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ABSTRACT 

The purpose of this research is to synthesize a new monomer (E)-5-(3-(4-aminophenyl)-3-oxoprop-1-en-1-yl)-2-

hydroxybenzoic acid and poly (ester-amide) polymer. Chalcone compound, α, β- unsaturated ketone is a new monomer 

that includes both the functional group (-CO-CH=CH-) and α, β - unsaturated carbonyl group of the present system. It is 

prepared via the condensation of aryl ketone with an aromatic aldehyde in the presence of suitable condensation agents 

which is known as condensation of aldol. The monomer was reacted with (phthalic anhydride and maleic anhydride) by 

solution polycondensation reactions to yield polymer. The synthesized monomer and polymer were characterized 

via FT.IR-spectra, Nuclear magnetic resonance
13 

C.NMR-spectra, 
1
H.NMR-spectra] and DSC (Differential scanning 

calorimetry)]. The polymer demonstrated excellent thermal stability. The findings revealed that poly (ester-amide) 

was successfully synthesized by providing a good spectrum that improved the existing amide functional group (-CONH-) 

and ester functional group (-COO-) in the spectrum of prepared polymer, as well as the presence of chalcone functional 

groups(CO-CH=CH-) improved in the spectrum of monomer. 

 
Keywords: poly (ester-amide) polymer, monomer, chalcone group. 

 

INTRODUCTION 

Two of the most common polymer types are 

polyesters (PEs) and polyamides (PAs). In polyesters, 

monomers are joined by ester linkages. For the time being, 

they are frequently employed as mass plastic, 

consumables, with good mechanical characteristics, 

biocompatibility as well as biomaterials. In general, 

because of their capacity to hydrolyze, they are used in 

medicine [1, 2]. Polyamides (monomers linked together by 

amide linkages) were a variety of fossil- and non-fossil-

based compounds. Bio-based polyamides are available for 

use in a variety of applications, a variety of fields as 

biomedical, automotive, and other of commodity [3]. 
Polyamides containing amide groups in the main chain (-

NH-CO-) are regarded as one of the most important 

polymers due to their considerable super-engineering 

design and superior mechanical qualities at high 

temperatures. They can withstand a wide range of 

temperatures because of their thermal stability. They are 

stiff [4, 5] as a result of the amide group's feature, 

inclusive hydrogen bonding. [6]
 

Because of its high mechanical strength and 

durability, aliphatic polyamide is used in a wide range of 

industrial and textile applications. Aromatic polyamides 

have excellent properties but poor solubility, whereas 

aliphatic-aromatic polyamides with a diacid or diamine 

and a flexible aliphatic segment have excellent properties 

as well as good solubility [7, 8, and 9]. Aromatic-aliphatic 

polyamides have higher melting and glass transition 

temperatures, as well as mechanical properties [9]. 

Researchers are increasingly turning to poly)ester 

amide)s (PEAs) in the hope of developing functional 

biomaterials with improved cell-matrix interactions. PEAs 

are biodegradable synthetic polymers that include both 

ester and amide bonds along their polymer backbone, 

allowing them to integrate the good biodegradability of 

polyesters with the good thermo-mechanical properties of 

polyamides [10]. 

In recent decades, poly (ester amide)s have been 

the topic of substantial investigation [11-12]. These 

polymers, in fact, combine the benefits of both polyamides 

and polyesters. Polyesters are valued for their minimal 

environmental impact due to their biodegradability and 

ability to be manufactured from renewable resources [13, 

14]. They may, however, have poor mechanical properties 

[15, 16]. Polyamides, on the other hand, generate a 

network of hydrogen connections between the amide 

functionalities, resulting in a high cohesive energy density 

and good mechanical characteristics [17, 18]. They are, 

however, either non-biodegradable or simply partially 

biodegradable. Furthermore, the ester/amide function ratio 

can be changed to alter the thermal and mechanical 

properties [19, 20]. 

Carothers produced the first PEAs in 1932 by 

polycondensing diols, diacids, and diamines [21], cyclic 

anhydrides with diisopropanolamine [22], lactones/lactams 

[23]. Various pathways based on ring opening of 

monomers (depsipeptides) [24] dicarboxylic acids  with 

bis(2-oxazolines) [25] or acyclic diene metathesis 

polymerization [26] or spontaneous zwitterionic 

copolymerization of 2-oxazolines or 2-oxazines 

Polycondensation of monomers containing carboxylic 

acid, amine, ester, hydroxyl, or acyl halide groups by melt 

polycondensation, solution polycondensation, interfacial 

polycondensation, or solid/liquefied state 

polycondensation is the most common method for 

producing PEAs [27, 28]. 
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The polycondensation of a carboxylic diacid and 

amino alcohol is one of the simplest processes for 

producing PEA on a big scale. A repeat unit with an ester 

and an amide function is created in this situation, but 

without any control over the amino alcohol insertion into 

the poly(ester-amide), and therefore without control over 

the polymer microstructure. Thermomechanical 

characteristics are therefore influenced directly, according 

to Goodman et al. [29]. 

The purpose of this research was to synthesize a 

new monomer (E)-5-(3-(4-aminophenyl)-3-oxoprop-1-en-

1-yl)-2-hydroxybenzoic acid and poly (ester-amide) 

polymer. 

 

EXPERIMENTAL SECTION 

 

Materials and Instruments 

The FTIR Spectra of the polymer and monomer 

was measured using KBr pellets on an FTIR Bruker 

German model Equionex 55 Spectrometer (4000-400 cm
-

1
), which was used to measure the FTIR Spectra of the 

monomer and all polymers. A variety of other 

methodologies were also used in this work. 
Nuclear Magnetic Resonance (

1
H NMR and 

13
CNMR) Spectra were obtained utilizing NMR 

Spectroscopy-Bruker company equipment at 400MHz for 

1HNMR and 100MHz for 
13

CNMR, and 9.5 Tesla 

magnetic employing CD3C(=O)CD3 as the solvent for the 

experiments. 

The thermal analysis of the polymers was 

performed using an instrument manufactured by 

METTLER TOLEDO (Switzerland) and designated as 

DSC 1. Instances of (examples and references) Pan: 

Aluminum Crucible Standard 40L with 99.999 percent 

purity, O2 concentration of 50ppm, H2 concentration of 

30ppm, and Ar concentration of 30ppm. 
 

Procedure: Preparation of Monomer and Polymer 
They consisted of the following steps: 

To prepare monomer [M], 0.596gm, 0.001ml of 

3-carboxy-4-hydroxybenzaldehyde was added slowly to a 

solution of 1gm, 0.001mol of 4- aminoacetophenone in 

30ml of absolute ethanol. Then, with steady stirring on the 

magnetic stirrer, 5ml of a 10 percent NaOH solution was 

added slowly to the solution. Using absolute ethanol, we 

added the solution of the first stage and stirred 

continuously for 6 hours. The reaction was then followed 

by (TLC) using Ethanol: dry benzene ((1:4)), and the 

product was cooled, filtered, and recrystallized with 

absolute ethanol. 

In order to synthesize polymer [P], the reactants 

which included monomer, maleic anhydride, and phthalic 

anhydride dissolved in acetone then react at high 

temperature for six hours with zinc chloride as a catalyst 

in a polycondensation process to obtain the product, 

according to the reaction scheme (1). 

 

 
 

Scheme-1. Synthesis of monomer [M] and polymer [P]. 
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RESULTS AND DISCUSSIONS 
They were analyzed using FTIR to identify the 

new polyester that was synthesized as well as to evaluate 

the matrix and resulting polyester. 

The FT-IR spectroscopy approach was used to 

confirm the chemical structures of produced substances. 

The monomer and polymer FT-IR spectra were recorded 

as KBr pellets in the 650- 4000 cm1 range. The aromatic 

C-H stretching vibration occurred in the range 2822-2733 

cm
–1

 in the infrared spectra of M under investigation, and 

a band at 3475cm
–1

 matched the -OH of the non-hydrogen-

bonded groups. In 1307 cm
–1

 and 1120 cm
–1

, respectively, 

the aromatic C-H in-plane bending and out-of-plane 

bending vibrations emerged. While the bands in the 

1500cm
–1

 region matched the aromatic C=C stretching 

vibration of aromatic rings, the C=C stretching vibration 

of the alkene group created the other band in the 1583cm
–

1
region. Due to the carbonyl group C=O of carboxylic 

acid, the M displayed a band of approximately 1662 cm
–1

. 

The carbonyl group C=O of chalcone vibration caused the 

band at 1643cm
–1

. The NH2 stretching vibration was 

attributed to the bands found in the M's FT-IR spectrum in 

the range 3421, 3448 cm
–1

. 

 

 
 

Figure-1. FT.IR of monomer. 

 

In order to confirm the (polyester-amide) that was 

synthesized and to estimate the matrix and obtained 

polymer, they were analyzed by FTI. Figure-1 is offered 

an infrared spectrum of absorbance in (1660 cm
–1

)[30-32] 

due to carbonyl of amide (CO-N) which exists in the 

polymer backbone. The structure of PEAs was assured by 
1
H-NMR , 13

C-NMR, and FTIR spectroscopy. 1118 cm
–1

 

(CO–C stretching absorptions, unsaturated ester, 1501 cm
-

1
aromatic in-plane ring C=C stretching vibration, 

1578C=O stretch of chalcon for Polymer.)The FTIR 

spectrum of polymer offers distinctive absorption bands at 

1163 cm
–1

 because of the stretching of OCH3 methoxy 

groups and speared bands at (3055-3100 cm-1) due to 

(CH=CH ) alkene of chalcone. The broad absorption band 

at 3006-2826 cm
–1

 is ascribed to COOH stretching 

vibration of the hydroxyl group and disappear stretching 

vibration of the hydroxyl group in a polymer that is 

obtained in the monomer spectrum. The absorption of the 

NH amide stretching show about 3300 cm
–1

 in the 

spectrum. The FTIR spectrum of monomer and polyester 

is illustrated in Figures (1, 2). 
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Figure-2. FT. IR of polymer. 

 

1H-NMR Spectra 

The application of nuclear magnetic resonance in 

NMR spectroscopy with respect to hydrogen-1 nuclei in a 

substance's molecules in order to identify the structure of 

its molecules is known as 
1
H-NMR spectra. 

The proton nuclear magnetic resonance spectra of 

the resultant polymer were shown in Figure-3. The 

chemical shifts in the (9.56 ppm) range were caused by the 

proton of (CO-NH) amide in polymer, the aromatic 

protons of phenyl rings were assigned to the signals at 

6.90-7.84 ppm [33]. 
The signals at (3.83ppm) were assigned to the 

(CH=CH) alkene of chalcon, and those at 2.06-2.46 ppm 

were assigned to carbons of aliphatic and aromatic esters 

in the 1H -NMR spectra of polyester. Figure-3 depict the 

proton nuclear magnetic resonance spectra of the resulting 

polymer. 

 

 
 

Figure-3. 1H-NMR of polymer. 
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Spectra of 13C-NMR 
Spectra of 13C-NMR: Carbon-13 (

13
C) nuclear 

magnetic resonance is the application of nuclear magnetic 

resonance (NMR) spectroscopy to carbon and is an 

essential tool in chemical structure illustration. The 

13CNMR spectra of the polyesters were recorded in 

acetone solvent and provided chemical shifts in the range 

of (195.31-188.49ppm) for the carbon of (COO) ester, 

showed signals at (128.06-150.65 ppm) for carbon Ph-

rings, and manifest signals at (108.02-115.62 ppm) for the  

carbon of CH=CH alkene of chalcon, the chemical shifts 

in range at (164.41 ppm) for (CO-N) amide, and appeared 

signals at (205.51 ppm) for the carbon of C=O of chalcone 

[34]. Figure-4 shows the 13C-NMR spectra of the 

resulting polymer. 

 

 
 

Figure-4. 13C NMR of polymer. 

 

Thermal Properties 
It is possible to detect the heat flow into and out 

of a system using differential scanning calorimetry (DSC). 

Temperature, as well as the availability of a polymeric 

substance a simple method for determining the crystalline 

structure of a substance as a result of the polymer's 

characteristics and as a result of forecasting the individual 

processing and end-use requirements .characteristics.  

Understanding the thermal characteristics of 

materials, and the use of polymers is essential for the 

advancement of technology. The most effective means of 

transforming commodities into items that are 

advantageous, as well as forecasting and execution 

throughout the product's useful life Investigations into the 

thermal characteristics of DSC polyesters were carried out 

to determine the thermal characteristics of materials. The 

brand-new polyesters are made to Assuring the success of 

the polyesters used in the DSC have an amorphous 

structure [35]. 

As they accumulate enough energy, they'll be able to 

transition into highly ordered structures, which we'll refer 

to as crystals, of course. As polymers fall into these 

crystalline structures, they emit heat as a result of the 

process. The crystallization temperature Tc for the 

synthesized polymer is 75.22 degrees Celsius. In the 

polymer, heat can cause crystals to form; but, if too much 

of this occurs, it can be undone. The polymer will 

eventually undergo another thermal transition known as 

melting if the temperature is maintained above its Tc. 
When the polymer crystals reach the melting 

temperature of the polymer, which is denoted by the letter 

Tm, they begin to break apart. In other words, they melt. 

The chains break free from their pre-arranged formations 

and begin to move freely. On a DSC plot, we can see that 

this was taking place [36]. 
The melting temperature (Tm) of the produced 

polymer was 129.60 degrees Celsius. Figure-5 shows the 

DSC thermograms of the polymer under various 

conditions. 
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Figure-5. DSC of polymer spectrum. 

 
CONCLUSIONS 

This research described the successful synthesis 

of polyesters with Chalcone groups in the main chains via 

solution polycondensation of a new monomer (E)-5-(3-(4-

aminophenyl)-3-oxoprop-1-en-1-yl)-2-hydroxy benzoic 

acid with various aromatic and aliphatic anhydrides in the 

presence of Zinc chloride as the condensing agent. 

Overall, FT-IR, 1H, and 13C-NMR spectroscopy were 

used to detect important structural characteristics of the 

new monomer and PEAs.The thermal stability of the 

obtained polymer was reported. 

 

Conflict of interest 

The authors declare that there is no conflict of 

interest. 
 

REFERENCES 

 

[1] Marchildon K. 2011. Polyamides - Still Strong after 

Seventy Years. Macromol. React. Eng. 5(1): 22-54. 

[2] Albertsson A. C. and Varma I. K. 2003. Recent 

developments in ring opening polymerization of 

lactones for biomedical applications. 

Biomacromolecules. 4(6): 1466-1486. 

[3] Winnacker M. and Rieger B. M. 2016. Biobased 

Polyamides: Recent Advances in Basic and Applied 

Research. Macromol. Rapid Commun. 37(17): 1391-

1413. 

[4] Hebeish A., Mousa A., Ramadan M. A. and Saleh A. 

2013. New starch hybrids via etherification of poly 

(acrylamide) - starch copolymers with acrylamide. 

Egyptian Journal of Chemistry. 56 (3). 

[5] Mohamed W. S., Nasr H. E., Gutmann R. and Sobh R. 

A. 2015. Effect of CaO Nanoparticles on the 

Properties of Polyamide 6. Egyptian Journal of 

Chemistry. 58(3(. 

[6] Ge Y. P., Yuan D., Luo Z. L., Wang B. B. 2014. 

Synthesis and characterization of poly (esteramide) 

from renewable resources through melt 

polycondensation, eXPRESS Polymer Letters. 8(1): 

50-54. 

 

[7] Gupta A. 2006. The complete technology book on 

industrial polymers, additives, colourants andfillers. 
Asia Pacific Business Press, New Delhi. 

[8] Morawetz H. 1995. Polymers: the origins and growth 

of a science. Dover Publications, New York. 

[9] Mishra S. P. 2010. A text book of fiber science and 
technology. New Age International Publishers, New 

Delhi. 

[10] Fonseca A. C., Gil M. H., Simões P. N. 2014. 

Biodegradable poly (ester amide) s - A remarkable 

opportunity for the biomedical area: Review on the 

synthesis, characterization and applications. Prog. 

Polym. Sci., 39: 1291-1311. 

doi:10.1016/j.progpolymsci.2013.11.007.  

[11] Rodriguez-Galan A., Franco L., Puiggali J. 2011. 

Degradable poly (ester amide) s for biomedical 

applications. Polymers, 3: 65-

99.https://doi.org/10.3390/polym3010065 

[12] Wang R., Ren T., Bai Y., Wang Y., Chen J., Zhang 

L., Zhao X. 2016. One-pot synthesis of biodegradable 

and linear poly (ester amide) s based on renewable 

https://doi.org/10.3390/polym3010065


                                  VOL. 18, NO. 5, MARCH 2023                                                                                                               ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2023 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                        514 

resources, J. Appl. Polym. Sci., 133(22): 43446, 

https://doi.org/10.1002/app.43446 

[13] Roumanet P. J., Laflèche F., Jarroux N., Raoul Y., 

Claude S., Guégan P. 2013. Novel aliphatic polyesters 

from an oleic acid based monomer. Synthesis, 

epoxidation, crosslinking and biodegradation, Eur. 

Polym. J., 49: 813-822, 

https://doi.org/10.1016/j.eurpolymj.2012.08.002 

[14] Goujard L., Roumanet P. J., Barea B., Raoul Y., 

Ziarelli F., Le Petit J., et al. 2016. Evaluation of the 

effect of chemical or enzymatic synthesis 29 methods 

on biodegradability of polyesters, J. Polym. Environ.; 

24: 64-71, https://doi.org/10.1007/s10924-015-0742-7 

[15] Tetsuka H., Doi Y., Abe H. 2006. Synthesis and 

thermal properties of novel periodic poly(ester-

amide)s derived from adipate, butane-1,4-diamine, 

and linear aliphatic diols, Macromolecules, 39: 2875-

2885, https://doi.org/10.1021/ma052566j 

[16] Rizzarelli P., Cirica M., Pastorelli G., Puglisi C., 

Valenti G. 2015. Aliphatic poly(ester amide)s from 

sebacic acid and aminoalcohols of different chain 

length: Synthesis, characterization and soil burial 

degradation, Polymer Degradation and Stability, 121:  

90-99, 

https://doi.org/10.1016/j.polymdegradstab.2015.08.01

0 

[17] Marchildon K. 2011. Polyamides - still strong after 

seventy years, Macromol. React. Eng., 5: 22-54, 

https://doi.org/10.1002/mren.201000017 

[18] Winnacker M., Rieger B. 2016. Biobased polyamides: 

Recent advances in basic and applied research, 

Macromol. Rapid Commun. 37: 1391-1413, 

https://doi.org/10.1002/marc.201600181 

[19] Goodman I., Vachon R. N. 1984. Copolyesteramides-

II anionic copolymers of -caprolactam with -
caprolactone preparation and general properties, Eur. 

Polym. J. 20: 529-537, https://doi.org/10.1016/0014-

3057(84)90092-2 

[20] Goodman I., Vachon R. N. 1984. Copolyesteramides-

III. Anionic copolymers of εcaprolactam with ε-

caprolactone. Crystalline character and mechanical 

properties, Eur. Polym. J., 20: 539-547, 

https://doi.org/10.1016/0014-3057(84)90093-4 

[21] Carothers W. H., Hill J. W. 1932. Studies of the 

polymerization and ring formation. XIII. Polyamides 

and mixed polyester-polyamides, J. Am. Chem. Soc.; 

54: 1566-1569, https://doi.org/10.1021/ja01343a049 

[22] Feng Y., Guo J. 2009. Biodegradable 

polydepsipeptides, Int. J. Mol. Sci., 10: 589-615, 

https://doi.org/10.3390/ijms10020589 

[23] Rolf. A. T. M. Van B. 2000. Novel hyperbranched 

resins for coating applications. Progress in Organic 

Coatings; 40: 203-214, https://doi.org/10.1016/S0300- 

9440(00)00122-3  

[24] Chromcová D., Baslerová L., Roda J., Brozek J. 2008. 

Polymerization of lactams. 99 Preparation of 

polyesteramides by the anionic copolymerization of -
caprolactam and 30 -caprolactone, European 

Polymer Journal. 44: 1733-1742, 

https://doi.org/10.1016/j.eurpolymj.2008.03.016 

[25] Luston J., Kronek J., Markus O., Janigová I., Böhme 

F. 2007. Synthesis and polymerization reactions of 

cyclic iminoethers. 3. Poly (ester amide)s of the 

AA+BB type on the basis of 2-oxazolines, Polym. 

Adv. Technol., 15: 165-172, 

https://doi.org/10.1002/pat.801 

[26] Führer F. N., Schlaad H. 2014. ADMET 

polymerization of amino-acid-based diene, Macromol. 

Chem. Phys., 215: 2268-2273, 

https://doi.org/10.1002/macp.201400166 

[27] Kempe K. 2017. Chain and step growth 

polymerizations of cyclic imino ethers: from poly 

(2‐oxazoline)s to poly(ester amide)s, Macromol. 

Chem. Phys. 218: 1700021, 

https://doi.org/10.1002/macp.201700021 

[28] P. A. J. M. de Jongh, P. K. C. Paul, E. Khoshdel, P. 

Wilson, K. Kempe, D. M. Haddleton. 2017. High Tg 

poly(ester amide)s by melt polycondensation of 

monomers from renewable resources; citric acid, D-

glucono-δ-lactone and amino acids: A DSC study, 

European Polymer Journal, 94: 11-19, 

https://doi.org/10.1016/j.eurpolymj.2017.06.040 

[29] GoodmanI, Sheanan R. J. 1990. Copolyesteramides-

V. Hexamethylene adipamide/hexamethylene adipate 

random and ordered copolymers: preparation and 

general properties, Eur. Polym. J. 26: 1081-1088, 

https://doi.org/10.1016/0014- 3057(90)90007-Q  

[30] Rodríguez-Galán A., Franco L. and Puiggalí J. 2011. 

Biodegradable Poly (ester amide)s: Synthesis and 

Applications, in Biodegradable Polymers: Processing, 

https://doi.org/10.1002/app.43446
https://doi.org/10.1016/j.eurpolymj.2012.08.002
https://doi.org/10.1007/s10924-015-0742-7
https://doi.org/10.1021/ma052566j
https://doi.org/10.1016/j.polymdegradstab.2015.08.010
https://doi.org/10.1016/j.polymdegradstab.2015.08.010
https://doi.org/10.1002/mren.201000017
https://doi.org/10.1002/marc.201600181
https://doi.org/10.1016/0014-3057(84)90092-2
https://doi.org/10.1016/0014-3057(84)90092-2
https://doi.org/10.1016/0014-3057(84)90093-4
https://doi.org/10.1021/ja01343a049
https://doi.org/10.3390/ijms10020589
https://doi.org/10.1016/j.eurpolymj.2008.03.016
https://doi.org/10.1002/pat.801
https://doi.org/10.1002/macp.201400166
https://doi.org/10.1002/macp.201700021
https://doi.org/10.1016/j.eurpolymj.2017.06.040


                                  VOL. 18, NO. 5, MARCH 2023                                                                                                               ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2023 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                        515 

Degradation, and Applications. Nova Science 

Publishers Inc. 

[31] Mecking S. 2004. Minireview, Nature or 

Petrochemistry Biologically Degradable Materials. 

Journal of the German chemical society. 43: 1078-

1085. 

[32] Winnacker M. and Rieger B. 2016. Poly (ester 

amide)s: recent insights into synthesis, stability and 

biomedical applications. Polym. chem. 7: 7039. 

[33] Hassen H. S., Majeed N. S., Mohsein H. F., Hassan E. 

S. 2020. Synthesis and Characterization of Monomer 

and Three Types of Polymers Containing Chalcone 

Groups in Main Chain. Egypt. J. Chem. 63(11):  

4195-4203. 

[34] Mohsein H. F., Jaffer N. D., Hassen H. S., Kadhim A. 

A. 2022. Synthesis, Characterization and Anticancer 

Assessment of New Nitrogen-Cyclic Compounds. 

Egypt. J. Chem. 65(3): 563-571. 

 

[35] Jamshidi K., Hyon S. H., Ikada Y. 1988. Thermal 

characterization of polylactides. Polymer, 29(12): 

2229-2234. https://doi.org/10.1016/0032-

3861(88)90116-4 

[36] Hassen H. S., Khazaal M. H., Majeed N. S., Hassan E. 

S. 2021. Preparation and Identification of Aromatic 

Copolyester Containing Chalcone Group. Egypt. J. 

Chem. 64(8): 4173 -4181. 

https://doi.org/10.1016/0032-3861(88)90116-4
https://doi.org/10.1016/0032-3861(88)90116-4

