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CHROM. 6194 

GAS-LIQUID CHROMATOGRAPHY Ox; TRII~LUOROACETYLATED AMINO 
ACID METHYL ESTERS 

DETERMINATION OF THEIR MOLAR RESPONSES WITH THE FLAME 
IONIZATION DETECTOR 

The molar responses of trifluoroacetylated amino acid methyl esters were 
determined with the flame ionization detector. Linearity of response with carbon 
number was shown for amino acids possessing the same reactive groups. Non-line- 
arity of response could be used to show either incomplete derivatization or break- 
down of the derivative during gas chromatography. The non-effective carbon num- 
bers of the compounds were calculated and shown to be due to specific groups in the 
molecules. 

INTROI3UCTION 

The response of hydrocarbons in the flame ionization detector (FID) is generally 
accepted as being almost directly proportional to the number of carbon atoms 
in the molecule and independent of molecular structure. PERKINS et al.1 noted 
escellent linearity of response between the relative responses per mole and carbon 
number for a variety of hydrocarbons and compounds containing alcoholic, ether, 
ester and amine groups with a maximum number of twelve carbon atoms in any 
molecule. Lower responses were obtained for compounds containing certain functional 
groups when compared with hydrocarbons possessing the same number of carbons, 
but they concluded that the PID could be used for quantitative analysis, if appro- 
priate calibration factors were employed. Thus if the calibration factor for a class 
of compound were determined, this could then be subsequently applied to all members 
of that class. 

In earlier papers 2~3 the qualitative separation of the protein amino acids 
as their trifluoroacetylated methyl ester derivatives was described using gas-liquid 
chromatography with the FID. Although this detector gives a linear response over 
a wide range of concentrations (about rot) (ref. 4), it does not give a quantitative 

l Prcscnt address: Department of Employment L! Productivity, Medical .Branch, H. M. 
Factory Enspcctoratc, l3rtynnrds House, l-13 Chepstow Place, Wcstbournc Grove, London, W.z, 
Grcxt 13ritain. 
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result in absolute terms. Thus when studies were made on the quantitative deri- 
vatization of the amino acids, a method was recluired for correlating the peak area 
of the derivative observed on the chromatogram with the absolute amount injected 
and which eventually reached the FID after passing through the column. 

The gas density balance (GDB) detector” was used to solve this problem, 
Despite its low level of sensitivity (about I c(g) it had the great advantage of re- 
sponding quantitatively to volatile compounds which were present in the effluent 
carrier gas emerging from the column. Gas chromatography (GC) of samples under 
identical conditions in two different instruments, one fitted with a GDB detector 
and the other with an FID, was carried out. In this way the quantitative amount 
of amino acid derivative determined by means of the GDB detector was used to 
determine the molar response in coulombs per mole obtained with the FID. 

RXPERIMENTAL 

Aj!$aratw 
A gas chromatograph 

Pye Ltd., Cambridge, Great 
tronik strip chart recorder 
Britain). Integration of the 

Pye series 104, Model 24, fitted with dual FID (W.G. 
Britain) was used with a Honeywell IO mV I set Elec- 
(Honeywell Controls Ltd., Greenford, Midds., Great 
peak areas was carried out with the Kent Chromalog 

2 electronic integrator (Kent Instruments Ltd., Luton, Beds., Great Britain). 
The DG gas chromatograph with the Martin GDB detector” (Griffin & George 

Ltd., Alperton, Middx., Great Britain) was modified in order to have sample injection 
and chromatography conditions similar to those obtaining in the Pye chromatograph. 
The D6 inlet system was replaced by a Pye injection head with inlet heater. Direct 
on-column injection was then possible with the same micro-syringe in both instru- 
ments. A pin-valve flow controller was introduced for the carrier gas, which after 
passing through the U-shaped column was led by stainless-steel capillary tubing 
(I mm I.D.) to the detector in the bottom of the oven, A Honeywell-Brown Elek- 
tronic I mV I, set recorder was used in conjunction with the Instron digital rnechano- 
potentiometric integrator (Instron Ltd., High Wycombe, Bucks., Great Britain). 

Nitrogen (99.9 Y0 “white spot” from British Oxygen Co. Ltd., and “high 
purity oxygen-free” from Air Products Ltd.) was used as carrier gas. 

Materials 
Chemicals and stationary phases were obtained as follows : N-trifluoroacetyl 

(TFA) riorleucine methyl ester was prepared by the method of MAXISUMI AND SAROF@ 
and was also later obtained from BDH Chemicals Ltd. (Poole, Dorset, Great Britain). 
Hydrocarbons and amino acids were obtained from BDH Chemicals Ltd. except 
biphenyl (Hopkin & Williams, Chadwell Heath, Essex, Great Britain), isoleucine 
(&o-free) (Calbiochem Ltd., London WxH rAS, Great Britain), 2,3-diaminopro- 
pionic’ acid’ mono-NC1 (Sigma London Chemical Co. Ltd,, Kingston-upon-Thames, 
Surrey KT2 7BH, Great Britain), 2,4-diaminobutyric acid di-WC1 and 2,6-diamino- 
pimelic acid (Koch-Light Laboratories Ltd., Colnbrook, Bucks, Great Britain), 
NJ? Chromosorb W, 80-1100 mesh (Perkin-Elmer Ltd., Beaconsfield, Bucks., Great 
Britain), silicone gum XE 60 (Applied Science Laboratories Inc., State College, 
Pa., U.S.A.), silicone oil MS-zoo, zoo CS (Hopkin & Williams Ltd.), silicone (fluoro)- 
FS 1265 (QF-r) (F Sr M Scientific Corporation, Avondale, Pa xg3r1, U.S.A.). 
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The stationary phase consisted of three mixed silicones2 and the coating of the 
support material in a flat-bottomed dish was previously describeda. The glass columns 
for both instruments were similar, approximately 3.25 m x 2.5 mm I.D.; they were 
coiled in the Pye chromatograph and U-shape in the Griffin and George chromato- 
graph. Details were given for pre-treating both the column and glass thread and 
packing the column7. 

Preparation of derivatives 
The weighed amount of amino acid (2 mg) was placed in a test tube with a I3 14 

ground glass joint. About 2 ml of 4 M dry methanolic HCl were added and the 
stoppered tube placed in an oven at 70 & z” for go min. Methionine was esterified 
for 30 min only to give an optimum yield. The use of 4 M methanolic HCl evolved 
from quantitative studies (to be published). Tllis was conveniently prepared by 
adding slowly the required amount of acetyl chloride to dry methanol cooled in an 
acetone-solid carbon dioxide bath. After incubation the contents of the tube were 
taken to dryness with the rotary evaporator first with a water pump to prevent 
losses by “bumping”, then with an oil pump, Trifluoroacetylation was subsequently 
carried out by adding 0.1 ml of TFA anhydride and allowing the stoppered tube to 
stand at room temperature for 20 to 30 min. Excess reagent was removed with the 
rotary evaporator at room temperature. When the more volatile derivatives were 
present in the solution, evaporation was carried out as previously described, with 
the tube immersed in an ice-water bath at o” to prevent losses due to excessive 
volatility29 3. 

RRSULTS 

In order to determine the quantitative response of the GDB detector under 
the same isothermal conditions to be used for amino acids, standard mixtures of 
biphenyl, bibenzyl, and phenylbenzoate in butan-z-one were chromatographed 
isothermally at various temperatures ranging from 120 to 150~. The peaks were well 
resolved and peak area values obtained with the Instron integrator. Using the formula 
of PHILLIIJS AND TIMMS* the following relationship could be obtained 

M M q,, = qs . p . ___&I? __& 
s s 14 - In 

where 
@J = weight of the vapour of the compound having molecular weight Mtc 

weight of the vapour of the internal standard having molecular weight M8 
ztrInd A 8 = the respective integral responses or peak areas 
MZ = molecular weight of the carrier gas. 
Injections were made with a IO-,ul microsyringe and the total volume injected was 
obtained by determining the volume remaining in the needle”. Between 40 and 
200 ,ug of each compound were injected. In one experiment, using biphenyl as the 
Standard, recoveries for six replicate determinations gave a mean of 97.5 o/o bibenzyl 
(coefficient of variation r,g6 %) and 97.2 o/o phenylbenzoate (coefficient of variation 
1.09 oh). These and similar results indicated that it was possible to estimate com- 
pounds within experimental error of & 3 %. 
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Norleucine was selected for use as a, non-protein amino acid sta.ncl;ll~J >ecause 
it tvi_ts well separated from protein amino acids on the niisccl. silicone stationnry 

pllase. A standard solution of pure N-Tl;A norleucinc methyl ester was prepared by 
weighing and dissolving in dry butan- 2-one containing biplienyl. For comparison, 
c7. l~nown amount of norlcucine was converted to the N-‘1’17A mctllyl ester derivative 
by the two-stage process described in the IISI~I~IIIAII~IL'I'AI. section, and made up to 

n 1~11own volume with butan-z-one containing I~iphenyl. Aliquots of these two solutions 
lverc cllron~atograpllecl under identical conditions. The results are given in Table I, 
wllcre the percentage recoveries range frcn gS.5 to 100.6 (,?;,, with coeficients of 
vnri~Ltion from 0.5cj to I.gr '3;,. 

Using as nearly as possible the identical conditions of GC it was possible to 
directly compare the response ol>tnined with the 1711). I3ecause of the difference in 
sensitivity between the two detectors, IO-$ aliquots tvere injected for the GDl3 and 
o,s-$ for the I’ID. From the absolute yield obtained with the GDB it was possible 
to determine the molar resllonsc given by the PID, i.~!. the quantity of electricity 
produced by one mole of compound lo. For N-‘WA norleucine methyl ester the molar 
response was 1.36 C/mole (Table II). Derivatives of other amino acids were prepared 
under conclitions which were established to give masimum yields. The amino acids 
were studied either singly or in mistures with the FID using norleucine and bipllenyl 
as internal standards. Where similar retention times made this impossible, biphenyl 
was replaced by bibcnzyl or whesadecane. It was essential for constancy of response 
with the FIX) to control carefully all the conditions of chromatography particularly 
the air, hydrogen and carrier gas hvs. Variations in atmospheric pressurell were not 
recorded but controls were carried out daily with a hydrocarbon misture and N-TFA 
norleucine methyl ester. 

In Table II, column I all the compounds studied are listed in groups according 
to their structure and their corresponding molar response factors in coulombs per 
mole are given in column 2. GDB determinations were made only with alanine, 
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valine, glycine, isoleucine and leucine and in each case the yield of derivative was 
witllin the range of error IOO& 3 %. Tile 1’ID response was more accurately reprodu- 
cible and freshly-prepared amino acid derivatives were cllromatographed and their 
molar responses determined using norleucinc as the primary standard. The pcrcent- 
age coefficients of variation in Table II, column 3 were based on eight or ten replicate 



dcternzinntions as shown. For eacll replicate a weighed sarnplc of amino acid was talcen 
through the two-stage process of derivatixation nnd iinally taken u.p in butan-z-one 
\vitll internal standards for GC. 

The llydrocarbons selected were those whicll gave retention times similar 

to those of the amino acid dkrivntives. They were easily available in pure forIll. 
Tlwir niolnr response factors are plotted a.g:ainst the number of carbon atoms in tile 
molecule (Fig. I, line .A). l’lie regression equation I2 for the hydrocarbon line A passing 

4r 

tllrough tlw origin is represented by~l, == bs, wl WC _I’~ is the estimated value in C/mole, 
b .--1: ~.QJ/~.~3 , .v is the carbon nunilx~ and y is tlic molar response. The regression 
iwci’ficient 0 has tlic value 0 ,224 C for each gram atom of carbon in the molecule. 

Tlic regression line IS (.lTig. I) for the l~oni.ologous series of rnonoan~ino n~ono- 
carbosylic ndids (Group 12 in Table II) is given by the regression equation 3~~ =n+b;v 
where y,, 6 and .t’ me as before and n is tile value of the ordinate where the line crosses 
the 3’ asis. By estrapolntion the regression line cuts the ulxcissa at the value for 
3.6s cnrbon atoms and this value may 1.x used :LS an estimate of the non-effective 
carbon nurnbcr for this group of compounds. The monoamino dicnrbosylic acids 
(Group C in Table II) give the regression line (Fig. I, C) cutting the abscissa at 4.56 
carl>on atoms. The dinmino rnonocarl~osylic acids, listed in Table II, Group ID, have 
the highest non-effective cml~on number 5.27 as sl~own (Fig. I, D). The other amino 
wick in Table II, Group 15 when plotted coincide closely with the linear plots in Fig. I. 

Tlu~s, compounds IS) to 24 give points which fall along line B for the monoamino 
monocarbosylic acids. Amongst the compounds 25 to 29 which possess two TFA 
groups and one ester group only cysteine and tyrosine deviate considerably from 
line D in Fig. I. The corrected response values in the last column of Ehle II are 
calculated from the molar response factors and the corresponding effective carbon 
numbers. All the values lie within the range 0.254 (glycine) to 0.219 C/g atom 
carbon (a-amino adipic acid) escept those for cysteine and tyrosine. 



From tllc results iJl Tal3le I it is sew tlint tlic con\*crsicm of norlcucinc to its 

N-Tl;A nwthyl ester dcrivntivc LVLLS cluaJntitativc& 3 o,,‘, iis detc!J*niinecl hy IIIC;~S of 
the GD13 detector. TIE derivative al~lxarec~ to lx completely stable under tllc C~OII- 

clitions of GC used. Using tile saiizc sainplcs under similar conditi0iis Lvitli tllc .FID 
tlw molar response could be Ineasured. ‘I’lic m.ol~ir response factors for tlic l:Il.) iii 
Table 11 gave coel:ticiciits of vnrintion wliicll v;iric!d lxAxwii o.(ir I:;, for z,q.-diarii.ii~cb 
butyric acid and rag7 ‘y:, for cysteine. ‘l’lic~se coefficients of vnriatioii iiidiwtcd tlic 
overall rcproducil~ility of amino acid cleri~,~iti;l,~~tioii, rcslxxisc of tlic .I;II> :liicl sub 
sequent integrnti0n of tlie electrical cliargc collcc~tccl. 'l'licy also HIIO~VC~C~ tlint if tlierc 
was any lm2nlcclowx1 of tlw compouitds during C;C clue to tlic teinlxwturc? coriclitions 
or to interaction with tlic column packing or tlic stationary pliascs tlwi tlii?; oix:urrccl 
to a rcproduciblc estwt. 

Iii calcu1ati~l.g tlic rcypessioii lint (.l;ig, I, 21) for tlie l~~~clrocn~l~oiis it n2.c; ~w~~rii.ccl 
tlint tliis ~vould Icacl to tlw origin. ‘i’lic rclutivc niolnr rcslwnsc ~*alues of li~~ciro~~;irl~oiis 
are ronsidcrcd to 1x2 lincnrly dclx2ncleilt 011 tlie iiuii~l.x~r of carlx)ii atoms in tlic niole- 
c~le~~-~‘~. However, vnriations froni linearity Iinve l)ecii sliow~i~~-~~~. l’J5I<I<Iss 1-t (I/,] 

slio~ved tllat tlic .l;Il> t’esl~oiisc was liiicar witliiii cspcriniciital error \vitli tlic wgressioii 
lint going lxick to tlic origin for all;anc~s, nlkeiics mcl xromitic cc~mipouiicls psscwiiig 
up to I2 cnrlxms iii tlie nwlw.~ile. Tlic tliree li~droc~~rl~oiis in ‘I’ablc II ga~*(b ;i inw.ii 

resp”ll”c l.Jf 0.22q. c/g atom. cm-lxm, Tliis may lx! conilxw~l witli \xlucs of o.a;jo to 

o.q.0 C/g atorn carbon ca.lauhtecl front tlic ligurw given 1,~ S*I-JSHSJ~J<IU; d uI.~l) for 

nine l~ydrocarlx~i~: possessing between oiie ;lJid ciglit carlxxis iii tlw ni.olcc~~le. Iii liis 

analysis of tlic molar rcslx~iises fii\*cJl lW tllc I.;II>, ~‘l”I‘13J11i lmiiitcd out tlint arcmntic 

hydrocarbons and q~Aopural?i~~s gi:ivc iowr tlmn the tlleorctically cspectccl LYL~UCS;. 

‘I’llis may liaw wcurrecl l~erc for I~il~lieiiyl, l~ilmizyl niicl ?I-licsaclecaiic. \\‘c were 

unalAc to USC Ilydrocarlx~ns wit 11 louver carlxm numbers for cmnlmrism as t llcsc 

were too wlntilc for cl~rom.ato~raplly under the en~ne conditions ns tllc! rmim ncicl 
derivatives. 

Tlie results for tlic lioniologous scrics of amino wick iii ‘l’nl71~ I I, (;rcmp II 

(Fig. 1, .B) slice lincnrit~7 of rcspoiise lvitli the wrlmi nuinlwr of tlic! nmlcculc. 
13ecause Iiyclrocarlx3Ji con~pouiids giving similar rii.c)lar rcspi~iisc \xlues to these 
nmino acid derivatives were not c.llrc)rnato~r~~~~lJecl, tile cxtrapolatecl VEL~LW of 3.7 

cnrbo~l atoms (Fig. I) 1va.s usccl as ii mcasurc of the rccluctioii of rcslmisc given lq- 

the l.;ID, caused by tli.e presciicc of Ix)tli oiic nietli~*I ester arid c)Jlc Tl!A group cm tlic 

lll.olecLlk. 130~151< AKJ) jAK;;< I+’ rcvietved studies maclc 011 tile rcsl>onse of tllc FlD 
to fundamental groul>s, Osygewtecl aliphatic Ilyclrc)carl~ons”l IIXVC been lxwticularly 
well esaniined, but no report could lw founcl OJI nwlccules having the ‘1’F.A and ester 
groups reported here, Cnrlx~n in the C: -0 group 1~~1 a non-effective carbon ~~uIn.lx~ 

equal to I.0 (refs. Z, 30 ), Esters were slio~vn lsy various workers to Iinvc n resl3onse 
relative to hydrocarbon effectively diminisl~cd by values of 0.45 (refs. 23, q), 1.0 
(ref. I) and by r.z to 1.5 (ref. 20) cnrl3oJi atom per molecule. Thus with tlie nwJ~ibT17A 
amino acid methyl esters a. reduction of carbon number (-COO Me == 1.0) would 
leave c?. non-effective carbon number of 2.7 for the group -NH* CO@ CT:,. l’I~IzI<IXS 
ct nZ.1 proposed n non-effective carbon value of 0.5 for aliphatic amines, whilst 
ACIMAN~~~ suggested a v,zlue of 1.0 for some aliphntic amines, anilines and nitrogen- 
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containing heterocyclics. Also multiple halogen substitution on a single carbon atom 
was reported to lead to a diminished response with the PIDsD. The amino acids (Table II, 
Nos. 19-24) which carried the same reactive groups fell on or close to line B, Fig. I. 

The response given by methionine was not reduced by the presence of the thio- 
ether bond, unlike oxygen ethers which showed a decrease in effective carbon nu:nber 
equal to 1.0 (refs. I, 20, 22, 23) because their stability made ion formation less proba- 
ble. This suggested that the thio-ether bond was not as stable in the flame as the 

1: 

oxygen-ether bond. Amino acid isomers showed a higher response with an increase 
in branching of the carbon chain in the order isoleucine>leucine>norleucine and 
valine>norvaline. This was also shown with hydrocarbon compoundsl’. 

The compounds in Table II, Group C (Fig. r,C) each possess two ester groups 
and one TFA group and showed a total of 4.6 non-eff active carbon atoms. If allowance 
is made for two ester groups each with one non-effective carbon the grouping 
-NHmCO* Cl?:, would have a non-effective carbon number of 2.6 (cj. 2.7 for Group B). 

In Table II, Group D (Fig. I, D) the derivatives possess one ester and two 
TFA groups, with a non-effective carbon number 5.3. Making a reduction for the 
ester group this leaves a non-effective carbon number of 4.3 for two -NH* CO* CFn 
groups. In this connection, PERKINS et al.l showed that the presence of two amino 
groups did not alter the effective carbon number of compounds more than did a 
single amino group. Thus the presence of two -NH*CO* CF, groups did not lead to 
an additive effect. It is premature at this stage of our studies to calculate the effective 
carbon riumber for the group (-Cl%) by making a hypothetical reduction of, say, 
0.7 for the presence of the imino group and 1.0 for the carbonyl group, Further 
FID studies with compounds possessing various combinations of these chemical 
groupings would be of interest. The hydrosy amino acids (Table. II, Nos. 26-28) 
showed similar molar response values, thus indicating that -N-TFA and -0-TFA 
groups had similar effects with FID. It should be noted that cysteine (Table II, 
No. 25) with one -N-TFA and one -S-TFA group gave a higher response (0.267 C/g 
atom C) than those other compounds possessing two TFA groups, aud in Fig. I 

falls above line D. This cannot be explained. Studies on molar responses for sulphur 
compounds have been mostly restricted to CS, and these showed little or no response 
with FID1~s0~25-20. DOUGLAS AND SCI-IAEFER~~ showed that previous reports on the 
lack of response with FID were due to the oxidation of CS, to SCO, SO, and CO, 
With suitable hydrogen gas-flow rate conditions CS, gave a response less than I % 
that of Cl&. BLADES~~ obtained conditions for response of 0.16 relative to CH4. 
With the gas-flow conditions of the PID used here it was unlikely that the sulphur 
present in cysteine or methionine gave any measurable effect on the FID, otherwise 
an increase in the non-effective carbon number would have resulted in, higher 
corrected molar response .values than those quoted in Table II. 

* Tyrosine (Table II, No. 2g;‘Pig. I, D) gave a low molar response factor when 
compared. with .other compounds having two TFA groups (Table ‘II, Nos. 15-18, 
25-28); Further investigation showed that the tyrosine derivative was breaking 
down on, the column used .in- this work. This was confirmed by chromatography ‘y 
on ‘other silicone columns, when ‘a higher molar response factor could be obtained, 
It has proved useful to use’ the maximal molar responses which could be obtained 
relative to N-TFA norleucine methyl ester as a method for selecting the conditions 
for .obtaining.the,maximum yields of our amino acid derivatives. 
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The appropriate. non-effective carbon numbers obtained here may be applied 
to tile molar response values which were calculated from single determinations for 
five TFA amino acid methyl, gz-butyl and qz-pentyl esters3”. Tllese values were ob- 
tained under different chromatograplly conditions by relating the radioactivity 
of the derivative to the response observed on tile chromatogram. The corrected 
responses (C/g atom carbon) compare well with those given in Table II in this paper, 

ACKNOWLEDGEMENTS 

Financial support from the Science Research Council, tile Medical Research 
Council and the University of London Central Research Fund is gratefully acknowl- 
edged, A.I. is indebted to the Wellcome Trust for a Research Training Scholarship 
and later a Wellcome Fellowship. We thank Professor I-I. R. V, ARNSTEIN for his 
continued interest and encouragement. 

I 

IO 

II 
I2 

13 

14 

IG 

17 

YS 
19 
20 

21 
22 

23 
24 
25 

2G 

27 

28 

G. PJZRISINS, JIZ., G. &II. ~<OUAYIWD, L. D. IJVELY AND \k', C. Hnnfrr:ro~, in N. BNENNEI<, 
J. 12. CALLEN AND 31. n, t\'EJss (I~ditOrS), Gnu CJ~votiratogr~a~~/ry, .Acaclcmic Press, New York, 
1962, ]', 269. 
A. Dr\!<l~w ANU A. ISLAM, l3z’ocJwr1.. J., 106 (IgGS) 9230 
A. Ist~nr AND A. D~nmm, J. CJwontnto,qO., 43 (1009) I I. 
E. N, Cor-lm. 13. PAIZ%&N AND 13, M, BAILEY, J. Gas CJwo~~rtrtogr~., I, No. S (1963) 14. 
A. J, I’. &~IZTIN AND A. T. JAMES, 13iocJrem. .I., 03 (1955) 135. 
S. hlhlCISUBI1 AND H. A. SAIZOPP, J. Gas CJwowatogv,, 3 (1965) 21. 
A. DAIZBIZIZ AXD I<. BLAU, J. Clwo~mtrtogr., 2g (1967) 49. 
C. S, G. PHILLIPS r\ND I?. L. 'lhlnrs, J. CJuonuztogv,, 5 (~gc,~) 131. 
J, LEBIXZ, in J. TRANCEIANT (Editor). P~~cth~l Mw.?raZ of Gas CJrvorizatogvnfih~*, Elscvier, Am- 
stcrclnm-London-New York. 1gGg. p. 257. 
D. 1-E. DESTY, C. J. GEACH AND A. GOLDUP, in Ii. P. W. SCOTT (Editor), Gas CJwo~~lntopwpJry 
1960, Buttcrworths, London, IgGo, p. 40. 
I’. BoCarc. J, NovAIt AND J, Jmhx, J. Ch~onznto~v., 43 (1969) 431. 
G. W. SNEDECOIZ. Sinlislical IkJctkods, Iowa. St&e College Press, Ames, Iown, 1953. 13. 103. 
L. ONGKIEI-IONG, Thesis, Tcchnischc I-Iopxcl~ool, Eindhovcu, The Netherlnncls, Jnn. 19, 
xgGo; in shortcuccl form in R. I?. W. SCOTT (Editor), Gns CJ~ron~ntogrwpJry rgbo, I3uttcrworths, 
London, 1960, pp. 7-15. 
L. S. ETTI<B AND I-I. N. CLAUDY, Syw~posizcrrl 011. Gas CJruo~~~atogvn~J~y. CJrewicaZ I~nditute r~/ 
Can&t, Toyonto, Ontario, Feb. I, q-160, Circm. Ca??,, 12, No. g (~gGo) 34-3G. 
A. J, ANDREATCH AND R. FIPINL,\ND, rxtJ& Pittsbzcrgl~ Corlfcwtcc 0.18 Awzlytical Chcmistvy 
and Applied Sficctroscopy, PittsBwgJr, Fn., Feb, zg-MarcJt J, IgGo. 
L. R. DUIZETT, M. C. SInmow. AND I, DVOI+ET%KY, Anw. Chent. SOL, Div. Pctvol. CJum., 
PIVOTS., 6 (Y&I) No. 2-B, 63-77. 
L. S. ETTRE, in N. BIWNNEI?, J. E. CALLEN AND MO D. WEISS (Editors), Gas CJz,r~olizatogvu~J~y, 
Academic Press, New York, 1962, p. 307. 
S. P. McP~m~zsox, E. S~WICKI AND ET, Fox,J. Gus CJwontatogu..4 (rgGG) 156, 
A. \?.‘. SPEARS, c.. tv. ~~ASSITl3.n AND J. I-1. DELL,.]. Gas CJwomdog~~., 1, No, 4. (1963) 34. 
J, C. STERNBIWG, W. S. GALLAWA~ ANI) D. T. L. JONES, in N. RWNNER, J. II. CALLEN AND 
M. D, WEISS (Editors), Gns CJz~otrlatog1~ni3J~y, Acadcrnic Press, New York, rgGz, 13. 231. 
l?. BoCmc AND J. JANI~IC, CJwonrntogrp. Rev., 13 (1971) III-ISO. 
R. G. kxChIAN. J. Gas CJwomntogr., 2 (rgG4) 173. 
R. F, ADDISON AND Ii. G. Aclcnrm, J, Gas CJwontatogv., 0 (IgGS) 135. 
R, G. Acxmm, J. Gas CJwonzutogr~., 6 (15~68) 497, 
R. D, CONDON, I?. R. SCHOLLY AND W, AVERILL, in R. 1’. W. SCOTT (Editor), Gas Chortrato- 
gvnphy, Buttcrworths, Louclon, IgGo, p. 30. 
A. J. ANDREATCH AND R. FEINLAND, Agzal, CJmz,, 32 (1960) 102.1. 
T, R, PHILLIPS, in R. P, W. SCOTT (Eclitor), Gas CJwovmtogvupJ~y, Buttcrworths, London, 
I&O, p. 132-134, 317. 
1. G. MCWILLIAM, J. Clwomatogv., G (1961) IIO, 

. . J, CJWomdO@‘,, 71 (1972) 223-232 



232 A. ISLAM, A. DARBRE 

J. C/Wo!llafo@'., 71 (1972) 223-23? .' 


