


standlard_ The former method is o&y of nse for mZla*&ly .55rm$le *’ ” es -m&me 
no component is present in very large or-very sx&ll zmxm&s. 

Shnple proportionaIi~ of areas x&I, :k ~gemMl, mot ibe tsa;ti&a&q :as t&e 
weight per unit area difks fkom component to conqonen~.‘ililie ffd.lil~g zme .srmme (~8 
the sources of error that may be involved :in bzking tie :amJl@is xM.ly mm t&e rti~ mff 

c 
areas. 

(a] Calculation of the. total area ‘is EabotiotEs:and&f3k&t v%& cmmm$kx .* ” es, 
especiaUy if some of the peaks are small ;or 3 some :m%stmces :mie m&t mmitq@&* 
resokxzd, i.e_, if the peaks for these tibstances ~ovetilap. 

(b] If some substances are ehted late khey may not ibe mecmded cm tie cdkmmmttm- 
gram and their areas will not be hchded $n #the iotaI mea. 

(2) Res@mse f&on 

The response factor, i.e., the weight of lcomponent per tit mea cd ipeak, nmqy VW 
from compound to compound. The response factors can i’be Zkiknmke8 fbr te&ln t& 
the substances concerned in an analysis :and gor -;lihe :amaxahs zm8 cacnicSm nits&L. 
These response factors enable the coxnposition to ibe dethed &mmIpeaJk meas Tim&, 
owhg to the diEkulties of assessing :tie ‘area represenking AIil itshe cwxiqpmwnnti~, iit iis 
usual to relate all the areas to the area of .an added 5ntemkaIl :stmdmd. ‘It&is 5$txm&m~ 
must have a high degree of purity, a retention &ne :~a& tiait iiit mv;i[lll tappear (mm tthe 
chromatogram at a point free from other :pe&s :and Se used iim !sr;adh cqm&itty ttk& 5th 
produces a peak of similar size to those lbG.rtg tdetemked. Et .&hm!ld lbe mc&edi ttlhak 
pm-calibration is necessary for most types (of :apgaratis, and z&m II&a& li3he meqpmtse 
factor may vary according to the wtiight -df substance ihlno&ne6l hth tie c&hcumm.. 
It is usual to operate the GLC eqtipxnent rmnde$sta;adzmd cacnk&t!ims cdE thmqpmme, 
p flow and quanti~ of sample hjected. As 5t <is necessary &o mEi%matte tthe cadhmmm,, 
however, it is clear that the precision of amy ,estknatiion mmst dqpemd qpm ttke -m&a- 
tion of the response factors with random vtiations 5n tie tst~&arr;8 qper;&bq cammE- 
tions and upon systematic changes in ~conditions ibetween tie &me (03 nma&inqg Mhe 
calibration and making the actual determination. 

(3) Mwsu~-f of peak area 

The area of a peak is generally measured by one sof the ~oIllom&ng m&t&&is:: 
(a) Construction of the equivalent triaur&e, by &awiing E&es tEhnf5u@n ttbe pGiur& 

of inksion on the sides of the peak. The area is proptim& rto tie -khWln to8 tt&is 
hiangIe, measured on the base line, mmS#ied iby d&e ilkighk COY t&e ttn5amqJke tb~ tie 
apes_ This method involves geometkic constrnct5on, wwtich as :5x&jjedt tie ~persarmall 
judgement. particukar~y ~2% regard to location <of ;the iapex (of tie tisrtlpfle. INhmecm;ia,, 
it has been shown that the relative area ‘of peaks, assessed iin &I&s mmnnmer,, -mu&es :BLC- 
cording to the size of the peaks- Thus the method 5s ifnndamenhlIlly mummmmdl iifE qp- 
@ied to analyses that may involve the meamrernent (cd peak5Wf n&kil.. -we 
magnitude_ 

@) Provided the peaks are con-@ettiEy resdlved, $t ik mxme :aocmxa%e tie .xnmnMip. 
the peak height to the peak masimum by the ipeak &idti :at hti Ipeak Ilk@t. IV!?km 
the peaks overlap, it is necessary to restkate ibo%h .IpeaIk h&i@t :amd peak -m%Bih,, 
malihg due allowance for the e5fect of ,one ;pealk ton &e Ih+&ii zunB tidti3ln (off Hlae 
Othl-3. 



((lx)) Gk7zmaa: 
XHE. PRESENT TESTS 

Em ttlhe pmmmtt sca.ks oii test,. nine, laboratories took part, repr *_ g the follow- 
iiqg IEw.IcD~~ amutinies:: Belgiiun;. France, Germany, Grat Britain, Italy and 

m. 3!%u& lbl.bz~tio~ used the equipment and operating condi- 
t&nn~ axva$M&;, W tie: .stia&tic& valties for reproducibility, Le. vaxiations .be- 
tM33~~ &-ubrpna~&~pniias;, wi&ll i&.l.Me~ tie: effects of different column sizes, &&rent sup- 
p&q, S&XI&D- @asesi, cazx+z gases;. gas speeds and operating temperatures and 

P==a=i- 
lIkc S~DPPB: m&ie* vxexies used! ‘Eiy, aU the laboratories for calibrating the cohunn 

a.ll&flas;ti~ s&ax&w&. A&o;. sampleS of the same unknown mixtures were exam- 
i&dl~e~lWxuia&o~. 

L$DE&SE wene: tsasedl om the, criteria given in Table I_ 
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b-1 

/ xean 

1 v 

ToPueue x03-4 
Ethyibenzeue x00-6 
Cyciohexane x01-3 
ToXutme x02-5 
EthyIbenzene X00-0 
Cycbhexane 104-6 
Toluene 104-I 
Et&ylbexuene X02-5 
Cytzlohexane ss-S 
Tduene X02-~ 
Ethylbenzene 100-O 
Cyclohexane 103-s 
Tdtxeme 10s.g 
Ethylbenzene IO44 
Cyclohexane S3-7 
Tolueue 102.0 
Ethy&eztzene g62 
Cydohexane 102.3 
Toluene 10+0 
Eth+euzene Ioo-6 
CycIoh~.e 99-I 

IOO_O 

100.0 

91-x 
102-i 

s-6 
9X-9 

111.6 
103-S 
x02-3 
x13.1 
105.6 
X01.2 
10+x 
III-Z 

83-i 
97-3 
93-S 
54.9 

log-1 
10X_? 
92-6 

95.6 
99-4 
96-5 
95.6 

100.0 
96.5 
M-6 
N-1 
96-5 
M-6 

100.0 

96-5 
M-6 
90-G 
95.8 

105.=j 
X03-I 

g&S 
99-S 
95-5 
97-3 

97-3 
93-5 

10g_S 

97-9 
Ss-s 

x09-3 
96-6 

105-O 

$k: 
97-5 

105-I 

93-3 
99-4 

X01-1 

96-6 
99-4 

X01-2 

93-o 
99-6 
x0x-g 

9-5 
10x-g 
IOI_Z 

Ioo_~ 

106_g 
9x-9 

X01-* 
102-5 
96-5 

X014& 
106-g 
9x-9 

z:: 
11x-6 
x02_I 
I IS-0 
111-6 
xoo_q 
105-O 
Koo-1 

106-S 
x13-s 
IOS-I 
X05-5 
x16-2 
x03-s 
X07-3 
122-s 
10~2-5 
X06-2 
x16.g 
IOT-0 
x x0-3 
1x6-g 
96.3 

104-S 
I=9-4 
100.0 
X06-S 
x17-6 
103-g 

59-i 
se-6 
95-3 
N-0 

x02.5 

94-2 
W-0 
95-Q 
95-3 
W-0 

X02.5 

F-Z 
z9 
96-5 
S i-i 
9x-9 
96-s 
ss-I 
94-X 
95-5 

97-3 
98-6 
95-3 
96-6 

100.0 

97-7 
95.6 
gs.s 

Z:$ 

,953 
110.3 

sx_g 
93ro 

IOOIO 
g6-9 
P-1 
99-9 
95-9 
95-o 

97-9 
‘93-S 
930 

X01.4 
101-z 
‘9%O 
9?-9 
95-6 
,9*0 
102.0 
xox~g 
,g3.'0 

3014 
ao3.S 
,g3:0 

x04.1 
x06.2 

93-o 
IOO.‘S 
xxv~ 
‘930 

~gs.626 
5002 

gs_a 

,99-4 
m02+ 
9S-3 

~~00-16 
P~OzJ6 
9s H 

Pock9 
x103-3 
99-a 

RQX-4 
gs-a 

‘95-3 
200_0 
ZO2_4 

97-7 

* SeTable I. 
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ZWZA.XMQlZTZ%E~~ ASPERCENTAGE OFTHETRUEVALUEPOR SAMPLE2 

13-1 
@.6 
p-2 
66.8 
76-Q 
74-o 
73-B 
70-S 
73-I 
W-3 
6s.8 
57.= 
75-S 
73-2 
72.5; 
p.8 

s . 
72.8 
7=-z 
28-3 
73-S 
W-S 
73-9 
77-s 
24-Q 
7x-4 
@j-%5 

103.Q 

102.6 
ZOO.9 
102.6 
x02.2 
~02.6 
IOZ.3 
X02.2 
xw-9 
EO2.0 
IOI.1 
103-I 
102.2 
102.0 
9Q1.2 
1102.2 
rlO~.S 
IQ3*0 
8'9.9 
96-g 

HOI.1 
99.6 
98.6 

xor.8 
IQ3.2 
no2.0 
9S-S 

r0r.g 

106,g 
101-s 
107.0 
1~~6 
109.6 
101-7 
100.8 
96.9 

lOS_5 
103-9 
10,3..2 
104-g 
109-g 
101*g 
93-4 
97-3 

105-5 
92-9 
86.0' 
92-9 
103-S 
92.9 
e-9 
ss.0 
107-4 
99-2 
96-o 
97-I 

101.6 
105.0 
104-S 
100.4 
101.6 
103.7 
107.8 
98.7 

103.6 
106.9 
106.8 
102.6 
102.2 
104.S 
109.1 
99.6 
gS.1 
94.6 
93.4 
75.2 

1oo.S 
91.6 

Z:Z 
101.3 
101.1 
102.5 
92.5 

77.5 93-4 
82.7 
s2.0 95.2 

70.8 96.0 
s2.1 
84.0 -- 
82.7 
98.7 
81.3 
57.7 *+ 
53.6 
S1.S 
82.7 
84.9 ** 
83.6 
54.5 
86.3 
86.4 l * 
79.3 
81.4 
54.6 
56.0 -* 

107.2 
Fir.4 
Sr.4 
s5.3 +* 
86.4 
S3.1 

102.7 
93.7 
94.0 
94.2 
101.4 
96.x 

;;.: . 
104.4 
94.6 
94.8 
96.5 
100.8 
97.2 
95.7 
95.6 
106.6 
93.7 
95s 
90.7 
103.8 
98.9 
99.0 
59.8 

103.3 
95.7 
95.5 
93.4 

96.2 95.2 
94-Q 94-9 
93-I 94-4 
93-8 90-G 
96-q 96-q 
95-5 94-Q 
92-Q 95-2 
101.3 94.2 
94-o 96.2 
97-o 94-9 
92-2 94-o 
100-q 92.8 
101.6 97-r 
95-Q 95.2 
92-3 

;:-: 1oo.g _ 
103.8 x02-0 
98.1 95-o 
90.6 83.2 
108.8 83.2 
100.0 98-g 
97.6 93-3 
93-5 93-7 
97-3 82-g 
98.7 
96-4 
92-4 
IOO_4 

(a) Re~~~&%$r RT. For b&b. sampIes there is no significant difference between the 
m 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 I is 
reasonably satisfa~ory, but 5s considerably= worse for Sample 2. Contrary to common 
opinion,, tberefo; for .sampRes of the type studied, assessment based on peak height 
only is satisfactory and there is no just&&ion for using more complicated procedures. 

(5) Rtz$m&mii~i~ RDl_ As with repeatability, the f&t four methods of assessment 
have had no e&xt on the reproducibility, but values based on peak height x width at 
half peak height tend to be Hess precise. 

Fo~~~e~ahe~~~~~~is~~ou~twice the repeatabilitybut, forSample 
2, this ratio has risen to three times. 

(C)I ACCW~CJL In Tables X and XL the mean values of pairs of results for each 
constituent and each metboat of assessment have been calculated as a percentage of 
thetmevahx~llxisisam easme of the accuracy of the results: that is of the nearness 
ofthe atialresulttot.betrueresmk. 

It will be seen that for Sample I, no analysis shows a serious bias, the analyses 
havingbeen reasonab~yaccma te and unaffected by the method of assessment (hori- 
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zontal means), L&oratory F, ihowever, zeturned high ~~esdfts, ttihose ffor &&llbmzmm: 
being especially:high, and zLabOratory(G ~retumedUOw~esdlts, nIhoseffmrtM.hmue~ 
appreciably blow. 

For Sample 2, :mOst ,of the Iabaatories rmturned =ettscmd?d& racmxnak nctsdks. 
Laboratories B -and :F treturned rresrilts, by zill unefhods (03 axssessmertt, UUzstt xucre 
appreciably low (vertical ‘means). These: anoxndlous~es~~. -ad&i& ccarmd he 1l ” ** li 
h&e worsened the repmdudibtity ana have Ilowered tdhe MJXEEEU :aaanzztq. The ZK: 
curacy is, however, about :the -same tfor ~assessment lby zUl IIIIL&MLJ~~, Ibut ttfhre IRW.& 
obtained for n-nonane tend to !be Ilow_ 

Analyses based on the m easuremeuts Of peak lhei&tt tax+- :axe zts pcise 23s I&e 
based on calcuiation of pezik iheight x retention cdistanue. &xrr@u~ Ibusc~ arm m 
height x width at :half :pe& iheight, contrary tto commmi& :aaaqpMi a3@ixiiv4, ttmdl 
to be less precise. Thus, ,for imiszes of t&e $,pe cex anih&i, i&exe iis xno jj.u#- I”’ 
for using the more com@icated imethodsOfassessmeut. 

For the first test sau@e, oon&ting Of lbextzene caQntGxi& ;qqy -- ’ fw ~‘%.l 
w/w of other hy3mcarbOns, !both ithe precision zmd :acauracy xxzre rxeas~~ WI&+ 
factory- For the second -san@e, Ihowever, cconr&ting ~03 ttlnene caamttw E&MI_& 
9.5 y. w/w of other ‘hydrocarbOns, tie precision ~was :~edizJbly xwmse. ‘lIThe IIEZIEK~~~ 
for the poor :repeat&bili@ are not apparent, lbrit tie poor :aaaurzuy cdM+ ._ 9 Thy ttnnm> 
of the participating ‘l&Oratories ihas contributed tto tthe poor ~~ep&huilbI@~ “Illhe 
accuracy, based on the .means Of ( du@icate ttests, c&tr&reJI I&v t&e rmm&i+g 1’ ” ” OF 

ries was good for an&l_ysescalculated ifrompedk Wi&tts (or ~dfcEhe@hts :x ” ““mn 
distance, but tended to ‘be /less .satisfactory ffor xm~_~es lbase&i con F&I lh@bts x 
width at half peak ‘height. 

Laboratories A, 33 ,and !G used !ligtiid @bases W xxre;geueml@ n&t UJ a-n 1, 

the best for the types of ihydrOcarbon rmistures ttested, lbdt (or@ ~onecOft&ese,mumd& 
Laboratory G, ,which usedCaibowa.x nsoo, produced mo sqpar&t&n (08 r_Ubnmume 
and p-xylene- L&oratory 33, xx4.iidp1 used ~&&Ih$leue ;&ruOl, WEE (one <rff tt?hose nre- 
turning appreciably ‘low results *or :Sam..le 12, lbut tthtxe iis mo cexii&zrme t&&t ttlhe utxe 
of this liquid phase caused ,%he ilow results. Et&her \wox!k iis iin pogxess ttro ” ‘-‘I’ ‘* . 
the causes of the poor -precision &th Sam.le 2. 

This paper is published,~vith.the~~~on(dfttIhe~~~~.’S~~c~~e~ ” “‘-oilnlu 
Conference of Benzole <Producers and ithariks are (due tto ttihe zMEs ccnEf 2J.l.l t&e Ipr+prttiids- 
pating international laboratories 
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was cal’cul’ated! from. calibration data based on (I) peak height, (2) peak height x 
oe~entior~ di&~~ce;. (3)) peak. height x width of peak at half peak height. The pre- 
ci~i’o~ofr’the,cesults,is least for method (3), but method (I) is preferred because it is the 
simpl’est.. The, results: for the, toluene sample were less precise than those for the ben- 
zene’ sampl’e:. Ftither- work is in progress. 
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