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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.! Six years
later, Kovats published a work in which he elaborated a universal retention sys-
tem.2 The Kovats retention index / 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 ¢, °C or 1/T, K1, is given by:

I=a+ bt (1)

I= A+ B/T )

where b = dI/dT, Eq. (1), corresponds (as 10 d//d7) to the initially introduced Ko-
vats retention index increments per 10 °C obtained by finite differences, AZ/10 °C.
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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 Egs. (1) and (2).3+4
Some authors only indicated the Kovats retention index increment for some alkyl
ester of certain carboxylic acids.’

As a part of our study®!! 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 CH;COOR  CH3CH,COOR C¢H;;COOR  C¢HsCOOR CgHsCH,COOR
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 x 0.256 mm, film thickness 0.25 pm, 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 x 0.321 mm, film thickness 0.25 pm, 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 °C, split ratio
1:60, detector temperature 300 °C, attenuation 1 and range 10710 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 'H 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 (, correlation
coefficient; s, standard error) as well as the parameters (4, B) of Eq. (2) and statisti-



(=)

88°0 88660 CTYRYIEIVEO6S VI'T 6L66°0 ¥O'19€ET 81C9°0 CTEOIYI SO0 66660 99051686067 TL'T 0€66°0 LO'6YET TIIS0 LT 68EI
€8°0 6866°0 8I'¥8EI6L616S 611 LL66°0 €€T9CT 00T9°0 SFOIET 11°0 6666°0 €1'ISEI T 9€6Y 6L°1 ST66°0 TI'6¥TI LEIS0 6£°68TI
98°0 88660 65°S8CI6LLE6S 91T 8L66°0 9€CIIT 0TC°0 SOTICT 0€°0 86660 T6OSTI I1°TC8Y 681 CI660 €T ISIT TI0S0 950611
86°0  S666°0 98 V8ITSOL8O6S 9Y'T 9966°0 CTL'090T 09C9°0 1TOITT 90°0 6666°0 88°6%1100°0987 651 6£66°0 8T 6¥0I $90S°0 ST°6801
160 98660 96°€8018S°€T6S OI'T 0866'0 00196 L0T9'0 ITOIOT 90°0 66660 986101 VL 9E6Y €L'T 6T66°0 CTL'LY6 OVISO €1°886
88°0 L866'0 ¥6°C86 6L°SS6S VIl 6L66°0 CT'6S8 0¥C9°0 89806 90°0 66660 CI'6v6 6L°LI6Y VL' 62660 8E'LY8 0TISO €9°L88
060 LB66'0 £€6°6L8 T 0S6S CTI'T 0866'0 €¥'9SL SETI'0 S8°S08 [I¥F' 1 €966°0 €9°€S8 €5°9%SS 8F'0 9666°0 8CT8EL ST8S'0 9L V8L
¢6'0 98660 v¥'6LL 008C6S 601 0866'0 8€9S9 CTITI'0 ¥9°SOL CTET LI966°0 9€ESL LY'SESS 9670 ¥666°0 LT8E9 0T8S0 09'¥89
OI'T  9L66°0 LI'TLY9 TEVYTLS 6L°0 6866'0 vT°CSS 0109°0 00°009 CTC0 86660 CO'IY9 LY EV0S 61 05660 9V'LES TITCSO S6'8LS
88°0 L8660 1T96S TEIP6S ¥I'T 6L66°0 6LCLY 0€C9°0 LI'TTS 900 6666°0 LSTIS YLTI6Y €L'T 62660 €609 SIIS0 SI'T0S
Do 08 D008  ON

S d 4 q- § 4 4 q 12 S d 4 q- § 4 4 q o rdwop

¢-dd -ad uwmjon

— N N < v O >~ 0 &

SI19159 [AY[e-u p1ok 913908 10] (¢ = sjurod [ejuowiriodxs Jo Ioquunu ‘XIpul UONU}L Y] JO IN[BA [BIUS
-110dx9=72) D, 07 1—08 25ue1 arnyeradwo) oy ul G-g(J pue [-g suwnjod L1e[ides uo (z) -bg Sursn suorssar3ar sedulr] oy} 10J § JOLID PIBPUE]S PUB Y JUIIJLL
-00 UONB[A1I0 (g ‘p sijowered oy) pue () ‘b Sursn suorssoidal reaur] Ayj 10J § JOLID PIBPUL)S PUE £ JUIIJIJ00 UONR[ALIOD ‘g ‘v s1d1owered oy ], [ A 19V.L



€5°0 S666°0 OV CLSITY'TCLS €FV'1 S966°0 18°€SYI T86S°0 OI'TOST LO0  6666°0 €6'1¥SISO6Y6Y SL'T 8C66°0 ¥S6E¥1 TSIS0 SO'0871 0T
IS0 S666°0 SETLYISOTILS THT $966°0 S6°€SET 0L6S0 €I TOVT #0°0 66660 LS THYIF89T6Y IL'T 1€66°0 ¥8°6ECT 0TIS'0 O1°08ET 61
¥9°0 T666°0 ¥ 1LET00°86SS 9T T 1L66°0 €€ SSTI LSBS0 89 TOET 800 66660 8ETYEIITOV6Y 9L'T LT66°0 81°0¥CI CHIS0 09°08CT 81
790 €666°0 8¥'CLCI68°STLS TE'T 0L66°0 EL°ESTT 066570 T1°10CT +1°0 66660 SI'TPTI68°€96Y T8'1 €C66°0 87'6ET1 S91S°0 90°0811 LI
OI'T LL66°0 YO'TLITH8 FILS 6L°0 6866°0 1€ €SOT 0009°0 66°00IT #0°0 66660 8I'I¥I18SL68F OL'T 1€66°0 S8°6£01 001S°0 S6°6L0T 91
080 8866°0 9V’ ILOTICT8IOS TI'T 8L66°0 L8PS6 $88S0 0S'TO0I CO'0 66660 66°0¥0100°LY8Y ¥9°1 ¥£€66'0 89°0¥6 0S0S°0 1+°086  CI
96’1 62660 LI'0L6 €5°9¥SS LOO 66660 65 PS8 LSBSO 8V 106 €€°0 L6660 €v'6£6 [TTILY €61 ¥066'0 SO'CTY8 S68%°0 TH 088 I
80'T 08660 06°1L8 TCT08LS 680 98660 ¥8ISL S909°0 00008 +0°0 66660 €9 1¥8 CE010S ¥L'T 1€66°0 96'LEL LITSO 66'8LL €1
€60 9866°0 SSELL TY'806S 80'1 18660 09°0S9 T6I9°0 00°00L ¥0°0 66660 99°0¥L 11'9¢6v CL'T 0€66°0 €58€9 OVISO S6'8L9 Tl
60'1T 08660 €0°CLY BSTOLS L8O L8660 €LISS LLO90 00009 SO0 66660 €' 0¥9 91'LI6Y TL'T 0€66'0 69°8€S 0TISO S6'8LS 11

Do 08 D008  ON
S d 4 q- § 4 4 q 12 S el 14 q- § A 4 q o dwop
s-dda -4d uwmjoy

519159 [Ay[e-u proe oruordoid 10y (¢ = syurod [ejuoWILIAdXS JO I9qUINU “XOPUT UOTIUDIAI A} JO IN[BA [BIUIWL
-110dx9 = J2) D, 0Z1—08 28uer arnjerodwd) oy ur g-g pue [-gJ suwnjoo Arefides uo (g)bg Suisn suorssar3ar reaur] 10J § J0LId PIEPUB)S pUE Y JUSIOL
-J209 uone[RLI09 ‘g ‘p s1dowered oyy pue (1) ‘b uisn suorssaiFai reaur] J0J § JOLID PIBPUE)S PUB . JUIIOIJJO0D UONB[ALI0D ‘g ‘v s1d1owered oy [[[ A 19V.L



YT'9 9TC6'0 T6'6861 08°0SECT 8S°L LE8R'0 I8'8SBI SLECOTL606] S80 €L66°0€8°S961 8L'LTI6 1T0 86660 86'1981€SLT0 S6°S061  0OF
CL'S 96€6°0 LOTO8T 0L6L6TI TI'L 9¥06°0 98'¥SLIT S9S€°066'8081 080 9L66°0T9°S981 €TTOS6 ¥T'0 8666°0 YI'CILIIILTO 159081 6T
0€9 LIT6'0 SE68LI 0E8LECT €9°L 97880 ¥88SII TBEC0 €8'60LT 9¥'0 C666°0¥S¥ILT ¥0°L8E6G LSO L8660 €7'€9919L9€°0 €0°90LT 8T
YO'L 6C16°0 ¥8C691 06°9C0CT Sv'8 1CL8099°GSSTO0SSE 0106091 TS0 68660 €V ¥991 TH'v9€6 050 06660 ¥SEISTILIT0 609091 LT
08°C 6£€6°0 966851 0CTTTSCIL SI'L 9L68°0 0L LSYT €EvE 0 IL°60ST L80 [L66°019°C9ST S1°L9S6 810 66660 07'CO¥19€LC0 CI'90ST 9T
0’9 SLT6°0 L8COVI OI'LEICT T8L L6880 VTYSEL S6SE0LS 8OV 6%°0 1666°0L099%1 089¢€L6 090 88660 0T 19C19LLT0 6€°SOVI ST
1€9 0CC6'0 LS68CT 01'9YCI S9°L 0€88°0 SSBSTI S6EEC0SL60ET 1L°0 18660V SOET €4°0C96 SE0 9666°0 CO'I9CIBYLT 0 9Y' SOET  +C
16°C 8LE6'0 8V €6CI 0SC61ET €L ¥206°0 YOPSIT IT9E°000°60CT 0L°0 08660 ST1°€9CT [89816 0€0 96660 01'¥9I1SCIT086°SOTI  €C
07’9 €0€6°0 8SYOIT OV PTHEl S8'L 1€68°0 L8TSOI SLIEC 06V 80IT ¥6°0 69660 6V ¥9I1 T6'6166 SI'0 66660 97°09018E€8C°0 C8'SOIT  CCT
€6°C €vE6'0 Y6 1601 08 ¥S8TI T€L 8680 91956 STSE0LS 6001 C8'1 ¥686°0 16°8901 00°'66C0T 89°0 $866°0 ¥¥'LS6 $96C°0 L1'S00T 1T
Do 091 Do 091  ON

S d 4 q- § 4 4 q 12 A d 4 q- § 4 b q 12 “dwo)

¢-dd -ad uwmjoy

SI191S9 [AY[e-U PIOE JI[AX0QIBOAUBXIYO[IAD 10] (¢ = sjutod [ejudwIadxa Jo Joquinu ‘xopul UOUldl Y} JO dN[eA [8)
-uowadxo = 72) D, 0ZZ—09 1 25uel arnjeradwd) oyp ul G-g( pue [-g( suwnjos Are[jides uo (g) b Sursn suorssar3ar resur| 103 § J0110 PIEPUB)S PUB Y JUIID
-1}J909 UONE[A1I09 /g ‘p s1doweled oy) pue (1) ‘b Sursn suoissaI3ar seaul] J0j s J011d PIEPUR)S PUE £ JUIIJIJJ00 UONB[LIOD ‘g ‘D s1djoweed oy Al A 19V.L



()4
6¢
8¢
LE
9¢
S¢
143
€¢
[43
Ie

ON

‘dwo)

[6°0 L¥V66°0 05°890C OCIEITIT LEO 16660 L86¥V61 LEIC09EE00CLT T L966°0 9%'€60T 00°€T861 1€°0 8666°0 €€ T8I 08SS0 CELLOI
180 ¥966°0 8€ 1861 06°S€CCT CTT'O L6660 SOIS8T SHPPE0IL6061 S9'T S¥#66°0 TO'TO0T O1'S8LOT 69°0 0666°0 €1°06LT LLSS'0 ¥T'S881
€C°C €886°0 1L°8681 0T I¥C8T SET LS66°0 00VOLT LSIS0ETTOLIIET 656670 C8'8B8I O1'06L8T S+°0 S666°0 €9°8891 T6TS0 6L'8LLI
LT T686°0 €C'89LT 08°00LYT TO'T T966°0 €F TI91 SSIY 061 T8I 19T S+66°0 6%'9LLT 0€LLEGT 89°0 066670 96°69ST TIPS 0 01°€991
05T 09L6°0 88°LLIT OE'STIFI 18T ¥L86°0 689CST LOOY'09L'S6STSL'T LE660 6E0691 069561 08°0 9866°0 T I8F1 LISS'0 S6'SLST
S6°0 9966°0 S8°LYST 09°809%1 ST0 8666°0 STCOEI TIIY0LTTOVIBIT TH66'0 €S VSST OV Lov6] ¥L°0 6866°0 0L 9VET L6VS 0 9V OV
66'C ST96°0 €9'18F1 09°CLEET PET TLLO'O €€8EET 0I8E090VOVI 0’1 6566°0 10°L6YT 0S'LYYOT 9%°0 9666°0 T6'68TI L¥yS'0 €1°€8¢C]
96'0 8S86°0 00°CLEL 0T IESYT 9T T ¢v66°0 I89ICI CIIV'OYT LTI vl 8566°0 68 18C1 06°C8LOT 670 S666°0 T ILIT TLES0 SO99TI
SL'T TI66°0 9% 6Vl 0TP8YIl S6°0 ¥L66°0 19°CLOT SSOPOVIESTII S8'T TE66°0 IST0STI 0€°8CO00T 88°0 ¥866°0 96°9€01 059570 8E CET
€€'T 0S66°0 OF ISTT 0L°€0L9T TS0 T666'0 8€€L6 LOLY0E9ESOI TET €966°096'8Y 11 06°1CC61 8€°0 L6660 61'vY6 TIVS0 LEICOI]
Do OLT Do 0L
S d 4 q- § 4 b q 12 S d q- § 4 b q 12
s-dda -4da

uwnjo))

$19159 [AY[e-u pIoe 910Zudq 10J (¢ = sjurod [ejuowniodxa JO Ioquunu ‘XIpul UONUI}AI Y] JO INJBA [€)
-uownadxo = 72) D, 017—0L1 23uer aanjerodwa) oyy ur g-g g pue [-g  suwnjod Arefjides uo (g) b Suisn suorssai3or reaur| 10j § 10119 PIEPUB)S PUB Y JUILO
-1JJ900 UOIIR[A1109 ‘g ‘p s1ojowresed oy3 pue (]) ‘b Sursn suorssar3ar seaul] 1oy s J0LIO pIpUR)IS PUE . JUIIOIJJO0D UOIIR[ALI0D ‘g ‘v s191owered oy [ ‘A 419V.L



ST 9T66°0 99°TYIT 08°09CLI S9°0 S666°0 909561 8S6%°099°S€0T €0°S 18L6°0 OF'9TITO0¥YS61 98°C 6C66°0 STHYI610995°0L6°S00T  0S
IT°C 05660 S8€Y0T 06'18FLTI 8I'0 066670 0°SS8T TT0S0 I€°SE6T LS'E 18860 L6°ETOTOL'LIOST LY T 0086°0 09°8I81 59750599061 6
61'T 68660 91'¥961 08°I8VIC LI'T €6660 €LCTELI8TIFOIE0E8T €0'T €666°0 CI'OV610SVLTEC8S'E 8166°0 TE96910659°00€°0081 8
SE'T 9866°0 88°C981 0S°€S80C €60 ¥S86°0 ¥1'8E9T €S6S0 T0EELT L90 96660 6C9TBIOI 91061 TH'T 1866°0 8S TCII9IVS0LY'LOLT LY
LY'T 89660 S8'L8LL 0TYSYST 9T'S 08660 ITSISI8LIL'OTO LTI €1F 9986°0 CTOELIO9VLIOT 8E9 LLI6'0 €9 SISTS8LS 065 S09T  9F
6L°0 96660 180891 0698CHC L8'T 66660 6L£61¥19169°06C6CST LED 86660 10°STOTOI86LIT 691 TLO66G'0 9L TTYI8YES0SI'LOST S
LET 79660 68°CLST 0TEISTC 0I'0 0966°0 06°6TEL 9¥¥9°000°EEYT TS'T 8¥66°0 SOVESTOE09Y0T LTO 6666°0 99°€1€1998S0¥9°LOVI v
€0°0 66660 YSYLYL 08°S96CC 6V'C 0966°0 ¥9°LTCI STSO0COTECT L8'T ¥966°0 6 ECHIOY 0SEST S1°0 66660 STSTCIESTSO0ST60ET €
00T €666°0 8E€ELET 08988CC ST S866°0 C6'9CIIT €259°089°0€CI 91°0 66660 €0°9TEIOITE68T C6'T $966°0 v¥ CCITT8ESOLL'LOCT T
IT'T T666°0 8LYLTI 0€TIVEC 9F'T L866'0 ¥9°CTOI SL990¥8°8CIT 8L'0 S666°0 LTTECINE6TO66] 96°C ¥266°0 ¥E€BIOISYISOSY LOTT  1F

Do 091 Do 091  ON
S el v q- § g 4 q 12 S d 4 q- § A 4 q o dwop
¢-4d [-4d uwnfop

S10)89 [AN[e-u p1ov d112ov]Audyd 4of (¢ = sjuiod [prudu1i2dxa o 12quinu ‘Xapul UO1IUIIAL Y] JO INJDA [DIUIUL
-Liadxa = [2) D, 077—091 d8uer axnjerodway oy} ur G-g(q pue [-gQ suwnjoo Aref[ides uo (g)'bg Suisn suoissoidor 1eaul] 103 § JOLIO PIEPUR)S PUE Y JUIIOLY
-J209 uone[RLI09 ‘g ‘p s1ojoweted oy pue () ‘b Sursn suo1ssar3ar Jeaul] 10J § 10119 PIBPUL)S PUE . JUIIJIIJI0D UONB[LI0D ‘gD s1djowered oy ‘A 419VL



636 MIJIN and ANTONOVIC

cal data (R, correlation coefficient; S, standard error) for the n-alkyl esters of acetic
acid in the temperature range 80—120 °C (at 80, 100 and 120 °C) 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 I1I lists the parameters and statistical data of Egs. (1) and (2), respectively,
for n-alkyl esters of propionic acid in the temperature range 80—120 °C (at 80, 100
and 120 °C) 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 Egs. (1) and (2), respec-
tively, in the temperature range 160-220 °C (at 160, 190 and 220 °C) 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 Egs. (1) and (2), respec-
tively, for n-alkyl esters of benzoic acid in the temperature range 170-210 °C (at
170, 190 and 210 °C) 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 Egs. (1) and (2) are listed in Table VI
for the n-alkyl esters of phenylacetic acid in the temperature range 160-220 °C (at
160, 190 and 220 °C) 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-
tection of Serbia for financial support (Project 142063).

U3BOI

YTULAJ TEMIIEPATYPE HA PETEHUMOHUM MHOEKC n-AJIKWJI-ECTAPA
CHUPRETHE, ITPOITMOHCKE, INKIIOXEKCAHKAPBOHCKE, BEH30OEBE 1
OEHUIICUPRETHE KUCEJIMHE HA DB-1 U DB-5 KAITMIIAPHMM
KOJIOHAMA

OYIAH X. MUJVH u IYITAHT. AHTOHOBWh

Kaitiedpa 3a opzarncky xemujy, Texnoaowko-memiarypuku gpaxyaitieii, Yuusepauitieii y Beozpady, Kapnezujesa 4,
11120 Beozpao

Y pajy je mpukaszaHa JMHeapHa 3aBUCHOCT PETEHIMOHOI MHfEKca Of TeMIepaType
KopulnrhemeM JMHEaApHUX 3aBUCHOCTH PETEHIMOHOT MHeKca y (PYHKIHUjU TeMIepaType
Kounose ¢, °C uiu 1/T, K-! za n-ankun ectpe cupheTHe, IPONMOHCKE, IIMKIIOXeKCaHKapOOHCKe,
6eH3oese U peHnncupheTHe KceaMHe HA KaNUIapHUM KojoHama DB-1 u DB-5.

(ITpumibeno 14. jyna, pesugupano 1. HoBemGpa 2005)
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