min. Then, 0.52 mL (0.00225 mol) of TPP was

added. The mixture was heated under inert atmos-

phere up to 140ºC for 2-3 h. The obtained poly-

hydrazides were isolated by the precipitation in

excess methanol. Polyhydrazides were thoroughly

washed with methanol and dried in vacuo at 70ºC

(Scheme II). 

Polyhydrazide from DSDA and Terephthalic

Dihydrazide (PH1): Yield 96%; UV (DMF) λmax:

270 nm; IR (KBr): ν = 3250 (NH), 1650 (C=O), 1400,

1150 (S=O) cm-1; 1H NMR (250 MHz, DMSO-d6)

δ = 7.96-8.23 (m, 12H, Ar), 10.85 (d, 4H, NH). 

Polyhydrazide from DSDA and Isophthalic

Dihydrazide (PH2): Yield 97%; UV (DMF) λmax:

270 nm; IR (KBr): ν = 3250 (NH), 1650 (C=O), 1400,

1150 (S=O) cm-1; 1H NMR (250 MHz, DMSO-d6) 

δ = 7.70 (d, 1H, Ar), 8.18 (t, 10H, Ar), 8.49 (s, 1H,

Ar), 10.85 (d, 4H, NH). 

Polyhydrazide from DSDA and Phthalic

Dihydrazide (PH3): Yield 98%; UV (DMF) λmax:

268 nm; IR (KBr): ν = 3250 (NH), 1650 (C=O), 1400,

1150 (S=O) cm-1; 1H NMR (250 MHz, DMSO-d6)

δ = 8.12 (m, 12H, Ar), 9.99 (s, 2H, NH), 10.58 (s, 2H,

NH). 

Polyhydrazide from DSDA and Biphenyl 4,4'-

Dicarboxylic Dihydrazide (PH4): Yield 98%; UV

(DMF) λmax: 281 nm;  IR (KBr): ν = 3250 (NH),

1650 (C=O), 1400, 1150 (S=O) cm-1; 1H NMR (250

MHz, DMSO-d6) δ = 7.92-8.19 (m, 16H, Ar), 10.82

(d, 4H, NH). 

Polyhydrazide from DSDA and Oxalyl

Dihydrazide (PH5): Yield 98%; UV (DMF) λmax:

269 nm; IR (KBr): ν = 3250 (NH), 1660 (C=O), 1400,

1155 (S=O) cm-1; 1H NMR (250 MHz, DMSO-d6)

δ = 8.12 (t, 8H, Ar), 10.89 (d, 4H, NH). 
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Scheme I. Preparation of model compound from diacid (DSDA).

 



Polyhydrazide from DSDA and Phosphoric

Hydrazide (PH6): Yield 97%; UV (DMF) λmax: 269

nm; IR (KBr): ν = 3250 (NH), 1660 (C=O), 1400,

1150 (S=O), 1270, 830 (H-P=O) cm-1; 1H NMR (250

MHz, DMSO-d6) δ = 6.7 (d, 1H, H-P=O), 7.97-8.32

(m, 10H, Ar, NH), 10.83 (s, 2H, NH).

Polyhydrazide from DSDA and Malonic

Dihydrazide (PH7): Yield 95%; UV (DMF) λmax:

275 nm; IR (KBr): ν = 3250 (NH), 1650 (C=O), 1400,

1150 (S=O) cm-1; 1H NMR (250 MHz, DMSO-d6)

δ = 2.71 (s, 2H, CH2), 8.18 (m, 8H, Ar), 10.27 (d, 2H,

NH), 10.88 (d, 2H, NH). 

Polyhydrazide from DSDA and Succinic

Dihydrazide (PH8): Yield 95%; UV (DMF) λmax:

268 nm; IR (KBr): ν = 3250 (NH), 1560 (C=O), 1400,

1150 (S=O) cm-1; 1H NMR (250 MHz, DMSO-d6)

δ = 2.59 (t, 4H, CH2), 8.13 (t, 8H, Ar), 10.09 (s, 2H,

NH), 10.61 (s, 2H, NH).

Polyhydrazide from DSDA and Adipic

Dihydrazide (PH9): Yield 97%; UV (DMF) λmax:

266 nm; IR (KBr): ν = 3250 (NH), 1650 (C=O), 1400,

1150 (S=O) cm-1; 1H NMR (250 MHz, DMSO-d6)

δ = 1.58 (s, 4H, CH2), 2.19 (s, 4H, CH2), 8.07 (t, 8H,

Ar), 9.96 (s, 2H, NH), 10.55 (s, 2H, NH).

RESULTS AND DISCUSSION

The direct polycondensation of a dicarboxylic acid

and dihydrazides is one of the well-known methods

for polyhydrazide synthesis. ILs bearing different

alkyl groups and anions were synthesized (Tables 4

and 5), and their applications as solvents and also cat-

alysts were examined for the direct polymerization
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Scheme II. Polymer synthesis of polyhydrazides.



reaction. Polycondensation was carried out by chang-

ing the type of IL bearing different alkyl groups and

anions. For ILs having the same alkyl substituents

(Table 4) there is a strong dependence between alkyl

length and polyhydrazide molecular weight: upon

alkyl group length rises, the increasing in viscosity is

observed. However, for ILs with asymmetrical cation

there is no similar clear dependence (Table 4). Also it

can be observed that ILs containing n-propyl or iso-

propyl alkyl chains seemed to be the best solvents for

Figure 2. 1H NMR of PH2.

polymer synthesis. As far as the anions are concerned,

the best results were achieved in IL with Br- (Table 5,

entry 1). After all the conditions were optimized, sev-

eral polyhydrazides were synthesized by the direct

polycondensation reactions of an equimolar mixture

of monomer DSDA with several different dihy-

drazides in IL medium [1-Me-3-Pr im]Br in the pres-

ence of TPP as an activating agent, which acted as

both solvent and catalyst in conjunction with TPP.

Direct polycondensation of dicarboxylic acids and

dihydrazides in IL, namely, 1-Me-3-Pr-imidazolium

bromide, gave good results. The best results were

achieved at 140ºC. It is noteworthy that no polymer

precipitation is observed during the polymer forma-

tion in such IL. 

To compare the efficiency of this new method of

polymerization (method A) with classical method,

direct polycondensation reaction in a NMP/TPP/Py/

LiCl at the reflux temperature (method B) was used

for the preparation of PHs.

In method A, an IL is used as solvent and catalyst.

The replacement of a volatile and toxic organic sol-

vent in the polymerization with a non-volatile solvent

will reduce losing solvent through evaporation, and it

is important that ILs are chemicals that can be applied

as solvents and catalysts in green chemistry process-
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Polymer code Ra mp (ºC) Yield (%) ηb
inh(dL.g-1)

PH1

PH2

PH3

PH4

PH5

PH6

PH7

PH8

PH9

-NHNH-CO-CO-NHNH-

-NHNH-HP(=O) -NHNH-

-NHNH-CO-CH2-CO-NHNH-

-NHNH-CO ( CH2)2 CO-NHNH-

-NHNH-CO ( CH2)4 CO-NHNH-

>300

>300

>300

>300

>300

>300

>300

>300

>300

96

97

98

98

98

97

95

95

97

0.56

0.49

0.35

0.73

0.50

0.49

0.31

0.29

0.26

C
H
N

H
NC

H
N

H
N

O O

C
H
N

H
NC

H
N

H
N

O O

C
H
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H
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H
N

H
N

O O
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N
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N C

H
N

H
N

O O

Table 1. Polymers structures and properties (DSDA).

(a)In (b) Inherent viscosity measured at concentration of 0.5 g.dL-1

in DMF at 30ºC.S R

O OO

O



es. The possibility of the recovery and reuse of an

IL/catalyst system and the ability to dissolve

monomers are some other advantages of using IL sys-

tems in method A. In method B, direct polycondensa-

tion commonly occurs in the presence of volatile

organic solvents, NMP and Py, influencing the forma-

tion and solubility of the resulting polymers. 

The result obtained from model compound and

PH1 reaction allowed the development of a simple

technique for a method to prepare polymers from

DSDA and dihydrazides. The substitution of NMP

and Py as a reaction medium by an IL, namely, (1-

Met-3-Pr im)Br, gave good results.

The new polymers (PH1-9) were synthesized by
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P(OC6H5)3  + N N Br-
N N Br-
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+
N N Br-
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HOOC-R-CO-NHNHCO-Ar-CONHNH2

HOPh + HOP(OPh)2

Scheme III. Mechanism of activation of diacid by IL and TPP system.
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Table 2. Solubilities of polyhydrazides from DSDA.

(++) Soluble at room temperature; (-+) partially soluble; (+) soluble on heating.



direct polycondensation reaction of an equimolar

mixture of diacid (DSDA) with aromatic dihydrazides

in IL, which acted as both solvent and catalyst in con-

junction with TPP. A reaction mechanism was pro-

posed by Mallakpour et al. (Scheme III); initially an

intermediate IL/triphenyl phosphate complex is

formed. A subsequent attack of diacid by such a com-

plex gives an active acyloxyphosphonium salt, and

the interaction of this final salt and hydrazide (NH)

group results in a hydrazide [45]. 

All of these polymers are new and prepared for the

first time in our laboratory. All the polymers were pro-

Table 4. PH1 synthesized in various bromide ILs (140ºC,

2.5 h, 2.25 mol of TPP/1 mol of monomer, c = 0.4 mol/L).

(a) In the presence of 4 wt% of LiCl.

duced in a quantitative yield. The structure of polyhy-

drazides were ascertained by IR and 1H NMR spec-

troscopies. The IR spectra showed characteristic

absorption near 3250 cm-1 ascribed to the stretching

of N-H linkage with relatively low frequency to for-

mation of hydrogen bonds, 1650-1660 peculiar to car-

bonyl (C=O) stretching frequency, the C-N stretching

frequency was absorbed at 1260±20 for all polyhy-

drazides and ring stretching around 1480 with intensi-

ty and 1400, 1150 cm-1 for (S=O). In 1H NMR spec-

tra, the absorption signals of aromatic protons

appeared in the region of δ = 7.7-8.5 ppm. The peak

corresponding to NH resonance from the hydrazide

group was observed around 10.0-11.0 ppm (Figures 1

and 2). For obtaining 13C NMR it is necessary to have

high concentration of polymers in deuterated solvent.

But because of limited solubility of our poly-

Table 5. PH1 synthesized in various 1-methyl-3-propylimi-

dazolium salts (140ºC, 2.5 h, 2.25 mol of TPP/1 mol of

monomer, c =0.4 mol/L).
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Compounds

Calculated Found

C (%) H (%) N (%) S (%) C (%) H (%) N (%) S (%)

Model I

PH1

PH2

PH3

PH4

PH5

PH6

PH7

PH8

PH9

61.98

56.89

56.89

56.89

62.21

49.48

44.21

50.74

51.91

54.04

4.08

3.47

3.47

3.47

3.72

3.11

3.44

3.50

3.87

4.53

10.32

12.06

12.06

12.06

10.36

14.42

14.73

13.94

13.45

12.60

5.90

6.90

6.90

6.90

5.93

8.25

8.43

7.96

7.70

7.21

60.56

55.46

55.34

55.51

61.18

48.25

43.32

49.49

50.45

53.81

4.11

3.49

3.51

3.54

3.79

3.18

3.47

3.63

3.90

4.64

9.93

11.86

11.91

11.92

9.94

13.98

13.97

13.76

12.93

11.96

-

6.75

6.65

6.76

5.79

8.07

8.27

7.82

7.61

6.97

Table 3. Elemental analysis of model compound and polyhydrazides.

Number ηb
inh(dL.g-1)

R1 R2

1

2

3

4

5

6

CH3

CH3

CH3

CH3

C3H7

C4H9

C2H5

C3H7

C4H9

i-C3H7

C3H7

C4H9

0.49

0.52

0.45

0.56

0.31

0.42

7a NMP 0.43

N N
R1

Br-R2

Number ηb
inh(dL.g-1)

Y-

1

2

3

Br-

Cl-

BF4
-

0.56

0.49

0.41

N N
R1

Y-R2



Figure 3. TG Curve of polyhydrazide PH1 with a heating

rate of 20°C/min in nitrogen.

hydrazides in DMSO-d6, we were not able to have

suitable concentration of polymers, so the resulting

spectra were not good, and we do not rely on 13C

NMR data.  

To have an estimation of the relative molecular

weights of polyhydrazides, inherent viscosities of

polymers were measured in 0.5 g/dL concentration in

DMF at 30ºC.  The ηinh of polymers were in the range

of 0.26-0.73 dL.g-1 which showed relatively high

molecular weight of polymers. It is clear from Table 1

that the wholly aromatic polyhydrazides have higher

inherent viscosity. Also the para-substituted polyhy-

drazide has higher inherent viscosity in comparison to

meta- and ortho-substituted.

All the aromatic polyhydrazides referred to are

white or light yellow powders entirely soluble in polar

aprotic solvents such as NMP, DMAc, and DMF at

room temperature. For the less polar solvents, some of

them were only soluble or swollen in hot m-cresol.

Concentrated sulphuric acid is a solvent for these

polymers, but it causes some breakdown as demon-

Figure 4. DSC Curve of polyhydrazide PH1 with a heating

rate of 20ºC/min in nitrogen.

Table 6. Thermal properties of polyhydrazides.

(a) From the second heating traces of DSC measurements con-

ducted with a heating rate of 20ºC/min in N2; (b) Weight percentage

of material left undecomposed after TGA analysis at maximum tem-

perature of 600ºC in N2.

strated by viscometric measurements. They showed

good resistance to common organic solvents such as

THF, chloroform, acetone, and ethanol. When the sol-

ubilities of polymers that differ only by meta and para
linkages are compared, the meta structure shows a

higher solubility (Table 2). These polyhydrazides and

model compound were also characterized by elemen-

tal analysis.  The data obtained from elemental analy-

sis were found to be in good agreement with the

expected values. The results are summarized in 

Table 3. 

Thermal Properties

The methods of choice for investigation of thermal

resistivity of polyhydrazides are thermogravimetric

analysis (TGA) and differential scanning calorimetry

(DSC). All the hydrazide polymers displayed dis-

cernible glass transitions between 165-210ºC in the

DSC traces. A two-step weight loss is observed for

most cases. First a strong endothermic peak between

210-330ºC that was attributed to loss of water during

the conversion of the hydrazide group to the 1,3,4-

oxadiazole ring (a relative weight loss between 6.6

and 9.2%).

The second break in the TGA curve occurred

around 350-510ºC and corresponded to decomposi-

tion of poly(1,3,4-oxadiazole)s, formed in-situ. The

char residue remaining at 600ºC in nitrogen atmos-

phere is between 34-49% (Figures 3 and 4). The 10%
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Polymer Tg (ºC)a Char yield (%)b

PH1

PH2

PH3

PH4

PH5

PH6

PH7

PH8

PH9

194

179

188

210

175

185

172

168

165

47

43

46

49

40

43

37

34

35



weight loss, which is taken as a measure of thermal

stability, occurs above 230ºC. The thermal analysis

data are summarized in Table 6.

CONCLUSION

A series of PHs were synthesized by direct polycon-

densation of 4,4'-dicarboxylic acid diphenyl sulphone

with various dihydrazides in ILs under the influence

of triphenyl phosphite as activating agent. Owing to

ILs usage there is no need to use any extra compo-

nents in such process, for example, LiCl and pyridine.

It is essential that these additives are necessary

participants in direct polycondensation of the same

condensation monomers in ordinary molecular sol-

vents, such as NMP. Also, the instability and toxicity

of acid chlorides are the main drawbacks of low tem-

perature solution polycondensation method. The

resulting hydrazide containing polymers exhibited

inherent viscosities in 0.26-0.73 dL/g range. They had

glass-transition temperatures (Tg) between 165-

210ºC. In summary, we have developed a facile

methodology for the synthesis of polymers in ILs. The

green solvent is harmless, economical, and environ-

mentally friendly. The catalyst system was very easy

to separate from the reaction product, so it can be used

repeatedly.
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