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1. 

INTRODUCTION 
.,; 

‘During the’ characrerization of ‘vinyl rt-tiinyl Icetoner, a, compound responsible for 
metallic flavour in dairy products, it was noticed that its retention behaviour in 
gas chromatography was anomalous. It had been expected that differences in.reten- 
tion between vinyl rt-amyl ketone and ethyl ur-amyl ketone would parallel those 
‘between, q:oct-z-enal a+ y-o,ctanal as the two compo.mds of, each, p,,iLir have eorre_-, 
sporiding ‘diff&&ces in ‘Strticture: This was ‘not .‘obs&ed: I Consequently, .‘a st,udy of 
‘the retentio~,‘~~eli~~o~= of vinyl’ ketones and,Sicohols’w~s]undertalcen usings$tion,- ’ 
.a’tiy phases .of”.va-55~s ‘@&ritids. Tfie investigation gas e,xtended to. incl$e ‘some 
,otl_er’ ‘&ia$& ~f’,d&~&~yl &mp&~ds a&,d”ai&o~&~~i : :’ ‘, ’ ‘. i : ,:,I 

Se$&J: ~$,t~l&.i& of retention,~dkta have been’publisheda’” and various’niethods 
of presen’tation of ‘data. h&e ‘been’ &u&e&d including retention ‘&6&J; fun’ction~l 
retention indicesa, retention relative to theoretical. nonane’ and group. retention 
factorsE*8. All. these concepts are inter-related and each may be, expressed in, terms of 
ariy other. Thedata obtained din ‘tliis’.%&k are expressed’& group retention fact& 
The gkotip retention 1 factor, (I<) ‘for ‘a functional’ group (X) is ,_defined by :, 

. 
,: ] ; : 

,I yTTx’.& Rh/Rn’ ,’ : 
” ; (“i 

where RA, Rn are retention times of A and B and A and B differ only in that B con- 
tains group X in place of the appropriate hydrogen atoms. 

” :: .’ ‘,, 

‘,’ . .I ‘,. 
EkPERIMtiNTAL 

.’ 

p$fiaratzci’ a& $wocbdtire ,:, , ,’ 

:;. 
Apiezop M; silicone oil.,(Ma,y ” Baker, Embaphase) , ‘Carbowax 4o,oo,,‘diethylene &co1 
succina$ ,, (Applied ,Scfence ,Labo,ratories; Inc:,_.State College,, Pa.) a,nd Aupro,silicone 
QFz (Appiied ‘Science, Laboratories). were used as stationary, phases. The support 
was 1o+r40 mesh Gas Chrom,, A (Applied Science Laboratories),. Statiqnary phase 
(20, parts, by wei~li’c),,..tlissd~~,e~ in,, just ‘sumcient,,, solvent ‘to &et, the suppor$.,,w$s 
tiixed ,with &pport @opart,sby weig,ht) a,s’ the, sol,ver$ renoved at zoo a@ 15 qyk 

pres&,k u&g {,rotaryl evaporato.oy. j The. dry P.&king was then evacuated: at 509 and 
o& mm pressure. ‘dlass ‘columns (~S$.o’h lofig byo.4 cm id.) were vibrated tihile .’ ,‘,’ 
portions,of packing ,were added. ,Chromat.og&ms, $&ere, obtained at 7~“. ‘ZOO.? &d 130~ : 
using’s Perkin-Elmer 154.a Fi%ctometer with a thermistor detector and: helium +.s 
carrier gas. A carrier gas pressure. of IO p.s.i. ,was used to give flow-rates of, 35-75 
ml/min. ,Samples. (1,ess than IOO ,ug .pcr component) ,were introduced with a Hamilton 
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Alkanal 3.85 3.90 3.23 3.20 2.66 2.72 3.82 4.14 3.17 
Alkan-o-one 3.48 3.22 2.86 2.84 2.35 2.42 3-54 3.56 2.98 
Alkan-3-one 3.42 3.20 2.86 2.84 2.35 2.42 3-51 3.50 2.87 
sym-Allcanonc 3.00 2.78 2.57 2.52 2.23 2.30 3-24 3.14 2.74 
Alk-I-en-3-one 3.22 2.94 2.73 2.Q4 2.33 2.40 3-41 3.35 2.74 
Alk-I-en-3-01 3.22 2.94 

-• 
2.73 2,63 2.33 2.40 3-43 3.6s 2.78 

Alk-2-cnal 6.10 4.65 4a77 %! 4’04 5.66 5.90 4.29 
Alksn-1-01 6.38 7.10 4.88 5.00 3.96 6.40 7.15 4.90 
%7 (ml/g) 20.9 3560 1.1.0 903 G:85 251 20.6 1810 10.8 

* The large retention of these compounds could not be determined with the small samples available. 

I-$ syringe. Mixtures’ of homologous series of C,-,, n-alk-z-en-g-ones (vinyl keton,es) , 

C ,&, st-all-I-en+Lols, (vinyl &ohols); C,-lt, rt-alkanals, C,-,r &-alkan-z-ones, ,,Cd-i2 
Balkan-s-ones, C,_,r $mSalk%nones, Coio‘ H-alk-z-enals, C,_i F-alkan-i-ols and 
C” G--i9 &alkanes weie examined together with n-hexa-i,4-dienal; &-nona-z,6-dienil, 
q&hex-g-en-z -01, +hept-3-en-r-01, 
c~clic’ketories. 

&-h&r-en-g-one.’ and a number of dioncs ‘and 
Different chromsitograms, were related by using an in’ternal stan’dard. 

,’ /‘, ;: :_; .’ /. ; : ,. 

Calculation: of grotip retentioti factors (K) .’ 

Reteritiori~dislAnde~ were measuked from the air peak to the peak masimum and log 
retention’ distance was plotted ‘against c&bon number. The best straight line was 
drawn through. the experimental points for an homologous series and’ retention dis- 
tances read off at C, and C,,. Divisi,on by the corresponding values for the +z-alkanes 
gave the group retention factors. 

RESULTS 
,~ 

The C, and lower ketones were retained by the stationary phases too long for their 
retention distances to fit the log plot. .This .fact, also noticed by KOVATS~, suggests 
that the carbonyl group is less shielded by the hydrocarbon chain and interacts more 
strongly with the stationary phase. Thus, the values of I< at ,C, a?d’C,‘, (Table I)* 
represent ‘the effective ‘range of ‘carbon’ riumber ‘which has been studied. Variatidn 
between ‘the’& and C,, vaIues,‘for a particular series arises from a slight ‘difference! in 
the slopes ‘of the log plots ‘for tha3 series and the s-&&es: ’ ” ’ 

Table III shows the ‘grouti, retention fa&ors for an isolated’double bond (by corn- 
P;$i-ison ‘09 the p,airs hex-&iol/hexanU, hept;3_dqol/heptanql,,, nona-2,6-dienal/ 
xi~n&erial, hex-I-en-5;one/ilesan-2-one) ,’ a’ vinyl’ double’ ‘bond (b9 &miparison of 
‘il~rILe~-~Ldii~/all~~-3-0nc pairs)‘ and ‘a ‘double” bond, conjugated to a carbonyl 
‘&tip ‘(by ‘&-$np&~$o~, 6f &-*_enal/a]lf&flaf pairs). ‘I ” ‘! ‘, “’ ” ] ” 

” : ’ Insuf@ient diones and! cyclic ketones tiere cxamiried to ‘allow their represental 
tioii iin’Table’ I. :‘, ” ’ ” ” ,:: ,,’ t, ,: ‘.. 

/,...’ ‘,’ ‘, ,. :,‘. ,. ,,J ‘; ,, :‘. .’ .’ ,,. 

; :* The: complete data, from which Table I is constructed,, are available from the author. 

:.: ; ; .u 
J. Ch~oma#o~., IO (1963) 303-308 .;$ 
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8, Diclhylenc &co1 sicccinalc QFx c-qow 
,.:,v :. :_. .‘,‘, 7o” xooo x3@ 700 NO0 r30n lo= moo r30° 

>:“’ ‘cs ,,‘; CII Gg Cr1 cg Crr c5 Cxx cg Cxx c5 Crx c5 crx c5 Cl2 c5 cxx 
: ,. 

362 28.5 25.2 x7-3 17.0 x4.9 20.8 12.9 11.9 7.M 8.50 
38,6 30.4 26.1- 17.9 17.5 18.4 22.3 13.G x2.6 8.50 g.zx 
301 I 24.4 21.1 IS.9 x4-5 17.9 IS..+ 11.5 IO.8 7.19 7.95 
~5~2 20.G 17.7 14.2 12.3 14.2 16.0 10.5 9.67 3.82 4.21 

4303 34.3 29.8 20.9 18.4 14.2 16.0 11.5 x0.8 6.73 7.59 

89,s 57.5 50.5 30.2 27.2 6.80 8.04 G-35 5.87 3.82 4.21 
101 70.0 63.2 37.4 35-7 34.4 42-5 25-G 23.8 x3-7 15.2 
158 53.5 8o.G 40.7 42.8 13.3 21.4 10.5 x0.1 6.37 7.25 

65-9 1.32 24.4 105 11.1 7.30 267 4.11 97.6 2.79 34.3 

27.2 28.5 16.0 18.6 

26.2 27.0 x.5-5 17-s 
21.G 22.1 x3-7 14.5 
18.4 18.3 11.5 11-G 
39.4 30.4 II-3 19.5 
76.4 93.4 35-5 64.0 -* 35-5 - 40;5 

=4= 196 G3.7 86.0 

4-63 234 3-03 so-4 

IO.5 11.6 
X0.1 10.9 
g.2G 9-76 
8.29 8.06 
11.0 12.1 
x9.0 21.0 
20.0 22.9 
30.0 38-4 
2.13 33-7 

Utility of grotip reted factors 
DISCUSSION 

Table I shows that the variation of I< from C, to C,, is about IO %. However, values of 
K for any particular carbon number may be reproduced with an accuracy of &I ‘+& 
Table II shows values of IC calculated from published retention data for Apiezon L. 
It can be seen that there is good agreement with the present results obtained with 
Apiezon M except for n-alkan-s-ones. Thus K can readily be used for the prediction 

TABLE II 

GROUP RETENTION FACTORS CALCULATED FROM THE LITERATWRE3.4 

(Apiezon L at 130~3 

Saics KCJ 

Alkanal 2.66 

Alkan-z-one Z-37 
. Alkan-j-one z-47 

synt_-AIkanonc 2.22 

Alkan- I -01 3-76 
Alk-I-ene o-as 

* Values at C I I or the nearest carbon numbers. 

KCSl- 

2.72 
2.41 
2d.3 
2.19 

3.80 
0-W 

of retention times or as an aid in identification of an unknown compound if its 
carbon skeleton is known. In many cases the carbon skeleton of a compound, isolated 
by gas chromatography, may be determined by microhydrogenation to the parent 
hydrocarbon 6*10. Provided there is no interaction between two functional groups in 
the same molecule, their effect on its retention may be predicted by successive appli- 
cations of eqn. (I)_-For the substitution of groups X and Y in A to give C, the retention 
time of C (Xc) is given by: 

Rc = &~KYRA (2) 

Both CLAYTON~ and EVANS AND SMITH'~ (using an equivdlent e-xpression) have bezn 
able to predict retention times in this manner.’ 

J- ChWg-. m(x963)303-30s 
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Retention of vinyl ketolzes 

Table III shows that the vinyl double bond; although conjugated, contributes to th,e 
overall retention of an alk-r-en-3-one as if it were an isolated rather than a conjugated 
double, bond. The values of I< for a double bond in the carbonyl compounds studied 
with Apiezon M agree well. with the values for the.*alk-,I-enes shown in Table II. 
Thus, .in solution in a_ gas-chromatographic stationary phase,, there, is little interac- 
tion between the vinyl double bond and the carbonyl group and retention timesmay be 
predicted by use of eqn. (2). 

A similar comparison was not made for the vinyl alcohols as samples of the alkan- 
3-01 series were not available. Nevertheless, it is interesting to note that, although the 
alkanal and alkan-I-01 series are completely separated on all five phases, the vinyl 
ketones and alcohols can only be separated with the three polar stationary phases. 

Choice of statiomwy phase 

Gas chromatograpfiy is often ‘used as a qualitative analytical technique for the sepa- 
ration of mix-tures following which the individual components may be identified by a 
combination of retention data with the results of other physical and chemical measure- 
ments. Thus, the choice of stationary phase will be dictated by the,types of dompoui& 
likely to be present, the .separation required and the need to avoid contamination: 
which may complicate the interpretation of further measurements, particularly. 
spectral examination.’ 

(a) S@aration of geometrical isowers. Retention times of the cis- and trans-isomers 
of the 3-enols or m!vaw, 6-&s- and &vans, 6-trans-nonadienals are slightly different 
on all five stationary phases. The truss-isomer is eluted before the &-isomer on polar 
phases whereas the reverse is true for the non-polar phases. However, a mixture of 
cis- and trams-isomers gives separate peaks only with the more polar diethylene glycol 
succinate and Carbowax 4000. (QFI gives separate peaks for the nona-2,6-dienals 
but not.the alk-3-enols.) 

In .practice, conclusive differentiation of cis- and tvavzs-isomers is obtained by 
infra;red spectroscopy. For this, Carbowax 4000 is the-less suitable stationary phase 
as it frequently gives off low molecular weight “bleed”. Furthermore, retention times 
on Carbowax 4000 are generally longer than on diethylene glycol succinate or QFI. 
For separation in a fixed time, higher flow-rates or higher temperatures are necessary 
with Carbowax 4000. The former causes difficulties in trapping the eluted material 
and the latter increases contamination and decreases resolution. Thus on all counts 
the preferred stationary phase for separation of geometric isomers is diethylene glycol 
succinate. 

(b) Separation of PositiopJaZ isomers. Table I shows that the order of elution on all 
five stationary phases is alkane, sym.-alkanone, alkan-3-one,. and alkan-z-one. This 
is to be expected as the shielding effect of the hydrocarbon chain on the carbonyl 
group decreases through this series allowing more interaction with the stationary 
phase and so increasing the retention. On Apiezon M, Embaphase silicone oil, and 

: Carbowas 4000, alkanals elute after the alkan-z-ones whereas on diethylene glycol 
succinate and QFx they lie between alkan-3-ones and alkan-z-ones. An optimum 
separation may be obtained for any pair of these classes by careful choice of station- 
ary phase.. 

J. Chromatog.. IO (x963) .303-308 
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SUMMARY 

The aeparently anomalous behaviour of vinyl ketones in gas chromatography was 
investigated. Retention data for homologous series of +alkanes, +alkanals, gz-alkan- 
z-ones, +alkan-3-ones, sym.-alkanoncs, +alk-z-enals, ut-alk-r-en-3-ones, walk-r-en- 
3-01s and rt-alkan-r-ols were determined and considered in terms of group retention. 
factors. Five stationary, phases were evaluated and sonic criteria for the choice of a 
stationary phase for qualitative analysis are considered.’ 
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