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mique of trac_hnn'u:l chromatorsraphy (GLC), first described by JawmEes anp
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techxuques and apparatus Tittle has been done to standardize pnmedkmm-ea, particalarly

with regard to obtaining quaniitative results of accepizble precsion.

For research purposes, apparatus and techmiques cam be adapted to fit the special
requirements of the research project on hand. Standardization of methods, therefore,
is neither necessary mnor desirable for tles purpese. ¥t is for routine amalysis that
standardization is required since, for commerazl purposes, it is lnghly desirable
that both seller and buver base their interpretation of anzlvtical resolts om the same
prescribed limits of precision for the amalvtical tests wsed.

Up to the present, the technigues of GLC have mot been used to any great extent
for commercial purposes in the benzole industry, but it is visoalized that In the futwre
such methods will be required for testing, hoth durine mamnfactmre and n commectiom
with specifications.

A number of princinles and assprmmtions have been stated in the Fteratuore and
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nique depends ultimately on the vahdity or otherwise of the mmderlying assumptions,,
and it is to test these that the present semnes of m:penmamb has been desigmed.

It seems desirable, therefore, to summarize and discoss the more mportant
assumptions so that they can be considered when drawmg conclusions from the ex-
periments. The main factors involved are as follows.

(1) Peak arca

The peak area is 3 measure of the weight of the constrtment respomsible for it. The
proportion of that constitnent in the mixture may be estimated exther by reifermm
its pea.'k area to the total area of the « dlmit@gmm or by refleremce to an anﬂhiled

* The International Conference of Benzole Prodwoers, wihich represemnts all ﬂncmjfmt]pnmdmm
of aromatic hyvdrocarbons from coal sources in Earope, hes camtied out a series of co-operative
tests, summanzedmthlspaper with :a view to stam@ardizimg techmigmes for the amalysis of aromma-
tic hydroca.rbon mixtm-ts
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standard. The former method is only of use for relatively simple mmixitures wiere
no component is present in very large or very small :amoumts.

Simple proportionality of areas will, in general, mot be saftisfactery @as tihe
weight per unit area differs from component to.component. The followimg :are some of
the sources of error that may be involved in basing the :analysis solely on the ratio of
areas.

{a) Calculation of the. total area is laborious:and difficult with complex mmixitures,
especially if some of the peaks are small ‘or if :some substances :are mot completehy
resolved, i.c., if the peaks for these substances overlap.

(b) If some substances are eluted late they may not be recorded on ithe dhromatto-
gram and their areas will not be included in the total area.

(2) Response factors

The response factor, z.e., the weight of component per unit :area of peak, may wary
from compound to compound. The response factors can be @determmined ffor €adh of
the substances concerned in an analysis and for the apparatus :and conditions msed.
These response factors enable the composition to ibe determined from peak :areas but,
owing to the difficulties of assessing the area representing dll the compowentts, it fis
usual to relate all the areas to the area of an .added internal standard. This stamdand
must have a high degree of purity, a retention time such that it will :appear on the
chromatogram at a point free from other peaks :and be wmsed iin :such quamttity that it
produces a peak of similar size to those being determined. Iit Should be moted thait
pre-calibration is necessary for most types of apparatus, :and :@lse thatt the mesponse
factor may vary according to the weight of substance imtrodmuced imtto the cdlomm.
It is usual to operate the GLC equipment under standard «conditions of ttemperature,
gas flow and quantity of sample injected. As it is mecessary to calibratte tthe «dlumm,
however, it is clear that the precision of any estimation must depend wpon the wania-
tion of the response factors with random variations in the standard «operating ©comndhi-
tions and upon svstematic changes in conditions between ithe time of making tihe
calibration and making the actual determination.

(3) Measurement of peak areca

The area of a peak is generally measured by one of the following methods:

(a) Construction of the equivalent triangle, by drawing lines through the paimnts
of inflexion on the sides of the peak. The area is proportional to ithe widith of tthis
triangle, measured on the base line, muitiplied by the height of the triangle tto the
apex. This method involves geometric construction, which is subject o persomal
judgement, particularly with regard to location of the apex ©f ithe triangle. Moreower,,
it has been shown that the relative area of peaks, ‘assessed in tlis mammer, wanies @ac-
cording to the size of the peaks. Thus the method is fundamentally unsound if ap-
plied to analyses that may involve the measurement of peadks %of widely waryimg
magnitude.

(b) Provided the peaks are completeﬁy resolved, it is mnore @mccurate tho mmltiply
the peak height to the peak maximum by the peak width :at half peak height. Wihen
the peaks overlap, it is necessary to -estimate both peak height and peak widith,
making due allowance for the effect of one peak on ithe height :amd wiidth of the
other.

- Chromaiog., 1.2 (m963) 293—goy
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() The: use: off & planimeter is:capable of giving precise assessment of the areas of
pealks;, butt this: method! iSs more: tedious and requires greater skill on the part of the
operator tham measurement of peak heights only. Also, only a high-quality instrament

(d) Imttegration off areas.. The: use of integrating recorders probably gives the
mestt accunatie: measurement: of peak area. If any peaks are mot completely resolv-
ed, howewer, tle: area. recorded will be the sum of the areas of the overlapping
peaks.

(@) Retentiiom distance:. It has:been found' that over a limited range the width of a
peak is approximately propoertional to the retention distance. Thus the peak area
iz approxdimatieil proportionall to: the peak height multiplied by retention time.
Alliffvowgin s relationship varies: with retention distance, the proportionality factor
i imelindled] i tithe: calihration.. The advantage of this method of calculation is that the
retemttiom distance: cam be:measured with: considerable precision and thus the criterion,
pealk heightt mumittiplied by retention distance, is more exact than a criterion based on
tifhe: measurementt off pealc width..

4t Paadt: lheugfits

From winatt has; beem saidl abowve, it is: clear-that calibration of the column will generally
be meededl whem precise: results: are required. Calibration in terms of peak heights,
imsteadl off peak areas;, wouldl have: the advantage of needing one measurement in-
stirad] off two and! would! thus:lead! to greater precision and a saving in time. Difficulties
amse whem peals: are: not completely resolved, because under these conditions the
pealk heightt must be: estimated..

The: following: are: the: usual objections to the use of peak height as a criterion?:

(@) Pealk area iss morne fundamental..

() Peak heightt is: subjected to: greater variation, according to changes in operat-
imgr comdiittioms;, tham pealk area..

The: second! objection is: off no importance if it can be shown that changes in
comdiitioms; dio» mott seriously affect the relative peak heights. Provided that it can also
e shormam tihat anallyses: based! om peak height are as precise as those based on peak
amem,, tthe: greatier conwenience of making only the single measurement of peak height
sihonldl omttweiglh alll other considerations.

(o)) Garraradl THE PRESENT TESTS

Im tihe: present: senies: off test, nine laboratories took part, representing the follow-
img Europeam countries: Belgium, France, Germany, Great Britain, Italy and
tie Netlrerlhmds,. Each: laboratory used the equipment and operating condi-
tioms awvailable,, thus the: statistical values for reproducibility, f¢.e. variations be-
tweem labboratories;, willl include: the: effects of different column sizes, different sup-
ports, statiomary phases, cammer gases, gas speeds and operating temperatures and
PUESSUnes.

The: same: matierials: were: used by all the laboratories for calibrating the column
amd] as; imtternall standards:. Also, samples of the same unknown mixtures were exam-
ined! im each Iaboratony:.

Amnallyses; were: based! on the: criteria given in Table 1.

J- Chromatog., 12 (1963) 293304
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(=) Apparatues wsead

As already stated, mo. attemmpt was made to-stanttariize it tiiee tisqpecoﬂ'&ggmmm
used, the hqud phase, orthe operatimg comifiitiomns. Tiwssenrmpmetian P

mal chotce. A summuary (cnif thee equmpnmennt amd comditiorss m,gmmm'ﬂ'z’zﬁiha JTII.

(3) Test @mud resulits

The followmmng pure . hvdrocarixens for «calibration ot stamttaodds wene: ssarit tn eaxnth
laberatory -
Benzeme Cwclichexame mQOctane ((Stanttart] ffor Teest Sl m)
Tolrene P-Xylene [Iso-actane ((Stmntiad] ffor Teest Sanpgik 2)

Calibratioms of the. apparates weere mmatie @s follows -

(@) Benzene, together with 0.3 % wifw, @ %o, wWfw @ o e %y, wy/Avw off tiod tresres, estffinil-
benzemne, cydohexame. and w-octane  (Stamdzrd).

(b) Tolmene, together with 2o %, Wwiw, 4o %, Wwiw ar @o% Wwiw off e,
ethvibenzeme and p-xvieme phos (055 %%, Wfwr, M %y, WA @I 55, WAW 727+ I0IEIeEe
7 % Ww, I35 Yo W)W O 2:0 Y, Wwiw of iise-actame ((Stamilard]).

Measurements were mmade of dthe ppedic thengivss, metention diEtarmeess; mﬂgmﬂk
wadths at half peak hegght. Calibration @ragpiswere ppreparetlin m&udhnme Gy :
ratio between the measmrements for a constatment amtl #iwet for tthe sttzm:&h:ndl aﬁtm‘
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correction. for the quantity of standard, were plotted against comcemtration hm e
calibrating mixture free from standard. For peak heizhts, for example, the ratio:

P: XS5 X noo oo #

Palaoos) s plotted against oS

where-p, and p;are the peak heights for toluene and stamdard,, £ and S are the quamrdtity
ofi toluene and standard in the calibrating mixtuore. Separate calibration graplhs wwere:
prepared for each of the six criteria mentioned above under “The Presemt Tests: ()
‘General”..

Test Samples T and 2, the compeositions of wiich are shown im Tahile TIT, were
then analvsed in duplicate in each laboratory amd the peak heigihts amd widiths at
Lalf peak heights and retention distances were reported. The compositions of the two
unknown samples were then assessed firom these data, according to the six metthods
(a) to(f). The results are given in Tables Il to VI mclosive.

For each of the methods of assessmemnt of the composition of Samples 1 amd 2, &
statistical calculation has been made of the Repeatability Ry and the Reproducibiility
Ry, These may be defined as follows:

Repeatability Ry is the differemce between duplicate results, on the same smmypile.,
by one operator, using one set of apparatus, that would be equalled or exceeded, im
the long run, in only one case in twenty.

Reproductbility Ry is the differemce between a simgle result by ane operatorat ome:
laboratory and a single resnlt on the same sample by amether operator at amother
laboratory, that would be equalled or exceeded, in the lomg run, in only one case imn

No significant differences were found in the precision of the determimation of tie:
components within Sample ¥, but for Sample 2 it was found that the results fior m-
nonane had to be considered separately. Owerall precision figmres have therefore eem
calculated for Sample 1 and for Sample 2 excluding m-noname. The precision fHgumres

for Sample 1 are applicable to impurities presemt in quamtities less thamn 1%, and thoese
for-Sample 2 for the range I.5—4 %. These results are given im Table TX.

The following points emerge from an examimation of this table:
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TABLE IX
STATISTICAL ANALYSIS OF RESULTS
Method of SamNe 2 Sample = Sample = (monanc only)
Repea- Repoo-
tadndity ducibilsty Ry Rpj Ry Rpy
Rr Rpy
Peak keight
From curve 0.05 o.1o o.27 I.X —_ —_
Mean response (normal) 0.06 o.io ©0.32 I.1 0.12 0.5z
Mean response
{logarithmic transformation) —_ —_ 139% 39% —_ —
Height X retemtion distance
From curve 0.06 o.32 0.33 1.2 0.14 0.74
Mean response ©0.05 ©.13 o.32 1.0 0.13 .52
Heigkt x width at half height
From curve 0.16" 0.23" ©.55 1.0 0.30 1.0
Mean response o.10 o.17 ©.49 1.0 0.18 0.77
* Significantly high
TABLE X
MEAN RESULTS EXPRESSED AS PERCENTAGE OF THE TRUE VALUE FOR SAMPLE 1
Method Laboratory
of assess- Constituent Mean
mocms® A B c D E F G H b 4
(a) Toluene 103.% 100.0 98.6 97-3 98.6 106.8 .7 97-3 97-9 986
Ethyvibenzene 100.6 100.0 99.3 97-5 101.9 113.8 95.6 98.6 93.8 100.2
Cyclohexane 101.2 91.1 96.5 1058 10X.2 108.1 95.3 95.3 93.0 98.6
{b}) Toluene 102.7 102.7 98.6 97-9 100.7 105.5 Sg.0 96.6 I0I.3 99.4
Ethyvlbenzene 100.0 95.6 100.0 oS.8 106.0 116.2 102.5 100.0 101.2 T02_3
Cyclohexane 1x04.6 91.9 96.5 109.3 91.9 105.8 93.2 97-7 93.0 98.3
{c) Toluene 104.1 111.6 9S5.6 96.6 101.34 107.5 Sg.0 98.6 97-9 1006
Ethyvlbenzene 102.5 103.8 98.1 105.0 1025 122.5 95.0 98.8 95.6 1026
Cyclohexane 938.8 102.3 96.5 86.0 96.5 1038 95.3 97-7 93.0 Q7.1
{d) Toluene 102.7 I15.1 93.6 96.6 I0I_.§ 106.2 Sg.0 96.6 I0Z.0 1009
Ethylbenzene 100.0 1035.6 100.0 97-5 106.9 116.9 102.5 98.8 10X.9 103-3
Cyclochexane 103.8 101.2 96.3 108.1 919 107.0 95.3 93.3 93.0 99.1
{e} Toluene 108.9 104.1 98.6 97-3 97.9 110.3 83.2 110.3 101.4 101-4
Ethylbenzene 1044 b § § . 90.6 99.3 96.9 1169 76.9 S1.9 103.S 98.0
Cyclohexane 83.7 83.7 98.8 101.1 1Xx.6 g96.5 96.5 93.0 93.0 93-3
(ff Toluene 102.0 Q7.3 105.5 906.6 102.X 104.8 7-7 100.0 104.X 100.0
Ethyvibenzene g6.2 93.8 X03.1 Q0.4 I15.0 I19.% 91.9 96.9 106.2 102.4
i Cyclohexane 102.3 S8s.9 98.8 101.2 111.6 100.0 96.5 90.7 93: 97-7
{ Mean Toluene 104.0 105.1 99.8 97-0 I00.3 106.8 SS.x 99.9 100.8
" Ethylbenzene 100.6 I0I. 7 98.5 99.6 105.0 117.6 94.1 95 100.4
Cyclohexane Q9.1 =6 97-3 101.9 100.7 103.9 95.5 95.0 93.0
* See Table 1.
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TABLE X1
MEAN RESULTS EXPRESSED AS PERCENTAGE OF THE TRUE VALUE FOR SAMPLE 2
Meiond Laboratory
of asrsy- — Comstitwemt Alean
- B C D E F G H I
(=) Bemnzene L02.2 73.1 103.0 106.9 I0I1.6 77-5 93.4 102.7 96.2 95.2
Ethylbenzere 102.8 76.6 102.6 101.8 I05.0 82.7 2 93.7 94.0 94-9
-Xyleme 102.6 71.2 100.9 107.0 104.8 8z.0 95- 94.0 93.1 04-4
mw~-Nomane 88.5 66.8 102.6 102.6 100.4 70.8 96.0 94.2 03.8 90.6
(b) Benzene IOL. g 76.9 102.2 109.6 I0I.6 82.1 I01.4 96.4 96.4
Ethylbenzene ro01.3 74.0 102.6 101.7 103.7 84.0 i 96.1 95-5 94.9
2-Xylene TO7.O 73-4 IOI.3 100.8 107.8 82.7 95.3 92.9 95.2
w-Nonane Q1.2 70.8 I102.2 96.9 98.7 98.7 93.8 101.3 94-2
{©) Benzene 99.7 73-I 104.9 108.5 103.6 81.3 104.4 94.0 96.2
Ethvlbenzene ©9.3 67.3 I02.0 103.9 106.9 87.7 it 94.6 97.0 94.9
-Xylene 101.6 63.8 IOI.I 103.2 106.8 83.6 94.8 92.2 94.0
m-Nonane 96.0 57.1 I03.I 104.9 102.6 81.8 96.5 100.4 92.8
{(d) DBenzene ION.4 75.8 102.2 109.9 102.2 82.7 100.8 101.6 97.1
Ethylbenzene 1or.5 73.2 102.0 I01.9 104.8 84.9 i 97.2 95.9 95.2
p-Xyleme TOO.I 72.8 IOI.2 93.-4 109.1 83.6 95.7 92.3 93.5
m-Nonane 9r.2z 0.8 102.2 97.3 99.6 84.5 95.6 100.9 92.8
() Benzeme 119.5 $9.6 105.8 I05.5 98.1 86.3 106.6 103.8 102.0
Ethylberzeme 112.8 78.8 I103.0 92.9 94.6 86.4 i 93.7 98.1 95.0
£-Xylene I05.0 72.8 89.9 86.0° 93.4 79.3 95.8 90.6 83.2
n-Nonane 48.2 TL.T 96.9 92.9 75.2 81.4 90.7 108.8 83.2
€3) Benzene Ir3.7 8.3 IOI.I 103.8 100.8 84.6 103.8 100.0 98.3
Ethyvlbenzene 1ob6.1 +3.8 99.6 92.9 91.6 86.0 i 98.9 97.6 093-3
p-Xylene 102.8  69.5 98.6 85.9 93.3 107.2 99.0 93.5  93-.7
m-Nonane 50.9 73.9 10:.8 88.0 8o.1 S81.4 89.8 97-3 829
Mean Benzene 106.3 77-8 I03.2 107.4 101.3 81.4 103.3 98.7
Ethylbenzeme nog.-z 74-0 I02.0 99.2 I0I.1 85.3 i 95.7 96.4
p-Xylene 104.1 7E.4 o8.8 96.0 102.5 86.4 95.8 92.4
r-Nonane 77-7 68.5 I0IL.5 97.1 92.8 83.1 93.4 100.4
* See Table 1.

* Ethylbenzeme and p-xylene not resolved

(@) Repeazabilizy Rr. For both samples there is no significant difference between the
first four methods of assessment but, in general, assessment based on peak height
x width at half peak height is less satisfactory. The repeatability for Sample 1 is
reasonably satisfactory, but is considerably worse for Sample 2. Contrary to common
opinion, therefory, for samples of the type studied, assessment based on peak height
only is satisfactory and there is no justification for using more complicated procedures.

(b) Reproducibility Rp;. As with repeatability, the first four methods of assessment
have had no effect on the reproducibﬂity but values based on peak height x width at
half peak height tend to be less precise.

For Sample ¥ the reproducibility is about twice the repeatability but, for Sample
2, this ratio has risen to three times.

{c) Accuracy. In Tables X and XI the mean values of pairs of results for each
constituent and each method of assessment have been calculated as a percentage of
the true value. This is a measure of the accuracy of the results; that is of the nearness
of the actual result to the true resuit.

It will be seen that for Sample 1, no analysis shows a serious bias, the a.na.lysos
having been reasonably accarate and unaffected by the method of assessment (hori-
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zontal means). Laboratory F, however, returned high wesults, tthose ffor afinibanzane
being especially high, and Laboratory (G returned llow restlts, tihose for tollnane heiing
appreciably low.

For Sample 2, most :of ithe ilaboratories returned weasondlly aconrate mesubs.
Laboratories B and F returned results, by :all methods «f assessment, tihatt weane
appreciably low (vertical ' means). These.anomalousresults, wihich canmoet The explaimed,
have worsened the reproducibility :and ihave llowered tthe owerdll acouracy. e ac-

curacy is, however, about the same ifor :assessment iby :dll methods, Ibut tihe meadits
obtained for n#-nonane tend to 'be llow.

(CONCLUSIONS

Analyses based on the measurements of peak [height only :are :as predise @=s tthose
based on calculation of peak height X retention distance. Amakyses Ibasedl @n perlk
height x width at half ;peak height, contrary tto commeonky (acmqpiceﬂ @pinion, tendl
to be less precise. Thus, for mixtures ‘of ithe ttyjpe examined, tthere iis mo jjustifcatiiom
for using the more complicated methods of :assessment.

For the first test sample, consisting of Ibenzene «contaiming approsimatdly 29,
w/w of other hydrocarbons, '‘both ithe jprecision :and :accuracy were weasandbly suttis-
factory. For the second sample, thowever, consisting «f ttdluene containing wdbout
9.5 % w/w of other hydrocarbons, the jprecision was :appredidbly waorse. The mensons
for the poor repeatability are mot :apparent, (but tthe poor :accuracy «htained by two
of the participating laboratories 'has «contributed tto tthe poor reprodudibility:. The
accuracy, based on the means of duplicate tests, (dbtained Iby tthe memaining labaruto-
ries was good for analyses calculated from peak lheights or pedk heights 3« mettantiion
distances, but tended to be lless satisfactory {for :analyses Ibased @n pedk lhdights 3«
width at half peak height.

Laboratories A, B and 'G wused lliquid phases tthat are @generalky mott considaread
the best for the types of hydrocarbon mixtures ttested, Ibut only one of tihese, mamely-
Laboratory G, which used Carbowax 1500, jproduced mo separation of ethgilbhanzane
and p-xylene. Laboratory B, ‘which rused polyethyilene glywcdl, was @ne «of tthose me-
turning appreciably low results for ‘Sample 2, ibut tthere iis mo eviidence thatt tihe wse
of this liquid phase caused ‘the low results. Further wortk iis iin [progress tho dindidiate
the causes of the poor precision 'with :Sample 2.
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SUMMARY

Nine European laboratories have taken jpart iin:a jjoint exerdise iin wihidh ttweo samgiles,
one containing about g8 %, 'benzene and ithe other go'% ttdluene, were analysed], msing
chromatographic equipment available ito each llaberatory. IRor €adh samyple, @ knowm
quantity of a specified internal standard was used:and tthe composition «f tihe samples
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was: calculated! from. calibration data based on (1) peak height, (2) peak height x
retention: distance;. (3)' peak: height X width of peak at half peak height. The pre-
cisiom of the results is least for method (3), but method (1) is preferred because it is the
simplest.. The results: for the toluene sample were less precise than those for the ben-
zene sample:. Further work is in progress.
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