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Abstract: The temperature dependence of the retention index was studied for n-alkyl

esters of acetic, propionic, cyclohexanecarboxylic, benzoic and phenylacetic acid

on DB-1 and DB-5 capillary columns. The study was performed over various tem-

perature ranges depending on the volatility of the ester. Two linear equations of the

temperature dependence of the retention data on the column temperature and its re-

ciprocal as variables were studied. A good linearity of the retention index versus col-

umn temperature was found.
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INTRODUCTION

In 1952 James and Martin introduced gas-liquid chromatography.1 Six years

later, Kovats published a work in which he elaborated a universal retention sys-

tem.2 The Kovats retention index I has become a useful analytical tool for the iden-

tification of a compound by gas chromatography, and since these indices are not

sensitive to the gas chromatographic conditions, it can be reproduced in various

laboratories.

The temperature dependence of the retention index against column tempera-

ture t, oC or 1/T, K–1, is given by:

I = a + bt (1)

I = A + B/T (2)

where b = dI/dT, Eq. (1), corresponds (as 10 dI/dT) to the initially introduced Ko-

vats retention index increments per 10 oC obtained by finite differences, �I/10 oC.
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n-Alkyl esters of carboxylic acids are compounds widely used thanks to their

odour and taste. They are also used as perfumery compounds. Some of the esters

have been studied by Tudor, who made a detailed evaluation of Eqs. (1) and (2).3,4

Some authors only indicated the Kovats retention index increment for some alkyl

ester of certain carboxylic acids.5

As a part of our study6–11 of chemical structure–retention index relationships,

a study of the temperature dependence of the retention indices of a series of n-alkyl

esters of acetic, propionic, cyclohexanecarboxylic, benzoic and phenylacetic acid

(Table I) on DB-1 and DB-5 capillary columns is reported here.

TABLE I. Investigated compounds

R CH3COOR CH3CH2COOR C6H11COOR C6H5COOR C6H5CH2COOR

Me 1 11 21 31 41

Et 2 12 22 32 42

n-Pr 3 13 23 33 43

n-Bu 4 14 24 34 44

n-Pe 5 15 25 35 45

n-He 6 16 26 36 46

n-Hp 7 17 27 37 47

n-Oc 8 18 28 38 48

n-No 9 19 29 39 49

n-De 10 20 30 40 50

EXPERIMENTAL

The GC analyses were performed on a Varian 3400 gas chromatograph equipped with a flame
ionization detector and an all-glass split-splitless sample injector (1071 capillary injector). Data
handling was provided by a Varian 4720 data system.

The employed capillary columns were as follows. DB-1: obtained from J & W Scientific,

Folsom, CA, USA, dimensions 30 m ´ 0.256 mm, film thickness 0.25 mm, theoretical plates/meter

4554 for tridecane, coating efficiency 100.3 for tridecane. DB-5: obtained from J & W Scientific,

Folsom, CA, USA, dimensions 60 m ´ 0.321 mm, film thickness 0.25 mm, theoretical plates/meter

3409 for tridecane, coating efficiency 94.5 for tridecane.

Both columns were operated under isothermal conditions as given in the tables.
The carrier gas was nitrogen, carrier gas flow 1 ml/min, injector temperature 250 oC, split ratio

1:60, detector temperature 300 oC, attenuation 1 and range 10–10 A/mV.
The investigated esters were obtained commercially by Fluka or prepared from n-alcohols and

carboxylic acids by the general procedure given in ref. 12. The obtained compounds were then puri-
fied by distillation and/or microdistillation until GC purity was obtained. All products were charac-
terized by IR and 1H NMR spectroscopy.

The other used compounds were obtained commercially.
The hydrocarbons used in this study as standards were obtained from Fluka (Switzerland).

RESULTS AND DISCUSSION

Table II lists the parameters (a,b) of Eq. (1) and statistical data (r, correlation

coefficient; s, standard error) as well as the parameters (A, B) of Eq. (2) and statisti-
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cal data (R, correlation coefficient; S, standard error) for the n-alkyl esters of acetic

acid in the temperature range 80–120 oC (at 80, 100 and 120 oC) on the DB-1 and

DB-5 capillary columns. Good linear temperature dependencies of the retention in-

dices were noticed for the investigated columns. Eq. (2) shows similar or slightly

better precision in comparison to Eq. (1).

Table III lists the parameters and statistical data of Eqs. (1) and (2), respectively,

for n-alkyl esters of propionic acid in the temperature range 80–120 oC (at 80, 100

and 120 oC) on the DB-1 and DB-5 capillary columns. Although high linear temper-

ature dependencies of the retention data were observed, it was lower for Eq. (1) on

the DB-1 capillary column in comparison to the n-alkyl esters of acetic acid. Better

precision was obtained using Eq. (2) in comparison to Eq. (1) on both columns.

Table IV gives the parameter and statistical data of Eqs. (1) and (2), respec-

tively, in the temperature range 160–220 oC (at 160, 190 and 220 oC) for DB-1 and

DB-5 capillary columns for the n-alkyl esters of cyclohexanecarboxylic acid. Al-

though this temperature dependence was studied over a wider temperature range

than was the case for the n-alkyl esters of propionic and acetic acid, very good lin-

ear precision was obtained for the DB-1 capillary column with both equations. In

this case, Eq. (1) showed slightly better or similar precision in comparison to Eq.

(2). With the DB-5 capillary column, the temperature dependence of the retention

indices using Eq. (1), showed high non-linearity. On the other hand, some but not

high linearity was obtained using Eq. (2).

Table V gives the parameters and statistical data of Eqs. (1) and (2), respec-

tively, for n-alkyl esters of benzoic acid in the temperature range 170–210 oC (at

170, 190 and 210 oC) on DB-1 and DB-5 capillary columns. Once again good lin-

ear temperature dependencies of the retention data was observed. Eq. (1) showed

better precision in comparison to Eq. (2).

The parameters and statistical data for Eqs. (1) and (2) are listed in Table VI

for the n-alkyl esters of phenylacetic acid in the temperature range 160–220 oC (at

160, 190 and 220 oC) on DB-1 and DB-5 capillary columns. Good linear tempera-

ture dependencies of the retention data were once again observed. Moreover, Eq.

(2) showed better or similar precision in comparison to Eq. (1).

Although the regression coefficients in this study are generally very high, ex-

cept for the n-alkyl esters of cyclohexanecarboxylic acid on the DB-5 column, the

standard error was in some cases higher than 1.00, indicating a hyperbolic curve.

This study was performed using only three experimental points which is insuffi-

cient to study a hyperbolic temperature dependence of the retention index. In fu-

ture work, such a study will be performed.

CONCLUSION

The linear temperature dependencies of the retention indices were established

for n-alkyl esters of acetic, propionic, cyclohexanecarboxylic, benzoic and phe-
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nylacetic acid on DB-1 and DB-5 capillary columns. A good linearity of the reten-

tion indices versus column temperature was found.

Acknowledgment: The authors are grateful to the Ministry of Science and Environmental Pro-
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I Z V O D

UTICAJ TEMPERATURE NA RETENCIONI INDEKS n-ALKIL-ESTARA

SIR]ETNE, PROPIONSKE, CIKLOHEKSANKARBONSKE, BENZOEVE I

FENILSIR]ETNE KISELINE NA DB-1 I DB-5 KAPILARNIM

KOLONAMA

DU[AN @. MIJIN i DU[AN G. ANTONOVI]

Katedra za organsku hemiju, Tehnolo{ko-metalur{ki fakultet, Univerzitet u Beogradu, Karnegijeva 4,

11120 Beograd

U radu je prikazana linearna zavisnost retencionog indeksa od temperature

kori{}ewem linearnih zavisnosti retencionog indeksa u funkciji temperature

kolone t, oC ili 1/T, K-1
za n-alkil estre sir}etne, propionske, cikloheksankarbonske,

benzoeve i fenilsir}etne kiseline na kapilarnim kolonama DB-1 i DB-5.

(Primqeno 14. jula, revidirano 1. novembra 2005)

REFERENCES

1. A. T. James, A. J. P. Martin, Biochem. J. 50 (1952) 679

2. E. Kovats, Helv. Chim. Acta 41 (1958) 1915

3. E. Tudor, J. Chromatography A 779 (1997) 287

4. E. Tudor, Rev. Roum. Chim. 43 (1998) 587

5. A. Wehrli, E.Kovats, Helv. Chim. Acta 42 (1959) 2709

6. D. G. Antonovi}, G. A. Bon~i}, J. Serb. Chem. Soc. 59 (1994) 993

7. D. G. Antonovi}, G. A. Bon~i}, J. Serb. Chem. Soc. 60 (1995) 669

8. O. S. Rajkovi}, D. G. Antonovi}, B. @. Jovanovi}, G. A. Bon~i}, J. Serb. Chem. Soc. 59 (1996)

993

9. D. @. .Mijin, D.G. Antonovi}, G. A. Bon~i}, B. @. Jovanovi}, O. S. Rajkovi}, J. Serb. Chem. Soc.

68 (2003) 557

10. D. @. Mijin, D. G. Antonovi}, J. Serb. Chem. Soc. 69 (2004) 759

11. D. @. Mijin, D. G. Antonovi}, CI & CEQ 11 (2005) 55

12. H. Becker, W. Berger, G. Domschke, E. Fanghänel, J. Faust, M. Fischer, F. Gentz, K. Gewald, R.

Gluch, R.Mayer, K. Müller, D. Pavel, H. Schmidt, K. Schollberg, K. Schwetlick, E. Seiler, G.

Zeppenfeld, Organikum, Organisch-Chemisches Grundpraktikum, 3. Auflage, VEB Deutscher

Verlag der Wissenschaften, Berlin, 1964, pp 366–373.

RETENTION INDEX FOR n-ALKYL ESTERS 637



632 MIJIN and ANTONOVI]



RETENTION INDEX FOR n-ALKYL ESTERS 633



634 MIJIN and ANTONOVI]



RETENTION INDEX FOR n-ALKYL ESTERS 635



636 MIJIN and ANTONOVI]



RETENTION INDEX FOR n-ALKYL ESTERS 631


