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The pyrolJ¡sis gas chromaio3raphic technique i'¡as used ì:o study

ihe 'Lher:lal cleconposi'uion oÍ purines, p¡'rinid.ines, nu-cleosides and ti',ro

i¡:es oÍ' deo;¡rribonucleic acids, The chrot:ra,.ogra;n oT the pyrolysis

1:roduc;s oi any given compound is seen to be unìque for thab substance.

A l-inear relationship is observed beti"reen the sample size and lhe area

01' anJ' given ireak on the chromaiogr:arx, l\n unsi-rccessful atlernpt is nad-e

to correla-be the chro::rratograrn peak areas i^ri'bh the ¡:yrimidine con'benL

o1 'uhe nl-rcl-eic acids "

Gas chroi:ra-Lography '.ras used r--n an unsuccessi'uj- attelnpt bo idenb'i l'y

the subs't ance o? sui¡stances r:esponsible for an odour associa'[ed. l,¡j-'bh

scltizophrenic paLi ents.

Sevcral aspects o1' the 3as chronatographic bechnique of ana-Lysis

i'rh:--cir pertained- -Uo these ti.¡o sfudies are cliscussed"
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This -bhesis a-L'l,empts a dual- role" It serves firstly as a

record of air effor"t to apply the'bechniques of gas-Iiquid chroma*

ì,ography' to tr¡o rather unrelated. problens; i;he analysis of sweat

volatiles and the study of the pyrolysis of nuclei-c acj-ds' Secondlyu

it serves as a coÍlpil-ation of yeferences and techniques pertaining 'bo

gas-liqu-icl chromatography. The nabure of the probì-ems iackled was

such l,hai; a raiher exLensive considera'i;ion of the available gas chroma*

+^*-^^hì^ Fanl¡niuv¿5r@y¿rrv ---.,--*qUeS r¡IAS neCeSSA1"y befOZ'e any wofk cOUld be abi;empl'ed"

Alùhough relatively febr of the techrr-iques were actually ernployed in Lhe

subsequenb rro:rk, i[, rças thoughi; that a recorrl of the many facl'ors to be

considered for the successful u.se of gas chromai;ography woul-d be of

value" The unwieldly l-iferature perLaining bo gas chromai;ography could

no'b be completely reviewed' Nevertheless enough references are given

't-hnnrrohnrrf. t.he.liscussions so as to l-ead'bothe mosi recenì; informabionvr¿¿ vuó¡¡vw

dealing wii;h .bhe subjecb. The aspecl,s of gas chromatography pertaining

d.irectly io the work d.escribed are discussed. in the'bexL of the i;hesj-s"

To supplemenì; this, a brief resumé of 'the gas chroinatographic process

and of ì,he many o"bher aspec'bs of i;his mebhod of anal¡isis is given in

ihe appendíx, In this manner, ii is felt 'bhat bhe Lhesis will serve

bobh a paedagogical and a nuj,ritional purpose; paedogogj.cal in tire

sense that ib may possibly be used in the jrmrediate future as a

trhandbooktt :[or gas chromal,ography, and nuLritionai in the sense thai' i'b

íÌay definitely serve as norrjsh:nentfor further research"
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HISTORY

I}NRODUCTION

PRINCIPTES Ai\M THE PROCESS

AJ-though the concept of chromaLography is relatively old (fr2)r

the history of Gas-Liquid Chromatograph.y goes back no further Ì;han

the Nobel--prize-wiirning rvork of }iariin and Synge on partition chroma-

.Lography (3)" The concepb of gas-Iiquid chromai;ography envisioned b¡r

i:heçe wor]<ers underwenl a long period of gestation between the planting

of the id,ea in Ì941 and -r,he el-aboration of the suggesÌ;ior.r eleven years

Jater (A.r5), T¡Jork in the fietcl of vapour phase chroma.'iography then

proceedeC so rapidJ-¡¡ bhat, as early as LQJ6, l'fartin warned those at tire

I,ondon Conference (6u7) ttrat the technique was truJy ttrret'bing ou.t of

handt¡, I(eepi-ng abreast of Lhe expanding litera.trre in 'bhis one fi eld

is norn' a computerss job, A l-ist cf references given in. Table l8 of

Lhe appendj.x suggesis one pattern of reading 'bhat can be used to foll.ow

bhe developmen'bs in thi.s fiel-d"

The process of chromatograph,vis a physical means of separating

the di-ffer"ent chemical species rdrich may comprise some mix-bu¡e, The

componen'bs to be separated are distribubed between two phases, one of

lhese phases constituting a si;abionary bed of large surface area, r^/nile

'bhe o'bher i;akes 'bhe fov.m of a fl-uid thaÌ; percolates through or along

the stabj-onary bed" "

A judicious selecbion of mal,erials and condil.ions r'¡il} assure

'bhaL each component wiJ-l have a, uni.que distrj..but j-on. between 'bhe bwo
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coaponen"ü along the sLafionary bed at a u¡ique vel-ociiry determined

essentialfy by Lhe particu-l-ar dist,ributi on coefficient " In th:-s manner,

some speciæwil} soon outdistance i;he others unti.l- finalty the whole

rûj-xl,ure is separated into i;he ttbandsrr characteristi-c of the processo

The bheory of chromatographic separations has been and is being exten-

sively dealt wi'bh " The mathematical f orm.ulat j.ons may be found in

several excellent texts dealing'øith gas chromatography (8rgrfO), and

in .the liLerature. As i,rith aqy techn-iquer gas chromatography has been

Aiven a Lerininologof iis oLrn. A¡. outline of most of the recormended.

(l1rlz) terminolo$r necessa::y for the understanding of -r,his 1,exf is

piven in Ta.'bl e lQ of' f,he .¡.nnendix,fr+ v v4¡

The wide range of appli.cabiJ-ity of 'l;he chromatographic netilod

becomes at once apparent" fL may be used for analytical pr:rposes j-n

both qualita'bively and quanti-tatively deternining the consbÍtuents of

a nj:rLure; ii; may be used as a basic research tool- for debermining cer'-

tai,n physical quantj-ties su-ch as parbition coefficienLs and adsorption

iso-bherms (L3)", and. ít may also be used as a preparative i;echnÍque for

i.solating pure conpounds from a reaction mj-xbure. The firsb mentioned

appl.ication of chromat ography (gas-Iiquid chromatog::aphy in partj-cular)

is the technique inl'lich was consid,ered most su,itabl-e for Lhe purpose of

these inves't,igations,

THE COI,TFONFNTS

A gas chromatograph can be thougþ{, of as a composite of thr"ee
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separate components all of r¡hich musb function effícieni,ly toge'íher

for the u,seful çnonrl-inn nr rh^ apparafus. F'igure I shows a schematic

diagrarn of ihe apparatus" The inject:-on sJrstem musl be capable of

cJ-eanJ.y i¡troducing knorm micro*arnounts of substances as a plug onùo

the head of the colunr-l-1., The chromatographic colu-mn in idrich the

partitioning process occurs must be engineered in such a mar¡ner thaf

the stationarlr liquid phase, the solid support, anct tire mobile phase

combine bo produce the bes'b possible separation of the mixtu-r,e to be

analysed' Thirdl-y, a highly sensitive detecto:: is requir"ed i-o monitor

the efflu-ent fro¡n i;he coluur' There are mar¡y consi.rlerations Ín the

assenbly of each of these componenùs" The Appencii-x deals lu-ith the

rnore important features of all three systerns "

r uE 
-TESH IvOr,Q Gï _gjL-G 4 s :t IQ],]AD

æÞËß_!Ï_qT.J FIE_AÊT$N@NT.

Once rihe most desirable components necessary to buiL.d a

chromatographic system have been seleci,ed, these materials must be

assenbled into a workable uni'b" Studies such as those performed by

](irkJ-and (14) anO- by lVogare and. Chiu (f.5) ftave demonstrated that, in

Lhe cons1,ruction of the apparatus, certain technical con.siderations

can improve both j-ts resorution and efficiency, The choice of the

correct percentage of liqui-d phase (16), the ehminat,ion of void space

between the column and detector, a selection of the optirnum support-

particle sj-ze and. range (f7), and- the use of an op'bimum col-u:nn length

(18), all serve to irnprove the effi-ciency of the system" ln a.ddition,



FIGIIRE 1" A Schernatic Gas ChromaLograph"
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ai;tention must be pai.d io the geomet,ry of the colum¡r itself (f9)"

Factors such as these are ofl,en neglec'ted in rnany procecì.ures reported

i¡r ùhe li1,eraiure"

One of the first operatj.ons 'bhat must be performed in any

analysis is the selecLion of fhe column conditions" Ofben the flov¡

rate will- be somewhal, limit,ed by the large pressure drop required by

some corumns but, in most eases, an opt imuni fl-ow ra1,e (zorzl.) can be

chosen for the separation desired " The effect of t,he frow rate on

column efficiency is ex¡rressed l,heorei"ically by Lhe Van l[eelnter e,.'rìâ-

l,ion whi.ch is di scu.ssed i.n the appendix, The temperai:ure for arqy

particular separation can be serected (provi.ding no rimita-bions a::e

imposed by i,he -riquid phase in use) by preljminaïy pro8ra¡nmed tem-

pera,'Lure experiments (zz)" The Lemperature which yields the besf

sepalation in -bhe shori;est time soon i:ecomes apparen.b. lvlore exLen-

sive 'bheoretical l,rea'bments of the effect,s of ì;enpera'bure and fLolü ï.ate

on anJ¡ separaLion are available in suitable texLs " Hol,rever, in prac-

'bice an empirical search wiühin the recommended set of conditions is
mosl, often the approach used"

The evolu.tion of the gas chromatographic technique has seen

the use of severaL speci-fic procedures which have in ihemsel-ves

become areas of further developmen'b" The techniques of progranuned

temperature gas chromatography (prcc), of py::olysis gas chrornatography

(Py:: GC), and the possible use of open. tubular col-um¡snere s|udied for
'Lhe purposes of these investigations u
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t,rht-ch will- suffice for a chronaiographj-c ¿¡¡¿. lysis" Tire elfLrenÌel-J¡

volati I e conponents 1.ri-Ll rernairf rìnresolved, at high temperatures,

i'rhereas the high-ìroiling substances i'rill noil be eluied a'b J-o':t'bcrnpera*

tures. ttr'L in'ì;errnecliate tenperaturesr peaks arising f ron l-ow boi I lng

en'rnnn¡nt.e i.anfi fn ira a¡nr.¡rìarì '.'hile ihOSe Of high bOilfng OneS na¡r bçuvl-l},vfl!¿fuo úvrfLL vv t)v

too broail- io be of ana-L/r,ica I use, The use of prograrrmed tenperature

-ô^ .-hì.^ú¡-r-n^,r.¡-rlri; rÍ'f'n¡.dq rìrìê nf 'bhe best ansi{ers to fhis prob-Lcn"5d,Ð ulrr vltla uvór qyr? er r vr uÐ vrlv v

l1.ei.¡ :nrì ì.;niJaq¡rr I l?) rìerrrr lorrecl å nroFrl.â.1mecl 'i-,eÌr1nêi-¡i-.lli"e srrsl-.e:,t !,gUI vLJ @¡lu r'lullvuuJ \a-) ,l vç v elvyvq q yr v¿fr

invesbigate Sac phase reac'bions" 5i¡ prograJtu*[Lng Lhe colulíln 'Ler-rpera-

'Lu-re over ranges as lar'ge a.s -l9bo to +JOOOC, (snrarrer ranges are

usua.-LIJ¡ used), it rras J.'ound -r,ìrat bhe colullül ilerfornlance lÍas itnproved

and 'bha'lr the elution rates Trere increased" Several arrangenients ha,ve

been deve.J-oped to enable one to vary the colulrul'Le1îpera-r,ure cont-inu-

¡ll¡r in ¡ linea.r (,>t,\ n-n nnn-tine;r.r. lZ5) t'ashion betlueen i-,.ro tenpera-aLLJ rr1 e¿ rr¡rvar \tu1-,/ vL ' \rr/

bure lj-rrri-ts" 0f pariicu-Iar rmpori;ance to the prol)Iel-l of looicing for

trace colnponents Ín substances such as sÌ,rea'L is the fact 'r,ha.b bhis

nrncarillra na-nrni-i^.{-t.^ an-¡ti^cr--r'n¡ o{'nnmn¡r.rt.ir¡r¡lr' la.fçe, Se¡rnleS tOiJI-OU(iLlU-I-(, Put'rllIUù Urrç 4P¡Vr-Lvqurvfr v¿ vvrrluq.L o/urv vrJ

Lhe colr¡turs l.J'ìthoui over-Loading l,hen" Progranm'ìng t,he tellperai:ure

s,.ll].e2l^ls oltj-, i-,lf e eâr. ll¡ neeks ¡11¡l chernênq rrn 'l.hr: ira¡l¡q nôr¡rr I lrr l1¿yi11o
Ð tJl vaqr v q u rrr !v vsf ¿J lrvq¡lu

tnno nota-n.f.ìnn t;--^ê .:h.'^ .;:¡nnar¡'ìno'l-.lr|ã nr.eqcnlaiiOn C¡f ilfe ChfOnA-.]-U]Ië] l'çU|J.LIL,J(,tl U-LllrVÞ, UllU-ù lllur - v !rró vrrv yI eov¡rL

, /^/\,rograpnrc oara \zol o

As a result oí-Lhe inaQlr f¿e¡ors of i;he chroma'bographi-c process

"i-.lr:-f. -i.l¡c 'i-.cr¡ner':'i-.rrr'c i nfl rrênees - l-h ^ l-i'^^Frr ^ I Þ1'GC iS t'a,thef inVOlVeduIId,u ulIE uçl1r.v9¡ d,L/L¿I E f,Il.rIU.v,tlv9Ð¡ Urrg Urlgv¡J v¿ ¡
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t ZT rZg)* Holuever, ceriain erapi::icaJ- correlations har¡e þeen found-

useful- in- characl,erising tl'le beh.avi our of variou-s sclu-te c-Lasses on

s;oecific columns, Firstly, for norrnal paraffins, a uniform spacing of

peak rna:cirna is obtained for various lincar programnr-ing rates (eg)'

secondly, it is found thai; increasing the liquid phase polariby uncjei:

iclentical PTGC concli-bions increases the retenbion time of each member

of a polar hcmologous series by the sane amount' The technique 1'hus

appears to be of use nob only j-n effeciively and- rapidly separating

the conponenfs of a r,rj-de*Ì:oiling range mJ-xbure, l:u'b al-so in idenbJ"fy-

ine ihe components by 'bheir programlned temperatu--re reienLion behav-

íour, A sl.ight varial,iorl of this techniqrre lvas adapled for" the

py::o].ybic t,echnj-que to kre discr-r-sserj'.

PYROLYSIS GAS CHR0l,lA'¡¡6ft{PHY

since 1,he alchenists, pyrolysis has been eraployecì in one way

o:n ano'bher fø' the purposes of preparati-ve or"ganic chemis'bry (30) ' It

is onJ-y recenbly that this method has been coupled uri'bh gas chrornato-

onrnlr¡¡ rn ¡rieìrì ¿ methr:d for charaeterisÍ-ng non-vola1,il-e su.bsì;ances
â;r ayr¿d uv ¿I Åv:u

(31), The princi-ple involved is si"nple, Arranging experirnenlal con-

ditions to elimina,te secondary reacti.ons, tlnermal crackin,-t of a sub:

st,ance wÍt} yield certain unique deg::actation products" The cracking

can be accomplished in several Ìüa¡r5; by an indrrciion elenr'eni, by a

heated fi-1ariten1,, by a quartz furnacee or by any oth.er means 'bhab can

raise a smaJ-l arnou¡t of materiaL io a high temperatu:re in a shorl ti¡re'

Tn many si.r:rple cases, -bhe kind of degracLation oJrserved can be easi.Iy
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relåted to i;he s'l,rucLure of the parent substance (.32133) " ldkren

combinecl l^¡j-i;h gas chronatograpþ, bhi s cracking ¡*s¡ni que can be used.

j.n the sarne rnanner as Nhai; developecl by Zemany (:+) *tro obtained pyrol-

ysis rtfingerpí'intstr b). feeding the fragments to a mass spec'r,rograph"

rnstead of 1,he mass spectrograph readout, by introd.ucing bhe cracked

sample l,o a chromatographic column, it is possible i;o obtain a chro-

mabogram of the pyrolysis producùs rvhich record is unique for any

gi-ven subsl,ance" The procedures worked oui; originally by Zernany for

the study ol-' cracking patterns have been adapted for pyrolysis-gas

chromatography to yield a method for ideni,iiying organi-c subs'bances (35) 
"

The fechnique has been applied 1,o the identiÍ'icaiion of various poly*

niers (3ó), to the det,ection of the phenyl ring i.n organic compound.s (3il,

i;o the idenfifi.catj-on of porphy¡ins (38) and bo the idenLification of
r

variou.s purines and pyr.imidines (39);

The patt,ern of products observed fo:: any particuÌar compound

has been found t,o be qualitatirreJ-y i-nsensitive to re-l_ai:iveþ large

changes i-n pyrolysis conditions" For instance, the spectrum of pro-

ducts found by Jennings and Diniick fo:: pyrolysas camied out at an

esbjmated temper.al,ure of BOOoCo ïrê.s iden'Lical- to thaL found for pyro-

fJ'ses performed. at, an esti:naied bempera'r,u-re of I3OOoC" i{ence, an

accurabe qu-ah-'babive idenbification of a conpound can be obtained

ryithoul, much regard to the conciibions of pyrolysis" ìtlevertheless,

when cluanLita,tive informabion is desired, much more s'bringent tùnitat-

ions musb be placecl on the condi'¿ions of pyrolysi-s io yield rneaningful

results" Levy has found (40) tiraU both the temperatr,:,re and. the pressu::e

tThe"" i^¡orkers studied the decomposition of guaninë, Zrb-dichloro-?-
r¡a'f h¡¡l nrrrina t-¡mino-/'-nh lor.o-A--mol-.hr¡l nr¡'nimidino 'l-hrnnino arrNg5ing

and isocyLosine"
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play an importeinb role in bhe quani;itat-ive yields of pyrolysis

prod-uc'bs " The satne varÍables v¡hich in.fluence the yields of any

cheni-caJ- reac'l,ion, as would be ex:ected, also al-Ler the yield of

products obtained. from a pyrolysis" Unfori,unately, even more faciors

l,han these can influence 'bhe quanti'bative resu.lts obtained" fn par-

i,icular, for the pyrolyses performed using a heabed filameni;, both

'bhe rate of heaiing of the coil and the temperattlre gradient along

the fi.l-anent would be expect,ecl i,o ínfluence fhe yield of produc'r,s.

¡r1l¡a ma*r-r¿\^ ^{" on^l=''i^- ì-h^ -ô*ñ-ì e to this coil could also inf'IuenceIllç lILr--LrIl\J(l. uJ- d,PIJIJ rIIÈi ulru Ðdtly¿

¡he results. To deal wj-th i;hese problems, J.evy delivered an ini-

iial la::ge frulse of crprent to the coil and folloivecl it r,vi'Lh a

relatively high stea$r cu"rrenL " Ihe iaitial current pulse rectu-ces

bhe lj¡re 'l,aken for the coil to reach tlre desired pyrolysis fempera*

fure, The i;emperal,ure gradient along the coil is presumed i;o be

negligible once the pyrolysis temperature has been reached" The santple

r^¡hich migh'b be di-sl,ributed uneven].y along l;he coil would ihus all

degrade at essentially the sanne temperature"
I

Since iL l,ias possible Lo identify purines and pyrùnidines sepa-

rately, ib was e>çecLed that 'their fingerprinbs would also be found on

p}¡ro]-vsi-ng a polyrner (a nucleic acid.) of which they form a part' Ii;

r'ras hoped thaf i;he pealt areas attribul.ed to i;hese bases couJ-d be

related to the rel-a'bive arirounts of 'Lhe bases in the nucleic acid inole-

¿arì-l ô

l.- ^ tt^^ailôi êìîê11êê ;+-avv.rrvv lt / /
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One further development 1,,¡hich has facil-ii;a'bed the sùudy of

conpl-ex nri-x'bures is thaì; of the open i;ubuiar column. In )-957 Gola¡'

lt't lr\ ^..."^^^.r-\*t2L*aJ ou¿3¿ivouÈd i;hai: bhe packing oughL i;o -oe el-i¡ninaì,ed from the

chromabographic colunLn, llis theoreùical considerai,ion of bhe chroma-

tographic process (43) f-ed hjm io e:çeriment, r,¡i'i;h L¡ell clefined. open

tubular coLumns (0"0f0" to O"ó2Ott I"Ð,) coated r¡¡ith a very thin fiLm

of sLationary J-iq.irid, Subsequent 'n¡ork has revealed i;he high effic-

iency and. app-Licabilil,y of fhese columns (4¿.). The col-u¡rns are of

na.fli C:p I a.r trrjVa.nt,¡..o.e f Oi" Ve¡V- .f'p c*. canrrr-l- -i nrrq ¡nrl fn-n <an:-n:-i- i r¡¡,g

requiri&ùj a large number of l,heore'bical pla[e1"" The l:i-nit, i,o

the mimber of plabes aLl,ainabl-e wi'th these colu¡nns is governed solely

]rr. l-l.ra l'ima lin'i* *1.r¡ ono lr¡cl- nlv¡¡v vrrrv r.u¡EU vLLç arraL<you yrâCeS on the sepafation' Ool-ururs (rvhich

may be as long as desi.red) exhibiLing as many as 106 theoretj-cai p1aLes

have been used" The main disadvantage to the widespread use of ihese

columns lies in thej-r inabi.lity t,o ha.ndl-e large samples " The method

used to prepare'i,hese columns (h5rl+6) l-eaves only a small amounb of

liquid phase coa'bed onthe capillary walls" This low lic¿uid load can

deal only wibh a small sarnple 147) and hence sptii;ting devices musf

be u.sed in conjunc'i,ion with these columns, To overcome this sarnple

li:tli'r,ai;ion, al,ie,"npLs have been made 't,o eir-large th.e surface area of i,he

capillary" Using Golayns original suggestion (/+8149) ¡he inside of

the l,u-bul"ar column has been coated with a fine inerb support maberial

(50¡. This procedure uses both the advantage of the large surface ar.ea

"The d.efinil,ion of a trtheoretical- pJ-a'Lerr is found i-n the appendirç"
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of a supporlj and bhe advanbage of the rtopennessr! of the bubular

col-umn as emphasised by Golay" ¡ilternabivelyu bhe columns have been

etched t,o effeci'bhe sarne sort of increase i.n su¡face area (5f;"

Other modifiea'tions of Lhe bubul-ar colunns are also beins studied

(5Zu 53j. Ai; L,he preseni siage of d.evelopmenb, fhese columns appear

Lo be of greai assisLance in i;he study of mu-lti-component mi-Kt,ures

such as fuel oil fractions (Jd, 55) " 1'he columns do noL, ho'ruever.,

seem ùo be of particu.Iar advantage in trace analyses u¡here the

}i:ni'baLions of Nhe detection systeirl are such 1,hat bhe sampJ-e contain--

ing the minimum a¡nount of detecbable impuriùy is alrea{y too large

for ihe'tubular co}:rnn ùo pt"ocess" Flence they d.o not ap'eear ad.vantage*

ous for the study of t::ace componenis in sv¡eat"

IqETH0ï]S 0F IDINiTIFYING CHROIr.IATOGRAPHIC PEAKS

Once all the componen'bs of a mixbu¡e have been separaied, ihe

difficul-t task of ident,ification can be started. Urr-less ùhe ùechnique

is being used jus'b as a process conbrol, the iden'biby of the substances

appearing on the chromatogra¡u will- not be lcLornn" The job of identify-

ing the separated conponents can often be qu-ite }aborious when no

clues as 'Lo the na'Uure of the particul-ar fracti.on are known" On the

other handeid.entificatj-on becomes fairþ routine when a good gu-ess ofl

the composition of the mi:<ture can be madeo The method nos'b commonly

used for identificaiion purposes compares the behaviour of some 'unknown

peak on a chromatogram l,ribh that of a test compound" If i;he behaviour

of Lhe 1,wo subsì;ances appears 'bo be the same on at least tl^¡o different

columns, idenLity is assruned, Many o'bher methods are used t,o irlentify
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chroma'bographic peaks, lfhese l,echniques are discussed i.n bhe appendi^x'

Tn manw cåses ¡ corabination of bhe avail-ab1e technintres ro¡il'l øenerellv.!¡1 ¡rr@¡J vsovo s vv¡uv¿¿rc

lra ronrri v.arl -

Once bhe peaks have been identified, quanLiiative curves can

be prepared by plotting deLector response (in terrns of peak area)

versus the a¡nount of sample injecNed. DifficuJ-li-es are some'bjmes

encounNered r¡rith -bhis p:rocedure as a resuf-t of defects inherenl- in

t,he i.njection sysLeme as a resul-t of anomalous detector response

$6), or because of unpredici;abl-e colum¡l behaviou.r' (57), Wj,th a

knowledge oÍ fhe p:roblems such as these which nay arise, Ìnaru¡ coÌn-

plications may be avoided. and a suitable procedr;.re 'bo obtain quantiteu-

l,ive as well as qualitabive inf'oL:mation from i,l:ie ch..romabogra:ns may be

developecl .

!uçl.nJ;Ç*æ_Ipå

The combinat,ion of chemical, cytological and genetic studies

has led to the realisa.'bion -bhat nucleic acids are of fundamental import-

ance in controll-ing the mebabolism, reprod-uction and growth of living

systems, Since the lvork of Àvery, Macl^eod and McCarby (58), experi-

mental evidence has accumul-ai;ed which confirms bhe fact that it is i,he

nucleic acid ruhich carcies the genetic informabion in an orgar:-i-sm' In

o::cler tha-b L,he nucleic acids may convey information, a patLern or code

must be incorporated inbo their chenical s'b¡:ucLu::e (59). The nucleic

acj"ds are co-pol¡nners in which 'bhe monomers, knovrn as nucleotides, con-

sist of pur:lne o:: pyrimid.ine bases l-inked'bo a sugar-phospha'ue (!-igure 2).
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PURINES and PYRIMIDINES

\He

\*

Adeni ne

*\

H

CH

*1"' [ fltilil-^ -ö,1Õl*
"A?^¿ /Cytosine Uracil Thymìne

H^no-fz\
ruttr p/

I:.---T.00
HH

SUGA,RS __

¡H 'uo-p'o1zn
ì¡¡ rl¡ r/tr H

' 5-Íi

'= ç>.-W
Adeno s i,ne

ot-D-Ribofuranose

Guanosine C ytidine Uridine

H
q -2 -Deoxy- D -R¡ bofuranose

cHs

ThymidineGua nosi ne

qThe formula of each base is denoted bya word.
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In any one nu.cl-eic acid, 1,here is only one kind of sugar, bu't, 'l,here are

four different purinesan<l uyrirnidines. One strand of the deoxyrÍbose

nucleic acid (DltA) - (and we are here not clealing wj-'r,h 'Lhe ribose

nucJeic acid.s (n¡ln) ) - i" forrned from a backbone of d"eo¿yribose sugar

u-n-lts linked by phosphaùe bonds from l,he 3t position on one fqranose

ring to bhe 5t position on the nexl ring" To this chain, 1,he puríne

and pyrimidine bases are attatched ab Lhe lt position, Two such

colnplementary strands (óo) are helcl together by hydrogen bonds to form

l,he DIIIA m;àcrornol-ecule. The sequ.errce of nucleotides al.ong bhis si;rand

-i - -l- ì,. ^, , -t^ .r. +. ^ ^-¿o u¡¿vq6¡¡.i, uw op€ll out i;he information bhe mol..ecul-e contains { 60*Â)"

The preseni; meì;hod.s of analysing bhese nucl-eic acids for their base

cornposition are quite routine and very satisfaciory for most purposes

(6Lr62). /tfter the j-sola.tion of 'l,he nucl-ei-c acid., the analysis of i,Lle

conponents is usual-ly effected by a hydroþsis of the chain in con,junct-

ion wii;h some forrn of chromabography (ion-exchange, paper, or elecbro-

phoresis) " Aft,erLhe separation of the cornponenis, spec'brophotometric

nethods are used to conplete the ana-l-ysis" From the viewpoi-nL of a

gas chrornaiographer interested in pyrolysis 't echni.ques, however, the

analysis of these nucleic acids poses an intrigu-i-ng problem, As has

been mentioned, bhe pyroJ-ysis study of variou-s purines and pyrmi-dines has

been published concurrent with uru'el-abed irrork on the appJ-icatj-on of

p"yrolysis l,echniques to the study of' pol¡'¡ns¡s " The exLension of these

'bechniques to the study of nucleosi.des, mrcleotid.es and finalJ-y of the

intacb ÐNA m.ol-ecule has nof been reporjJed"
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I¡tork has been done on the gas chromai;ographic separaLion of

the iniact nucJeosides (03). However, thj.s method sfi lì r'equires a

hydroi-ysis of the nu.cleic acj-d fol-lowed by a reacùion of the nucleosides

i;o yie-Ld a compound suii;able for the purposes of gas chromatographic

analysis " It was hoped that a p¡'rolysis study woul-d eventu.ally prove

useful j¡r developing a method to measure the DNA content of single

cel-Is" Potentia-Ll.y the method could yield a sJmple, sensitive one-

sLep procedure for this purpose" The use of pyrolysis gas chromato-

graphy to characterise the purines, pyri.nr-idiires, their coruesponding

nucleosi.des arrd. the nucleic acids {¡NrÙ from two different sources tras

thus investigated"

P.FRQPïR{rÄOJ

lvlention of Ì,he reluciance to use sr,¡eaï; as a routi-ne sampling

fi-ui,d to indicate Lhe bodyrs state of affairs has reeently appeared

in the Lancet (o¿u). Foster suggests that biological changes in the

more importatrt but Iess accessable body secretions should be reflected

by simi-Iar changes in the composì-tion of sweat, The only routinely

used test using sweat correlaies an abnormal- sodiu¡r chl.oride level in

sweat wil"h the incidence of cystic fibrosis (05). In I9ô0e Smifh and

coworkers (ôô, 6/) reporbed 'bhe presence of a smelly component in ùhe

sT¡Iea'L of chronic schizophrenic patients r,thich was not present in the

sweai of non*schizophrenic patients. Snïith has found that the odour

disappears when an exbract of 'bhe s!,reat is made alical ine. These r,¡orkers



have been trying with lilNl-e success to idenl,ify this sulstance wii,h

the aid of a gas chromatograph (óB)" To col-leci the sweat,a stz'ipped

subject is placed in a polyei;hylene bag which is seal-ed at the

patientrs neck, After a rest peri-ocJ. in a wann roome the subject is

helped. out of the bag and the si.¿eat is poured off ' Up to 400 cc' of

sweat have been obbained in one sitting by i:'his method. The sweat

coLlected is su-bjected i,o an extractj-on and concentration procedure'

An ether exbract is finally injected into a gas chromatograph.

lrlork by Posner and coworkers (ó9) places tl:e cause for the

od.our on the acfion of an organismy pseudomonas aerugÍnosa'" Pre*

sunabl-y some substance is degraded on the skÍn st'rface to yield the

smelly compound (?0) " This rather indi:r'ect source of the odour sug-

gesLs Lhat there is l-ittle cha,nce of a corcelation between the smell

observecl ancl a possible prima.ry meLabolic defect eoÍrnon to schizo-

phre:nics, Perhaps a good analogy to this situaiion is founrL ín the

observed presence of acetone in bhe breath of diabeüic patients" Ilere,

the knowledge thab i'b is aceton"e which is eliminated does not aid

significantly in the elucidatj.on of the ra'bher compl-ex clj-sease.
: : r'. 1

The odiferous substance pecr:-liar to some schizophreni-cs, hotuever,

has not been iden'r,ified as yet' A gas chrorabographrwhen used to analyse

the sweat volatiles from both tt¡e¡¡¡¿]trli and schizophrenic pa.bienbs,

shou.l-d. reveal bhis compou-nd as an anomalous peak in l,he set of chrolnaLo*

grams obtainecl from the schizophrenics. Smith has apparentty found"

here rlnormalrl refers Lo non-schizophrenic su-bjects"
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trou'ble j-n obi;ainin¡; a rrstandardtr set of ch::omaiograns with l+hich i;o

compare those of schizophi:enic. srrleåt' -tt was felt Nhai; the search

for ihe od.orous subst,ance in s¡¡eat woul-d be r¡ade easier i.f conta:rL-

inant-free slfeat could be collecteci. The methocl 0f ccllecl;ion used

by Smith provi-des no roeans of exc.l-uc1i-ng skin contarn-j-nants from the

sweat obtairred. To eliminate conta¡ninants from the sweat, Flur'Iey and

Sheltey have shol,m (?0) tl:rat a cleansing of the slcin surface io be

sampled. must be performed, It vras hopeci fh¿! trpq¡etl sweat sanples

collected 'by a methocl sj¡j-lar bo that developeci by l}'rbowski (?I)

woul-d. yíetd a consistenb - seb of ch::orrra-uogralls i-n lnrh:'r-ch any anoma-

lou-s peak r,uould be a.ppareni;. The subsequent use of the idenbif icabion

procedures avai]able (see appendi:c) wou.'ld ascerlain the id.entity of

the odcl peak "

In a rricler sense, the de.-veloÞmenl of a method for bhe gas chroma-

tographic ana]ysis of ttre component-,s of srueat woul-d be o-[ use not on'l-y

for .bhe ttdifference de'Lectorrr purposes required. for 1;hese inves'Ligations,

but also for the d,evelopment of oi,her routine r¡sl'¡eat testsrt for clini-

cal use " sweai contaj"ns m.any constituenLs but au- of these appear in

such small amounts that the total solid cornponents eomprise oril-y 0.J

to o,B1á of fhe to1;al. mass (?z)* It j-s thus at once'bhe nost dilui;e ancl

per.haps 'bhe least inferesting (from an analy'bica1 point of -¡j"ew) of

human secreli^on,s " The ]itera'bu.re dealing luj-th -bhe ch.emis'bry of sweat

is very large an.d quite contr.aciicfory in many ÞIaces, sugges'r;ive of

so¡ne inadequacy of technique coupl.ed l^¡j-th a nult'iplici.i;y of faci'ors'
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In hj-s monograi:h, Kuno (?Z) Sj-r'es an e>--Lensive revier,¡ of the mar4y

aspects of pe::spi-ration" that have been investigatecl. Tables l--A to

-l-*C -tist the common organic and- inorganic constituen'bs to be found

in sweat. The -lov¡ levels of concenbration of organ-ic subsLances in

thj-s saline aqueou-s mediun are i:nmedj-ately apparent. Even a rela-

tively high-level component such as ]actic acid appears onJ.y aì;

concentrations ranging from one No three micrograms per microliire.

The analysis of very dilute aclueous solut,ions is not an easy l,ask for

the gas ch::omaLograph (tJr7l+r75), trut special techniques may be

devised to overcome this probl.em"

f

TABLE* I*4. Tnoreanj-c gçnsf,il;uents of Str.eat

Consti,tuenl:
l?ange of' Ârnoi:nts Reported'- 

(l.lg'n. percent)z

n-ìU.L

i\ta

1/
I\

va

l\4 Jt.rÕ

P

S

ry

r

Cu

Mn

Ila

36 - 995

17 - 400

7-L45
0,3 * 1r,8

o"o2 * 3"32

NJone - 4 "8

Trace * 7.37

t, * 1'7

0.0007 * 0"00095

0 "006

0"00ó

Q.j3å*-:-*o*'3-**

l-F.or tcuno (?2) p"ZZh"
.')- -<ILgn, percent :nriJ-li.grams of compound per 100 cr,r3 of sweaL
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TABLE-I-:B. lii^i,rogen Compounds l:-ound in Si.¡eat

Consfiluent
Range of Amounls Reported

(i'lgttt" percent)

ToLaJ- Itlitrogen

Non-Pro'bein-N

A¡i-ino acid N

Arnmonia ltÌ

llrea N

tlrÍc acid l¡I

Creatinine N

Creatine lil

L7 - rh5
/ / ì ^^OO - J-Uó

1-8
-ì^ îÃ

J/

?,5 - r2g

0 - l-"2

0,2 * 8"6

trace

l-C, Sugar and- Its l4etabol-ites Fou"nd in
Sweat"

Consiituent
Range of Amounts Reported

(Mgm" oercenL)

Glucose

Lacfic Acid

PTruvic acid

- ^- /t - 2,)"o

T -3ao
o"go- ó,90

3F"o* runo (?e.) p*235"

'oFru,n äuno (?e) p^21çL"



E:{PERI}iNNTAL

INITIAL PREPARATTO¡JS

A gas chromaiographic sl,udy of the sorb ai.üempted n.ecessilaues

a rather cornpl.e'ue suppl.y of equi.pnent ancl rnaterials* Arly difficul_t

problem of separat,ion and identification lvirich may alise musb be met

t,i-ii:h a variet¡r of cohunns and tech.niques" The first worl< on this pro-

jecb was 1,hus con.cerned ¡riih the p::eparai,ion of a varie'by of corumns

and column packlngs (see Tables 2¡ 3 and 6ancl'bhe section d.ealing Ïrilrh
tt¡n¿¡s¡i¿fstt)" Three det ection sysiems were readj-ed. for use, and a

fourLh apparatus enLploying a gas clensiby ba-lance was d.esigned" The

mal,erials for: the latter apparal,us i^rere purchased so j,ha.i; ii, coul_d be

rapidly constructed when need.ed" lvlore speciaJ.isecl equiprnenL for bhe

pyrolysis sbudy and for' the anal-ysis of sweat was eii;her purchased. or

consi;ructed according bo Lhe requirernents of thes,+ nr-oieot.q_

ABPi1I¿:AT rls_ lgjì. Jäs*q{&awtr 0 qü4grg

The use of ì:hree, and. possibry four, types of detectors was anti-
^ì.^^]-^.l .
9¿UóUVU o

TlÞ.4i$]1aruq.U*bqQb-B.jik{I"*qArs*-q@W-8.{Pru

The 'îHy-l-i'r gas ch::omai;ograph (i,+iti<ins fnsl,rumeni and Research

Inc", tr!ãlnut Creek, Cafif ") is equipped with a hydrogen flanre i.onisaLion

deteci,or, an elecLron cap'i;u,::e deLector, a sample sbream splil,ier, a,

sample port, pre-hea't,er, and an oven'r,empera'uure control" The 'bemper.a-

'i,ure of the pre-h,ea.ter and oven j-s debennined. by the settin.g of two

¿w
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variable transforrners a.nd by bhe rate of hea.-b loss bo bhe suryoundinss"

Àio provision is made for accuraùe ternperai,ure contr.ol or for reproducible
-Lenrperature prograrnming. À 1'an is nLounted inside -Lhe electrical-l,y heat,ed

oven bo minj-'n-j-se any i,emperature irùronogenies thai may affect the detec-

tor and column"

The nitrogen and hydrogen used as carrier gas ancl combusi;ion fuel-

respectively were taken from cyli:rclers fitted. wii,h convenì:ional pressure

regulators" Both cylinders were filted lrith home-made molecula.r, sieve

(tinde 5,4.) filters and th.e h¡'d¡sgen li-ne uras provided lrith a restrict,or

(t'litt<ens) to si,abilise the fuel supply" ;lir r'¡as supp1ied 1;o the det,ec*

tor head at a ra-be of about )OO nl/:nrnute by an Qscar "55rt /ierator sup-

pli.ed l,rith 'bhe chromatograph" fn several exl.reri:nents cor¡unerciar oÄ)rgen

r¡rr'¡i Î-i arì nr¡r'n ^^nnây. nvi â ^ ..1- Ç}ôôOrr ".,^ ^ ^.".-*-l ; -¡,.-*¿-Lrvv. vvvr v-)pper oxicle ab 80- v@ vlaù o*¡,pr-Èd Lo th"e cleteci,or

insi;ead of air, Thj-s procedure reduced the background noj-se level of

the insl"r'ument. A ¡nolecu-lar sier¡e supplied wiih the chromal,ograph was

instal-led beiween the deL,ec'Lor and Lhe air or o,Ergen suppJ-Jr" Fjow

rates lrere measured in all cases wi'r,h a soar; bubble flo'wmeter"

Columns for the rrlly-Firt h¡ere made ej-fher from 1/8tt 0.1J" (O"06tt

T,D") refri-gerator bubing or from I/Brt 0,D" #t2 thin-wai-t-ed t;efl-on

spa.ghefùi tubing" Col-umn lengLhs of one, two and three me'l,res were

used. A vibraLing apparaLus was adapted (ZO) to ajrl in the packing ot'

the copper columns" Open tubular coJ-umns, coated according to the

mei;hod descrj-bed by condon (ZZ), had been prepared (18) and were avail.abl.e

for use"

I'or the purposes of a l,echnique to be descrj.bed for use in conjunc-
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tj.on v¡ith pyrolysís gas chromat,ography, bhe I/8'r copper columns were

provid"ed with an alr¡ninum foil envelope n/nich enc-Losed bhe i:irst tivo

coils of the colurnno The sma1J colunrr jacket v¿as formed wil,h an open-

ing ar the top in order lha1, iL m-ight be filled wiih liquld n-ilrogen"

]lIlE TXE 4Eç9I\J. çgB {4

'Ihe Pye Argon Chrorefograph (W.G. Pye & Co', Ca"nbridge, Þr8.)

is equipped wi.th a large vol-urne ion-lsation deiector of the lovelock

ifpe (Zç) " Both Radiurn D and Tritium aci;ívai:ed detectors were avail-

ab-Le" The l-abber offer,s the lowes't, background noise. The chrornatograph

is provided. vu-ibh a rough (]. ZoC") mercury actuated thei:mosLat r.¡hich

pern-its iso'bhermar operaùi-on aN 25oC" intervats tretween 25 and 25OoC"

The detect,or voliage supply pernri'bs setLings between ?50 anci 2000 voli;s,

r,,/ních arrangement allows the insbrument to be used in a versatile

manner (80) " On-Ly three si-gnal attenuabion seitings are provided.

The Argon (f,inae) caruier gas rùas used directly and was metered

r,¡ith reducing valve fítted r¡rith a needle valve " I'Iovr raies for this

appara-Lus were also measured iÁriih a soap bubble f J.ow nei,er"

The 4 fim. I.D. Pyrex coJ-turns lor l,his chroma-bograph come in

4"5 uo 5e fe¡rgths. They are packed þy pruggråg the bol,i;om wrth o pì-ece

oI gJ.ass rope ø.nd sil'ting the packing material through the t,op" These

columns were modified so that the chroma.iograph could be used fcr pyroly*

sis studies" The carrier gas inlet was altered so that the platinum

pyrolysis coil- cori.l-d be inserted in lhe gas streann. The tip of 'bhe

coil was si-'buated direci;}y above bhe col-urnn packing as shor,rn in Figure 3,



]lJ!{Et-j" :l Pyro-lysÍs Accessory for ì:he Pye
Ar¡;on Chi'otnatog::aPh 

"



)?

PYrgly.sis
co r¡

carrier gas
inlet
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Curren'b i{as cìelivered to Lhe coil- via a step-dov¡n l,r'ansformer and-

a variable aufotransformer, The pyrolysis temperatu-.re is determined

hrr t.he r¡¡riae. qe.r-.r.-i*- ^*^ +L^.r-;me of the nrrrolvsis is controll-ed withL/.y u:rç v ot r@v Jv u ualls @llu ulJç u-!-¡rl\, uJ v .\, .v..v f vrJ

the on-off switch on the variac" The glass colurnns permÍtted a vj-su-al

estimate of the pyrolysis temperature" A good- feature of this apparatus

was 1,he provision for the introduction of sarnples onLo Lhe column

through the usual injecLion seplurr. without removing the coil- fronr the

col-umn"

__Qfl'ltffi

A home*mada thermal conducbivi-ty apparatus usinq raodel airpla.ne

engine glow pJ-ugs (8ti as deLecting el-ernents ruas construcl,ed.. The detec-

L.or head is providecÌ r¡ifh a 50 wabt finger Ìreafing el.emenL 'r.hat cari be

nnn'l- ¡nl I arì h¡¡ l rr¡ n'i n ^ 
riìl¡ a conv. verr-qve rrrr- 6vvnletry of the apparai;u-s is su"ch (Figure

4) tnat the col-umn can be provi-cied w'ith an jmmersiorr-type i,emnerature

control" Colunms are macle of l/l+tt O"D" coppertrrbing and a::e packed

in the same manner as i;he glass col-umns. The helium used as carrier

gas is regr:J-at,ed by the sane apparalus used for fhe ffe Chromatograr-:h.

The de-bector bridge can use the fuLl si;< volt range of the battery

supply" Several signal attenuations are provided.

THE GAS DENSITY J]AI,ANCE DETECTOR

A. Gow--l4ac Gas density detector Ï¡as

¡-- . \m.ent Company (luiadison, \T.J * ), Plans luere

apparatus in which provisÍon was made for

purchased from ùhe Gor^¡-I'{ac Instru-

dn¡r,m rr- I"oo L''ìørna qì f^-..v Jt ¿v¿

separate column and d-etector



I-l-.fï'jln_{. À Ther:na] Oonduc'rivity Dei,ecLor'
Usi-ng lviociel åii:plane Gloi.'i PJ-r.rgs"
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SIDE VIEW

a.Glow Plugs
b. Det ect o r Blocl<
c. Carrier Ga s Flow.
d.Column
e.Swagelok ïee
f. Elbow Union
g. Heater
h. Thermometer l-*ole
i' Injection Septum



FIGURE 5 " A Gas Chr:omafograph Using a Gas Densiiy J3alance
DelecNor.
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TOP VIEW

a. Reference Stream
b.Carrier Stream
c.Colu mn
d. Detecto r
e. Swagelok Tee
f . I nject ion Septu m

GA S DENSITY DETECTOR

a.Carc'ier Stream
b. Detector Element
c.Reference Stream



SAMPLE IIIJECTION IùQUIPI'IEI'II

fn most cases microlitre syringes provided by the l{amilton

Co, were used i,o dispense i;he liqu.id sarnples" Samples were eiiher

injected direcfly ont,o lhe column through a sili-cone rubber seal or

applieci to the platinuni coil of the pyrolysis apparatus" For the

retention ì,ime sl,udies on knor¡rn cornpounds, the t¡nano-jec'Lortt syringes

pnrchased from the Scj-ent,ific lfi-b Company (P"0" lSox- 2l+)+t l{ashingbon,

Pa.) were used"

COLUIW COND]TIONER

i;enperatrre control- and for the

heai,ir:g of t,he reference strea¡n

used is sjmilar to thab employed

UUù 6

To precondition the columns for use, a

heati.ng elements and Swagelok col-umn fittings

columns could be conditioned sjmu.ltaneously"

STEAIVI GENERATOR

A model- //*e75 Steam General,ol was

ment and Research fnc" so tha't steam coul-d

the chromatography of polar cornpounds (82)

u.se of L/8n or l/)+tt O"D"columns, Pre:

is al-so required. The bridge circr¡.it

1¡¡ the theimal- conductiviby appara-

transite ttprePrr box wii,h

was ccnstructed" Tv¡o

purchased from

be used as a

Wilkins lrisl,ru-

n: i.r.ì èrl tn q fnr



FI:GUP,E ó" A Vacuum Apparatus fo:: Removin¡4 Solvent From
a Pyrolysis Coi-l"



a.Pyrotysie Coil
b.Sil icone Rubþer Washer

29



S clEE-.7'*:A-_är"Q-7*Ð.' Diagrarns Showing 'bhe rLppara.tus for the
Fractionai,ion of Sweat and 1,he Centrifuge
Tubes lviocl.ifie<i for SweaL Col_leciion"
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SIDE VIEW

END VIEW

ffi.
a.Stopcoc ks
Þ. 5 24t40c. -Liquíd N¡troqen Trap
d. Gauze Soon-qee. I n de ntat'io ns-
f ' Capall, Size e



3t

dral¡n out so Ì;ÌraL 'r,hey ni-ghu funci,ion as cenirifuge iubes. Four

indenia'ì,ions l'rere made around i,he side 'i;o hold up bhe narerial (gauze or

oiheli'rise) irom i.¡hÍch the sr.¡eaL -r^ras ceni,ri,f'ugal-Iy squeezed. oui. lif i,er

rernova^l- of the col-Iecl,ion pad, the tubes could be cor:nected jni,o the
ì

vacllum appara'Lus for processingrt or bhey corrld be sLoppered in a con-

venienN ìrannet' and sbored. I-arger cenLrifuge lubes i'rere aclapteci in

a sj:ailar manner (Figure 7-ii) -to be u-sed. for the collection of greauer

volunies of sweaL" Ii'ol: these larger votunesr Lhe vacuurn ra.ck could

be u.sed i,o fractionafe the sr¡ea-r, by i'ì-iting ii; wiih -oiggei: ground

g-Lass joini co llecti-on Í'Iaslis.

The cen'Lril'uge used fo squeeze ouL 'Lhe pads vias a precision

i¡ni-r¡ersal centr-i.L'uge (P:cecision scieniiÍ'i.c cal,arogue lrt"Tlto), The:

mali.Lnun roLor speed (ZZOO Ì',.l,oi.io) was used at; .rll linLes"

sl¡ea'i; sainpres r.rere s'borecl in a freezer aL -3ooc. This 'benpera-

ture woul-d ¿rresì, l,he gror.rLh of arly o::ganisrns present in ihe sv¿eal

collectecl "

rsee 
i, "/¡ó
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s4tE_LIA!Ë_*[=o&"_q$å-qi]rrg{up"qBê-lllÍ

Lla,gtg PiJASES

A tis.i; of bhe available liquid phases, along wiNh i,heir specifi-

ca.bions,is given in Tabl-e 2, The source of the na,r;eri.als is also indi-

cabed"

ÎABLE 2" S1,atj-onary Phases for Gas ChromaLography

4+-.1-;
'J L,d, UIviI@r J

Phase
I'faximum

nc-¡¡l-rrra Appl.ication ...I
sll-Ðp raer/on\

100

L20

1" Apiezon L

Anaeen S.iJ'

"2Hôh r\r | ¡ ll nn ênlr I
l ,91l u.]

l+- 114. Bu'tanediol
Succinate

5. Carbowax 400

6" Carbowax 600

7 " Carbor^¡ax -1540

I * Carboi'¡ax 6000

9, Carbol¡ax zoÌui

I I t i lì ñ | l¡^aF^ | -,.-
JU O v¿{:J¿r_t

| | lìì ô+ hrr I 5hê o lT/ê^ |LL @ )JLv vtLJ lv¡¡v õ-¡-d vv¿

Adipaie (mc*n/+ó)

polar 8. ncn*polar
^n-nnrrnÀ cwvru¡uv ur rrf, u

Amines

^,-^.-^.{- 
-i ^ ^^-h^11hdsllMltQVI\, VVJTL}JVU-rt

& halogen compounds
in general-

polar compound.s
(fatty a.cid meLhyl
es-be::s )

polar compounds

pol-ar compounds

polar compou-nds

polar compound.s

polar corLpounds

nl¡ onn-l o rl nnhnl*-.,-^.--s -

ali-phabic ainines

Fa1;Ly aci.d rnethyl
esters,

i't "

M,8cl3.

I[.& B,

Ï¡"

l¡J .

W"

l.T

Li"& B"

2)5

I00

1)5

I {rì

1'.7 5

ÕÃr\

r5n

.\^ tr

?)

coniinued.



TABI.,E 2 CO\]T]NAIE'}1

Q*o¡-j
' 

U@ UIVIIQT J

Phase
l'{arrimun bem-
-o-.ì-rr-o /o/-\,- .- Vf Applicat,ion ^ -. I

Þu.ppr-r_erî

12" Hal-l-ccmid

f3, I'iallcomid{'f-18

l{," Paraffin wax

15, Pa.raffin oil (Nujol)

1ó, Po:Ly (t,i) phenyl ether

l/. PolyethyJ-ene gJ-;.co]
succinate

18. Reopl.ex 4C0 (pol.ypropy.r_*
ene gJ,ycol_ adipabe)

f9" Siiicone SE-JO (gum
rubber)

20" Sil_j-cone ÐC-|J-O {ffuia)

21" Silicone GE-SF-ç6 (rfui¿)

22, Silicone SE-52 (gum nib-
ber)

!J" Silicone DC-II (ffui¿)

24, Sil_icone er-t_ (rs-feó¡)
(ftuict)

25 " Squalane-)c

26,'Iet raei,hylene glycol
dimel,hyl. e.bher

27 " T e1,r ahydro>grettrJ'I-ethy-
lenediamíne (tnEnu)

28" Ucon polar

polar cornpounds
(alcoholsrketones )

hrrrl r-n n r -nÌ¡nn c¿¡.1 u.,. v vú¡ vv¡¿v

lt

polar conpoturds

pofar compouncl.s ( u.g.
îar,cy acid esl,ers;) "

po-La.r conpou.nds

i:ol.ar and non-
polar nraterials

some aromatic sel-ec*
t,ivity

polar and non-polar

some aroma'Lic selec-
tir¡ity

pol.ynuclear compounds

halogen compounds

hydrocarbons

pr:J-ar compounds

nilrogen containing
anmnarrn¡l ¡ ¡r-l ^'l ¡¡nn'ì cvvrujJuu.ltuù d,l.l,L¡- ÈiIJ uu-LÞ o

alcohols and- other
polar cornpounds "

continu.ed

lÂ^

lqn

200

1C0

250

-L
300'

3ao

300
-L

300'

'trI

T¡T

I¡ri n

|^].

[¡i

].BO

-r-90

l'i .

-ì/'il 

"

lü"

l^l ,

l'I .

W"

300

250

F'gô

r60

80

W"
'l ?5

¿vv I,ü "
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TABLE 2 CorÏrri,luED/

Stationary
Phase

iviaxi-ilurn LeryL- I
perauure (oC) epplica[íon Supplier-

29" Ver_sarnid 900 45O ni'r,rogen conbai.ning fi"
compounds "

lt K*y to lisb of suppliers: E' - Eastman - Kodak
l'[, - I'iicrobek - DisLanal

I{.& B"- MaY and Baker
l{, * l'üilkins InsL " & Research "

2, S'cationary phases markecl with. a,n asberislc are recorlllnended by
'l,he london S¡nnposium Commlttee (I95ó) '

SOLID SUPPORTS

.A nurnber of solid supports were prepared for use:

!v-i tki4ç f,¿¡lSþr+qlS *&årlg. "

Thj-s sj-ze-grad.ecl (óO-80 AS1M mesh) pink su,pport was first :fllo-

tabed and dríed. in order to renLor¡e an)¡ fine pa::ticles" Accord-ing lo

i;he purposes i-n minrì, i,he suppor| was ej-'bher acid washed, base washed,

or treated ïrith hexamethyl d.isj.lazane (8¿r)e to improve ùhe surface

characterisi,ics of the materiaf " A similar colnmerci-al supporì., Neu-i;ra*

port (Ðistanal Resear.ch) was also used to prepare various cofu¡nn packings'

Tskå9"
The fluorocarbon su-pporb (6o/rc mesh) was used di-recbly as sup-

plieci by the manuf'acturer (Analytical- Engineeri-ng 1-,aboratories)* Special

precautions are required for the u.se of ihis support (85) 
"
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qOJJESISl!-4tLqå

The column packings (taU:-e 3) for these invesl,igations ruere

prepared in the folloi,rir¡4 Í.naåneï:

A weighed anou,-nt of liquid. phase was dissol-ved Ín a suitable

solven'b" To this solution, the desi-r'ed amount of su-pporb nai;erial

irras added and. the mixt,ure ir¡as allo'r¡ed to st,and for fifteen m-inu-tes

wii;h occasional stir.ring" The slurry was tiren poured ini:o a fl-a'b

pyrex ul,ilíty dj-sh from whichthe solvent, was allowed Lo evaporate.

ifhe dry packing was then heated in a drying oven at l-rOo0" foi: seve¡,al

hours to remove any remain-ing volatiles, and was stored fo:: su.bsequenh,

use in air ti-ght, conbainers.

the percent of liquid phase was caicula'bed:

Supporr
Liquid Phase Supl:ort and Mesh Size Treatment Composi'bion w/w

-, i. t¡leiehb of lioui-d used7i licluid. phase. w/yr :,-;-:.*+-:'--H+ x l-00, wel_gnr or soJl-o suppol:'t

TABIIÌ 3, Colu¡nn Packings for Gas Chromatography

l-" Carbowax ó000 60/80 T¿rI:llkins Firebrick i$one LO'/"

reguÌar

2. Carbor,rrax 1540 60/80 \leutraport *S \Ione 2:,í
f \.. , r \
Ii/t]croteK-lJl-s¡anal J

3, Diethylene glycol ó0/80 l,,Iilkins Fir.ebrick hez*arnethyJ-* 25"Å*Z%
adipa'be-H.P0, IìeguJar disilazane- )4 - 

(HÌr.{ÐS)

{. Dieihylene glycol r¡ i-l:lvlDs 27{,-0"2%
¿di-pate *H^PO

J,/ 'r contirrued



TAllra 3 colffIlwF,D/

Support Composibion
Liquid Phase Support and i'iesh Size Treatmen'b */w

5 " lta-Llcomid * i{oFI 6o/so l,JilÌins Firebrick acid washed L5% - LO%

Regular base washed

ó" Hal-l-comid-ùI l8- Johns-l'Ianville Chromo- HI{DS 3"8% * O"5"1"

Carbor^¡ax 600l sorb W, ó0/80 mesh

J, Polyethylene 60/SA l{i}kins I'irebrick Ili\iDS 2lÁ * O"57;

glycol succin- lìegu-Lar
aL,e-ll^P0,)4

8, PolyeLhylene 60/70 teflon rr6tr None L% - O,L7'
glycol succin- (¡.nal-a¡s)
ate -H^PO,1 

',¿a

9. Si.licone SE*JO 60/80 1¡Iilkins Firebrick, None LO7;

Regular

Io, " ,t HMDS 2!Á

1l-, Silicone SE-30 60/80 Neutraport None LOil
( Ì'fi cro'1, ek-Di st anal )

12, Silicone DC-QF'-I 60/S0 tr,Iil-kins I-irebrick HfiDS LO/"

Regular

13, Tetraethylene 60/80 1¡Iilkins Firebrick Base washed LO:l
gtycol dirne'thyl Regular
e'bher

I/p" Ucon Polar 60/80 ltlilkins Firebrickr HivDS 2"Å

ReguJar

I!. Versarnid 9OO 60/g0 l¡hJ-kins Firebrickp FIl'tDS LO/"

Regu-J-ar

rGra"iously provided by R. Lev-y of the Dept' of Planb Science,
Universit.y of i'laniloba"



)(

I'TIiTERIA],S I?OF, SITTEAT COIJ.ECTION

A tis1, of bhe :naierÍars used for swea'b cor-leciion i-s siven 1n

Table d" The gauze sponges were treat,ed prior t,o bheir use for coJlec-b-

ing sweat" An exbraction of the pads with ether ancj. acetone foll-owed

by an oven drying of fhe parls was fi::st tried" This pr.oced.ure IefL too

many volatile mal,eriars on the pads for lhe purposes o-f the gas chroma-

'bographic analysis. ln the second instance, the sponges were firsL
boiled in severar portions of disbil--Led water.and then squeezed. out

and vacu.um dried at tìOoC- Thís 'breatrn.enL seemed adequale bo repove

aily vola.tile impurities from bhe Ìrads,

TA.ilLE 4. þ{aLerials }'or Sweat Collection

ït;em Srrnn I i av.

Capalls (Size D)

CentrÍfuge tubes
f ¡ r(I! and t00 mI capacity)

Co-Llecùj-on botbles (Z oz",
r,ride-rnouih)

Gauze sponges (tt56¡¡16e¡1rr
3ux3u, fZ-ply)

MJ-cropore Surgical Tape
(J-ivi brancl 3rtxl-O yd)

nHi qnl{ov <i¿ì n ^ ì__,*", _*eansel:

Teflon sheeting (2 rnif)

Fisher Scientific

The Stevens Companies
(v,rinnipeg)

tl

hiinthrop I¿,boratories of
Canada L1;c1", Aurora, Ont"

Johnson Plastics fl^¡iruri-
pes)

It
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The 'i,eílon sheei;ing i,rras cu-t inio {-inch squ-ares and cl-eaned

lor subsequenl, use" The col-Ieci,ion bo'Li:Ies were also cfeaned before

use e

CHEI4ICALS

rt l-ist of the chenicals used in i;he pyrotysis studj"es is given

in Ta'ole 5" Except for the quaternary aramon-i-um salt, Lhese compounds

r{ere graciousJy provided by Dr, LJt0ohen o1. i.he UniversiLy of' l"iani'boba

B:.ochemistry Ðepartrnenl " The qua'berna.r)¡ sal.t was prepared in the labo-

ralory,

An aqueous 17i phosphoric acid solvenl, was used t,o prepare solubi.ons

of the purines, pyririridines, and nucleosides, of ì;he ribose,sugar and of

lhe nuclej.c acids" Unforiunatety no deo>q¡ribose sugar was available for

these s1,udies" The quarternary sali rr¡as dissolved ín ethanol"

For ideniification purposes, compounds were i,aken from bhe sairtple

sforeroom, These subsiances were not always chromatographically pure,

but bhere was never any doubt as to which peak belonged to the compound

ì-n quesiion.

The sbock solutions of acids and bases used in ihese si,udies rr¡ere

prepar.ed ír.om reagenL grade chenrj-cal-s using disfilled wa'ber lro¡n the

-Laboratory supply" 'Ihe disbilled wa'l,er gave several peaks i,^/nen injecì;ed

into ihe chromabograph. However, vrai;er disNilled f'rom an alkaline,

aqueous 1-rol,assium permanganate solubi.on gave the saine peaks. It j-s

thougÏrt "i;haL these peaks were not from J:npuri'bies in the irraber bui were



cåused þ1r 6ns¿nic corlÐounds thab the wa'r,er rtiay have displacedvq4uvq vJ

chror,ratographic col-umn' The solvenfs used for the lr).'rofysis

checl<ed for ciissoli'erÌ, non-vol-a1,ile i,nirur"il;ies b¡r r.tsing lhent

in ihe pyrol-;rrsis procedt-t-re 
"

'llAllI,E 5. Chemica-l-s iJsecl Foi' Pyrolysis Siurj.ies.

?q

from the

studi es v.'ei:e

as bfanlts

Compound ^tìiource

Adenine

/trdenosine

Cy{,osi.ne

C.rrtidine

Df,lA-Calf th¡pnus

DiilA-aerolracler aro senes

Guanin.e

C'uanosine

ll-ribose
Thymine

'l'h\rmr ai I nê
r r¿¿/ ¡r¡¿q +¿ r v

'ì.r'i ct.hrrl mef.hw] A:nmonir¡n iodideL! *\/vt:.J J rrrve;¡.Ji +

IJracil
urr-cLl-ne

Cal-biochern,
¡l

t¡

ll

Courtes¡. of' Dr,L"I{" rlohen

Calbi-oc!:le.m.

tk

tl

|l

il

Prepared

Calbiochem,
t¡

ll{*y tro sou.'ce,' ttCalbi.ochemtr ¡ Bi-ochelni-cals purch"asecl from CalÌ:iochen
(fç62) and graciously provi-ded by Dr^ J,.ll" Cohen of bhe
Ilioch.emistr;'r DeparL,'oenb a'c fhe Unj-r¡elsif¡' of i'ianitoba
iiecl-i-cal School-,
ttPr-an;rrerì¡r I The o,la.rt,or rìF.1".r g¡.li r,+;l.s nr"qnâ.rerl in th.er r vÌ,u,r \,\¿

la,borabo¡:r¡ frr:m s-tock cl"re:n.ica,Is "



PIIOCEDURE

COLUMN PFTFARATIOIV

-llabl-e 6 lisi:s 'l,he col-umns prepared for" l,hese studies" The l/Btt

copper columns r¡¡er.e rnade by sifiin3 the prepared nacking through a

funnel into the top of the tubing, ihe bottom of which luas plugged by

a piece o-f glass rope" A motor driven h:x'-nu-ù r,¡as rotatecl against bh.e

side of the tu.be to speed rr-p L,he operation and to ren'J.er the packÍnE

more unj-form" Subsequentl;r the -uop of the colurm was plugged with

a piece of gl ¿sc rope and the tubing Ïras t¡ound on a 2rl cij-arneter carC-

l:oarcl. ma.ndri-l-- fashÍoned from an ol-d mailing tube" The teflon cohunns

were fill-ed by suspending Lhe J-engbh of tubinq j_n a stairwe]l, A

vreight rrras abtached i,o Lhe bob'bom to keep the colur¡xr taugh'; dirrÍng the-:

packing procedu,re. The pa.cking was inLrr:duced i,hrough a fur¡nel ab the

top" Consbanl tapping of the clam¡: holding the column whil_e it was

l.roi no Îi -l I nrt oo1"ved tO Seft,l-e fha nrnì.ì nev v.r- v vr rv yqv.:lrr¡¿i o

I

TABLE 6" Colu.mnsFor Gas Chronr.atography'

Paclcing
Ni:rnber'
ïable

'ìn
?

Col-umn
Co-ì-un¡ Dimensions Material

I" 2",á Carboruax lJ{O

2" l-5% Ilal-l-comid -10ø KOH

3 "BF" !laJlcomid*t'i*1.8
O "5'i[ Carho¡¡æc 600

lC{ Pol rrof.hr¡1 r'nr' ol -¡cnl
4/r L v¿-</ j:-.rejr vv&

succinate-o"i% H3poÀ

J-/ttr s-r" x 616 *t. Copper
(0"33 crn x. 2 metërsì ref rigerator

_l/8'r0"D"

(0"33 cnL

lfìtr0 
" 

ll 
"

(a.33 * 3

1/Brro"D,

{o"33 crn

l,ubing

x 6z 6{n ¡!
h,

x 2 me|ers)

^". ^llrx 9?10â !.hf" walled
, \ #l-2 i,efl-on

n1êÏ.êPq I- spagnerrl-
_- ru t3_u 'bubing
x o' o)l',

^ -, r coþþer refrie-x ¿ me'úcr"j 
"*äto* bubin[

conNinued

Lt,

4.0
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TABLE 6 COI\ÍT]I\IU$I]

Number
Tab-l-e

t_n

Co-l.umn lJimensÍons
0ol-umn

mat,ei:iafPacking

5 " L?.4 Polyethylene glYcol
su-ccj-nat,e - O"1,!Á t3OOru

6, z% silicone SË*30

7, LOl, Silicone SE-30
(on lrleutrapori-S)

S " 10ø Silicone llC-Ql--I

I " LO",¿ teLra.eth-v1ene glYcol
dimeth¡û eiher

LO. 2î/" Ucon polar

_.ûQ t/8rtO"D* x
(0"33 c¡n x

1/Btt0,D" x
(0,33 cm x

l-18t!0"D. x
(0"33 cm x

1/8tt0,0" x
(0"33 cm .x

f/8" O"D,x

t(J,-1.' Cm x

l/8'r0,D, x
('a83 cm x

Av llu
4.

! neters)

d

oo 6i"
2 mel,ers)

5s3'l
1"6 met-

ers )
?

6s &n
Lt'

J rneLe:,:s)

k (/n
Ll

2 nebers)

5e 3u

I 
" 
ó rnet-

ers)

Thi.n-v¡alled
#12 teflon
^.^^-t^^++-:ðpd-6rrç u u¿
tubing

Copner
refrigerator
tu"bi-ng

li]0

.il.1 1:rLL

!11 .1

.1lr?

i+1 L

rsee Table 3 for detai1s of packing material"

FJS!IY'TI$*$!IÐIË- US ING TH:hì IIY-FI CHRO-1YLAIQ-ËI-4IH

A scl-ution of the compound to be pyrolysed' (usually conNaini-ng from

l-0 to 5O pg) r^ras appliec] to the plal,inum coj.l wÍth a rnicro.l-itre syri-:nge"

Two lnethocls were used to remove tbe solven'f ;

(a) ttre sol-vent was driven off thermally by carefu.Ily heating

the coil in the ooen laboratorY"

(¡) tfre vacu.um chamber was used to evapoyate l,he solvenl. A low

coil heat cou-Ld be used to aj-d in this operation'"
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Afte:l the solvenL l"Ias relro\¡ed, the coil- uras replaced- in Lhe cclurnn

heacj. anrÌ i;he su.bsi;ance llas pyrolysed froin bhe cci-I" The pyrolysis ben*

perai,u-:re was determined by the poi^rerstat setì;ing, r+hereas Lhe tirLe of

p¡-rolysi-s l.Ias lneasu.r:ed by a stop idatch. A seven second pyrolysì-s period

was used in mosl cases, lribh a por,,iersLat setiing of #80'

For this proceclure, care had to be taken to aw id contaminal,ing

bhe chromatographic system r,ri'th vapours from the l-aborat,ory. The car-

rier gas valve was fhus closed before the coil r¡,ras reiloved from the

column h.lad " However., bhe valve to ihe pyrofysis cha¡nber l',ras left open

l,o maintain a srnall posi.iive p.Í'essiu.re o-{'carri-e:: gas a.'L Lhe opeir-i-ng.

¡\ loose silicone ru,bber p-lug was placed irl the opening as a frtrbher

precaution -bo red.uce bhe chance of contarninab-i ng the colr-unn. After bhe

coil had been repla.ced in t,he socke'b, Lhc carríei: gas valve ÏJas re-

openecì ancl the colu:nn was allowed bo pur6e itself before the pyrol¡rsis

r,ias per.formed, The i;ernperatu-re of the pyrolysís cha"'nber v'¡as lnaintained

about fifty degrees above bhe tenperatu,::e of ihe coJ-umn. jietween each

pyrolysi-s ì;he coil v¡as cleaned by firing il. either j¡r the air or in a

stream of oxygen.

After 'l,he p¡.rolyses of the individuaj- compou-nds were performed,

pyrograms of ¡nj:cì:ures of the bases and mj:itures of the nucleosi-des

rvere obtain.ed'' 'lhe mi:ced samples were made by trri1;hdrat'¡ing a cert'airi

volurae of one solu.tion ("a;' 
"ontaining 

x micrograms of component A)

into a rnicroli't;re syrin,3e anC. 'i;hen wi1,hd::ar,uing a volume o-f anoi,her

solubion (say conbaining y nicrograms of componen| B) into i,he sane

syrín¿e, The u¡hole sa;nple ruas then applied to ì,he coil and pyrol.ysed"
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llhe composj 'l,ion oí i,he p.yroJ-ysed sanpl-e t,rras er?ressed:

cl^/ot 100

This proced.ure l^¿as used to prepare sarnples cor-Uainin.3 from zero Lo

one hundred. percenì; of any one componeltc ' A cons'bant, total. r+eight

of sarnpl_e r,^ras used f o:r the nj:i'Lnres of various composit,ions "

j¡or most of i;tre p.yrolyses, l,he cohmn r,.ras kept al a consb¿lnN

-i;empera-bure" llot,iever, one procedu¡e vuas developed v¡hich uses Lhe

principJ-e of bhe pl:ografflned te;nperaì,ure lechnique 'r,o i:npr"ove the pres-

enfaiion of i;he chi:oinaLogra.phic analysis" Tnsbead of progr.'anunf¡-n; ihe

ivhole cchmn, enly'i;he fi¡sì; porLi.on (approxinabely I perceni; of ihe

i;oial_ lengLh) T^ra.s progranrmed. This r¡¡as done j-runediately beJ.'o::e a

pyi:'olysis ì:y lifting bhe oven lid jus'b loirg enough to pou,r a sma**

arnount of liquid nitrr:gen Ín'¿o the jackei a,round the firsÍ; coil of the

column" The pyrolysis produc'bs r¡¡ould tllen issue onto a frozen colurnn

head,, The small amounb of J-iquid n-i-trogen (about, 25 TrL) v¡oul-d soon

boj-t off and pernit ì,he first par-b of the col-umn to r.rrarm up 'Lo i,he

ord.ginal oven tempera,lure. By using i;he oven 'bernperai;u.re con'Lrol to

apply a nheaL Þu-Lserr to bhe coh¡nn jusi a.s tire nitrogen I'ras added 1,o

the alurninum foil- envelope, bhe overal-l oven iernpe::aiure could be

rnainiained v¡iLh.in t 2oC" of llre siartin3 cohunn Lernperatu-re"

PYTìOLYS].S Si]]IJÐI}ìS USII\IG I]FI}Tì PYE CFIII.O-I{4.TQG.fuIPJ:]

Sanples of irÍ-ethyl rnethyl a,monir:n jr-odide

usìng this apparatus in an aLiemp1, 'bo evaluai;e the

use, Än ethanol solu-r,ion of Nhe salt rras applied

r^rÂþô nrr-a^ | rrq odrYvr v Iâ/ ¿ v+.jr uvv.

^_-^r^* ¡^_ pr.___l_hez.
ùJ ù Uvrrr J VI ¿ q. u,

io the coil a,nd ¿he
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sol-vent was allowed l.o evapora'te' Af i;er 1,he coil v¡as reínseri;ed, the

sysbem Ïras allowed Lo -puJ¿le iLsel-f before py¡olysing ihe sample.

Direcil.y afier the pyrolysis experi:neub, a syntheiic mixi;ure of coln-

pounds expecbed. i;o resull, fron the PJrL-olysis r'tas injected" À conrpar-

ison of the p.Trogram ancl i;he chromafogran of bhe synthe'Lj-c mj:cLu:re

coul-d be made immedia'belY'

$¡[I{AT STUDTES

Tire use of ùhe chromaiograph 'i;o sense body odours i^ias firs'L

demonstraLed b¡. injecbing several ml-s of vapour.. wil,hdrarnm near the

armpilr of an unwashed volunteer onto a S¡l-30 colurnn (Col.umn #7). The

peaks obtained sugges'bed i;haL the a.nalysis of swea.b for sj:nilar com:

pouncls wouJ-d be f easible "

Ilefore v¡ork could be done on. i,he analysis of sweab, a clean,

convenient meihod had to be devel.oped for eollecting ihe sweat" Further-

more, ¡he proced.ure had i;o be standardised so that both groups of sweai

samples (schizophrenic and normal) could be col-Iected and anal¡rsed under

id.entical cond.itions, In this manner, the chances of finding a signifi-

cant difference in Nhe two bypes of s'¡eaù samples woul-d be opti:n-i-sed,

A method of sweat colleclj-on deveJ-oped by Dubowski (Aó) ivas

adapted lo collect swea'i, fz'omthe varj-ous body areas' The area from

-v¡hich the sv¡ea-b was l,o be col-Lected l.¡as f.'irs't, wa.shed- l,¡eII vrith pHisol-lex

soap and rinsed thoroughly with distilled water, llhe 3tt x 3t' gauze

pads were used for this purpose" The area was dried and a clean gau,ze

sponge vras applied." the teflon cover was then placed on the pad tri'bh
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the edges folded over so as to completely envelop fhe pad" The

encased pad was then taped dol'¡n secureJ-y io the shin surÍace" .¡rf'Ler

a Ì;ime suJficient to allow a desired arnount of sr,.¡eat t,o colleci in

i,he pad (usrrally 2O-3O rn-inutes in a l¡arm environmenì; resulied j:l 3-4
2

cnr'of sv¡eat d.epend-ing on bhe subjecirs siueai,ing rate), one encl of ihe

iefl-on envelope l^ras liffed, and Lhe pad ivas iransferred using forceps

to a collection boì;tle o:: to a cen'Lrifu6çe bube, The bop of the con*

tai-ner lrras f-'irs-b covered by baping the 1,efJ-on sheet over the mouth an{

i;hen secured r^rith l,he screr'r-l,op or Capa.LJ- stopper" The containers

were ihen s-bored in a Í'reezer" (On ttre fielcl trips'bo Selkirk a pic*

nic baskei cooled with dry ice rr¡as used for this purpose). Subse-

quently, bhe sponges couid be -bransferred to ihe speciall¡. prepared

centriTuge iubes in vuhich lhe swea'b luas wrung out .

Srueat collected by this procedure l'ras obùained on two occasions

from male patienbs under i,reatrnent at i;he SeJ*kirk I\iental Flospitar"

Both schizophrenic and non-schizophrenÍc pal,ienbs living in the same

ward were sel-ec1:.ed by ùhe doctors at the hospil,al lor Lhis study" The

patients were gj-ven a l,en minute bath (the l,emperaiure oJ. the Ïrater vuas

about 39oC)" Ivory soap hlas used i¡r ar-L çases Í'orbhe bath, The body

area to be sarnpJ-ed ¡¡as then washed w-ii;h pHrsoHex and rÍnsed r{iirh

distiJred water" The cotfection bandage vras Laped on, and l,he pauient

l,¡as aliovrecl bo resl, under b-Lankel,s in a hramr rooÌr1 Íor aboui an hour"

Samples were 1,aken froln 'r,he arrnpit ol each patj-eni, (this is uhe major

source oI 'the odour according i;o SmiLh) and also lron the small oi ihe
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back in several. cases" In addiiion 'Lo ihese sa.nples, swea'U was also

collecied in a simil-ar manner Jron nornal- mal-e volunieers interesied

in these analyses"

The sweat saÍrples were treated. ¿n severa-L rrèys. fn all cases

an a'bternpt was rnade to handl-e the sweat as l-ittle as possible, ft was

feli that the normal concentrafion and exbraction iechniques u-sed would

introduce too many complicating impurifies for the purposes of the gas

chroma,tographic a*nalysis" Àn analysis was first atbenrpted on the vapours

above t,he pads in bhe boftle. A smal.I vapour sample (O"f - 1"00 mJ-) was

wibhdralrrn from the seafed containers wj.ih a syringe and injected into

Lhe chromaiograph. Secondly, the pads were transferred bo the centri-

fuge 'bubes and l^¡elre l\rung oul, for several minu|es at the maxj:nu¡n rotor

sneed of the cên+-;ê"^^ ntr^ *^d hras removed fro¡n the tube which rvasJUççU. UJ UlIv vg¡TU¿ ].T qKV @ L IIç rV4,

capped l'rith a Capall size D stopper" Several- microlitres of this tt¡¿çtt

sweat were injected directly into the chromatograph" I¡inally the

sweat was treated i.rri'bh bhe frac'bionating apparatus, The volatile acidic,

basic and neutral fractions cou]-d be selectively vacuum distil-Ied f'rorr

the sweat in the col-lection tube" !-or example" {,o remove the vol-atile

acid and neutral componenbs- the slrreaL r¡¡as first nade acj,dic with a

d.j-lute phosphori c acid solubion" The solutio.rl ,ua" '¿hen frozen in liqui-d
)

nitrogen and bhe s¡rste.m was evacuabed-'with a vacu.uln pumÐó As the frozen"

material warmed up, i:,he volatj"Ies disiilled over i-nto 1,r'ap tr13ü of ì;he

apparatu.s (f igire 7) " Liquj"rl nitrogen v¡as useci in preference fo other

coolanì;s to eliminate 'Lhe chance of introclu-cing j-mpu::ii;ies 'bo 1;he sr¡eat

sample al, this poinb. The residue was then taken up in a dilu-te aqrleous

1._1n i,rAp ltAr! 
"

2Al- t"up ttg" 
"
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(or olher:, if desired.) poi,assium hydroxide solution, Both the dist j-llat e

and the base solu-lion were injec't eri direclly into 1,he chi"omatcgraph

rvithout furl,her freaùment.

Various columns, conciitìons and techniques were used for the

sweat analyses" The Silicone colrrmns (í161 7 anct I of 'Iab-ì-e 6), the

Phosphoric Acid-PEGS columns (jtl+ and ! of Tabl-e 6) and the Carbowax 1540

anrÌ Ucon Pol-ar columns (iÍI and 1O of Tabl-e 6) were al-ì- used" In most

cases a progra(rnecl tenperabrtre procedru'e was used to reduce the possi--

hiliJ-.rr of le¡r¡,i .,^l^+.iì^ ^6¡¡¡¡¡nr.nf.s on f.he CO].Ulittl" fn SeVefaluIJaþJ VJ -LeAvf.t1Ê; Il.ulI-VUJ-d¿Ur¿E u¡JtlLlrvll\,r¡:' J vlr u' j\

cases a sutb-ambie'-rl, pro..1ra.nmed -r,elnperature LechniqLle was i:rj.ed b¡i

sr:bjectirrg bhe rvh.ole co-l-ri:nn to a -]-iqu-id niirogen ba.th bef'orc injecbi.ng

the sa,url-e. An alrrnrinum foil envelope encasi.ng the lvhol.e colulm T,ras

used for ihis meth.oC " After th"e; nj-i:ro*qen ha,ci boi.led off , the col-umn

i^J-as heatecl up to a relaliveJ-y h:ì-gh LenLperal,u.re (as high as 30OoC.) depend-

ing on the liqu.icl phase in use, The S}l*30 and QF-I col-umns (# 7 anO, g

of Tabl-e 6) recommended for fhi s type of proced.ure 1orer'e used. (87) "

To fesl, fhe chromabograph response to aqueous solut,ions, cli-lute

samples (abou't 1percent) of fatty acids, pyrurric acid ancl- lactic

acid- ruere pr.epared ancl injecÌ;ed ont o the Phosphoric Acid-PfIGS cclumn'

The 'tNano*,IecLortt syringes were used for this purporìe"

A¡ one point, the sfea¡n generator was used in an atl,empt to try

wAber as a carrier gas for the aqueous san.ole ^ il'he apparatl'.s was pub

r-næ^*hnr o-an¡¡tìno .t-n t.ha incf.r-r¡.çfigns in 'the 'trfilltins instrumenr; manüalt/UÉC UlIËI 4VVUI \r.¿Lr':) Uv ui ¡\i ¿ÀrÙ u¿ L

and the flenerafor l^¡as tru'ned on* ilhe s'f,eam pïessl)-Ì"e Sauge lia.s kept

betr,reen I9*ZO l-bs" and lhe"beinperature of ì,he s-L,eam was lrtaintaj,ncd at
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AÐ+oC. The colunrn bemperairre Ï¡as sel at t50oC" rrft¿1¡¡ri sweat samples

¡,raz-e iniar'f.ed rììi-enf.'ì ir inf¡ f.ho ehrorn¡.f,o¡¡ra.trh r.¡i''t^ ^L^^'- L-':-." -'LSed aS the,Ùv... v .Li:(/

carrier gas, 'lhe noi.se l-evel of bhis sysLeil'r l.,¡as -Lco high for trace analys-ì-s

1,,¿rolik,

CO}.ÍPOUIVD MENTIFICATIO}]

The several aitempts at compound idenbifi-cation ÏIere made usinS:

L,he relatj-ve retentl-on ti¡te technique" For rhe pyrolysis sfudies.,

synthetic m-ixbures of the products e)cDecterl on tl:ìe basis of i;he l*ork

i-.. Tz'nnì næc ¡n.l ili rni e1r ( ?Q I r"¡a'¡a nn-nnr ,.rì - TIei n- -^'^^-l ; t- -- -'--';U.y Uçr..1¿rrËù qLL\/ !4)L\..ÁL \-J / , - -- ---5 J.Id,I¿UJ¿uf, ç ù-7 1rilfle S3

small amol-r-nt,s of l,hese mi.xfu.res urere injec'bed int;o the chromaNograph,

Thr. naarìl e c:rnill -ft' '..1 - fjhê+ arr¡-'r¡l-^.1 l-" l'n- ni.^- 'ir' +L-^"-1" +he
-. **.r*-J-dt'J Wd..Þ l- -r-l'Þ t, u V d,(;L,lc1,(/('Ll lJùv l. vr. r--Llll- J u urrr vuf-.-!¡ u

sj-l-icone ru,bber septrm (Figure 8) into the vacu-um chamber" A drop of

sampl-c i.-ras 'bhcn placed on iop of tl're septun anl the needlc clraun s"l o, l:'

up orìt o-f ihe chamber ancl through ihe sanrple " The needl-e rrras 1,hen

inseri:ecl direclly i"nbo tire hcated injection porù of the chromaiograoh

where the sample vaporisecl onto l,kle colunm, The chromatograms ob¿ainecl

in i;his manner wel:e compai:ed with 'bh.e pyrograms-to sort out the iclen*

*j*r¡ nf fha n¡mn'lrr^ie nnaÄrr¡*ctJ)-trJ v-t- Ullu ]JJ r v¿"y ù!!) Pt \Jv-uv uù ø

PEAK ÀRAA }4EASIJRüIEN'IS

'fhe a;reas for

Non-s¡,nruneLric al peaks

Condal-llosch (BB).

symmelrical peaks

rrrê-Fê hôr qrri.orì Ïr*--* -v

trrêþê ffiâ9 qrly'ar-l þ¡¡ 1- nì onmrl of i nrvu\,r v irrvsuqa vu v¿l ú¿ ¿4l¿il'¿@u-LuJ.l@

ihe Llethod recommended b¡.

l--tee 
-tlooj:nof e p .50 -
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a'Nano-Jector
b.Cutqway Showi ng Septum
c.ro vacuum



R]ìSULTS

RTSULTS 01ì PIII,OLTSTS S,IUD-¡$Þ

The íirst aci'e'rtpts 'oo a-rialyse bhe 1:yrol¡rsi5 producl's oi' severar

nrrr.'ì nes ¡nd n¡¡r-i uicÌines ind.icai;ed. l,haf colurnns ií2 ancl íÐ of 'l'able ó
yua +r¿vu

i.¡oulcl be bes-b suited for these si,udies. Subsequen[ly, coluriu:t 7if

('tai:le ó) -,,uas aiso found i;o give a good separa'i;ion of '¿lie plrol¡r5i5

producbs of i;he nucleic aciclsu l{ol'¡ever, only Uhe firsb -i,v¡o colu':ins

were used to analyse Lhe pyrolysis produci:s of l,he;ourines, pyri-,uidines

and bheir corresi)onciing nucleosicLes" Colurims #1, ii6t ttiL) and a co¡it-

biired cohxnn fonrrecÌ by joining colunns 7Í:l and l¡'2 did no-L give good

separa',,ions of i,he pyrolysis proclucbs, (.{ lisi; of 'bhe colnpouircis

pyrolysed appeareci in Table 5).

The l,l.¡o series of chroma'bograms sholrn in rrigures 9 bo 324 itrdi-

caie hoi,¡ 'i;he pyrolysis prociuc-bs of i,he bases ciiffer froin bhose of bire

corresponding nucleosides" The diÍferences be'i;rueen l,he pyrogransl of

i,he various bases, and beLr¡een the pyrogralus of' the various nucleosides,

is also apparen'b, 'llhe pyrolysis of the ribose sugar yielded only one

'rn¡'ìor. neak ¡i, l-,he eo-i I l'.e.rnnel'¡'i,lre used. The absence of Lhis peal( is seenrr(qJ vr

to be a rnajor difference bebl.¡een the pab1;ern forbhe bases ar:d 'uhe paitern

for ¡he corresponcling nucleosicles. lì'or -lhe pur"inesronly several P)'rolysis

1:rod.uc-i:s 1,,¡ere obtained" The produc-i:s from i;hese puri-nes l-rad rei;ention

-bilies si:nilal Lo Ì;he producLs of the pyri',údine pyrolyses' Hovrever, a

ItÀ rrPyrog.râ.t,rtr is 'l,he chroma'bograrn obtained froin 'i"he ni-:cbure of pyrolysis
produc-bs "

5o
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PYIìOGRA],ß

First ,Sei:ies: On FIa,ll-conid*i(0Fl Colrrnn (.ilZu taAl-e O1

pp 52-66"

Second Serj,es: 0n lla-Llcornid Ì418/Ca::bor,¡ax ó00 Col-urnn

Çl], rabre 6) pp6J-8.1.

-'Peaks ï¡elieved i;o resulb fron identical p¡'¡çlysis produc'l,s
are indicaled nunerical-l-y, //I refe::s in ail cases i:o i;he
r-i -.ô+ ^ F ,\eaks o¿ !r ¡J u F)r \./ ulJ vr -Lr,



I
IJ$]SE_1"* Pyrogram of Guanine.

o
Debector SensiLivity: Impedance I0'; Outpui ì.Ox; /rLben-
u-ator x 1,

;c,mple Size: ApProx" /r0 ,trrg"

Colunrn: #2

Condiiions: I'reheate:: TemperaLure;^fO8oC
Col-umn Temperatrr.::e: 30"C "
Nilrogen -ttlow: 23 rnt./mJ-,n. ai; l-4 P,S"I"G.
Hydrogen Flow: 2J rnI/rr;:.n a1, l-0 P"S.f 'G'
Air F1.ow; J00 ml/min.
Powersta-b Setting¿: ;í¿80

Pyrol-ysis 'Iime : ó seconds "

'F'iorrres I to 2l nf Ì)rrroclâms crn Col¿mn #2,f-r¿;*¿ \/u / vv 4r. ¡ vbr 4rrv v¡¿

This gives an esti-nated coil ì,emperaLu.re
of -l OOOoc,
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FIGIJIìE l-0. Pyrogram of Guanosine.
o

Detec|or Sensitj-vity; Impedance l0'; Output lOx;
Itttenu-ator x l-"

Sanrple Siz.e : 25 \18"
Cofurnn : 'liZ
Concli'i;ions: Preheaf er Temperature :l-08o0 '

CoJ-u¡nn TemPe::atr.i-re ; ]l-ÒC "
llitrogen Flor^i: 23 mJfmLn aL 14 P.S.f "G"
Hydgrogen irl-ow: 25 n'I/r;-i-n. at I0 P"S"I"G.
Air FIow: J00 ml/nrin'
Powerstat setting: llEO "
PyrolYsis lirne; 6 seconds'
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t'IGUfìLl ll. Pyrograrl of Aclenine '
Detec'bor Sensiii-vii;y : Inpeciarlce lO9;

Ou,tpu'i; lOx;
A.i;tenua1,or x I'

Sa.r-npJ-e Si.ze : !0 1rg"
i/^

f,oltxlì]1 i, 1!¿
condiL,i ons: Preheater' 'Iempera'Lrr-re: lOSoC "

Cohurur TemPe::âtu-r'e z 32oC"
)üibrogen !'low: 2J n1f:ir.in. at lÀ'

I{ydrogen FIoi^¡; 2J ttl/mín'al l-0
Air Flolu: JOO ml/roin"
Powers-bab Setti-ng: l¡t80"
PYrolYsis Tj¡re: ó seconds.

I6UÓ¿OUC

Ðq-Tr:J.6UG-L6Ue
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$=ç_U¿ì#*_le : P.,rrogram of Adeno sine "

Ðei,ec'Lor SensiL,ivj-fy: -ftnpecìance l09;
0rr-i,pul; .l".Ox;

A'bfenuator x l-"
Sa"npJ-e ,Size: 25 pg.
Colulnn: lÍ2 "
tloncl-ition,s : Preheater Telnp,,rai,ure :^l08oC,

Column if enperature: JO"C "
lrTitrogen ll}orE : Zj nl/r;in" a'b 14. P.S"I"G"
Hydrogen Fl-oiv : 2J nt/mín, ai l0 P"S"I"G"
Air lrl-ov¡: JOO inl/nr-in.
Por.¿erstat Sebiing: /180.
J?yrolysis Time; ó seconci.s "
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l;'l-{':TlrlIl 'l ? ^ Prrro:;r.:m of' l}rl-.osi nrr
:-J-Y:1_Ë. j:,1_' r. (y.r vlrr vJ vv!-Lr¿!. ¿

^
ùe-r.ec1,or Sensii;ivity : Impedance l0' ;

Ou'bpr:t 10x;
Atlenu-4.-bo:r x -1"

Sample Size; 25 ltg"
Ooh¡rur z Ìi2"
Conditions: Preheafer Temperal,ure :^lO8io0.

Col-umrr Tem-pe::a1,ure: 33"0 '
Itli-lrogen l¡lor¡¡; 2) nl-fmj.n" a.i; 14 P"S'I"|ì"
ll¡rd"o**t Fl.or,'¡: 25 t¡l-/rnj_n' ai l0 P'S*I.G'
Á,ir Fl-or¡: 300 nl/nrir.
Pov¡erstat Se l, binS : #80,
$¡rol.ysis 'l'jme: J seconds '
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"r!.jj_U.-ts$_ 14.. Pyrogra:n of C¡-bictine "

Det-,ecl,or Sensitivib)': Inpedance tC9;
Ou'Lpuf lOxj
;lttenu-aLor :t l, x4.

(as shoium)
lia:-rrp..l.e Size: 25 p"p,:"

Cof-wnn.l. i:fz
Cond-itions ; P::eheal,er Tempe:'alure : 

^lO8oC .
Colunn Temperature: J1"C,
lli1,rogen Fl-or¡; 2J nl/uú-n" at l-4 P"S.I*G"
I-lyclrogen Flov,¡; 2J nllrnín" aN l-O P,S"I.G"
Air FIor,'¡: 300 ml/min,
Powersiat Setti.ng ; t';{$O"
P.lrrolysÍs Ti¡ne; ó seconcls,
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tl,3ll,Ë1-U_" Pyrogra:n of Uracil-"

Ileiecbor Senrribivíty : lnpedance -l-09 ;
0ubpub lOx;
Af t,enu-atj-on xl, x2,

x I (as sitornrn)
Sample Size; 40 'pg"
Co_-l_um¡r z liZ "
Conclj-L,j-ons: Prehr:ai,er 1'emparai;ure : 1O6oC"

Cofumn Ternpera'Lure: Jl"C "
ITii:rogen Floi,r: 2lç nù/ni.-n, a'L 1.l.¡"J P,S,-1.G"
H.yd.rogen Flow: 25 rn-L/nin. at, l0 P,S,f .G,
¡\ir F'l-or.r: jOO vsl/m:-n.
lJowerstaL, Setti.ng: il8O"
Pyrolysis lline: ó seconcls.
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11.!-Ç!l"lÆ*!þ-= Pyrogra:n. of Uridj-ne '
IJetector sensiLiviLy: -lìnped'ance 109;

Ou.tpuN 10x;
A'¿'Lenua t o,r ;ú, r€,:J

(as shown)
Sarnple Size: 25 111g,

Colurnn: ii2
Conclii;ions ; I'r'eheater'leinperature ;^I05oC 

"
Column Temper'àfurè: 29oC.
Ni-t,rogen I¡loiu: 23 nÙ/nin' ab l"/p

Hydrogen [ìlor.v: 25 mlfrn-n' a1, ]-0
Ai-¡' Irlor¡,¡: 300m1-yrnin,
Poi^¡ersbat Setting; /l8O
Pyrolysi-s Tj¡ne: J seconds"

Þq-fr:t ouol.o!¡@

IJ.S * T. G.
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l. lGtlli.$ lô-1.i. Hepea.L t?llograJn. oi tjrf(tlne

De'Lec-l,or Se:rs j- t,:ì-vÍ- b;y : Imped-anc e 109 ;
Outpu'i, lOx;
À-utenuator xLyrxJ (as shorm)

Sample Size: 25 1iB"
Coluirrn z ¡i2. rì
Condiiions : Prehea.ter TÌernpera'bu::e :^lI5"C.

Column'lenpera.bure: JO"C"
Nj-'brogen Flov¡: 2) ml/rn:.n, ai J-lç P,S"-["G.
Hydrogen Flow: 25 nL/ntn" ai l-0 P,S,LG"
Air Floi",r: J00 nly'nin"
Powerstai Se'b Ling ; if80.
Pyrolysis 'f i-¡ne: I scconds*
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ll-_IGujill-lf:I|å P.y'rograrn of Uridi.ne Using rrl¡rozen Flead
illechniquert"

Detector Sensit,ivii,y: lm1:eclance I09 ;
Outpu'b lOx;
¿\ i;i,enu-ai;or x2, xl-,

(as sho,rm)

Sainple Size: 25 pE
Colunn: ll2 "
Concliiions ; Pi:ehea't,er ifernperatrrre:1l5oC" ..

Coiumn 'I'enpera'i;urez 25" Lo 52"C,
( non-Ii-near prograrrr)

Nitrogen !-lor^¡: 23 nl/rs;-n, ab I4 P.S":[.G,
Hydrogen lì'Iorn¡: 2J rnJfmin" at I0 P.S,I"G"
Por,reL:sLab Se'l,Ling : liBO "
Pyrolysis llim.e: I seconds.
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[LÇ]$.S_'U_" I'yrogran of 'I'ir¡.nnine 
"

O
l_)etecior SensiiiviL.y: I¡npedance 10,;

ûutput, J-Ox;
Ab-i;enuator d"

,Sa¡nple Size: 25 1l-g"
Col-umn ¡Í2"
Corrdi'l,ions : Ilrehea.Le::'len¡qer.a'Uu.re :^I00oC 

"
Colu¡n¡ 'l'ernperai;ure: JO"C "
N:i-ùrogen I'lov¡: 2l+ nl/m:.n a.L 15 i)"S.I"G,
llyd,rogen Flor¡: 25 rnI/mi-n ab _10 P"S"I"G"
Air FIow: J00 rnl/min,
Pov¡erst a'b Se bl,ing: i/80 "PJ.rofysis Time: I seconds"
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ij.I_qinlq- J.B. Pryrogra,nr of Th¡zmi-ctine 
"

^Det;ector Sensii;iviLy: JmpecÌa.nce _LO7;

Outpui; IOx.;
Attenuator xl-

Sanp1e Size: 50 1r.9,
Column: l¡tl'
Condi'i;ions : Prehea'ber Ternperatu:r'e : lOOoC.

tolrrmn 'Iemperä',;ure: l1oç "
Ni.trogen lr1orr"" /j ril,/n-:-n. a.b J-{ P,S.I"G"
H"vdrogerr Floiu: 2J tr|-fmr,n ab I0 P"S,I"G,
Air Floi,u: J00 nr_l/mi.n.,
Po¡¡erstai; SeLfing: ii8O,
Pyrolysis Ti'ne: f seconc',s,
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,îJqIËÆ, Pyrograrn of' D(-) Ribose
(_)

Dei;ector Sensii:ivir,y; Jmpedance I0';
Outpu.t IOx;
Ättenuai;or ,.cL

Sarnple Sj-ze: 20 1rg,
Col-u¡nn ; /i'2 "
Condilì ons : Pi:ehea'ber'lemperafure ;^UJOC 

"
0olurnn TeuLperai,ure : JL" C "
Itiil"rogen i:tloi,¡:23 in-L/nin. at 14 P.S"l.G.
llyclrogen .i'l-olrr: 2J il-/n:-n" ¿rt I0 P"S.l-,Gu
Air jl_Lor,.,r: JOj nl/ñ_n"
Pov,¡erstat Serting: ¡S0,
PyroJ.¡rsis Tjme; J seconds*
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.ilLGlIË-"?!** Pyrogram of Cal.i Th.pnus DNA"

Debecbor Sensil,iviby: lmpeclance L-09;
Oribpu-t IOx;
r\-l,tenu-a'bor ,x-1.

Sa.rnple Size: 30 pg"
Oolumn: /i2.
Cond-itions: Preheater Ternner.:¡1-.rrre r I OOOC 

"
co-r-umn r;'"p;;;;;; ;i"ð "itlii::ogen lrloi,¡: 2J ntL/n:n. a.t:, L5 p,S"I"G"
Ilydrogen Flol^¡; 25 ml/nin" at I0 p,js"l.,G.
Air Floi,,r: J00 rnl/ni_in"
Pov¡erstai; Se'biing: #80.
P/roJ;.sis Time: t second,
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FIGUR!] 2I-" tìepeaù Pyrogram of CaIi Thyrnus Dl\lA"

De''uec'¿or SensiLivity; J:npedance tO9;
Output l0:r;
Ai,ì,enua'bor i.J"

Sample Size: 20 1rtg.
Co}:mn: ilZ"
Cond-it'ì ons: PreheaLer lemperafure :^lOOoC,

Col-umn lemperature: 3IoC "
1$ii;rogen Ìrl-ol'u: 2J nlfmín" aL LJ
llydrogen lll.orr: 25 nJ/ntn, ab I0
¡Lrr lllow: J00 mJ-/rnin 

"
Powersial, Sei;fing; il8O"
PJ'rolysis llirne; I seconds "

De-r-ôL eUof,6Uo

P.íi" I"G"
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I

IIIQU-$E_22:-* þrogra;n oÍ Guanosine.

Detec¿or Sensiurvir,J,; mpedance tO9;
Ou.tpuf 10x;
rifNenua'¡:ot x2rzJ (as shcl'm)

Sa.rnpJ-e Siz,e: 50 !9,
Colu-mn: ffi
Condifions : Prehea'ber"'lenperatul"e ;^l0OoC 

"
Colurm Tenperature; 53"C.
I! j trogen ir-Lornr: )O.8 ml/nì-n" a'b 13 "5 ll.S, f "G"llydrogen ïrj.ort: 2*J mL/rn-n" at i-05 P"S,J.G"
Aif t¡lorV: ?ôíì ;n | /mtn _

PoruerstaL Sei;bing: 1180,
Pyrolysis Ti-me: J seconds.

I-t-igures 22 to 3Z-l\ ot S¡rogratns using column ¿J,
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HJçUliE_æ:À:. Pyrogra:n oi Guanosiue tJsl.ng rtFrozen l'lead
Techniquerl , 

o
De'becuor Sensitivity: Jmpedance IO' ;

Ouipui; IOx;
/\'btenu-a-l-or x2

Sample Size: 25 pg"
Co1uürrr: i,'J "
Condi i; j-ons : Prehea'bel Tempera üure :I00"C 

"
Colurnn Ternpera'bure; 53 ! zoc"
Iüii;r:ogen Flow: J0"8 rnL/rnin" at 13"5 P.S.I"G"
Hydrogen Frow: 2'( ntL/m:-n, aì; l-0"5 P'S.I.G.
Air ll1<¡w: JOU mt/nrn"
Powersra'[ Settrng: #öU"
Pyrolysis Time: J seconds"
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i.'-tGURE Aâ. Pyrogr"¡n oi' ¿denosine*

Detector Sensä iviiy: Imped-arrce lOv;
Outpul 10x;
Aì,'benuai;or x2uxl- (as sho'rm) 

"
Sample Size: 50 1r9"
Coliann: ¡!
Condit ions : Preheater Tempe::atu-z'e:^100"C "

Col.umn ll'ernperatr:r e 2 52" C 
^

Nibrogen Ffow: 30"8 ml-/fiLi-n, a1, 13"5 P"S,I.G*
tlycìrogen Flow; 2'/ ml/min" at lO"5 P..S,-Ì-.G.
Air I;'Iow: 300 m],./min.
Pol¡ev's'Lat Se'Ll,ing: 680"
Pyrolysis Time; J seconcis,
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IIGULì.8--?J!_* l'J'r'oqram of Cytosì.ne"

Der,ecLor SensiL ivity: Irnperiance -l-09 ;
Ou.tput 10x;
AL'be:rua1,or x.l-,

Samp}e Size: 50 1r¿j"
Cohrmn 2 'l!,3 "Conclilions: Preheat,e:: Tleml:er.ature :^l Qço¡.

Col,u:rn ilempera'l,ure: J3"C -
NiLrogen Fl-or+: iO"B inl/rnin" at 13"5 P,SoInG"
i{;rdr:ogen Fl,o',.¡: 27 tnJ-/ntn at l-0.5 P.S"I"ß,
Air Flow; 300 ml-/mj-n,
Por,¡erst,at Seì:'ì;ing: ;j180"
Pyrclysis Ti¡ne: ? seconds"
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¡-rGURF 25" P¡r¡çq¡an of CYtidine.
q

IJe'L,ec'Lor Sensj-fivity: Jrnpedance J-0' ;

Îiiäïn*t:'i,t o,,t, (as sho,nrn)

SamPLe ,Siz,e: 50 lU "
Colunn; 7fJ '
Conditi ons; Preheatei: Te¡rpera.ir:-re :^IOOOC '

0olu¡ur Teinneratuv'ez 52"C "
iiiitrogen l:-lor*: 30.8 rnl/min at l-3.5 P'S.1..G"
lì¡-r1rogen lrl-ow: 2'l rcJ/ntn. al, l-0"5 P'S.f .G"
Air Floi,,¡: JOO inl/niin.
Poi"¡ersta-t, fle i,riing : i180"
Pyrolysís Time: J seconcls '
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Ðl_q!Liji?_Ó, Ì?.epeat Py::ograrir of Cylirj.i-ne.

lletecfo:: Sen::il;ir.il;;r: Impeclanc,. lO9;
Ou.'¿pub IOx;
"i\ti,enualor :r2":<).,,..-r.l- (as s:tc',m)

Sample Size: 50 .ixg.

Col.lm¡ z /,3.
Condi'liorrs: Preh-eaten Tomnpn¡*rrr^p: lCOOC"

colu¡rn r;*;;Ïå;.;:,,: ;;""¿ "
itlÍ,i;rog;en l-l-o',¡¡ 30"8 lir-l/rnin" at 13,5 p,S.f ,G"
I{ydrogen F}or^¡: 27 rL/min, aì; l-0"5 P.S"I'G"
Aj-r Fl-ow: J00 rn.l./min-
Porvcr:s'Lat Sei,ting: i180.
þrol¡¡sJ s Ti:ne : fsecr:ncls "
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a
DeLec1,or Sensi-bi_r'ib}": Lnpcdance 10/;

ôrr*nrrJ- lal...vuvlJuu f.!/..,i

h'l,i.enu¿lbor ].ï I
,Sanple S:ize:
Col-urnn z il3 -
Cond-L'Linns:

5o lrg"

P::eh,ca i:e:: Ter.nper"al;u-re : ^Il-OoC ,
Column it'ernpcr"àtu.'re 2 5:)o C,
ITiLrogen lrJ-or,¡: J0,B niJ,þ-Ln. al 13,5 1r,S"T"G.
Hydro,gen Fl-oi,¡: 2f rnl/ni.n" at -ì-0"J P,S.t.Gu
Air Flow: 300 nr-l-/rnin,
Por¡erstai Setti ng : iil80.
I'yrolysi-s Tine: f seconds,
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lH-8!,BS_¿8'j. P;rrogran of Urid:Lne.

Ðei,ector.,Sensi-t,i-r¡i'uy: finn.-:cìanc+ :l-09¡
Ou--l;pu"b -l-0;ç;
A'b"l-,enua1,o r xL r-;<.2 oxJ- { as slroi^rn)

SarnpJ-e Si-ze; 50 ,trrg.

CoJ-u'mn- ffJ,
COilrl j.ti-Oirs: .Pf eheal,ef 'l'¡:mr-¡er-aJ-.rrr-e: t t gOç,

cor u'rn r""r;;ã;.;; ;' ;;'å;
lrlibrcÍ¡en F-l-cr.,r'"' ?;O"8 nL/rnin"ai; L3"5 p"S"I G.
IJ"yclrogen FIow: 2l rù/nin" at 1"0,5 ll,-q,f ,G,
Aj-r Floi+: 3C0 rn-ì/ni-tr-
Powe:rstat Set,-bing : 7'it80-
Pyr.olysis Tj:ne : J second.s *
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l¡IGIiìn 29. Ìr¡r'oS::¿n o-f illh¡z::r-ì-nc "
a

Llel-,ec i;or. Serrs j Liv i.1.-r': ''n'oudanc:r: 
-'1"0' i

OuLpu'i, 10x;
,tbi,en-ua,to.r xl "

Íiunpl.e Siz,e: 50 1r¿Ì,
Colrlnn: ¡,,J .
ConrLil,ions: Pr"eheaf,g¡ Trrnrnor'ef'rrrp :l I ÔoC .

cot,,mir r"',p.,]äiil;;' ;iuô "
lli-'irogen lllor+: jA.B rú 1uún ab 13"5 P"S.I.G.
ii;rrcì,rcger: Floru; Ql nL/rn--_n" ai 10"5 P"S,f.Cl,
Aii' Fl.o',,¡: 310 rrllnLi-n.
Por¡erstal, fie i,'cÍ.ng ; /i9O "l?,'rof;¡sis llimel 7 second,s.
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i?-'l_(-lu"li 2.9 "!." Pr.r¡¿rr¡¿¡n o f' 'l'hrrri lre TIsi ¡ r' tl jr¡4.¿pì1 FICALIL-;r.-:.1-:',-:¿-:-i-,- * -J-"
l[echniq]-rett.

o
Der,ec[,or Sensi-1,ivi-b¡r: lm':erja.nce ]-O' ;

Ou'LPi"11; l-ç¡;;
.¿\ttenuaboy y2r:çf (as s'-rcr^in)

,SampJ-e Size: 2.5 V{:"
Oo-l-urnn z l/3, 

r.)
Cond-iuions : P:cehoat,er Ternpe ratr-I..e: lJ Q"C "

flol unn TempcrãL':i:e : f /,*"550ç "itlitrogen ir-Lor¡: 30.tì ni-l-lmin" at 1-?).5 l?.S"I"G,
ll,r'clrogen FIow: ZJ rJ/ñ-n" ab l-0"5 P"S,T,G*
Air Fl-or,¡: 300 ml/mi-n,
Po'¿¡e.rsi,at Sei; l,i-ng: /180 "Pyr.olysis Time; I seconcls.,



-

3o
r-

'. a

-l c'
..

15
M

 in
 u

te
s



å-J-çU!'ji_J!., P¡i::ograr', ç¡f i'frr:r1icl.i-ne 
"

IJet,ectc:: Sensj-.1;j-viiy: Jrnpedance i09;
Ou-i,i:ut lO-x;
Al,tenu"a'bor x2- rxJ (as sho'rr:n)

SarnpJ-e Size: 50 pe.
Co-l.utn z |t'3 "
Con.d j-t.ions : Preheal,er Temperalirre :^l-COoC.

Cr.rlu:än Tein.oe:i'-'a [,,-ii:e : 50"C,,
$litr:ogen lll-on: 10,$ ml"/ruin, a'b 13,5 P"S"l_"G"
IJydrcgen Fl-o.r¿: 2J rn)-/mi-n" ab _L0.5 P",S"f .G.
liir Fl or,¡: 300 rn.l- 

^/rrú_n "
Por,¡e.rs'r--,at .Sei;ting : 1'80.
Py::"olysi: Time: ? seconds"



15
M

in
ut

es



ilj{il$---3j*= P.y::o¡1i:,arn o.i Th¡'ni dine Using t¡Froz,en llead
Tecllni-quell'

q
De-i;ecto:: sensit'ivii)': rmpeciance 10' 

-ç

or,rl,pu,t lOx;
Ai:Lem¡-a'i;or.' :-ú.

,Sar,rr:-'l-e Siz,e:
1l^(,:o.furrn 3 li .J "

Conclitir-ons:

2o 'Ps"

Irr-r.h^¡i,er Tcn'nnrat l:re : .l-OOoC.

flol-um-n T e:mn.eratu:-e ; A,r:T:ro-t-., 54,o C -

1iil1.1,r:oger, F.l-or,i: J0,8 rn-l-þi-n. a-t, l?
Flycì.¡¡¡1s¡1 lìloi,'¡; 2.7 rnl/n-i,n- a1; 10.J
iii.r Flor": J00 rnJ./m-ì-n.
Por,,'ei's1,af Siet i:i-n3; ;Ï80 "Dr,-^-t .,..i- îli.o" 7 seccnds"t..f t v-I.-v )-Lv

Fñô'fA.) ¡
ñõ_r-^
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g].qÆ$_jr-" Pyi:ogram of D{-) Jìrbose"

Del;ecto:r Sensi tivil.y: 1-¡1¡s61anc,e lO9;
ou.'bÞut: -lOxi
Ai;t enue.',,or _..€ 

" 
>-.f .

Sarnnl e,.ii.z,e : J-2 p¡;.
Co-lu¡nn: i,8.
Cond:Llions ; P::eheater 1Ìenperair.:-re :^-ì-0OoC -

Col-u¡nn Tea4reratue: 53"C.
Ili-fro6Jen I¡-l-or+: .30"S nrl-,/inin" al l-3"5 P,S"I"G,
Ilydrogen Floi,¡; 27 ml/min. af l-0"5 P"S"LG"
Air. Flor.r¡: J00 ml1min.
Poi,.¡ers ba-b ,Sef ti.ng : f80 "Py::ol;rsis Tirne: 7 secc¡'r.cls"
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Ì.r-üUl::ii 32^ P,l'r.'o.?,::a,n o.Î .¡Le:"obaci,c::r Arotrenes DItiA.

C]

Delector Sensiti-.¡i'uy: Jmpedance 10 " ;
Ou'bpu.i -10;r;
1.1-btcnr-ra'¿or x2, xl (as shovl-n)

Sainpie Sjize: 50 1tg.
Colrrmn I iÍ3 "
Condi-l;j-ons ; Prehea.ter Tei:rperati-me ;^tOOoC "

Col.u¡nn'I-enperaht-re : Jj" C "
lli-trogen Flow¡ JO"B mJ-þin. at 13"5 P.S":I-*G"
llydrogen lll-ow: 2J nJ/ú-n.at 1.0.5 P.S"f uG"

Air l-lor^¡; J00 nil/min"
Poi,rrers'bai; Setting: 7itBO",

P.l'rolys-is Tj-lne : f seconds "
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IIIQUU-. 3?--:{. llepeal, $rr:ogran o I Aerobac'ber l\roßenes D}IA"

ñ
De íector. Sensi t,:i-¡¡i L,J' : -lrnpedanc;e 

-l 
O7;

Ouì;Pui; l0x;
lit'l,enuaLot" ;i2r,wJ (as sho'.nrn)

,sample Size: 60 irg"
Colunn : lt'J "
Condj-ì,ions i Prehea'i;er if emper.aùu-z.e: ^100"C "

Col-u'nn'JÌenperature t J)" C,
\Ti-f::ogeii Floi¡: 30,'à n]lnj-n, at, f3,5 P".S.ï"(;"
H.J'rl-rogen i¡lo-rnr: 2f rnl/rnj-n" at J-O"J P,S"f "G..Aj-r Flow: 300 mJ./min"
Pol¡ers ba'b Sei bÍn 3 : ijSO ,
ItJ'.rolysis Time: f seconds,
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a)^o1

comparison of the pyrogi:ains of 50 riricrograns of guanosine or ad.enosine

wi-'bh bhose of 50 rnicrograms of b,hymidine or c.y-bidine indicated that

ihe yielci of produci;s from t,he p.¡rirnidj..ne nucleosj.des was much greater

than bhe yield (on a nole-for*mole basis) from the pu"rine nucl-eosides*

Hence, for a Inixture of nucl-eosides conbaining equi-mol-ar amounts o_f

t:urine and oyrimidine nucleosides (e.g", DNA) j the pyrolysj.s pealcs

would resui-t esseni;ial-}y fronr the pyrimidines" Contrib¿tions to the

peak areas from the purine nucleosides rqorild be neg_Ligible for the

pyrolysis conditions used.. lfhe final chronatogram in each series

rei:resents i,he pyrolysis of a deo>qyribose rrucleic acid_ iThis pyroly*

sis pabteirn can be seen as a composiLe of the pab-Lerns found for. ihe

various nucleosides, -i-n 
some cases 'tvro pyrograJns are given -bo show

bhe reproducibil-il,J¡ of l,he pyrolyses,

i'or any one compound, a l-inear relatj-onship coulcl be obbained

bei:ween the area of any Biven peak i¡ the pyrogram and bhe arlount of

sample applied l,o Lhe coil. !-igures 33 to 35 shoror several of j,hese

rel-ai;ionships "

An :l-nteresting resul-t appeared r'¿hen the plots for ti,¡o successive

ca^tik¡ration curves r¡rere compared (l'iguy,e 35) ^ ltlthough the slope of

bhe two cuì"ves is bhe séilne, Lhe curve for one calibraiion shor,,¡s a lar-
ger peak area per rnicrogram of sample pyrolysed than -L,he curve for
a subsequent cal-ibration" The conditions of pyr:olysis, according 1;o

l,he por'uerstai, set bing and p;yrolysis charnberLerLpera'burerwere j-cientical-"

Tìre onJ-y diÍference be1.v'¡eenthe i-r¡ro calibrations j-s to be found. in 1,Ìie

numJ:er of 'çi:nes-L,he coil was fired" rt is suggestecl j;hat-Lhe decrease



]It-GlIlE--?'l-r- çah-braÌ;ion Curt¡e floi: C.1'ücsine: irlot of Peak Area¿
I/e-rsus hteight of Sarnple "tl'pptied 'l,o Pyro-lysi; Coil'

lP*ai. il3, l'i.gu-re 13 ,
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tì'JGII:Ìjl 31r.- Ca-J-i-j:ra'¡ion Cu.rve foi: Th¡arine: P--o-L of Peali Ar"al'
l/ersu-s ljei¡:;ht o:[ Sa:rçle Äpi:j-ied, to P;r¡¡[ysis Coil.

l-Peak 
;l¿5, i¡j-,q'rrr f?"
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li.LÇ],r-i.1.i-1jir.. 0al.j-hr:a.1.ion Ou.rve I'o:r Uracjl: Pl-ol, of Peai< Ä::ea*

iiersus irlei.ght, of Sai'npJ-c :þnlierl bc lh¡¡-"o-l-t'sis Co'i-l'

l-p*ak ¡13, ItíL\u.re L5 ,
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j1 coil Lernperaùure for ihe same poiuersiat se'b[ing, reported by

jerrnings and Dirnick,is sufíicierlt, even af Ler fif''ueen 'brials, 1;o

change the yield of pyrol¡'sis pz'oclu.cbs sigri-lficantly. The observed

l-ower yi.eld for bhe seconcl sei;rof pyrolyses is consisi;eni; rtith Nltis

hypo'bhesis "

Calcula'bions based on ihe relative peak areas are shor'm for

cytosi-ne in Table J. The ral,io of one peak area to another can be

seen Lo have a constani, value i^ril,hin the l-i¡ait s of eruor en.counLered

in uLeasuring Lhe peak a,reAs ' I-lor^¡evelr in several pyrolysis 1'rials,

-p)-rograros were observed r¡hich yield,ed anonlalous values for l"hese

raLios" In most cases 'l,hese trials were repeabed fo give consisteni;

resu-Lis. The iacb renaips* however, Lhai these unexpected resul-'Ls can

apllear ancl that,for i;he puï'poses of quantitative studi-esrresi'-l'Ls such

as these musl l¡e anficipaì;ed' Any qr-:'¿¡¡¿itative calibration based on

rel-abive peak areas i,,¡or-:l cl be mean.ingless in these anomaL.ol]'s cê'se s '

The results of one sucb. seríes for th¡nnine are shown in Tables 8-A

and- B-8,

A-noi;her difficutty which arose consis'benbJ-y j-n -bhe cou-rse of

these siudies r^¡as the appearance of une>qcec'ued and irreproducible

peaks in several p.1'rograms. llhese peaks apÞeared' despif e -t'he precatlt*

ion of cJ eaning the coil- in a strean of orygen bett'reen each py::olys:is 
"

fn anofher i¡rstance, bhe firing of i;he cleaned coil as a blank gave

rise'bo a ser"j-es of unexplaineci peaks" The repeaLed fli-ring of 'bhe

blank coi.l eventually el-i¡únal,ed these peaks * These peaks r\Ier:e presr-l'nabJ-y

I.*Lor*er curve in t.'igure 35 "
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I
'IÀr3LE ?, Ratio of Peak Äreas For Cyiosiir-e-

peak +3 peak Area x z(cm2) stiîitT"Ëiffi") nati o L/z

)
4

3 "00
L"61,

20 t,s3 ! ¡42

3

l]

4"f4.

2"o3

25 2"oh

5,82 3o 1,603

h.

3

l+

Ã?a

2"74

/"0 2 "00

,1

4

B "5h
h"a5

40 2.11

Ayçr*es.: l-'91

I
'Pyrolysis products chromatographed on column li2"

2','ho our".ent age el:rol: j-s basecl on an esfimated accuracy of
rrrv iJvr

tO"Of cm in measuring the dimensions of i;he triangulated
peak areas.

fThe nu¡nbers ref er l,o i;he corï'espond-ing peaks in Ì,'igr-rye L),
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TABLE B*4, Peak Areas !-or Thy¡11tt*-

,.2
vø2 k :r

Sanple Size(;^ -.-; ^-^^*^-^^\\ ¿¡¡ lrl¿vr vór qrlÐ r,
Area x 2 rcnz)

.)
1-)

?

Y
q

20 2,08
0"40
o,7L
o.96

^Ã1)
3
1+

5

2"7 6
o,77
3 "70
I "08

a
a)
l+

5

3o t+ "o6
)-"o5
2"52

)
3
4
5

30 6"gg
l_,L0
2"49
L"l+l+

aì
40 5 "41

0,85
4"93
2"6A

50

4
5

10"30
1 1r7

5 -63
3 "50

I*Pyrolysis produc'bs chroma'¿ographed. on column #2.
a¿--,-'I'he nuabers refer to b,he coryesponding peaks ín iliguîe 17 

"
{/rr^--^^{+^ ^n ^^nn¡¡{ ^r "-^n.kc iff Figl:r¿r l6-¡nrJ qimilrF or^L,virrlJvÈruç uJ ðçU(_rIlLj- È;I-Ul-l-p UJ- pçølu r¡r r 4õur ú J-LJ,*,.... ¿r. _fl_p
i n of.l"er. F. ï rtllpc- Àn-j ^*^+ ^.ì ^l ^^ . - ./.'.1

-Ð L,_çù_r.èij,d,U.iU. d-r-t5u dÞ fZ"
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T;IBLE S-8. Ral,io of Peaic Areas !-or Th"-¡nine

Ra1,io Taken 1
Sample Size

( in nricrograr,rs ) Rati-o

2/h
|l

tf

tl

It

¿v
¿)
30
3o
40

^ ^- i- t.l1"Y) - 4/u
O"75't /-r

r"76
1.10
I at^
L oOZ

- /tr/-/ )

l!

|l

20

3o
3o
4r)
50

2"56
.A^
¿- @ \¿4.

4"78
/- ø'lJó

1"-14

t, /?

tl
t!

ll
II

20
ôri

3o
30
40
{ô

4 e4Õ

4 "8I
2"4O
2"26
5,80
4,Bo

1 TF

It

ll
il
n

¡l

20
)5
30
30
)+o

5o

Lø (ö

3 "l+2r /-?
1 t12
Lè I)

1,90
-L"OI

IFro* llabl-e B-Ä,
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caused by bÌ're colleciion of non-volafiie pyrolysJ-s producl,s on the

coil, in ihe;oyroJ-ysis chanber, or in'bhe colr¡nn head" The pyrolysis

appara'Lu.s coukl not be cleaned convenienLþ in lhe míddle of a series

^l' ^----^"1 --^-.^ mL^ -^¡l-- -li-] ¡¡^* ^^^* +^ È^-ø .'-.r *^] ¡*inn *n ihoI pyroryses" rne peaKS O.Jcl lLoL seem uo ucë.{'dl]y reJ-¿Lrorl LO l,IIe

pyrolysis whj-ch had- preceded their appearance.

The pyrograns of the quafernary sal-t-are shovm in Figures

36 to 38" The negative peal<s on 'bhe chroma'bograns obtained using the

þe chromaiograph are attribul,ed i,o 'bhe presence of r{a'ber in the p.yro-

r *-- -i ^ -*^,r,, ^.'. .,rJù¿Ð y¡wuq,v* The chromal"o,grams obiai¡ed on the Hy*Fi apparatus

using a diffei'ent colurn and different pyrolysis condibic¡ns would

sh.olu no peak for wai;er because of 'r,he detectj-on systetn used.

Tables 9-A and 9*B and 10*A and l-0-B and Figures 39 'Lo 
L.O

give ihe resul-bs of the 1:¡rrolysi-s of rü-x-Lures of Lr,ro pyri.in-idines and

of mj-xtures of tlro of the comespond-in,q nucl-eosides" Plots of the

various peak areas and ratios of peak areas versus l"he composition of

the mixbul:es are shovrn in Figures 41 i,o 51"

has shown

deter¡nine

'tr'Iork by Levy on the pyrolysis of rni:itures of porphyrins (ei8-li)-"

how 1,he rela"tive peak areas on the pyrograms can be u,sed to

the composibion of the nr-i:cbure:

(a) f,et'¿he raiio of the areas of two peaks on the pJrrogi:an

of one compou.d be À"

(¡):,eU the ra'r,io of bhe areas of tv¡o ident;ical peaks on'bhe

pyïogram of the second coinpound be B.

(c) LeU the raLio of the Lwo peaks on ihe pyrogram of the

*j "..Lr.na ^f ^^-ñ^uTlds be 1rl,ilr¿r\usr v v+ vvlr¡_uv



.qlç:l-U å6-,- P.yrog¡ra:a of llr:i-e¿h)¡l i'iei;h]'l -ltrrnoniutn foclide..

Del,ecLoz" Sensil.,i-vil,y: l"rnpecianct= 109;
Outpu-b lOx;
Af i,enuai;or x8r;.4 (a.s sh,rvm)

SainpJ-e Size: AÞprox. 20 1t¿"
Col-urirn z l/P-"

Concli l, j-ons ; Preheat ei:'ìlerrperatn r:e : 
^lOlJoC 

.
Column iile¡rpe:':a[u-::e : Ji"C.
lJi'Lrofien Flotr: 2Lç tnl/mj-n" ab -15 P"S.T.G"
Hycir:ogen Flor.¡: 25 d-/rrr1.n. at 10 P'S"I.G.
Por¡erstat Se l- bir¡q ? /l'65 "
P"vrol¡rsis 't j-rne ; f seconcÌs '
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ltlqJlË_lz. !.epcai; Pyrotran of 'Llriei,hyl l'/iethyJ- Á¡tnoniu-rn Joclirje'

lle'[ecl,or Sensj- i;-iv:ì-ty : Jrnpeclance 109 ;
0ul,put lOxi
Attenu.aLo:: :<)'. r;r8 (as shown ) .

Sarn¡_:]-e S-i ze: .ir_t:prox" 25 pg,
CoLurqn:,"/2
OoncU tj-ons : Prehea"'Le:r Temperatu-r'e:lOOoC "

Col-u¡-n ilempe:ra'Lu-r e z J l',* C'
Ì,IiLrogen lrlor,¡: 2.1a. rn]-fr,¡nn"a{; t5 P,,S ':1""G"
H;rdrogen Flot''r: )J rnLfnín a.1, l0 P'S"]."G'
iU-:: Flor¡; 3C0 n-t/inin,
Powersl¿rL Set;l.inþ r ';¡65"
P¡rlolys;is Tj'-.ne; 7 seconçi,s "
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-{-_!lrLl_1_?î:"- I'}'ro.lysis of Tric'thJ'l Þlethyl Àmnon:Lrrn .todi.de Using
the Pye Argon Ci-tr:oma1;ograph.

ile1.ect,or Sensi livj"l,y : Voll,age L25O't
nl,1;enu-a,tion xJ

Sa.rnple Size: Approx, 50 P.rj"
Column: SquaJ-ane, 2lOil on tA/9O äresh^Á:tachi:orn A"
Condil,j-ons : Colutin iL'ertpe::a.i;rl:re : l-00"C "

Ar,qon lìlorr: 75 n.]/mr-n"
Va::ia.c Seft.r'-n.¡: iiLr] (to gi.ve an esLlnateC coil

Lenperatrr-''e of IOOO''C),
PYrol¡rsi5 Ti-,ne; /1- seco'ds+

I--Peaks a ancl b ai:e siLua,i,erj- in i;he negafive ilitafer ireaÌ<rr
found for exne::j:nenl,s done using this ch::ornal,ograph.
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TIABLE 9-.4.. Peak
I

Areas l-or i,lixtures of Th¡nl-ine and Cylosine*

peak i! Peak2Areax2(cmz) -t ,^\i, rnyïune
Ftì^+.- ¡IVUOI

Sarrrple Síze

)
4
5

ø
J-).O5
LIoUV
2,2L

b
3o 50 ir.g

4o3
h
5

lô 1Ã
12 .2

3 
"14.O

B "83
7"r0

50 p8

¿ina)
h
Ã

o'ìo
ó øZ'1

2,20

6"78
6"78
2"1+O

5o tæ

ó0)
4
5

6"91ç
B "50

7 "30
7 "43
3 "zL

50 p€

7o?

4
5

4"98
7,10
2"38

6"66
3 "2o

50 'p8

rPyrotysis producLs chromal,ographed on colu¡nn /f2'
tr{he two results represenb calibration e:peri:leni;s performed on

'ì,1^ro separate occasions.

/'Ihe m.mrbers ref er to the correspol-)ding peaks in Figu!'e 39,



TAiILE 9-il" Ra.tios oÍ Pea]ç Areas for Thyrnine-
Cytosine l"iixiures.

Ratio Taken 2 )'6 'lnylllfne I

ILdUIV

? /t, 3o
40
50
60

7o

dU

1"09
O "92 I'21+
]. II 1,00
o"95 O"9B
0 "?0 o ^73

7/5 3o
40
5r)

ó0

70

5"9
3 '58l+"I7 2"82

2'2'l
2"o9 I"51

t*/ 5 30
4o
5o
OU

7o

tr lI) ø++

3 "903,76 2"83
2,32

2"98 2.08

h/3 3o
40
50
6o
7o

o"92
I "og 0,86
0,90 1.00
1 

^Ô 
ì 

^,rlø1) LøVZ
L"u) L,37

fTh" ,ono results represent calibrafion experimen"bs performed
on two separa-be occasions.

2Fto* llab]-e 9-.¿t"



TABLE I0-4" Peak Areas for
and Cytidiner

l"fixbu-res of Th¡,nnidine

,,2reaK ¿- z rcnz)
Peak Area x "a 't n\nnl ñl nê

'v r. L¿.1

hr¡ r^raì ohfv,|

m^+^l ^^-*'l ^.l u ud.I ÞdJrtyrÇ

size (micrograms)

?h

)
L

?h

ft

f "?0g"óg
f5,40

J "l¡2

f,71
OoI/

15,70
1",69

4."50
ro "1,0
¿")c
2"92

20
It

5C) rr rr
il
il
t!

5ô rrø/.- rÐ
It

tl

u

5O rr.o'H)
t¡

tl

il
t¡

4 l, ^È,) lt ll
J +6uQ

tr, l, r7A tl l!
¿ *ølv

30
tl

il
il

40
u

tl
r!

)a
?h
?

f+

)a
?h
?

?:
?h
7

/."))
Q"Y1'

L2,50
Ã Q/-

r,04
añ1
-)ø(J-

1I.10
J 'Yo

IZ oÕt '
t ry{^+ø (a

50
fl

It

u

6l) ,rr cr/- l'"Þ

n

il

5O rr rr../ .- f:)
t!

tl

5 ]-"B0 rr rl

OU
t¡

ll
n

Ã ô(Á lr 1l
t va tv___a*____ ___:____-.

Êì{ I 11ø/" tq)

tf

il

)a
?h

) IZ o-LU

o,il+

{O rr c¡

il

tl

|l

rP.yrolysis 'tlroducts chrornaLographecl on colurnn /¡r3 "

ZThe nurnlrers refer to the corresponding peaks in Figu"Te l'çC*

7o
tl

ti

ü

BC)

u

n

u

q l-o1 lt ll
) LêvL



JI

'llÂï3ll¡ I0*8" Rai;ios of Peak Area.s for Th¡mridine-
CY b,idine lulixtu::es "

Il{al,}o 'l'aKen u/ ¡lrhT'%ì da nê
/, ! r¡J rir¿u4¿rv Iì.atio

Jb/3a

óo 2"54
70 3"56

-----99-- ----*l:ll

.)ñ

30
40

5,10
| ña\4" (o

2"9h

g 
"06o -t o

ç¡ ?Q

5.32
5 "06

10 "?o

L"77
r"92
2"24"r or

4 eU-L

2"99

2"81,

/, aLV

Z"OY
2.80

2^7h

2"52

1"12
o "99
0.88
3.32
8.50
3 "92-

_-_6"2þ_

Qrì ) "4tr

3/3a

3/Stt

)/4

4/3a

L./ 5

20
?o
l+0
qô

60
7o

¿v
3o
4o
Ãn

óo
70

20
3o
40
50
60
7o

Ào
qo

20
30
4-o

50
6o
l\J
80

r)^ ? ôO
.'\J ) a\J /

orl ?-qAUV JAJV

6c¡ I "887A 3 "BO

-*---99-- --*---9:29-*.-**

I*l-rom Table l0*A "



[SflI'Ej-?. T¡ryical P;rrograrl o.f iriix--Lure of Pyrimj-dines'

De'uector Sens:lliviby: -ftirpecla.nce 109;
OuiPul, lOx;
A'U i;enuaLo¡' :cL

SeLirPle Size; 5O P8'
Cornposii;ionz jAií Thpnine, JOil Oybosine'
CoJ':umn: ¡'i2" o
Conditj-oirs : Irrehea'Ler Tempe::a'Lu¡'e :^lO0"C "

Col-umn Temperabule: 32" C "
Iliirogen lllow: 21+ nlfrnt-n" at -15 P,S'I-'G"
tlydrogen Flot+: 2J il-ftn:tn " a1; l-O P'S'I"G"
Powers[,aL SeLiing: /i]0
Äir irlow: J00 rnl.1rmn.
P.yrolys:ls Ti-lne: / seconds"
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lil.Gull^il 4-0, if¡'pical L';rrogran c¡i:' i¡ii:çiure o-f i'iucleosides.
a

Detecior Sensi'biv'i 1,;¡: l-,npedance 10' 5

Oui,put I0;<;
At,fenu-4.1.or ;:J.¡r;;2r:cl (as shot^rn) *

Sainple Sj-ze: 50 pg"
ConposiLi on: J0i'5 ThS.nti-clinr:, 7Oi,1, Cytidine.
Column; íþ "
0oncÌii;ions : Prehea'r,er Teltperature :llOo0 '

Colunn ilernperãLu re : 52o ç .
i\]'i'broÉlen Ììlov¡: .30'8 rnl/rnin. al, 13"5 P"S"I.G"
Hyclrogen Flor,¡: 2l nL/lnin" ac LO'J P.Sj'f 'G.
Air Flow: JOO mJ-/min,
Powersi,a'b Sel,'bing: ll80
P.yro}'si.s Tirne: f seconcls"
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!_l-LÇ,11!!__41":" Ca.-l j-brai,:ì-on Ounre f or
o-i:' l'e¿k Àrne' Versus
CJ'i,o s:Lne lt{i-xi:, r"r:e'

I'I'*al. 
r1?, lligur e 39.

ì\rri:n-i n'i ne i.i-ì -.'i',U_I'e. P-l O'b

Þai.narr i 'irhrr:r'ì no fnr, 'l'hinlì ¡re*
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Fl. GURE À"2- Ca1ib:'aLiou Çu,rrre for' -1lyL:i-rnídj.ne l'{ixture" irlo'ï;
of lleak Area*Ver"strs Percen-b Th;;rrilfns for llh¡anine-
O.-¡j;o s j-ne liil:i:xì;ure,

l.^ , /rl'Peak tl!, Figure 39 "



ä ''N
)

(C
m

x2
.-

s
.-

!

P
ea

k 
A

re
a

H F

À o (¡ O

"f --
l J \< ¡ J

, 
(D

t



Pl-G{J]ìIl L3" Cal-j-b¡'ation Currue i'or, f¡'r.J-rnicljne j.ii:rLlr_re" PIot,
of Iìa.iio of l?eak Ar.eas-r- Vei:si:-s lJercent ,Ihi¡ni_ne

:1'or I'hln;t j ne-Cw.i.osi nrì i\'ii-K;ul:e "

I*ilabj-o of Pealr A.::eas: l+/3, lri-gure 39 (see 1,able p-B)
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ilgg;l$J*. Ca.libraiion Curve f.'or ìf.:rrinicline i{i;:t;ure" P.Lo1;

of lìatio of Peak :\reasåVersu-s Per-'ceni Th.trmire Í'o.r:

Thynine-ty'i,o s íne i:'l j-x1:r-''i:e 
"

t'to'i,j.o of Peal< ;\rcas z3/5, l¡'Ì-gure 39 (see Tabl.: 9-ts).
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ElËUjli"-ll5-" Cai-ibrafion Çur'.re fcr I'iucl-eosicle 'lríi:i.bu.re" Ploi,
o-i ]Jeall lr':a.'-Vr:rr;us Per"c'.ll'. Thiln:l-(ii-:re f'o.'l Th.;laicÌir-r:--
Cf¡ j"Cine j\Í"ry;iure,

l-Pealç'113t- 
1?i.3r-:-."e /;.0.
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]-T_$'lìtr^_4.6_* Cal.:i-llra.bion fr'"ve for 'lue-l eosi rì'- 'ii s-fi:"i:c" l)lo+
of Peal< ¡\rca-' I"rrsus Pe¡cen|irl-¡nli-dinc; Îc'¡'lll:'w-idi.nr*
i.i'lid i nc i í'ì 511"' 11 "

llp*ul, ;/Jb, îii'.3"i.r'r-; 40"
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{l-q&qltz" Cal-j-'ora'L,i on Çr-i-¡rre for Nuc-l-eosi.de lfi:cf¡rr;" P1ot
of I'eak Area'- ilersu.s Fer.cerli, !Ìh¡nir:Lcii;rr :f'_::
ThyrúrÌ:'-nc -Cy i;,;-dine l: lix bu:: e "

lPu*is ,!lJ, Fi¿ure l,¡.Lì"
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30 4c 50 60 70'"l"Thyrnidine2C



llt,GI_rp,,.iJ i+$" calibral,ion cui:'ve fo::-, llu,c1-eosicle lrlj:l',,u-i:e. Plol'
;;-;rì:----i?--'r-:' of llai,io of Trea.l< Areat]/e::su_s percenL 1lhyrni_c:Lrre lol:

if hrnnicli-ne*C-T i, id-ine l'l LwJu're "

lil.".tr.o of l?eal< Areas: jh/3ae l-igu-re {O (see Table l-O*lJ)
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Ll$liü!-1.$** Cah-brat,j-on Curve flr ì'hcl-eoside l'iixt'rrre" 'Dlot' oi'
Ral,j-o of J?eak Areasïersu-s Pei:cen't' Th;rnirfin"'e 'fo"
llÌh.1'rnid in e *Clrbj-d i'ne lif i-;r i;u-i: e "

l¡."iio o.1 Peaji jì.r-'ea.s z 3/31:: Figure 4.0 (sce Ta5le :l-o-B)
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$-tilllL$".-5-Q-"- Ca-l-i hra.ì:, i on Cu-;:'ve Ío:" l¡lr:ct cos j-d-e lîLxture " Plot"
of ll.abr-o o-{ I'eal< À-t'eas''Ver:st:.s Pc:'c¡:ni;'ì'h;'ntÍCj-nc
f or Th¡nni-d.ina-CyLid-ine l4j..:ti;'.r-re "

tL'l,rlrío of Pc¿rh l\¡:eas z 3/3a., Figu::e /pO (see illa.bl-e 10*ll)
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lLlqíL!:ü-5-.1"" Ca,J-i'bra'L,ion Curve fcr {uc-Leoside il-j':ci;rr-z'e. Plo''¿

oí Rai,io o.[ Pe¿.ir Areas*Versu-:; Percent Th"'''midi-nc

fo:: 'IÌty:n i di-nr;*Cy'urdine iliixl,ure *

l1ìutrj-o o.f Peak Areas: t¡.f)a, iri.qr'L:':e d-O (see llab-l-e l"O-B)
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I11

-tf 'r,l're fr"action of the toia]- weight of mixtur"e comprised b.1r ¿¡.s

f i-¿-+ nnrnnn,rrn,-r i5 f and. tha| of the secr:ncl" compound is f. Lhen tfreat)

rafio of areas -fc:r the rnixi;i,rre can be expressed;

or .. i'þBT:-a A*ll --*-- (3)

Itlhere Ì'f, 1tr, ancl B represenì; the ratio of peak area,s for the

núxfure and pu¡e courpouncls respective-ì-y" Eo.uati.on (3) is the onc:

Tarnr rreaâ *¡ ncl¡1l¡lnf.a f.ha eomnn^'ì L:^* ^-r' +i^^ .^^r.¡hr¡r.irr ln-iyl--r;r.r.qIrçvJ 4ùl;u ue vtuUlAGUç Ul!ü UVrl!ts"VD.t.UIU.'.J VI Urrç YU- L---.J - *--

ff equation (2) is rearrangecl:

¡1 :fr(A*B) +B ------ (1*)

A p-loL of fhe rafjo of peak areas for mi:rLu-res vel:sus the comÌ:osiLion

of fhe rni-..'trrre shoul-d thus yield a st,raight line of slope (¿*g) anO.

infercept ]3" 'Ihis pl-ot could Lre used as a calibrafion curve to deter-

nr-ine lhe composi't,ion of any m-i-xtu-re o-f ih.e two compoutds" It rtras

hoperì tha{, the ca.libration curve preoared for the mixtu-res of nucleosides

coul-d also be used to estj:nate Lhe rel-abj-ve concent::ation oi,oyrimidj.ne

j-n a DNA mol-ectrle. The absolute value of the peak areas coul-d then be

re],atecj to the -botal amor:.nf of p;lrrimidi-ne p-esenf in the llNA molecule

(a oloi; of total weight, of pyri:nidj-ne versus peak area lroul-d be u.seci),

The rel-ai;ive areas of th.e peaks on, the DNA pyrograns.lr¡hich

Çoilrespond to similar peaks on the pyrograms of i;he ¡1j¡çþu-r'esrshou.ld l,hus



11)

bear a relati on bo the p"-r'r'iniclíne contenb of Lhe DiilA rnclecu-le " As

w¿rs al:'eacl¡. rnenfi-oned, Lhe conbribu-fion of fhe purines fo ì:hese peak

areas shor¡l-d nob (on ihe basis of ihe n.yrciyses of the sena::a-be

nu.cleosides) alter these ratios signi-ficantly, l¡ronL the calil:rabion

curves it shoul-d be possi ble bo calculate i;he percenb 'bh¡nnJ.ne in

bhe py::iinicline conteni of the DIJA irLol-ecu-Le, The percen{,ages iound in

thj-s manner' (frorn the data in Tables l-l-4, 1I-13, I2-A and I2-B) for the

'Lwo nucl-eic acids are given in Table 13 alon¡ì wjth the reporbed values

of l,hese percenfages (89)" ITo esl.i.ina'Ue of the purine i:o pyri-inidine

ralio can be :nade íron thcse pyrolysis resrrl-Ls"

l
Ti.Ilillt l-l*4" Peak Areas for Calf Tirrnnus ÐfJAt

Trial ,,/
lJ êr L. f¡* Area Sample Si-ze"

3
4

l+

?

h
?

lç

)
)
l+

5

l+"O5
Z o-LO

3,00
3 "6A
2"38
IoO)

6"t*z
5.2o
l_,01

l+"52
2"52
o.73

3O rr c"/_ rc

{{ } ,11(}
/" H.)

{t I 110/" 4-Õ

?O rro/-rc

?l-l ,r'ro./" ¡J.5

lPyrolys:i-s produc'us Ì,Jere chromatogra,phecl on colurnn l¡rl

¿The numbers refer to the comesponding peaks in Figures 20 and 2I.



lt?

TARLE l-I*8" Ratios of Pealc lireas for CaIf Th.wnus DlrlA"

IflaLr-o laKen Trial Ratio

t*/3 i
'l

?

l+

5

Auerao'e lomii.f.inp Tni:l flLL Lq¿ 4J

Average:

4
5

o,53
J-@¿w

o "69
0.81
o "56
o "65

/, er.

6"zo

6.27

lable 11.-A

TAULE L2*i\" Peak Areas
l

for' ¡ierobacte:: Arogenes li{lr*

Tri.al tt^^t. ;12r vqâ 7r 2 x Area ("*2) S¡rnn-l o Si zo

?h
?

)a

?e
?h
?
Ltt-

1.85
Lv"23

J.5 'l+9
h "211.

U "tJI? o]
1r"50

I tn) "4.4

1 tr.J

9.41v
IZoZU

6"84

ECl ,r¡ o/" þi)

50 pe

h{ I 110

Tf) o

ancl

I Pvrol rrs'i s nr.orìrc {,5

The numbers refer

chromal;ographed

1'a fÌ¡a na¡l¡c -ìnyvq¡\p 4¿r

on colurnn

ll'i olnaq ?9
vv /þ 32-!t '



LLI+

TAI3L¡I Iz-R, Rai;ios o.f
AroÊenes

Peak Àreas for Âerobacter
DNA"

H.ai.i-o T'aken rn--i ô-l! r ¿4-L Ratio

3/3rt

3fl,

)v/ )ÇL

h/3a

Trial /l1)

'¿ ',35
LLç o /-U
1/i."10

3 "66
2,gl+
2.36
2"65

J.Ja
3 "26

4 ø/,ö

4.80
6,oo
t+"36

2"29
l+"22
h, "35

1
2

3

-t-

2
a)

Ave.a.se Iere-l ucl i no

t
ô

3

i

3

t_

?

Average:
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'i'ltJl¿ì 13 " Percent Thy.'nine in Pyrirni-di-ne Coni;ent
of Dltlit"

lrial
itaiio

.f
Calibrai:ion Perceni Percen'b

Curve JDcperi:leirbal Actual-2

uérr ¿rrJ rrLuÐ

vd,rJ. J.r.rJru.L¿Þ

Aerobacter
ilrogenes

å rronr re n-P

four 'urials

Àrrpn¡ oo n f

t-y'¡o L,rials

Average of
three
bri-al-s

Arra-nrco nî

tr''¡o brial-s

l_

I t^ 
^ 

/ -4/ ):u "o) i'l-8ure

lli ørnp

3/5:(>"2'7 i¡igure 443

ar /2^
'! l** Fj-gure 48 3z
- +o)v

? /?lr
'j" t, .t'igure 49 56
-aøv)

-I,-f,, Figure 50 34

), /?n-al ¿* ¡'i orrr.e 5l ), q2"29 a/

10

3o

^r1)

?t-¿+)

,n44)

qq

45

t,\

),4

Lq

1 'I'AÐre !¿-IJ "
2Or', irh" basis of d.ata in rrThe CÌremis'Lry of Nucleic Aciclsrr

(89) 
"

?¿f 1. -.^n-,, ^^1 ; l--^-l- ìupper' carrDf'a-ron cuÏve o

-lower dal-ibratiorr curve o
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For. the pu-rposes oî l,ìris research ii v¡as not n.ecessary to identi:l;r

bhe peaks resulting frorn ihc pJ'rolyses" lTerrertheless.. i;lr: r'eUenfion

behaviour of the produc'Us of nt,.rine and pyrimidine py::olysesrrepo:rLed

1--, larninæ= cnrr fj,¡qiçlc-was observed for fhe llallcomid-KQH and FlallconiduJ u çrlrJ-rr5Ð alru ,

I'l-18/Carbowa;c 600 columns (Colunms liZ and ll3)" The retenl,ion i;ime

stud-ies (Tables l-4-A to l5-ts) suggesf 'vhat nol, all i;he producis fou-nd

in ihese studies corresllond -l,o fhe compouncì.s icjenfifiecl by Jenn-ings

and Di:n-lck "

I
TABTE 14-4" ]ìesul-ts of Relative Re'i;ent,ion 'Iime Sludies*

on Colurnn #2 "

Compound
2ltftfr-

?r! l- rìì /
.LLoiL6 -L oì^

D

Ace'Lone

Acel,onit::i le

lJenzene

l'lethanol

I

l-"93

?ao

2"68

o "26

o "h.7

I

o,69

- Condi'bi-ons of chromafograms sj¡rilar bo -bhose lor
pyrolysis exlperiment" (Colu n l,emperature: 32oç,
r'ì'l-¡naam f I nr,' r.cf ø' )1, ml /mi n -'ìIlI t,I UÈíçrl I M I Avç - <.+ ¡ru/ r¡!f,-¡r' o J¡

'' Rela't,ive retention bime wibh respect to acetone
/^ ¿'n \\2.1'¡ ml-nutes ".,

?
' Relabive rei,ention time wiLh respect 'Lo benzene

f 
^ ^^ \

lY "¿v rïLlnu,Les /
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TAijLE 1l+-8, P'el-ative Rel,ent:l-on Tjmes of Peaks on Pyrop;rarns"

ili orrraq D^^r, ,,- i) r, ,n I ,, o ,n 2 SusPecledrçd^ /¡ rL.rLor ôa rL6lLor ob compositi.on

1 .\ 
^f4/

tõ f .|I I J.Lc)

21 Q.26 Acet,one

3 2"00 0,48 Acetonibrile
Lp 2 "60 O, ó1, I'ie'bhanol

5 3"3g O,B? PropionÍtrile3

I* Rel-ai;ive re'bention Lime wil,h respec'b to acetone peak on pyroglîamø

2Iì*lrtirre re'l,ention iime with respect, Lo benzene (9,2O rninutes).

r' On basis of relai,ive ::e1,en'Lion ti.:ne daLa .repor"ì;ecl by Jennings and
/ ¡n \

ul-mr_cK l)Y ) "

TÁBLD l5-4. Resull,s of Relaiive Reten'i;ion Tirne S'uucì,i-esl on
Column zl3.

Conpound
ô

i] Þ ITì '"
?t)ì)fFl
n

I
L"77

3 "06
l.o5

Isopropyl alcohol- 3,08

Acetone

Ace'bonÍl,ril-e

Benzene

Hexane

l,Ie'bhanol

Þnn'.i nni -l- -n-i I ar ¿ v]J¿vr¡¿u¿ rrv

n??

0,58

t
o "35
1"01

O,5"/

0.95

L6:,/

2"89

I- Condj-i:ions of chroutaLograrns sj¡-iia.r Lo bhose for pyro.lJ'sis
experimen'bs (Tempe::atuie â 53oC; Nibrogen flo',¡ ratä't30.-S ml/n-in")

t Relal j-vc rei,ention time i'ri"th respect 'bo acetone (Z"tO minutes) "

/ Relative retent,ion ti¡ne rrrith respect 'to Ï¡enzene {.7 "25 ninutes),
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llABIJi f5*Il" iì-elai;j-ve Reteniion T¡-ines c,i' Peaks on Py.r'ogra:ns

-i - Su sPecLed,

!'igu-r'es Peak ;ii R.iì"T "1 lì'R.T.í Coripðsiiion

22>23 t25,26r28 3

29 23Or1L,32P')2*l\ 2 I O"37 ¡icetone

22*32-L 3b 2"00 0.7.3

2L*32^i\ 3 2.23 0"Bl

23-32-A l+ 3 "\5 l'I5

26127 rzt\ 5 ["7O l"7J-

' I¿e t al,ive l'eienLi.on t:i-ne r,^rith res'oec'L {,o acetone peak
on ;oyro8ra.rn"

Õt Rulu.bile re'ben-bion l,iine v¡i.[h respeci 'i;o benzene (7,Zj uúnutes).

The effect of freezing i;he head of' 1,he chroinaLograph:Lc r:oiur:rn

i.s seen j-n bhe chrorna'bograrns oÍ il:Lg,ures 16-il, 22-I\, 29-A ancÌ 30-4" Äs

wou-Ld be expec'bed of any pl'ogra¡nrned tenpera'l,ure technique, the peaks

o-['b]re rrf¡e¿s¡irl pyrolyses are sharper and bei,ber resolved bLran'¿hose on

t iie isothe¡rnal ch.rornal,ogram"

IìESU],TS OF Si,.JÌ]AT ANA],YSTS

Ä prel.jrni-nar,y chroina'i;c-rgraln of body odour is shown 1n pi.gure 52.

CÌrroi;rai:ogï.êlrts of l,he vapours al:ove i;he gauze sponges coJ-Iec-bed frolir tìre

Íirst, gr,oup o.í' pati-eni;s are i¡ipified by l'.ígure 53, linother chromaLogran ob-

?
tainecl by i.njeciíng several cnf o.f ctibtill-ecl tvaLer:inl,o a boi;bl-e cou'Lain*



F,f-qu.{-ìg--i:, Chr-orna'cograrns of' Uncler-Aim i/ai:ours "

De'bec[or Sensii;iv:Lty: J-nleclance l-09;
0ul,Pub IOx;
Attenuaio:r x]-'

sar.rPJ-e S:Lze: 2 ¡tú- oi 1rflPou-ra

Co]-rrn-n: ll sî,*3o l0Í( on 60l$0 Ner:i;r'apori; s"
Condii;-Lons: Preheai,er Tenperature: 100"C"
Col.urn¡ Ternpera'bure: l-!O"C 'i;o approx" 2C0"C"
ilÌitrogen ir.l ov¡: 2/ç rn'L/rtin"
ll¡rd"o**tt lllow: 2J n)-fmrn'
i.j-r' tr'l-or¡; )OC rn-1-/nin,
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I¡-IßTllll Ã? - rf1¡¡'i n'rì fll-r-nnrnn ln ¡'7'¡¡¡ ^'1 e'''^'\'l' Ìrò' ^'r?'S COlJ.eCt gCttjt.g.VLi.1r_ ?_? € .L.ylj.Lçc{,I LrrrL Lrli,.<ttJJ '5l clJrL \] r. ulvç4u vdywr'-r-

on Pads lùibracte c'l lJifh. tithe r and .¡\cetone " /'l

,Simi] ar Chrorna[o.1râJr of the Vapours Displaced. l]y
Di-si;ilied 'v'lal;e¡' fron '¿he T::ea'i;ecl Pads i.s Shot'¡n
Âbove ihc 0h¡onaLo3.ï'an oì- Stuca1; Va.pours (teiU inserl).

a
lle.,;ecto:: ;Sensi.,,ivii;y : I-mpecla:nce -ì_0' ;

Output lOx;
Âi,ienuator x2

Sarnple Size: 1 l'nl . vapours"
Coli¡¡n: SE*30, tOiá on 60/80 I'leutraporf^S,
ConcU-bions: Pl:eheaLer Temperabure: ll9"C.

Col,umn Ternpera-br-rre: 1-l 0"C 
"

IJi.i;rorren lr-l-or.r : 2J n]_fmj-n"
Hycl-rogen Flor'¡: 2J rnl/nr.n.
O:qygen þ'-Low: JOC li-l/nrLn.
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ing an urtusecl sponge and. analysing the vaptu¡ above L,he sponge is also

shown. Al',,hough the clry spon€ies gave no response rvhen chec]<ed wi'ch

the chroma-bograph, the wal,er Írom the sweai. appeared i;o displace sorlle

impr;ril,ies from 1,he pad" Eii,her the exbraci,ion technique used in ùhe

firsb ins'bance cij-d not; work, ori,he ether-ace-t,one nj:cture used for

i,his purpose iniro<.Ìrrced these i:lpuriLies bo 'the spongeso

The vapours of 'the sweaf coll-ecied on i,he second seL of sponges

gave n.o response on the chrona'bograph aL all (Irigr:r e 5ü)-" l'Jhen Lhe

sweab was centrifugecl I'roln bhe sponges anC injecfed directJ-y onto i;he

SII-30 col.umn, no compounds coufd be detecì:ed even when bhe naximun

sensii-irrity (impedance l-09 ohms) r¡as used.. 'lhe mebhod u-sed to coi-lec'b

bhe sweat l,¡as thus quiLe effective irr el.iminabingmany coni;aminairi;s from

'bhe swea'L,

The abilii,y of' 'the chroma-Lographic systen to handle aqueous

s,amples containing snall amounts of acidic compounds is demonstr¿rLecl

by the chrorna-bograrns in Figures 55 and 56"

Depencling on a subjecl,ls sweating raLe, the mebhod of sweat

2
coll-ection yielded from three 1,o four cnL- of sl,¡eal, per sponge in a

thirl,.y rn-inuLe inte::val" The fractionaLion of the sweat wi'l;h Lhe vacuum

apparatus consiruc'bed was qrrife easily performed, No chromatographic

resul-bs ln¡ere o]:.t,ained for arsr of the fractions col-lected'

PyroJ..ysis of acidic ancl basic residues shov¡ed no dis'i;j-nguishing

peaks r,¡hen norrnal ancl schizophrenic slreal, was exartt'ined (!-igure 57)"

-The tr,'¡o rreaks observec'l- can. be aitr:j-buted. i,o coni,aminan'Ls raiher than
bo ilre swea't vapou:rs q



jJ-Q!II!-jl+*" T¡oi-cal Chromabogra,n of SweaL [apours Col]ected
on Pads .1,'cl,raci,erl l'¡ith Waler"

Del,ec'bor Sensibj.vity; .mped-ance 109;
Or-itpui IOx;
A'L-benua;bor xf "

Sanp]-e Size: 300 p-1 vapou-r.
Colu:m; -sltr-30¡ l.0lZ on 60/'¿Jo irleu.'i;rapor't'.s"
Concl-l.1, j-ons : Pi:eliea-Lei: Tempera't,uL:e :- l-lOuC "

Co-Lu'nn T eä:pera.ture : IOO"C .
ltl-'lù::ogen lrlor,* : Z[ nJ-/mi-n. "
llyclr'ogen Fl-ow: 2) nT/rni.,n
O;ggen lnlowl jAA ttl-fmi.n,
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Il=qqìt-|i" üh::omato¡r:ûirr of l/apou-rs Above a Solulion of' Faity
Acids Coni-,aininq Isol>u-L¡rric, fsovaleric, Isocaproi c
and. ller:tanoic Aci ds*

lJe'be c1,oi: Slen si-tiv:'-t y : -lmneclanc e l-07 ;
Olltou-t l-Ox;
Á-i,tenuaior x2-

Sample Sj-ze: 100 pJ- o.f vapour,
CO]çrnn: PtìG'ì l9{-H^llo. () t (/ ^- A^ /r7^ "'^ol-on 6*
con¿it, ionsi' ri"r,ä¿r ;â ;#;";Ï r".á i 

"tãõó. 
"

Cohurrn Teinperälr-tz'e : lO/r.o0.
itTitrogen Ffow; 2j i,ù.fni-.n at 12. P.S..l-,G"
l-l.rrdrogen ]'-l or.¡: 2h. Tû-l,lni-n" at l-O P, S * I u G"
Air FIow: 100 r.nl/min*

I*Peaks 
'i¡!Lr2r3 ancì 4 respectively"
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¡'IXlItìll 56" Ch::o,laio,?ram o-í-' p, D:Llu-t,e Áqu.eous Solu-tion of
Acc'iicr, P¡r¡11'.i"'Lr û.Drì- Iactic3 licicLs.

De'i;eci-or licnsi l,j-rriiJ': frnpedanre J-07;
Ou.bpu"t lOr,
Attenua'f;ot' y,4.,

\!m)-\¡o (i-a' ÃÔ n.n^li'f' ' / -^r\¿r-¿rç. -.,w rldrrv¿¿ufeÊi Ol- OfIU{;e (AppfOX-I):rJ So-Lttî,J-On"
Colr:;m: +'y'PEi"S I91 -H^Po. ^ I¡'i /^ 'F^ "'-..1-,t, O,/pi:; on 60/'10^Tcfl-on ó,
Condj-tj"ons I Preheai;ér: Tempera'l,u"re ::l-70uC.

- -.-ô^I:^|llrnh l'ôr,1rìAÞ5ì-lìYã4 l / /"1'rvrirt/\/.LsuqL v.¿{ { ué

I'iiNrogen i¡lorr; 2J nJ/ni.n al, 12 P,S.l."G,
Hr¡clr.nr¡nn Irl^'.'" )t. rat /'ntn -f l-0 P"S"f"G"r r,r/ u¿ vt)u¡f : J-v vv . l-+ .tt4/ Jttlt! ê (ù

l'Lir I'1o',,¡: jOO nr-Iy'ni-n,

:l-^ \ ,t-.leaK t1 "

2Peau. lÍz

3Ðouble Peak: /13 and. íi4.
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tlqilj¿$.-53-=- Typica,l P)'rog.r'a¡rt o.f Liasic Ìl,esidue frorn Sr¡¡eab

Frac l,i-ona.'l,ion -

a
De'bec'co:-' -qeusiti-r¡it y: Inpecia.nce lO' ;

Outpu[ -LOx;
Ati,enua.tot: >320;-B rxl (as sh-cl^n,L)

SaraPle Size: unknor,';n'
Colu:nn: Carboluax 15&O; 2'ß on lleu-traporf*S (#1, Table ó)
Cond.it j-ons : Preheat er Temì: eratu-re : 

1 00oC "
Coh¡n:r Ternperature: JJUC.
I'Iiì;r'ogen l'lor.¡: 2I inly'nin " al' 20 P"S.I'G"
Hydrogen Fl-or,¡; 27 nl/nin- ai; f0 P,S*I.G"
¡ii-r "t¡lor,¡: J00 rnl/min.
Pyrolysis SeLiing; ffiO"
P¿rrol)rsis Ti-rnc; t seeond-s.
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DISCUSSIOi{

these sLudies poi-nL ou'L once agaiir Lire value of i;he i:yrolysis
â'.- ^Ìar.^?ì¡*n¿rnon)riñ 

-i-Âôhrai^"^ in -i^ôr1+if'.r-ìrr- r.¡'¡nnrrn¿lc ih 
^i{-l'a-nanl'i¡r-inæó4ù Vrrr vrri¿uvór óy¿rru uçurrr[Llqç Jrr ¿usrruarJ ¿]16 uvrlPuwruù9 rrl Lt¿rf ça siru¿<¿uJrl6

beii.reen closel¡' r"elaLeci rùolecufar st)ecies and j-n yielciing a quarúiira'i;ive

rneasure of ''chese coilpo-u.nds" If 'Lhe nucleosides frorL 'Lhe hydrolysis of

some nucleic acid i\iere separabed, for e:<ample by 'i;hin layer chroma'uo-

graphy, 'che pyrolysis i;echnique could be easily used both bo confirnr

l,he iclenti'i;y of any species and 'Lo give a quani;ibative esì:ilate of

ihe amount of subs'i;ance in the hydrolysai;e. TÌre resul-Ls of bhe pyro-

ly-sis of ili:ci;ures of 'bhe nucl eosides show i,hat i;he technique could

also serve as a check on i;he purily of aily one fracl,ion separa'Led

Ir.orir a. hl¡d--o11¡SS:^ rrn¡.rnrrn¡ -i-l',e c:¡nct-irneirl-.q r.¡i_th i,l_i:CL,Uf.gS Of nUCleO-equv ø r¡vuvv v vr , u¡fv v/Lyvr !r!vr¡up vrr

sides did noi; yield a üreihod for deieri.r-lrririg'lhe cornposi'uion oí DN1i"

ff, as hoped, i'b were possible i;o find ab leasi one distj-nguishing

',ìÂ^r' f^ì. oo^lr ^ninnnnonl- 'i n i-.ha r¡ixf.rrr.r-. i.he nrrn'l,i'i,aì;ive estirna'L,e ofPç@r! M çOUII 9vlrlyvllçIlu It¿ ullç rl!..hu U ç, vl¡v \¿qdl.

each co;npound coul-cÌ be easiþ made. Unfori;unabely, no such clis'bingr-rish-ing

-norL.q nnrrlrì ha ì:nrrnil fnr. l-.ho r¡rrr"ìna ¡nj ¡r¡-n'ilniflina nrrnl anqì¡lpq 1r-rr.nT.rcarlPvtu!Ð vvt',4u uv f vu-llu l vI Urrç yul IIls oIlU yJ¿ !i[U¿¡!v lluu¿vvÈ¿UqÐ yJr v¿J ÐçU ê

fn 'Uhese cases, r¡here the peaks overlapped one anothel:, or r,rhere the

peaks resulLed froil bhe saine decoinposi'Lion products, -bhe quani;itaLive

correla'bion between the peak ereas and the cornposifion of Lhe riü-'r';ure

(Figures 41 ',,o ll) could no1r be used 'bo es'r,i¡rate 'the Dtrlli coiäposi'Lion

r.¡i i-h rnrr riøcnaa ni? on¡rr-¡¡a-¡,¿LVIL ALLJ qeór vv V¿ 4UV4 4VJ o

The o,uani;itaì;ive calibra'Lions demonsi;rated -l,hat care nrusL 'pe

talien in interprel"ing lhe rezul'ís obtained by 'chis meùhod. Although

ihe reiaiionship beii'¡een iire peal: ¿rea and sanrple size v¡as linear, the

slrif b of 1,he curves be1;r'rreen calibra'i;ions (l-iguve 35) sugges'bs 'irhai

L¿A
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syslema'r,ic errors cort.ld be in'Lrocl,r""O/# any quanl,Í'batÍve resu'l-t,s" 'Îhe

shift of rhese cuJves is aitribu"l,ed bo an ageing oí the pyrolysis coiJ.

t,¡hich resul'Ls i-n a lot¡¡er py'r'oJysis -[,enpera0r:re íor the sa;ne por¡ers'uaf

setting" fI' solne a-Lieration oÍ Lhe apparabus could ensu-re [hat bhe

coiJ- Leinperature for alJ- the p_yrolyses would be idenrical, it is

expecLed'bhat i,his shií.b r¡ould no'L occur, fi is fe.l.t'Lhat i;he reconmend*

ed use of phosphoric acid to aid in the pyrolysis mighb have caused the

unexpected pealcs íound in the pyr.olyses, Al-l,hough some residue did

coIIecL in ì;he pyrolysis chamber. over a period of time, it is f'eli

Lhab this resj-due (luhicir was removed be'i;rueen experimenis) cou1d. not

have ¡iiven rise Lo al-L o-['bhe exbra peaks, F'u.riher.iîoree when i;he sarne

corur*cn 'r,lra'L l,ras used for the pyrolysrs s-uu.dies l'¡as used to e;rannine

aqueous so.lu-,,ions, si-rn:-Iar pealcs also appeared (presu:nably due fo a

clesorption process)" It is suggeslecl that bhe d.econposÍi;ion producLs

ol bhe phosphoric acid (whl.ch yierded no pea,tis r,¡hen ihe one percent

sorutÍon -r¡as pyroiysed as a brank) rn-ight cortec'b in the head of the

corr-rr'rn, acting as a trap ror soroe pyrorysis produc'i;s" Compounds from a

subsequent pyrolysis would desorb ì;hese maùerial_s, alj-owing .Lhem to

travel dor,,n: the coJ-umn to appear in the nexi; chromalogram"

The attempt to correlate the pyrÍmidine conbent of ihe nucleic

-^;,t- ,-;+ì.. +t.^ *^^r- ^-^-^ ^.^ +L^.r"u¿uÈ w¿urr urrr: ,ueak areas on the pyro¡{ram did not meet wj-th much success

(Table 13) " The results obL,ained by the r¡mebhod of rnjxturesrr did nol,

agiree with the values ¡eported for '¿he nucleic acids ana].\¡sed" No

es-i:j_mate of ùhe T¡urine to pyrimiclj_ne conten.b coulci be made" I\levertheless,

the 'technJ-c1u-e can definiteJ-y be used to ch.aracierise the nucl-eic acids



f ^ aIL¿Ò

arid Lo i,ìeasuï'e t,ìre.r çluanli ba-Live t-r- in a solu'i;ion" ievelel peaiis

(2a and. Å.a) in the p¡a'ogra¡.s oi''r,he aqlqþac-!.ql aroi<enes Ði'JA (Figr-rres

32, 3Z-¿) i,¡hich could noi be a1,''¿rìbu'r,ed to bhe decor,rposi-Liotr 1:roducis

of ihe nucleosides studi-ed :nay resu-Lt íro,;t 'bhe 5*;lei;h¡;l cy-bosine

l:resent in i;hrs nucleic acid.

The faj-lure in the atbeärpt bo esi;j¡nate Lhe conposJ-tion of the

DIIA could easilSr be d-ue'bo altshifbtt in'bhe calil¡r'a-Liotr curve beirreen

the tj-ne Ì;he:-rrixNures of nucleosides lrere pyrolJ¡sed and the i;i¡LeLhe

ll\li\ts lrere "ùyrolJ'sed. in addition, iL rs possible bhaf the 1:urine deo:;1'-

l
rj-ìrosides-- in the Di'[A inay have cont:riiruted- io the i:ealr ai:eas used. for

caìibra'L:i-on" If'this içere ihe case (even Lhotrgh on the Ïrasis of t,he

oj-rrdiaq ni' *lro 'rr.r-ii¡a - ilr,rcidæq 'l-h'i.' l-¡¡'-¡ ^{' .n...l,fibul,ion hras e)lpeCteC LoÐ uv-llrçÐ vI ur!v ,Pqr -Lrrv r rrrvuJ-v-v,

be ¡d-ir:-,lal), the calibra'¿ion curves obiaj-ned frolt -Lire th¡,:line-cJ.bosj-ne

or thJr,nidine-cybidine nj:riures lroul-d be oí no use fo¡'esii.:tLaLing Lhe

coinposi bi-on o-[ bhe Di{Â. l{iritures of deo:qrri-bosid-es l¿ould then be re-

qu-i-::ecl for fhe ca,l-ibration"

The resrrfts obtained fror:r lhe 1:yrolysi s of -bhe o¡rabernarJr ss.Ilr

ind.ica'i;e tha-t ihe p¡'rolysis 3as chro;na'cogra;;hj c iechnique -.ri3h1, prove

uscful for the arral-¿sis of quaûernary-i:-1pe cotnpou-ircls (such as acer,r. I

\.nhnt-i rral tn rra i'Õllnd in hiolo;"-ie.al flU_idS"VIIvri-IIv r¡: v-LvavÕ+v

For the jlurpose s of id-en-bii'ication a-L -Leas1,, 'bhe prac-bì ce of

fr"eezing 'che head of the column during 1,he pyrolysis seelns advaniage-

¡ììha nrr¡n1-'s-iq of f.he eor¡noUndS On ihe COil d-OeS i;alCe a f¡l-1ii;eU Uù o ILLV IJJ ! v!j' Ð¿o vÀ ul¡9 uv:-!tuv

alouirL of tile. i'b r-s sugtesled bhar, r,ihei-r bhe freezing techuique is

usecl, bire i:;,r:olysis i:roducts i,òich issue iu a sì:rean iron bhe coil ( lnis

t.-,-Ihese coi:ipoürÌds i¡ere troi availa.bl-e Íoli;he 1:yrolysi s siudies.
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effect wes seen tlirough ihe pyre:l coru-itns ) ar"e lrozen in a plug aL; bhe

heaii oÍ i,he colur-:n. v¡hen this porlion irai',,ts up, ihe enl,ire,r-'lug is

-inir.od.ucecl 'to Lhe colurrür al once (t"igures L6-ß, 22-A, 29-À a.nd 30-li).

Às a resu-l-t, the resolu-Lion of l,he peaks is i:aproved. Tllis iaproved

.r:esolu'i;iotl t,ray also be parl,ly Lhe result of bhe programrrled iempera'Lure

effec i;s lv-irich operate simultaneously"

'Jllte Pye chro;natograph did. no'ì, prove l,o be very useful- for pyrol;'sis

gas ghromatographic studies" iloth i;he insbnxrenbes l-oi^r sensi'Livi'i;y, and

.i-ha ir:rnri1.6¡1 1.pq*^- ^^ ^+. +1..^ ,i^-!cr:l-,oi. o-nrtsefl bt. en:¡¡on i'r-¡fOlycj e '--^À.'^ia

such as CO^ anct Ë{ o rleì-.r.:nì-,e.1 Fr^'" ^-""'rr-^-+iñ^s ihis cìebec'tion systeil
¿ 

l12U LigtJI'd,Utrçq Il.-u.lll d.l.lty d'uvarru@tiv

inay have offered.

the check on ihe rclenì;ity of i,he pyrolysis produc'bs oÍ'bire iryl'i-

nidines as anticipabecl fror-r the i.iork by Jennitrgs ancl llii;rick (39) ral-ses

cloubt as to bhe coinposi'Lion of all the pea^ks e;ccepl, the acetone pealc.

Älbhough ti:e relative retention ti-ines for bhe pyrolysis peaks on the

Hallconid. colur,rn (Col-ru,rr i2) corcesponded closely to iÌrose for the co'it-

pounds reporied Og) AV1:hese riorL(ers, the reten'l,ion data on tÌre Flallcoinid/

Carboruax óOO colunur (Coh.r,rur i¡3) do not conÍirm the idenii'cies (see Tables

' 
. F-l\

-|-4A 'üO t ))5) o

The identj-fication of al-l bhe pealcs is not an easy Laslc" Urrfor-

-1,,*^l-a'ìr. i.l.r.rnq nênêqqrrr¡.1-.o t.¡ke l',he ¡vrolvsjs ¡nn¡ra.'f,lls ¡.na.f'l; bgfOfeULl1ld,lr(i-LJ, IU WdÞ ltVUsÐÐG¡J uv uQr!ç uÁ¿v

¿he re|enLion ti-ine s-budies could be performed forthe coluiul usedu IÌr

was 'bhus difficu.l-'b to reprocluce colullrr condit,-ions ideniical to ihose

v¡Ìrich prevailed. a'b Lhe tj:ne the pyrolysis t.ras performed" The arrange-

neni used. for the sbud.ies oirbhe ffe chromatograph is inore suibabl-e for

ihis iclentificabion procedure" ¡¡¡riedi-ately afier a i:yrolysis, a r,rj_'lbure
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n'i] 'l-.lre silrs,rc¡f,¿¡.1 r:nojllr' j-.s n,ri'r l-¡r- i'^-ìnnå¿.1 Ä-ì--a^*l-- i-'Í-n 'l hâ ^^l'I,Uì Andvr ur¡v uuuyvv uvq lJ¡ vsqv uu rr¿rJ vv uvs

'Lhe chronaiograln oÍ ihe syirtheüic iiujiLu-re can lle co.-:rpareci iuith the

pJirogralíl o

The si.¡ea-u sbu-dy did noÌ, irLeet i¡,rith nuch success" The inethod of

sweab collecirion yielded Lrncontalnina1,ed si.¡ea-b sai,'Lpl-es in quantibies -i,hat

r.ra-¡o -l-lrnrr;rir-l -i o ho :rlonrrrtp fn-n 'l-lra ,rrr-nrrnqa nP r'¡o ^lrrat.n'l'n-..¡r^hin qir¡-l ¡rq'ì qLJVI ç UlIvqó¡¡U Uv UV @qçYqcLUç Iva U¡Ig jJqr ruvDg U¿ (54Ð VlrI vlll¿UViif, qPIIM¡qIJ O¿È o

The faiture ì;o obbain peaks fron the sr,\rea'{, is ihoughL ì,o be due to several

faciors, fn lhe firsb insl,ance, Nhe concenLra'l,ion oÍ co:,Lpounds appearing

in sl,rea'b is ver;r _[6'..¡u Secondl¡r, il, is felt ihat, juanjr cj] 'che organic co:n-

pounds co-Llected in sr.re¿-L irusi f-ìrst l¡uild up on the skin surface before

d-issoìviir3 in'¿he sl,reat as i'L stireads out over the sle'i n, fí thie r¡¿ere

'bhe case, 'bire thorougÌr r',,ashing procedure foiloi,red ir-ould reírlove these

cons''r.i-buents and thus loluer their concentraiÍon in '¡¡hatever sr,.reai, was

coilec'¿ed. Furì;herr'[ore, r,iork by Lester (lO,t1 on b-Lood se]:u-n1 and. aqLleous

solu-i;ions has shor,¡n.bhat-bhe analysis of very slnalJ- aiilounLs of a.cel,ic,

laciic, and p/l:uvic acid-s is hani;ered by colu:-rn ad-sorp'bion eÍfectsu lror

aqueous saurples coirtaini ng le ss than I mg/liter of acid-, Les'ber einpha-

sises ,¿he necessi-r,y of usiug a formic acid-saturated carrier gas " This

procedure ldas tlot u-secl for -r,he sweat analyses. Tire concentration of a

I rroor trn lrr¡ra ^f SWeet ifOUld. iþ¡c ha i.anrri i.ar.l tn r-; ^l ^ 
ô .l^+ ^^+ ^,b]_euvvveu rrv(?éq u¿¡4Ð u9 ¿ çÇlLr-L¿ vv- uv J!v!q ¿ qEUgvud

amount of na'l,erial" There is no reason rrrh;r ¿ treatnent of Lhis larger

sa;rple could nob yield analyses for such cornponen-Ls as t-actic ancl pyruvic

acids, or for sieroids" 'Ihe rnethod of sr¡¡eat coll-ec'l,ron developed is rnu-ch

be'b'ber suiled to'bhe con'brolled siudy of sr.¡ea'L-bhan bhat ernployed by'

Sroiirh and co-r..rorkers"

If -Lhe odour reported by Snrii;h is (as Posner ei al rnaín'oain) 'bhe
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resu-lt, of the actron oÍ an organisrl on the skin surlace, 'bhe method of

coltection used in this study r¡ould noi i-so1a'¡e Uhe responsibl-e com-

pouncl" The coltpoutrd it¡ourcì be v¡ashed âwâ.)r svs¡ before ihe srveai collec-

1,ion began. As bhe chroirraiograph had no l,rouble in sensing body odours,

perhaps the best approach i,¡ou1d have been to collec-b under-arm vapour

samples íron'Lire subjects by using a vacuuJr -Li-ne and a liqurd ni-irogen

.l--^r- mL.^ -hh^Þhô I Àon¡¡.1 ¡+ì nn rrrnrlrrn* r,rnrr ld *hu¿a¡,o r¡rw eur¡vrrrro! ue6¿qLrou¿vr¡ yrvu*vu vvv.^q utren Appgaf ainOng'bhe

o'l-,her. deorad¡t,iôn nrodrrrli.s of i-.lre skii-t surface fatu* SrnithEs observa-v urf vr uvõr suq u+

Nion bhal" the pa';ienbs she chooses to sarnple all seem 1,o have a rfwa:S¡ cotrr-

plexiontt sugges',,s -bhat the odour rnay be traced- 'Lo a difference in skin

nnm¡n.ril-.-ì nn nÍ' -l-.ha sehi zonlrl.ran'ie ...+'; ^h+- onrl nni iO a dif'tef"ejlce in theUUIúpU Þ-l- tJJULJ. UÅ UlI(: ÞUIII¿vPlrl gllru Pd,UIçlIU ù Gf lu f,lv

^.ì r_,i ^- ^r +he Sl.treat.UUrllPU ùI UIvtI v! u,

tstri-r', surlace fai consi sts of hydrocarbons, s'bero I es'bers, I,Ia:''es, gl)tcericÌes:
¡-¡Ä 'f i.ao frtt.rr / ..4 \acros, \YUl "



SUI.O{I\HÏ



SIJ¡jl,ir,JìY

-A gas cir,:.otna'Lograpiric s'[ud,,r of the pj.roLysis o-[ t,he cotnpolten't s

o.[ nu-cleic aci-d.s (puriries, py'rì,niciines and bhe-'r-r nu"cleosídes) showc;d

l,haL, on bhe basj-s oíj the chroriratograns oblained, all of 'fh;se cotrt-

pouncls yield sj:nil-ar deg,rcdai,ion 1:roduci;s" The oyi'ogranis coul-d be

u.sed Íor a c¿ualil,a.l,ive ancL qtrantj-Laì;ive anal¡'s.j-s oi'an;r singl,e corlÌ-

tr:ou.nd, bui could not be used 'bo gi-ve informaLion aborlb lhe base

conposiiion of trhe DlJliss pyrol.ysed.

f1 an alteimL to isola.be 'bhe corLpouud or compourids l'esnon;j-ble

for an oclour ar;sociai;cc1 r,rii;h schi-zophrenic ¡ral,-i-enbs, si'¡eal ivas

co-Lleci;ecl froil boì;]r no::rila.J- and schj-zoph::en-i.c individiials ancj injeci;ecì

onLo severa-L gas chromai,og;r'apltic colurnns* I'lo de[ec'Lab],e l-evels of

or¡1anic conçou:rcls i+e::e í.'ound j-n 1,he eccrìne s-vreå,ì, colleci;ed^ b;r flre

ilethods used.

1'\)
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APPEJIDI{

jr*{Þgqlår_qN"_9il_YaBl?rlT_ ASPECiIS OF GÄS C'LIF¡OI\IATOGIì.API{Y

THJI COÌ'IPONBNTIS OF GAS-.I-,TQUIÐ CHIìOi.IÀTOGRAl)II]'

'Iire ¡nechanics of conventi ona-L or packed colu¡m gas*ì-i-quid chroma-

l,ography were outlined schema'cicatly in ,L'j--q're I , The colu-rn-n consists

^.Ê ^ .¡-,. r-,^ / -,^--ì ^vr o uqvv ¡vorrvì)s georrel,r'ic forms are used) v,¡iri.ch is fill-ed wj.ih a non-

reac'i,ive, coabed, sandy inaterial The sol-id supposedly acLs only as

¡ -rrnrrn-¿i 1"¡r 'f lr ^ ^-r- ¡l' j I i ^ìri rì nì'l¡.se vù'i n-h covers i'b and r,¡l'li.chd, ÞUPPU¿ U IUI Ul 'ç ÞU@Ulvf,rqrJ', !rq_t¡¿U lJrrqÐe vvrr¿vrr

exhibibs a J-or¡r vapou-r' pressure aL i,he l,emperai"u-r'e of bhe surround-ing;

tlierrnosi,a.ted. comparimen'i," ProvisÍon is ma,de for a sample and carrier 8as

inlet at one end of l,he col-u:im anrl for a di-fferenlial (or ini,egrat)

deteci;or ai bhe o'bher. Th"e snall sanple of vol-aiile mixiure'bo t¡e

separaied is inlroduced inio the front, end of l,Ìre column by some injec-

'l;ion device" The column is mainbaí.ned at a cerNain lenperatul.^e and a

cons'banL curren'b of gas is passecl l,hrough iL" Th-ìs gas is the elu.ent;

it transpori,s the components of ùhe mi;xNure in the fonn of a vapour

Lhr.ough the cohxnn ¡,/nere they are retained by l,he sl,ationary liqu.id 1,c

rlifferent e,xLenis in the course of the chromaiographic process" The

individual ltbandsrt v/nich etnerge, separated b;'f zones of carrier gasrare

sensed b.y a d.elicat,e detecting device ca.pable of indicaLing bhe presence

of componen'bs in a qualiba.'l;ive and quanl,i-1,a'Live manner'.

The effort,s in the developrnen't of this 'bechni-que were aimed pri-ie-

ariJy ¿b bhe perfection of ad-equ-a'üe and sensitive det'ecting der¡ices and

ai; bhe discovery of Nhe rnosL favourable operating conditions, si;ai;J-onar"y

liquid,s, and sol-id supporl,s" The perÍorr,rance of i;he equipmeni depends
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on ho!fr 'bhese various f:'ac'i,ors in-fluence bhe chromaLogr.aphic processø

For exampl-e, a:nong other Lhin3s, bhe se;oarating por.rer of bhc col-urnn

depends on the na{,u.¡.e ancl a¡nou:nt of staùionary liquid (glr92), the

na.i-ticle size and n.ature c.¡f the snnnnri. fqal - l'.þc rrn-if'nnni'i-¡r nf nack-L v \ /-/ l

ing, 'bhe length and diameter oÍ the colur,rn, Lhe Lemnerature, the com-

nnc'ì l-inn rral nni'f,v a.nj nr essl¡'e d-iSi,fibUi;iOn Of f,lre ¡-¡*- eF p,â.s- theurr\/ va¿ ¿ ¿v ' 6aoJ

properbies of the componen'i:s in the solution bo be separaLed, and on

'bhe si-ze o.f sample inbrodu,ced to the colum-i1. For the purposes o-f any

t¡ori{ t"t-sing gas chrornatogra'ph.yr a brief consideration of each of these

parameters is in oi:der"

THE I¡JJECT O},I SYSTU'4

The firsi, consideration migLib v,¡ell- begin wibh Nhe in'l,roduc-tion

of the sa.rnple. The necessity of using snall samples for this operafion

(94) poses probleins of accu-racy and reprod-u"cibiliLy" For liquid samples,

mosb needs are tnet by the commerciall;r avail-able micro-syringes rn/nicfr

are used l,o injecb the sample fhrough ¿r sificone rubber plug a1, the head

of ì;he coluinn" Anolher procedure (!J) enploys a sealed" anpoule t¡hich is

crushed in t tre pai,h of the carrier gas. ltor gaseous samplesrmore accu-

rate work is done by using the carrier gas 'Lo di-splace a knoun volume of

sanrple from a calibral,ed- chamber" I{owever', l,he ease ancl util-ity of i;he

syringe techni-que has led to ihe developmenù and use of -beflon-bippecl,

gas-tighb, syrin.ges" As with. al-l the iechniques used in gas chroma'bo¡¡raphy,

the injectiorr procedure is subject Lo many variaLions, iueihods oLher than

'the ones alread¡' menl,ioned are generally descrj-l¡ed in the }iterature along

i.ril"h the parbicu-la.r problen bhey '¡ere desi-gned to aeet,.
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To increase the efficienc¡r of any.injection systern, ìt has ¡een
demonstrated that one lieecì on_Iy pre_heai: ihe j-njeciion po.rì,, po_Llaz.cl

and- Hardy (!ó) shor"recl bhai, ihe Lernperature of Lhe injection port pro-
f'omdly infruenced the peak shape (and hence ùhe corumn efficiency) and

tjrab besi, results could be e,pecbed when the port-i,ernperatqre was nain:
tained at, or aboverthe boiling point of the reas1. vor_aùire coinponeni

of any nÍxture" This r,echnique is of greab assisbance in pyrorysis
sbudies as vrel] as i-n the s'budy of a. fruid such as sweat, iuher.e in both
cases hi'gh-molecul-ar r^reight substances of lor¿ volatitiby rîa.y be anticj,-
pated,

One parùicu.r ¿¡ rnebhod o-f sa:npre inb::ocrucrior., d_everoped by the
scientific Kj-1, company, is most usefur for reproducibry injecting sinarr
sampl.es for rei;enLion tj¡ne sbudies" The sa:npre is sucked inbo a ca]i*
bra|ed netal capiJ-lary which has been previously evac*ated " when i;he

capi-llary is introduced i.nto the preheated i-njec.bion po'b, the sainple

vaporises onto -bhe col-umn" The use of i,hese 'rNano_Jectorrr syringes
was described in the etperimental part of this thesis,

çH&aM4!]0G¡'4|¡]JC ÇOlrrriN j,rarERrALS

Given a tube (copper, glass or othe::v¡rise)p a l:ucl<e.b of sand.,

and a can of grease, any i;echnician can pu.b Nogei,her a working corr'rin
for vapour phase chromai,ography" I-rowever., a carefur_ consicreratj-on of
'the rnore subtle characterj-slics of'the rna1,eria]-s used.,and of 1;he t,ecir_

nology of put,i;ing 'l,hese materials togeilrerrnusb be inaqj,e befol:e any

serious r^¡ork can be ati,enpled"
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THE STIITIOI\¡LRY FHASE

The partibioning solvent used is perhaps the rnos't- crucial factor

in cl-e'bei:lnining Lhe success or' failure of any par'l"icular separai;ion,

Although ii: r^¡as firsb oel-:Leriecl thai ihe iricle range of sl,al,ionary phases

available ùo the analyst would render no separal,i.on improbable, it is

found lhal, bhe ra'bher siringent specifical"j-ons thab the sì,abionary

phase mus1, meet do U-inii; the choice. The substance Lo be used nus-b

no'c ¡'eact irreversibly r^rith ihe sol-.utes, ii; inus'¿ be stable and non-

volatile under the prevailing colu:nn cond.i-b-Lons, and il must possess

some solvenì, porrer fo:: bhe sul¡siances -Lo be separa'bed by the columrt"

In addiùion, i;he sta'bionary phase shou.l-d be reasonably' ftuid over -i;he

ra.nge of operai;ing temperalu-res.

The choice of liquid substrale j-s usr,r-alJ.y made in a relaLively

simpJ-e manner, Firstly, 'bhe characterist,ics of Nhe componeni;s of any

nixbure are rou.ghly maiched. vrith those of the availabl-e sl,a'bionary

phases, The use of a tllike dissolves like'¡ crii,erion rrrill usually

indicaLe a saì;isfac'l,or.y Iiquid phase, Ilowever, a knc'nrledge of lhe

basis of bhe si:npl-e criferion is n.ecessary for cì.eallng su-ccessfully with

any perplexing separation thaL may arÍse"

Three fypes of cohesi-on, or interaction forces,combine collecl,-

ively i;o determj-ne the relaLìve volatility of bhe solu-tes. The Keesoln

ß7), or orientation" forcesrresu-It from 'the interaci,ion bet'¡reen i,he per-

manent dipoles of -t he solvenù and so.l"u'be mol-ecuJ-es " One importanb iype

of this orientalion force is the hydrogen bond wh,ieh ofi;en plays a large

role in chromatographic separations, The potenNial of interactj-on falls
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of.f as Lhe sj:cbh poi^¿er of the dj-stance bet¡¡een i;he dipol-es and is

i-nverseJ-y propor''bional 'i,o the absc-Lr:-be 'i;erLperature, One thus finrjs

bhat oL:ienÍati-on forces decrease v'ri-ih i.ncreasing temperalu-::e, ancì thai:

the j-nleracli-ons are rflore pronounced .for solvents vrii;h large dipoles

concenirated in srrrall roolecgles" l\. seccnd bype oÍ' force, the Debye or

Ind.ucbion force, resu-li;s from an j-nl,erac1"ion between a permanent dipole

in ei'bherthe solu'te or sol-venb ancl an indu-ced di.pole in ihe o'bhe:r"

ilhis force j-s rel-al,ivel¡r small Ín conrpaz'ison wibh the orien-t ation forces"

but examples of separaiions d-epending on this t¡'pe of interactj-on (e"g"

i;he separation of benzene fro¡n cyclohexane) can be cit ed, Debye forces

are independ-ent of'-L,he'bernpera-h,rrre" The l-asb bype of int,eracbion fou.nd in

¡:olute-solvent sysbens is 'l,he London or Dispersion fov'ce" This force

arìses fron'bhe ac'bion of the electr'Íc fielcl ,gener:afecl by lhe oscillati-ng

dipoles generabed between nuclei aird e-lectrons" Dipoles, j:r phase ldth

the Ínsi;antaneous di-poles p::oducing 'bhem, are indu-ced b;¡r some species

in other polarisabl-e moleci;l-es, These tenipera'cr,:-re*indepencl,enl, disper-

sior: forces are i;he onl-¡r source of at,tracbion betv¡een 'bwo non"-polar

su-bstances" The knoi,¡l.eclge of the natu"re of these foi:cc-:s l¡hich determj-ne

the so1.¡enb-solui,e int,eract,ion provides a rnore sophis'ticated basis for'

the choice of a sl,ationary þhasi:" fn bhÍ.s lighi, ihe simple criterion

of 'rlike dissolves lil<err can be r,'rell urrders-bood and used. to advantage.

ivlartire (9S) tas developed an elqrression relal,ing ihe ac-bivi-ty

t\coeíficient, (and hence'bhe rel,ention volu¡ie) of a solul,e j-n a d.itul,e

solul,ion to three parame'be::s charac-LerisLic of -bhese solulion f orces "
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llfren su,fficj,ent, ph;rsis¿l da'¿a.are avajlab]-e .for bo[h the sbaiíonary phase

and 1,he solutes to be se¡araiecì.., 'i;he ::el ative solute vol-aLil.ities can be

predicted" t¡uri;hermoree rvhen al-l ihe coluryur opera'[iirq concliij-ons aì'e

knor,rn, l,he ac'r,r¡-al re'ben'bi.on ùi:nes can be calcu-Iabed. i'larli.,:e?s cal-cu*

l-abions have beern successful in sever"ai cases, buL the need foi: more

nxner.imeni,e.l vcì-;r"-i^^.r.ì^h ^-¿r r.^... ^- ì*--^^+ì^-.r.i-on of'l,he -l inibs ¿rndvÂuvr xrlvraua¿ vv¿-l-IIUd,Uf,UIr, eif\; f v! G1¿ ¿1IvçÐUlssU

degrce of accuracy of -bhe approach, i-s ouJ-y ioo apparent"

Theory can usua-l-J-y indicat,e bhe best variety of liqu-id phases

bo consicler" Froi-rt i;hat poi-nì: on, 1,he analysb nust, reþ on a rr¡ealt,h

of empiri-ca.l ilata r¡¡hich has been i,¿ell caial-ogueci (99)" lrr-Lth a six't,h

sense and a search of i;lne -l-ì-i,e.ra't;r.,.te, an anal;;..st -Ln¡ariably catr f,i ncl a.

ri^,,ir - t^^^^ r-1^^-!- ,.-:-ì-ì L^ ^-1. ^.,^.'J-l-qül-O pnAse tnðÌ'ú ]'tr1-l-I oe ac|eqr.l.aúe'

In i;his regard, the suppliei:s of sbai;ionary pha.ses are lnosb help-

j'ul '¡rii;h i,heir frequen't conLpilal,ions o.i Uhe ap-plications and useful-

'bernpera'bure l:anlqes of 'bhe avail-ab-l.e liquicl phases. Fiol^¡ever, 1;hesc

Ài of -¡i hrr.l- nnc mrr¡ Ìra irre* c h'i ''¡ + ^^ hâl hfì''l -ì r ': hai n n-nnr¡i e'ì nrr nlt I i'i-.r¡i ¡l I ¡¡(IIùLrJ- rlJUUU.l Ð llrAJ UC JL/-Þt, d. U-r-U UUU lrç:I}Jl UI atl. UIIçJ-I Lr! vvf-È-l-vir vl ¿¿vv- earrl

hu-nclreds of ar¡ailable parùr-tioning liquids" llithout a doubt, one of

'bhe six sl,abicnary phases reccnrmended in i956 by the London S.trmposiri-n

/ ¡ an \(jomTn:-!!ee \r-uul shoul-d firsi be considerecì. fo:: use {Tab1e 1ó}'

T'he instj-nc'b for. selectr.ng a s'batj-onar;' phase ma;r be descri.bed as a

snbconscj.ous fecf.inS fo.-.' the ilan;r aspects to ccnsider" The selectivit;r

of thc solr¡ent¡the a¡nount o-Íl solvent, i;he solrren', polarib.¡ ancl the

l"rori<ing ''r,ernperatu:re range of ihe sta,tionar;r phase lnu.s.b all be consj-dered"

fn addi-i,j-on -,echniclu-:s sr;ch as'i;he u¡e ol-'nru-Ltj-p-l-e¡ ot'núxed bed col-u:nns

(]OI, Io2), o:: the use of chenicalJ-y acùirre ccJ-unns (f-03) can be calleci upon
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Ío:: dj-fficu-LL anai-yses¿ The erpir:icar rcsr:lts, toger,her lrrii;h fhe

t,lr:Ore'i,i c¡.1 esnectS Of SO]-Ul,içn 1'.harnrr 1rni-lr nl rrr ¡_ ¡¡¡.j.. i ¡ sol r¡i'/v+vsr.. aÐvv(,úi) vr JUJLTU]_U:J. t,tl.jUt'yj UUUII lJIctJ q .yu,.¿. rrr ovrvr]..,l

di f i'i cul t. err:l ¡rqi q nr-nlrl orn-e ù s:¿\+-¿i 
"-* 

q jl

TAB],H 16" J,iqui-cl Phases ll"ecorynended by The lonrlon collfel:ence
(1.ç5ó) 

"

qr--+.i DL^^^u tJø uJLrlle¿ ry I lld,ùç 6
^ ^^'l i ^^.r-.r ^*^¡1ylJ+Il. G U-LV.t lù

Ììe colnme ndeC irJorking
TernperaLure Range

Iì on ørr-l rl i rrlr =nt'ì

Digi-ycerol

Dinefhylf orr-namirle

ni -^--.'l ^l^.r- t^ ^ I ^+ ^u.t_t)v. rJ LIJ!L u!rÉ!éuç

n-l{exadecane

e^,,^t -*^L¡quru@rrç

arornatic compound_s
and ha.l oÊen côiì1Ðounds

-ì-n. general

nheirols- a1rrchol.g
alipha.tic arúnes

l o'v hoi l i n ' n¡ naf :1.-

i.ns and ol-efins

oarrerr-l nlrFn^qê espÉ)c-
r_drr)¡ su-l-IaÐ r_e I or
esters and ke'bones

I nr^rar h¡¡d rn n r r.lrn¡_r +: v -*- --ns

hr-droe¡r'bolrs - êsr)eC-
iall¡' branched chain and
^-,^'l i ^ ^11,-*^^uJ vJ-¿9 qJ-n@IlÇù o

óo - l-zooc

20 - l-5ooc

*za * zooc

20 * l3ooc

20 * 75oc

20 - lóooc

TTII-I SOL'ID STIP])OI.T

The su.ppo::'b musì; recej.ve al_m.ost as nuch aLl,entj-on as 'bhe liquid
phase u-secl,' i'Íu.ch ef.t'ort has qone into the search for. an ideal supllort

to use for packed- column ga.s-liqui.d chromal,ography" Ásid-e f'ron the dia*

tornii;es ancì. h.ouschol-d deter'gen'b: inves-bii;aiors have .briecl some dozen or

so materials (f04) in the hope of finrling a rrrg3ed suppo::b Ìreving a J-arge,

uniform, chemi-call-y íne.ri su-rf'ace aï'ea, The support must also be abl_e
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to a.Lrsorb larqe ouanj;i-ties oÍ visccus Ìiquicl-s and. yet sii1l r"un freely

ancl, pack i-ri:o a column tc offer fhe rnaximurn permeabiti.ty i,o gas floir"

0L' '¿Lre rìrany slrpporl,s availablerjjer" rn':el, a-l-l tre ::ecluiremenLs

of an ideal supporL" Tire diatomatasssus ea,rih supporLs, such as

Celibe, t)ccaliï:e, !'osalsi.l, Chr:or'rosorb, and i;irc .fi:cebricks, Sil--o-Cel.

ancl Siercharnol, a,re useC in mosi; cases for paclced colurnns, luÍaierial-s

such as the teflons, glass beads (fOl)e or porous glass (10órI07),

rnalr be employecl where special- su¡:port chai'a,cter"isti.cs are desired.

The rrain point of ini;er"est in these supporls (aside fr.on Uh.e

packi-n3 characterist,ics) ties in 1,heir" aclsoroLj-ve properbi.es" illhe

specific reLenLion vol-rune sJroul d be independeni; of i,he sol--¡en1, to

suÞporl, ratio" Sburlies have shorvn hor¡ever (fOg) that, 1,his is not.

bhe case, ft seems that even r,rith. sol-venf concenNrai:ions as high as

-l ô narnon'i' Ìrrr r"ra-i p'ht,- i-.he srrnnoi.N iS Still inVOIVed_ in the OVerall

o:ìiocess (in addi'tion 1;o any sr.r.rface energJr effeci;s that rnay be l.rresenL)"

0f par"Licu*Lar concern here is the u-se of lightl.y l-oaded, suppor.'bs (109,

tl-0r111) irrhich can be employed to aruf.secompor.i-nds at temperatures as

rnuch as 250 degrees below Lheir boiling poi-nts. The adsorptive effect

must, be accou.nbed for irr cases such as'¿hese" This effect rnay be

manifested nob onl.y in the tailing of chroma'Lographic peaks, bul also

in the cheirúcal ali;eration of bhe sa:lple as ii passes throu-gh bhe column

/r r ¡\
\Lr-¿. J o

'llhe adsor"pbion of samples on- clia"i;omite maferial-s is atì,r.ibuted io

the van der l¡iaals si'bes and Hyd-rogen*bonding sj-bes inherent in Lhe supÞori:,
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To deal ¡¡il,h ],he eff ects of Lhese si i-es: several approaches have been

Llied" F-ì ¡:sl,ly, r.,iorkers have used 1,r'ace quantii;ies of surface aci;ive

nnrnnnrrnrìq f -f'nr" evrinir-l o nnnnnqinvr i¡lr-ìlri l-nrc lll?ì\h¡r¡ino ]rr¡¡lr¡.rr¡lUUlllPUUlrU.Þ \fur ç^ørlyreJ uvI¿uoI\/lI ¿fli¡IUIUUIo \rUJ)!LavJ-r1Ë; rlJqrv4JrJ

prj:rary arninee or some o1,her pola.r groups whichl,vil-l deactivate ì,he

adsorption siLes" fn addibion lh:Ls 'bhin coal,ingr approachinS, rnononol-ecu-

l.ar fil:n Lhickness, acis as a gl-.ue fo span bhe interface between the

liquid phase and bhe surf ace of the suppor-ir " Ano't her variaLion of thi s

'r bai-l reducerrr 1.echni-que :Lnvol-ves bhe coai,ing of L,he supporb '¡ritil sev-

eral percenl, of a non-vo.l-ai;ile acici (114.) or base (-Uf ). 1Lll,erna',,iveJ-.y,

the sibes can be Lreai,ed chemically to alter the a.dsorp'r,ion character-

isì:ics" 'lhe earl-iesi suppori; trea-Lnenl, invclÌved i:he acid andT'or base

r.r¡-}rj y,æ /,11 l-l¡a ¡rrn-n¡¡ì- Ti ì ö -n-l- nlr-i l a nl o¡.n r.¡hr l- i q rne¡r,nrrl -i ql.rarl hrrtljd,ùtlIIlÈ; Vl- Ulrç ÐqP.Pvf U o J-U ¿J II\/u ti.q!uv ulçe¿ L?lI¿u ¿ù 4UçvliIIf¿¿ùIIç\f UJ

this opera'l,ion," excep'b 'Lhab bhe i;reairnent a.li.ers the appearance of j:he

suppo::t (1Ió), rerûoves sna.ll amoun'¿s of iletal inipurities' an.d apparently

irnproves l,he col-u:nn effici-ency. On uhe assunpti-on thab i;he adsorptive

character of bhe siJ-aceous suppor'r, is al,tribu't,ed to t,he presence of' the

silanol groupsr ib r'¡as suggesì,ed (117) that modifical,j-on of i,his group

l^¡oulcl beneficia,j-ly al-i,er ihe nai;u.re of the su¡face, Reagenl,s such as

hez,zunethyldj-sj-lazane (Ut"im) (lIS) and dimeLhyldichlorosilane (n¡tCS) nave

been useci. (ffp) fo forrn siJ-yl- ei;hers from 1,he surface hyclrolrls, Euen

r^rj-bh 1,he Hr'ÍDS Lreatnent some resiclual adsorption j-s observed, bu-t mu.ch

of -i;his ca.n be further eliminated by employing a '¡tai]- T'edlr.ssstt, The

combi-ned. surface treaiirLent-'i;ail reducer i,echr:,ic¿u-e appears to be the lnosl"

effec'bivc i+ay oi c-Li:ni-natin,g adsnrntion effecis.
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Ano.Lller' tu"¡n-ì-que Llsed io ej-jmina-i,e fhese effeci;s is to coverLhe

dia.f,omite sut'face i,¡rth a.n appiropria1,e coat " f.n. bhis man^nei: i,he suppor-L

used has the sur:face characierisi,ics of 1;he coating rnabe::ial and t-,he

sfruc'bu::e of the pa,:l,icLrla.r dj-ato:n:'-1,e rr:;ed, Coa'Lj-ngs such as gold,

sil-.¡er (i,ZO) and- teflorr(tZt) have been used wiLh varyinq degrees of

success" Siill anol,hei: 1,rea'b¡nen| of Lhe diaì;o¡ruite recoirlmencler: b.r

r¡--.r ^--^.^ ^ l-t ¡a \ renllires i.he h¡.kinrr Of i,he si ze-^-ô^^À ^,rñh^F+ -,i al\LiL¿-L.llLd,IIÞ \L-<¿--l r çq4!r 9Q u1rç u4ô.rrf¿5 vr wrlu ur4u 'ó¿ ¿\¡.\':1i. ÈqL/PVl- U Ç

tenipr:,ra'i;ure of L35OoC for a si:r Lo l,wefve hotti: per-i-ocl" iieu-l-enans claims

bhai; tlri.s treatmen'b cl-oses 'bhe sma-Ller pores of bhc suÞporl, tending Lo

make l,he ove::al-l adsorl¡inq sir-rface nrore unifoyrfn" Tlr.e nore un:iforin licltti-ct

fi-lm bhai; resr:l¡.-.s lvhen this ina.Le:ci.aL. is coated is ì,houghi; bo improve

'bhe effj-ciency of Lhe separaliorr,

Aside _[r'om the variotls diatonaceous 5r:-pports, rûat erials such"

as lne-bal- helices, sodj-urn c!'lorid-e: sand, u-ncJ-azed L'il e, i;ide, beflon,

and gi;rss beads have alJ. been u;.ecì. (L23)" Ìulosi of these suppo::Ls find

::a'bher'l-imibed use and offer litb-Le advanì;a.ge, if any, over 1,ire díabomi'be

supporb f'o:: general appli-cations"

The analys"l,ts choice of supporl, will generally d.epend on the

mj-:iture hc is working on" For the mosi part, the d-ecision r^.rj-ll be based

on rh¡-me rather than reason as a resulf of i;he varj"ed and controversia.l,

clai¡rs of both commercial firms and invesl,igators in the fi.eld" Specific

nr..hl ams I irôr o]-4-,-r ^ .- j hâ .-rl wsi s) of'.i,en øiva hi i.t.h f.n : =¡ecj_f j_c
IJ-l.UUJ-glrLÐ \f \r¿ v¡llrlPrç, dltltlç O.LIALJ Ð¿Ð/ VI (,çIl {5J-vç ult vl! uv ø olJr

support Lreai;rneni, itùich tlr.,¡e¡ì4stl albhough one is noi; exacrily sure ruiry"

Perkraps as import,ani as the choj-ce of non-interacting supporL i.s
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'Lhe seleci;ion of -parbicle size and clistribui;ion" It is nor.,r aÌ:paren.L

(L2)+) Lhat the besl, col-u,m perfornance is yietcled by supporbs havinq

Lhe sm.a"l-Iest pariicle size arrd'bhe narrowesi; possible ran€re of sizes"

Studies on sv,¡ea'u or pyrol¡rsis product,s require a l<noiuledge of Lhe

cnrnnlie¡*.iônq I tlþgcl tt Iin terrns ofl 1-,hr.l ser-r¡r.e.,ion reou-i l.e¡I slrnrl.fLu¡rv ovF/qÀ survt¿ { ç\44rr çu /. ,f u.yp

mighl j-ntroduce. The advantage 1,o be gained- b.y conbining Lhe atr,,rays*

present seleci:iviiy of the support v¡ith t,hab of i;he solven'L to effect

a difficu-ft separ¿uLj-on has also been r.eporled {L25) "

TIIE ]'IOB]LE PJìÄSJI

To co:np-Le'¿e i;he dj-scussion of coluinrr rnai;erj.als, bhe choice o-fl L;he

rnobile pha.se lnusb be consicle-red" i'iany high-puriLy gases are nol.r colrimer-

cially available for gas chr:onatographJ-c purposes* llhe gas chosen ti.epends

to a greaN exbenf on bhe deiec-t,ion systen being used, fo:': the sensitivity

of several- debectors (for example -bhe iviass Densit.l' Balance ancL the Therlnal_

Conductj-vit.-v Dei;ector) is dependen'i, on 'bhe irLobile phase" '.Uhe theoretical

approach to bhe problem of solu-i:e dj_sLribu-tion betr,.'een tr+o phases and

bo i;he problern of di-ffusion in bhe mobile j¡hase favours the use of 'bhe

higher molecul-ar weight gases" However, considerations such. as the nass

LL:ansfer p::operLies of l,he systen, tire availabili'b¡¡ o.f the gas, the ex-

penserand che¡ical reac'bivity of the gas usual-l-y lìmil 'bhe choice" Âside

from the occasj-onai use o,f such car::iers as nitric oxide, steam ancl sulphur

hexafluoride, niirogen, h¡.dro¿;en., a.nd the n.oble gases., hel-iun and argon are

most of ben employed, Ì.'or i,race ana.lysis si;u_di_es, the prr_ribJ¡ of .t he carr:ier

gas used i-s also an inrpori,ani; facl-or"
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THE I].ETECTOR

l,,lith i;he Ì<noi.rJ-edp;e of lhe foregoing discussion, ô.n analysb ca::l

carefu-lf.y select a column capable of deal-ing r¡ith any complex mixt ure,

Flortever", un-l-ess he is equall.v judicì-ous in tlie choj-ce of a deteclor, or

dei;ectors {,o coupl s with Ì;hj-s colu,ru., he inay undo ihe good r..r'o::k 'bhe colurnn

may be performing (i.e., the column may be separa'bing bhe cornponents, bu-t,

the cletecl,or inay not detect the separa.tion) " Furbherrnore, with the use

of mu.ILi-cohunn sys'berns (L26), the a.iralyst can, by' selec'bing t,he proner

combination of cletec'i,ors, facili tale compouncl iden'bifica'bion"

Over L,he pasi; ten years, workers have devel-oped more 'l,han twenfy

ì-.r¡rroq oP dpf.r-nl-.npe esnh nna-nrf-ino nn : elif f-oponl- nrin¡-inlc f qoe 'Tì,rlr-ì ô l¡7ìUJPçÐ VI UçL.VUU'JI Ðg çq\,r1 Vì.rçIqU¿LrË v¡r s !'.r-¿tvr.ulru lu¿+fruJylu \4./v IÕUtÇ L( ) o

TÀBLE 17. Lisl, of Detecfo.rs foz' Gas Chronabography

Detector ìlolto*o-.o l olv¡¿vv \e/

Thermal condu-cij-viby Purnell (L27)

Surface poLeniial change Phillips (fe8)
Dieleciric change Turner (129)

Infrarecl spectropho'Lornel,er luiar[in and :lnarb (130)

Far ul-traviolet, absorption Kay (f31)

Polalographic de'bection lilociorost (L32)
LI^-J-,..F ^^^^*--1--:rrvqu v¿ o.uDvryuroll deiector Duclenbostel- a.nd Pries-Lley (L33)

Inberferomefer Zderic, Bonner and Greeniee
(134)

.iladioactive d-e'Lecl,ion {L35)
/1^ ^ I ^* ^; l- -- ---+ ^Lro,Þ uelrÞruy 'rvuvr ir[ari,in and Jaines (L36)

Lly<irogen fl-ane l,enperabure dei,eci,or ScoL-b (I37rL3B)

continued
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TAi]LE T7 CONITIIIÚ]II)

Lle'Lecl,or' iìof anonno f .l
v:¡vv \ ! /

lll-arne i-oni,sation dei,ector

Therrn,ioníc diode

Discharge debecto:'

i?nrìi nf z.enrìê?'ìnr/ rìi qnh¡ no'a

Cross sec'tion fr-r.ay cap'Lure

ArEon 6-ra.v ionj sationt- ¿- s.l

Jrìl o¡trnn n¡n-l-rrpa

Ultrasonic wh.isile
'li'c ce en¿:n{--n.nai*iC debeCti.On

: /r an\òrernDeï'g .g! g*+_ \-r_)Y l
PpnÞi nq a* rl t'f Ln\r çr^r.rrÐ 

-ç-.u- 3* \¿/+\J,/

fl,r-¡^^- ^-l ¡¿-ì- - '- -'rluasoll ana l\Jng lIl.¡I)
Hardy anil PreLorius (142)
I(arrnen and Boln:ran (I43)
Bor^rnan ancl I(annan (144.)

Boer, H.(145)
Lovelock C! e-l (rt¿l
Lovelock (Lt+7) (r4?*,q)
Þrrrno] I f l /,4\\ ¿r.ru /

Lor¡el-oclç antl Gregory (f4.9)

Testerman and lvlcLeod (150)'t,
/ a 

-ì 
\varaqr tJ-)l- ;

Faced ¡¡liLh i,his niulb:'-pl.icity of choice, t,he analyst, inusi be aware of Lhe

advanLa-ges and disad.vantages of each clevice" Th.e majo:: reqrrj¡"to"ni;s of

a de-bector are high sensj.tirril,y and sbabiJ-i-ty, combined with a rapid

resÐonse to atTr change in lhe composition of.'the chror,abographic effluent"

The detection is based on some physical property whi.ch undergoes a change

in. magnitude because of i;he presence of.' sample in l,he carl'..ier gas, The

change in ihe physicaL properi;y is convert,ed via sorLe transd.ucer int,o a

change in an elecbrical property v/nich is fu::1,her modified to yield a

reaclout s-i gnal , For each de|ec'bor, the mechanisr,r of response and i;he prop-'

eri;y of Lhe sanple t,o which 1,he dei;ector is responding nusi be considelred"

The sensit,iviby and response Lj-ine of 'Lhe s.vsl;ern t,o the compounds issui"ngt

f.rom the colurltnr and the tirnit of detection r,ufrich may be e-xpecbed of the

system,rnusi; also be noi:ed" The potenLial sources of noise in lhe d-etector
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response anci 'r,he fraciion of 'bhe norraal signal, level i',¡'nich carr be sensed

shou-Ld be i<nown" Finaily: the manner in r'¡h.ich i,he response oí ihe sysi;em

is reiated-'bo the sample size and-'bhe way lire syslem?s ¡'esponse lnay alier

the na'bure of the sarnple as it passes through ihe detecbor i'nust be consid-

erecl , These dj-fferent, consid.eral;ions a-Llow a corn,parison oÍ' the various

de'becLo:ns for use in arry analybical problem'

1he instantaneous signal yietriecl by a dei;ecior ma¡' correspond bo

i;he concentration of some componeni in the carrier gas, to the rate of

introduc't,ion of bhat component inbo i;he detecLor, to the lo-Lal amount of

sanrpJ-e maierial v,¡hich has passed through or into L.he deNeci:or, or the

srgnai. rnay correspond- to the rate of change of concent::ati on of samp-le

conçonent r+iihin 'bhe detector" AIJ- these modes of response are found

among the various debec'bors used." The sign.al rnay be further a-LLeL:ed

etectronicall¡' to read oub in an¡r e1' a nunber of lta¡'s " iviosl f requently,

one encounters sys-r,ems which yield eii;her Ineasurements ol concenLration,

or of 'bhe rabe of introduc'¿ion ojl sarnple inbo i,he detecLor"

Detectors such as the thermal conduc|ivity ceJI, th.e gas densil,y

ba1.ance, the electron mobiliLy clevice, 'bhe efeciron cap'bure detector

an¿ bhe far-ul'l,raviole'b absorpt,ion cell, all yield a direct measure of

the con.cenl,rabion of sample in tlre carrier gas" In several oli'chese

sysl,erns (-Uherinal cond.uctivity and gas densiLy balance), bhe ilrrpori,ant, fac-

tor is.bhe concenirar,ion of sanple relabive to the carrier gas (e"$"e

parts sample per unit volume of carrier gas) whereas i-n other de-bectors

(elec'i,ron capLure, electron rnobiliiy and u.vu absorpÙion) ¿ne voluine cotl-



Lt+7

cçntralion (in nroles su.bsNance per r:nit, vol-u¡.e of effluent) is the

important concenlration facLor. In the interprelabion of Lhe response

of such detectors, the disti.nc'bion of the ti.¡o trçf¿ssecrl of concentra-

tion detectors must be recognised " The concentration-type del,ector r¡rill

be relati.vely ìnsensitive (as compared v¡ith the rate of inl,roclu.cbj-on sens-

ing devi.ces) to flor"¡ f--l-.uctuations occu.r:ring du-ring the passage of a peak"

Ilorerever, these detectors may be affected Ì:y changes i-n the tobal- pressure

in the deiector charnber, and' l,he¡r may yielcl a diminished response if

additional carrier is introduced into ihe colunin effluent betv¡een the

co].umn and. ihe debecto::"

llhe response of devices si-rch. as the hydrogen flarne ancÌ þ-ray argon

ionisaiion detecLors i-s a d.irect measure of the rafe of in|roducbion of

sample into Lhe del,ecto::" ,[n contrast bo 'l,he cclncentration m.easuring

devices, bÌ.ese sysiems i¡:LIl be sensi-tir¡e 'bo florv ftuctuations. brti relativel.l'

insensiti-ve 'bo chanp:es in toial pressure'

A convenient nethocl of classif.yinE detectors, eitirer as rtbul-k

properl,y debectorsrt or' Itspecific properl,y deL,ectorstt, at once disbingui"shes

betl^¡een fhe so*cal-Iecl rtnormaf sensitirri¡U cJevi-cesrl and t,he t¡ultra*hi¿gh

""nui¡irrity 
devieesrt " The bu.lk prooert¡r rietectcrs measuJ:e some u-nique

lrrrll¡ n-.nn.ap*..¡ ¡f f,he c¡l.r"iel. crâ.s enrl sp.mnle t,oael.her" The bherma.l con.cl.uc-vu¿l\ lJ j, vlJr,.L r(y vr vg¡¡r¡//-v vvlrY

tirri.by cell an.cl- gas densit)'balance repï'esent deviees of 'r'hi-s Nype' In

these deLecl,ors, Lhe nroperl,y lneasurecl is no'i;, in general-, more 1,ha,n ten*

fold di-scrirninatory between plr.re carrier and nu.z'e sanple" Thus a sen-
L

si-tiviiy of the delecùor 'co one part of salnol-e irr 10" parts of caffier gas

lf ppm) requ.ires an e-xlremely fine measrr-reÌlent of the prooeri;y in question'
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Deiecbors r:f the ¡rspeci.fic properllJ¡tr i;ype includ,e bhe hydrogen

fla¡ue ionisat,jon dcbector', 'Lhe be1,a-::ay ionisal,ion detector', bhe .flar*

ul'¿raviole-L abscrpbion deiec'l,or, bhe el ectr.on capi;u,re deLector and l,he

pho'¡o*i-on.isa'1,-ìon debecior" fn tÌrese s.')¡fìtens" the nropert¡r ¡nça".,red is
-n

10- to l-0' ,fo1<1 ¡lrca-r,er f.rr 1,he sample than f or the cê.r-r:i':r', thrrs per*

mi-i,fin¡¡ a high sensil:,i.¿ity of delecl,i-on witho'-:b as fi.ne a merasrlrelneni;

of 'bhe nropertw" ll:r:flortuna.tely i:hese speci-fic pr-oper:t,y detecl,ors ruoi:k

ai low cu,rrent l-eve-]-s in high irnpedance ci.rcui|s, so 'bhaf e-'lectri.caj-

ll:asu.remenLs ca,'ir.ot bc naclel,rr-iirl,he samc cle¡ree of precì-sion as is possib-Le

in Lhe case of the l¡ulk properb_y det.eciors"

Cf tire ma.ny detectors avai'l ab-l-e, a selecl,ion can" be rLade f::oin abou-b

sj:l conmon units which mo::e thatr adeq.uatel¡¡ provi-de -bhe versatilj by neeclecl

fo.r" general ana,lybical- purposls" A laboral,ory fr:-rnished l.rith a ther,ra-ì

r:ondrrcLivit,y ce1.1, a flar'ne ionÍsatjon dei,ector." a be'ba-ray ionisa'bj-on

de1;ectcr', a cross sec-l,ion ionj-sai,j.on del,ec-borj an eleclron captr:re unit,

ancl a. gas density balance, is well suppl-j-ed" ûLher cl_etectors u.sed are

usrtally more lími-beci in. thei-r appl-ications 'bhan those l-i-sbed above*

For tì".e pu.rpases of Þ.yrol.1'si-s-gas-chroinal,oqraphy a.nd the anal-ylis

of trace comnonents in aq,u-eous media, tÌre hyrìr'ogen f.la:rLe ion"i,sat,i-on clefec*

bor i-: r:ndoulrtecl.l .r¡ i-¡esi; suit,ed to the anal-ystes neecLs, Noi; on] y is i;his

d-e't,ec1,or one of the rnost, sensi'bi"ve avai-l-able" but i-t, is a.lsc one of the

fel^¡ deiecl,oi's whose response is not j-rruraireC br¡ the presence of carl¡on

dio:<-i.de a.nd water" Thi-s latl;er prope.rl,y is per:haps Lhe mos| valuable for
'bhe b;,¡lrc of worl< attempl,ed in ihe n..¡rofysís'and siu'at s1',rrdies" UrÍlori;r'.naLe-ì-.y:
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thj-s cler;ec-r,or clesl;ro:i's the sam'p-]-e" Thns if samnle icleni-.i"Îica''.ion by

ret er:lion data alone proves i,co dijlfj-cu-l-t., a change lo obh::r dei;r:cto':s

which al-l-or¡ tire ef-fl"ue:ni; to be coll-ecLed fo:r Íuriher stu-dlr musi; be con-

side:red. "

Enou-gh is nol'¡ knor,^m abou.l, i,he most cornmoiúy usecl debec'¿ors to

perr'ril. ¿r rat,her brief out,line of theiL: most i-mportant ch"aracte::isi;ics {L52} "

l'fore extensir¡e de;scripl,ions o:[ tire cTel-,ecii-on syst,ems are to be forrntl in

'bhe z'e:ferences cjte¡j- in Tabl e l-?"

Tru__TII$-194L_ç1rNÐu Ë| r Lll_qr_JEï, çgar:

fn th-e'bhermal condr:.ctivi1,.l. dciec'Lo::, a chan,ge in Lhe'¿hermal con*

ducl,iviiy of tbe efflu.eni frcrn th.e colurnn J-eads to a change inthe ra-be

of heat removed fr-om a filarncnt, or i;herrnis'bo:: sensi-nq el.e,rnent" The::esu"l-

Lanì; chanse in tl-re i,emp,lraLure of the sensing elenent leads to a change in

th.e resistånce* 'This resistance change u-nbalances a r,¡heatsbone bridge

ci rcu-i-b of l¡h-Lch bhe sensing elemenl forms one annÞ The theo.retical- treat-

ment of the 'ì:herna,l- conci.ucbivity o:[' mi:cfures is rather compl-ex" fn general,

the i;hermaf conductiv-ify of a mj-xi;ure of ttro gases is not a linear function

of compositj-on" It is thu-s difficnlt to precl.i-ct the luay in r.dnich a

sa:nple l.¡ill all,e:: bhe tkre:'mal- conduc'¿iviiy of' the column ef fl-uent," llovrever,

the res;oonse of the del,ec'Lor -bo a giverr compound can be cal-culatecl 1,o

r¡iLhin 3 percent of the obse:rvecl value (L53, L5ù)" For samples of the size

encounùered in gas chromat,ography, 1,he resÐonse of l,he detecfor is l-Ínear

wibh respect l,o'ch.e arnou-n-L of substance pi:esenl, in the carrier gas.

The mai-n sources of noise for the de-i;ec'¿or come from ùemþerature
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a.nd flotr fl-uctu,ations" fnsta"bj-liL;' j-n ihe de-,ecti-on s;rsiem may also

be i niroduced b.y ihenirocorrple efJ:'ects a1; variou,s coni,acts, and by bridge

polrer-supÞ].J¡ fl"uctual,j-ons" ldj-th speci-al nrecau.bions, this debection
a

system can be made sensitj-ve Lo 20 to 50 paris of san.ole pez' J-0' parbs

of car"rier gas af, Line del,ector" lrJormall¡¡ a sensitivity in bhe I ppn (pari

nr.y, m1 I I i on) rå.¡-^ ¡| rr¡^ .1 ^* a¡f of is obsefved.lJgr ll[Ir¿vf r/l 4 ørlr)ç ou ul 1ç uv uvv u

Tlr_qtr_ruIë:I_ B-4IêN!g

This cìebec'Lor, cievelopeC b)'i4arbin anrì. ,lanes (.:--36), opera'bes on'r,he

nr-inci-ol,¡ t.hat, v;ì.Ðôrtrs of di ffer,-n{'. rìanril.rr diql'.rihlf.e in ¡ llniñLt-3 mAnneflft f l.turrJ¿ç urrqu vql/v4r J v.r u....-L¿ q\/r¿r- f ''J

be'hr^¡een iwo rrerl,i-e¿r]-l .f ciisl:lac,rcJ. segrnents of a, refel:"ence ga.s s1,ream"

Li-ghber vallou-rs dinini.sh i;he flor,¡ in the upper reference s'Lream, v"hereas

heavier gases dirninisll the fl-ow in i,he l-ov¡er reference sLrea¡n accordinq

to the construc'bi,on of the detect,or (see fo:: e:<ample, I(e'rl-emans (8) p'7S or lr'j-g.5)

Th-e flow d,ecreases are sensed as teirperature -lncreases i.n ihe Lhermistor

or filamenb sensing elemenLs in the reference streann se.qrnenl,s of -bhe ap,9a-

rabus. The change j-n tei:rpera'l,ure effects a resj-stance change in bhe sens-

inç alpmonJ-. r.¡hich f¡sjn-i',he ca.se of the lhernal conci.uctivity detector)¿raj v-:vrrre

unbalances on.e arm of a wheatstone briclge circuii" An oul,puL s:ìgna,l is

t,hu-s produced"

The::esponse of 1,his deteci,or is di-r'e>c1,J-y proporLional bo the mole-

cuJ-ar i.;eight of the s;atnple" IL can fhus be u-sed (155) to aicl-ìn|he

iclentif ica'bion of the separal,ed- cornponents of a rnixbure. The response is

al.so l:Lrrear wibh respeci; bo ihe samp-l e si-ze, and can be obscrved for sarr:pJ-c

concentrations in i;he I to l-O ppm range al, i;he detecl,or'' The rnain sou,:rce
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of noj se ilor lh."i s d-etecl,or is found- in del,ecior*Lemperaiure í.1-u-cLu-ations"

ISIt-HJPtOg¡lIlJt31[l_ j_o-tuf.s{U_0lL*!.qlri! j!Qlr

This detecl,or e:rpl-oys a high t enpera-bu.re i'iane to provide the

necessarT¡ ene:rgy ancl reacbive :Lnterrnedia-bes 't,o strip ancì. crack organic

sanple rnol-ecu-l-es" 1l'he su.bsequ-enL reaction oi 1,he sample fra.gments r.rii;h

.flla¡ne in'bernrecl-ia¡es (139) produ-ces ion fragmen'bs v¡hich are co-Ll-eci,ed by

fhe applicai:ion of an el-ec'i;rical field. The resuliing curent is modified.

ol r.n*.r.nni r¡.ql I r¡ r¡i.q : hi oh-irnnerl¡nnp n'r' r,nlri -j-. i.o r¡i pl rì :¡ nannndar ^i -'-^-lU!çU Vl vr¡¿VAI¿J v rq I r¿!5rr-!rrrlJv\-{slluç V-:I V(4-i.UJ UV J rv¿u q I vvv¿ uv{ ùJ-Èi:Id.! e

The response of Lh.is sysLein is r,ou-ghly propor"Lioil.al l,o ihe m:mbe::

of carbon abolns in the sarnple, fn acìdiLicn, bhe configuraf,ion of' Lhe

in6l reclll re _ .qnfl j'.ho ny¡^êô1a^ô n.Í f I llnr.j ne - ¡i 1.,r-nO¡rïl ^vrrÕên rn.ì rra.l-¿] a-bOmS

i,r: aqy sample can pJ-ay an i-lporbant role in Lhe cletector resporlse " The

very loru backgrouncl signal procÌuced v¡hen no sê,rïpl-e is presenf in i;he

- -11 -1)cleLeclor (l-0 **-Lo 10 *'- arnpere) pe:'mil-s a high sensitivity" The linear

resÞonse <¡f the systern can be denonsLrabed for sanple sizes rangin,g fron

ihe d,etection lj-rni't, of I r 1O-I  gra,n ai,oms of carbon per second Ì;o 'i;he

poinL l,,rhere i;he sa'ni:le l-evel is J percen'l, of the hydrogen concenirabion

ai; the detecl,or. 0f particuJ-ar inberes'L is bhe absence of response of

lhis dei,ecùion system 'bo carbon di.o;cicle, rrater and carbon cìi.sulphide"

The chief sources of noise Íor '¿his systen original;e with contanú-

na:ris in the c-;as strea.rns goin.q fo the c.le'i;eci;or and r,¡i'bh bhr alnph-fier-

recorde:: syst ein used-"
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:llfl*tl¿lÇQN" ¡ErA-R.¡tT DEliqCrOR

This forn of ionisaL,ion d-eùec'Lor operates on j,l-^,e basis oÍ [wo

reacbions: the excibaiion of argon bo j.ts lneLaslable si;aLe b¡¡ el-ect,ron

bomi:ardmenl; and 1,he ionisai,icn of vapour rnol-ecu-l-es by the ir"a,nsfer

of fhe energy stored in the rnetas'bable a'bons " The high ionisa.l,ir¡n eff ic-
iency of bhis system perrrits measu-remen1,s ai exi:rene sensiiivi'r,y wiLh

relai:ively simple a^rnplifiers. The detec'bor can be connec'ued di-rec¡ly

io a high inpub-i:rLpedance recorcl: :."

lfhe systern yi-eld,s a posiiirre response bo a--l.-l vapoìlr.s ¡¡Ìrcse j-onisa*

l,j-on pot,ential i-s l-ess iiran, or equ-al 'co, ilre ener_<y of the net,a,siabl-e

ar}on atoms (ca" fl./ el-ectron vcJ-t,s). llh,e res'conse tr,. differeni, sub*

slance:s is ¡rritnarj,l-¡r dp¿^¡rinecl bv the freq¿enc,y of co-l,l-isi on between

'the tesb tao]-ecu-Les ancJ tfie me1;as'r,a,Ï:l-es" This response is fai.r.,l.y cJ_osel-rr

rel-a'l,r:ä to bhe mass o.f sr:.bsiance i-nirodu.ced_ io the detec,r,or nc:r u.nit

ti-ne, and. j.s independenl, of the mol-ec'.rrar snecies" l¡,Ii1,h the sma.ller

inol.ecules (iaolecular ivei-ghls l-ess than l-OO) coll-isions wj-th the rrera-

sbab,les aï'e iooT'e freqirent, anrl a ¿irea'ber signal fcr a given rnass resultsu

The attractive eharacLer-isi;:'-cs ojl b,he argon d.etector are its hi gh

ionisal,:'"ot:l eff-ici-ehc¡r ¿n¿ ii,s abil i.ty bo resÌ:ond, in a non-deslnl,ct:i_r¡e

mailner i:o lrost volatiLe orgairic and inorganic cornpouncls" The disacìvalbar¡:es

encountered. are the sys'benes inairjlil;y bo ha.nclle \rery lal:Se vapouJ samples

aird ii,s 'r,enclencl¡ 'Lo l.ose sensi'bj"viì:¡r in 'bhe ¡:resence of v.'a-Uer" vapou¡ ol:

ai:: {Lhese tnay be presenf, in i;he car.cj,er. gas). The l-imit of det,eci;j.on of
-ìt

i;h-i-s devi-ce has been esti¡naied at :LO*-+ moles pe:: seconcl ai ùhe de-becbo.r

I I A^ I {'^-á 
^e^h^*,. .L)o j l_ (-)r.' pj.'Opöf ie 6
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Thís cletector uses recom.bination efÍ'ec'cs 'r,o _-r¡i_e,l_d a sirinal" A

racl.ioactive soul:ce 'ì on-i ses fhe carrier gas to provide a r'ree elec'l,ron

gas in bhe det,ecti-on clia;rnbe¡." /\ poLential just sufficj_ent to collect

al-J- bhe free electrons is rnain.i;ai-ned across the ion cha,rLber. hhen an

el-ecl;ron:capLLrin,S si;bsLance enters the cavi,ty, a d-ecrease in current,

re-Lated to l,he concerrtration of 'bes'L substance i-s obser.ved" Basic No

thc operal;ion oÍ'¿he detecl-or is the facb that L,he rafe of recombina-
ÃRtion of posiiive and ncga.tive nolecu,l.ai: ions is sone -L0/ to l-0" 1;jmes

greaber than bei,rueen free clecLrons ancl ¡rosiii-ve i-ons, ¿¿nd Lh-e fact thal,

the d::j-fi; veloci-'L¡r of i;he elect,rorrs is rnuch greater. than the rnobjJ-ity

of thc-' negative ions " The -'urtroduct,ion of sa"nple into the de'bector

l,hus markedly a-ifecls t,he si;andi-ng elecNron curren'b"

The response of ì;he system depends on '¿he electron af-finity of
'bhe sa,rple " This char.a.cteristic varies r,¡ith the energ"y- of ihe free

el-ectrons j-n nruch the saine way as -light absorption var.ies wii;h the ener&y

of 1,h.e incident photons (f56) " Iìy varying ihe inean free elecl-ron energy

in. 'Lhe d-e'{,eci;or caviì,y, the sensiti-vit¡' of bhe devj-ce bo a variety of

compound-s can l:e a] te;."ed, Depencì,in.g on t,he carriei] gas used and Lhe

cavil;y pobential) rnean electron cnergies ran,g:'i"ng frorn l0 elecbron volts

in argon to 0"j- e'l ectron volt in carbon dioxide can be obtain.ed" The

use of 1,he Pulse Sa:npling Technique,as cì.escriberl b¡' Lovel-ocl< (L57)¡ p:r-

nits bhe oJrservati-on o-f -i;he varjai,ion in e-lectron absoi:piion cross*sec'bion

¡¡i1;h the nean e.l-ectron ene-rgr'. TÌre 1,"vpe of varial,ion observed r,'¡ill i¡e

clrarac-i;eri-:;ì,-î-c of a -qj vçn ccmpouncJ ancl thu.s can serve foi: ideni,ifica'r,:î-on
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plr-r'Doses. The selecl,ive response o.f fhis cle'r,ec'bor perritib.s sensi'Liviiies
_l ,i

'bo as h-'btte as -l-0 -'moles of sanilrle pr:r secondô The qu.anl,j-taiive in1,er*

nre-'i.¡-f.ion of iþ6 rlal'or.ì-nn -naqnn.Se'LO SUCh Sinal-l SAnpleS iS Often A ìno1.eìJ¿ ú uQ u ¿\,1: v-¿

difficu,l'b operation tt,ran is firsi; appar:enb (f5g).

THE CR0S,S-SJIC'II-OI'] DlfllECTOt?

This debecl,or, .r¡hich l.,ras one of bhe fiL:st, bo be der¡r:lopedr emp-loys

ion-ising radi atj-on froln sone radioaciive source '¿o efÍec b a prj-lnary ion

cr.r.rren.1,, '.lhe current i.s proltorli-onal, aJnong other things, t o Lhe

effecLjr-ve cross-seci,j-orr of ioni.sal,j.on ojl Lhe vapou.r j-n i;he clebecbor cha;n-

ber. rl gas wii,h a low cross*sec'c:Lon (h¡rdr:ogcn o: he-l-iu¡n) is chosen for:

bhe :nobi-le phase of -t he chrotitatographic system, li. curren'¿ irtc::ease

proporbional--bo ihe concen.Lrabj-on. of any o'bhei: \rallou-r in i;he detector wi-11

be observed"

The response of-'L,his detector for anJr substance can- be calcufa'Led.

A l<nowl-edge of l,he aiornic cross-sec't,ions of the constj-'Luent e-l-ements for

Ì;hc partícular bond- arrangeÌnen-r, of an¡r compound is requi-rc;d for this

pul:pose " The lresponse is linear with respect to sarnple size from the
.-q

d.ebec'biorL tixrit (ca" 5:c l-O-7 mol-es per second of propane) to I00 per'-

cen1, samp-l"e vrithin bhe cLe'l,ec'i,o::" The main disadvantage of this detecior is

iLs relative-l-.y loi,r (vrhen compared. r,ril,h other available detec-bors) sen-

-ì.t-i¡¡itÛ Tl,ro n^ì. ^Ä.,--f,-^^.^ i - if.s I ino¡ri-f,r¡ o.f' þ^-ñ^1ieô {n .-ncf gç¡n-SIUIVITJJ 6 IllU ILL<1Ir1 éUV(j,rj.Ud¿SÇ IÐ IUÈ !J-l¿çøa JUJ' r'i a urVvi¿uç

nnrrndq ôIrôp â rrpr r¡ r,ri dr. nr,neenl-.r^i-i ì'" scalitl: L.hc deL,eci;trrpuulil¿Þ u v úr @ v Çr(y llJuç çLr¿lvç ¿ur c¿u.l-ulI -¡. ¿rl jç 6 ! )J

-o
clor,,m, it is possible bo obtain e. dei;ector sensi'l,jvity of aboui, J-0'g.rams

pcr seoolrd- or propan^e {f59). This ve::sion. o.[ bhe cie'L,ector is adeqitate f'or
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rr^Ì.íT)aìf TT\Tfl Tn'n'\ïT' l-llT^ Arrì l-nlru\/I-l ljul'.1/ J,:J!:::r. i.. ! Jõi. !L/l

excepi, ltigh*dlJ.ut,i on 'trace

There are i,hree ÊeneraJ- nìethods availabl,e for ì;he identifica'tion

of peaks in gas ch:ìronatography (f 60) " The rûos'b comlïon-Ly used appraach

is based on the retention ciata a.fone (161). The sjmples{, form of 'uhis

mel,hod is to compare i;he retent:i"on time of a cerbai..n peak in a chrona'bo-

gra.rn. i/rilrh 1,ha1, of a knourn subsLance in anothe:r" ch::onaioqrain" If

bhe i-rehar¡iour of bhe l<nolrn and ullknol.m subs'l.ances is found l,o be idenl,ica.l

on a'b leasb fl¡o columns of difÍering specificit¡r, one can be Jlairl.y cer-

i,ain of t,heir i.den't,ity" Confi-nnation can be achj-eved by Lhe rrflarke?rl

.i.pnhni ñttê rrln¡:rêlrrr 'f ìra crrcnani-a.ì comTlonanl, i s a.cjfl.ed l,O j,he mi:Ci,Uf e anduçvrrJl¿quv uv¡Iv¿ vvJ urre uqeÌJvv uvv vv¡iry

thc change in. peok height observed for bhe parl-icrllal' componenll" A

second varia'bion of bhis f'Írst nethod eTnpl-oys s;oecial plots of t,he

L:ei,en"tj-on d.ata. llor exarnpJ-e, in a sLudy of a homologous serj-es of com-

poundse a ploi" of the logariùkm of the rebention ti'ne versus 'bhe carbon

number yielcls a straight linei- An unknown homologue can be identj-fied

using this plo'b once its re'Lention volume is deterin-ined* There are also

other graphical represeniabj-ons of this i;ype 'Lhaì, can be used 'bo charac:

-l;erise a sr,r.bstance or fami-Iy oil subs'l,ances (Ió2). In addi.'b:ion bo i;hese

graphical ine'bhods, l{ovats (Ió3) a,ncl l4ir¡¿a (}ó0) have boi,h in.dependentl-y

.r^.--i^^r ^ ^.-^+^4.ça/\Â ¡nn,-n,,n.r-i4enbifical,j_on on i;he basis of .i,he.reUen-
llE V -LÞçLL cL Þ¿y ù Uç':11 J w! Uulll.lJwu.f,ru ¿L

bion vol-urne cla'l,a" The me1;hod seems bo be based on the icìea (rightly o:r'

r,n'ong1y) i;haL the iherrnod,yna:nic properbies of any nolecule can be 'bhorrghi

| Ã- ^---*.^-l ^ ^.1 j-lr a -f ,¡-na n.f' :¡l a.l, -i q qparr i n iTi ,Ttyg J J"--:Il1 ç.,ldlI1Jf u VJ- Ut.t.ç v.t lJt: vL .l/Iv rr åÐ P\,utl .L.L1 L J*iLl.
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of as å surn of i;he iixj.ividual contri.buiions of the cornponent pari;s o.i

'fhe nol.ecul-e. i(ova.'i;s uses pola.r' and n.on-polar col-u¡msto com'pare the

behavj-our of a-Ll orgauic colnpou-nds i,¡il,h the behaviou-:r' oí.' l,he normal

para-f'fins, llhe exLent of devia'bion i-n behaviour o-1 a cer'íain cornpound

from thai, of the pa.raf fins is a'Li;ribu-ted to a speci-fic grouping in tire

co:npouncì" An extensive fabula,i;ion oí these deviai:i.ons canr accordi-ng

to the meihort, ascerLain v¡hether an unknorrrn belongs bo a fa¡ni-l,y of l--

nibriles, arona'bics, l*alcohols ancl so on6 }losb of ihe funcl,ional- grcr;Ðs

have been characterised by these deviations, bÌ^trs facil-i-fabi-nq their

i-deni,ificai,i-on as unknolq"n peaks i-n a chromai,ogra;n" The dei;ail-s of bhis

methocl of ideni;ificairon have been wel-I L:r:vi-er,,¡ed. (1ó4-),

/\side from ì,he use of retenbion cla'i;a, two ofhe:: general approa.ches

n,q¡ 1'rrc emnl o-¡erì rLn ì rìonl--ì l.rr nirnn'na i,op'r¡lrþi e l-le¡kS. The t'if Si; Of bhesevúf! vv v:I$irv./ \¡q vv +sv¡¡v+rr/

involves 'bhe use of a d.ualrselective-response de''¿eci;or s;rrsfein (L65u 16ó)"

As has been rnentioned, 'Lhe varj-ous de-t,ectors noÌ^I in use each depend on

a d-iff erenb property of a compoumd fo evoke a response o The combi-na-bion

of response given to l,r,¡o detec-i,ors is usually unique for a. given b¡pe

o-f compound" There is no detec{,or yeL vrhicìl is compl-etely seJ-ecfive in

if.çl resnonqe f.o ^l r *-n^^ ^.1' ^^,.*^"-,¡- ^ '.1-l, ^'r^l-, l-]ra al an*rnn ^ontur"e t:.nit.LUù 1VÐHV1tDE UU d,-J-I UJPËÞ LIJ- UUitlPUU-rttìù,4J.UllUU.Ë1r Ur¡ç çrWUU¿U¿¿ UGP

anrì i;he nass spec-i;romeler detecl;or approach ihis cril,el:ion," A combination

of d-etectors such as these yielcls a i:oweríul -bool- for ihe purposes o.f

nnnnnrrnd i dcnJ-.i fiCab |On.v v¡rL Pv s r¡q

The second idenbifical;ion procedure v¿hich does no'b use 'bhe retention

da'ua reo¡:ires the isolai;jon of ihe efflueirb as i'i, comes frorn the detector,

-to'ileen a substanbÍal arLoun'b of i;he desired naberial has been obi,ainerl, any
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conventj-onal physical or chenj-cal means ma;' Ì:e used t,o idenl,ii-y ihe peaì< 
"

l?anonj.ir¡ i.h.. rìp-i.1.^¡^ ^{r ^1 ,^¡,ir-^.!iVe O.r¡"¡.niC anâ.ì---:- L^--^ L^^"^ rCAIed doi.,'n.1LcçullUry Urtç r.tçuli(Jq;i U.L ClU.d,I-l-t/c1L* - *.-**JÞIÞ lrc¿Vti Usvll Þ

foi. t.hi q 'i.-u,¡e ¡l' r'nrrnncnh ]ìnl'h a¡ F q l¡rf i n nnahrr-5NiOfi (f 6Jr1ôB) and-L (.,t UMù UJ !vç wr é}/Irr voul¡ o !v vI¡ wqúqlJ v¿v vvlrluu

deriva.ì;ive preparal,ion techniques (169) are noi,.r used for purposes oi

idenfification"

In nros'b cases. ideniification based on 'bhe rebeni,ion data afone

'¡rill suffice" Flor,'rever, rvhen a cornplex probten is eircouniered, ilte use

of a combina'bion of 'r,echnicues is desi.rable,

:[HE VAN DEEI'ITER EQUATION

l.'he efi:j-ciency of a gas chroinai;ographi.c col.urnn is e;<pressed i:y

¡ ^,".rnl-iì-r, -o | | ^rì 
.j.hê tthoi ohi. anrr-irrn I an-i in - i-han-¿a.i ì nr I nl:iott lu ir .n p\

d, qL{(l,llUIUJ Ud-r¿üq U¡¡s -l-¿j'.IrU v\lu-Iv4¿çI¿U UV ¿ UIIçV¿ çUIvOI y-L.oþç - \llolol er ,f o

rPhìc ¡rron+iì-\7. 7¡aiJ^y¡ô +/\ .ih^ lar-¡l-h ní' nnlrrrnn ranrrì-¿a¡l flnr'{-ho ¡¡*-lel'S lO 'LfIe iens-,. ,,. -,.- -ullt]lj-ele

equiJ-ibraLion of the sample vapour beLween bhe gas and J.iquid phases as

Lhe plug passes cloi'¡n'bhe coJ-uiln" This piece of the colurrm may be thoughb

of as orre stage in a series oÍ hypothetical Craig e;Cr,raciion vessel,s

uhieh er.e ioined Lo for-m the Whole colu¡fln"

In his invesiigations of ihe gas chromalographic process, Van

lJeerneter (fZO) r.ras able to derlve an elq)T"ession relabing bhe columrr

- /- |eÍfici.ency (in'berms oí'bhe Ì{.E.if.Ð i,o ihe linear velocii,y oí the

nobile plrase and to i;he various cons-LanLs associabed l.¡ith the construclJ.on

of the paclced coluru¡." The ez*pressr-on derived for a paclíeci colurn-n is

oI the .lorl-ÍI

B
1I - .ÉI ì- -u
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ruhere r:- is fh.e l-inear gas rreJ-ocity alorr5l the cohunn, Ir::om bire ploi oÍ

I-l as a functioil, of u (Fi,3ure 5S), iÌr can be seen Ina.'t, 'i;here exi-sis some

o1r-bj-rnr¡n gas veJ ccii..¡ (corresÊondi-:g t o fh.e min:i-,-nurn on j;he c'J-rv€') fo'

whi.ch lhe column operaLes au lrealç efficiency (l.oluest HoE.T"P") " ilhis

nl-oi; uncler..lines 1,ire disadvant,age of operat,ing ab too lorv gas veloc:Ltj-es

iuhere the curve rises s-ueePl;r"

In iis mo::e exltlj.cj.i forrr, tìre equ-al,ion appears:

r.r: )rrì-o.i."7Dgas + $-^ kf cit2 u /^\.-. -"-.:. --u-. v.t- 7ì:FrÊï2 " n-- ___ t¿J,.r. l_Q.

r,vhere fhe consl,an-Ls a::e defined:

i;he paclring coeffi-cieni;
'bhe average particl e dj-anei;er

1,he vo:'Ld- space coruec-Lion

the di.ffu,sion coeffi-cien-b*i.n l,he sas ph.ase

a consLani; relafed bo i;he cli-sfz'ibubion coeffi-c-i.ent k, b¡'

.:ì- . f_Ic-'':l<L{.f aqt&g_gq__coJ-,ULrygcSp.pled*b¿_lfqid._pþa.s-9.}.
(-Ír'action of coh¡nn 6çç"rpjed Jr-',' qas phase)

^
,lp

0

Drr¡ q,:*-
.l-
1{

d.f ; bhe iiouid fil-n thickness

rì tl:ri: cliffu.sion coefficienù i-n the llqu-id- pha.se""liq
Bqu-ation (2) cr,nr'esses -ì-n one s'i,abenent tire effr:cb a ltu¡lber of llaclcrs may

have on Lhe o.¡e¡all cohr¡r e-í.[ic,i-er:c].'", li'or in;tance. dec-ricasi-riï tht ar¡ei:'age

rr¡ri.-i cl e, si z.e a-nd rn¡lri nø 1,'-p ¡¡eìc.,ì n- lrn-i l'nr.¡ r.ri'l I ::CClUce i;he fif St be:CrO

of equal,i-orr (2) and. bhus inc:i:ease -i;he colu-'n:r effi-cj-enc¡'" The u^';e of a carrier

gi:Ls l.r'ìth a sna:l-l clifÍusj.on coeff1cje'.t (a hi.gìr mol.ccrr-la¡: ruej-:iht) l'ri1]-

l:Ðc|-r-ce'bhe second ter"n of ecluaijon (2)" An el-i-minatj-on oll cclurim ttvoid sÞacerr

Tlre diffusiviby, Dsu", is proportional .ca L/P anO l/(i'i"l.r R)t/2, ¡¡here P is
ihe pressure in thë system, and ivhere i'i" and i"ig are bhe ;rLo-Lecular weighLs
of sarnples and carrier gås respectively,



ilrq!,Ìi-$, l-Jj-. \Ian Deemter'
Effi ciency

P-l-oL. Shor,ring ì1s1¡;ì-¿tj-on of Colurnn
/..-.--\ , ,. , !(HñTP) lfj-1,h Car'::ie::' G¿s 1"¡eloci-i.,y"



L59

T+

0-

t-

U

-r
4

diffusion -'

finite nate of mass transfer

ti
I

'êddy" d if f usion

molecular

Carr'ier Gas Vetocity (U)



160

r"¡ill a.-L:;o riecrease't,Ì-'.i.s second le::n and i-ncrease tl:le cohl:an eificienc'1"

The adv'c.¡:sc effec-L oÍ large f:L.lra i,h'icÌ';nesses on colu¡rn efficíenc)' is

seen i-n the fhircf i;e::n of the eolrat-ì-on" The e-ffect of tJ:e di"fÍusion

ccrefficj-eub in i,he -l-i-ouid- phase (i^ihi-ch is relat'ed to the ]i-quid nirase

vi-scosil;¡r) ancl- of bhe pa::bifj-on coeff'-j-cient al:a aJ-so expressecl j-n

'l,he thir.d t,crm o.l equar',j-on (2)" Tìri-s equ-a.bion rel-ati-n.g ih': nan)'r colunn

factors tothe colu;nn eff:j-cienclr gives a good gu.-ide io the construc'i,ior:.

o-f aqy chrona.ì;ographic col-Ìrmn"

fn t,he cou-:use of any ana'L¡rs'i-s, a van IJeelnter*frrpe plot' for anl¡

pari,icular col-u:n¡. (a p,lol; o:i the car':::i-eJ'r gas veì-ocii,y verslr-s the HLIIP)

wj.l-l- be u-se-iu-l j-1 cle,r,er.mi-ni-ng bhe opi,j-mirm car;:j-er gas r¡eloci'i:.t¡'

Tllq -!-Lit$l4Tllü

Thc ,l-:Li,c:'a.br.re conce::ned ia; LÌr gas chro:natogral-'i-ry is acì.ni-t-"led-l-;r

¿ifficu,li; fr:r' one pel:son to tabul.aie. lJeve¡:1;hel-ess, many e:<celleni'

te:lts, several- crunril-a'bive lileraiure compilations: and re-lativeJ-y fel^r

pe:r:i-odicals i^¡hj-ch cover nost of the devel-optnents j-n the fiej-d, make the

job o.i folJ-oruing i;he literature a manageable one' One convenj-en" Lisi

of these 'be:<t , , cuülu1a.'l,i-ve reviet.¡s and cui:renf ,rublicaLions l'¡hj-ch aicl

j_n Lhe unr,Ler.st.anrlii'lr o,[ i;his fLelcl is givevl in !'ajr-l-e -ì-s"

TAji,l,Ltl l-8. Gr:1.d.e to The Cas Ch::oma'bo,Zraphic Li'beratu:re

Bu-::ch.fli-el.d-r I'i "P " &rd ll ' ll ' Sto::::s "
Bj.ocl'renicaì- A.p'rlica Lions of Gas Ch:"onato glapl-t¡',
¡Icaclenic Preså, ITol,¡ lfork an'l L,onrion (19ó2)

Te-'..Ns:

conti.nueC.
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NOI']ENCLATUfujiìBCOI'['ßiiDi!1'I0lrISAitIDDEt-rIir]jTIONS

Al bhough Nhe i;erril-Lnology l,¡hich r'¡as developed for bhe gas chronai;o-

graphic l,echnique is no1: too exbensive, iL rnay be confusing ai, Limes"

To assure solne liind of unifornify, several nomencla'bure recoiillllendai,ions

lrave been rnade at various conferences on gas chronai;ography (L71-t;-72t1-'73t

L1l+). Table 19 lists a few coiîyiLon terms encowt-Lered in the 1i'l;eraiure"

TABLE 19, Soine Terns Used in Gas Chroinatography

Defini1;ionTerm

CapillarY colutn¡.s

Chronatograiir

Dead Space

Liquid Load

Peak

Prograrmred lemPerature
Chroina'bograPhY

P¡r¡6];rsls Gas Chromai;ograPhY

This ierin is used 'bo refer io oPen

tubular colurnns of 'bhe Goray ''uype.

The si;aiionarY liquid is coafed on
'the r,,¡all of l,he coluiiln raiher '¡han
on a conveni;i-onal solid supporb "

Thi-s refers ì;o the record oÍ 'bhe

analysis as d.epicted in Figure )p.

:trny par-L of the chrona'l,ographic
apparatus no'b being used for l"he

separation Process"

i.eoe the amounb of liquid Phase
used io coat ihe suPPor-r,.

The detecior resPonse to the col-
r:rnn effluenL (Figure 59) "

The femperature of the co}¡nn is
al'bered. d.uring the course of the
chronabograPhic Proc€ss o

A ì:echn-ique used i;o s'i;ud¡i non-
vola-i;ile corapound.s. The thermal
degreclal,ion produc-bs are analysed
i,¡i'bh a gas chl'onatograPh'

continued
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:I"{ål4l-.tå-(iQ]:[.:iiäH

Term Deiini iion

Þr¡-rn ot.ârn

ResoIu-Lion

Rel,erli;i-on 'Ii-uLe

lìelai,ive l'ùeient,i.on lliine

'-lheoretical- Pla'be

IIei¡,hl, Equi-valen'L Lo a
Theorei;ical P]-abe

A chromatograr'n obtaj-ned from Lhe producis
p;,rol-ysis of a compound"

r\n cxpression of 1,he abiliiY oÍ
.r 

^nl rrrn- -ì-n qan: r-ll.a : ntr l-.i.rnø vv-Lurltr¡ vv rvyø¡

^^..ì\^,rri/ì.. rì.rnqg5ggi ;çur¡LPv4rue o .ú{JÀ v

ß : Ly-t,r./tx (f'igure 59),

The i;íme laken for a su,bstance i,o
^^ ^^ J^.-* - ^h-n-¡*^--o.r1r-ì a ¡n] r'
i/aar v.v!r¡! e vrrJ- Ul.r4Uv¿ír oPrrJv wvr.ifìll-lo

1[his ì s ]nore accuraLely i,abulai,ecl as
l,he iìeNenj;ion Vol-umc, Lhc volune of
c¡rricr oâ.s userl .i;o elui;e bhe com-
p<.rUnd,

The Li.me c¡f elubion for- one coln-
pou-nd rela'bive 'bo 'che i,ime of
e.J-u'l,ion of soi:re sl,anclard (l.7t)
subsiance,

A tern de::ivecl froln the Pla.i;e Con-
cei:L of chroinal,ography, rc:ierrinE fo
a h¡1poLÌre1,ical Craig exi;racl,ion ves-
sel-" TÌre nu¡nber of ¡:laies for a

6i-ven colurnn is expressed;
a

N : Ió(I:y'AI,X).

The botal- nu;riber of pl-ates diviclecl b,v
'i .ìrp r'nl rrr¡ìh I enøLh, Thj-s value
er(Þresses the he:i-gJl'b of i-nctÍvidual
nn1 r irnn 

'.r-rr..l-..i 
rlns '.'t..i ^l-' i r I "--^.1 inl,OUVIullll IJ\/I UIv¿taj lll¿rvr¡ -Lf, +4rrjJv\'

..a -miñ\r 
^n¡i- i'ñrì^1ìc nl'rqn¡rli-'i ¡¡¡ 1¡4.'-oì o¿5 tltcrll,y L:O1.l.U-l-ll.üU * , JÐÞElù t

r,.¡ou,.].d cause the cofunn so 't,ransferred
'l .n rorrr-ndlce -ì n i-.h:-nr.rr ì-.hc nìrsra1'VAbleuv I 9lJr vq u.vv rr¡ u¡¡ev¿ /

i,j¡res on i;he elu-bion cu,rve (¡'igure J!).'

oL
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illswe'i;t, Ì,i" Ber " lleut " l:ìotan. Cles " ?=A,,, 3l6t 3tJ4, (:-ç06) " (P,eference

i.n äeuJ-enan.s, ,ij."T*l,T,rrGas Ciro::aioqi:aph,,-rt, iìeinhoJ.d, l'Ìelr York,"

(1959), n"9) "

Xuhn, F'", A. l,niinterstej-n and lÌ* Lede::e::" The ).anl;ho:oìry'll-s" IJoln.:*

c,e7ls¡rs, '2" Piris.ìol-, Cher.r,, U.?, L!¡-'.-6O, (fç;:.) " (c.¡t" ?2,

3659, (193r) ) "

l.:iar'cin, it".l"P. and R"L"iI. S;v-n¡,:e. lliochern" J " (I-,ondon) åf, )-355-6,3,

(f91,-t-)" À ner.,¡ folrn of chrcrna-bograrr cl'.'ì.ploJ¡jnS l,l¡o liouicl

¡:hases" -l-" lì. theo,';. oí' cirro:laio¡-¡raphy" r.l- þplic¿r-bj-on ì;o i;he

tnj-c::ode'befnrinat¡lcn of ihe I'¡ìr¡hr.z nrrlnnn',r-i .. ac;j,ds in proieinS,

(c"t, 3r_6-.1 5L97, (194í?)),

Janes, A "T, ancl- A.J 'P " Ì,Íarlin " Gas-J iqr.ri d- parl,ii;:Lon chroinaiograpkr;r *

A neu' t,echnì-que for. 'i,he anal¡rsj.5 of volabi-L_e r,raierj_als"

r\nalysi,7?*, 9L5 QgSz), (C.i\. þJ_, L52.9, (1953).

.Iatttes, ¡!.Tn and A.J*P, l''la::tin, Ç:c--l inrrìrì n.ai.-i-.'ìf,j.on.chroma,i;o3raph;r:

It{,he separa-bion anC- nj-cro*esLi_.rnal,ion of r.oì-atj_Ie faity acj_ds

Jl:rom fornic acici 'bo d-odecanoj-c acj-d"'r j:ìj-ochem" J, (Lonclon),

59., 679-90, (Lg5z). (c,A " L6^, t+t3'ò3, QçSz)),

,iarLin, /iuJ.P. Pasl. 1:resent and ÍuLuL:e oí gaLs cJ.rrorrai;o,3raf)hlr " !-n

S_eç__Qþfg4+:pgfp._p-lj,):, lEclii;ors, Coaies, V"J,) I{,J" I'ioebeJ_s and

L"S, J¡.r¡;e,:son), AcacÌer:ric i?r.ess, l,ler¡ Ïorl< an.d London (f95iì),

t>a,23'l-21"7 "

ìia::Lin, ;l-JoP, il'rends in gas ch::<.:llato¡;raÞh¡'" J.n [gpgu¿-_Ih.Ap_o

.Qh_lo.;nqL-q_ç¡:g,.Jl]U¡_ (Eciii;or, Desi;y, i-r"i-{") Bu.Nbe:rlvorr,hs, Loniì.on,

(_L957), 1ì"1"
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Qg;-.-Ç-LlçU-g!,ggapþX (ec1" l¡or'rl-er, J.el+is), l\caderni c Press, Net+

York ancl LonrÌon, (L963), pp"77^LO3"

)-5" llogare, S" DaI, allC,J. Ohiu" A si;r-rd;r of ì,he perfo:i:tnance of packed

gas ch.::ornafography colu*ïns" rlnal" 0Ìrein" 34., 890, (L962)^
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sì.ìpÞort size and. proporl,j-o:r o-f l1quid on col-u:m effj-c:i-ency-

J, ,Lns'b. PeLi:ol . kl*., 7A.*79, (L958)"

L7, Pu-rnell, IJoi,sard, Ref /¡{-0., p"l8/.r.
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lLì. tì'ruec.kauí, lì' !ìheoi:'¡¡ of ch;-"otnato:raph;r" -iX." 1i'heore'b:Lcal P la'i:e

concept in cr:l'¡.n-n senai:atioil.s, il'rans*llaracl-*9oc, 5L-, 3l+, (-L955) 
"

L9" Cìickj-ings, J.Cn rr0oiled coluims and resol-u-'i;j-on l-rr .!€.s chi'or:-aLo*
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