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Si£LCATIOM of PHENOLIC COMPOUNDS IH A POLISH SMOKE FLAVOUR EXTRACT
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Ap0lJiid n smoke flavour extract was analyzed with the aim to identify its phenolic com-
4i, Bet S* AH  phenols liberated from an alkaline millieu at pH = 11 were extracted with 

sther and analyzed by means of a combined gas chromatography - mass spectro- 
y technique.

^ H t . -
eparation conditions were obtained when using PTGC with Cromosorb W-DMSS glass co- 
* Coated with XE-60 or OV-225 stationary phases. The analyses were run on a Du 

ust mo. 21-492 mass spectrometer equipped with Varian model no. 2700 gas chro-
^^eph and a data system.

Bi‘Hi;hg °m the obtained analytical results altogether 39 phenolic and 4 non-phenolic
und8

'ttb.8n ta
«tan,

were identified. The identification was based on the respective mass
®md retention volumes, which were compared with data gathered for standard 
c®a and/or with data published elsewhere.

LîÇATION DSS C0MPÔJ23 PHENOLIQUES DANS LE PRODUIT POLONAIS DE LA FUMEE "LIQUIDE"

Û,J BORYS,MisezY3LA.V 0BISÛZIN3KI,MICHAL OLKIE.VICZ

ltut de l'Indust rie de la Viande et des Corps Gras

Le PrvPhejj polonais de la fumée "liquide" a été étudié pour identifier des composés
■'■luea.Phénols ont été libérésen milieu alcalin / pH = 11/ par extraction d'oxyde 
e et puis analyses par la méthode chromatographie en phase gazeuse et spectro- 

masse combinée .
■ Lgs

3GS on  ̂ effectuées avec spectromèfre de masse Du Pont,modèle No 21-492
tfa ea chromâtograph en phase gazeuse Varian,modèle No 2700 et en système automatique 

iA3f' . .
°rmation les resùltat£

S^ L eurs séparations de constituants ont été obtenues dans les conditions experimen-

N * suivants ; colonne chromât ographique avec XE-60 on Ov-225 sur chromosorb «V-2T4CS, 
ure programmée.i-at

“A
dSS rec':ierohes effectuées on a identifie 39 composes phénoliques et 4 corn­

et 8 a °h phénolique s.Identification a été fait par comparaison des spectres de masse 
Lî m  . v°Lumes de rétention de composes étudies avec les substances purs et références

Ll0^
:ra?hiqe s .
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DIS IDENTIFIKAIICEI VON PHKNOLISCH3N VERBINDUNGEN IN EINEM POLNISCHEN RAUOTIFRRAUCHji^-^ 

ANDR2EJ BORTS,MIECZYSLAtf 0BI3DZ IN SKI, MICHAL OLKIEtfICZ

Fleisch-und Fettf orschungsinstitut,»Varszawa ,Polen

Die phenolischen Verbindungen,anwesend in einem polnischen Raucherrauchextrakt,wurde11 
einer Identifikationsanalyse untergeben.Für diesen Zweck waren alle P h e n o l e ,die sic^ 
aus einem alkalischen Millieu bei PK=1 1 befreien,mit Biethylaether extrahiert und 111 
einem kombinierten Gaschromotographen-Massenspektrometer analysiert.
Die besten Separationsbedingungen erhielt man mit PTGC auf Chromosorb JV-DMCS,b e de ck t  

mit XE-60 oder OV-225 .Die Analysen wurden auf einem Du Pont Model No 21-492 MassenaPe 
meter,versehen mit einem Varian Model No 2700 Gaschromatographen und einem DatasySteiB 
durchgefuhrt.

J.Auf Grund der Resultate dieser Analysen wurden insgesamt 39 phenolische und 4 nichtp
erPslische Verbindungen identifiziert.Die Identifikation beruhte auf dem Vergleich der

i»tenen Massenspektren und Retentionsvolumen mit denen,die für Standardsubstanzen t>e* 
worden waren,wie auch mit Daten,die in Fachliteratur publiziert worden sind.

32EHT1KMAUMH «SEHOJIOBLIX COEflHHEHHll B nOJILCKOM nPEIlAPATE KOnTHJIBHOPO flUMA 

AHÄlEÜ EOPMC, MEHMCJIAB 0EEH3MHBCKM, MHXAJI OJIEKEBWH
ÜHCTHTyT MhCHOM H iHpOBGÜ IIpOMblllUieHHOCTM , BapiliaBa, riOJIBIiia

IIoabckhM npenapaT KonTMjiBHoro abiMa aHajiH3mpobeho c uejiBio HaeHTH$HKaiiHH ero 
$eHOJIOBHX COeaHHeHHß. QSHOJIN OCBOÖOMaeHHbie OT meJIOVHOÜ cpeabl äjih pH = I I  
SKCTparnpOBaHO 3THJI0BNM 3$MpOM K äHaJIH3HpOBaHO C nOMOHBK) ra30B0I?0 XpOMETO- 
rpa$a coeanHeHHoro c Macc-cneKTpoMeTpoM.
HaHjiyviüHe pa3ae;ieHHH nojiyveHO npHMeHHH nporpaMMupoBaHHyio TetanepaTypy Ha 
x p o i i o c o p ö e  '< - DMCS c  H aH eceH H oM  HenoaBHacHOß $ a 3 0 ß  XE-60 h a k  O v -  225. 
ÄHajiH3H McnoHHeHO Ha Macc-cneKipoMeTpe $mpmu Du Pont Moaejit te 2I-A92 
cHaÖJKeHHbiM ra30BHM xpoMaTorpa&OM $KpMbi Varian MOflejiB K? 2700, a Tatcace ckc- 
TeMOH OÖpaÖOTKH ÄSHHMX.
OnnpancB Ha noayveHHbix pe3yjn>TaTax HfleHTĤ HUxpoBaHO 39 peHOJiOBbix coeaaHe- 
h h M h 4 He$eHOJiOBtie coeaHHeHHH.
H.üeHTH$HKaHMK) npoBeaeHo Ha MaccoBux cneKTpax h yaepacHBaeMUX oöBeMax, ko- 
Topue noaBepraawcB cpaBHeHHio co cTaaapTHUMM BeinecTBaMH a Tarne c  Jimepa- 
TypHNMH flaHHbIMH.
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''--IïPIÇATION_ OF PHEN2LIC_COMPOUNDS_IN_A_POLISH_SMOKE_FLAyOUR_EXTRACT
*N°R2E0 BOR VS, MIECZYStAW OBIEDZIÑSKI, MXCHA-L OLKIEWICZ 
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 ̂ The contribution of phenolic compounds to the overall sensory and preserving 
®atures of flavourings derived from wood smoke is widely known. However, the role of 

vidual compounds in this overall effect is poorly recognized, among others alsodyg .r° gaps existing in our knowledge concerning the chemical identity of these compounds. 
Thf— -------- -- ------ 1 - 9

th
Tere are, of course, data available in literature , which pertain to some of

8 9^ compounds, and in particular data published by Knowles et al. '-deal with a smoke
avouring obtained by a method identical with that employed in this paper ^ . In that 

Par*.■“■cular product altogether 18 phenolic compounds were identified.thiof
th.

s number is smaller than the number of peaks found during routine GLC analyses 
Said product, it was thought that further investigations can give more information on 
institution of this group of compounds.

6 X p
tsol

E R l M E N T A L
12ati°n of phenols :

The tarry fraction from a smoke condensate obtained according to a patented method 
dissolved in a 5% NaOH solution in water, using the tar to the NaOH solution in a 

^ io as l • 3 vv/w. This solution was extracted 5 times with diethyl ether using the ether 
Un,e to the volume of the water fraction in a ratio of 1:1. The ether extracts wereM

diScarded an the aqueous fraction acidified with a 5% solution of sulphuric acid until
a U  was reached. Thereafter this solution was again extracted 5 times with diethyl 
In aliquots equal in volume to the volume of the aqueous fraction. The ether extra- 

v<ere collected and combined and thereafter washed twice with distilled water.

0 PH
et 
Th8 
th* 
it 
8|to

ratio of water to ether was in this case as 1:3 v/v. After discarding the water layer 
ather extract was desiccated over anhydrous sodium sulphate overnight. Thereafter 
VVas filtered through a Whatman no.3 filter and the solvent was distilled off. The bulk
Unt of ether was distilled off under normal pressure, however, in the final stage

was applied / down to 10 mm Hg / and the bath temperature was raised up to 80°C.
remainder after distillation was then weiqhed and dissolved in acetone so as to 

°Pfai n a io% w/v solution.
*aS

Pßd
Th

chromatography
F°r choosing the best conditions of chromatographic separation of the above mentio- 
s°Tution of phenols in acetone, a preliminary test was run on a variety of columns.

Ba sults are gathered in table no.l.°as
rPn

in9 on these results the following two sets of conditions were taken as optimal to
th

V
6 GLC analyses :

Glass column 1.8 m in lê th, 0.2 mm ID, packed with chromosorb W-DMCS of 100/120 mesh 
®rade, coated with 6% w/w of XE-60. Programmed temperature in the column oven within 
tile range 40-230°C raised at a rate of 2°C/min. Carrier gas: helium at a rate of

ml/mln, stream splitter with a ratio of 1 :1 , flame ionization detector thermosta- 
tsd at 250°C .
r* -i ass column 1.8 m in length, 0.2 mm ID, packed with chromosorb W-DMCS of 100/120 mesh 
9rade. coated with 6% w/w OV-225. Programmed temperature in the column oven within 
tile range 100-240°C raised at a rate of l°C/min. Carrier gas: helium at a rate of 
<0 ml/min, stream splitter with a ratio of 1 :1 , flame ionization detector thermostated
8t 250°c.
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The analyses were run on a Varían model no. 2700 gas chromatograph linked in line to 
the mass spectrometer.
Mass spectrometry:

The effluents from the GCL columns were introduced through a stream splitter and 
an interconnecting glass tube onto a DuPont model no. 21—492 B mass spectrometer egu P ̂  
with a data system model no. 21-094 B. The stream splitter, the interconnecting tube a 
the jest separator were all glass made.
The following operation conditions were used s
- temperature of connecting line and separator: 250°C
- temperature of the ion source : 250°C
- ionization energy : 70 eV
- number of scans per minute: 6
- scanning speed : 2 seconds/decade
- scanning range : 2 - 1000 amu
- resolving power: 1:1000 / 10% valley /
- acquisition range: 27 - 600 amu
- acquisition rate : 4
- threshold : 1
Discussion_of_results

The separation achieved on the GLC columns is shown on fig. no.l for XE-60, an
d ° n  

donafig. no.2 for OV-225, respectively. Identification of the individual compounds was
by comparing the mass spectra either with spectra of known substances and/or with data
kept in the library of the data system, or by comparing them with data published i n  .

rlHliterature. In all cases also the retention volumes were taken in account as an ao 
criterion for identity. The results of the performed identification are given in 
table no. 2 .

All the compounds listed in table no.2 can be in general split up into the 
following four groups: alkylphenols, alkylmethoxyphenols, alkyldimethoxyphenols, 
and others .

In the first group /alkylphenols/ we were able to confirm the presence of the
8 9 -jfollowing substances already reported by Knowles ' phenol,3-;4-: 2-methylphenol •

Besides that we found the following additional substances, namely: 2,5-: 2,3-; 3,5-t 
3,4- dimethylphenol, 2,4,6 - trimethylphenol, 4-ethylphenol. 4-vinylphenol, 4-isopr0 

pylphenol. In this number the presence of 2,5-dimethylphenol and 4-isopropylphenol lS 
reported here for the first time. On the contrary, we could not confirm the presence
of 2,6-; 2,4-dimethylphenol, 2-; 3-ethylphenol, 3-ethyl 5-methylphenol, tert-butylP

3 4 5 7  qwhich substances were reported elsewhere ' ' ’ . 3< i
In the second group / alkylmethoxyphenols / we confirmed already found by Know

2-methoxyphenol, 2-methoxy 4-methylphenol, 2-methoxy 4-vinylphenol, 2-methoxy 4-et
hoXY

r«phenol, 2-methoxy 4-allylphenol, 2-methoxy 4-/cis and trans/ propenylphenol, 2-met 
4-p ropy lphenol. Besides that we found, not yet reported, 4-methoxyphenol. On the c0|\c(l 
we could not confirm the presence of 3-methoxyphenol, 2-methoxy 4-isopropylphenol 
were reported by Hruza et. al. 7

In the third group / alkyldimethoxyphenols / we confirmed already found by Knô
2,6-dimethoxyphenol, 2,6-dimethoxy 4-methylphenol, 2,6-dimethoxy 4-ethylphenol, 2 ' 6 

methoxy 4-allylphenol, 2,6-dimethoxy 4-cispropenylphenol.
On the contrary, we could not confirm the presence of 2,6-dimethoxy 4-vinylphenol» 
dimethoxy 4-transpropenylphenol, which substances were reported elsewhere^’ ’ • 
presence of 2,6-dimethoxy 4-isobutylphenol is reported here for the first time.

rV'
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In the Is91 group / others / we were able to confirm the presence of 3,5-dimethoxy 

"hydroxybenzaldehyde already reported by Knowles8'9. In this group the presence of: 
,5~dimethoxybenzaldehyde, pyrocatechol, 3-methoxy 4-hydroxybenzoic acides, 3-methyl- 
•̂■ocatechol, 4-vinylbenzaldehyde, 5-methylpyrocatechol, 3-methoxy 4-/propan 2lone/ 
Phenol, l-naphtjl, 2-methoxy 4-acetic acid phenol, 1-allylnaphthalen, is reported here 
the ^rst time.

which“esides that, there are several substances in minor quantities, could not be
■̂ entified f0r certain. These substances are listed in table no.3 as "unknown".

Concluding one can say that in the analysed phenolic fraction altogether 43 indi- 
idual compounds could be identified and for 1 2 additional substances the molecular 

could be given although their chemical composition remains obscure. This is 
aImo8t twice as much as was found by Knowles in a similar product. Among the identified 
propounds there are 13 of them, which are reported in .this paper for the first time. 

is hoped that the results qiven in this paper can be useful in further research 
ncerning the sensory, antioxidative, bactericidal and biological activity of the
avouring in question.

tits £ature:
1.

2.

3.
4.
5.
6.
7,
8 . 
9.

l0.

u .
12.

Hollenbeck; L .3. Marinelli, Proceedings of the Fifteenth Research Conference, 
Chicago, 21-23, March 1963

Wasserman; W. Fidler; Proceedings of the Meat Industry Research Conference, 
Chicago, 27-28, March 1969
•̂Fiddler, R.C.Doerr, A.E.Wasserman, 3.M. Salay, 3.Agr.Food Chem. 14 /1966/ 659 
•̂Fiddler, A.E. Wasserman, R.C.Doerr, D.Agr.Food Chem. 18 /1970/ 310 

Lustre; Ph. Issenberg, 3.Agr. Food Chem. 17 /1969/ 1387
•̂0. Lustre, Ph. Issenberg, 3.Agr. Food Chem. 18 /1970/ 1056

Hruza, M.Praag, H.Heinsohn Jr.; O.Agr.Food Chem. 22 /1974/ 123 
 ̂ • Knowles, 3.Gilbert, D .3 . Me Weeny; 3.S.F.A.A.E 26 /1975/ 189
•̂F. Knowles, 3.Gilbert, D .3. Me Weeny; I A R C Scentific Publication No.9,
LV°n /1 9 7 5/ 115
•̂Stenhagen, A.Abramsson, F.W. Me Lafferty, Registry of Mass Spectral Data,
*~°ndon. Now York, 1974, 3ohn Willey and Sons 
Polish pat. No. 49216 
P°lish pat. No. 52159



F8:6
Table_no_.l

Results of the preliminary test_for_choosin2_best_separation_conditions_on_GC_columns

No j Stationary phases ¡Coa-[ Support /100-120
i

i-l Silicone OV-3
1 1
! 5 !Gas Chrom Q

2 J Silicone OV-17 ! 5 !Diatomite CQ
3-1 Silicone 0V-225 ! 6 !Chromosorb W-DMCS
4 j Silicone SE-52 ! 5 iDiatomite CQ
5 l1OS-138 ! 3 1Chromosorb G-DMCS
6 J Silicone XF-1152 ! 7 iChromosorb W-DMCS
7<iSilicone XE-60 1 6 1 Chromosorb W-DMCS
8 i Silicone AN-600 1 7 !Gas Chrom Q
9 J Apolar IOC ! 7 ■Anakrom SO
8 i N G A 1 7 !Chromosorb W-DMCS
9 J N G A + Bentone 3A 7+l' Chromosorb W-DMCS
10,' P E G A \ 10 !Diatomite C-AW
11 J P E G A + H3P04 "”vH ’ +OH Chromosorb W-AW
12 !B O S Î 10 !Diatomite C-AW
13 J 0 E G A ! 1 0 !Diatomite C-AW
14 J Carbowax 20M+TPA 1 7 1 

1 1 Chromosorb W-AW15 1FFAP i 5 1Chromosorb W-HP
16l SP - 1000 • 5 « 1 tChromosorb G-HP

Temperature / C/ R e m e r k s

PTGC 100°-250°C, 2°C/min poor 
PTGC 100°-250°C, 2°C/minii ” 
PTGC 100°-240°C, l°C/minj.very 
PTGC 100°-220°C,2°C/minj.poor

L.0f  tseparation,9  ̂pt

205°C 
PTGC lOO' 
PTGC 40 
PTGC, 80 
180°C 
180°C 
180°C 
180°C

I poor
3-175°C,2°C/min,rgood
-230°C,2°C/minlve ry
-250°C, 2°C/min{.good 

Ii poor 
1 good 
! poor
II good

PTGC 120-200°C,2°C/min.! good
Ij good 
! good

■240°C, 2°C/min .j good 
■240°C, 2°C/min good

180°C 
180°C 
PTGC 145 
PTGC 150 
183°C j poor

shot1

good 9epra.tiorî  ̂
separation»9*10
sep.; long Rt ^  hl000sepjcolumn ^

good sep • '•9*10
sep.¡short Rt
sep.
sep. ¡long Rt 
sep .; long Rt 
sep.
sep .column
s e p . ;  lo n g  Rt

sep .; long Rt
h100sep ¡column 

sep 
sep

lo n g  Rt ,i r g bl«®0

Results of identification Table nô 2

____" I

PeakiNo ! 
1 
1

I d e n t i t y 11111
Mol. wt .

1111
1

Relative retention volume '
XE-60 ! OV-225

1 Reportedin literatu

1
111 3-Methyl 2-cyclopenten-l-one 111 1 1 2

111 0,598 111 0,387 2 - 9
2 11 2-Methoxyphenol 11 124 1

1 0,610 11 0,416 ! 2 -9
3 11 1,2-Dimethoxybenzene 11 138 11 0,475 11 0,475 3,7
4 11 Phenol 11 94 1

1 0,682 11 0,450 2 - 9
5 11 2-Methylphenol 11 108 i1 0,711 11 0,493 5 + 8
6 11 2-Methoxy 4-methylphenol 11 138 1

1 0,727 11 0,557 ! 2 - 9

7 1 3-Methylphenol 1 108 1 0,777 1 0,611 3 - 9

1 4-Methylphenol 1 108 1 1 3 - 9
8 1 2,5-Diruethylphenol 11 122 11 0,797 11 7
9 I1 2-Methoxy 4-Ethylphenol 11 152 11 0,816 11 0,679 2-9
10 1 2,3-Dimethylphenol 1 122 1 0,846 1 0,712 7

1 Unknown 1 154 1 1 !11 11 3,5-Dimethylphenol 1 122 1 0,867 1 0,772 • Not repof
1 4-Ethylphenol 1 122 1 j 7

ll' 11 2,4,6-Trimethylphenol 11 152 11 11 0,750 7
12 11 2-Metoxy 4-propylphenol 11 166 11 0,905 11 0,812 2 -91

1
3,4-Dimetylopheny1 11 122 11 11 ! 3

13 11 2-Metoxy 4-allylphenol 1
1 164 11 0,915 1

1 0,837 2-9
1 2-Metoxy 4-vinylphenol 1 150 1 1 2-8
1 Unknown 1 168 1 1 1

13' 1
1
4-Vinylphenol 1

1 120 1
1

1
1 0,904 ! 714 1

1 4-Isopropylphenol 1
1 136 1

1 0,950 1
1 ! Not report®

15 1
1
Unknown 1

1 168 1
1 0,958 1

1 0,938 1
1
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1

1
1
1
1
1

M o l .  
w t .

1
1
1
1 - 
1

R e l a t i v e
v o l u m e

XE -  60

r e t e n t i o n
..u________

1 OV -  225

|  R e p o r t e d  
j i n  l i t e r a t u r e j

2 - M e t h o x y  4 - c i s - p r o p e n y l p h e n o l 1
I 1 6 4 1

1 0 , 9 8 1 0 , 9 5 6 \ 3 * 9

2 , 6 - D i m e t h o x y p h e n o l 1
1 1 5 4 1

1 1 , 0 0 0 1 , 0 0 0 ! 1 * 9

4 - M e t h o x y p h e n o l
1
1 1 24 1 1 , 0 3 6 • Not  r e p o r t e d

2 - M e t h o x y  4 - t r a n s p r o p e n y l p h e n o l 1
1 1 6 4 1

1 1 , 0 5 1 1 , 0 7 5 j 4 * 9

3 , 5 - D i m e t h o x y b e n z a l d e h y d e
1
1 13 4

1
1 1 , 0 6 7 i Not  r e p o r t e d

Unknown 1
1 1 6 2 1

1
2 » 6 - D i m e t h o x y  4 - m e t y l p h e n o l 168 1 1 , 0 8 6 1 , 1 5 2 2 * 9
p Y ' ' o c a t e c h o l 1

1 1 1 0 1 1 , 1 2 2 i Not r e p o r t e d

3 - M e t h o x y  4 - h y d r o x y b e n z o i c  a c i d e s
1
1 168 1 1 , 1 0 6 1 Not r e p o r t e d

Unknown 1
1 138 1

1 1 , 1 1 5

Unknown
1
1 138 1 1 , 1 2 4

Unknown 1 13 4 1
1

Unknown 1
1 168 1

1
3 - M e t h y l p y r o c a t e c h o l 1

1 1 2 4 1
1 1 , 1 3 9 1 , 2 1 7 i Not  r e p o r t e d

4 - V i n y l b e n z a l d e h y d e 1
1 1 3 2 1

1 ! Not r e p o r t e d

2 » 6 - D i m e t h o x y  4 - E t h y l p h e n o l
1
1 1 82

1
1 1 , 1 5 2 1 , 2 6 7 f\) 4 CD

v a n i l i n 1 1 5 2 1
1 1 , 1 6 5 | 2 , 3 , 5 , 6

3 - M e t h y l p y r o c a t e c h o l 1
1 1 24 1

1 1 , 1 9 1 i Not  r e p o r t e d

2 , 6 - D i m e t h o x y  4 - p r o p y l p h e n o l 1 1 9 6 1
1 1 , 2 1 7 1 , 3 8 7 1 3 , 7 . 8

2 , 6 - D i m e t h o x y  4 - a l l y l o p h e n o l 1
1 19 4 1

1 1 , 2 2 7 1 , 4 1 5 ¡ 5 - 1 8

3 , 4 - D i m e t h o x y a c e t o p h e n o n e 1 180 1 1 , 2 4 3 1 , 5 2 0 ! 5
Unknown 1 256 1 1 , 2 5 5
Unknown 1 242 1

1
Unknown 1

1 19 4 1
1 1 , 2 8 7

3 - M e t h o x y  4 - p r o p a n  2 - o n e p h e n o l
1
1 180 1 1 , 3 0 2 j Not  r e p o r t e d

1
2 , 6 - D i m e t h o x y  4 - c i s - p r o p e n y l p h e n o l 1 19 4 1

1
1 , 3 5 4 1 , 6 4 2 ! 5 * 9

l-Naph^ol 1
1 14 4 1

1 1 , 3 7 2 j Not  r e p o r t e d

3 - M e t h o x y  4 - a c e t i c  a c i d  p h e n o l
1
1 1 82

1
1 1 , 4 4 2 1 , 7 7 1 i Not r e p o r t e d

1
3 , 5 - D i m e t h o x y  4 - h y d r o x y b e n z a l d e h y d e 1

1 1 8 2 1
1 1 , 4 7 1 1 , 8 4 1 ! 5 , 6 , 9

j
Unknown

1
1 2 18 1

1 1 , 4 9 5

Unknown
1
1 246 1

1
!

Unknown
1
1 204 1

1 1 , 5 1 8
i

2 , 6 - D i m e t h o x y  4 - i s o b u t y l p h e n o l 1
1 2 10 1

1 1 , 5 7 0 2 , 0 2 6 j Not  r e p o r t e d

l ~ A l l y i n a p h t h a l e n
1
1
1
1

168 1
1
1
1

1 , 6 9 6 [ Not  r e p o r t e c

*/ data for the relative retention volume are based 
on the retention volume of 2,6-Dimethoxyphenol.




