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ABSTRACT

fhe.effects of samplé size, nature of the liquid phase,
and'tﬁe éxistence’of mixed separation mechanisms upon Kovats
indiceslhave beehreXahiﬁed; Evaluation of retention prbfiles
:for'séveral'systems ailowed for. determination of the sample con-
_cenfréfibn atvwhichZSOrptioh'mechanismé made major contributions to
the ovérail reténtion. ' That point was dependent upon the
polafiﬁj differenCé‘between the solute and éoivent and upon the
natﬁre of the inert‘support{_ For smali.samples, sorptioh mechanisms
caﬁéed'large changes in.Kbvété.indices. Thus, care must be
used in applying Kovats iﬁdicés:in anélyées_éf trace components.
The ﬁse of pure, discrete polymeric entities as‘stationary
’ liéuidslpas 5een examined as a be£ter means of specifying
statiénary liquids. -Such'a metﬁod shéuld improve interlaboratory
'comparison of reiative retention data. With that point in mind;
a éet ofylow mdlécular wéight'ﬁolyethylene glycol species -
have beeﬁ éhafacterized aé stationary liquids using éhev.

Rohrschneider system.
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One of the major problems facing the gas chroma-
tographer is interlaboratory reproducibi]ity of.resu]ts.
The nature of these problems can be divided into two cate-
gories. First, 1nsturmenta1 factors, such as the proper
determination of_dead vdbmes, are_genera]]y well recognized

~and have been discussed in a recent'paper [1] Second

"'comb1nat1ons of chemical and/or phys1ca1 phenomena can 1ead;hva‘”"'*

to comp1ex s1tuat10ns For examp]e, a comb1nat1on of
' -
'so1ut1on and sorpt1on effects can drast1ca1]y affect the; .

' retentlon vo]ume for a so]ute'as a funct1on of samp]e s1ze
‘because the net retent1on of a so]bte in gas- 11qu1d chroma-*
tography 1s the sum of the. so]ub1]1ty effect “and adsorpt1onxddﬁ

vat the gas 11qu1d 1nterface, at the gas 5011d 1nterface, o

| and. at the 11qu1d so11d 1nterface Recent d1scuss1ons by. -

‘Conder [2] and by Conder,_Locke, and Purne]] [3] have de-<~«
ge]oped_th1s,top1c 1n,deta1]._ Itv1s, therefore, apparent

: that‘mixed separatfdn mechanﬁsmsdcanilead to errors {hl,;i_

—

qua11tat1ve ana]ys1s, espec1a11y in 1nstances where compar--

isons are made between 1aborator1es where samp]e s1zes or

co1umn 1oad1ngs mlght d1ffer

The Kovats retention 1ndex [4] has been advocated o

- f5- 8] as ‘a means for standard1zat1on of retent1on data..ﬁg”

_Retent1on 1nd1ces offer a means for report1ng retent1on data.

on a relative basis. Norma] a]kanes are used as reference:f,ka-.a"

:standards and-are se1ected to bracket the retent1on t1me

for the compound that 1s be1ng character1zed Such data are .

L4



useful for qua]itative 1dentffication Even though the
Kovats system was designed to minimize errors in the re-
port1ng of retent1on data from d1fferent co]umns, large
ranges of values have somet1mes been reported for so]utes

on supposedly s1m1]ar co]umns operated under 1dent1ca1

h

4_cond1t1ons [7] Samp]e size effects, the presence of con-.;

B tam1nants or var1ed po]ymer1c d1str1but1on in supposed]y

1dent1ca] stat1onary phases, and temperature effects appear

.to be 1ikely reasons for the reported range of retent1on- dfﬁ

index va1ues R
1

The prob]em of samp]e size effects has often been:'fi'

' over]ooked desp1te the occas1ona1 warn1ngs that have been
/ .
pub11shed Those warn1ngs have dea]t w1th samp1e s1zes

- that over]oad the column [9] and samp]es that g1ve bad]y

“ta11ed peaks [7]. To avo1d over]oad1ng, the common sug-'

'geshon has been to use sma]] samp]e sizes. However,_inj{ o

heed1ng that suggest1on,'one can exper1ence severe prob1ems o

'from the effects of m1xed separat1on mechan1sms wh1ch may
fa]so Tead to ta11ed peaks Therefore,‘port1ons of th1s =

study have been devoted to the exam1nat1on of Kovats re»

_ tent1on 1nd1ces as a funct1on of samp1e s1ze Part1cu1arv"

'emphas1s was p1aced on the behav1or of the Kovats 1nd1ces SO

under cond1t1ons where m1xed separat1on mechan1sms m1ght
ex1sta
The second source of error in Kovats 1nd1ces

centers about the compos1t1on of the stat1onary phase
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Often, contaminants in the stationary phase or oxidation
of the phase on the column have been thought to be the
cause for unexpected dev1at1ons of the 1nd1ces [73.. Another
prob]em is derived from the po]yner1c d1str1but1on in the
stat1onary phase. Evans and Sm1th [10] have shown that
there were s1gn1f1cant d1fferences in the 1nd1ces when
Carbowax of the same average mo]ecu]ar we1ght was obtalned
from several d1fferent supp11ers WOrk in our own 1aboratory
[11] has shown that the actua1 po]ymer1c d1str1but1on can
vary cons1derab1y wh11e ‘the mean average mo]ecu]ar we1ght
of the samp]es rema1ns about the same Those stud1es em-

phas1zed the need for better spec1f1cat1ons of stat1onary
phases Others have a]so recent]y recogn1zed th1s prob]em
Janak [12] and Ka1ser [7 8] have commented on the need for
better stat1onary phases and a better means of spec1f1cat1on
“and contro] of the d1str1but1on actua11y present Preston
[13] and McReynolds [14] have proposed that a genera] set

of standard stationary phases be se1ected and be we]]
character1zed In add1t1on, they proposed that where many
near]y s1m11ar phases ex1st on]y one be se]ected for
genera1 use’ and the others be abandoned

In order to determlne the d1fference 1n retent1on

behavior that arises on go1ng from one ol1gomer to another
we have 1nvestlgated the use of pure o]1gomers as stat1onary
11qu1ds At the same t1me, the use of a s1ng]e pure 011-

gomer would give a very mean1ngfu1 concrete means of

i
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specifyingfthe stationary phase.'.In,the present'examination,;

a series of low mo]ecuiar weight polyethylene giycols haveew
_been stud1ed since they could be obtained in a pure state

_,and also analyzed for pur1ty w1th relative ease. The resu]ts -
:c1ear1y Just1fy the extension of such studies to less vo]-e

'at11e phases even though such phases will be more dlff1cu]t

.A_to pur1fy and to analyze.

The ]ast prob]em concern1ng Kovats 1nd1ces centersA
-.around the1r var1at1ons with temperature Some workers h
[15 20] have prev1ously exam1ned this aspect of the prob]em,‘&h"'
but no attempt has been made in the present study to 1so1ate_y

"temperature re1ated effects
Experimenta]

"Apparatus'. The gas chromatograph uas essent1a11y s
that descr1bed ear]1er by 0berho1tzer ‘and Rogers [2]] S
'Mod1f1catmns in the system 1nc1uded a new d1g1ta1 programmer,-f
.,whc1h has been descrlbed by Cu]g et a] [22],‘and a 5.5 dm
~p]ex1glass housing for the detector system to buffer the
 detector from short term pressure sp1kes and 1oca1 temper;~ﬁ"""
'ature changes from drafts lﬁi;tzf?fft%fix{'ﬁkhfPQﬁPh'

| The samp11ng system cons1sted of a Se1scor Mode]

VIII gas sampling valve (Se]smograph servdce Corp Tu]sa;ff
Okla. ) having a 25 ul sample ]oop L1qu1d samp]es of 1 to,TJ;‘v
5 u] ‘were injecte d into an exponent1a] d11ut1on f]ask [Zl]fjj

with diluent f]ow rates rang1ng from 5 to 30 m] per m1nute,;_,

1

3.
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depending upon the retention volume of‘the solute, soAas to
have on1y one samp1e on the column at any given'time; -Fon
- Targer sample sizes, solutes were~injected into the f]ask _‘
but 1t was not. operated in an exponent1a1 dilution mode.l‘
“The samp11ng valve was then used to inject a known vo]ume
:of‘sample from the'eff1uent,stream of the exponent1a1,23“x
- diiution flask onto the'ehkomatographio ooTumn - In order:”'
-to 1essen the prob]em of adsorpt1on 1n the f]ask and 1n the
‘valve, this apparatus was p]aced in a thermostated box he]d'
at 85 + 1°C. |
Chemicals. The-hydrooamton.soiutes USed in this'}t
“study were obtained, from Ph11]1ps Petro11um Company or from

J. T. Baker Chem1ca1 Company and were 99 _m0]e percentv",.ﬂ

hpurttyuv The ethanol used in thls study wast100%“honded L

¢o1d~SeaJ,a]coho1'(Chem1ca1 So]vents Corporat1on) The,7v55
“temaining ohemicals used as so]utes were J. T, Baker spec-'

"'-trograde chem1ca1s, when ava1]ab1e, or Baker reagent grade‘

. o
chem1cals. .

The squa]ane used 1n th1s study was obta1ned from 5!;.ffgil

_ Eastman 0rgan1c Chem1ca]s and was used as rece1ved | Chroma-yy*;"

. tograph1c ana]ys1s of the squa]ane showed on]y one peak and e

"therefore, the mater1a1 ‘was assumed to be pure

~ The tr1-, tetra-, and penta ethy]ene g]yco]s were'ﬂ

_ obtalned from A]dr1ch Chem1ca1 Co ' Chromatograph1c ana]ys1s,.ﬂi

of the b1str1methy1511y1 der1vat1ves by the method of Ca]-_'e

R _zo]aru et.‘a [24] showed on]y one peak for each of these
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species. Therefore, these materials were used as received;
The hexa-and octa-ethylene gTyco]s used ih this
study wepe prepared by the‘method of Fordyce,et. al. [25]
using the appropriate g1yools and ethers to?obtaih the de--
si;ed‘oligomer. Afteerompletion of the reaction, ether .
was used in a continuous liquid- 11qu1d extractor to remove

the 91yc01 from. the sa]t and other organ1c contam1nates | 1ﬁf;ﬁ{f7F

Fract1ona1 d1st111at1on under vacuum was carr1ed out on thedgg;._

Q‘extract, and several d1st111at1on cuts with pur1t1es of 90

.to 95% were obta1ned.‘ The best,cuts_of each_of the o11gomepsv
‘were then turther-purified by.§e1 Ehkomatography.u A”]]Spcm"

X 1 cm column was fi11ed:with'5ephadex LH20 (Pharmacia Fihe'"

| CheMiCa]suInc ) in a uaﬁmnoi medium. After one pass through
the co]umn a cut of hexaethy]ene g1yco1 w1th a pur1ty of |
98. ]%-w1th about'1 97 heptaethy]ene g]yco] was obtalned
Similar resu]ts for the octaethy]ene glyco] showed a. pur1tu"'
of 98. 3% with about 1 7% of - the nonaethy]ene g]yco] as:f7‘”
-the pr1nc1p1e contam1nate '1[ ﬁj% ”gfj?ﬂﬁgfmaﬁ"vh |

| o The carrier gas was h1gh pur1ty Airco he11um (A1r.fﬁ:~f?dtf
.Reduet1on Company) wh1ch was passed through 4A mo]ecu]ar o{oj;;f:fﬁ;;
d_S1eve traps The traps were freduently Cond1t1oned over; 7r¥t'

nlght at 350°C while backf]ush1ng w1th he11um at a f1ow rate p_*,gf“"

of 1 to 2 ml/min. Hydrogen (A1r Reductlon Co ) and L1nde o

' 'compressed air (Union Carbide Corp ) were a1so passed

through similar traps and used as the fuel supp]y for the.

flame ionization detectorp
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Column Preparation. Packing materials were pre- -

pared‘by coating 20% by weight of'1iqudd on Teflon 6 (Varian)
and on Chromosorb P (Johhs—Manvi]]e); which‘had been silan-
ized by,the method of.Purne11'et.'a]. t26]3: Teflon was used
for all of the studiesiinvodving polyethylene glycols in an

attempt to avoid decompos1t1on of the g]yco] on the bas1c e

o Chromosorb surfaces as po1nted out by Ak1zosh1 et al [27]

"Squa]ane pack1ngs of 10 to 30 percent by we1ght were pre-.:
hpared on both Chromosorb P and Tef]on supports A]] co]umn S
pack1ng materials were. ana1yzed by extractlon to constant .
-we1ght 1n a soxh]et apparatus | In a11 cases, pack1ngswere.fﬁ'
| w1th1n + O 2% of the abso1ute va]ue as determ1ned 1n the
_preparat1on of the mater1a1s L ) | & .

‘ Co]umnswere prepared by pack1ng 50 cm X 0 28 cm e
: sta1n1ess steel tub1ng w1th the coated support mater1als
Critical va]ues for the we1ghts of 11qu1ds in the co]umns f*f
and the operat1ng parameters are g1ven 1n Tab]e I |

,

Data Hand11gg The po1nts correspond1ng to the

beg1nn1ng and end of the peak as we]] as the sect1ons of

data deSIred for estab11shment of base 11ne were se]ected
< ?

by v1sua1 exam1nat1on of the prlnted d1g1ta1 data The data;;ﬂ;f%fgf

"gwere then smoothed us1ng a - quadrat1c e]even po1nt smooth

after the method of Sav1sky and Go]ay [28] peak areas,“and SRR

net retent1on volumes based on the peak mean and_the peak-_'”

"max1mum were calculated. A peak max1mum was_obtained by.fa;f,:‘m R

fitting'a seoond-order_equat]on_oyer the top.using the-;_.i “;;T'

!
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Crout techniquel[29] and setting‘the‘first deriVative(equal\
.to‘zero. -

TheAretention data as a function.of_peak area_
were.used‘to determine‘retentionhprofi1es for each of‘the_
so]utes'run on a given edlumn Procedures ut111z1ng power-~A
?ser1es type fits. [30] were app11ed to over]applng reg1ons .
“of the peak prof11es A set of standard1zed detector

~.

'responses were then used to ca1cu1ate the retent1on vo]ume'“
. ! - .
for the desired samp]e size us1ng the appropr1ate equat1on~'

_over the des1red sector of the peak proflle The ca]cu-vz
i

v]ated retent1on volumes were thehn used to determlne Kovats;f),t

1ndexes from a Series of samp]es and hydrocarbon reference~ R

N
standards, where the va]ue of the rat1o of the number of

mo1es of so]ute to the number of mo]es of so]vent on a Q'7

co]umn was se]ected Compar1sons of Kovats 1nd1ces between'”'“'

co]umns were'a1$o made on the bas1s of a g1ven mo]e_ratlo-r
of so]ute to ‘total so]vent in the co]umn.' Va]ues_forf;f1*
severa] sets of mo]e rat1os were determ1ned L

each of the g]yco]s as a means of character1z1ng them as

stat1onary phases., The Rohrschne1der values were determ1ned

Rohrschneider constants [3]] were determ1ned for_uffff_ﬁgxﬁ

‘using the normal set of-solutes benzene, ethano] 2- butanone,-f_fif-

nitromethane, and pyridine.

w




| _However, our stud1es extended the retent1on prof11es to
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Results

Retent1on Vo]umes In order to'determine where'
. ' 1
'sorpt1on mechan1sms m1ght become a dom1nant means of sep-
arat1on, 1nvest1gat1ons s1m11ar to those of.Purne]] et. }al{ -VZf-. ]

-[33] were carr1ed out on the squa1ane 2- butano] system

|
|
'_much sma]]er samples than have prev1ous1y been exam1ned _
| F1gure 1- 3 show the retent1on prof11es at 50.0° C for three d;ﬂ_‘ijﬁh :
dlfferent 1oad1ngs of stat1onary phases on Chromosorb P ' : ‘
In these f1gures, one can compare the behav1or of the peak
.: mean, - shown by the solid ]1nes,>and the peak max1mum,{p?f"”
sbown by the broken lines. " Va]ues of lTog area. in the re-n?jy?7-53¥l“
gion 3.5 to 5 correspond to the range stud1ed by Purne]]
“et;va . [33] and are in agreement w1th the1r work.~ ~:~W'
i In these f1gures, as the samp1e s1ze decreases,_'”
the retent1on vo]ume beglns to 1ncrease rap1d1y for areas:f}ip; SR
- on the order of 1 X 103 p1cocou10mbs, wh1ch corresponds tod€pf*.ﬁjth

- a sample size of about 1 x 10 7 grams | Note also that, as; ot

the amount of stat1onary 11qu1d 1ncreases, the onset of

o~

curvature starts at sma]]er samp]e s1zes . Hence, the 1arge e‘7ff i

change in retent1on vo]ume appears to be due to. adsorpt1on

M‘on the support In add1t1on, a compar1son of F1gures 2 and tjf}ffﬁ
3 shows that the change in the 1ndex for the max1mum over. .

”the range of area from 1og 2 to log 4 was sma11er for the 'jf;_pg~jq
| co1umn with the 1ower 11qu1d 1oad1ng That resu1t po1nts

‘somewhat to adsorpt1on at the gas- 11qu1d 1nterface for the

‘.

more heavily 1oaded co]umn,_ -'ﬂ'.;'q,_,hiﬁfg'-:hj__ - . U

' ) ’ . -



'gas 11qu1d 1nterface assum1ng ‘that the surface area, of the

-1

.In Figureil, where retention volumes appear to

decrease for very small sampTes, the signa]-to-noise ratio

was very low and led to d]ff1cu1t1es in peak detect1on
'.Therefore, the observed decrease 1n retent1on vo]ume at very
_'small samp]e s1ze 1s h1gh1y suspect and add1t1ona1 data;

'_.are requ1red to conc]us1ve1y support or refute that behav1or.:-f

F1gures 4 and -5 are typ1ca1 ‘of the retentlon pro-fr

.;f11es obta1ned for the squa]ane, 2 butano1 system when Tef]on

6 was - used as the 1nert support Exam1nat10n of these

curves shows . that the break in the retent1on prof11e occurs

at: sma11er areas and, therefore, sorpt1on mechan1sms do

not assume a dom1nant role in th1s system as ear]y as 1n
the Chromosorb system However, eva]uat1on of th1s set of

retent1on prof1]es at 50 C on Tef]on 6 as a funct1on of

1oad1ng of the stat1onary phase showed that the breaks in d:'

~

the - amount of the stat1onary phase 1ncreased That behav1or.;i',

"po1nts to a s1gn1f1cant contrwbut1on from adsorpt1on at the

: 11qu1d 1ncreased w1th 11qu1d 1oad1ng In that connect1on,¢,;;;;w

it is 1mportant to note that,_even for samp]es 1arger than

-f1cant change in retent1on volume w1th samp]e s1ze Hence,n¢,;Ff7-

in the 103 - 105 plcocoulomb range, wh1ch was also stud1ed

'by Conder, Locke and Purne]] [33] the observed adsorpt1on.f

N
,appears to have been occurr1ng pr1mar11y on the surface of

&,

".the retention prof11es occurred at 1arger peak areas as ﬂfdfﬁtjhvf{

J1 X 103 p1cocoulombs, all of these f1gures showed a 519n1-ffif¥”””h"
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the Tiquid forvthose cases where Teflon was used as the in--
ert support ‘ ‘
It should be noted that the breaks 1n the curves

for the retention voTume genera]]y occurred at Targervareas
, . ‘ ,

for the peak mean than for the peak maximum. - Hence;-thev

~

,_max1ma are much Tess sens1t1ve to peak ta111ng that resu]ts
- from the adsorpt1on processes. -Also, con51derable d1vergence IR

’37between vaTues from the peak means and the peak maxima 1s

!

"observed in certa1n port1ons of these curves v That d1vergence

can be qua11tat1ve1y re]ated to the greater peak asymmetry

”Ftnally, as indicated ear11er, the larger amount of scatter

‘;in the data for the peak means refTects the probTem of de-d'

tect1ng the end of the peak and the fact that the ta11 has‘f

. a Targe influence upon the peak mean

Prof1]es similar to thoce 1n F1gures 1- 5 were

aTso obta1ned at d1fferent temperatures In aTT cases,

V'go1ng to a h1gher temperature sh1fted the onset otia Targe-

1ncrease in retent1on voTume to a sma]]er sampTe s1ze Forf
examp]e, at 70° C the coTumn hav1ng 17% squa]ane on Chrom—e;j"'

osorb P showed a break for the peak max1mum at an area of

2 2 8

1 x 10 p1cocou10mbs 1nstead of at an area of T x 10

'p1cocou10mbs as it did at 50 C The same trend was found

- for the co]umns in which Teflon was used as the support

Kovats Ind1ces The behav1or of the Kovats

f1nd1ces was exam1ned over a Targe range of sampTe s1zes ;jf~




'respect to samp1e size.

4 han, or equa] to, the peak ta111ng for the samp1e
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Particular emphasis was placed on the behavior of the re-

tention 1ndex where two or more separation mechan1sms con-~

'tr1buted s1gn1f1cant]y to the overal] separat1on Table II,'

~

shows- a ser1es of Kovats 1nd1ces for benzene and ethano]

on squa]ane, tr1ethy1ene g]yco] and hexaethy]ene g]yco]

~

*coTumns In this tab]e, comparlsons between co1umns are,,

) made for a series of samples where the ratio of the number

\

of moles of so]ute to the number of mo]es or solvent 1n the

1

~co'lumn was constant In a11 cases the genera] trends 1n"

the data depend upon the d1fference 1n,po1ar1ty_of ‘the

i . . .
solute-solvent combination. The index values seem to show ..

,Smaller changes for po]ar compounds on polar,compounds,“such‘i.':
fas ethano] on tr1ethy1ene g]yco1 than For poTars on ndn-?;f;
'po1ars, such as ethanol on squa]ane For nonpo]ar hydro-bﬂ,p,*'“
| ccarbons, such as benzene on tr1ethy1ene g]yco] and benzene onf}
'squalane, the behav1or of the 1nd1ces showed much 1arger -

‘ dev1at1ons for d1fferences 1n separat1on mechan1sm w1th

A deta11ed exam1nat1on of Tab]e II shows severa]

1nterest1ng trends First, the Kovats 1nd1ces based on ff
'fpeak max1ma may be sma]]er than or 1arger than those 1n—”

:d1ces based on peak means. Except for the case of ethano]

on squa1ane, the po]ar1ty d1fferences of the so1ute so1vent P

comb1nat1on was such that one wou]d expect the extent of

the peak tailing of the reference a]kanes to be greater
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"As the normal a]kanes increase in chain length, the amount
~of tafling in the corresponding peak increases. ‘With these
| points 1in mind,ﬁexamination of the peak elution character-
_1st1cs along w1th the equat1on for Kovats 1ndex offers an.

,exp]anat1on for the d1fferences between the’ peak means and

~

;peakvmax1ma{ The Kovats equation is

>

- L "1og R, - 1og RN
1 = .1°°ﬂ ¥ ]00-[109' R B 1og R ]

,::f{

N

where N is the carbon numberpfor'the”normal a1kane whose-refa_f~ft"

tention volume is less than that of the samp]e and R,

l

is the normal alkane whose retent1on vo1ume is 1arger than';f

N+1 :

that of the samp]e In cases where the peak ta111ng of the

'reference compounds is greater than, or equa1 to, that of

the reference compound the d1fferences 1n 1nd1ces based on:

peak max1ma and peak means can be exp1a1ned us1ng F1gure 6.

As PEak ta1]1ng of the reference 1ncreases, the d1fference ff_ghvifj}
in. us1ng B A w111 become 1arger‘: Th1s w111 1n turn, causg_nffaf_yﬁy
the denom1nator in the Kovats equatlon to become larger i_;k:;J;@_
when data for the peak mean are used rather than data for 5, RIS

' the peak maxima. L1kew1se, 1n 1nstances where the peak

tailing of the sample 1s‘more severe than that of the ref-ﬂm

. erences, one would expect the numerator of the Kovats equat1on ﬁﬂﬂ

to become larger. This would cause the 1nd1ces for the peak

'dmeans~to be larger as was the case in the ethan01 squa1ane.,4,1"

system.




s

'Examination of Table II with respect to samp]e
size shows considerable variance in behavior of Kovats :
indices w1th the po]ar1ty d1fferences between the solute
and so1vent In the benzene squa]ane system, the Kovats o

1nd1ces are almost constant w1th a d1fference of on]y 0 4

“unit in the means and 0. 7 un1t in the maxima. A]though th1s -

-solute so]vent comb1nat1on 1s probab]y one of the most

:near1y 1dea1 cases, the resu]ts ‘are rather good cons1der1ng

vfthat these d1fferences are for samp]e s1zes wh1ch ranged

over 5 orders of magn1tude In s1m11ar squa]ane hydrocarbon

systems, van Kemenade and Groenend13k [32] have reported

~ internal cons1stency of 0. 06 un1t and 1nter1aboratory con— .

sistency on the order of 0 5 un1t For benzene-g]yco]

systems, the Kovats 1nd1ces show a genera1 decrease in.

~value with a range of about 30 1ndex un1ts for the tr1ethy1°ne

4g]yco1 and about 10 to 12 for the hexaethye]ene g]yco]

system The minimum va1ue in the pattern for retent1on

indices on the benzene tr]ethylene g1yco] system 1s the'jpm :

vresult of peak ta111ng and to d1fferences 1n the 1ocat1on

‘where sorpt1on mechan1sms become dom1nant for the benzene and

K : v

| correspond1ng bracket1ng hydrocarbons In cases where;'"'

ethan01 was used as the so1ute, the behav1or is somewhat

.- more complex For the ethano1 squa]ane system, the KovatS' o

:1nd1ces increase by 50 to 100 un1ts over a 5 fo]d concen--~d:

.trat1on range The reason for th1s type of behav1or has

- been dlscussed above in compar1ng d1fferences between theiftizyhpsh ’

L
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Kovats indices based-on-mean_and maximum peak retention
~data. In cases where ethanol‘Was used as a so1ute ntth .
'glycol co]umns, the retent]on 1nd1ces first 1ncreased, went.
through a maximum va]ue, and then decreased ‘The. 1n1t1a1

- increase in retent1on 1nd1ces W1th samp]e s1ze m1ght be the
“result oflcolumnyoverload1ng a]though it wou1d seemythat
.'such:behavior shou]d'a]sotbe_eyident for the ethanoiehh
squalane system "Therefore,vthe actua]Acause'for'the‘~'
~1n1t1a1 1ncrease in retent1on 1ndex va]ues for these samp]e
size prof11es 1s unclear. S ¥~~ |
The prime cause for much ‘of the var1atton of

Kovats indices at Tow samp]e concentratlons 1s ev1dent from_

F1gure 7 where retent1on prof11es of a hydrocarbon reference,;y

solute and a polar solute are 91ven for a hexaethy]ene R

g]yco] column These retent1on prof11es show that the

onset of a dom]nant sorpt1on mechan1sm comes at much 1arger Tf‘f;Nﬁj

tsample concentrat1ons for the hydrocarbon than for the

polar so]ute._ As a resu1t, the Kovats.1ndex for the po1ar .i
vcompound 15 decreased L1kew1se, the comb1nat1on of po1ar
so]utes on nonpo]ar so]vents such as squa1ane show Just

}_the oppos1te behav1or w1th the po]ar solutes now chang1ng

.more than the reference Therefore,llt is obv1ous that re-,r]yij};gQ

o tention prof11es of a system wou]d be qu1te usefu] for

determ1nat1on of the samp1e s1ze range over wh1ch the Kovatsv”

1nd1ces g1ve va]1d data for a g1ven so]ute so1vent system




line were often observed before and after the e]ut1on of the,“
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Us1ng an exponent1a1 diltution apparatus, the determ1nat1on
of retent1on prof1]es is 51mp11f1ed ﬁ

In the course of obtaining these data,'seyera17
important practical prpblems‘arose' .One prdblem-involyed

the temperature of the co]umn | As one went to h1gher temp4

;eratures in. a given system the dom1nance of sorpt1on mech-n
" an1sms‘decreased and was,on]y apparent fqr_smal]er samp]es.'
"fHoweVer; the practjca1 limitation became the vo]atﬁ]ity'bf o

the stat1onary phase. S1nce squa]ane began to show a con-

s1derab1e b]eed rate between 65 and 70 ¢, as d1d‘the trrf' e

~and’ tetra-ethy]ene 91yco1 the upper temperature hadtto'bef;<“»-

11m1ted to about 60 'C in these stud1es A secdnd prob1em'
1nv01ved co]umn cond1t1on1ng w1th respect to part1cu1ar 3

so]utes This phenomenon was found to be qu1te 1mportant

o

_for so]utes such as n1tromethane and pyr1d1ne in the glycoi'ﬁk:w
systems In those 1nstances, the peak retent1on vo]ume |

decreased and the- peak area 1ncreased as success1ve equ1vdent-."' e

s1ze samp1es were 1n3ected onto the co]umn At 1east f1ve

";to ten samp1es were reQU1red before cons1stent_resu1ts wereif:'“?
 obtained.. Therefore, when a samp]e cond1t1ons a eq]umn,:ﬁ?

;care must be used in the app11cat10n of Kovats 1ndtces,_and.‘
“the co]umn shou]d be thorough]y cond1t1oned to that spec1es jﬂgfflf;f

_7before use of the column for eva]uat1on of retent1on data; :!’““‘

as. we]] as for quant1tat1ve determ1nat1ons

In the g]yco] systems, negat1ve d1ps 1n the base-vﬂ.‘f

»
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solute peak ThIS phenomenon was observed onIy on the most
sensftive scales.. Th1s behav10r m1ght 1nvo]ve 1nteract1on

of the'surface of the stat1onary I1qu1d w1th very smaI]

amounts of squte to lower the vapor pressure of the so1vent.
This, in turn, lTowered the bleed rate. of the so]vent fromA_
the column over the zone in whlch the squte res1ded.';The7mga'
.pr1me pract1ca1 probIem in those cases, then, becamehone.

~of determ1n1ng not onIy the beg1nn1ng and end of the peahvbut
{daISo the estab11shment of a va11d base11ne for the peak |
Rohrschne1der Constants One goaI of th1s study

_ : .
was - to evaIuate and character1ze severa] pure ponetherne,

.glycoI species for use as stat1onary phases ) In these

’stud1es, retention prof11es s1m11ar to those 1n Flgure 7

were obtained for the set of so]utes needed to determ1ne th&"

the five standard Rohrschnelder constants for the d1fferent

egcoI spec1es These prof11es were then used to determ1ne ;ﬂt'”t”
Kovats 1nd1ces at var1ous squte to soIvent mo]e rat1os

The Kovats 1nd1ces of the squtes on the var1ous egco]s.

were used in conJunctlon w1th s1m11ar Kovats 1nd1ces at the :
equ1vaIent moIe rat1os on .qmﬂjne ;1cqumns to obta1n the .

| standard set of Rohrschne1der vaIues “In obta1n1ng Rohr-ajwh

':schne1der constants, one must bear in m1nd that the probIems S

vand pheomena which cmmed d1ff1cu1t1es in the Kovats systemare7~g‘ﬁ§
.not only present but compounded in the Rohrschne1der ca]cu—’;wfhei“
llat1ons. h o | - | |

| Rohrschne1der constants for a ser1es of Jow moIecu- _5595;

lar we1ght ponetherne glyco]s are g1ven in Tab]e III ?“5;5~ o
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This table g1ves a comp11at1on of the Rohrschnelder constants~
" based on peak means and peak max1ma for a range of samp1e3'd
xs1zes Exam1nat1on of any glyco] spec1es in Tab]e III shows

‘that, as sample s1ze decrease, the Rohrschne1der constants

’

1ncrease,_go through a max1mum, and then decrease The

range of this var1at1on goes from a value of 0.06 in the .

'octaethylene glycol to about 2 0 un1ts in the tr1ethy1ene |
91yc01 systems. The data 1n Tab]e III, therefore, 1nd1cate 'ifbfc=~“
fthat the polarity . of a cqumn decreases with decreas1ng L
: sampIe concentrat1on ‘ Thus, cautlon must be used in- tracelv
analys1s by gas chromatography s1nce the apparent po]arlty

| of the column for sma]] samp]e concentrat1ons may be qu1te15{f'

dlfferent from that determ1ned for more near]y normaI chroma-h
tograph1c concentratlons

F1gure 8 shows the behav1or of the Rohrschne1der

constants based on peak max1ma as the Iength of the ponmer
iy 1ncreased . A break 1n the curves between the pentaethy]ene ;;fif
egcoI and the hexaethy]ene egco] spec1es 1s ev1dent Adj"”*"'

'.poss1b1e exp]anat1on for such a d1scont1nu1ty m1ght 1nvo]ve Wb il

'a structura] change in the stat1onary phase ' Added ev1dence T«;z}*

Ve

for this comes from the work of Pers1nger [34 35] and Koenlg
i[36] who have shown that the po]yetherne egcoI spec1es

begln to exhibit a sp1ra11ed structure for the penta- or

hexa- etherne egcoI structure I The observed breaks 1n our

| data 1nd1cate that th1s sp1ra111ng becomes 1mportant for

the hexaethylene g]yco] Thus 1t appears that the tr1- ,(:l-,‘

tetra- and penta ethylene egcoIs are s1m11ar and probab]y
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stralght cha1ns wh11e the hexa-‘and octa- ethy]ene g]yco]s
structures are s1m11ar ‘and probab]y sp1ra11ed -

| | Further exam1nat1on of Flgure 8 shows that the
”‘behav1ors of the so]utes on the g]yco], w1th the poss1b1e L

- except1on of n1tromethane,_are para]]el Exam1nat1on of rétf,"’

~

‘-vdata at- other samp]e s1zes shows s1m11ar character1st1cs

‘ifIn the ‘case of n1tromethane, 1t should. be po1nted out j;?j

’:.aga1n that th1s so]ute strong]y cond1t1oned the co]umn, so;mﬁff~ﬁr;vx
‘f_the actua] character1st1cs of 1ts separat1on behav1or are R

SOmewha§ 1n_doubt;-*ﬁ
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Discussion ,

The bresent study has served to emphasfze the . -
lmportance of sorpt1on mechanlsms in gas liquid chromato-
graphy. By extend1ng the retent1on data to very sma11 ‘ ﬂ
sample s1zes, adsorption on the surface of the support has
‘been shown to lead to very 1arge errors, even when reference
i compounds were used, espec1a1]y if the po1ar1t1es of the .;f"
i;solute and so]vent were d1fferent By us1ng reference |
compounds hav1ng more. near]y the same po]ar1ty as the samp]es; o
such d1fferences have been m1n1m1zed in determ1nat1ons of
ster1ods and b1o1og1ca11y or1ented samples [37]. However,_v.f
1‘the use of d1fferent types of references wou1d st1]1 1eave‘_a.;

the prob1em-ofvre]at1nghthe behav1ors of compounds of

different polarities to one another on a g1ven co]umn '}"':gfl_fbff

-The present study has a1so shown that adsorpt1on r?{ﬂljiﬁﬁ;

at the gas- 1iquid interface can be qu1te s1gn1f1cant It

'can be d1st1ngu1shed from adsorpt1on at the fj gas so11d
_1nterface by work1ng at h1gher percentages of 11qu1d “ffiifk_?j,#;

Probab]e sources. for errors and dev1at1ons of

r_results for many thermodynam1c exam1nat1ons of so]ut1on ’fff};ﬁfkalﬁ
" processes by chromatograph1c techn1ques have been e]uc1dated e
by th1s study In many 1nstances data for thermodynamlc
determ1nat1ons have been obta]ned at very sma]] samp]e.€¥f
concentrations on the assumpt1on that the separa{1on system:

was based on]y.on solution mechan1sms throughout the ent1re'
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samp]e range. However, our work clearly refutes such con-~
tentions and shows that data may often have been acqu1red
in regions where sorpt1on may have been a very s1gn1f1cant
'contr1butor to the overall separat1on Thus, to obta1n
valid thermodynam1c data for a system, determ1nat1on of
'the-retent1on proflle for that system is a necessary step S0
as to_be able to se]ect the best range of samp]e s1zes A In.
Aany case, one shou]d se]ect samp]e 51zes 1n a reg1on where o
“htheiprincip1e separat1on mechan1sm is the one of 1nterest
Because detectab]e sorpt1on of some k1nd ‘will be present in fl
most systems, caut1on must be exerc1sed Therefore, methods-
‘such as those out11ned by Conder and Purne]] (2, 33] e
appear necessary in order to determ1ne valid thermodynamlc '
values. The above procedures cou]d a1so ‘be app11ed in de-"
_term1nat1ons of adsorpt1on parameters, prov1ded adequate
'determ1nat1ons of the effect1ve surface .areas. for each of
the 1nterfaces could be obta1ned.va;f.,‘_,:_; -

Both peak means and peak max1ma have been used

throughout this study The peak means are 1mportant s1nceu_;¥*“’

they are often eas1er to obta1n by computer techn1ques

1nvo1v1ng moment ana]ys1s l Kucera [38] and Grubner [39]

" have also shown that the peak means are more mean1ngfu1 from'ivft- o

S a thermodynam1c v1ewpo1nt However, the true va]ue of the

“peak mean is very d1ff1cu1t to obta1n 1f there 1s bad peak t[:..

tailing. As a result the va1ue of the peak mean often o o

| var1es cons1derab1y, depend1ng upon va]ues chosen for the
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beginning and end‘of the peak;' Furthermore, peak means
start to change rapidly at noticeably larger samp]e'sizesfatyhf“}
than the peak maxima In contrast retent1on vo]umes based
on peak maxima are much less 1nf1uenced by peak shape so
they show Tess scatter in the data. TherefOre, even1ﬂmughv'
‘retent1on vo]umes based on peak means may have more theore-
1 tical mean1ng, retention vo]umes based on peak max1ma may -
- be more usefu] in pract1ce when used for qua11tat1ve 1den?
' t1f1cat1ons A | | |
\ In character121ng stat1onary 11qu1ds,‘Rohrschne1der"b;§;;
‘constants are often app11ed S1nce Rohrschne1der constants;;'v
,fare compar1sons between Kovats 1nd1ces, they share the j“'
same prob]ems as the Kovats 1nd1ces Aga1n,‘the d1ff1cu]-fj4;5€

~ties -are part1cu1ar]y acute, for sma]] samp]es where the'

: d1fferences in po]ar1t1es between the so]ute and so]vent

'1s 1arge | However, as shown 1n F1gure 8, re11ab]e compara'"'”"
isons can be made between 51m1]ar 11qu1d phases w1th few

exceptlons prov1ded samp]e s1zes and cond1t1on1ng are

contr011ed

\.-‘:""‘\

The use of pure stat]onary phases showed severa]&;y;hff

very usefu] qua]1t1es Such spec1f1cat1on of stat1onary

.'phases gives a concrete means of 1dent1f1cat1on Th1s

shou1d 1n turn, help 1nter1aboratory compar1sons of data
s1nce 1t ought to be poss1b1e to prepare much more near1y
1dent1ca1 co]umns . The use of s1ngle polymer1c ent1t1es

o

could also be extreme]y usefu] 1n another approach for‘”.
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“standardization inespecifyingvstationary iiquids. Instead\“..
of using mean average molecular weight as a specification;
the separations obtained from a po]ymerlc mlxture cou1d be
expressed in terms relative to the separat1on qua11t1es of
~a spec1f1c po]ymer1c entity of that same series or a- c]osely _f
'related series. However, even that approach will not be
'ifree from problems. The sma11er-po1ymer1c ent1t1es-of anyr
,'ser1es are usua]]y the eas1est to obta1n in pure form and
analyze for pur1ty ' However, they are re]at1ve1y less
’usefu] because of greater vo]at111ty as was d1scovered

for the polyethy]ene g]yco]s and sma11 spec1es in a ser1es
JMmay posess d1fferent structura] features than those of o
larger spec1es Therefore, there may be a ‘minimum s1ze
po]ymer whlch 1s of . usefu] 1mportance Further stud1es w1thm7ﬁ

other statlonary 11qu1ds are underway 1n wh1ch 1arger';,-h7’

polymers and dlfferent types of po]ymers are be1ng exam1ned gcfﬁ

p1n order to determ1ne the fu]] capab1]1t1es and ]1m1tat1ons

)
L%/

of th1s approach F1na11y,' the present approach to charac-;kf;"

ter1zat1on shou1d be very usefu] 1f the recommendat1ons of

‘ Preston [13] and McReyno]ds [14] concern1ng a set of standardﬁ’_;*~7

' ._~‘
stat1onary liquids are adopted in actua] practlce..ai__@. '

y
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. TABLE I 4
. L CRITICAL COLUMN PARAMETERS
Stationary ijupport ‘I.%V‘ Weight - Operating .~ = . =
~Liquid Load-: of Li- Temperature °C .. . .0
S S ing quid in A S T
-_Column_

 Triethylene  Teflon  20.0 0.1741  §0.0°
- Glycol LT e .

v:1”Tetraethy1enel'ﬁfef]dnﬂ,ﬁjZOibR'f0;17061f7 60.0 ]?fJ.TRRQJLf;f;Q;%fQ¢j

'.fPentaethylené;}’TeijﬁﬁRlu;j;RLCEO;Tzizfz ;60;65*

Glycol -

 Hexaethylene  Teflon - 20.0 ~ 0.1709  60.0 . 7 .. 0 i
~ Octaethyleme . Teflon 20.0 ~ 0.1414 60,0 ' -
C@lyeol T 0-1414 60,0 5

.1735['g:554

"JSquéjané°i' AA_JTéfTQQ@"Aﬁ i
- squalane  Teflon.  '"9.9 0.1532  50.0, 60.

© squalame Teflon - 19.9 0.1806 50.0, 60.

-Squalane ;gTeflonff*'f ; 1913 50.0, 60. ' 70.

e

ASqUa]ahe‘iiR i’?Chrom P tRiQ;iR;f .OSQQCR;‘SQ. ;:60; 70,

, 60.0, 70.

Csquntine s ;'Chrom P, ‘15}:Ai: .1069 " 50.

174250, ,60.0, 70,

e

3
‘CSqualaheRilﬁf" Chrom P 2233;;
5

o o o o oo o et
: . . ‘ O SR

.2492 . 50.

fﬂf5 o o o o o o o
<,3CJ‘fcafHCJlﬁc;q5;>;5;375;33 ;‘_@;ig::i

'RSquéjéngi;37f-R_Chrom P ZQQC:A'

[




o TABLE II

Kovats Ind1ces for Mean and Max1mum Peak Retent1on Vo]umes
as a Function of Samp1e Size. :

- A1l data were determined at 60. 0 C on co]umns conta1n1ng 20%
by we1ght 11qu1d on Teflon. ' , :

' N Benzene
Mole v ST _ ' -
. Ratio?- _ ~_Peak Mean L Peak Maximum
__SQUALB_TRID HEXAD SQUALD _TRID HEXAD
1x10°% 640.03 - 902.01 - 640.43 925.32 907.37. . .
5x10-% 640.01  931.43 900.01 '  640.43 934.06 907.35 .
1x10% 639.98  907.76 895.76  640.43 927.49 904.23 .. .
5x10°% §39.80 900.70 897.63  640.43 922.59 903.60
11075 639.68 891.55 893.28  640.36 917.06 902.01
5x10°%  639.66 892.52 892.53 '640.68 916.18 901.44 -
1x10"6 639.65 896.47 890.15 ~  641.02 909.48 902.13 . .o
5x10"7 639.65 896.91 889.23  641.07 908.74 901.07 -
1x10~7 639.65 897.27 888.72  641.11 908.24 901,03
5x10°8 639.65 897.31 888.63  641.11 908.20 901.03 °
; R ‘Ethanol _ ’ o ; .=.-;‘ o o
1x10°3 394.22 - 983.36 . 392.87 1016.98 977.69° .
5x10"%  394.34 1051.98 983.32  392.97 1041.98 988.99
1x10°% 394144 1066.65 977.12- '393.05 1091.39 988.40 .
45x10f§ 394.45 1061.72 975.94  393.06 1083.37 986.19

11075 394,45 1051.02 979.54-  393.07 1075.14 985.54
457.48 1049.29 978.19 ;, 426.67 1070.71 986.03 ..

6
6
5x10°7 497.35 1047.71 975.71 - 454.14 1036.78 987.27
, 47.71 975.71 - , |
8

v 4Ratio of number of mo]es of samp1e to number of .

mo]es of solvent. e o
bAbbrev1at1ons are SQUAL = Squa]ane, TRI = Tr1ethyiﬁq_"

lene glycol, HEXA = Hexaethy]ene g]yco1 SRR

492.80 1047.85 976.02 450.87 1045.35 987.11 -

500.91 1047.56 975.46 456.79 1028.52 987.41 -
501.32 1047.55f.975,42,1f' 45z.12 1027.39 _987.4g  ‘w<e




Table III7:

Rohrschne1der Constants for. F1ve Polyethylene G]ycol 01igomers as a Funct1on of
Sample Size. | oo

A1l values were determlned at 60 0° C from columns conta1n1ng 20% by we1ght
~ liquid on Teflon. f

- Mole Peak Mean - Peak Maxima
Ratio? BZb ___ETOHb_MEKD __WMb ___PVb ___B7b ___ETOWB_MEKD __NMb___PYbH
- | o Triethylene Glycol T
51073 1.72 - 4.88 2.87 --- == 1,71 4.96 2.89 4.53 ---
5x10"% " ---  6.58 4.86 6.04 2.85. 2.94 6.49 4.28  6.06 3.44
5x107° - 2.61 6.67 3.97 - 6.50 4.40 . 2.82 .6.90 4,24 6.73 4,55
5x107% 2053 .5.92.3.79. 6.32 4.28- . 2,75 6.44 . 4.18 6.53  4.28
5x1077" 2,57 5,50 .3.77 "6.29 - 4.26 2.67 5.83: 3.90 6.45 4.29
5x10°% 2.57. 5, 46~i53577;ff6;31" 4.26° 2,67 5.70- 3.87 6.44 ---
ST []_ T Tetraethy]ene §lycol L
5x1073 . 2.66-75.38. 3.68 - 4.89° --= 275 5,74  3.82 . 5.38  ---
5x10™% 2,98 6.66°° 4,41 6.47  4.41 2,91 6,60 4.10- 6.64- 4.69
5x107°  2.64. 6.35 3.82 °6.39. '3.94 ° .. 2.81 6.48 3.99 6.49 4.13
5x107 2,59 5.69 3.69 6.37 3.82° - 2.79 6.16 .3.96 6.5 3.95
s5x1077 2,48 5,29 3.58 6.37 3.80 2,78 5.85 3.95 6.39 3.98
,5x10f3e,_2,4747g5,25='f3)57-‘;6,39'_Wa.sqf 2,78 5.82  3.95 6.38 ---

Wi




Table III cont..

Mole : Peak Mean_ ‘ o Peak Maxima
Ratiod BZb ___ ETOHD MWEKD _NMb___PYb BZb __ETOHb MEKD __NMb ___PVD
‘ ' v Pentaethylene Glycol | | o _
5x10°°  --- 5,12  --- 4,61 “---= . 2.34. 5.21 3.41 4,79  ---
5x10"%  2.82  --- .« 3.93 6.55 ===  2.94 --- 4,07 6.69 4.53
5x107° . 2.74 6,26 3.86 6.48 4.02 2.85 6.36 3.97 6.63 4.14
5x10°%  2.69 5.41 3.72. 6.48 3.99 . 2.83- 6.01 3.94 6.62 4.14
5x1077 " 2.69 5.23 3.76 - 6.48  3.98" 2.82° 5.78  3.91  6.62 ---
5x10"8 " 2.69 - 5.19  3.83 6.51 -~ 2.70° 5.77, 3.93 . 6.62 ---
R .\f, :ﬂf 'ff"; Hexaethylene Glycol -~ = .
5x1073 . 12,1131_5,21\§g3.11;;45;55;;;;.-.;g~;;;;, 2,12 7 5,13+ 3.14- 4,90 ---
5x10™%  2.60 5.89 .3.62 -6.04 3.21" . 2.67  5.96 3.66 6.08 3.74
5x10"°  2.58 5.81 3.56 6.24  3.76 - - 2.63 5.93- 3.65 6.36 3.86
5x10"%  2.53 5.21 3,46 "6.16 3.62 2.61 5.59  3.61 6.31 3.80
5x1077  2.50 4.78 - 3.44 - 6.13 3,61 2,600 5.33- 3.59° 6.29 3.79
5x107%  2.49  4.74 3.44  6.15 3.60 2,60 5.30 3.59 6.29 =---
- Octaethylene Glycol - :

51073 ---  -- 3.58. 6.23  --- . 2.70 5.7573.63 6.22 ---
5x10°%  2.62- 5,73 . 3,54- 6.68  4.12. - 2.7 5.81  3.62° 6.72- 4.32
510>  2.59 5.66 - 3.51 6.60  3.78 .. 2.68 5.78 3.61 6.68 3.73
5x10°° 2,62 5.67. 3.47. 6.58 -3.73 . ' 2.66- 5.45- 3.58. 6.65 3.67
5x10""  2.63 4.73 ° 3.46. 6.58 3.73 2,66 5,18 3.56 6.65 3.65
5x10"%  2.63 4.70 . 3.46. 6.59 --- 2.66 5.15° 3.56 6.64  ---



~ Table 111 cont..

3yoles of solute per moles of solvent.

.- bapbreviations. BZ = Benzene, ETOH = Ethanol, MEK = Meth
7T T T NM o= Nitromethane, Py = Pyridine. .

4

y1 ethyl ketone
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List of Figure Captions
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- Retention profiles based on peak means (solid line)
:and peak maxima (broken line) for 2-butanol on a

10.1% by weight squdlane -on Chromosorb P at 50.0 °c.

Retention profiles based on peak means (solid line)

“and peak maxima (broken lihe) for 2-butanol on a

'15.3% by weight squalare on Chromosorb P at 50.0 °c.

Retention.profiles based on peak means (solid line) -

and peak maxima (broken line) for 2—butanol'oﬁ 22.3%

" by weight squaiane_on Chromosqrb P at 50.0 OC,

Retention profiles based-on peak means (solid line)

and peak maxima (broken line) for 2-butanol on'9.9%

by weight squalane on Teflon at 50.0 °C. ;

_ Retention profiles based on peak means (solid line)

© and peak.maxima (broken line) for 2-butanol on 19.9%-

y

by weight squalane on Teflon at 50.0 °C.

The spreading of retention volumes for peak means and
peak maxima. As peak tailing increases the distance
between the peak means (B) becomes larger than the

distance between the peak maxima (A).



Figure 7.

 Figure 8.

Peak profiles based on veak maxima for 2-butanane

{solid line) and nonane (broken line) on 20%

Hexéethylene glycol atJGO.O oC. _ B

The effect of polymer length upon the Rohrschneider

constants.
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