
Jowvnal of Clwomcclogvaplrjt, 76 (1973) 133-139 

0 Ekovior Scientific PuL9ishirq Company, Amstcrclam - Printed in The Netherlands 

CHROM. 6430 

RETENTION INDICES OF STEROIDS AND THEIR GROUP INCREMENT 

WITH TEMPERATURE 
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(Recoivcd OctoIxr zntl, 1972) 

The steroid number (SN) was shown to be superior to the I<OVATS index for 
the expression of retentiondata for steroids because the former showed a smaller 
increment with temperature. SN values for 3monosubstitutecl $+androstancs 
changed linearly with column temperature. The SN increments with temperature for 
3-monosubstituted Sa-androstanes were almost the same as those for the 3,x1,17- 
trisubstituted compounds. The additivity rule of the SN increment with temperature 
was valid on OV-x and OV-17, but there were some deviations on polar XE-Go and 
cyclol~exanedimethanol succinate stationary phases, It was characteristic that the 
trin~etl~ylsi1yl and trifluoroacetate derivatives showed large negative increments on 
most columns, in spite of. the small negative increment for the acetyl group. 

INTRODUCTION 

It is accepted that the KOVATS retention index’ is avery suitable method for 
the expression of retention data. However, in general, this index varies with column 
temperature+“. The temperature dependence of the I<OVATS retention index 
can be decreased by using a homologous basic compound as a reference compound 
instead of Is-alkanes. WOOIJPORD AND VAN GENT’ proposed the concept of carbon 
number and MIWA ct nL8 that of equivalent chain-length for fatty acids: VANDEN- 
HXUV~L and co-worker& lo introcluccd the steroid number for steroids; HJZBGOOD ANB 
HARRISON applied the phenyl number to polyphenyl compounds, Nevertheless, in spite 
of the use of suitable reference compounds for individual classes of compounds, the 
indices are still not completely independent of temperature, Other approaches have 
been made by VANDIZNHIXJVIZI. AND COURTLY and TAKACS and co-workersr3* l4 : the 
former introduced retention constants calculated from the relative retention times 
at two column temperatures, and the latter derived retention constants from KOVATS 
retention indices. Although such constants are independent of temperature, they have 
the disadvantage that interlaboratory values may show considerable errors. It 
would be very convenient for the identification of steroids if a new index system 
could be devised to give a simple and reliable correlation of index values with column 
temperature. Rased on the additivity rule for retention indices which has been applied 
to the identification of compounds 29091% 10110, this paper describes the correlation of 
steroid number with column temperature, and investigates the additivity of functional 
group increments with temperature. 
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ESPERIMENTAL 

Rctcntion indices were d.ctczmined by using a Sllimadzu Model 4APTP gas 
cllromatograph with a flame ionization detector. The columns were 1.5 m x 4 mm 
O.D. glass tubes packed with Gas-Chrom Q (IOO-IZO mesh) coated with different 
stationary phases. Tile amounts of stationary phase coating the support were cletcr- 
mined bv Soshlet estraction of the support after all analyses had been carried out. 
The sterkid numbers (SN) of trisubstituted androstanes were obtained at zoo“, 230”, 
270” and 310~ on OV-I and OV-17 and at 235” and 250” on QF-I, SE-60 and cy- 
clol~exanedimetl~anol succinate (CNDMS). All of the Ilyclroxy-steroids were of 
equatorial conformation. Acetate (k), trifluoroacetate (TFA) and trimethylsilyl 
ether (TMS) derivatives were prepared from the hydrosy-compounds. 

RESULTS AND DISCUSSION 

~Mor~osa~bstitatt~d Sa-nudrostnues 
. KOVATS retention indices (RI) of 3-monosubstituted Scxndrostanes on OV-I 

and CHDMS are shoWn in Fig. I. The X1 values cllanged linearly with column 
temperature on both non-polar and polar columns; the aRI/dT values were I.I--1.9 

and 1.9-3.7 units per degree, respectively, and the order of the changes was TFA < 
TMS c AC c OH c CO. Such large changes with temperature may give rise to 
considerable errors in interlaboratory RI values. Tllerefore, the steroid number (SN) 
concept should be superior to tile RI system. The relationsllips between SN and 
column temperature on OV-r, OV-17, QF-I, Xl560 and CHDMS are plotted in Pig. 2. 
On tile Ql?-I, X&Go and CHD1M.S columns, the SR: values were lower at low loading 
than at high loading; on the OV-r column, the reverse occurred. These results are 
caused by the non-polarity of the surface of the silanizcd diatomaceous support 
(Gas-Cllrom Q). - 
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Fig. I, Relationship botwecn the KovArs rctcntion indices (RI) of 3-sutstitutccl Se+androstsnos 
and colutnn tampcmturo, (a) On OV-I; (b) on CHDhfS, 

All of the compounds showed a linear relationship between SN and column 
temperature on each of the five columns, La., SN = a _I- bt. Therefore, SN defined 
at two column temperatures is independent of temperature. As seen in Table I, 
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TAI3L.E I 

,dS~y/i)T VALUES FOR 3-hlONOSUBSTITUTl%D Set-ANDl<OSTANES 

OV-I 9 -10 -40 
OV-17 

-4.7 
II z -24 -_5fJ -90 

IIG 35 23 -58 
l0.i 36 I2 - 60 

7s 45 IO --s!, 

r3SN/iW values arc smaller than aRI/Kf” values. Carbonyl and hydroxyl groups ex- 
hibited very small temperature dependences on OV-I and OV-17; while the acetosy 
group showed only a negligibly small change on all columns. The carbonyl group 
had characteristically very large positive values on QF-I, X&Go and CHDMS 
columns, but the hydrosyl group showed moderate values. TMS and TV.4 groups 
gave high negative values on all of the stationary phases studied. 

The USC of TMS and TFA derivatives to lower the retention of a hydroxy- 
compound is recognized in anal_ytical work. The above results suggest that the effec- 
tiveness of these derivatives for separation of the peaks could be increased by changing 
the column temperature, even by raising the column temperature. 

Calculation of the SM increment with temperature for 3,Ir,r74risubstituted 
Sa-androstanes having the same substituent at all three positions was carried out 
on the assumption that the contributions of the substituents at each position are 
the same. The substituents studied were CO, OH, AC, TPA and TMS, and the results 
are given in Table II. The results were almost the same as those for the monosub- 
stituted androstanes, proving that the above assumption. is valid. 

TAULE 11 

a.%V/oT VALUES POR 3,I I ,I ~TNISUBSTITUTED SQ-ANDROSlXNES IXAVING TllE SAM14 SURSTITUENTS 

StaConavy phnsc 

ov-I 17 13 ov-x7 -25 -32 --51 12 14 - ‘27 -52 
--sg 

47 36 -4 -53 
64 

--5J 
IOQ 0 -5s 
Gi 

-36 
47 22 -7s -84 

.4&?itivity of SN z’rzcvemc~ats with tcwz$watawe for 3,rr,zpsubstduted Sa-madrostnms 
The aclditivity of i3SN/aT values was studied with 3,rI,x74risubstituted ~a- 

androstanes in which CO and/or OH, AC, TPA or TMS groups were substituted. Five 
stationary phases, OV-I, OV-17, QF-I, XE-Go and CHDMS, were examined, The 
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calculation of aSN/i3T values for steroids with mixed substituents was carried out 
as follows. The difference between the observed value and the product of the number 
of substituents and one third of the aSN/H’value for the steroid having three identical 
substituents was divided by the number of the substituents in the compound under 
consideration. The results are shown in Tables III and IV for non-polar OV-I and 
OV-17, rcspectivclv. TheBSN/OT values for the groups are almost the same as those 
for the monosubs~ituted compounds and the additivity of BSN/BT for the groups 
holds satisfactorily, even for TPA or TMS derivatives, which have very high vola- 
tilities. The calculated values for CO were almost constant. 
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The results on 817-1, wlkA1 lri\s a strong afiinity for the CO group, are given 
in Table V. Comparing the dSN/dT values of identically substituted trisubstituted 
derivatives with those of the monosubstituted derivatives for CO and TFA com- 
pounds, the fornrer were considerabcly lower than the latter. However, except for 
the diacetate (compound 7) and mono-‘INS (compound II) derivatives, the additivity 
rule is valid on non-polar stationary phases. 

On XIMo, the &W/W values for trisubstituted ga-androstanes leaving iden- 
tical substituents were the same as tilose for the monosubstituted compounds (Table 
VI), For the compounds having two CO groups, the calculated increments for the 
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TABLE VII 

CO 
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01-I 
OX-1 
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213 rsg 7s 
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third substituent were very small, except for AC. With compounds having one CO 
and two other substituents, the additivity rule was valid except for AC. 

On the polyester CHDMS stationary phase, the increments calculated for 
trisubstituted derivatives with identical substituents were the same as those for the 
monosubstituted compounds (Table VII). With the OH and AC derivatives, the 
additivity rule held, although with some deviations. However, with the TFA and 
TMS derivatives, very high values for CO resulted, ancl higher values were assigned 
to TFA and TMS wit11 incrcnsing number of CO groups. CO values showed the re- 
verse tendency. 
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