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vapors collected from TNT, RDX and composition B explosives maintained at
250C and 700C were analvzed uslnp a Ragq chromatogranhic/manq -.p'ectrometric
techniriuc to identify the most prominent vapor components. A 'pas
chromatograph equipped with electron capture and flame InIzatlon detector-,
also was used to screen vapors for comnnents present at concentrations be-
low the sensitivitv of the rC/MS. Cvclohexanone which could have slpnificance
in development of an explosive or mine detector was identified In vaviors from
RDX and connosition B. Water vapor, carbon dioxide, nrobablv nitrous oxide
and a number of unidentified compounds were evolved fromi all samples. It may
be possible to identify these unknown compounds present at trace levels,
but extreme analvtical care and precaution to avoid contamination would he
required. In this regard, differentiation between comnounds w-hich are
incorporated Into the explosive matrix durinp manufacturinp anti those which
are adsorbed from air by the explosive at a later time Is also required.
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EXPLORATORY ANALYSIS OF VAPOR IMPURITIES
FROM TNT, RDX AND COMPOSITION B

W.F. O'lleillv, T.F. Jenkins. R.P. Murrmazati. D.C. Le,_-ett and R. lBarrio~rra

INTRODUCTION

I . al ih iuitarv e'xplosivi s. aniti luies hvly 4'fj% apo'd)Ers cliiitedt Into t he attitaspliete is anI
at1proachaIi to et'-,ioti that i-, cirreittlv wuider mlv.'st iiaiion. ' li I n lsiderii_ /li oi--l
it is 'tIv is ioled that. the o'xplosivte vapor it self. vapors from imipur itti-s tit the solid explosive. oJr
volat ill d1cotiplos it 14) prolitiis of Oil-exp~flosive' will forttl .1 till iqie 4cillaival signual me. I Iowl-ve'i.
ve~ry h lii is avitiallY known of' fte vinialtloll of vapors from ntttarY explosives. Evena values
for vapor pressiare of the exp~losive m1aterial In th htamient teinmrature raine ' have ent exirapt-
4)latedt from (tata obtatited -it elevated te'iiaperal lte.4 ' "rThis -general absenice or pertinent inftormta-
tioln rolevantf tot lie d(*%'tloptu#'ii or I rave -_as detectio suott etts is itl nto wayv luie to a lack of

Iitest II this area.' " hut rat her to flit I'act that it ii ri'cenitly techti(i14s and iuastrumnittat lon

have' 1not twl)Pl available Witlli s tiflceilt st'lIi itY v t anialyvzve xplosive vapors at textrenll.lv low
volivlinrat 1011. Decomposition)1 prodixk'! sm-llhI as niitro~gen i oxidlt. tnitrous oxide,. cartbon d ilx ide
andit variotis rii-st ricrnured ilvproxlw'rs have beeni st td if'd., , as have expllosive (oiui)otiellts 5In t he

54 iii iat e -,' ni. itde'nt itv antil o(-wt-ni '411'11 14 ay ar of tilorst 1'4 omlpot'ot s atid imipuii s it ti11114.

valpor phase have. tiowe'ver. I"0 been't extetivelY stud ied.

Tis In lvi'5t il 1on W.Is liflfdrtakl'ti to idoneii iyl' v t poniliis Ili lt vapor from m13iitary
t'xploivi's- TNT. Rt)X andit comtpositionl It. liit ally. .lttE'Iils at positive Idetificiationl we-re nue
1tsil 11-1 l'lirotty oraphic 4'massJ spt'ctroti-f'ric itet Isis. Later work was 'oniduc(ted oi all e'xplor-
atorv basis tisiiw. onily --as chrolmat ot-raptail t-chtliiues Willih inglier sv'nsit ivity lit order to provide
abasis fort more' revlitd stiativs Ii the' trir.

MATERIALS AND METHODS

Description of samples

Satopim's ori TNT,' t?t). and omiposition It ( 10"1: TNT. 59", RD atid 1",. wax) Iwere providt-d tor
is stiii v v 1Y I t ) ' ~11 1. c harte r is!tics of flit,' saunl p 's are- s iit1itiai Izo 'Ini Table' I. Part o2

11l1. RD-)X sallipli'. origuially Ili tbs ie51. of chips, was grotitid so t hat atiallvsis was cotldlicted oil two

tvjwl' of I? DX. Tie st-e' l'c Ith it flt-l satiplo's wats b~ased onl ; prevliis t'xperinii-tit coillcted( at1

MERI)C" Ini WiIlf'Ii a cotit iltitls we' iglit loss of fit' e-xplosivi- nilt' ial was ot11151'irvloom'4I .11 iXtittti-ra-

'oire. This iituttljld fl libiplilt that1 cotist itllitts Ill fte vapor eited byv tlit' samples ight

t~ale . CtIPli 44% Mine' tert in tDiviston. USA MIPRtC, Ft. UeIvoir. Va
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Table 1. Explosive samples.
C lurle 1.~ . ('gits U r *LSA MERM. Ft. lt-l*voir. V.

Soe,,r. of %ai nils : Pictiniky Arsemsi.I

saimpie 1,U r no. Description

kDiOI0..SR-4-4624 (e,.sr%, fuorm

TNT tW.:i476 Girasde I

('1in K)liioU II 35r4.71 I(raidu A

iiidotd bei detelctable. While t he samples were si oreci in closed rootta itrs. *no unusual provisions
Were't Miade' at CRR1FL to prevent adsorpt tor of conitamlinfants fronm laboratory air. This precaut ion

%%I,%towilit to1 he uuuiecessarY since the explosives had apparently rLce ived no Special handl tug
sIice mauac(tutre.

Collection of vapors

Ot g~rain of explosive material was placed into die u'uiaer of a 1 2.6-tuni-Of) by I .24-cni-long
qluart z tribe. To secure the samuple. the open enids of divh tubel were plugred with silauiized glass
wool. Tir tithe wats fit ted using Teflon ferrules arnd equipped withi two st ainiless steel Wh itey
valyt's to provide gits flow cout rol (Fig. 1). A helium soutice wits conitected to otne valve while tile
out let valve was conntected direct ly to thle inlet or at gas ('hrouiatogaph. A tubular heater was used
aroind thle (hiattz .i theto ( provide temperature control during extlrpen t.rts. Before thle sample was
placedI in the tube, the entire assembly was baked out at high temperature and tested at 70'C using

thle same analy, tical procedures as for sample analysis. This wits to minimize the degree. of hack-
g!rolttid containiat ion. After at Sample was% placed it) a tull)e, the tube was flushed with zero hieliumt
for several lhitites. 'rle valves were then closed for oute hour to allow aecuitulat ion of vapors
fromi the explosive, after whielh the vapors were transfertetl by helium flow directly to tile head of a
chirotmatographic coluniinmaintainedi at -75' C. Initially, tile explosive was maintained at room
tomnperaltire (25'C). The entire sequence was then repeated with tile sample at 700 C in order to
titeiise vapor conetitration for detectioti purposes. This temperature is below thle meltuing poini
oi'1i v riotis ''xph iii-s. Thi saiv Sam ple wats uised and the' S amtle as sen IbIly ma v a tied it act
tthrom il IIthIs' ainalvsIs soetit to provide, (ollipat ibility of iesuilts arid avoid ((iltatilitiat toil by
Itihoti I[ .iter Initiat ion of t he ;iialvsis jrotfdnte.

C T7)' c

Got~-~~V In

Figurt, 1. Ilt- svsein fPr tranisfer tot expilnsivn. vapors t() gas .

rbrrnattigraphl.
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Sam~ple al
Inlet =C r~ ",4 aptt~ 4~~e

S o m p i e~E 
F ... ~ s o

Inlet ~ ooqPJ

Electran pueL 9r
Detector

Figure 2. Experimental arrangement for analysis of explosive vapors:
GC/MS (top). GC (bottom).

Analytical procedwe

The three stainless steel chromiatographiic coluns used were:

1. 0.61 m 0.318-cm-OD tubing filled with 100-120 mesh Porapak.Q*
2'. 2.7.1 in 0.318-eni-OD tubing filled with 100-120 mesh Dtirapak* (Carbowax 400'Porasil C)
:3. 0.91 in 0.318-ern-OD tubing filled with 15 percent DC.200t on 100-120 miesih Anakroml Abs.

These columins were selected for. their ability to separate different classes or comnpounds. The
P-orapak-Q column will separate water and its performance is not degraded by water. It is useful
for analysis or some inorganic gases as well as organic comupounids in the C.-C, mole11cular weight
range. The performance of the IDurapak columin is not seriously' affected hy water hut water does
not eluite as a defined peak: however. this column is useful for analysis of ~omnpouinds in the C 4 -C10
hydrocarbon ratigt! and also for C,-C. alkylated aromatics. The DC-200 column was selected for its
ability to separate aIdtihyde-s. ketones. other oxygenated compounds. and higher niolecular weight
hYdrocarbons. The Porapak-Q coltin was programmed to increase temperature at 41 degree-s per
minutte from -75"C to 170 'C. The Durapak and DC-200 columins were progranim-d at lIIIV sanK'l rate
fromi -75 C to 130'~C and 170 C. respectively. Each cohuiti was heated at its final temperature for
at least one hour and a blank run conducted th'fore another explosive samnple was runl.

Durig the course of this work, two different instrinm'nts were used. The f1it tWas a Perkin-
Mihner 270 gas ci romatographi mass spletrome-ter (CC 'MS). Tilt (1WMS is equippe-d I*( - cotit ioults

scanning ot the CC ''ftlueiit withI on-line (omptert proilessit ot MS data l Pig. 2). Tilt. wdva tai
of this instrument is that positive idenrt ificat tot, can be oh!aitied b~y comparing mass specltra ohb-

tame fo copotents eutedfro th ga ('romt orapth with ltorat ure values. The- sensIivity

of the instrument, however, is lower than that of some other types of gas chromatographic detectors.
The second instrument employed to obtain higher sensitivity was a Perkin-Elmer 900 gas vhrotna-
tograph with both a flame ionization detector, which is highly sensitive to all organic cotuipounds,
and an electron capture detector which is ultrasensitive to electrophilic compounds stich as those
containing nitro groups. At this stage of the study no attempt was miade to ideti i' these comipounds~.
Rather, the intent was to determine whether other cotilpotimuts were presenut at levels bl'ow the

'Do-Criic. * la,i ih.i
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detct on limit of the mass spectrometer. The gas rtiromatograpit wits vonlfgled to split lt. efflu-i
ent fimm the itroniatographit. ciutmni1:1 to eavih tvjt- or detector. Uise or tiw iwto det~ctors Ii
parallel I, an advantage Ii that relat ive responses ive additijonal ifornli bou 511 IlkIl(oWIIeo
j)()te lit s.

RESULTS AND DISCUSSION

Gs tiromatograttis typival of I host' obta lliet for e'.It vpo of S:Illll atiph aiil ;alvt teal 1)rl-l'll
it c simun Ii Appetndix A PFi-. At -A7). TIhe' ch'Iitatogattis oIi a iii'ui .1 215 C and -70 c for eachi
explosiv IVI'it a g Well atialyt ival columnit are al igied for ipI-xsqofi' c )1(omparisonl with that oIbtdllt'41

ToI) c fot a blatnk run1 withbout sample. Peaks helit-vt-d to re-pro 'st-Ilt tmuiplils oIriginlat ing fronlst-
e-xplotsive-s are shaded to distinguiish thtl fromt t hose. 4l11t. to bat k.4r4)llit cont1amtinlatio0n ini c~ifd by
the 70 C blank rim.

T'1 4jol11atlgatlms (Att a ined tusitng thel gas chiotnial ovrapli 'mass spa4i tiomete'r systi tin are tmIent
ai Vitirt At. Usimg lte Vorapak-Q IPQ)1 couimnti. carbon~ (ilox idi- and' wate'r weret defetedttt III t Ih
vaipor tromi all samples Ili anloiltlts Ill exc'ess oft I hose' tluld dlIn tiL blatnk rims. Ti. most5 wate'r aitd

uarbtli didt w(s1 ev5'olved tront votilpOsitin B011 and till' Il'dst f1m )11 R DX. This d itterenve a' iv otil v
r'tlvt tziitors 5 its samiple sutrate area (rit ttl05it v. At 70 C'. itoLIs oxitdI' (N.O. presumtablY
a dcomosit ionl producit. was detecteud front RDX an~d cttllt)5t toln 1 bttt most fromi TNT. While 110)

N.0 was observed at 2.5 C. diata ohtaitimd larer iisiti Il, In ietir sensitivityvi'evirot 4apturt' do-tecior
shlge'st that N, .0i- evolved at mut entptratulre- evt'tt :!(i TNT. Usintg the Dttrapak cotllil li 14
vomottl)11(s wtire ob~serve'd t'x('t't for one11 untido-tit ifit't t omiponteli frot I? DX at 7I. C wich appt'aili
froti the miass specttr1 to be all alcohlol. Ustng the~ I)C.200 ('ollill. c~clolllexal4)IlO Was positivelY
Iden'tiflited from mass spe'ctra of Vapor', evolve'd frot cotlposition 11 at 70 C htut 11o iyclohexatinte
voultI Ili, detecte-d at 25 'C. More i'yeloht'xallolii was evolve'd fto the (-t ill form t han front tilt' Lgrtoli4
form (of comIpos it ion B. Sine i'* chips were used to miake' th Lgr oundl fli tntit'e lower conent rat itit
of cyclohexattoti Iii comlpositioni B (ground) was probably dutet to Inurt' volal ilizo-d loss. during sI orat
ht'catite of thle higher sllrfav't area. A sttall amount of' cycloltoxatiolu wits also detec'ted front ilt'-
RDX at 70 C. Thie occurre'nce of cyclohiexaiouo Ii vapor fromt ((ltlposil ion B could he of conlsider-

idelt s I--, infi, atce' Iln developmtent of' a mint' detectionl device. (.1'yo'lotio-mntin is uteqil li rt'(rvs v 1ih
a2 ''i dd c~tise.(jItal , v. it is at ('otltliof imputrit , of RDX. While t his t i"' 1s present lti solid

.i131)I. it would he d ifficult to design1 a high senus it tvit v delfector lIt discriiniate' ct'vtloht'x-
: moo.v *iitr ollwtr 4lrumill4 csompounds. [lowe-ver. cyclohoxatioiie is t 1(1114'l Ill theit setese that it is 11o1

iitm111.1 1 mi viirrim tugtrac gas prestit ill till' at Ilospiler#-. lo fllrti ea lallte0 lite potetlit ial. of
as aitd. til' amiount of cY4 -Ioht'xa Iloilo - 4ortittiotilv% evolvt'd frotm comipositi10n B and

vlipit lt'ii 1: iildrl!4.d mnte's should he dt'tertnllls'd.

Tlw. o-al O I ill' (C MS work itic~att' ftihat til'he il vap~ot contiI luet'ts t'vtlvid front TNT'.
k l)X and1( cil)(1 -111 io It were car'bon dioxide. wate'r vapoi and 11toi mOl5 511. cychoiloxallonle war;
Aisti, vii tt- ''4 fy (Impinll 1 anitd . to a le'sser &ett. by I IX. I Iowevt'r. it is not known. wlietiis'
tho. ro'o iti ton of'tll-. comlpOtilli cold~ at-cohlltf for ti. lOot itious ls or15 1wtiIt obse'rved( for te
s. 11111)14' ll'.1 lbsolf (A40 mfitore peaks tin 11t~ r Il lS 4aim chrttinna14m.Z 1 ~s41 dooe 5o lnt it!al Ilhal of ill r
in, 'dO riv I- n11mp iu wi I ri, noltt poeso 'lt Ill ll'- vd p r. H at hl. .it ttif l'ikely I ill alls that add it ional
('I )ilp~minds 5WI 'I pro-'s.' litl 4111 .oilit ral fil t-ove's belo'Itit 1W1 It'ft-ifon ttll 1ii of till' ttass speot'rt'ileti01
to';il inll mtonitor. aib(mit 1(- -- ~~tis. Trhe retelntion Uclardl'to'ri51 its of tile analYtivlea toluilthts iIsl'

tii tills atrlpl mvi' l l'lti Appoildix It. '5l' l t IImlllilds were lso'd for v'tllltil caliblratio and1:ii

r4'flrosia5'~ 114.ttv of ill', tvpI4's of' 4'i111lla5 wi 4ilc wouild ha~ve' hll (iI'ft-le tI'4iI Ipre-sv'tf at sulfficienlt

('4 Itf-fI Ill rai loll.
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Althos:-ls 'j l til t. jxpIlV WAi S w a ailv..- Iistlasead s h~Iih1a. ONIZsAIItos
andt t'lt'(tlll caiptiltt' dlStSt lot2s. It Was hlot INmar it4l , bliist. fit*ft-n rtip.'11I)IXit Vof flit'-'rmsisrsss
fo diisplay fli- ri'spoiset (it! flit- two det'lt4)to ftl~e 111 115.' Saint.' ilitisti at iows AccotrdnlIiiv. clitoias~-

to'.,5aili obta.5iinedi lisintilt flit'hue ~izat5iin 4l'f4tci aret stipt'di III hatile.s A?-A I wile' llh~oss Ili li
flht- o'h'('rof capture dIefector astt. re'pr.'s''st'litd v Fu141res A'.-A7. Wili IN-' l'l'I iclisttim I Iis. A'I
nso pe'ak , weie oidise's thal flo.if not11 5 he' aicoaited Iot bV. hactk.m otid cti ilimitliin1 indialiv
flit' blansk tholirilmhiam11. Il. 15i flit- l~i pak cnolumnss. no .st-iisNIItI(S welf' obil4'iiveil Which iosald he.

iris ibsited t flte samipi.'tit T'NTl I lia. A:. For Itir lt' RI)X andt volosi5tiol 1; irsiphs 4Iii. AMftol i

hoi-''vers, fw peiItaks mf Iciii...' rt-.ti'itot I lust's weret found iat 70) C whichi ofiviousiv origiled Iinom
flu- sllple''. .1114t1--.111 from flit- pea'.k asrea. flit- isrosuil (io thIest' twol iiitipiillO ItII flit- 5gio isas

t 41ripoisill It was abo)It'Itf41ut I aco Io it islhli slil IaI fill- h Vapor frolts RI)\. Tilt' cotset'liliatil III
filt',sI tr1ol f t oisi loll1(4ItB chips w.1s ;I factor~ of 10 a-rt'ait' t hani olisu'tv.d lost flit, --noiiis

C0ltpoat l oll 11. Its flit- samsple' of chips . 411. voijiiit was cleatlv e'viden't oet'ti if5 C. Wls.'n flit-

I)(''t olum idurss ~'Itself. Siubstant ial t~iitIh.IIIf oh l)''ks were pfes'1i fin all samtple's, both ;is*t '!.

A tid 70) C' Wit's- Al) . Whilt.' tlt- e'ho re(jimelito4 I idi'tiv rtese' peaks was hi'yotsid flit, sc'ope' ;ill(
I t'stlli It's alva ilblefo tt his projet. it Is It'1 It').'( t hat vVI Ioxassoit' is I'psestiteid fly f lit-hs ~
fa ii ss liviak II I the cefiel of, I lv- 4 t1ir-flhiit ara ils for RI)X a idl v.otspositio B05 . [spe'ak is pit'set'

at :!5i C for bot h RDX antdt comtipOSI lt I tup IIuI II II f nsMI1 that CViIiiht'X.ItII0ss' vats hie dt'ft't-d al
al1iti*t'lit5 'llipt'Sat III t* . In adition141. se'vera o iii tsoni.atill comt iipound541s hlave * s e'si de's*t ii d II flit va pot
frtis ft'e expltiviS and' aisle sit' cal ai't''~ l f tlit emst'ilivitv of i tlatiit, lti/.af delltet''or. Thus. w/fih

fit Is' larsi detfec'ft. it 55, fe'asile~ to de'tec't these- t1oisids. alth ligh~d at moil' detailed sttsdv Is re-

(lti1lt.ti for d'sifvlsi.

Ili i usig thle vet't n frall uire dt'tec't. f lit- ~ipetf of' ft- hrtu'naf I)5.itlts uInerfase-d t4)tis idt'r-
Ihihv Il in t itt 1 with is lssr dviec4tot svilsit svirv. A 'astlal 1-l.110-1-if the chromsafogranss oiufaintd

for hblanik r ins shows5 thtf ('1nta 02155 at loll was aI pt 5)hil. The I- isks mre pint aol (ili#' dii.f) fte ius mit

oif l e'lectopll o mnpoundsts pre'st'tif Ius travvi amlounstS s fittlt, piirg' gas Itselfd 24) fatsfer vai it 1)

fte i'rortiatoszrapls intef Isisss- tw 1111 voU ilmiss a . A5). mtost pe'aks ca fuit' ac~omsted fot bv

cotamsintatison. Thl-exceti ons are fte first p-ak at shosrt ret e'tit 1(4 time' f or bothI voispilsitsoss it

sitIslpits S ias A--)(. (1) ati flte last pt'ak at tlit- losss.~tst it'Iett 4)2 time teis all f vpt's of' sasiphe's. [lT'
usnrtial petak oiserved Uor vapor from 'oinspos itio 141I is tlin 'ialit to repies'st nit routs sixide nbserve'd
t'arlier tisisna 1l10' mss spvce' i' te''r i'-teefot With the Ihrapak co)lumn th lere' was little evidtenc'i
for flit- prese'ncie of Isuiritis tits vapors ti omt the e'xplo~sives exe't'pt for Ilit' ease'(i oflit' 'ottipspit 111)

It satspli's lWiv.. A&-t. of) whiet' lsssh.r rtielt islat we iahit compounods are itsdicatt-41 at lotiger re'tenst iotn

t irs.'s. A imussht'r of' pe'aks were obs5ervted fti vapior froiall samplehts when's tit,' l)(201i VQI~t'~iis 'si

ise n lin' first pr'ak itt t'ach Iioial osratt is fpiolaiv (ltJ dii.t) unt rois oixitte. P1eaks ill/ hoiizi'I 5,'-

te-t 14411 f islies aretv sl'i if Bal hsedi 41t1 ret'itils 2 tile'v critt'ria. so5me4 o1 Ihse pe-aks we're irit ialv
t itualit to tev (tilt' ft4 l)N' and1 T'NT isumiss dt'teu5bl a it iThNTI vatlxxt " hll thleit appetarance'i Ii valior

flout1 flit' RI)X saiassplt' 1i1t 5ilssfe tlsls j)4155 sllt v. 'ise' i ovt sirislarilY Vtit eppsarasu'e or fle citst-

tiatoviramis of all of itIle- sampesp 's 5t1tis to( i Its t ratt' allothe it'sypt' of '(ont1amins atisos problemri. Al -
titmiigl 5iotls or thle pieaks utidtehtdlv relrt'st'i Vapors siitimit, ho aI give-ti e'xplosive' man~fy of her

I 'Rislplltids art' pinobalilv dtite to atlsorpt ioi iof vapors byv flit' explosive's asht er sianiufacitur ing Thus.
vate' mst Ili tisi'gl to (1 lfht'tt'i late let wetn i'ossspoiitis thsat are' ati Inte'gral part of' fli- 54)11 e'xplo)sive

trairsx atnd those that tt'sttt front 4'x1postre of' fte explosive followinig mniuf actusre'. Nt'vert hele's-s
he'se results Ilustrat e slit' prtienc or trace- iniir ittiis iii e'xplosive' vapors anid shsow t hat assadvsss

of exiplosive' vaploi 5IIIL 11 ll"tIe't'tot i'aptitre anid rlasim, Ionuization de'fec'tors is possible, provided t hat
"W41r'1111 o'are is iist'd 1ti'e' lopnle'tt atid] aIplict'ion0 or prope'r ana hvit na ptos t'edtiets. anid t hat tlt

ltlilJ(41taic'. of samsple ltstotY is applrevt' .td.
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;c Time

7la0k 70)S. ".C Cyclohexonone Time
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Durapoa, Ourapok II

H'O'oo
_Tme0 COZ NO Time
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25*C
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b. RDX.
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Time
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71 Tim
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c. Comnposition B (ground). d. Composition B (chips).

Figure Al. Gais chrannltografms obtained for vaporr from various explosives using mitsa spec-
trometer tol foi current monitor,
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APPENDIX B. RETENTION CHARACTERISTICS OF CHIROMATOGRAPHIIC 17
COLUMNS FOR ANALYSIS OF ORGANIC COMPOUNDS

Table BI. Retentioni characteristics of Pwrapak Q chromatographic column.
Fluw rate L0 intIitliters/ti,,n. temaperature -75 C tit - 170 'C. pwogpaem rate to C/nm.

19 it Ni ~ t*

, 'it

Table 131i. Retention characteristics of DC-200 chrotnatopaphi
columin for analysis of ogamic compounds.

riftu~~~~~~~: Irmo 20 III111ot, ,11 Ittfli 1411110*1. 1'to 0C

I 11*~ -o It v 11% -..utl i.i** I I It~ 1- I4e %ll op- 'ti mlnoge I. f w

Bes Available-Copy



APPENDIX B

Table 801. Retention chafacteisies of Dwapak U chiroiatagravkic COlMO.
I lw ~gh'21 imii Iii te'rs/n tem~lorature. -7ro"' CIll 1 10 C, * rgwrail rate tO (C/Hii

Tr ime. Tiorle Toaln,

,1. 1 COS1~ 19.3 M1. lkhit~'I1,11.'I, *1.1 NcMmctt.'r

7i 1~ I'1i 411to , -1 lir , 1). 1 114 'j l 1 11. 1. TIeeo 11 .Ie 0

Is'.! 111 .11 Illtllq I~2.~ 1 !I.! TO. lmy-.m 1 1100-111.1,1 wmug..

4 N I I I~Ii' Ill. 1.'s ~1,01111 i..1 .;em vk'l i. . I I' im .'p .1e. l
Ii I i' .p. 19.6 I.- ! !.4 I l~l 1116 :il1. *0 NI.' ty ie 'C

I::.~~~ I Ill.

I L . 'Ii Cvii yj1 t,11 NI.itte1. '?1. ? 1 I '' I pla'I',Itmt 41e1


