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A nx.tl~ocl for the calculation of “stmdard” retention indices froim boiling point 
data 1m.s been proposed. The uses of stmdnrd retention indices and standard retention 
incles differences for the characterisation of stationary phases and the prediction of 
retention indices on any stationary phase at any temperature have been discussed. 
A “cyclic” effect on retention data has been found on sclualane and SE-30. 

INTRODUCTIOK 

In recent years the use of the KOVATS retention index1 has become an accepted 
procedure for the identiiication of gas cllronlatographic peaks. Methods llave been 
proposed for the prediction of these retention indices, either from chromatographic 
data as in SCHONRURG’S metllod2v 3 wllich involves “l~on-mnorpl~ic” factors, or, fol- 

lo\ving DIMOV AND SHoPov d, from pllysicnl data sucli as vapour pressures, niolecular 
weigllts and densities. Both of these methods require a considerable amount of 
data before any prediction of the retention indices can be attempted and for many 
compounds this data is not available. 

We propose that “standard” retention indices can be calculated from boiling 
point data using a fornzula similar to that proposed by I<OVATS. 

Tile classification of stationary plmses according to their polarity has been 

iiivestigatecl by many workers G. It has been shown that a simple classiiication can not 
be achievecl on tljis basis. We show here that a stationary phase rnny be characterised 
by comparing observed ancl standard retention indices of various compounds on 
that phase. 

The liyclrocarbons usecl were obtained from either Fluka A.G. or Koch-Light 
Laboratories. 

Retention indices were determined using a Varian Model ISOO gas chromato- 
graph with flame ionisation detector. The carrier gas was osygen-free nitrogen. 
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2 P. G. ROBINSON, A. L. ODELL 

Colu.mns were operated either isothermally or using a non-linear temperature program 
(NLTP)“. The columns and NLTP operating conditions were as follows. 

SQUAL 
A IO ft. x 1/4 in. 5 yO squalane on 60/100 Embacel column of 2000 theoretical 

plates. The carrier gas flow rate was 30 ml/min and the temperature program was as 
follows: 5 min at z5O, 5 min at 2O/min, 15 min at 4O/min, hold at 95”. 

SE-30 
A 20 ft. x 3/8 in. 30 yO SE-30 on 30/60 Chrom W column of 2900 theoretical 

plates. Carrier gas flow rate was 170 ml/min with the following temperature program: 
I0 min at 5o”, z min at 2o”/min, 6 min at hold (go”), 6 min at IoO/min, hold at 150~. 

SBDP 
A 4 ft. 6 in. x 1/4 in. 30 yO benzyldiphenyl on 60/100 Embacel column of 1900 

theoretical plates. Carrier gas flow rate of 60 ml/min. Temperature program: 5 min 
at 3o”, 15 min at 4O/min, 20 min at hold (go”), IO min at 2O/min, hold at 110~. 

A IO ft. x 1/4 in. 5 YO benzyldiphenyl on 60/100 Embacel column of 1350 
theoretical plates. Carrier gas flow rate of 30 ml/min with a temperature program of: 
5 min at 5o”, 5 min at 2O/min, IO min at 4O/min, hold at 100~. 

’ : 

cwxzo 
A IO ft. x 3/S in. IO Y. Carbowax 2oM on 60/100 Embacel column of 2700 

theoretical plates. Carrier gas flow of 80 ml/min. The temperature program was: 
initial temperature 25 O, 
hold at 165”. 

25 min at 4O/min, 5 min at hold (125”), 20 min at 2O/min, 

RESULTS AND DISCUSSION 

We define the standard retention index as 

1 
log BPS 

= 10012 -t IOO'- 
- log BP.,, 

stcl 
log BP,,+1 - log BP,& 

where BPS, BP,& and BP,+1 refer to the boiling points of the compound and the 
qz-alkanes with n and n + I carbon atoms respectively similar to the method of 
I<ov~~sl. The selected values for Istd are given in Table I. 

A standard retention index difference (AI*) may now be obtained by com- 
parison of the standard and experimental retention indices. 

where I: is the retention index of the compound at temperature T on stationary 
phase x. 
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Values for AI* on squalane at IOOO and SE-30 at 75 O are given in Table II. 
Agreement between standard and observed values is good for alltanes and allcenes. 

TABLE II 

dl* VALUES ON SQUALANE AND SE-30 
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(b) The “CycziC” l?Jpct 

The hydrocarbons studied have been grouped (Table II) according to their 
structure. Table II shows that AI* values vary little within a group but that there 
are marked differences between some groups. This table also shows that the standard 
retention indes differences are much greater for some groups (notably cyclic allcenes 
and cyclic alkanes). The stationary phases (squalane and SE-30) thus have an en- 
hanced retaining effect on cyclic (except aromatic) compounds, the retention indices 
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of these compounds being Ili&r than the standard values. We leave called this the 
“cyclic” effect. 

Since squalane has usually been taken as the reference stationary phase for 
comparison of chromatograpliic data this “cyclic” effect has hitherto escaped notice. 
Because of this effect we consider squalane to be unsatisfactory as a reference sta- 
tionary phase and we propose that standard retention indices be used in future to 
deline behaviour. 

Departures from ideality as measured by /II* values may be used to charac- 
terise stationary phases as described below. 

The hydrocarbons studied were divided into seven classes according to their 
structure. These classes were: 0, ?c-allcanes; I, branched alkanes; II, yz-alkenes; III, 
branclled alkenes; IV, cycloalkanes; V, cycloalkenes; VI, aromatics. 

If the range of n1* values for each class of hydrocarbon is determined on a 
stationary phase tlien the retention characteristics of that phase for these classes 
may be tabulated. A method similar to this has been proposed 13~ WEFIRLI AND 

I<ovhTs7 ~110 used Apiezon 1, as a reference stationary phase. 

Table III gives the standard retention index differences (AT*) for compouncls 
arrangecl in the above classes, together with the average values for each class and 
the corresponding standard deviations on each of five columns. Only eight of the 
tllirty stanclarcl deviation values given lie outside & 5.0, which is the accepted value 
for reproducibility of retention inclices, and none is greater than + S.I. The values 
obtained on two different benzyldipllenyl (BDP) colu~n~~s have been included to 
inclicate the agreement found for clifferent. columns of tlie same stationary phase. 
In all cases escept class VI (aromatics) the values lie within tile standard deviation 
limits shown. 

The size of the average Al’” values for the different classes on a given stationary 
phase gives an indication of how the phase behaves with respect to these compounds. 
For instance tile large negative value for aromatics on BDP sllows that aromatic 
compounds are retarded in their passage tllrough the column in comparison with, 
say, akanes or alkenes. 

A simpler method tllan that proposed in section (c) is to use only one member 
from each class as the basis for characterisation. The AI* values could be determined 
a-t either one or a number of column temperatures. 

The hydrocarbons containin g six carbon atoms were chosen as being representa- 
tive of their classes ancl the AP values for these, deterrninecl at so”, along with the 
average values and standard deviations for each class are given in Table IV. The 
agreement is good enough to permit approximate predictions from the representative 
AI,“,= values but more accurate predictions must be macle using the average value 
for the particular class being stuclied. 

An example of the use of Table IV is in choosing a stationary phase to separate 
compounds of similar boiling point, e.g., benzene (b.1~. So.IO), cycloliesane (80.7”) 
am1 1,3-cyclollexadiene (SI .5 “) . These compounds belong to different classes and in- 
spection of Table IV shows that the largest differences between these classes occur 
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-24 
- I 1. 
- 17 
- 14 
-46 
-‘7 

(61) 

- 1g.S 
4.3 

V CyclopcYltcIlc - 2.3 
3-~rctllylcyclopenC-I-cnc 
I -~~etllylcyclopollt-r-cllc 

- 1s 
-38 

I ,3-Cyclohcsadicnc -31 
Cycl011cscnc --37 
I ,4-Cycl011esac1icnc -_fY 
J.-~Ietllylcyclolles-K-ctLc -34 
3-~rctllylcyclollcs-r-cllc -24 
I -i\IethylCyClohCS-I-Clle -336 
Cyclclleptatricne -30 
Cyclooctatctracnc -20 
r ,3-Cyclooc toclienc -49 
cis,cis- i, 5-!‘yclooctuc’licnc -4s 

- 85 

(1 2;) 

- 120 

- 99 
- 140 
- s3 
- 76 
- 99 
- I42 
- 90 
- 129 

(-~-F-l-) 

- OS 
(- 20) 
- 
-107 
- SG 
--3-F 

(II;;) 
- 91 
--30 
-129 
--I I.3 
--r27 

- 15 
G 

-29 
-45 
- 27 
- 
- 

-15 
- 29 
-2 

23 
-21 
-17 

:\vcragc -33.3 - 104.5 -III’.J - 15.5 
Stnnclarcl clcviation 2 ’ 3 6.S 7. r 5.7 

VI: 13c11zcnc 
Tolllellc 
Etllvlellc 
fi-S$lene 
wSylcnc 
o-Sylc11c 
styrenc 
Tsoprop~lbe~lzene 
I, x,5-Tn tilctl~ylbeiizcnc 
tall.-Ruf:ylbcnzene 
I, 2,4-Trirnctliylbcnzcnc 
.~cc.-BLltylbellzclle 
~-;\Icthyl-isoproI,ylbctlzcnc 
~t-Butylbcll2elle 

Average 
Staticlard deviation 

-23 
-23 
-20 
-21 
-220 
-25 
-21 
-21 
- 12 
-21 
--r7 
-27 
- x7 

- 128 
-13.5 
-1330 
- 12s 
-132 
-132 
-149 
.- 1 X(i 
- L2S 

I (2 --2 
--113 
-- 1 I I 

- 

- 132 
-123 
- 135 
- L3G 
- T.+G 
- r4.Y 
--rGI 
- 12’3 
- 14; 

(- S3) 
- 149 
- I35 
- 133 
---I36 

-20.6 
1.0 

- T3Ss5 
3dO 

- 1x0 

- 12fx.k 
2.S 

- 0.9 
C.G 

- 

- 3#7 
3.7 

(- 19) 
‘7 

-11 

44 
.js 

-.5 
0 
r7 
19 

(So) 
2 ‘-, 
2 -t 
2 4 

23.0 
5.‘ s 

(51) 
4 

-3s 
-2 
-3 
-5 
-7 

I 
25 

(-Z) 
-29 

( - 12.5) 

- 2.7 
64 

9 
15 
I2 

-47 

& 
(- 121) 

I2 
19 

--T6 
- 17 
-G3 

1-l. 
5 

- S.r 
S.1 
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for WDP (79 units) and Curbowas zohZ (77 units). Thus either one of these CO~UIIIIIS L 

woulcl separate tllcse compouncls. Actual retention indices obtained on 13D.P were 
774, 693 and 767 and, on Carbowas 2031, 633, GO0 and 649 for benzene, cyclohesane 
and I,3-cyclul~csaclicne respectively. 

(6) T/w l$-ccl of 1 p Clll- C)‘(l t ZCl’d O$C StnlzdaYcz ~‘CtddiOIL i‘li.dLx V&lCS 

I<etention indices llave been sliown to have a linear clepenclence on temperature 
wit 11 sclualanc 1.8 ancl SE-30” as stationary pliases. Other workers have reportecl the 
tempemture variation in tlie form (x0 X clI/clT) (refs. 7 and 9). 

Our investigations llnve shown that the variation of AZ* wit11 teniperature is 
similar for the members of a particular class of liydrocarbons with tither squalane 
or SE-30 as stationary pliasc, but the values for different classes may vary consicler- 
ably. This temperature variation is the negative of ?lq! variation of the retention 
indices of tile sarnc coinpouncls ancl these XLlUes, as (I0 x clZ/d?‘), are given in 
Table Il. 

The average values for tlie temperature variation of the retention inclices of 
eacli class on eacli column arc given in Table IV. 

The values given in Table iV may now be used to predict the retention index 
of any con~pouncl which belongs to one of the classes consiclerecl at any temperature 
required on one of the four stationary phases used. The nlethocl is as follows: 

Step I. Determine the ‘.&ancl.arcl retention incles of the con~pouncl from its b.p. 
Step 2. Subtract the average AZ* value given in Table IV for the appropriate 

class. This gives thepredicted retention indes at 50”. 
Step 3. Adjust the value to the appropriate temperature using the values for 

(IO x clZ/dT). ” 

Exa~utfih. The calculation of the retention incles of niethylcyclohesane on 
squalane at 7o”. (Step I) From Table I the standard retention incles is 707. (Step z) 
The average AI* for cycloalkanes (class IV) on squalane is - 1g.S & 4.3. This gives 
72G.S * 4.3 at 50”. (Step 3) The average temperature clepenclence of I for cyclo- 
alkanes on squalane is 0.14 units/I”C. vlus the adjustment is + 2.5 units to give a 
value of 729.6 j= 4.3 units at 7o”. The observed valuelo is 731 units. 

Other values for compounds chosen at random by fellolv workers are given in 
Table V. 

Cyclooctme on SE-30 at 150~ 
CyClOheSilIle on SE-30 ;Lt IOO” 

1,3,5-Trimethylbctlzcne on SE-30 at i2s” 
Benzene 011 SE-30 at 1250 

x,3,5-‘l’rimetliylbenzene on LBDP ztt Tooa 
Cyclohepkme on LBDP nt 7.5’ 
2,3,4-Trimethylpentallc on LBDP at 100~ 

3-Bthylpcntane on squnlane at Joe’ 
Mcthylcyclopentane on squalanc at 22O 

933.0 I 4.3 (9s)) 
672 (675) 
994.4 f. 1.0 
666.5 & I.0 [z, 

1074.1 & 7.1 (1074) 
Y42.3 & 6.5 
S5S.s) rtr: 1.G I% c 
682.0 & 2.5 (GSg)‘” 

627.9 rt- 4.3 (623) 
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If the retention indices of the representative hydrocarbons are found on the 
stationary phase in question and their standard retention index differences (AI*) 
are calculated then an estimate of the retention indes of a compound belonging to 
the same class as one of the representative hydrocarbons may be obtained. The 
method of calculation is the same as that described in section (f). The representative 
hydrocarbon retention indices must be determined experimentally at the temperature 
at which the analysis is to be carried out unless ,the temperature variation of these 
retention indices is also obtained. 

For the most useful results it is necessary to average the standard hydrocarbons 
belonging to the same class. This tends to balance out any experimental errors in the 
determination of the retention indices. 
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