
The use of retention <data in qua%tti& a&@&is iis w ‘Bog7 illbe 08 
preparing authentic reference comp~xx&s. JJ Qgz&&ua&z tiw nm&&&l & 
calculating the retention times $f ~@mmeticali m&xx&es ti W u& ti p 
metrical counterparts has beep~Znv&@ga&ed arCit iis ~iiml~~=Jrllme 
compounds investigated ticlude ~~pax&fBas~ co-l&@, s&@&&es,, w,, &lb&&,, 
sec.-alcohols, halides, ketones,,~~etlxrs ana sdeniiaes,. 

Chroniatograrns were lobtained iusing :am zupgmdms cmmG&kg aif g$tass ctmhmmm 

(5 ft. long and 4 mm .X.1%.) ti2h :a mo&&Zl Bame i&&s&m a&&c&i%” YE&e aaun&r 
gas was a 3 :‘I ‘(.by volume) xn%&ure of &.&ogen zc&l s m &&mvas, w 
packed, with the stationaryphases :sZl$one fixCia?w ((lE&@&n ax&i rn~ 
(B.D.H.) and polyethylene :glycol 400 @Zion Can%&%)) e clr~m u 
(I % phosphori c acid) ,6o-72 me&h c&We’ ((JJJ..“~ E%ve!& w) amudl iinn ‘I _ catas 

on 6o-72 mesh C:22 Ibrick dust I(J..J~‘$)~ by 1aonwetntid w t5hmqdk ((~- 

imately ~0 r) for ,analysis ‘Were &tro&ced by rmeanxs uzl m s&&l m 
pipette@. The column~~diencies~~~ibe~ee~~~~~a~~~~~~ 
of column. 

Calczcla~ion ,of the relative rete~tibn :tGnes 

getention times were :measured from &he *e u%f &n..eaCiczm off &z w ti * ttiirmme 
of appearance of the peak ma+na (QT~. the ~~cz&ler &na&,, armrdl xtxz m 5r 
the calculated, ~:“dead-t?me”4 of tie zlplx?r~~ YRz-F!ti WEme a%?BBxm ias ” ” n 
standards. for the determination t&f tie &lazt!ive me&er&i&n i&nxes aran m &miidl d 
squalane .whilst rt+lcohols were (chosen as seco&zury Z&em&l m 5r e 
ethylene ,glycol :(PEG).. All .x&ues (qiuo.teZl ti &&is w zxna e ti m 
‘i&lonane6.. ’ ’ _ ’ 
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The compotmds used in this work were either puriried commercial materials or were 
?pFi& by members of M.R.P.R.A. staff, Details of the’synthesis of the a-methyl- 
pen%z+en-I-yZ and +methyl-pent-3-en-z-y1 sulphides will be published shortlp. 

RESULTS AND DISCUSSION 

The:l&ariUir~~ of the absolute retention volume for a particular substance is directly 
related! to) the. free. energy of solution of the solute molecules in the stationary liquid 
phases As the, free energy of solution is an approximately additive function .of the 
groups constituting the molecule, linear homoJogous series plots (log R .~a&i.nst IV 
the carbon nnmber) have been observed for many classes of organic compounds7*8. 
These: pl&s: have, been used to predict the retention times of unavailable members 
0-E a series.. However, it is often neither convenient nor possible to obtain sufficient 
mernbersof’a series.in order to determine,the required retention time by this method. 
~l&r&iorx tiines: can also be calculated by the method of %unmation of group 
conjjbnt&ns?%.=J;, but except in the most favourable cases the results are not suf- 

f&ziimfly preci& for qualitative analysis. 
A consequence: of the additivity of group values of free energy of solution is 

t&a&, if a molecule can be represented as R-X-R’, then 

where: Rx,pR31 A;,,, and Ii;, 2 are the retention times of R-X-R’, R-X-R and R’-X-R’, 
respectfvel$r_ 

The agreement between the observed and calculated values may be expected 
to) be good provided that : 

(13) tkere,is no conjugation across the group X 
(@)I none of the molecules are sterically hindered 
@ii)1 neMier R nor R’ are strongly polar 

- @?)I thebondk~linking R and X and R’ and X are symmetrical in polar character 
or that these bonds are separated by a number of non-conjugated atoms 
ti group X, and 

(v)) the retention times of the two symmetrical compounds can be measured 
with comparable and good accuracy. 

Thee II%IICS of this method, Nvher& applicable, are that only two substances 
arerequired to’ calculate the retention time of the unknown and since~only two terms 
are used! in! the calculation accumulative errors are minimised. We have :found the 
method! particnlarly useful: in cases where the symmetrical compounds are easier 
ao~ synthesise: than- the. unsymmetrical counterparts, for instance mono- and di- 

s~pIiides_. i 
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deviation may in part arise from the large difEerence in retention the of the two 
symmetrical compounds_ 

TAl3I.E III 

Squalane 5% Celite 65 VinYl ethgl --(CH&- O-053 0.07* 0.062 0.063 

Squalane 3% Cklite 65 

Squalane 3% Celite 65 

Villyl a-propyl -(CH&- o-033 o&r 0_1=p Ol4S 

Vi@ n-bnQF1 -(CH&- 0-053 ~-4s O-350 0.360 

A&y1 ad a&my2 mmwsdf&des 

The method gives excellent results for all@ and alkenyl -hides, provided that 
t&.-all@ groups are not present, as illustrated In Table N- The disagreement 
between observed and calculated values for M.-a&j1 sxilphides appears to be about 
12 y! with the unqmmetrical compound emerging sooner than &l&lated_ TIEsmay 
be due to steric hindrance. We propose to lnvestigat the anomalous behatiour :oI 
tehbutyl sulphides further. 

Silicone 2o% Celite 160 

PEG 20% Celite 65 

Silicone zo % Celite 65 

PEG 20% Cdite 65 

PEG. 20% Cd&e t 65 

silicone 20% C&te 65 

PEG 20% Celite 65 

Silicone 20% Celite 63 

cyclo- cydohex- 

he=@ +enyl 

ethyl dY1 

ethyl aY1 

methyl rr-bn*l 

methyl aYl 

XIletIlYl ally1 

ethyl terf--b&y1 

t?thYl lert,-bntyl 

-S-- 53-6 

I-G 

o-34 

0.66 

oh6 

o-075 

1-v 

o-34 

75-6 

?-2S 

=-4= 

14.01 

-es I-- 

=-4= 

3-39 

x-63 

63.6 ,63_7 

3-25 3-z= 

o-69 ,O_tig 

3.08 3-03 

z-z?0 z-19 

o-35 o-33 

WP 2,xg 

0.67 ,o-74 

RXS deviation (excluding anomalous tert--bntyl cases) =-47x- 

Al&d ad alkeny~&s&3hZes 

The overall picture of agreement with these compotmds is similar to that of the 
mono-sulphides (TableV). 



PEG zxDy$, - IIQQ, fdhlt@ ally1 -s*s--- 46.65 31.85 38.32 38.55 

?stlkmE 5jy& aIkEi&e n* 7c-l!Juli!yE ally1 -s-s- 15.38 5.21 8.87 s.95 

m 5% (I.kEk a* eeEQd! I c-s- 2.2 44.2 9.9 9.9 

m 5jx ca Jr* h?r?L-butqrl! E --S*s- 5.3 44.2 14.6 15.3 

m sy.& @a It@ L II --s*s- 44.2 75.8 58.2 57.9 

TEne xu&amk fiknes 08 zal!kamex-~ liasm been calculated from those of suitable 

aqx~&5~ ~RMI pzqx~~+r~~ol! and butane-x,&ithiol.The somewhat poor agree- 
mmez& Erekeq f&e oM&R a~& ca&&ated values may be due to the slightly polar 
nn&mtre aS ithe I&.?& gxuxuge a&! allso tie &%erence in the retention times of the paraffin 
GUI& &&En%& gxMii_ apzn p~@eS@ene @ycoI stationary phase. (Table VI). 

Relative rettmfion limes 

X 
R-X-R F-X-R’ R-X-R’ R-X-R’ 

ohserved calculated 

- 5% aIkl@ne e!Tl s-propyE -CH=-SH -CH,- 0.21 4.49 o-95 0.97 

Siab@ae .sY% uxiiKr= 6% R-EJ~L! -Cl$-SE -CH,- I .oo 4.49 2.18 2.12 

PEG any& ca @cj s-lbiql! -CE&-SH --CH,- o-g& 48.57 6.64 6.79 

m 5jy& uL&ik 6; lwllnyn --OX&H -CHa- 5-29 4.49 5.08 4.87 

ct.tDg azlaie. * =-=Ta -Cl&-SH -CH,- 3.79 48.57 12.56 x3.56 

m s%Q=f= e a-Er,zsyI. -Cl&-SEX --CE&- 27.8 4.49 11.60 11.~8 

-al@% ulkaiae e w.+ezqrJ! -&El!,-SN: -CH,- x3.99 48.57 23.70 26.07 

!sElkaE 5% ca 65j ceq-il -CH&H -(CH&- 0.11 II.96 0.95 1.15 

!sakax= 5% ciE%ie e leprop@ -CEI‘,-SH -(CH&- 0.45 x1.96 2.18 2. 32 

1i.96 S!janme sy& 6ziake @jj el!mt@ -CEi!=-SH -(CHd,- 2-30 5.08 5.24 

lci!us alkwaam &as& 

f. Cbnnatog.. 5 (1961) 300-307 
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Ketones 

,Data for these materials are very limited. The results indicate that observed and 
calculated values should agree to within about 5 y0 (Table VII). 

TABLE VII 

Stationary 
pkasc awl 

co+ce~rtrufio~~ 
wlw 

Tcnrficra- Relulive reterrlitw times 
Solid 

.Wpp0rt ture R I?’ X 
% R-X-R R’-X-R’ $;fr;$; c$c~,f;;d 

PEG 20 o/0 Celite 65 methyl ethyl >c=o I .og 2.87 1.78 ‘*77 

PEG 20 y. Celite 65 methyl rt-propyl >c=o I.09 6.68 2.80 2.70 

PFG 2074 Celite 65 methyl n-butyl >c=o I .og 25.64 5.69 5.28 

Selenides 

To date only one selenide system has been investigated. The result suggests reasonable 
agreement should be obtainable (Table VIII). 

TABLE VIII 

Sfrcf irnnry 
pkhw and 

co~aceMratiorr 
wlw 

Tempera- Relative retetrtion times 
Solid 

support lure R R’ X 
OC R-X-R R,_X_R, R-X-R’ R-X-R’ 

observed calculated 

PEG 20% Celite 65 methyl ally1 -Se- 0.92 12.98 3.63 345 

Aromatic ethers 

Only, one ether system of this type has been studied. The result suggests reasonable 
agreement in the case of $-substituted ethers (Table IX); 

. 

TABLE IX 

Sfafiorlary 
phase arld 

conctWriatior~ 

w/y! 

Tempera- Relative rcte~~timk tintes 
Solid 

wpport 
twe R R’ A- 

Oc: 
R_A,_R R,_X_R, R-X-R* R-X-R’ 

obsqved calcarlated 

PEG; 20.y~ Celite zoo w p-methoxy I.95 r3r.5 16.38 16.02 

,. :. 

sec.-Alcohols, sec.-thziots, astd sec.-szc@kides 

In the two sec.-alcohol systems studied excellent agreement between observed and 
calculated values has been obtained. The retention times of sec.-thiols and sec.- 
sulphides can be calculated similarly (Table X). 

J. Ciwonzatog., 5 (1961) 300-307 
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TABLE X 

Stationa?y 
Phase atrd 

cowentmlion 
wlw 

Tempera- Relative retention tifnes 
Solid 

suppcrt trrre R R’ x 
oc R-X-R R’.X-R’ R-X-RD R-X-R’ 

observed cahclated 

OH 
PEG 20% Celite 65 methyl ethyl 

- H- d 
2.84 8.54 5.2.1 4.92 

OH 
Silicone 5 % Celite 65 methyl ethyl 

- H- 
c! 0.16 0.53 0.29 0.29 

SH 
PEG 20 % Celitc 65 methyl ethyl _dH_ 0.61 2.17 1.18 I.15 

C&I, 
PEG 20 % Celite 65 methyl ethyl s _AH_ I.74 S-15 3.16 2.99’ 

@Gvz.-Halides 
,’ ’ 

In this series, if one of the symmetrical compounds contain; two halogen atoms, poor 
agreement may be expected and Table XI confirms this. 

TABLE XI 

Statioriavy 
f%4se atrd 

concerrtration 
w/w 

Tempera- Relative reteutiofb likes 
Solid 

mpport Lure R R’ x 
OC R_X_R R’_X_R6 R-X-R R-X-R’ 

abserved cahclated 

Silicone 20 O/o Celite 65 qz-butyl -CH,~Br -CH,- I.00 4.54 2.45 2.13 

ACKNOWLEDGEMENT 

The authors wish to acknowledge the assistance of Mr. J. A. B~DFoRD’~~~ carried 
out part of this work which forms part of a prohamme of research undertaken by 
the Board of the Natural Rubber Producers’ Research Association. 

SUMMARY 

A logarithmic mterpol.ation method for the prediction of the retention times of 
unsymmetrical molecules from those of the symmetrical counterparts is described. 
The classes of organic compounds to which the method has been successfully applied 
include n-paraffins, olefins, sulphides, disulphides, thiols, sec.-alcohols, halides, 
ketones, ethers and selenides. 

,, .I ., ..;; 
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