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INTROD UCTION 

In a previous paper of this series1 it was shown that the adsorption of solute 
molecules at the liquid-solid interface leads to perturbed values for retention with 
concomitant peak asymmetry. This work has now been extended and additional 
factors influencing the reproducibility of retention data recognised. On the basis of 
these results, a range of commercially available supports have been classified accor- 
ding to their effective adsorptivities. 

EXPERIMENTAL 

Chromatograms were obtained using an apparatus consisting of glass columns 
(5 ft. long and 4 mm I.D.) with a modified flame ionisation detecto9. The carrier gas 
was a 3 : I (by vol.) mixture of hydrogen and nitrogen. The columns were packed with 
IO O/~ w/w mixtures of stationary phase: either dinonyl phthalate (B.D.H.), poly- 
oxyethylene glycol-4oo (Merck), or squalane (B.D.H.) and support (for details see 
Table I). The column temperature was regulated by a vapour jacket consisting of 
boiling water (100~). Samples for analysis ( - IO ,ug) were introduced by means of 
stainless steel capillary pipettes 3. All the solutes used were obtained commercially 
with the exception of the tertiary alcohols which were kindly prepared by Miss 
STOREY (N.R.P.R.A.). 

M. J. 

Measwenzent of retention data 
Relative retentions, in KovATs retention index units”, were obtained from 

chromatograms of suitable mixtures containing n-alkanes as internal standards. 
Retention distances, measured between point of injection and peak maxima on the 
chromatographic record, were corrected for the column gas hold-up volume by means 
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DEP_%ILS OF THE SC’PPORT JLATERIALS USED IS THE ISVESTIGATION OF SUPPORT ADSORPTIVITY 

cemc 
C;-mromosorb G non acid-washed 
Chromosorb G silanited by dimcthyIdichlorosiIanc 

[by xnanuffacturcr) 
Chromosorb P 
Chronlosorb \\- 
C-zz Firebrick 
Gas ChFOm 9 

3Picrosorb W [Chromosorb W coated with 
golv-(tetrafluoroct;h?;lcnc)I 

GO-SO 

60-70 
60-So 
Go-So 

60-So 
60-So 
60-70 
60-So 

60-So 

Analytical 
Engineering 
Laboratories (U.S.A.) 

J. J.s Chromatography (U.K.) 
Johns-Manvillc (U.S.A.) 
Johns-Manvillc (U.S.A.) 

Johns-Manvillc (U.S.A.) 
Johns-Manvillc (U.S.A.) 
J. J.s Chromatography (U.K.) 
Applied Science Laboratories 

(U.S.A.) 
Toshin Chemicals (Japan) 

of the retention of methane5. The adjusted retentions were then used to calculate 
\-alues for retention index by means of the expressions: 

I = IooA7 + 1oon ( ~ogrl&r - 10g10R,v -_____ 
mmJh+, - log1oRx ) 

where R,, R,v and Rl~+n are the adjusted retentions of the solute, and walkane stand- 
ards containing LV and X+n carbon atoms, respectively. 

H>ISCL-‘SSIOS .4SD RESULTS 

Pret-ious work1 has revealed that the oxidation of apolar liquid phases, such as 
squalane, is accompanied by large changes of retention, which may be negative or 
positi\-e depending upon the extent of oxidation, the chemical nature of the solutes, 
and the adsorptivity of the support. Furthermore, in respect of the latter, the results, 
suggested jthat the differences between the observed retentions and those corres- 
ponding to partitioning into the pure solvent alone, might be used to compare the 
adsorptivities of support materials, in so far as it affects the elution of the solute 
molecules. 

In order to test this hypothesis, values for retention index of solutes, of a wide 
range of chemical types, have been determined for columns prepared using purified 
squalane as stationary phase and a selection of commercially available support 
materials. As it is welI known that the retentions of solutes which are adsorbed on the 
support surface are high& dependent upon sample size, unless the isotherm is 
linear, ever\r care was taken to ensure the injection of constant sample sizes through- 
out the investigation. Thereby it proved possible to obtain reasonably reproducible 
retention data for asymmetric peaks (tailing), both for the same column on separate 
occasions, and also for different columns prepared using the same batches of liquid 
phase and support. 

The results obtained (see Table II) clearly reveal that supports may be classified 
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according to values for retention index, and that in terms oY the changes of retention 
caused by the adsorption of solute molecules at the liquid-solid interface, sikmized 
Chromosorb G is the least adsorptive of the supports examined. It is also interesting 
to note that with this support the retention indices for benzonitrile and nitrobenzene 
are close to those believed to be due to partitioning into the pure stationary phase 
alonei, namely 891 and 1002, respectively. Owing to their extreme adsorptivit\- 
meaningful retention indices could be obtained for neither C-zz firehrick nor Chromo- 
sorb I?. The large shifts of retention experienced by the alcohols, compared witb 
those exhibited by the *other solutes, indicate that the principle forces of interaction 
between these solutes and the support surface are hydrogen bonding in character. 
This viewpoint is supported by the retention indices of the a1cohoI.s shown in Table III 
which indicate that the chan.ges of retention with support are determined by the steric 
hindrance of the hydroxyl groups by adjacent alkyl groups. 

TABLE II 

THE EFFECT OF THE SUPPORT UPON THE RETESTION CWARACTERISTlCS OF SQWALASE COLWBKSS 

Column: 5 ft. x 4 mm, IO oh w/w squalane (B.D.H.) at 100~. 

Chromosorb W 774.0 soo.0 c q-a- - -3.1 939.5 gr8.G oor6.g 
Microsorb \;t’ 755.3 751.9 527.1 9oS.5 gno-4 POX x.6 
Celite 747.2 763.5 S2G.o 902.3 904.2 I_-7 
Analtrom 733-3 714.9 s24.s ss5.2 

732.6 714.4 5269 555.3 :E$Z 
KlQg.2 

Chromosorb G roo+& 
Gas Chrorn & 730.9 703.9 S26.S SS3.2 Sg3.r X~4-3 
Silanizecl Chromosorb G 72 8.7 694.9 S2G.5 ss3.s 593 .g rcqj. I 

The foregoing experiments reveal that hydroxylic solutes are strongly adsorbed 
on to the surface of diatomaceous supports. Therefore, it is reasonable to espect that 
the hydroxyl groups of hydroxylic stationary phases, such as the poPyosyeth>lene 
glycols, will behave similarly. Thereby reducing the concentration of h>-drosyll 
groups available in the bulk liquid phase for partitioning purposes, and in turn values 
for retention index; previous work having established an approsirnately linear 
relationship between values for retention index and the hydroxyl content of a series of 
polyoxyethylene glycol fractionsO. Consequently the highest values for retention 
index for a particular sample of polyoxyethylene glycol would be expected for the 
least adsorptive support. The results obtained for a series of support materials, using a 
particular batch of polyoxyethylene glycol-4oo as stationary phase, are in accord 
with this hypothesis (see Table IV), in as far as the lowest values for retention 
index were obtained with what are regarded to be the most adsorptive supports. -4 
particularly disturbing feature, from a qualitative analytical standpoint, of the type 
of adsorption encountered with polyoxyethylene glycol, and presumably other 
hydroxylic liquid phases, is that it does not give rise to the abnorma.Ily shaped peaks 
generally associated with adsorption phenomena. 

Since the above experiments yield materially the same order of effective ad- 
sorptivities, for the supports examined, it may be concluded that the hypotheses upon 
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T_4BLE III 

THE INFLUENCE OF THE EXVIROXBIEST OF THE HYDROSYL GROUPS OF ALKANOLS UPOS THEIR AD- 

SORPTIOS UPON THE SURFACE OF DIATOJIACEOUS SUPPORTS 
Column: 5 ft. x 4 mm, 20% w/w squalane at Ioo”. 

Jc 
*. 

Mean 
valzcc 

Pentan-r-01 soo.0 694.9 105.1 I 105 
H exan- I -01 900.0 795.5 104.5 ( 

Hexan-2-01 S15.2 742.2 73-o 
73 

Heptan-2-01 915.S S42.2 73 6 1 

z-Methylhexarz-2-01 539.3 755.9 53.4 
z-Methylheptan-z-01 939.5 583.5 55.7 

1 
54 

2-Methyloctan-z-01 1035.7 gs4.z 51.5 I 

.: IW = retention index with Chromosorb CV as support. 
IG’ = retention index with silane-treated Chromosorb G as support. 

T:\BLE IV 

THE EFFECT OF THE SUPPORT UPON THE RETENTIOS CHARACTERISTICS OF POLYOSYETHYLENE 

GLYCOL COLUMNS 

Column: 5 ft. x 4 mm, IO o/o w/w polyoxyethylenc glycol-4oo (Merck) at 100~. 

SElppoVt Hexavt-a- Cialoro- Peltiau-r- 2-Mellryl- 13ejtzo- Nilro- 
one bevtzene ol l~eptan-2-ol v&vile benzene 

Chromosorb P I I IS.4 
C-22 Firebrick 1121.7 
C,hromosorb \V 1147.1 
Celite 1170.0 
Chromosorb G 1179.0 

hnakrom 1177.9 
Gas Chrom & 1151.5 
Silanized Chromosorb G I I 56.4 

1213.3 I 306.0 1343.5 1585.2 1654.2 
1215.5 131o.G 1345.2 1593.2 IGg1.G 
1252.9 1347.2 1377.0 1644.4 1745.0 
1275.0 1369.4 1397.9 1675.8 x779-4 
12S4.2 1351.3 1409.2 1693.3 1795.2 

1283.5 1384.2 14oS.S 1696.5 1SOI.Z 

1287.6 1356.6 1414.9 1702.3 1S10.5 
1293.0 1390.7 1419.1 1709.0 ISI7.0 

which these comparisons are based are essentially correct. Furthermore, as the surface 
areas of the supports examined are markedly different, the results of these experiments 
suggest that adsorption at the gas-liquid interface does not contribute significantly to 
overall retentions on the polyoxyethylene glycol columns, at the liquid phase loading 
employed. 1 

At first sight the results obtained for columns prepared using polytetrafluoro- 
ethylene as support are inconsistent with those of previous worlcers+i”,which suggest 
that this material is particularly inert and non-adsorptive (see Table V). Whereas the 
retention indices obtained with dinonyl phthalate and squalane are lower than those 
given by the corresponding Chromosorb G columns, consistent with teflon having the 
Iower adsorptivity, the results obtained with polyoxyethylene glycol imply that 
teflon is considerably more adsorptive. In fact, even more so than firebrick. However, 
in contrast with the other teflon columns, the polyoxyethylene glycol column gave 
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wxa~&.tis,, k wlh&% xwlluws ffoa rretermtibnr are’ ho! be, nsed for peak identification purposes. 
.Yinbme ‘ame? iaL% ff~oio,mk3)~:: 

((ii)) ltitney silhmdd pm5sss tilhe -. -. adkorptiiity consistent with the mainte- 
mlsUm~e (08 cclo%Eme!mltt 5.&n!s Off i%q@idl pulaso;, 

(@iii)) f%e SUI&KW .sitwti ibe fii;ee 05 5&e pores,. i.e. those with diameters less than 
SD &, 

((i&i)) ttRwy .SlllKo& lhlalw ttlk mnliimiiimnrmir;ml surface area consistent with the preparation 
off cuo&mnum~~ titi goxoall e¶&cikmq- andI resohxtion characteristics. In addition they 
&~~~IId~lln~ormne~~~, lh~~w~goodl handling. properties,. and should be batch invariant. 

05 ttltoce sqq~o&t~ ~~UI!S ffaur exatrm&xedl siikniked Chromosorb G appears to fulfil the 
Ea&xoYw2 r7fqunik~ti lbeltuen uhlallm UlblG?, ire nx&klec;.Tlkbatch invariance of this material is 
iilllhn&atidl lby tt.8~ mHtesnii%~rm dla~tk slfu0~~11~ iku Table~VI. The, data shown in the column on 
tie extkermne riiglh& 05 ttlhk k&lk are ~15 qpecikll interest as they suggest that silanizecl 
(C.lbnorumto~~orril~ <G m lb~ mec~~wereall 5irorm1 used cohunns by solvent extraction without loss 
Off pwrllionmmslml exe;, ltltu~ c&if&* i&e lh&lb~ kiki&l cost of this material. 

The .sampIx~ti plhwse lhr-a~ beers slhw~ to ikrfluence values for relative retention by 
&itie~ Mtce adlwq&osn off .s&hmk n&!ecxulks; or the adsorption of the hydroxyl groups of 
caeutkim pokur lli@ p4hmses Ails,, iitt I!EILS beem deduced that appropriately shaped 
mmcoAwull~,, w0kiln lhraw~ a lkw a&&if&- 5or the solvent,. can be selectively retained’by 
Urqp@mg iirm ttllw mmikr~0~ pwre~ ikm iklhe swifkwe of certain supports, in particular teflon. 
ti ti b&k (05 ltlbxe~ ~~~~SWSXXI~&ME iit Ihas; been~ found that silanized Chromosorb G is 
ltllne l&a&t zaw&oxrpik~ co)5 a wikk range 05 cornrmenei~y available support materials. 
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