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| INTRODUCTION
. Cuwomstography is s spatial separstion of the components of
a mixture brought sbout by Tepeated exchange of solute species be-
twsen tw physicsl phases, Qe of these phases, the fmcbile or
stationary phase, is Tixed in space, whils the other, the mobile
phase, moves relative to ite By way of an illustration, assume a
ve‘ﬁtiéél ‘ube r:i’..s ‘packed with é powdered selid and that a multie
@@mponen“b solution :n.,s aeided to the colunm at ‘the topo This soluﬁion
fl@*ws downward threugh th.e powder and is followed by pure solven'ﬁ:,
whidh gives uninterrupted floy tirough the colum. It is presuned
that each solute shovs an affinity for the solid and tends to adhore
to'it, This afinity is a function of the id.en-a:i;g}ies of the solute,
. the ‘ads@ben’tag 'and. the séleen*@o In any @ne adsc»r‘ben‘bmsolvent
combmatmns it is dependen‘b on the nagure of‘ the sclu‘te onlye The
-'measure of this affinity is the distribution c@effm:.entg io€ey fthe
| eQ_m.lz.,brimn ramo ef the qucfax}:bratlon of tne solu‘i:.e in one phase
‘b@ that in the @there_ As bhe solum@n enceunters so.lid d@VQZLd. of any
solu'teé, there is a net transfer of solute from ‘the fluid ‘bo the salz.d}.
which c@n'tlnues u.ntll equz,librium is established, Tl;’f‘-?ﬁ_??d‘??e_sfb@?, -
amownt, of solute in the solwiion, As this salution passes on to cone
ta@t more Solld in i’@s advan@e thmugh th.e ‘bedy the process is re=
, ?‘?%3‘33 The solution ls depleted of selu‘te by depos:v.tlon on- t,he N ’

‘ solid at the advan@ing fiuid front. Ab the back of the solutwm zome
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~uhere solvent is being added %o the column, the solution bearing
solute in e@!;‘%%i%ib?_i@ with solute in the immobile phase is dis-
placed by the solvent devoid of solube, and solube leaves the
stationary phase to enter the %@lve?‘@e The total effect is &
deposition of solute in the fmmobile phase ab the head of the
 advancing band and exbraction ab the back of the sone. In this way
‘the varicus solutes migrate at different retes through the colum,
Ideslly, the solutes ??@A‘Ss?p%r%?e@ inbo elearly distinct somes on
the colum or appear in the washings from the coluwm as successive
solutions of individusl selutes, The problem in chronztography is the
determination of the éf’saa@:?éfsﬁh?i:@h__afif@ﬁcf‘@_.fbhif%_,_%?%raﬂ%i@?}s Use of a
Liguid as the nobile phase is designated by the bern liquid chroma=
tography, In the sbove illustration where the solubes ars dize
tributed between a liquid and a selid suwface, the terms employed
are solid-liguid or adsorption chromategraphyo If the flowing fluid
is & gas, the system is reforred to as gas-solid chvomstography (GSC)
or gas'ﬁa@lsgrptmn @hmmat@graphyo L
A llqmd may fwst be adlsa:eb@d on & solid 80 tmm th@ la%er
is vieved as merely a mpport for the liquid and renders it inmobileo
Here 1% is thought that the primary process iavolved s & liquid-
liquid partition of solute molecules between an immobile and a
nobile 1quid phases This bus besn oalled liquid-liquid chroms=
tography, liquid partition chromatography, or simply partition chroia=
tography, If the m@bile@h%se is & gas, the }?f?f?es,§. is called gas-
1quid chronstogrephy (0I0). Tt is preferable in any system of

: mmm@n@la‘@um to use a @@m’(@ina'@ion of words designating the physical



3
state of the phases involved rather than to imply any mechanism by
which the separation occurs, e.g., adsorption or partition, since
chromatography is often a combination of these. The extent and effect
of the contribution of each is not clearly understood nor are they
separable experimentally. The investigations reported here are cone
cerned with paper chromatography where it is presumed that the inter-
locking network of cellnlose fibers acts as a support for an im=-
bibed, stationary aqueous phase. Gas chromatography is used as sn
analytical tool to study phenomena assoclated with paper chroma-
tography.

In paper chromatography, the extent of migration of a solute
in any chromatographic system is routinely reported in terms of the
Ry-value which is the distance traveled by the solute zone center
divided by the distance traveled by the mobile fluid front, Martin

and Synge (1) derived

R, = 1 (1)
1+ o (Ag/Ay)

where Ag is the cross-sectional area of the stationary liquid held by
the inert support, Ay is the cross-sectional area of the mobile fluid
phase and o« 1is the equilibrium liquid-liquid distribution co-
efficient, i.e., cs/c“ where cg is the solute concentration in the
stationary liquid and ¢y is the concentration in the mobile phase,
Their derivation is based on the assumptions that the composition of
the liquid phases does not change during chromatography, that Ag and

Ay are constant throughout the length of the paper traversed by the



mobil@ £luid, that o is n@t cencentration dependent, that equilibrim
@f S@l’@t@ beimir@@m the two liqmd phasses iS attained very rapldlyg and
that m@l@@ular diffusion of the S@lute in the dwe@'bion of flow is
negligible, Giddlngs and Keller (2), folleving a suggesiion of Marbin
(3), consider R as the fraéwbi@n of sgl@t@ m@le@ules in he m@bile
solvent a*tc, any one “@ime and. demm ‘bh@ seme @:@f@ssj,@n f@w R aa given
for Bp in equation (1)0 Indeed, the validity of th@ stabement R =
R 1a subject; %o the assumptions of Nartin asd Symge plus the sdlition-
al condition that the velocity of the mobile phase a’t the some is the
same as the solvent velocity ab the liguid fronte In a sense; this is
ot an additionsl Sndependent assunption, for if (Ag/ly) is owmstant,
then no veloeity gradients will exish in Mquidaliq@d systemso In
gas @h@@m@t@graphy (AS/AM) may be @onstant, ‘and there may still b@ o
vel@@ity gradi@n{gs by virtue @f the @@mpressibz.li‘by of the mobile fluldo
Giddings, Stewart, and Ruoff () have shown that ib,he am@‘zmt of mobile
'fluld per unit area of paper sh@wsman appr@@iable increase from the
?9@?’?@? fronb to the @17?’@1?4.&‘? _source, ioec, My is far from consteat,
 zloag the path of £iuld Tlow, The velovity b he 1uid from caseeds
the fluid velosity at the slute sone by tem o busnty per ceut (2).
There axe fow remszks % be fausd in the Iiterature converning sy
variation of by for 1iquid-liquid ystens, The effect of mommiorn
distribution of imobile 14quld phase and & subsequent variation of ig
al@rzg the @hmmamgraphl@ @@lzmm has b@e@ mvesmva‘b@d in gaS%J.qu:Ld
@hﬁ’omamgmphy by Keller, Bate, Costa, and ‘Forman (5)0 Keller and _'J
Stewart (6) @omluded *@hat a8 long as &« @f ‘equation (l) ls @@nstm‘tg

theén a \@glunm with a nonuniform diis’@rlbum@mof liguid partitioner



behaves the seme a8 a colum with the same amount of liguid wniformly
distributed over the support throiighout the solum as far a3 sone
position is concerned, The conclusion they reach.is that there is an
average valus :5°f. Ag which can be used _?9.,@@55@?1?58. the extent of zone
migration. The heart of the matber rests in the defimition of such
average values, the determination of when these sverage values should
be used, their caleulation and permisssble devistion, There is every
%@d@é@%@@@?ﬁ@%@.@V??ag@r?_ camnct be used in the caleulation of
column eﬁﬁ@i?r}@iés since these seem %o d@@?ﬁ@e@ a deteiled knowledge
of the distribution of partitioner (7). The question as o whether
this approach is ‘applicable o liquid-liquid sysbems is still subject
o experimental test although theory would indicate this te be the
@if@@?eﬁ.‘»‘.ﬁ@%@éﬁh?.t?@a@@@@?%?ﬁ@i%ss_, of chromatography may rest upon
behavior Gl@pending on such average values rather than upon the
partl@ular d@i‘gails of the physieal s;tuationo 7

_The usual pr@@edur@ :ua paper @hr@mtographyg whe:f@ the ima
mobile phase is iwmbibed wa‘terg is to satura‘be the liguid te be used
as bhe mobile Vi?%?%l@;m.-ff%@. water, to place some of this in the chroma-
tographlc chamber to saturate its atwosphere, and to suspend the
papers in this atmosphere for a peried of bime prior to performing
the chromatography, During this equilibration period, the waber of
the paper has an opgortunity to absorb this vapor ?9,.#?%%?@@ mobile
and immobile phases both reach an equilibrium composition. Then)
during the astual chromatography, there should be no net exchange of
Hiquid between the tu phases, Improper equilibration may lead to

anomalons results such as the appear@nce of two zones for a single



solute species as was pointed oub by Keller and Giddings inm their
review (8). Suppose that @g@___mob@@lph@se_is not satura’@fed"mr@h_f@h@
immobile phase, It may be presumed that as the £luid migrates down
the paper, it extracts immobile phase until it reaches an @wﬁ-m’?é@?ﬂ
concentration and in so doing dehydrates the paper so thab fg varies
in the direction of fluid flow, The observabioms of Keller, et al
(5) Bear this out for gas chromatographic colums, Here liquid
partitioner evaporates from the packing witil the carrier gas is
saturated. The net effect is b0 introduse a disontimilty ia
partitioner comsentration within the column, i.e., 1% suddenly changes
from & low value %o the eoncentration of 1iquid om the originel
packing which may be quite high (a change from five per cemt liquid
load %o thirty per cent). Beyond the discontimuity, the ecarrier is
satureted and no further eveporation oceurs, Cemsider, for example,
enhydrous butenol flowing down a strip of papér. As the alechol
encounters the water phase, 1t will extract weber from She paper des
tydrating the paper and reducing fge Upen becoming saturated, ex-
traction stops and Ay assumes its original value, This introduces
s diseontinuity in the amount of immobile phase closely analogous to
the situation in gas chiromabographyo However, em additional effect
in liquid-liquid systems is that the mobile Pl’%@%ﬁﬁ@in_; advance of the
@?ng@fnﬁ@?ﬁw;ﬁ . @@.@?@?@?@dw‘ﬂ"ﬂ?ith water while back of the discontinuity
1t is anhydrous or nearly so; Henes, a discontimuity in mobile phase
compositicn is intreduced, snd the partition sosffisient mey sssume
different velues in these two regiomso Add to this the variation im

Ay and there is ipdeed a complicated system full of the promise of



strange behavior,

Another effect which manifests itself is that no support is
completely inert. The support must, by definition, hold a liquid
phase strongly enough to render it imgl;ile. It is presx_med that
this affinity would also be exhibited towazjc_i the solutes. Keller and
Stewart (6) and Bate (9) prefer to write equation (1) as

R o= 1 (2)
1+ o< (Ap/Ay) + B (Ag/Ay)

where A, = Ag of equation (1), &5 is the cross-sectional area of the
solid support, and A3 1is a distribution coefficient for solid ad-
sorption. The term /3 (AS/AM) is a measure of the extent of
participation of the solid in retention of the solute, Depending
upon the values of ® and /3 , this term is negligible if Ay >2 Ag.
If, however, Ar is reduced so that the effect of liquid partition no
longer overwhelms retention at the solid-liquid interface, then the
solid surface term must be included., Keller and Stewart pointed out
that if Agq = ki, then equation (2) takes the form

R = 1 (3)
T+ <Ta7R)

where

o('-o’~+k/3

and includes partition and adsorption. In the region where the
quantity of immobile phase has been reduced, R is governed by K *¢
or by o4 and /5 s whereas in the unaffected region, R is governed

by &K .
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' It is also possible that the immobile phase will imbibe the
agbile phase iy the non-equjlibriw: situations

In swmary, a non-equilibriun between the fluid phases mey

and & discontlouity in the valus of o brought about by a change in
the composttion of the mobile phass nd an increase in the particis
pation of the suppert in retention by solid adsorpilons
. _Mach of this difficulty ean be swmounied by proper equilie
bration of the two phases. This 1is essily dome with mobile flwids
which are imdsoible with water by presaturstion, This @ﬁ:e;weé .'
that the squilibrium compositiom of mobile compopent is the same
somrd bulle vater as it is tomrd the adsorbed mevar of sellulose,
an ssswmption thet has nob been tested. It s known, however, that
perfectly good chromatograms cen be formed with mobile £luids which
are m@%b%? with water. As Lederer (10) has pointed out, it is
-@ifﬁiwlf?”?@,?%n@e??-s_‘t%}é@_\f‘éhe_ mechenism of such chromatograms using a
%@@@‘b&fs@ on the distribution of solute betueen v immiseible
ligquidso Mertin (11, 12) has propesed that the water held by the
cellulose is a gel which differs from bulk water (13) snd may be eon-
sldered to be immiscible with solvents which, in the bulk, are com-
pletely miscible with vater, Although intuitively satisfactory,
Yartintes liquid-gel m?edel» leads o conflieting ideas, It implies
that the value of ot for the distribution of a ?0.,1:‘%‘@3;..???‘.’@‘%??@% the
gel md an Lmmiscible solvent such as chloroform, is idembical with
the o for the disteibution betmeen bulk water and chloroform as it

might be determined in the leboratery with a separatory fumnel, Tet,



it msh also be assumed the gel is so different from bulk water
that this isbibed water is imiseible with something like thamol,
There 15 complete ignorance of the conposition of an ethancl-vater
 solution which would be in equilibrimn wth tiis gelo Keller (1)
found very poor paper chromstograms of the triphenylnsthane series
of dyes using absolute sthanol as the mobile phass, Thers was
severs tailing and solute retention st the point of spplication, AS
the waber sontent of the mobile phase was increased, tailing was
redned, the peaks beoame gaussian; and there vas less retemtion at
fti’.}il??f__@@gfi?%-_ He ?F’ ?P@é@.ﬂf@r@at’ the ,:§9@¢e?}??faf???@.._-???]ﬁt?@5.. of ethanol
- were @g‘;;ydqa;t@g .t‘he papero No direct e;qxerixﬁental proef of this'
was ever glvemo .
I mdeedg th@ mobile phase extracts water from the paper,
this shoul& be detectable ei‘ther by examining the vm’ter @@n‘@em @f
‘the paper after chromatography or by a’ttem;;ting to de‘t@@‘@ the 'ciater‘ e -
m ‘the mobile phase which drips from the end of the papem - The i"irst
appreach seemed dli‘fleul'@ since it ;Ls a problem t@ determine the t@tal
wa‘te‘r content oi‘ papero L The ‘bena@ity -m%h which the water is held de=
p@mds up@n the amaum presen% and it is dlfficult to repmdu@:doly
d@hyémte suecessive samples of paper '@e "Bhe same levelo _Also, the
Liquid remsining on the paper after ohromstography is mobile phase
held interstitially and both 1t and the tmobilo phase probsbly con-
 ‘tein sloohol, There %s_é@,.@@r@f&eﬁ.@}aﬂ%@t@% %i-@%%@%és_? from the
papes after a_chromatographic run s 8 measurs of imobile aqueous
shase rensining, Analysis of eluent fractions seemed caster, althongh

i%;. is neeessary that a few per cenmb water in ethanol be determined snd



 thet the analysis of 0.2 mls. or less be performed, This last con-
attion 1o necessery since thers is very little vater in a stip of.
psper and an sppreoishie slsohol sample is ikely bo have extrasted <
 most, if not a1 of the water, Thus, subsequents samplos w1l show &
sonstent composition, Gas chromatographic emalysis imediately
§gg_é¢§@§d itself sinee it i‘é raﬁ{ai and can be performed oﬁa -very small
sampleso ' ..
) ‘ The develcpmenﬂb @f a gas==11qu1d chromatagraphm me‘ibhed f@l{" =
~ '_ 'feh@ quanti‘bamve analysm of small amounts of ‘water m t,he pzeeseme @f '.
alcohol invelved -several stepse These were the follomng" (1) the
selecm.on of a sat:.sfactory supp@rt for the partltmning l:.quids (?)
' the selection @f a 1iqmid for ‘che inmoblle phase and its amountg (3) a
; _de@ismn as t@ ‘the appr@pri%e @@lumn length eperat:mg tempera‘tuzﬂeg

: ﬂ,om*’atep and, smple sizes (h) ‘the correlation of measuremen‘ts maée
from the hremategraphw rec@rd wrhh i‘ohe compesi‘tmn of lmom samples; |
‘ (5) armval ~abt an estimate @:E" ‘the pre@iswn of the analys:.s@
N 'I.'hese quesm@ns are @nswerable only ii‘ @ansz.dezee@’l w:mbh the -
nature of 'the analyses %o ’be pemi‘@rmed and 'bhe llmta‘tlons o.f ’@he S
" équ:.pmen'b empl@yed@ The pro'blem :.s %o analyze representatwe ‘samples
of ﬁbhe solu‘tlens drlpping from the end o.f a paper strip o:f' colum of

~ cellulose pulpa Such samples are sma.ll dupllcate analyses are dew
sirable, and the proportion of water is very smill,

o The record @btain‘é«:i frem ‘the ga’s éhroma‘éoéfaph is 'a' series of
fpeaks registered on a S‘Q)Z‘lp of paper by & recorder (15)9 The pro=

.per‘t.ies of the _peaks are. %o be c@rre‘lated mth sample eompwwzom o

“ Th@se peaks @ugh"kz to be well separateds, fairly sharpg and symetm@al -
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mm a minimum of talln.ngé, _and yet broad engugh te permt the

' measurement of areaso . If the cemp@nen’bs appear t@o soon at 'tahe @u’bw‘

let endg peaks m.ll ‘be very . high and likely o g0 off the record ‘
| makmg area measurements i.mpossn.bleo _ Even if ;lgg;p_‘b_“_gn“‘@h;e; recorder
'sealeg, they are likely b0 be so narrow that their areas are dlf?;Qult

- te measure Wl‘bh any degree ef repm&ueibllityo A pro‘blem with the
anslysis is that if the sensitivity of the machine is set so that the
aloohol pesk is on the scale, the water peak, if seen at sll, is 50
small that it canmot be measwed acowrstely, If, on the other hand,
the sensitivity is changed to maguify the water pesk, the huge
alschol peak 1s off scslé The equipment used has no automstic

ctrouit avtenuation device 4o reduce the response of the resorder
for large signals (16), so that a wrigne mecessity of the analysis
is that the aloohol and water peaks be sufficiently separated so
+hat there is ine bo change the sensltivity settings on the equip~
gn;ei@prgand;‘e-Stablish a ﬁéw 'ba&g line between thevappaaran@e of“_@aﬁ"

‘ peakso ) Henceg appre@ia‘b‘le r@tentmn mmes are mcessaryo ) A limit
to extensa.an @f this proeedure 1s the observa’éz.on ‘that the 19nge2ﬂ the
matemal resides on the ‘column, jt.ne flatteg”aigd;"broader the peako

| Th:.s is xzot semous with the pzc’ln@lpal @omponentg ~aleohol, bu‘ta very
| small m’a'ber peaks can easily be 1@51@ c@mplet@ly ;if the peak becomes
50 low and bread that it is not distinguishable from the rendom
braggkgjro*gaingi“_cimuit n@iseo iPeak ’G;ailing aé%dé to the peak broadness

~and tallmg with wai;er is mtorwus@ i

. In gaSallquld chi@omat@gmphyg :.Jb is impor“bant ‘@ha'&n 't,h@ ~support
‘be luert At@gward the .solm‘fbeg, ooy ﬂ (AS/AM) of equation (2) should be



nogligible. This is especially difficult to achieve with palar
solutes, ecg., compounds containing hydrosyl, carboxyl, amino growps;
ete,  Adsorption isotherms for solid surfaces are gemerally monms .
Linear, ioeo, (3 of equation (2) or o< ¢ of equation (3) are con-
centration dependent, This leads to very brosd ssymietrical pesks -
with exiensive tailing or "bearding® (3) and it is almost impossible
to cbtain reprodmeible quax'i“@i%ativem results with such peaks (17)9 I"b
has a’lse been- @bserved that mth supp@z"&;s in, m@ Ghmmosoz'b f&n:a.lyg, »
‘@h@ p@ak helght of ‘the waber m@reases m.i:,h su@gej.sjs:}v;e“ iden‘blcal _
) sampless tenshe;m (18) propqsed' ‘that an active support tyenacmus«:
1y adsorbes the water as it passes thmugh the colmm and redueces the
peak, Later samples are depleted t@ a .'i.eszs&zrx -extent so that the peaks
are larger. Bventuslly the support should be saturated with water so
 that reproducible results ave dbtained. Howsver, Little faith can be
‘placed in the consistancy of this procedure since the adsorption is
ot complotely irreversible, Obtenstein hinsslf reported that if the
calibration is repested alier an hour of shanding, the irst vater
peaks are again lows He 99?#%3%@6@Tb?%?t._?&?%%s_wéz‘fe%‘_*ﬂ%ﬁ picked up and
‘then slawly z*eleasedo ‘ There are othér examples of this in the
literatwre (10)o e

] The:f'e .appears to be at least mm dlfferen*@ kinds of ac"@z,va
sites on supports mads of distomacious earth wiich includes the
| Chromosorb group {29). ‘Gne tjpe is acidic and attracts basic cém%
pomnds » while the second 'type is thcught to imrolve hydz*ogen ‘boné;ngo
| Dea@’t«lva'bmn @f 't»his fcz;ype of supp@r'b maJ be attempted either by re-

moval »@f these si‘?&e_s with diff@ren‘b washes or by @@vermg th_emo.- An
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a@m W&Sh removes-*s@me i:mn and alwninum (loé per eent F@gaé éndl
Lok per cent 3512@3 in thomosarme (20)), and an al@@h@li@ s@lutmn
of a base is used. %0 remove a WSOw s%lg@?“ soluble layer (19, 21).
The effest of Lreatment with alksli is not wnderstood (22) This
prosedure is, at best, ouly partially effective in reduwsing
participation by he support when polar compounds sre chromatographedo
Soms workers (23) caver the active sites with gold or silver. Others
add & small amount of materisl, appropriately callsd s “iailing re-
dneer™; to the immobile liquids it is pictured as being more strongly
adsorbed on the support than asy solute chromatogrephed (17, 24)s
Supports may be first coversd with a film of material such ss a
silicane befors spplying the partitionst (25, 26). Kmight (27) re-
duced tailing of some compounds by Saf‘ft}‘;?lmi??@g?@% garrier gas with
W&téfo_ It is difficult to see how this last technique could be |
applied t@ ‘the analysis oi' aqueous samples. o / N

~ The immobile h.q;ulds used in gas=liquid chromatography are
generally arranged in some. @rder of ﬂ"'polamty” - The least polar are
the saimrated hydr@@arb@ns 9 @ofoy n«@@t@d@cane 5 while th@ palar hq,uids -
con'@ain su@h functlonal groups as hydr@:wl oxr @;@her limkages 9 ®ofoy
polethylene glycols, Although thers is no good definition of Mpolar-
Lby"; there 18 an intuitive fesling for the term amang workers in the
field, T has been cbserved that partisipation of the support is
conmon when polar compounds, e.g., aleohols, acids, amines, are

@hr@m@‘b@graph@d on active supports @@ated with a nonwp@lar Liquid (28

29)_ As the polarity of the partitioner is increased, the activity of

the supp@m is reduced. Apparently partitioner and solutes @ompeﬁ@



A

for the active sites and the effect of partitioner on the solutes is

reduced, It seemed that best results might be attained if a polar
liquid were applied %o & support of minimal surface activity, 8
feature inherent in the nature of the support or schieved by some
deactivation process. Recent interest has been shown in fluoro-
cexbons, eog,, powdered Teflom (18, 30), as representing minimal
activity, Stsssemski md Jamsk (31) have recently reported that
Teflon is a sultable support for the chromatogvaphy of polar sub-
stances on non=polar sta‘bi@nary liqmdso Symmetrical peaks were @ba
tained for highly polar solutes, e.go, the lewer alcchols, Ettrs (32)
does not reeommend Teflon as a support except for highly polar
solutes, & fact which argues against if?@? general spplicability, In
 the work reported h?%?:e;e & eonparlson was made between deactivated
Chromosorb and a fluorocarbon, and indeed the latter was found .
superior, although difficult to manipulate. Even here, however, it
is probably safer vo assume that there is a @ombmati@n of liquid
_solution and solid ads@:&ption sinee, for water, tailing was never
completely sbsent even at small sample 8 sizeso

_ Guiding prmmples for the S@le@ti@n of a 1.1.___._‘ _Qar‘@ii;;ip}z;é:

‘o schieve specific, desived separations sre still largsly qualitabive
(33, 3b, 35, 36, 37), slthough attempbs have been made to arrive at a
quantitative elassification (38). As & gmeral rule, polar liquids
-ghould be used o ssparate polar solutes. As the polarity of the
‘Liguid is reduced, polar solutes pass throvgh the colwm move as &
group, and there is a loss of resolution of the individuwal componentso

Waber and ebhanol are two very polar compounds which have similar



, o | B
'prepertieso Gas @hr@ﬁat@graphiﬁc analysis $ parﬁi@ularly qaan'bitativég
foze wa‘ter mn varmus @amples has pmv‘ed a cha]lengeo - Drawert (399 |
| B,B,O) @at@g@ri@ally sta"@ed ‘feha‘t the analysmps of aguecus al@ehel
solutions camnot be ascomplished by gas chramatography alones He |
convestied the vater ia the sample i hydrogen by passing the sample
through a reastor containing caloimn hydride at the fnlet of the
colum, _Kung, Wiitney, and Cavagnol (A1) used caloiunm carbids S0
. pr@duee aéetyleheo Eﬁ&‘@%@ émd Brémef"(hé). iﬁdi@ated thiat in. some @é:ses
- a m@l@@ular sleve @an be used it;@ en‘@rap water in the sample before the

et e

mixiure is pasded onto the colume . -

| Methods of climinating water in the sample have been discussed
by Gacace, Tiram, and Stein (h3), Keulemams (15) recomended immobils
phases _z't,.ii.@%?:Ms;lsrﬁ?%'@a?%_géaﬁ.g??‘%;‘zsl;s@lm femily, Partitioners in this
group have been clossly exnined by Adlard (3k). Aqueous solutions

~ of the low»"ineleéular welght -e‘bhieré. and aleohols have 'b"e'eﬁ resélved by
Bodnar and Mayeaux (L;Lg,) on tz’iethylene glye@l and polye%hylene o
glycelnh%@ szxrata and Takemshi (Ls,5 ) analyzed aqueous selutions of

'low cencen'tramons of alcohols 39 ni‘bmles s and ald.ehydes on poly=

et e e

s@hylene gly@el or glye@rol and @‘btamed probable error of five per cent
- for the alcchols, Fox (&é) d@“bermn@@l micre ‘amounts of al@@h@l in |
bleod usmg gly@@l c@lumso W@sse]man (!4,7) exanined the reselutmn @f
ethanolg waterg, and, ac@tone on colmms ho]:d}gzglpelyethylene glycela)m%
dlgly@emlg &nonyl phf{bhalateg U@@n 75&H=9@@009 and tricresy’l phosphaize
| and obta:}ned th@ ‘bes‘t@ msults m?@h a six f@@t @olumn of 36 per cent
(/) polyethylens glycol-hoo on 30260 mosh Ghromogorh st 100%, Van
der Kloot and #ilcox (2;,8) analyzed the volatile components in beer in
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the parts per million renge using eight foob tolumms of glycerine and
Carbowa-1500 supported by asid snd alksli washsd 30-60 mesh Chiomosorb
of Lel (hy) 1iquid load st 60°C, Keyacos (b9) used o foot colums
of L0 per cent (w/u) z?ofi;?i@?%xyl?%e glyool=hoo @ff%_.31@%7_50w mesh C-22 fire=
brick st 60°, for his dsterninsticn of water in e products af the
soolrflame sombustion of hydrocarbons. Talra (50) used a ome meter
colum of Carbowan-h00 &t U5® and 60°C. in the anslysis of the pro-
auehs of aleoholle fermemtation, Kemibayashi, Mikl, and Ono (51)
nsed & eenbination colwm of one meter of glycerine md two meters of
silicone oil DC 200 or polyethylene glycol-1500, both on C-22 fire-
brdek, in their quantitative determination of smell amounts of aleohols
in watero Dimick and Corse (52) used 10 foob colwms of Carbowsx ox
silicone at 150°, Swoboda (53) used a dnal colmm scheme incorporating
16 per cent polyethylene ..g%sf..@?%é?%@?,.a@é.,, 20 lé;e;f eent diglyeerol on
Celite @@mblnes with & a. 'backmi‘lushmg '@@@hmqn@ vﬁ_ze_zje}oy”_‘phie:_wat:e;’ was
never permitted o eater the lowes part of the column where aleohol
resolubion oceurred. Ziemtara and Owedes (5h) used four meters ef
Carbowax~1500 in 'bh@iz““analysis of beer voiatileso Salo (55) uséd. a
combination eolwm of 20% meters of paraffin eil and 0. 6 met@rs of
poly@mylene glycolmw@@ on. Ghmmoscrb t@ sepazeat@ isapropamlg eth@n@‘l,})
me‘bhamlg and water at l&‘?@Go _Morrison (Sé) anslyzed 20 per @ent. by
volume solutions of sthanol in wster quantitabively using an eight ?9@‘@
solum of 20 per cent Carbowax en 6@58@ mesh Teflon at 72@30 Si}evens
£57) uged a six meter column of three parts glyeerol on 10 parts L&omée
m@sh G@lz,w“ 5285 a‘"@ ‘?8©Go for &l@.h@ls 9 aldehydes 5 es‘@ersg and watero

Othey liguids have been used in agqueous analyses. Dinonyl



 phthalate has been invesiigated by Abraham and coworiers (58) and by
: | C%etanevie an& ’Kuﬁs@he (59). Tailing is severe. mzitham' (go) réa
je@t@d To@'bh paraffins and dmonyl ph‘thalat@ in preferen@e ‘t@ polya
‘e%hylene glyc@leée()o Z:s.l_’ﬁ_@grman and Lazams (61) used 30 per cent
d:.butyl ph'fbhalate th.le Haskins and @oworkex’s (62) used 30 per cent
'dia(zoethylhewl)enhthalate at 65@60 and Perkm::@kﬂer "BH packing ab
90°C. _Kemibayashi, Hilcl, end Ono (63) completely resolved weter and
‘twélve alaéholg on_tw _meber @elumﬁs éf silicone oil DC 200.0n Celite
.at 55@690 and diw(@m@thylheml)msebacate on. Ghromesowb a‘&:a SGQQO_W
~ Yamamoto and Sa:m@ (6!4} used a 70 emo c@lm @f 25:180 (‘w/"ea’) @@mdecyl
alm’hol on Celﬁ.te hﬁ@ a"@ él Co- Wmh a three per. eent relatlve erzor
in analys:.so Kelker (65) used a o9 meter c@lmm of 39 per cent
Gi‘bmﬂe:c ;A (@ma@@tylmtm«ethylhez@rl '@ltri@ est@r) @n Emba@el a‘t
122%0' I@wer ﬁempemtures gave a_ l@ss @.f’ m@solu‘ti@n and asyzmnetryo
‘ M@Reyn@lds (66) used su@mse @e‘@aa@etate supp@rted by ‘l‘efl@a in his |
mvesmgamen of ale@h@.% aldehydess ketones, and @‘ésher oxygenated.
@empounds in@ludmg Wat,er and found ‘they had lower ef’ficlemles than
if Gelite was _useé9 ) Sandler and Strom (67) supp@r‘teed 'the surfaetamb
ex‘bract@d ff@m "Tide", ¢ a c@mereial de‘t»ergen"ta on Fla@ropack aml C 22
i‘:webrz.@k in his zv@selu‘bion of aqmeoms selutmns @i’ ezqrgenated
@rgam,@so Matubam and. Kmoshma (68) 'best@d various liquid leadings |
on var:a.ous suppor'@s of polye@l};_rlene glycelg tmcresyl phosphate 5
ly@@rolg _triethanol amine, and Twaencsee Best z’esul:bs were obtamed
with eelums @f 20 per cent: liquiei 1@&@ of 33 ‘l (w/w) ’I’W@en=80wglyeerol

) muctur@ on C 22 fimbm@k a‘t 9@ Co where resolution. @i‘ acetone, isea

.pmpanolg ethan@lg n=butanol, and Watez' was achieved in 17 minubes.
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Zarenbo ‘amd Lysyi (69) reporied favorably on the use of 22 foob
columns of 33 per cent Avmeen SD, a mixbure of high molecular weight
normal primary amines, or 30-60 mesh Chromosorb at 88%, in the
guantitative anglysis of mixbures of i@w molecular weight alecohols
containing 25-75 per cemb water. Water was reported as having a
gmall anovnt of tailing.. Swith (70), in. nis investigation of water
selutions, tested polyethylene giy@él=20@9 polyethylene glyeol=h00 9(
glycerol plus trieresyl phosphate, diglycerol, hewantriol, triethanocl-
amine, Tween-80, and glycercl m@n@@l@&ﬁeo- He reported the detection
of 0.6 pér cent water in _’ethanol on 8 @né meter colum of 20 per cend
triethanclamine on 60-100 méSh Celite 5h5 at 100%,
| In the past the polyethylene glyg:@ls have been popular
liguids, quuid loads ranged from 20 to.30 per cent and they were
generally éupp@r‘&;@d by either Chromosorb or 2 flucrocarbon. Column
lengths employed weve 0.6 to 6.0 meters with en average length of
sbout 2.5 meters. 'Tempemmr_@s mﬁge;d._fmm b5 to 150%. with an
a,veré,g@ of %@GW and there was a direct relationship between column
length and temperature, »
Ottenstein (l@)-'me@mend@& THEED (tetrahydroxyethyl-ethyle.

enediamine)
(HOGH,CH, ) NG, CH, N (GH,CH,0H)
be empleyed »@s an immobile phase in th@.det@mdnatién of water in

ethanol. It bas a polarity similar to the polyethyleme glyecols (71)

and is particularly noted. for giving symmetrical pesks, It is be-



lieved that the large polar functionsl groups block out bhe active
sites of the support, thus vedneing tailing, THEED is thermally
gms_*@ple ;a}'{.a hlgh jt@mpera&ures and the r@@@menéed magcimom operating
temperature s 135%¢,
Ottenstein (18) predicted that a_two per cent liguid load
on a fluorocarbon would give excellent results, There are very good
reasons for this severe reduciion in liguid load. Theoretically, the
efficiency of a packing material depends upon the film thiskmess (72)
end this has been borme out by experiment (73, 7h). The Chromosorbs
are very porous materisls (75) with surface areas of aboub ko5 n”/em,
(20). Teflom, om the other hand, has & surface area of 99@1&. n?/gno
(75) %o 2 w*/gmo (73), A statement that the liquid load should be
veduced by a factor of O:1h to 0.5 to maintsin the same film thick
ness, and hence the seme efficiency, on Teflon ,,Ziez?@ti?é %o Chromosorb
?@1@ be strietly tywe only if a grem of each contained the same
nusber of particles'of the same sizes but it cem be said that a
reduction of loed is indicated by the difference in porosities. Re~
tention times are reduced for low loads (76, 77). In practical terms,
this means thab shorber columns or lower temperatures may be used with
low load eolums and the same resolution is obtained as with a colum
of higher load (78). It is desirsble that the column used have a
sufficient lifetime (5) to sllow the completion of the program, By
using @ lover 1iquid load, shor® colwms may be used ab lower -
temperatares for a leager period of time without spprecisble changes

in behaviors Low liquid loads, however, are an imvitation be

jpétdon by the support (20, 75 79)s A&s a compromise, a load of



mesrly ten per cent as recommended by Nadeau and Oaks (80) was de-
~@§d@@_vupgn}g ' .This -l@adimg gave separations superior to loads below
ten per @@@4@?_ o
_ The quentitative composition of the sample is found by |
measuwements of some property of the peslcs obtained o the chromas
bographic record. - The discussion heve is restricted to thermal cone
ductivity detestors. As far as the instrumentation is concerned;
characteristics of the record will depend upon the design of the
detector; the sensing cirenit, and the recopdero It is mot widely
spprecigbed that the recorder circult is a source of mon-linesr
response (81, 82, 83). The response, as well as the precision and
accuracy of the anelysis .arfs,fie?e;n;@@t upon the pature of the carrier
~gas, Nitrogen end @grbon dios;idg are inferior to hydr@g@n and heilium

in these respects (84, 85, 86, 67)e
... Barly workers assumed that the respense of thermal con-
ductivity debestors depended wpon the concemtration of solute vepor
in the sensing channel of the detector and net upon the identity of
the solute, This was shown bo be false (88, 89), Celibretion of
response as a i“mmtien' of solute identity and comecentration is a
necessity, ‘

o Th@ most popular p@ak pr@permes are height and areac These
two me'&oheds have been eompared (90, 91, 92} amd for @L&n’@l‘@aﬁw@
malyses, peak sreas are preferred, Pesl heighis are move relisble
then, apeas for solutes having short yetentlon times, ioe., narrow
pess - @3@;,59?%?0 Pesk height ratios were found to be independent of

~ sémple sizg aﬁdg with a few exceptions, of earrier flewrate, They



depend wpon retention time, tewpevature, and pressure (93, 95 9?6&
97)o Heights have been reported.as both linesr (98, 99) and non-
linear (100) with respest to concentrabion, Temnsy end Harris (99)
reported ¢ 0,89 to 0.78 per cant ab the 95 per cent confidence limits
for pesk helghts while Diets (101) reported to per cent at this
levelo Greem (97) weporved sm error of 1o5 per eemto
 With either peak heights or pesk agess, s decision mist ba
made a8 to the wnlts of concentration to be used, A correction factor
is then included to compensate for the difference in response of the
solutes, Assuming a linearity in detector response with concemtration,
a luear e@@@-@ should result which relates the peak property to the
amount of selute. There is much indeeision in the literature as to
the proper soncentration umits. Janak, Komers, and Si@?@,.,(.ﬁié). and
Schoulburg (102) caipared peak areas to both mole and weight per cents.
Satisfactoyy use of mole percentages have been reported (103, 10k,
105, l@@ with ervors as low as one per cemt (107)o Elsey and Wagner
(108) reported sn error of 18 per cent using weight per sent amd 9
per et using mole per cent. Others (69, 109, 110, 111, 112, 113,
11k, 115, 116, 117, 118) ehthusiastically proclaim weight per cents
‘to ‘be -supez'i@ro Evem tﬁ@ t’he@retician seemsl @@nfmsed since Felish and
Engelhamt (119) and Mecke and Zirker (120) elaimed o have »
theoretically justified the @@Z‘T@lati@n of pesk areas with wex.ght per
gent while Hoffmen (121) sbated that the correlation can be either %o
weight per cemb o mole percent, depending upon the idemtities of the
carrier gas:and solutes, The literature dealing with the use of areas

indicated that a relation between area per cent and composition per



_ 22
cent is independent of minor veriations in eperating conditiomso
‘Peak aveas are sensitive to ‘@;_em.e@?a‘_w?fe: bub not o flowrate (122)
Some workers eombined pesk areas with retention times or volumes in
their quantitative amelyses (123, 12k, 125)o Areas may nob be linear
in consentration (12h). Another growp of authors felt that ¥elume
per cent is .@?_P@P?ﬁ..@@r@ssﬁf@_ﬁlaég 127, 128, 129) in relating
chromatograns: to sample composition,

. Numerous methods are employed for the determination of peal
axeas, They nay be deternined automaticslly and recorded on the chars
"By electronic or mechenical integrators (83, 118, 130, 131, 132)o
Oz (83) indicated that integrators eam imtrodues error. & plenimeter
(10k, 133), the weight of the eub oub pesk, or tracing (13h; 135),
and quadrature of the peak, which imvolves use of the pesk height
=84 the peslk wdih ab one-half the pesk height, (136, 137, 138, 139,
140) sre the most common methods used to measure areas. Comparative
studies of these various methods have been made (85‘ 3, k2, 1h3,
Uh)o Janak found all integrators %o be moze ac@mfa'@e ‘than planimeters
or qmadraﬁure methods {86 1), and that for all methods, exrors in
 mesauring were ane %0 three per cant far aress grester than 100 m.%,
abouts 10 per cent for aveas of 51-bo 100 mmo”, and 15 to 25 per cent
for ereas of 0 to 50 mm.”, He fownd no one mé‘?h@d, to be wniversally
superior, Sohwenk, Hackenberg, snd Schueck (132) found planineters
and iategrators %o be comparable in socuracy, Chino, Kasamatsu, sd
Suzuki (145) felt that area measurements were the major source of error
in Q@Wm@i@Fﬁ‘{?@?‘ﬁ?@? The literat,ur@ mdicated ‘@ha{c, en 'bhe

average, one way e:q;@ect 0.5:%0 5 per cent error im quantltative analysis
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EXPERTMENPAL

kﬁ»v@@agems used and their souwrces are listed im Table 1 in the
Appendiz,

Garbovax - Pirebrick Colum

,.4&;5 4 commercial column eonsisting of wntreated firsbrick
coated with Carbowax 40O was tested in the.separation of sthamol
and water, Evem at temperatures above 1@@06 ‘the wéter _pealc e:mibi@ed
exbreme tailing (Figo 1). TIn samples @onibaim.ng 1less than 5% water,
the water peak is bmad and extremely flab.

THEED = Ghsonosorb Colum

~ Ghromosorb was treated with 3 M hydroehloric acid and rinsed
with distilled water um“;il wash shomed no reaction with silver nitrate.
e Ghzamososb Wes thon trosted with 3 I} potassiun hydroxide tn
methanol and pinsed wlth distilled water witil wash showsd no reaction
with phenophthalein, It was then washed with acebone and drieds
Enough THEED %o give approﬁmately a 27% by weight ‘eoating was dlssqlved
in agemne and then stirr@d mth Ghr@m@smc‘b wntil the acetone ]
}@vj_a.por@rbed, After drying, the 30 to 60 mesh f’meti&m was S@paratedo
The THEED coating of a sample dried over phosphorus pentoxide and them
extrasted vas found to be 2.5 by weight. Wnen the coated Chromosorb
was dried in an oven a% 100°C, the THESD partially decomposed and a
constant weight could not be obtained either before or after e

tachlon.

224‘



. Cepper ’bubingg 800 £% by 0025 iﬂa (OaDo) 5 Was pack@d with

2?933 g @:f." ‘the ‘@reated Ghromosarbo_ Tl_:.g @@_l_m__@;’ajs conditiened 7.5

hr ab 100°C at a heliwn flow rate of"'? 28 ml/min. Operating this
colum ab 75% gave & x*e‘ibenti@n mm@ fmc ‘ethanel of appmxmtely |
51 min, Water did not come off at the end of 205 hro At 1.0@039
the Tetention tine for ethandl vas spprozimstely 21 ming the retention
tine for wster was spproximately 70 min, Peaks on the chronatographic
ré@@rd were xa;é‘t .smetri@ale The water pesk, especially, exhibited

a grest deal @f tailmg (Fige 2)o L ) o

- This colum was gh@mened b0 6 £t by @ut;bing 2 £% off ‘the :
inlet éndo The @hromamgrams @b’baimedwere stlll msaibisfactoryg B
especlally in the degree of t,allmg of the water pe@k (Flge 3)  The
‘re‘ten’@ien bime fer e'tahanol was’ approz:imately 11 mm9 ‘the retentlon
time for water was appmmtely 36 min,

oo

THEED = Neutz*ap@rt '3.’ Golumn o

On *bhe re@@memdation @f Qt‘t@ns‘bems Neutraport 19 a i‘lu@r@c
carbon, was used as an inert supporte The Newtraport T was mot pre-.
trested prior to the addition of the imwobile phass. Fnough THEED
to give approxinately a 10f by welght costing was dissolved in acetons
and then stirred with chilled Newirsport T wntil the scstone
?W‘.E???@‘??S*? . The chilling was to reduce the amount of static charge
on the support, After drying, the 30 to 60 mesh Craction was
 separated. The THEED coating of a_sample dried over phosphorus
pentoxide and then exbracted was found to be 10.5% by weighb, When
the coated Newtraport T was dried in an oven at 100%G, the THEED

partially decomposed, and a constant weight could not be obbained -



either before or aﬁger @xtrac‘bieno o ‘ _

- Copper 'ibubmg9 3 £t by 0,25 ino (QODO)Q was packed with
006 g @i‘ ‘the treated Neutraport T. The exa@t. ‘weight was dlff:a.cxﬁ,‘@
tj?ﬁ determine as THEED _epparently is. very hydroscopic and the sample
weight iner @a_?_‘jed_i @%%Wf@%’ during the weighing cperation. The colwm
was conditioned appreximately 7-hr ab 100°C st & heliom Flow rate of

23,3 nl/nin, This colum at 75°C gave an ethenol retention bime of
Sbowt 9.5 min snd & water Fetention bime of bous 5 min, 8t K,
the retention time for ethanol was spproximately 5.0 mins the re=
tention time for water was 2h min, After this eolum vas used about
9 months, the sthancl retention tine had reduced to_sbout 3.5 min and
the water retention time was aboub 18 min, Retentlon times
fluctuated slightly with variations in sample size, flow rate, and
temperature, Peaks .@@.ﬁ?@é chromgtographic record were fairly |
symmetrical, espeeially in the lower sample size range (Fig. h)o

Equipment and Ins*@wmaezﬁ@s

B Analyses were made with a Cenco MNoo ?0130 Vapor Phase Analyzer
(Centx*al Sclentifm G@og, Chmage 5 Ill:mois) equlpped. with a the:mal
conductivity detector. Column, detector, ,a?l.d sample injection unit
were all at the same temperature, Concentration profiles were recorded
on & Leeds and orthrup Speedomax Hodel S, varisble range, varisble
s%@?i@?ﬁ?}f, recorder of 1 see response bime and 30 in./hw chart speed.
Semples were introduced into the gas chromatograph with a 100 sl
hypodermic syringe, Driving pressure was measured by a mercury
manometer placed at the source of the carrier gas; and flowrates were

.fﬁeaswecﬁ by means of a soap-film flewmeter and stopwatcho
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_The gas chromatogreph wsa eyuipped with a sensitivity ad-
Justment which oould be varied diseretely over an 8 wnlt interval,
while the recorder had. a range ﬁnder _mﬂ,gk}‘_@gulcil be varied cone-
*’é;mu@usly from 1 %o 20 mllz_voltso Beth ‘controls were used o
'a%@nuate th@ peak helgh‘ts durmg analyseso A
) ‘The paper chromabographic chmber consisted of a 19 QL; em
by 7.0 @m (I.D.) glass tube that was fitted at both ends with rubber
 stopperse %F????W@%??R@i?.b;@?@ was suepended from beh}ei;f@f?la o
stopper, Eluent vas added to the bost throngh a small hole in this
s;teppe'r:o”, The bottom stopper contained a thistle tube t ~eollect
drippings from the paper. Samples were c@llec‘ted in callbra‘bed 2 ml
' ﬁtest 'tubes fl:t;t;ed o ‘the th:i.stle "tube mth a corka » ' |
. The papes strips employed were 22,6 by k.l m, The strips
were féldedat 1.5. a;"nd'»BQQ em to £it the boat. A% 26;02 cm, the tip
- The cellulose p@wder column was an 800:1:61-0 by @.8ims (IoBe) ‘
glaas tube fltted with a sintered glass plateo A dropping funnel
| fltrbed m*bh a calc:.‘tm chlwide dz“ying tube Jras amached to the '&;ep ‘
@f the @olvmo‘ Samples were @ollected. in @allbrated 2 ml test tmbes@

Preparation and S‘torag‘ of Samples 7

Samples @f ethanol and water mxtures pz'epared for eal:a.brata,m
» purposes are. listed: :m Tablre 2 m.‘hh their c@rrespanding weight per
cents. Thess sanples wers stored in glass botiles with tigt fitiing

‘ru‘bb'er @apsa _-Abselute etkianol stored m this type of bottle‘remaiﬁeé-v
K anhydzvous for 6 months.

I'@ was- found 'bha't. the b@st way to store wﬁmmm samples was t;@



place the stoppered @@%écﬁ-’f@a tubes in a tightly elosed bottles
Refrigerabion caused any moisture im the air colwm sbove the sample
to condense. Samples that stood .?9?:3%?@%1 days befors analysis
had & larger water combent than expected, presumably because the
fsg;r;pl_.e pickgdup ;r_x;qistuie from the air§-

Paper Chromatograms

The chromstographic cylinder wes saturabed with sbaolute
_h*;ing fr?m_,';b,.h@wb??‘?s and 25 m;L of absolute ethamol, tlé.e eluent; was
.. The paper strip was pretrested in various Ws,??;eféif@ the
 chromatograns vere run. When the paper strip was allowed o
equilibrate overnight in sleohol vepors, slightly more than 2 b
- way required for the first drop %o be delivered off the bottomo
Sbows the same time ves required for a monsquilibrated strip. From
1,5 t0 1,8 b was required for the collection of 0.2 wl eluent, fhen
snalysed, eluent from the equilibrated strip showed no apprecisble.
‘mater_content. & very slight amoust of water vas fownd in the elusnt
. from the paper strip that had not been equilibrated with ethamolo -
| nothér experimemt employed a paper strip equilibrated overs
night in a water atmosphereo. After drying 5 hr at room temperature,
4 was equilibrated with ethanol in the chromatogrsphic oylinder
overmight, This %ine the eluent moved slightly faster, About 2 ks
clapsed befare the first drop was delivered off the bobtom of the
 paper. About 1,5 by wers required for collection of 0.2 nl samples.

- As‘ a last varia'ti@n s @ Dpaper strip was 'equﬁibn%ated. in a
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wster atmosphere, dried, bub not equilibrated in a ethancl
atmosphere. The chromatogrem was run as soom as the strip was
placed in the system, The eluent again moved faster, The time re-
quired for the appearance of the £irst drop was gbout 1 hro Ebout
102 e were required for the collection of the 0.2 nl samples. Thls
latter procedure proved to be the most satisfactory for analyses
(Table 3)s o
| In ovder $o dstermine the locabion of the water peaks in the
paper chromatograms, a paper strip was dyed with crysbal violet |
dissolved ia water. This strip was dried ab room temperature for
sbout 11 br, The styip was then placed in the chrometographic .
eylinder and 25 sl sbsolute ethanol was used to run the chromatograme
A dark sone on the fromb of the strip became evidemt as the run
proceedsd, At the completion of the run, the dye at the top of the
St?i?_?@% alnost completely extracted, while the botsom of the strip
was appreciably colored. The 0.2 ml samples collected were diluted
with 95% ethanol and the per cent transmission wes recorded with a
Bausch and Lauwn spectuophotomster (Teble b}, The greatest emount of
 erystal violet sppeared right after the eolvent fromand the con-

@en‘b:ation soon reduced to a l@w valueo

Cellulose Powder Chromatograms ,
. Golums of different lengths were employed %o determine if
the’ smount of water pisked up by absolube ethanol is dependent on the
length of the colwm s well as the length of time the chromatogram
requires. Cellulose powder was packed in the colwm in 2 to b am

batehes, In & 17 om colum, 22 min werée required for the first drop



%o appear after the addltion of the eluent, In a 9 om column, 5
minutes elapsed before the sppearance of '@.@_ﬁ? st drop, In both
cases, ‘tk}e ‘time required for the collestion of 0.2 ml was élightly
v Mder One mmu'@@o J . e - - . .
.. The eellulese powder in the 17 om. c@hmn ‘weighed 1.802115 8o
Si@?e_% typlosl paper stirip weighed 0,8029 g, the amount of pulp in
this colum would have made a peper strip aboud h"é@ em long (ex-
@1{2&ing length of the 4ip)o The 9 em @@Jmm weighed 1607215 g5
whiech mu‘lé be e@_uivalen*b fw a p@er strip apprommately 28& em long.
Figs, 5 and 6 _and Tebles 5 and 6 show the results of the analyses of

th@se @hr@ma%ogramso )

Callbramon of the Gas Chr@mamgraph '

_ Chmma‘t@grams oi" 'ibhe standard smnples indmated that the o
THEED - Neutyaport T colum was spplicable over the eomplete range of
water-ethanol m‘?@@éo_ The column was calibrated in the regiomiof
10% water and .’t?:el?w_% The two calibration @,mes..wét were necessary
%o sover this reglon are in Figh, 7 and § and Tables 7 and 8, For
 sauples contatning about 2.3 to 108 water, sample size was 20 41,
ihe @?@sii%imyrﬁa@iné?;?@? ethanol and water being 5 end 7
respectively, The millivolt readings for ethanol and water were 20
and 5 respectively. ?}i’%éjsie readings gave @I}?O@a@sﬁwﬁ@fb@.?é@@c?@i
ethanol peaks and enlarged water peaks. For samples conbaining loss
than 2,35 water, the sample size was 70 1, the sensitivity readings
were 3 and 7, and bhe millivolt readings were 20 and 5. Greater
magnifiggtigz; for the x;;gfpfeﬁva pealj: was _prevemed by the magnification

of random background neise.



DISCUSSION

The colurm employed for the analyticsl analyses of ethanol-
mﬁe:r* saﬁples _@on@iﬁét@d of T&E@E-@nﬂ Newtraport T, This colum was
capable of znalyzing smpl;es o?vﬁer ‘the entire é’@hmolmwéxt@r range. An
extensive calibration of the column was c.a:fri@d oub only im the region
of ten per cemb% or less water. In this regiom, the eluent from the
cellulose powder @alumns_amd.papér stﬁps.%ms analyzed. Two different
calibrations were neeessary to cover -“@hig areas one calibration was for
70 mieroliter samples, aud the other one. was fér 20 mi@r@litez; samples.
In samples cemtaining .70 microliters, the influence of the ethanol
peak was still appreciable at. the start of the water peak (Fig. h, |
D, E) o Since the very end of the water pealk did mot tail reproducibly,
and the begirning of the water ,peé,k was masked by the end of the ethanol
peak, the area of the water peak was measured from its apparent starting
point, rather than extrapolating the water peak to. the base line, znd
sﬁraigh'b 267088 a@@_@mé to ‘the’ dotted line in Figuwee Ly D, This -'
measurement gave reproducible i:“es*éltsov . Even though the entire amcunt
of water present was not measured, calibration of th@ @hf@mat@grams
lc;an@alied out this omissiom.. . The effect of the alcohol peak tailing
into the water peak ﬁas less noticeable in the 20 mieroliter samples
than im 70 mieroliter samples. . In sample sizes Tup. to atout ten micro-
liters, this overlapping problem did not exdst.

. Samples centaining ‘0,50 per cent water gave chromatograns with

smllg “put measurable peaks,. In samples @@ntaining 0,35 per cent water,

31
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peaks did not register on. the chromatograms however, the tail of the
ethanol peak was higher and flatter than it would have been had "o
water been present. '(Figo by E)o. Ins samples conbaining Q.43 per cent
%mterzg there was a slight mdmatlon of & peak whose area was nob
" measureble. In analyzmg @hmmt@grmns of wat@r content around 043
per cent and ].essé7 @omparisom were made m:@h calibration chroma=
tograms, In performing these comparisoms, '@mcimgs of the uwnknown
samples were superimposed on the ealibration. chromateograms.
Measurable peak area would place the lomer. de‘be@tablll’@y 1imit of
water for the celum at about. 0,50 per. cenbs. hmr@%?@rg by using this
m@thed of comparison, the analysis.eould be extended dowm to about
0,35 per cent water, The difference in the appsarance of the curves

at these vari@us.'?ef cent .1@*9’@15 permitted pimpoimﬁing water @omp@éi‘bion
to within + 0.1 %o # 0,2 per eent. Use of this methéd of course re~
quired extensive @aiibm@@ninthis regione | |

" The ramg@ of the deviation of the per cent water between

'@uplicatés and at time triplieate, analyses in. the 81 samples of eluemd
from the cellulese powder coluwmns was from. 0,00 to 2.00, There were
only six values over 1,00, and these deviating values could be |
attributed in part, if mot.all, to the fact that the ethancl in the

test tubes absorbed moisture from the air betwsen analyses. The average
of all of the deviations £sll at Oclhi. . & simple imterpretation for
d@ﬁé,tions was nob possible because @f‘@ff@@ts introduced by such factors
| as the followings the inherent error im the planimeter, which was found

o be dependent @x@:‘z&r@& size in agr@eﬁ@m@._with Janak's veport (Ll)s the

extreme. differences in atieavation between the. @thane':»i;‘,.p@ak and the water
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peak, ceupled by the fact that this sttenvation varied with sample
_ siZ@g the cenversion of area to per cent area, and then %o per cend
water, a .@r@@@dur@ that employed kuse of two nonlinear curves, each
geared to a parm@ulém sample size.. The analyse:s of samples containing
water in the wjl@mrtyf@f 2.5 .per cent t@nﬁe&.,m.hm@. & narrower spread
of deviation vg.lmes than those ‘@on‘taimiﬁg water in ‘thé higher pexr cendb |
regions. Repsated planimetry was 'gegmpj;@yed for each analysis, and re=
sulbs indicated tha‘ég 4n agreement with the theory qf.‘@him eb al (145),
if a more sccurate methsd of measiming areas were available, more pre-
cise anaslybical resulds could have been cbtained.

Since th@'r@teﬁti@mﬁmne of -the ethancl and water peaks was
Pound o decresse with. the nwmber of howrs the column operated, calie
bration samples were run interspersed with the sampies to be analyzed.
~ Galibrations made. fowr %o. six months apart.were i“@und to give curves -

paraliel to each other.  This.fact .xsmgg@sﬂ;édi a..ﬁgedis@xﬂibati of the

immobile phase, .as was pointed. out by Keller eb.2l (5) and Keller and
Stewast (6), Semple sizes differing in magaitnds by less thsa 20 per
@em gé,vé similar 'per.‘ centb areas. . Oubside of this .pe:@aissabl@ deviation
range, sample size was found o have a definite. eﬁ’e@{b' on per cent ares.
Therefore, sample size was meinbained. as constant as possible for the
-ﬁff@rénﬁ%; calibration rems and.for the amalyses‘pf wnknown samples.

As the erratic bebavier in Figures 5 ané: 6 indicates, sample
storage presen%@dl a problem. In théanajlysis, of the nime centimeter
sellulose ;p@zwder.@olmg samples 37 ,%hr@ugh 41 were analyzed after .
samples one through five. A slight .,int@fmpfbiong was noticeable in the

curve after sample five and & greater one before sample 35, By the time
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the analysis of sample 16 was begun, several days had elapsed ’Sizi@é
_ the samples wers obtained. With samples 28 thz?&‘agh 3k, ervatic b@a.
havior is Mrk@do., This disturbance has'.been ascribed to two causes,
The mcr cause was the .evé,pbfaf@i@m of the @thanél as shown by the
decrease in the velume of the sample.. However, the decrease in sample
yolume was not enough to accomnt feor th@ inerease in the amount of |
" waber shom' to be present by analyses. . v.ﬁfh:iésa increase in. pexr @@ﬁ%wat@f
was therefore primarily atitributed to the absorption of water vepor '
from the atmosphere. This fact further _.illusf@m@gd @fshanél?sv strong’
dehydrating 'pm:rem C ' | | e o

Both the cellulose powder colwms .snd _‘t_he dyed paper strip
. indiecated that the water. absorbed by the ethanel came off in a peak aﬁt@r
the solvent fromt, The fach that the water did mot show this stwupt pesk
when the eluent frem the papér strips was analyzed was attributed to twe
causess; a dilutién effect and. an. evapomtién effect. . In the length of
time requived for collection of these samples, the water peak on the
paper. could have bsen affected by the emgl.atmospyer@ @ondenising and
diluting the peak. The sec‘ondam'effe@% was .at‘?@z‘?ibﬁ“{aed‘.ﬁ to the evaporation
of some of the water into the ;atmosphemo . :By, running @éllul@se §Mer
columns, both these effects were eliminated, and the water appeaved in
its predicted peak following the solvent frombo

The azeotropic mixture of ethanol and water éid not eppear as a
distinct Peatmuve in any of -the analyses. . There was net even a leveling
of the curves in the vicinity of this area,. .In Figures 5 and 63 it was
interesting to note that when the @lu@ﬁ%.ab*soimﬁe ethanol, contained

«Toeween.' and 9 p'z‘ cent. water, ‘the dehydrating power of ethanol seemed -
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35
o Jevel off, Q@@y@g&ﬁi@m ﬁas probably still scevrring, bub it s
greatly redugedéifﬁﬁ‘@@ﬁl&ébe §§$mm@é th@tLat this point, the ethsnol
was no l@ng@; a strong enougﬁ*@éhyﬂraﬁingiégent ‘e remove th@_wétef‘
.h@ld by the celluvlose suppert. .. This was Sprorted‘by‘ﬁh@ faet that
in the nine centimeter columm, mést of the water appeaved in the first
milliliter of eluent and showed a per @@nt.@omp@sitioﬁ'@f water bee
tween eight and nine, while in the 17 centimster colum, meost of the
waﬁéf appeared in the first 550 milliliters of elusnt and showed
simiiaf.per cent composition.. This suggested,that‘if_ethanolg employed.
aS:an~é1uent9 were mixed_with—eﬁough water to giV@;ab@ut ten per cend
i water by weight, no notieceable dehydrati@ﬁ.@f the celluvlese support -

should occur,
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TABLE L

REAGENTS EMPLGOYED AND THEIR SCURCE

Reagen® and.Supplies

Caxbowax LOO

Chromosor’d

Neutraport T
Crystal Vieleb

Cellulose Powder

Chromatographic filter paper Noo 1

Absolute ethanol reagent quality
Hemilbon Syringe No. 701 N

Hellium

Mamufactuarer

Wilkens Chemical Gompany
Applied Seience Laboratories
Stabe College, Pennsylvania

Jobms Maaville
Micre Telk, Distinal
Reseercl Service

BX¥icd Chcadesk amd Eye
Corporation

Whatmsn afid’ Company
Whatmer dnd Company

Us 8¢ Industriel Chemicals
G@mp@my

Miexro Tek, Distinal
R@se&r@h S@rv1@®

Matheson Company, Incorporated



TABLE 2

CALIBRATION SAMPLES

Approximate Total Weight of Samples = 20 Grams

38

H S
Sample : Weight Per Cent : Weight Per Cent
Noe. H H20 : CH.,CH,OH
H 3 3 2
B1l 55.0 LsS.0
B la 5545 W25
B2 Lo.1 59.9
B 2a 39.7 6043
B3 31.6 68.L
BL 21.9 7861
BS 9.4k 90.6"
B Sa 9.91 90.09
B Sb 10.7 89.3
B 6 h.98 95.02
B ba S.hl 94.59
B7 6hL.7 35.3
B8 75.6 2l
B9 8.2 15.8
B 10 95.1 k.9
B 10a 9k.8 52
B1l 97.8 2,2
B 12 2.28 97.72
B 13 1.16 98.84
B 13a 1.17 98.83
B 1L 0.58 9942
B lha 0.59 99kl
B 15 0.3 99,65
B 16 OJli3 99.57
B 17 0650 99450




TABIE 3

ANALYSES OF ELUENT FROM PAPER STRIPS

CH4CHy0H Sensitivity 3; Millivolt Range 20

H,0 Sensitivity 7; Millivolt Range 5

Sample Size Analyzed in Gas Chromatograph 70/;;1

Paper Strip A, 0.2 Ml Eluent per Sample,
Paper Strip B, 0.) ML Eluent per Sample,
Paper Strip C; 0¢2 M1 Eluent per Sample,
Paper Strip C, 0.1 M1 Eluent per Sample,

non=equilibrated
non-equilibrated
Hy0 equilibration
H20 equilibration

39

Sample

e @5 gp o0

[ 1] »e g0 O
as  S¢ as o

Average Per Cent

520

EFWOHNONWNMEWNFEWN H~OANEWN
OB OOCO0QAQAOU Wikl

0.2
0435
0435
0.35
0435
0.35
0.35
0.3k
0.3k
0.3k
0.3L
0.l2
0.35
0435
0435
0635
0635
0.35
0.43
0.35
0.3}
0435
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TABIE Y4
SPECTROPHOTOMETER RECORDINGS FOR'CRYSTAL VIOLET SAMPIES
__ Sample Size 0.2 ml " T
Original Concentration of Crystal Violet 0.6287/250 ml; 6.L5x107M
2 ml/250 ml

Concentration of ! les 1-9 O, -
Concentration of Samples la-lja 0.2 m1/500 ml

" Per Cent
Transmittance

Sample
No.

0.0

6.5
L6.0
73.5
81.0
83.5
83.0
85.0
87.0

L1.0
7740
93.0
98,5

n O O~ OMNNEwW N -
131473 &




TABIE S “1

ANALYSES OF ELUENT FROM 17 CM CELLULOSE POWDER COLUMN
Sample : oSample Size 3 Total volume : Average Per Cent
No. 3 Collected $ Collected 3 Water
T 0v2 mi 0.2 ml Be2l
2 0.2 Okt 8.58
3 0.2 0.6 8el3
N 0.2 003 79U
5 0.2 1.0 8430
6 042 1,2 8435
7 0.2 1.4 8.37
8 0.2 1.6 8434
9 042 1.8 8.39
10 0.2 2.0 8.00
11 0s2 2.2 77
12 042 2.y 7455
13 042 2.6 7419
) 0.2 2.8 71k
15 0.2 3.0 7.05
2.0 540 discarded”
16 0.2 5e2 5403
17 0.2 Sl k.72
18 042 5.6 3.89
2.0 76 discarded
19 0.2 7.8 3.01
20 0.2 840 3.25
21 0.2 8.2 3.31
2.0 10,2 discarded
22 0.2 104 2,63
23 0.2 10.6 1.98
2k 0.2 10.8 2.47
L0 1.8 discarded
25 0.2 150 1.70
26 0.2 15.2 0.77
27 0.2 15.4 1.88
5.0 20.4 discarded
28 062 20.6 1.64
29 0.2 20,8 2.34
30 042 21.0 1.7
' 50 26,0 discarded
31 0.2 26,2 1.59
32 062 26,4 1.47
33 0,2 26,6 3.09
5.0 31.6 discarded
3k 042 31.8 2.15
35 042 32,0 3.0k
36 0.2 32.2 2.57
5.0 37.2 discarded
37 062 37.4 3.09
38 0.2 37.6 2.80
39 0e2 37.8 2,65
10.0 Li7.3 ) discarded
L0 0.2 48.0 3,69

*Samplea were discarded in favor of a broader range,



TABIE 6
ANALYSES OF EIUENT FROM 9 CM CELLULOSE PULP COLUMN

Sample t Sample Size <t Total Volume : Average Per cent

No. Collected 3 Collected : Water
1 0.2 ml 0.2 ml 8.5
2 0e2 Ouk 8.60
3 062 0.6 8.37
L 0.2 0.8 7429
5 0.2 1.0 6.99
6 0.2 1.2 Te54
7 0.2 1. .
8 042 1.6 6.61
9 042 1.8 543
10 0.2 2.0 14,88
11 062 2.2 LeS3
12 042 2.4 L.62
13 0.2 2.6 3.59
BN 042 2.8 3.73
15 0.2 3.0 3.83
2.0 5.0 discarded™
16 042 5e2 2.76
17 042 St 2.39
18 0.2 56 2,83
2.0 7.6 discarded
19 0.2 7.8 2.03
20 0.2 8.0 2.73
21 0.2 8.2 T 2,40
2.0 10,2 discarded
22 0.2 104 1.84
23 0.2 10.5 1,98
2L 0.2 10,8 1.80
k.o 4.8 discarded
25 042 15,0 2,10
26 0.2 15,2 1.31
27 0.2 154 1.83
5.0 20y discarded
28 0.2 20.6 2.56
29 042 20.8 2,63
30 042 21.0 2.41
5.0 26,0 discarded
31 062 26,2 237
32 0.2 26,4 1.96
33 0.2 26.6 2,66
5e0 31.6 discarded
34 0.2 31,8 2.59
35 0.2 32,0 3.29
36 0.2 32,2 3.07
5.0 3742 discarded
37 062 37.4 043
38 0.2 37.6 0.li6
39 0.2 37.8 0.35
10,0 L7.8 disc¢arded
Lo 0.2 48,0 0669
L1 0.2 48.2 0.7L

#*oammles were discarded in favor of a breoadar range.



TABIE 7
DATA FOR CALIYBRATION GRAPH PLOTTED IN FIGURE 7
Sample  Size 20 wud

CHCHOH Sensitivity, 5; Millivolt Range, 20
Hy0 Sensitivity, 7; Millivolt Range, 5

L3

Actual Per Cent
H20

Sample

e 00 s
e 00 s e

Per Cent
H20 Area

B 13 T 1.6
Average

B 12 2,28

Average

B 6a 5.1

N Average
B Sb 10,66

Average

8.5
9.3
8.9

13.3
1.8
17.6
4.0
13.0
15.1
4.1

31,2
33.9
31.2
29.9
31.6

Sk.8

55.6
55.8
576
56.0




TABIE 8
DATA FOR CALIBRATION GRAFH PEOTTED IN FIGURE 8
Sample Size 70 ul

CH3CHoOH Sensitivity, 3; Millivolt Range, 20
Hy0 Sensitivity, 7; Millivolt Range, 5

Actual Per Cent
H20

Per Cent
H20 Area

Sample

s o0 o0 0

e 20 ae e

B lha " 059 8ok
Le3

5.8

Average 6.2

B 13a 1.17 21.2
19,3

20.8

18.7

o 18.1

Average 19.6

B 12 2,28 3846
L33

39

Avérage hl.h
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5
10 20 min,
A, Sample B 1 o‘
Operating Temp, 85 C
Sample Size 3 ul
10
S pr—
| I I
10 20 min,
B, Sample B 1
Operating Temp. 113°C
Sample Size 3 /;,1
10 "1
S -
1) LfL\
] | ]
10 20 min,

C. OSample B 1 o
Operating Temp, 120 C
Sample Size L ul

Figure 1, Carbowax L4OO - Firebrick Chromatograms.
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l\ | | | | ! Lo~
10 20 30 Lo 50 60 70 80 90 100 110 min,
Sample B 1
Operating Temp, 100°¢
Sample Size 10 /ul
Figure 2, THEED - Chromosorb Chromatogram for 8 ft. Column,
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Sensitivity 8 Sens. 6 Sens. 8§
Millivolt S Mv. 20 Mv, 6§
5 —
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\
\
| | |11 L\ ] e S
20 30 4O  min. 10 20 30 4O  min.
B. Sample B 6 C. Sample B 6

Operating Temp. 100°C
Sample Size 8 wl

Operating Temp. 100°¢
Sample Size 8 w1

10

8n

60 70 80 90 100

A, Sample B 1
Operating Temp. 100°¢
Coamrnle Q2oa B 541

110
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A, Sample B la o
Operating Temp. 8L C
Sample Size 6 1
5|
| /\J
1 1 l
10 20 30

A
I

"
. I '
B. Sample B 6 10—
Operating Temp, 86°C
Sample Size 5 41
1=
10 20 30

10 [

C. Sample B-6 Sens.\ 7 Sens, 7
Operating Temp. 84°C Mv. 20 Mv. 5
Sample Size h/ul

5
10 20 30

Figure L4, THEED - Neutraport T Chromatograms.



10
D. Sample B 12 o
Operating Temp, 84 C

Sample Size 70/;L1
5

L9a

r-gens. 3 Sens., 7
Mv., 20 Mv., 5

E., Sample B 15 a

(Dotted line pure
ethanol) o

Operating Temp. 84 C

Sample Size 70/pkl

10

5

10 20 min,
Eens . 3 Sens . 7
Mve 20 Mv. §
— V
~N
Bl e
10 20 min,

Figure 4o (Continued) - THEED - Neutraport T Chromatograms,
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Figure 5, Per Cent Water Found in 17 em Colurm.
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Figure 6, Per Jent Water Found in 9 cm Column,
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Figure 8, Calibration Curve for 70 u 1 Samples.
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