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(98%) was obtained from Aldrich, Milwaukee, WI. Ti-
tanium (IV) isopropoxyde, >98%, was purchased from 
Acros Organics. 

Methods 

The IR spectra of the ozo-SOY-polyols were re-
corded on a Perkin Elmer Spectrum-1000 Fourier trans-
form infrared (FTIR) spectrometer.  

The GPC chromatograms were acquired on a Wa-
ters system consisting of a 510 pump and 410 differen-
tial refractometer. Tetrahydrofuran was used as eluent at 
a flow rate of 1.00 ml/min at 30 °C. Four Phenogel co-
lumns plus a guard Phenogel column from Phenomenex 
covering a MW range of 102 to 5×105 were used. 

The hydroxyl values of the polyols were determi-
ned according to the ASTM E 1899-97 standard test 
method for hydroxyl groups using reaction with p-tolue-
nesulfonyl isocyanate (TSI) and potentiometric titration 
with tetrabutylammonium hydroxide.  

Acid values were measured using standard test me-
thod for fats and oils. 

Differential scanning calorimeter, model Q100, from 
TA Instruments, New Castle, DE, USA, was used to me-
asure melting at a heating rate of 20 °C/min. 

Synthesis of polyols via ozonolysis 

Ozonolysis of the soybean and castor oil was car-
ried out by introducing ozone/oxygen at the flow rate of 
1 l/min. Solution of 10% soybean oil in a mixture of 
methanol and methylene chloride (volume ratio 45/55) 
is used. The ozonation apparatus is presented on Figure 
5. Ozone is generated from the molecular oxygen by 
electric discharge in the ozone generator (Clear Water, 
Tech INC. M-1500). The ozone concentration (wt%) in 
the oxygen stream was monitored using an ozone ana-
lyzer (Mini Hicon, SC-010-R, IN USA, Inc.). Maximum 
ozone concentrations in the oxygen stream was 5.8 wt%. 

The reaction mixture is maintained at 0–3 °C, using an 
ice/water bath. Higher reaction temperatures favor for-
mation of undesired oligomeric products. Ozonolysis is 
finished after the concentration of ozone monitored by 
the ozone analyzer becomes significant. At the same time 
in the dry ice/acetone trap, that contains some methanol 
removed from reaction mixture, royal blue color ap-
pears. Longer reaction time can cause further oxidation 
of the formed aldehydes to carboxylic acids. Ozonolysis 
products in this case would have lower hydroxyl num-
ber and higher acid value. 

Prior to the reduction, the reaction mixture was pur-
ged with nitrogen for 10 min to remove peroxides. 

Reduction has been carried out at reaction tempe-
rature (0–3 °C) by slowly adding sodium borohydride 
(molar ratio 1.05/1 of reducing agent per double bond 
equivalent). After adding hydride, stirring was continu-
ed for an additional 10 min. Shorter reduction time is 
sufficient for completing the reaction, while longer re-
duction times may cause splitting of ester bonds in tri-
glycerides due to the basic environment. 

Polyol solutions were washed with water until the 
water phase was no longer basic. Using brine solution in 
the first wash enhanced separation, which is slow and 
difficult due to the presence of a large concentration of 
hydrophilic hydroxyl groups. After washing, the organic 
phase was dried over anhydrous sodium sulfate. Sol-
vents and low molecular weight products were removed 
under reduced pressure at 80 °C. Obtained polyols still 
contain impurities that could not be removed during syn-
thesis (1-nonanol and 1,3-nonanediol). 

Purification of the ozo-polyols 

Ozo-polyols were purified using a thin-film evapo-
rator (Wiped Film-Still, POPE Scientific, Inc.). Sepa-
ration has been carried out at 120 °C and 0 mm Hg. 

 

Figure 5. Ozonation apparatus. 
Slika 5. Aparatura za ozonizaciju. 
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Preparation of 9-hydroxynonanoic acid methyl ester 

Ozo-CO-polyol has been used for the preparation 
of 9-hydroxynonanoic acid methyl ester by methano-
lysis. Reaction was catalyzed by 1% CH3OK. A large 
excess of methanol (15:1 molar ratio of methanol per 
double bond of triglyceride) was used in the process. 
The reaction was carried out under reflux of methanol, 
at 68 °C for 3 h. After cooling to room temperature, 
diethyl ether was added to the mixture, and then washed 
with water several times, until the pH value of the water 
phase was 7. The organic phase was dried using anhyd-
rous sodium sulfate, and ether was removed on a rotary 
evaporator. Pure 9-hydroxynonanoic acid was obtained 
from the mixture as a distillate, using short path high 
vacuum distillation, where the residue after distillation 
contains mainly methyl esters of the saturated fatty acids. 

Polymerization of 9-hydroxynonanoic acid 
methyl ester by transesterification 

Polyhydroxy alcanoate has been prepared using po-
lycondensation of 9-hydroxynonanoic acid methyl ester 
in the presence of 0.5 wt% titanium (IV) isopropoxyde 
catalyst. Reaction took place in a round bottom flask at 
150 °C, with mechanical stirring and N2 bubbling. Me-
thanol was removed within the first half hour and the 
reaction was continued for 4 h until viscosity was too 
high to permit good mixing. 

RESULTS AND DISCUSSION 

Properties of the Ozo-polyols 

Gel permeation chromatogram of the soybean oil 
ozonolysis products is shown in Figure 6. The polyol 

has two main peaks, where the right one is assigned to 
the triglyceride of 9-hydroxynonanoic acid, and the left 
one presents the triglycerides containing saturated fatty 
acids together with 9-hydroxynonanoic acid methyl es-
ter (structure a in Figure 1). The small peak with a re-
tention time of about 36.5 min is 1-nonanol that could 
not be removed after synthesis. 

Ozo-SOY-polyol and ozo-CO-polyol after remov-
ing 1,3-nonanediol and/or 1-nonanol are presented in Fi-
gure 7. The polyol obtained from castor oil has also the 
main peak assigned to the triglyceride of 9-hydroxy-
nonanoic acid. The peak on the left side is much smaller 
compared to the ozo-SOY-polyol due to lower concen-
tration of saturated fatty acids in castor oil. The peak on 
the right side results from diglycerides obtained by the 
hydrolysis of triglycerides after washing the reaction mix-
ture in the basic environment. Formation of the diglyce-
rides is related to the washing step, where hydrolysis of 
the ester bonds may occur in basic environment. The 
washing step was significantly longer in the case of ozo-
CO-polyol, due to very slow separation of the organic 
and water phases. Probably the presence of the larger 
concentration of the hydrophilic hydroxyl groups in 
ozo-CO-polyol, compared to ozo-SOY-polyol influen-
ced slower separation, longer washing time and, as a 
consequence, a larger possibility of diglyceride forma-
tion. Theoretical and measured hydroxyl number values, 
acid number values, as well as theoretical number ave-
rage molecular weight (Mn), and ozo-polyol functiona-
lities are summarized in Table 2. The FTIR spectra of 
the ozo-polyols are presented on the Figure 8. 

The synthesized ozo-polyols have hydroxyl num-
bers very close to the theoretical values. Before remov-

 

Figure 6. GPC chromatograms of soybean oil and the polyol obtained by ozonolysis of soybean oil. 
Slika 6. GPC hromatogram sojinog ulja i poliola dobijenog ozonolizom sojinog ulja.
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ing impurities using the thin film evaporator, hydroxyl 
values were significantly higher – 250 mg KOH/g for 
ozo-SOY-polyol and 450 mg KOH/g for ozo-CO-polyol. 
Thin layer evaporation is an efficient technique for se-

paration. It provides very fast separation of the compo-
nents without exposing samples to high temperatures for 
a long time and therefore prevents loss of the hydroxyl 
groups due to the dehydration. 

Table 2. General properties of the polyols 
Tabela 2. Svojstva poliola 

 

Figure 8. FTIR spectra of the ozo-SOY-polyol and ozo-CO-polyol. 
Slika 8. FTIR spektar ozo-SOY-poliola i ozo-CO-poliola. 

 

Figure 7. GPC chromatograms of the ozo-SOY-polyol and ozo-CO-polyol. 
Slika 7. GPC hromatogram ozo-SOY-poliola i ozo-CO-poliola. 

Polyol Theor. OH #, mg KOH/g Exp.OH #, mg KOH/g Acid #, mg KOH/g Theor. Mn Theor. functionality, f

Ozo-SOY-polyol 234 234 0.8 603 2.52 
Ozo-CO-polyol 287 296 1.4 570 2.92 
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Relatively low acid values of the polyols indicate 
that further oxidation of the formed hydroxyl groups did 
not take place and that the ozonolysis step was succes-
sful. 

FTIR spectra of the ozo-polyols are very similar. 
Disappearance of double bonds (3002 cm-1) indicating 
the completion of the reaction, and appearance/increase 

of the hydroxyl group peak (3358 cm-1) is evident in 
both spectra. A significantly higher hydroxyl peak in the 
ozo-CO-polyol is evident. 

Both polyols are white, partly solid at room (Figure 
9). Multiple melting peaks are common for the trigly-
ceride systems. 

 

Figure 9. DSC traces of the ozo-SOY-polyol and ozo-CO-polyol. 
Slika 9. DSC krive ozo-SOY-poliola i ozo-CO-poliola. 

Preparation of 9-hydroxynonanoic acid methyl ester 

Methyl ester of 9-hydroxynonanoic acid was ob-
tained from the ozo-CO-polyol by transesterification 
with methanol. Methanolysis of the ozo-CO-polyol re-
sulted in the slight loss of hydroxyl groups due to the 
dimerization (Figure 10). Obtained methyl esters of the 
ozo-CO-polyol had hydroxyl number 274 mg KOH/g, 

and acid value 0.5 mg KOH/g. 9-Hydroxynonanoic acid 
methyl ester was separated from the rest of the mixture 
(methyl esters of saturated fatty acids) using short path 
high vacuum distillation. The obtained pure material had 
hydroxyl number 293 mg KOH/g (theoretical value is 
298). The methyl ester of the 9-hydroxynonanoic acid is 
a clear, colorless, low viscosity liquid. DSC traces are 
presented in Figure 11. 

 

Figure 10. GPC chromatograms of the 9-hydroxynonanoic acid methyl ester, polyol obtained after ozonolysis of castor oil and me-
thyl esters from the polyol. 
Slika 10. GPC hromatogram metil estra 9-hidroksinonanonske kiseline, poliola dobijenog ozonolizom ricinusovog ulja i metil estara 
dobijenih od poliola. 
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Figure 11. DSC traces of the ozo-CO-polyol, methyl esters from ozo-CO-polyol and pure methyl ester of 9-hydroxynonanoic acid. 
Slika 11. DSC krive ozo-CO-poliola, metil estara dobijenih od ozo-CO-poliola i prečišćenog metil estra 9-hidroksinonanonske kiseline. 

Transesterification of 9-hydroxynonanoic acid 
methyl ester 

High molecular weight linear monol was obtained 
after transesterification of the 9-hydroxynonanoic acid 
methyl ester. Resulting hydroxyl number indicates 98% 
conversion of hydroxyl groups. As Table 3 indicates, 
after 0.5 h of reacting, hydroxyl conversion was already  

82%, due to the high reactivity of primary hydroxyl 
groups in the monomer. Molecular weight calculated 
based on hydroxyl number is 11680 and broad molecu-
lar weight distribution can be observed on the GPC 
chromatogram (Figure 12). Obtained polyhydroxy alca-
noate is white, solid material with melting temperature 
of 75 °C (Figure 13). 

Table 3. Hydroxyl group conversion during transesterification of 9-hydroxynonanoic acid methyl ester 
Tabela 3. Konverzija hidroksilnih grupa tokom transesterifikacije metil estra 9-hidroksinonanolne kiseline 

Reaction time, h 0.5 1 2 4 
OH#, mg KOH/g 52.8 30.1 14.4 4.8 
OH# conversion, % 82 90 95 98 

 
Figure 12. GPC chromatograms of the transesterification products. 
Slika 12. GPC hromatogram prozivoda transesterifikacije.
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Figure 13. DSC traces off the transesterification products. 
Slika 13. DSC krive proizvoda transesterifikacije. 

CONCLUSIONS 

Ozonation followed by reductive ozonolysis has 
been successfully carried out using soybean and castor 
oil as starting materials. Obtained ozo-polyols have pro-
perties as predicted. Ozo-CO-polyol has higher functio-
nality due to the lower content of the saturates, and it is 
an excellent source for the 9-hydroxynonanoic acid me-
thyl ester, an interesting monomer for polyesters synthe-
sis. The methyl ester of 9-hydroxynonanoic acid was 
obtained with good purity and it was utilized in the syn-
thesis of the high molecular weight polyhydroxy alcano-
ate by transesterification. 

Acknowledgements 

This work was supported by research funding from 
the United States Department of Agriculture, Award no. 
2008-38924-19200. 

REFERENCES 

[1] A. Guo, Y. Cho, Z.S. Petrović, J. Polym. Sci., A: Polym. 
Chem. 38 (2000) 3900. 

[2] H.P. Benecke, B.R. Vijayendran, D.B. Garbark, K.P. 
Mitchell, Clean 36 (8) (2008) 694-699. 

[3] G. Liu, X. Kong, H. Wan, S. Narine, Biomacromolecules 
9 (3) (2008) 949-953. 

[4] M. Ionescu, Z.S. Petrović, X. Wan, J. Polym. Environ. 
15 (2007) 237-243. 

[5] Z. Petrović, A. Guo, I. Javni, I. Cvetković, D.P. Hong, 
Polym. Int. 57 (2008) 275-281. 

[6] J. Kula, K. Smigielski, T. B. Quang, I. Grzelak, M. 
Sikora, JAOCS 76 (7) (1999) 811-817. 

[7] Z.S. Petrović, I. Cvetković, D.P. Hong, X. Wan, W. 
Zhang, T. Abraham, J. Malsam, J. Appl. Polym. Sci. 108 
(2) (2008) 1184-1190. 

[8] Z.S. Petrović, A. Guo, W. Zhang, J. Polym. Sci., Part A: 
Polym. Chem. 38 (2000) 4062-4069. 

[9] Z.S. Petrović, W. Zhang, I. Javni, Biomacromolecules 6 
(2005) 713-719. 

[10] Z.S. Petrović, I. Cvetković, DP.Hong, X. Wan, W. 
Zhang, T. Abraham, J. Malsam, J. Appl. Polym. Sci. 108 
(2008) 1184-1190. 

[11] Y. Xu, Z. Petrović, S. Das, G.L. Wilkes, Polymer. 49 
(2008) 4248-4258. 

[12] F.D. Gunstone, Educ. Chem. 5 (4) (1968) 166-173. 
[13] S.H. Cho, V. Deflorio, Process for preparing 

hydroxycarboxylic acids, EP 0711746 A1. 
[14] L. Guoguang, K. Xiaohua, W. Hayley, N. Suresh, 

Biomacromolecules 9 (2008) 949-953. 
[15] J.C. Fuller, M.L. Karpinski, S.M. Williamson, B. 

Singaram, J. Flourine Chem. 66 (1994) 123-128. 
[16] H.C. Brown, E.J. Mead, B.C.S. Rao, J. Am. Chem. Soc. 

77 (1955) 6204. 
[17] R.C. Wade, J. Mol. Catal. 18 (1983) 273-297. 
[18] D.C. Wigfield, Tetrahedron 35 (1979) 449-462. 
[19] E.R. Garrett, D.A. Lyttle, J. Am. Chem. Soc. 75 (1953) 

6051. 

 

 

 



I. CVETKOVIĆ et al.: PREPARATION OF 9-HYDROXYNONANOIC ACID… Hem. ind. 62 (6) 319–328 (2008) 

328 

IZVOD 

DOBIJANJE METIL ESTRA 9-HIDROKSINONANONSKE KISELINE OZONOLIZOM 
BILJNIH ULJA I NJEGOVA POLIKONDENZACIJA 

Ivana Cvetković, Jelena Milić, Mihail Ionescu i Zoran S. Petrović 

Kansas Polymer Research Center, Pittsburg State University, Pittsburg KS, USA 

Naučni rad 

Potencijalno bio-razgradljivi poliestri na bazi biljnih ulja su dobijeni od
metil estra 9-hidroksinonanonske kiseline. U ovom radu su detaljno opi-
sani postupak ozonolize biljnih ulja kao i metod za dobijanje korisnih mo-
nomera sa posebnim akcentom na dobijanje metil estra 9-hidroksinona-
nonske kiseline. Sojino i ricinusovo ulje su ozonolizovani u rastvoru me-
tanola i metilen hlorida, a zatim je reakcioni proizvod redukovan borhid-
ridom da bi se dobila smeša triola, diola i mono-hidroksilnih alkohola. Tri-
glicerid trioli su razdvojeni od ostatka smeše i izvršena je transesterifi-
kacija sa metanolom gde su krajnji proizvodi estri masnih kiselina i glice-
rin. Kao glavna komponenta masne kiseline dobijen je metil estar 9-hidro-
ksinonanonske kiseline koji je dalje ispitan i potom korišćen u polikonden-
zaciji putem transesterifikacije. Dobijeni polihidroksi alkanoat velike mo-
lekulske mase je čvrsta supstanca sa temperaturom topljenja 75 °C. Na 
molekulsku masu poliestra uticali su čistoća monomera i paralelne reakcije
kao što je ciklizacija. Za karakterizaciju polimera korišćene su hromato-
grafske, termičke i analitičke metode. 

  Ključne reči: Ozonoliza • Metil estar 
9-hidroksinonanonske kiseline • Ob-
novljive sirovine • Poliestar 
Key words: Ozonolysis • 9-Hydro-
xynonanoic acid methyl ester • Re-
newable resources • Polyester 

 


