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work tteeugh research ĝ ant EG =' JQhS Bi@s for which the authey 
©sepresses hey appreeiation©. : . , - ■ • ' ■

ill



fABIE W  GOl'IfEHTS

i8®R0B®r@9piS8»'~»; 6 6 # 6 6. o' .«■,*'. ■#
Y.'e" 6 # ^

. / ■. GarteewK » Firet>ri@k: SeXtii
' ; THEEB ^ amgerno## Golma

• ■ . THEM' '« ;I®uteaport' :;f/Bolis
: ■ Equipmmt" and' lastrments #

Preparation M d  St@ '
Paper GhrematograBis o 6 O O
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HTRODUCTIOl

Ohromatography is a spatial separation of the components of 
a mixture brought about by repeated exchange of solute.species .be*

. tMeen two .physieal phaseso (Me of these phaseŝ  the immobile or 
stationary phase9 is fixed in spacei, yhile the others the mobile 
phase, • moves • relative to it® By nay ©f ah illustration̂  assume a 
vertical tab© is packed, lAth a powdered solid and that a multi«»

. compoment solution is, added to the eoliama at the 'top® This solmtion 
flows downward through the powder and is followed by pure solvent 
which gives uninterraptfd flow #irough the.colunmo It is presumed 
that each solute shows am affinity for the solid and tends to adhere 
to Its- %is affinity is ,a function of the identities @f the solute, 
the adsorbent, and the solvente In any me adsorbent-solvent 
combination, it is dependent on the nature of the solute only® The 
■ measure of this affinity is the distribution coefficient, i0e9, tiie 
equilibrium ratios of the concentration of the solute in one phase 
to that in the other® As the solution encounters solid devoid of any 

- solute, there is a net transfer of solute from the fluid to the solid 
which continues until equilibrium is established® This reduces the 
amount of solute in the solution® As this solution passes on. to eon= 
tact more solid in its advance through the bed, the process,is re®
. peated® The solution is depleted of solute by deposition on the 
solid at the advancing fluid front® At the back of the solution son©

X



T*ere solvent, is being sided to tfe© eolimmg the solmtion bearing 
soimte in equilibrium mth solute in the immobile phase is d±s=> 
placed by the solvent devoid of solmt@5. and solute leaves the 
stationary phase to enter the solvent© The total effect is a 
deposition of.solute in the immobile phase at the head of the 
advancing band and extraction at the back of the zone0 In this way 
the various solutes migrate at different rates through the e©lmm,0 
Ideallyg the solutes are separated into clearly distinct gomes on 
the column or appear in the washings from the. colm# as successive 
solutions of individual solutes o ' The preblm in chromatography is the 
determination of the factors which affect this separationc Use of a 
li#id as the mobile phase is designated by the term liquid ©hrom=
. t©graphy0 In the above illustration where the solutes are di@= 
tributed between a lifiAd and a solid surface,, the terms employed 
are solid=>liquid or adsorption chromatography0 If the flowing fluid 
is a gass the system is referred to as gas=so2id chromatography (GSC) 
@r gas®ads©rpti©n chromatography ©

A liquid may first be adsorbed on a solid so that the latter 
is vi.@Eed as merely a support for the liquid and renders -it immobile © 
Here it is thought that the primary process involved is & liquid™
. liquid partition of'solute molecules between an .immobile and a 
mobile liquid phas@o This has been called liquid=liquid chroma™ • 
togr#hyg liquid partition chromatography3 or simply partition chroma™ 
tographyo If the mobile phase is a gas9 the process is called gas™ 
liquid ©brpmategraphy (GI0)o It is preferable in a®y systaa of 
momemclatmr® to- us®, a combination of words designating the physical



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 con­
cerned with paper chromatography where it is presumed that the inter­
locking network of cellulose fibers acts as a support for an im­
bibed, stationary aqueous phase* Gas chromatography is used as an 
analytical tool to study phenomena associated 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 
%-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

^  " I V  / ( A sA m ) (1)

where Ag is the cross-sectional area of the stationary liquid held by 
the inert support. A# is the cross-sectional area of the mobile fluid 
phase and ot is the equilibrium liquid-liquid distribution co­
efficient, i*e*, Cg/cM where Cg is the solute concentration in the 
stationary liquid and c% is the concentration in the mobile phase* 
Their derivation is based on the a ssumptions that the composition of 
the liquid phases does not change during chromatography, that Ag and 
Am are constant throughout the length of the paper traversed by the



ttet dlffusioa q£ the solute in the flireetion ®f £lm is
negligibleo Giddlngs sad Kell#' (2)g f@ll®®iag a suggestic® of B 
(3)a eonsider E ss the fmdtioa ef solmt© m@le@ules ia the mobile

fog %  ia equation (l)a Indeed̂  the validity of the statemmt E ®
Ep is snbjeet to the assumptions of Martin and Spage plus the addition̂

mobile phase at the son® is the 
fronto In a sense.

them mo velocity gradients rill exist in liquid̂ liquid systems o In 
gas ohromatography ( i g / % )  may be eonstant and there may still be

of the mobile fluid 
amount of mobile

t are® of
solvent front to the solvent g9ur©@9 i0eo9 lw is 
along the path of fluid flow the velocity at the 
the fluid veloei^ at the. solute some by tm to twmty per cent (2)o 
There are few remarks t# be found in the literature concerning any •, 
variation of ie for liquid^Mquid a y s t e g i S e  The effect -of nonuniform" 
distribution of immobile liquid phase and a subse

by I'©ll@rs Bat@s 6®stas and Forman (5)o Kell®:
is long as sc

thin a ©olumn with a nonunifom distribution - of liquid partitimer



average value of .ig whieh cat be msed to describe the extoat of eoae
xnigratloBo The heart of the matter rests In the definition of such 
average values g the determination @f tfhen %ese average values should 
be ms@ds their ©alemlatibB and germissable deviationb There is ©very 
indication that such averages cannot be used in the ealeulation of 
column efficiencies since these seem t® depend on a detailed kaoiS.edg® 
of the distribution ©£ partitioned (7)o ■ The question as to whether 
this approach is applicable to liquid̂ liqaid systems is still subject 
to eaperimeotal test although, theery wwld indicate this te be the 
©as©o Indeed the tremendous success @f chromatography may rest upon 
behavior depending on such average values rather than upon the 
particular details of the physical situation0

The usual procedure in paper chromatographys where the lza= 
mobile phase is imbibed wafera is to -saturate the liquid to be used 
as the mobile fluid with waterg to place some of this In the @hr©ma» 
tographie chamber to saturate its atmosphere# and to suspend the 
papers in this atmosphere for a period of time prior to performing 
the ohromafographyo During this equilibration period# the water of 
the paper has an ©ggortunity te absorb this vapor so that the mobile 
and immobile phases both reach an equilibrium composition̂  Them#



solmie speeies as Tsra*. poiated out by Kell®? and. ©Iddiags la thei?

L@se0 It may fa 
it extracts lm©bil® 

m& In so 
di?e@Sim of fluid 
this ©tat f@? gas

until it 
the

observations of Kellers et al

gas 3LS

i<, i©@oS it
from a low ■ralme t© the eone eat ration ©f liquid ©a the 
pa eking tfhish may be quit© high (a ehaage from five per eent liquid 
load to thirty per ©ent)o B^ond. the disdontimtty^ the @®rri@r is 
saturated and. n© fmrtiaer evaporation eeews© Considerg for exsmpleg

moounters the wter ptos@s it mil extraet rater from the paper de=

o  TkLi

©hromatographyo Horaver̂  an additional 
Is that the mobile phase in advaaoe 
1 with water iAll@- bask ef the di®

hydrating the paper 
traction stops and J 
a diseontinmty in the amount of immobile phase elosely analogous to 
the situation in gas 
in liquid
diseoBtiraity is saturi 
it is anhydrous or nearly »o H@aees a discontinuity in mobile phase 
composition is introduced

and there is 'i
tra regions© Add to this the variation in 
esBplieated system full. @f the promise, of



7
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 immobile* It is presumed that 
this affinity would also be exhibited toward the solutes* Keller and 
Stewart (6) and Bate (9) prefer to write equation (1) as

where A^ * Ag of equation (1), Ag is the cross-sectional area of the 
solid support, and 3̂ is a distribution coefficient for solid ad­
sorption* The term /3 (Ag/A^) 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 A^ »  Ag* 
If, however, A^ 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 Ag * kA^ then equation (2) takes the form

and includes partition and adsorption. In the region where the 
quantity of immobile phase has been reduced, R is governed by <X 1

R « 1 (2)1 + <* (Â /Ajj) + /3 (Ag/Ajj)

R * 1 (3)

where

c* 1 * * ky3

or by </. and ft , whereas in the unaffected region, R is governed 
by (X .



the ©ompositioB ef the mobile phase and am increase in th# partieî  
pation @f the support in retention by solid adsorption©

##h @f this iiffiealty eaa be snmorated by proper ®fuili« 
bratiom ©f the two phases© M s  is easily dene with mobile fluids 
Thigh are imisqibl® wi#i water by presatnrationo This presumes 
that the ê milibrium eomposition of mobile eempopenb is i&e same 
toward bulk water as it is toward the adsorbed water of ©ellulosê  
an assumption that has not been tested© It is tawem̂  however ̂ that 
perfeetly good ©hromat®grams ©an be formed wiih' mobile fluids wfeioh 
are miseibl® with water© As Lederer (10) has pointed outs it is
..difficult to understand ihe meehanism of sueh ©hromatograms using a

; * "   .................    ‘      ; ..........       7

model based on #e distribution of. s elate betwe% two • immiseibl©
liquids © .Martin (llg 11) has proposed that the water held by the
cellulose is a gel. whieb differs from bulk' water (13) and may be ©on®
sidered t® be immiseibl© with solvents whiehg in the bulks, are @om-»
pletely miseible with water© Although intuitively satisfaetarya
Martin® s liquid®g®l model leads to ©onfXieting ideas© It lilies
that the value of ©t for the distribution @f a solute between the
gel md an Immiscible solvent such as ehlorof©ras is identieal wi#



it mast also "be asswaed the gel is so different from btalk mter 
that tiiis imbibed water-is inmiseible %th something like ethanol6 
There is complete ignoranee of the ©omposition of an ethamol̂ watep 
selmtion wliieh would be i® ®#illbritm #,th tills gelo Keller,'(Hi) 
f@rad fery' poor paper ©hromatograms @f the. tripher^Jmethan©. series 
of dyes msiag absolute ethanol as the mobile phase© There was
eevepe tailing and solute retention at the point of applicatioa© As■ '        .
the water eentent of the mobile phase was increased̂ , tailing was 
.re<la©ed5 the peaks .beeame. gaussian̂ ; and .there was less retention at 
the eriginc He proposed, that the •'@©neesitrat@d solutions of ethanol • 
were dehydrating the paper© Mo. direst experimental proof of this 
was ever given© ,

If indeed, the mobile phase ©xtraets water from the papers ■ 
this, should be detectable either by emminimg the water content of 
..the paper after ehromatography or attesting to detect tiie water 
3m the mobile phase which drips from the end of the paper© • The first 
approach seemed difficult simee it is a problem to determine the total 
water content of paper ©; The tenacity with whloh the water is held d@® 
pends upon the amount present, and. it 1 s difficult to .reprodmoibly 
.dehy*ate sueoessiv® samples of paper to the. same 'level© Also,, the 
liqtiid remaining on the paper after chromatography is mobile phase 
held interstitialXf and both it and the immobile phase probably eon̂  
tain aleohol© There is no . guarantee that total liquid loss from the 
paper after a ehromategraphie rum is a measure of immobile aqueous. 
phase raaaimimg©. Analysis of eluent fraotions seemed easier,' aXthEhgb 
it. is neeessary that a few per cent Water in ethanol be determined and



that the analysis ef 0©2 blLso ®r less be psrforaed0 This last - eon= 
dition iis Beeeesaxy since there, is fery little water in a strip ©£;. 
paper, and am. appreciable alcohel sample is likely t© have extracted ' 
Bi0sis.i£ not all •©£■ the watero/' Thnŝ  'subseqaent ssmpil©© id.ll. show a \ 
constant eompesitioHo Qas. dhresatographic analjsig imediately ■ 
suggested itself siace it. is rapid and 'cam be performed ©a very sztell

The development: ©f a ga s~licpid:: chromategraphi© method for _
. smalysis of small amoimts of Water , in the presence of 

alcohol iBvelred several stepŝ  These were, the followings (1) the 
selection of a satisfactory support for the partitioning liquidf (2), 
the: selection, ©f a liquid for the immobile phase and its amount3 (3) a 
. decision as to the ̂ propriate column lengthy operating tegieraturê  
flox-3rates and. sMple> sisei (k) the correlation of measurements made 
from the chromatographic record with the composition ©f known sampleŝ  
(5) aryival at an estimate, of the .precision of the analysis©
;. . . :: . Thhse, tmestlons are answerable -only if: considered with the , ' 
nature of the analyses ,.to be performed and the. limitations of the- 
equipment alloyed® The problem is to analyze representative samples 
of the solutions dripping from the end of a paper' strip.or column of . 
cellulose pulp®: guch sa#les are small5, -duplicate analyses, are de» . 
sirabl©s and, the proportion of water is very small0 .

The record obtained from the gas chromatograph is a series of 
peaks registered on a strip of paper by a.recorder (15)* The pro- 
.per,ties of the peaks are;tp be correlated with sample composition® ':
These.- peaks ought to be well separated̂  fairly sharpy, and symetrieai



. . . 11 
nith a mjiiMm of tailinĝ  and yet broad enough to permit the 
measarement of areaso If the eomponents sp-pesr too soon at the ©air.'- 
let endy-.peake fjill be very high amd likely to g© off the ree@rd 
making area measur̂ aents iŝ ossible* Evea if kept on the recorder 
sqalê  they are likely to be s© narrow that their areas are difficult 
to meas-we with- any degree of r.eprodueibilitys -A problem with the 
analys.i@ is that if the sensitivity of the machine is set so that the 
alcohol peak is on the seals, the water peak,.if seen at all, is so 
small that it cannot be measured accurately© If, on the other hand, 
the sensitivity■ is changed to magoify the water peak, the huge 
alcohol peak Is off :scale©; ■ fhe equipment used has no automatic , 
circuit attenuation device;to reduce the ■ response of the recorder 
for lap;ge signals.. (IS), so #iat a umi#e necessity of the analysis 
is that the alcohol and water peaks be sufficiently separated s®
• that there is time to change the sensitivity settings on the equip* •
: meat aad-establish a mew base line between the appearamee ©f She - 
; peaks© "Bated, appreciable, retention times are meeessaryo A limit 
to extension;®f. this, procedure, is the observation that the longer the 
material resides on the column, the flatter and broader the peak©
This Is not serious with the .principal component, alcohol, but very. 
small water. peaks ©an easily be lost completely if. the peak becomes 
so lew and bread that it is a@t distinguishable from the random 
background circuit noise© Peak tailing adds to the peak broadness 
' and tailing.with water is'notorious© ,

' . In gas=liquid.. chromatography, it : is important that ih®' support 
be |ftfrt .toward the solute, io@<,s (Sg/Ag) of equation (S) should be
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Begligiialeo. this is esp@eial2$" ilffietaXt ■ i© aehieve nith pelar 
so3stes, etg,, -eMpomds emtaiatiag tegrardxyl, '• eaetê yl, amia© ̂ ompss 
etê  ■ jl4s©rpti©a isothems f©r #114 surfaces are geaerallgr bob*? - 
limearg ■■ /? of ©quatioa (I) ©r ^ 8 of efmatloa (3) are @©a<=>
cmSratim depeaieato This leads to very broad asymmetrical peaks •

, Bith e'xfeensive tailiag or %eardiag^ (3) and-It is almost impossible 
to obtaia reproducible quantitative results tdtli sueh peaks (l?)e« It 
has also been observed that .ml:th: supports, ia. ihe Qxromosorb familŷ  
the peak. hei#it of the water imerease# with suecessive identical 
sanpleSo ©ttenstein (18) proposed that an active support temeieus^ 
ly adsorbes #e water as it passes "tiarough - the eolumn and. reduces #ie 
peako Later samples are depleted to a lesser -extent s© that the peaks 
are largero Eventually the support, should be saturated with water so 
that reproducible results are ©btainedo howeverg little faith earn be 
placed in the eonsistancy of this procedure, since the adsorption is 
not completely irreversibleo Qttensteim himself reported that if the 
ea],ibration is repeated after an hour of standinĝ  the first water ■ .;
peaks are again low© le concluded that the water was picked up and 
then slowly released® There are other exasples ©f this in the «• 
literature (I?)©'

fhere .appears to'be at least two different kinds of act lye '
sites on supports made of diatomaeioms earth which Includes the 
Sarofflosdrb group (19)» CMe type is acidic and attracts basic e©m= 
poundsj, while the second type is thought t© involve hydrogen bondingo 
Deactivation ©f this type of. support .may be ..attempted either by r@« .
moval -of these sites with, different washes or by covering them© - M



aeid trash removes- 'Sob© iroa ani alwuiamm (106 per emt PegOg and 
k»k ©eat BlgOj la <teomoswb=>P (t©))̂  and an aleohoM© aolutie® 
of a Mse is msed to remove, a “sô esXXed58 soluble layer (19s 21)e- 
T3ae ©ffeet of treatment t-Ath alkali- is not understood (22) 0 This 
procedure is9 at b@sSs only partially effective la reduoing 
participatioB by the support mhea polar ooî ouads are chromatographedo 
Some wrkers (23) ©over the active sites with gold or silvero Others 
add a small amount of materials appropriately called a ®tailing r@=? 
du©erBg: t@ the SjmnoMle liquAdg it is pictured as being more strongly,
adsorbed on the support than #y-. solute chromatographed -(17$ 2&) o-
Supports may be first covered with a film of material such as a 
silicone before .applying the partitimer (2$# 26)o, Knight (27) rê  
dueed tailing of some compounds by -satmratiag the carrier gas tdth. 
watero. It is difficult t© s e e -haw .tills last t@chni#e could be
applied to the analysis of aqueous sssmpXeso

fhe immobile liquids used im gaŝ liquid ehromatography are 
generally arranged in .some order sf «jpolarî r®«. fhe least polar are 
the saturated hydrocarbonŝ  @ogoS. a®©©tad®eaa©# Wile the polar liquids - 
contain- such functional groups as hydroxyl or ether linkagess ©Ogo9 
polethylen© glycolso Although there is no good definition of 8,polar= 
ityws there is m  intuitive feeling for the term among workers in the 
fieldc, It has. been observed that participation ©f the support is 
common when polar compoundŝ  eogo® alcoholŝ  acids® aminesc, are 
chromatographed on active supports coated with a non^polar li<pid (28s 
29)« As the polarity ©f the partitimer is increased® the activity of



£©r tk© aetive sites saad the @££e©t ©£ partitioner on the solutes is 
E,©dta@ei.@ It seemed that host fesaXts mi^at he attained, if a polar 
licfjaid were applied to a smpport of minimal surface a@tivl%g a 
feature inherent in the nature of the support or aehleired by some 
deactivation pr©e@ss0 Beeent interest has been shown in fluoro= 
ear tons s Oegô  powdered Teflon ,(18̂ .3©) ? as r^resenting minimal 
aetivitjo Staŝ ewsM. and Janak (31) have recently reported that 
Teflon is a suitable support, for the ©hromategraphy of polar sab- 
stances ea mom-polar stationary liquids © :%ametri@al peaks were ob­
tained fer hi^ily polar solmtess 'e<>ge> the lower aleeholso Bttjre (3S) 
dees not r eeemend Teflon as a support eseeept for high3^ polar 
soluteŝ  a faet whieh argues against its general appHeabilityo In 
the work reported here.p a comparison was made between deaetivatei 
Ghremosorb and a .fluo$?oesrbm, and indeed the latter was found, 
superiors - although difficult to mmipulateo Even her@s howevers it 
is probably safer t© .assum® that there is a eembinaiiea. of liquid 
solution and. solid adsorption sise®s for water̂  tailing was never

©uiding principles for the seleotion of a liquid partitioher 
to achieve .spe©ifies desired separations are still largely.qualitative



properties o Gas ekrematographio aaalysisg parti@#arlgr qmaatitati-reg 
f©r water im varlem# samples has- preved a challenge0 %#wert (39s *
%0) ©at®g©rieally stated that the umlysis of aqueous aleehol . 
solutions eaanot be aeeoinoplished by .gas chromatography alone Q He / 
converted the water #  the sample #  lyrdrogea by passing the sample 
Ihrotî t a reaetor containing caleium hydride at the Inlet of the . 
eolumno . tongs MMtneys and Gavapiol (&1) msed calcium earhide to 
prodnee aeetyleneo BStre shd Bremer (b2). indicated that In, some eases 
a moXemLar .sieve ©an fee.msed to entrap.water in the sample before the 
mtetare is...paised onto the edlnpie. .. , .

Methods of eliminating water in the ssmple have feeea discussed 
fey Gaeaeê 1 Beram̂ . and'Steis (i«.3)o KetiLemans (15) .reeommended imofelle 
phases in the glycerol. and polyglyeol familyo; Partitioners in this 
group have feem elosely ©xamiBed fey Adlard (3k) ̂ .l#e@ms solmtions 
of the low: molecular weiglit ethers and aledhols have been resolved fey 
Bodnar and Mayean* (W*.) on triethylene glyeol and polyethylme 
.glyeol4j.00o Marata and Takesishi .(&5) analysed a©p.e©ms solutions of
' 7* V  ̂̂ m " -- % " -- - >1 ^  -V v **•* * V-'- , -V * » n- " * - A. *->.«. • -**> r- '» <- s . . -■* f s-# _ r, , vw . . ,  ̂*

low ©onoentrations of alooholSg aitriLles, and aldehydes @m poly- 
#hylme glycol or g^eerol and ©fetained prdbafele error of five per e.ent 
, for the aleohoisd, ,#6) determined micro amounts of aleohel. in . 
feleed using .gly©@l. ©olumns o tiesselman (k?) escamined the. resolution of 
ethanol* water* and acetone on ©©lumas holding polyethylene glyeol=to®s 
digly©erel@ dinonyl phthalate* H@©m fŜ Ĥ QQQOj, ..'and trieresyl phosphate 
ahd obtained the best resets with a -six foot. ©olumn of 30 per emt 
(w/w) polyethylene glyeol̂ kOQ on 3 W 0  mesh Ghroaosorfe at l@0@eo Van . 
der Kloot and :%%©#x' 0&§) analysed the volatile eomponents"-i® feeer la



t&e parts per million range msing eig&i fo@t teStHtifs ©f gl̂ eerine and 
Garb Qttfax=>XSOC

Isis 

W  per 30=60 mesh G=22 fir®«

e©ol=>flame combustion @£ ii;pte©esrb©aSo fairs (50) msed a on© meter
eoltama of earbewax̂ -teO© at and 60 0o im the analysis ©£ the pr©= 
dmets of aleeholi© f@m@Btati©n0 l®mii9ayashis KiM,9 and On© ($1)

of glyeerine sad tm meters 
silieon® oil S6 260 ©r polyethylene glyool̂ lSOOg om C»22 fijre?

" .............................    " ' u . ........... '

■as
silieone at 
10 per
Celite .mmhiBes .td.ih a..baek=flBsMng teehnî a,® *@r@by the water was

and 20 per ©eat

resolution.©eemrredo .Zientara and 
6arbosa5e®l5©@ ia their analysis of 
eon&ination eolmm @f 20Sfe meters <

©wades ($k) used four meters of 
beer wlatileso Sal® (55) used a 
)£ paraffin oil and 0o6 meters of

@d 20 per seat
an

©olum @f 10 per sent Garbowax on 6©=S0 mesh Teflon at J2@g 0 Stevens
parts glyeerol on 10 parts k0=6C 
is aldehydeŝ  esterŝ " and watero 

Otber liquids haTe b een used in aqueous raalyeeso Mnonyl
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phttetaXate has been investigated by Abraham and e©M©rkers (58) and fey . 
G^eianovie and Kmtsehe (59),<= Tailing is severe0 Whitham (60) re= 
jeeted beth paraffins and diaonyl phthalate in prefermee t© poly®
' ethyleme g]y@@l?60@0 ZlXbermn and Xazaria (61) used 3® per cent ..... 
dibutyl phthalate #ile Haskins and eoworkers (62) used, 30 per cent 
di“(B̂ -ethylheacyl) =phthalate at 65@©o and Pefkin=»SMer paekxng at 
90o0<d Eamifeayashis' and Qao (63) ©ompXetely resolved1 water m d
twelve aleohols ©n two meter eoXwflns of silieene oil DO 200.. on Celite 
at 550@<> and ii<®(t«ethy3h@syX)<5?sebaeat'@, ©n Ohromosorb at 8@®6o ■
laaiamoi© and Sait© (6ls) used a 70 eao ©©Iwn of 25:100 (w/h) oetadeeyl 
alcohol on Gelite &O0 at 60@G® with a three per cent relative error 
■ in analysiso Kelker (65) used a to9 meter oolmm of 30 per cent 
Gitroflex %' (@»aeetyl<->tei<=»ethy2hê rl ©itrie ester) ©a EmbaeeX at .
i22®G,o . lower tesperatures gave a loss . of resolution and asjmetry© 
MeRe^molds (66) usei smomse ©etaaeetate supported by Teflon in his 
investigation of ai@ohels9 .alde^des# ketones5, and other oxygenated, 
compounds inoluiing water and found they had lower ,e££iei@&@ies than, 
if Gelite was used© Sandler and Strom (67) supported the surfactant 
extracted, from 8aTide8,s a ©ommereial detergenis on Flmoropaek and G 22: 
fireferiek in his resolution: of aqueous - solutions of exgrgaaated 
srgamiese Ifetufeara and Kinoshita (68) tested, various liquid loadings 
on various supports of polyethylene. gXye©ls-trieresyl phosphates 
g2yeerols; triethanol amine9 and Tw®ea=>80© Best results were ©fetained. 
with ©©lumas ©f 20 per cent, liquid load of 3:1 (w/w) Tween=8Q=glye@rol 
mixture ©a 0 22 fireferiek at 90 0c where resolution.©£ aoetpneg is©« . 
.propanoij, ethanol^ n»feutanolg and water was. achieved in I? minutes0



Zarembo and Lysyj (69) reported favorably @m the ms® ©f 22 foot 
e ©Imams of 33

quantitative .analysis 
eeatajzdng 2g-7g per 
SHS&il amount @f 
solutionss tested

at @S®06 ja the' 
of I w  moleemlar weight alcohols 
Water .mas reported as having a 

. ®)> im. 
gly©©1=200p.polyethylene gl 
tes. dî .yserol9 hexantriols triethanol=

of 0oS per cent water in, .ethanol @n a ®n® meter eolmrn of 2© per ©ent 
triethanolamise on 60=100 mesh. Oelite $k$ at 10O°oo 

In the past the polyethylene ̂ .yeols have 
liquids o liquid ■ loads raaged. from .2# t®; 3®' per ©eat 
generally supported by .either Ghremosorb, or & fi 
lengths employed were ©06 t© 6o0 meters, with @a. average 
about 2o5 meterso fempera'bares rsmged. from 45® t© l5@6 

average of and there was a direct relationship between column
length and temperature0

2*2"JHgCHgH ( CHgCHgOH ) 2

.pMs© .in the. determination ®d 
etha/solo It has a polarity, similar to the polyethylene

in



liewd tbat ike large pelas fBB©tl©aal' gremps block ®mt the aetlve 
sites ©f the supports thus redueimg taiMngo THEBD is thermally 
uastable at M^a temperatures and the reeommended maximum operating 
temperature is 135°©o

©ttenstein (18) predicted that a te© per cent liquid load 
sa a flueroearbon would. give excellent results© There are very g©W 
reasons f@r this severe reduction in liquid load©. Theoreticallys 
efficiency ®f a packing material depmds upon the film thisteess (72) 
and this has been borne @ut by experiment (73s ?fe)° The Chromosorbs 
are very porous materials (75) with surface areas ©f about Uo5 m /so-o 
(20)p T@fl©% on the other handa has.a surface area of 0©6tt m̂ /g£Bp. 
(755 t@ 2 m̂ /pio (73)°. A statement that the liquid lead should b@ 
reduced by a factor ©f Oolk to 0o5 to maintain the same film- thick* 
nesss and hence the same efficiencyg on Teflon relative to Ghromosorb 
would be strictly true only if a gram ©f each contained the same 
number of particles of the same siaeg but it can be said that a 
reduction of load is indicated by the difference in porositieso Re» 
teation times are reduced for low loads (f6s 77)° In practical termss 
%i@ means that shorter columas or lewer t^peratures may be used with 
low load columns and the same resolution is obtained as with a column 
of higher load (78)© It is desirable that the column used have a 
sufficient lifetime (5) t@ allow the completion of the program© %- 
using a lower liquid X©@dg short ©©lumas may be used at lower

for a longer period of time without appreciable changes

(2@s 770:79) ̂ As a ©©promisej, a load of



Oaks (S.©) Ttas de=

The qQantitatiT® eompositioa ©f the sample is found by 
measurements of some property of the peaks obtained om the ehr®m6=>;

record® ■ The discHssion here is restricted, to thermal eon=- 
deteetorso As far as the. instromentation is ©ene@rneds 

eharaeteristies of the .record xtill depend mpon the design of the 
?9 the sensing eireaitg and the reeoidero It is met widely 

shat the recorder eirerit is a sonre® of moâ liaear 
(8ld 82g S3)o The r@spoases as mil. as the preoisiom and.
©f the analysis- are dependent mpon the mature of the carrier

in the sensing channel of 
the solute0= This bss shorn to be .false 
response as a function of

md not upon tii@
8S 89)0 Calibration 

Identity and concentration is

The most popular peak properties are height and area® These
91s 92) md for âantitativ® 

lo Peak heights are more reliable 
than.va,r@as. for solutes having short retention times5 ioSog narrow

were found to be independent of 
exceptions p of ©arrier f lows ate o They



21
depead ipsa, seientloa SlBSp t^apeFatere, ■ aad pressture (93> 9$&.-96a.. 
91l<> Sei#ts have beea reported.as' both llaear (985 99) amd a@a= 
linear (I©©), -nith respest to' foneentratieno Teanej and Harris (99) 
reported ̂  8089 to. O0.78 per eeat at the 9$ per ©eat eonfidsn©® limits 
for peak heights ehile Diets (101) reported t w  per oest at this 
level* ©reen (97) reporiid an error of 1*5 per .©.ent»

With M.ther -peak heists or peak areas g a decision most ha 
made-as to .the wilts of- eoaeeatratioB to he msed* A eorreotiea factor 
is them- iaclmded to ©ompemsate for the .differenee ia response ©f the 
soluteso- Assuming a linearity in detector re#ons@ with ©om©entmti©n9 
a linear agnation should result whiA relates the peak, property to the 
smoumt @f solmteo There is amch -imdeeision ia til© literature as .to 
the proper ©omeentratioa umits* J@aak9 K©merss and Sima (86) amd 
Sehcsitarg (102) compared/peak areas to both mole amd weight per ©eatso 
Satisfaeto.ry use of mole percentages have' bee® reported (1©39 l©k9 
.1Q5> 1©6) with errors as low as ©me per eemt (107) * Slsey amd Wagner 
(108) reported an error of 18 per ©emt using weight per ©eit and 9 
per ©mb using mole per eeai* Others (699 109̂  110s llls 3129 123$
Hits 1159 116, 117s 118) eBthusiastieally proclaim weight per ©ents 
to be superioro -Svea the theoretician seems confused since Feish and 
Engelhardt (119) sad Meek® and, Sirker- (120) ’ ©laimed to hare 
theoretically justified the correlation, of peak areas with freight per 
©mb while Hoffman (121) stated that the correlation can be either to - 
weight per ©eat or mole per@e®ts depending upon the identities of the 
carrier 'ghs/and solutes* The literature dealing with the ms© of areas 
indicated that ® relation b®tw®m area per eemt and eompositi©® per



@@$at 'is 3adep@a4®Bt ©f ssiaar vss?iati®sas im ©peratinj
i temperature but mot 
areas with retention 
(123* 12k, 13$)o M

Some workers 
their (guamtitatlve

floxwate (122) o 
1 volumes in 
met-fee Xin@a

per cent %s [126, 127, 128, 12$) in relating ̂ 
©©mpositioao
s' are ©alloyed for the determination of peak 

ihegr may be determined automatically and reeorded on the ©hart
integrators (’83, 118, 130, 131, 132)o 

integrators earn introdmee erroro A planimeter 
3>f the eat.out peak, or tracing (13k, 135), 

and quadrature ®f the peak, which involves use of the peak height
®me~half the peak height, (136, 137, 138, 139,

10 per ©smt 
areas of 0 to 51

@ methods have been-made., (86, Ikl, 2k2* lk3, 
integrators to be more a© ear ate than planimeter s 
(86, Ifel), and. that for all methods, errors in 
thyee per eeat for areas greater than 100 mmo ' 
areas of ̂ 1 to 100 mmG®s and 15 t@ 25 per eeat
9mmo o He found no me method to fee universally

integrators to be ©omparable in aeemra^o Chin©, Kasamatsu. 
\$) felt that area measurements were the major source t 

quantitative evaluationo The literature indicated that, on 
one may" eagpeot ©©̂ .rtb 5 per eeat error in quantitative





i iP E R i m m L

• Rfeig«ts msed and their sowees are listed is fable 1 in the

GagboTfgg ° Figebgi©k Gelmnn ■ .
A 5 ft 60*ereial eolBmn. consisting ©f imtreated firebrick 

©oated tfitfe Oacpbowax W® was tested im the. separation ®f ethaaol 
and water* /Svea at tengperffbares above ̂ 10®°© the water peak exhibited.
extreme tailing (Figo 1)@ In samples eontaining less than $% waters 
the water peak is broad and extremely flat*
SHEEB Ghremosorb Goliaan

Ghromserb was treated with 3 M hjireehlerie aeid and rinsed 
with distilled water imtll wash showed no reaction with silrer nitrate 0 
The Ghromosorh was them treated with 3 H petassim hydroxide in 
methanol and rinsed with distilled water mtil wash Slowed no reaction 
t-yith phenophthalein o It was then washed with acetone and dried*
Snoe^i THEBB to give approximately a 21% fey weight ©eating ms dissolved 
is acetone and then stirred with Ghromesorfe wtil the acetone 
,evap©ratedo .After d^ings the 30 t© 6q mesh fraction was separated*
The THEEB eoatiag of a sample dried over phosphorus pmt02d.de and them 
extracted was found to fee 2kS% fey weight* Ihen the coated Ghremosorfe



2£

s9 8a© ft fey Oo25 iHo {0oDo)s was packed witfe 
EYo33 g ©f 'tiie treated Giaromosorfeo The eelmm was eondltieaed ?»5
te .at 108®# at a. helim fl@« rate @f To28 ig this
colmm at ..T5e@ gaw a retention time for ethanol 
51 ffiino Water did not mm® off at. the end of 2*5 hr0 At 108®8̂ , 
the -retention, time for ethanol was approximately 21 mini "tee retention 
time for water, was approximately 7®-mini Peaks on. the chromatographic 
reeerd were not spsmetricale The water peak* @'Speeial3y9 exhibited 
a ^@at deal ©f tailing (Figo 2)0-'""I' "-"^7.... " ..

■v This colnan-was, shortened to S ft fey emttiag 2 ft off the - 
inlet endo The ete-omatograms dfetaimed were still/8msatisfa@tory9 
especially in %e .degree, of failing of the water peak. (Figo 3)y The 
retemSon time for ethanol was' approximately 11 mini the retention 
time for water was approximately 36 mtoe 
THEEB ̂  leufraport T Golmm .

On the recommendation of Qties,steins DIeutrsport T* a fluorî  
earfeom* was used.as an inert supporto The lemtraport T was not pre=, 
treated prior to the addition of the immobile phase0 Snmagh THSED 
to gî e approximately a 1# fey weight coating was dissolved in acetone 
and then stirred with ©hilled Heutrapsrt T until the acetone 
evaporatedo The ©hilling was■ to reduce the amount of static charge 
on the snpporto After drying* the 30 t® 60 mesh fraetion was 

U The THSBB coating of a sample dried over phosphons 
and them extracted was fenmd to fee 1005% fey weighto When 

the eoated Heutraport T was dried in an ©Ten at 100®#« the THEE#
eonstaat weight could mot fee obtained ■,



either b@£@re ©r after, estraeti©®© •
©©pper tmbimgg 3 ft by ®o2S ia0 ('®<>lo)s was paeked. with

12o06 g ©f the treated Memtraport So. The @xa@t weight was diffieult 
to determine as THEEB apparently is very hydro se©pie and the ssnpl®

was eonditioaed approximately ? -hr at 100 G at a heliim flow rate of 
23o3 ml/mimo This ©©lama at f5e0 gave an ethanol retention time. ©f 
aboai' 9<>5 mia and a water retention time of ah@mt 35 mine . At 8l4®@5
the retention time for ethanol was approximately 5o0 mini the r@= 
tention time for water was 2k mime, After this eolnmn was msed ahont 
9 momthSg the ethanol retention time had reduced to ahont 3*5 mim and 
the water retention time was about 18 miao Retention times 
fluctuated slightly with variations in sample sig@9 flow rate9 and 
tm#eratm'@o Peaks m. the ©hroiaatographie -reeord were fairly 
symmetriealp espeeially im the lower sample sise range (PigG &)o 
Aepipment and Instruments

Analyses were made with a Seaea ;Ho*. 70130 Vapor Phase Analy&er 
(Central Seientifie G®os Chieago9 Illinois) equipped with a thermal 
eondueiivity detector<, Golumnd detectors and sairple injee.tion unit 
were all at the same temperature<, Cozxeentratioa profiles were recorded 
on a Leeds and Morthrnp Bpeedomax Model Ss variable ranges variable 
sensitivity recorder of 1 see response time and 30 in0/hr ehart speed© 
Samples were introdmeed into the gas chromatograph with a 100 /cl 
hypodermic syringe© Driving pressure was measured by a mercury 
manometer placed at the source of the carrier gas9 and flowates were



; ffee-gas eJaroamttgrapk w a s - a  seasititlty ad= 
jmstmeai irlleli ewtild be Taried diseretelj ©irer an 8 mit intervals • 
■ehile the reeorder had a range finder wto.eh ©ould he varied eon-

• i • ' " : " ' :
tiawously from 1 t© 20 millivoltso 'BeSi eontrels were msed to ' 
attenuate the peak heights during an̂ .yseSo ■

The paper ohromatographie ohmh^ eonsisted ©f a l£olt ®a 
hy 7e© m  (leBo). glass tube that was fitted at both ends with rubber 
stoppers:#. ' jl ehromategr%hie boat was suspended from the - top 
stepper 9 llueni was added to the boat through a small hole in this 
stoppero The bottom stepper eontained a thistle tube to eellhct 
drippings, frem the paper# Samples were oolleeted in ©alibrated 2 ml 
test tubes fitted to the thistle'tube with a cork#

The paper strips -employed were tS#6 by kol @mo The strips 
were folded-at lo5-ahd 3o®. @m to fit the boate At 20q.2 ems the tip 
was tapereda . ' ' ■ : ■ ■■

The eellulose .powder eolumn was an SoQin-o by 0G8ina (lol©) : 
glass tube fitted with a sintered glass plate,, A dropping funnel 
fitted with a calcium chloride drying tube was attached to the top 
of the columno Samples were eolleeted -in ■©alibrated I ml test tmbes0 
Preparation and Storage of. Samples ' 1 . .

Sables of ethanol and water mixtures prepared for ealibratiea 
purposes are . listed; in Table:. 2 With their corresponding weight per 
eents# These samples were stored in glass bottles with tight fitting 
rubber eaps# Absolute, ethanol stored in this type of bottle remained 
anhydrous for 6 .monthsa

' . - It. #s- found that the best way to store unkno-m samples was to



plaee tMe .steppereS ©elleetion tobSs im a tightlj elesed. ¥©ttl@d • 
EefrigeraiieH eamsed aay iaoistmye 1b tte,© a i r ' cel-oaa. .above the ample 
te condense o Samples'that stood for-several days "before analysis 
had. a larger water ©omient tMn escpeetetiL, presumably because the 
saBple pleked mp molstmr© from the aixv

fhe ehromtegraphie. eyliBder was "satwated wiih absolute 
al©©hol. vapors overnight@ : Ab especially prepared paper strip was ' 
hmg frem the boat, and 2$ ml ©f absolute ethmelj, the eluent, was 
added to the boat* •
: > The paper strip was pretreated in various ways before the

chromatograms were run0 itien the paper strip was allowed to . 
equilibrate ©verni^t in rieohol vaporŝ  slightly more than 2 hr 
was- required for the first drop to be. delivered off the bottomo 
About .the same time .was required for: a momeqmilibrated strip» From 
105 to loS hr was required for the ©®22@©ti©n of 0»2 ml eluento lh@a 
analysed, eluent from the equilibrated strip showed no appreciable, 
.water e©sfe.@nt.<? - A very.-slight amount of water was found in. the eluent 
from the paper strip iiiat. had not been equilibrated, with ethanolo..

.Another experiment employed a paper strip equilibrated over=» 
night in a water atmospheres. After d̂ -ing $ hr at room temperature, 
it was equilibrated with ethanol in the chromatographic cylinder 
overnighto. This time the eluent moved slightly faster0 About 2 hr ■ 
elapsed before the first drop was delivered off the bottom of the 
papers . About lo!> hr were required for <e@lleeti©n of 0«,2 ml samplesa 

,- As.a last.variation, a paper strip was equilibrated in a



wtes atmo sphere 9 but aot ©qtilla.teated in an ethanol ■
atmosphere o The ehromatogram ms rtaa as soom as the strip ms 
plaeed in the ŝ stemo. The elment a gala moved, faster» The time r@® 
qmired for the appearaa@e of the first, drop ms ahomt 1 teo Shomt 
lo2 hr were reqtdred for the ©oUeetioB of the 0o2 ml saspleso This 
latter proeedure proved to he the most satisfactory for analyses
(Table 3)® ...    ' .... -... ......  ...

tei order to determine the location of the water peaks in the 
paper chromatogramŝ  a paper strip was dyed with crystal violet 
dissolved la water» This strip was dried at room temperature for 
about 11 hre The strip was then placed in the chromatographic . 
cylinder and 2$ ml absolute .ethanol was used to run the chromatogram* 
A dark some on the front of the strip became evident as the rm 
proceeded* At the completion ef the r w 8 the dye at the top ©f the 
strip was almost ©empletely extracted̂ ,: while the bottom ©f the strip. 
was appreciably colored* The 0*2 ml samples collected were diluted 
with f$% ethanol and the per cent transmission was recorded with a 
Bausch and Baum spectrophotometer (Table h}* The greatest «m©uat of 
crystal violet appeared right after the solvent frost and the eaa« 
eentratioa soon reduced t© a low value*
Celluloae Powder Qhromategrams

.ebimns of different lengths were employed t© determine, if 
the" amount of water picked up by absolute, ethanol is. d^endent on the



to appear after the additioa of the elueato Xa a $' m  oolnmiig 5 
miniates ©lapsed before the appearance of the first dropo In both 
easesj, the time required for the collection of 0o2 ml ms. slî atly 
under one minmte»

fh© ©elluXose powder in. the 17 em. eoltoan weî aed 18o2115 go 
Sinee a typical paper. strip weighed Oc.8029 g, the amount of pulp in 
this eolwm. weald hare made a paper strip about em long (ex<= 
eluding length of the tip)o The 9 m. eeltam weighed l@0 72l5 g9 
whieh would be equivalent to a paper strip approximately 28b @m long?. 
FigSo 5 and 6 and Tables 5 and 6 show the results of analyses of 
these chromatograms o "
Calibration of the ©as Chromatograph ;

Chromatograms of the standard samples indieated that the 
THEE® Heutrapert f eoltama nas. appHeabl® ©yer the ©omplete range , of 
wat@r=ethanol mixtweso fh© eolum ms ealibrated in' the regies?, of 
10% water and below* The two ealibratioa curves that were necessary 
t© ©over this region are in Figio f and 8 and Tables 7 and 8® For 
samples containing about 2*3 to 1@% rater 3 sample sia.e was 20 ju. 13 
the sensitivity readings'for ethanol and water being 5 and 7 
respectivelŷ , The millivolt readings for ethanol and water were 20 
and 5 respectively* These readings gave @hr©mat©grams with reduced 
ethanol peaks and enlarged water peaks® For samples containing less 
than- 2o3% water3 the sample sis® was 70,yt- \  the sensitivity readings 
were 3 and 79 and th@ millivolt readings were 20 and 5o Greater 
magnification for the water peak was prevented by the magnification



DlSGUSSldl

The ©©Iwra employed for the amlytleal. a$i@2y@©s ©f @i!iaa©l<=

capable of amalyzlag sample# over .SI®, eatir©. x°aag©o Am
exteasive oaHteatiM. ©f the. ©©lira m s  eagried omt only in the region 
of ten per eent @r less mtero. In tMs .regi®n9 the eltaeat from the 
©ellelose; powder @©lmms. and ..paper, strips, m s  aml^edo $bo different

TO M.eroliter saspl@s9 and.the .other .one.ms for. $0 m£©r©liter 
3a samples containing. 70 mieroMterSp ..the .infiienee of the ethanol 
peak/was still appreciable at .the .staapt. «f. tiae.mter peak (Slge. k»
Bs E)0 Since the wry .end ©f. the. water, peak did. mt ..tail r@pr©dmeibly9 
and the. beginning ©f .tiae water .peak was .msked : by .the. end of the 
peak s the arm ©f. the water, peak was measured from its apparent 
point9 rather than esst»p®lating the water peak. t©.:.A® has© 3in®:e 
straight across according to the dotted, lin®. in. Bigw® &s Do Shis 
measurement reproducible, re suits 0 . Even though the satire 
of water present was not m©asureds calibration of the chromatograms 
cancelled out this, ©rttssioao... The. effect of the alcohol peak tailing 
into the water peak was less : noticeable in the 20 microliter sanples 
than im 70 microliter samples0.. to sample sises up to about ten 
Hterss this overtopping problem did not @sdLsS9

small'q but measwabl®
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eiMnol peak ms higMes1 .®a<l flatter : •tosm. ..it.wald have beem bad a© , ■ 
satter '.been pseseat.'Cfigo &@ S.)o. la. saaple®. ©entaiaSag p w  ©m% 
•mt@ra, there m s  a slight, imdleatlom ©f a peak uhose area m s  not 
Measurableo la. enalŷ ing. eteemsitegrams of mter ©©ateat around. .9ak3 
per cent aad less? ©omparisoas 'wr@: mde isi'fc .©alibration ©hr.©m= 
tegramso la p®r£©rmiag teese eamparis©ss9 traeiags of the mkaotoi 
samples were superimposed oa ..the ©alihratloa.chromatogramso 
Measiarable peak. area.. w a M  pMe.® the lmer . d®t@©tability liznit of 
.t-jater for the ©.©I'yam at .ahoat.©o5.0 p@r..©@at|.however9 1 j msiag this 
method of oemparisoa9 . the. analysis.. ©oald, he. extended dema. to about 
0O3$ per eeat ■rnter̂  . The. differenee. in #@ appearaaee ©f the ©wves 
at these mri@ms. per ©eat .le'rels .permitted piapoiatiBg mter eompositioa 
to. withia * 0O1. t© ̂ .0o2 .per .©eato Ese .©f ■Sals, methed ©£ e@ws® re® 
paired exteasiT© eaUbratie ia.tills r®gi@B» .

Tharmgpa of the.'deviation @f the .per.©@at water, betroea 
' SBpHeate^ and .at time. iri.plieates .amlgses ia. tit® .81, samples of ®lm«t 
fSrem the eeHulos®. powder ©olmms was from,0000 t@ SoQOe. There were 
only six values over lo©©s and these detiatiag. values, .pould be 
.attributed, ia part3 if .not.alla ;t@. th® fact . that the ethanol is the 
test tubes absorbed.moistor® from the air.between analyses0 The average 
©f all of the deviati©as.f@ll..at..0di&o,. 4 simple.isterpretatioB for 
deviations pas hot possible beeaus® of' effects .iatrodueed by sueh faeters



p@aks e®upl@S by the fact that iSiig. .sttemaatioa vaxled with, saapl* 
sisei the. eeaTOrsieE.. ®£ area t© per eent areâ  aai. then t©'per emt 
mter^ a pzeeedore .that -employed, mee. of te» a©a3ia@ar ewresg each 
geared, to a partieuLar. s&xrpl® . .The analyses, of samples containing
water in the vlolmlty ©f 2o^.p@r @mt tended .to.have a narrotrer spread 
of deviatioEi ■mimes.than those eontaiaiag .water.im...the higher per eaat 
regionŝ  Repeated plaMmetry ms .employed .for .eagh analysiŝ  and re= 
suits indicated #mtn in agreement. sith....th©.. ..theory ©f. 6Mh® @S' si (3ls5)s 
if a more aeewate method, of measariaig areas - wre. amilables more pr©= 
else analytical, results ©ould ham been obtained©

Sine® the"reteation.time.®f •fee ©•feanol. and water peaks was 
femd to; decrease 'with, the.amber, ©f . hows the.oolma operated̂  eali<= 
bration samples were rmm. interspersed, with the samples to be analyzed© 
Salibrations mad®, few ..to. six..months apart...wer® f.emnd to give cwtos 
^rallel to. each other©.. .fhis ..£a©t. .smggested a ..redistribatio®,. of the 
immobile phas@9 .as. was pointed, eat. by Seller ..e.t .al.. ($} and Zeller and . . 
Bt®Bart (6)o . Sample sizes..differing.in..mgiitid®.by less #am 20 pec 
cent gaw similar per e.eat areas© ... Siatsid® of tM® .permissabl® dewiatioa 
rangej) sample size was farad.to..bam a definite.effect ©a per emt ares© 
Therefore5 sample size.was aalataiaed.- as ©oBstaat. as possible for the 
•different ealibratioa rams and, for the analyses of .wakacfsn samples©

As the erratic .feehavier. la .-KLgwes 5 and 6 indicateŝ  sample 
storage presented & problem© Jtt the analysis, of the nine ©eatimeter 
©ellmlos© .powder.©©lumâ  samples.3? .through %1 were analysed after • 
samples on® through fim© A slight interruption ms notieeable in the 
©wre after sample fim..and a greater one .b^os® sample 35o %■ the time



teett the atm©spl®f®<> ..TM& faeS. firther . .illiastwted ethmel'.e. strcaag’ 
dehydrating p0@er.oV .. . . ..v .

Both the. ceUialose pmder ©olwms .sad, the dyed paper stelp 
Indieated that the wter. absorbed by the .ethanol ©asi® .off Sb a peak after 
the solvent froato.; .The.■fact that .tte.mter. did a©t shm# this ahropt peak 
wh@B the elmeat frem the paper strips yas. aaalyaed .ms attributed to. toe 
eassê i a dilutioa effect amd. am. emporatiom effect<>.... Ib the length of 
tine required.for ©sllectim ®f these sewple.s.g. the. mter peak on the- 
paper, could haw beam, affected by the .ethaaol. attoospher® eondeasing m d  
dilmting.the peaks. The secondary, effect was attributed. to the emporafion 
of some of the water, into Si® atmosphere0 %. running cellulose powder 
colmmsg both these, rffects were .@limiaat®d.s .and .the Tiater appeared is. 
its predicted peak following, the solvent front©

The aseotropi® oisetw®. ef e#anol and water, did. not appear as a 
distinct feater# .im amy ©f -the analyses0 .. There was .met ©fen a levelimg 
of the curves in #@ vicinity .of this area©. ..In Figures $ and 6, it was 
interesting to not© that.whim.v&e elments. .absolmt©. ethanol̂ , contained

mailto:p0@er.oV


i© level off<s ms proMbl^r still ©©ewriags M t  it m@
greatly redueedo'. #&' ©mid' be Wmmed ■feat at this point8 fee ethanol 
was no longer a string ®a©wgl"::#̂ t̂iratiag. ageit, fe remove fee water 
&@M by fe© ©ellnlese snpperfe© . .ihia was smpported by fee fact feat 
in the nine eentiseter- e.elim9 most ©f the. water. appeared in the first 
sdlliliter of ©Iment and.shewed a.per ©eat.t©position ©£ water be** 
tween eight and nineg while., im the. If. e@nMiBe.ter. ©olmn9 most of the 
water appeared in the first two milliliters ®f elmeat and. showed 
similar .per ©eat ©.©aposiiioae.. .fhis . saggested. that. if-. ethanol* employed 
as. an-:eluent* were missed .with- enough. water , t© give, about ten per' ©eat 
water by weight * ao n©ti©@abl© dehydration, of the ©ellules© support - 
■ should'occur o

mailto:e@nMiBe.ter
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TABLE 2 

CALIBRATION SAMPLES

Approxim ate T o ta l W eight o f Samples -  20 Grams

Sample
No.

i t
: W eight Per Cent : 
i  H -0  :
S t

W eight Per Cent 
OLCHgOH

B 1 5 5 .0 1*5.0
B la 5 5 .5 W *.5
B 2 Uo.i 5 9 .9
B 2a 3 9:7 6 o ;3
B 3 31.6 68.1*
B 1* 2 1 .9 78:i
B 5 9 .Vs 9o;6
B 5a 9 .9 1 90:09
B 5b 1 0 :7 89.3
B 6 U .98 95:02
B 6a 5 .U 9 4 .5 9
B 7 6U.7 3 5 .3
B 8 7 5 .6 2U.U
B 9 8U.2 1 5 .8
B 10 9 5 .1 4 .9
B 10a 9U .8 5 .2
B 11 9 7 .6 2.2
B 12 2.28 97 .72
B 13 1 .1 6 9 8 .8 4
B 13a 1 .1 7 98 .8 3
B 1U 0 .5 8 9 9 :42
B Il ia 0 .5 9 9 9 .4 1
B 15 0 .3 5 99.65
B 15a 0 .3 1 99*66
B 16 0.U 3 9 9 .5 7
B 17 0 .5 0 9 9 .5 0
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TABLE 3
ANALYSES OF ELUENT FROM PAPER STRIPS

CHgGHgOH S e n s it iv i t y  3s M i l l i v o l t  Range 20

HgO S e n s it iv i t y  7$ M i l l i v o l t  Range 5

Sample S ize  Analyzed in  Gas Chromatograph T O y t l

Paper S t r ip  A , 0 ,2  ML E lu en t per Sample, n o n -e q u ilib ra te d
Paper S t r ip  B , 0 .1  ML E lu en t per Sasnple^ n o n -e q u ilib ra te d
Paper S tr ip  C> 0 .2  M l E lu e n t per Sample> HgO e q u il ib r a t io n
Paper S t r ip  C, 0 .1  Ml E lu e n t p er Sample, HgO e q u il ib r a t io n

Sample : : :  Average Per Cent 
: : :  HgO 
: : :

1 A o;U2
2 A 0.35
3 A 0.35
U A 0.35
5 A 0.35
6 A 0.35
7 A o;35
1 B 0.3k
2 B 0.3k
3 B o;3k
It B 0.3k
1 C 0.k2
2 C 0.35
3 C 0.35
U c 0.35
5 c 0.356 c 0.35
7 C 0.351 D 0.k3
2 D 0.35
3 D 0.3k
U D 0.35



ho
TABLE h

SPECTROPHOTOMETER RECORDINGS FOR CRYSTAL VIOLET SAMPIES

Sample S ize  0 .2  m l 
O rig in a l C oncentration  o f  C ry s ta l V io le t  0 .628g /250  m l; 6*b5xlO~TM 

C oncentration  o f Samples 1 -9  0 .2  m l/250  ml ”
C oncentration  o f Samples la -U a  0 .2  m l/500  ml

Sample
No.

: Per Cent 
: Transm ittance

1 0 .0
2 6 .5
3 1(6.0
U 73 .5
5 KUO
6 8 3 .5
7 8310
8 85:0
9 8 7 .0

l a 1(1.0
2a 7 7 .0
3a 9 3 .0
Ua 9 8 .5



TAB IE 5 la

ANALYSES OF EHIENT FROM 17 CM CELLULOSE POWDER COLUMN
Sample

No*
: Sample S ize  
2 C o lle c te d

: T io ta l Volume 
i C o lle c te d

s Average Per Cent 
: W ater

" I d*2 mi 0 .2  ml 8 .2 1
2 0 .2 0.2i 8 .5 8
3 0 ,2 0 .6 8 .4 3
U 0 .2 0 .3 7 .9 4
5 0 .2 1 .0 8 .3 0
6 0 .2 1 .2 8 .3 5
7 0 .2 1 .U 8 .3 7
8 0 .2 1 .6 8 .3 4
9 0 .2 1 .8 8 .3 9

10 0 .2 2 .0 8 .0 0
11 0 .2 2 .2 7 .4 7
12 0 .2 2.U 7 .55
13 0 .2 2 .6 7 .1 9
I k 0 .2 2 .8 7 .1 4
15 0 .2 3 .0 7 .05

2 .0 5 .0 d iscarded
16 0 .2 5 .2 5 .0 3
17 0 .2 5 .U 4 .7 2
18 0 .2 5 .6 3 .8 9

2 .0 7 .6 d iscarded
19 0 .2 7 .8 3 .0 1
20 0 .2 8 .0 3 .2 5
21 0 .2 8 .2 3 .3 1

2 .0 1 0 .2 discarded
22 0 .2 10 .U 2 .6 3
23 0 .2 1 0 .6 1 .9 8
2ii 0 .2 1 0 .8 2 .4 7

il.O H i . 3 d iscarded
25 0 .2 1 5 .0 1 .7 0
26 0 .2 1 5 .2 0 .7 7
27 0 .2 15.U 1 .8 8

5 .0 2 0 .4 d iscarded
28 0 .2 2 0 .6 1 .6 4
29 o;2 2 0 .8 2 .3 4
30 0 .2 2 1 .0 1 .7 1

5 .0 2 6 .0 d iscarded
31 o;2 2 6 .2 1 .5 9
32 0 .2 2 6 .4 1 .4 7
33 0 .2 2 6 .6 3 .0 9

5 .0 3 1 .6 discarded
3li 0 .2 3 1 .3 2 .1 5
35 0 .2 3 2 .0 3.oU
36 0 .2 3 2 .2 2 .5 7

5 .0 3 7 .2 d iscarded
37 0 .2 3 7 .4 3 .0 9
38 0 .2 3 7 .6 2 .8 0
39 0 .2 3 7 .3 2 .6 5

1 0 .0 4 7 .3 d iscarded
ko 0 .2 4 8 .0 3 .6 9
£.Samples were discarded in favor of a broader range*



TABLE 6 ^
ANALYSES OF ELOENT FROM 9 CM CELLULOSE PULP COLUMN
Sample t Sample Size t total Volume « Average Per Cent
No. : Collected : Collected « Water

— i------------53~e---------53~a:-----------&.j§----
2 0.2 O.U 8.60
3 0 .2  0 .6  8 .3 7
U 0 .2  0 .8  7 .29

1 .0  6 .9 92 0 .2
6 0 .2
7 0 :2
8 0 .2
9 0 .2

10 0 .2
11 0 .2
12 0 .2
13 0 .2
lU 0 .2
15 0 .2

2 .0
16 0 .2
17 0 .2
18 0 .2

2 .0
19 0 .2
20 0 .2
21 0 .2

2 .0
22 0 .2
23 0 .2
2h 0 .2

lt .0
25 0 .2
26 0 .2
27 0 .2

5 .0
28 0 .2
29 0 .2
30 0 .2

5 .0
31 0 .2
32 0 .2
33 0 .2

5 .0
3h 0 .2
35 0 .2
36 0 .2

5 .0
37 0 .2
38 0 .2
39 0 .2

1 0 .0
UO 0 .2
U l 0 .2

1 .2  7.5U
1.U 6.1«U1.6 6.6l
1 .8  5 .U 3

U.88 
U.53  Ui62 
3 .5 9
3 .7 3
3 .8 3  

discarded
2 :76  
2 .39
2 .8 3  

discarded
2 .0 3
2 .7 3  2 .1*0

discarded 
1.81* 
1.98 1.80 

discarded 
2.10 
1 .3 1
1 .8 3  

discarded
2.56 
2.63 
2.U1

discarded 
2 .37  1.96 
2.66 

discarded
2:59
3 .2 9  
3 .0 7  

discarded 
0.1*3 0.1*6 
0 .3 5  

discarded 
0.6? 
0 .7 1

2.0 
2.2  
2.1*2.6 
2.8 
3;o
5.0
5.2 
5.U5.6
7.6 
7.8
8.0
8.2 
10:2 
10.1*10.6 10.8 
1U.8 
15.0
15.2 
15.1*
20 U*2o;6 
20.8 
2i;o 
26.0
26.2 
26.1*
26.6 
31.6 
31.8 
32.0
32.2
37.2 
37.1*37.6 
37.8 
1*7.8
l*8;o 
1*6 .2

*SamDles were discarded in favor of a broader ranee.
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TABLE 7
DATA FOR CALIBRATION GRAPH PLOTTED IN FIGURE 7

Sample'Size 20>il 
CH3CH2OH Sensitivity,'5> Millivolt Range, 20 

HgO Sensitivity, 7; Millivolt Range, $
2 2

Sample 2 Actual Per Cent 2 Per Cent
2 h2o 2 h2o Area
t t

B 13 1.16 8.5
9.3

Average 8.9
B 12 2.28 13.3

11.8
17.6
1U.0
13.0
15.1Average 14.1

B 6a 5.1a 31.2
33.9
31.2
29.9

Average 31.6
B 5b 10.66 54.8

55.6
55.8
57.6

Average 56.0



TABLE 8
DATA FOR CALIBRATION GRAPH PLOTTED IN  FIGURE 8

Sample- S ize  7 0 yUl 
CH^CHgOH S e n s i t iv i t y ,  3} M i l l i v o l t  Range, 20 

HgO S e n s i t iv i t y ,  7$ M i l l i v o l t  Range, 5

Sample
:
: A c tu a l Per Cent 
s H20 
: v

%
: Per Cent 
: HgO Area  
s

B li ia 0 .3 9 8 .U
U .3
5 .8

Average 6 .2

B 13a 1 .1 7 21:2
1 9 .3
2 0 .8
1 8 .7
18 a

Average 1 9 .6

B 12 2 .2 3 3 8 .6  
U 3.3  
39 Ut 

......... 1«U^
Average U l . i l
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10

10 20 min*
A. Sample B 1

Operating Temp* 8£°C 
Sample Size 3 /xl

10

5

20 min.10
B. Sample B 1

Operating Temp* H3°C 
Sample Size 3 yil

10

10 min
C. Sample B 1

Operating Temp. 120 C 
Sample Size h yul

Figure 1. Carbowax U00 - Firebrick Chromatograms*
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Uo So 6010 20 30 8070 90 100 110 min
Sample B 1
Operating Temp, 100°c 
Sample Size 10y/l

Figure 2, THEED - Chromosorb Chromatogram for 8 ft. Column.
c-



Figure 
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Chromatograms 
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Sens. 6 
Mv. 20

10
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1
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B. Sample B 6
Operating Temp. 100°C 
Sample Size 8 ̂ ul

20 30 1*0 min.
C. Sample B 6

Operating Temp. 100 C 
Sample Size 8 ̂ 1

10

2010 60 70
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51 amrtl A SI tA 1
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A# Sample B la
Operating Temp, 
Sample Size 6 ̂ 1

10
81i°C

S _ _

10 20

4ii ii 
i'

10B, Sample B 6
Operating Temp, 86°C 
Sample Size jjl\

5 -

10 20

Operating Temp. 81i0c

10 20

Figure U. THEED • Neutraport T Chromatograms.



10 f-D. Sample B 12
Operating Temp# 8U C 
Sample Size 70ytl

Sens# 3 Sens# 7 
Mv, 20 Mv, £

20 min#

E. Sample B 15> a 10i—
(Dotted line pure 

ethanol)
Operating Temp. 8U C 
Sample Size 70yx.l

Sens. 3 Sens. 7
Mv. 20 Mv. 5

20 min.

Figure It# (Continued) - THEED - Neutraport T Chromatograms



25Milliliters



10
Milliliters H

Figure 6. Per Cent Water Found in 9 cm Column.
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