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ARD BUTANOL-2 BY GAS-LIQUID
PARTITION CHRCHMATOGRAPHY

by
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A thesis presented to the Department of Chemistry, Union College,
in partinl fulfillment of the requirements for the degree of Beshelor of
Sodence with a Major in Chemistry.
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The problem of analysie of commersial and student preparations of
butanole? from methyl etiiyl ketone by gms-liquid partition chrematography
is pressnted. The retention times of butansl-2 and methyl ethyl ketone are
determined under varying conditions of terperature, flowrste, carrier ges,
eolumn pecking and fixed phame concentrations. Opitimm conditions are
selested for the separation of butanol=2 and methyl ethyl ketons. Several
methods are discussed for the quantitative interpretetion of the data.

The presence of an unknown somponent in commereial methyl ethyl ketone
and butanol-2 is found and possible identifisation is discussed.

A brief outline of the epparatus involved end of the theory of gase
liquid pertition chrometogrephy is included.
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Quality sontrol in the preparation of organic material has always
been e serious concern of the chemical industry. Organic preparations are
usually marked by incomplete reection of the starting msterisls and the
prosence of glde products. Commercisl organic compounds, therefore, re-
quire close control to provide pure producte. The methods used to deter-
mine the purity of products &re rumercus.

In vecent years, vepor phsse chromebogrephy has become a useful tool
for both qualitetive snd quentitetive anclysis. Originel vepor phase
echromatography work dealt with adsorbent columms end is lmown as elution
analysis (24). Leter this method was modified end displacement analysis
vag introduced by Classson in 1946 {2). These sbove methods dealt almost
exclusively with compounds that were in a geseous state at room conditions.

In 1952, Jemes and Martin (15) introduced the ges-liquid partition
method of vepor chromatogrephy, Thelr work &cpmd on the absorptien of
readily volatile organic liquids in & fixzed phase of & low volatility or-
genic liquid or solid.

The work, here presented, deals with a ges-liquid partition study of
methyl ethyl ketone end butenol-2. Butanol-2 is often prepered commercially
and in the lab by the reduction of methyl ethyl ketone, Conversely, methyl
ethyl ketone cen be prepared by the oxidation of butanol-2, The resulting
product always conteins pereentege smounts of impurity, mainly the unre-
acted starting products. Lower alechols end condensation or dehydration
side products are also possible. It is necessary to measure or control
the purity of the final product by some quantitetive enalytiecal method.
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Gas-liquid partition chromatography offers a relatively inexpensive, fast

and acourate means of enslysis.



The Russien botanist, Tewett (1), in the early 1900's, first developed
and introduced liquid~solid phase chromatography. In the past fifty years,
this type of chromatography has been refined eand empleoyed extensively in
cooperation with the fields of both organic and inorganic chemistry.

Within the last seversl years, a new field of chromatography has been
opened, A redicel modification of the originel liquid-solid chromatography
is employed. The mobile liquid phase is replaced by a mebile gas phase,
thus allowing enalysis of not only liguids but elso of vapors and volatile
solids. This wider range of enalysis is mede possible by the greater
freedom of operating conditions using vapor phase chromatography.

Gee Adsorptiont Elution Anslysis-

These first vepor phase chrometogrephy experiments were carried out
using columns filled with adsorbent naterisls such as charcoal, activeted
chargonl, silice gels, as the fixed phese. A sample to be analyzed is in-
troduced at the head of the column and is carried through the column in a
streenm of inert carrier ges, the mobile phase. The resulting chromatograns
consist of peaks of vepor concentrations corresponding to the individual
components of the sample (Illustration la), The pesks from adsorption
column analysis of this type usually have sharp fronte end diffuse teils.

This simple technique, first recognized end developed by Hesse in
1941 (13), is known as the elution enalysis teehnique. Hesse wae able to
separate a mmber of volatile organic and inorgenic compounds on a heated
silice gel mdeorption column. The separations, however, are not complete.
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Heliunm, nitrogen,; hydrogen; cerbon dioxide, nitrous oxide and ammonia ave
pome of cerrier geses used in the above and later work.

Turkeltaub (30, 31) further refined this method end used & chromato-
thermographic technique, in which the removal of the less volatile vapors
is faciliteted by a moving heater which produces an even thermal gradienmt
along the column, Using ges adsorption methods end stenderd apparstus for
this teshnique, Komissil (9) aehisved & seneltivity enabling deteation of
the presense of 01% component by weight and a relative error of 2% in the
separetion of light saturated hydrocerbon gases on silice gelss The vepors
eluted are detected and measured by & Thermal Conductivity cells

Displacement Anelysie-
Oleesson (2) introduced & modification of the gas-adsorption method -
displacenent analysiss In this method, the sample vepors are displaced
chemically from the adsorbent rather then being eluted by heat from the fixed
adsorbent phage. & vapor more firmly adsorbed than any of the sample come
ponent vapors is contimuously carried on to and over the column (at a
constant concentration) by the carrier gas. The chromatograme consist of
& series of steps corresponding to the vepor concentration of each component
forced off the colwm (Illustration 1b) end messured by the indicating device.
Classson seperated and displeced meny hydrécarbons from activeted cher-
¢oal by using ethyl acetate ss the displacer (2). Phillipe and bis co-
workers (11, 12, 25, 17) extended this method and found thet the use of
weskly adsorbent gless beads in the colum facilitated the seperation of
relatively high bolling (low velatility) substances (e.ge diethyl malonate-
BP-1999C) &t room temperature.
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Qualitative anelysis is eocomplished by deternination of the reletive
position of the individual steps produced in the displacement chromatogrem.
The résults are cheeled by collection and enalysis of the separated com-
ponente as they are flushe from the columm snd through the indieating W«.

Quantitative analysis ie faciliteted by messurement of step lenghhs,

An accuracy of better then 0.5% is reported by Phillips (24). ™
muyiumt analysis generally results in good upantion%:;d the par-
ticuler components are recoverable in the pure state, However, with very
similar substances, such ag isomers, complete resclution is not always sccom-
plished. The efficleney of the separstions eve increased by the use of

finer adsorbent particles end longer, narrower columns,

Gap-liguid Partition Chrometography-

The most important advance in vesent vapor phase chromstographie
work was the introduction of the gas~liquid partition method by James and
Martin in 1952 (15). They suggested the separetion of volatile substances
in & column in which a non-volatile substance, the fixed phase, is im-
pregnated on an inert solid support. If the samples added are small in
comparigon with the amount of fixed phase, the separation follows closely
Raoult's Lew (23). As in other vepor phase chromatogrephic methods, the
sample is carried by en inert gass

This ges-liquid partition method depends on the absorption rather than
adaorption of sample vapors into the high melecular weight orgenie ligquid
or solid used es the fixed phase, This fixed phsse has a materially lower
vepor pressure and thus does not appreciably effect the vepor analysis.

In gas~liquid partition chromstegrephy, the volatile senple may be
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injested by o syringe threugh tygen tublng or some other suitable mesnss

previous to belng swept on %o the packings The conponente upon pessing
into the coliam are held Yo & groster or lesser sxtent in the fMwed phase.
The retention time of & partioulss vepor (the time between injestion of &
pample end the resorded meximus of its elution curve) depends on its
yolatility and dte degvoe of pelubility in the fized phass, This equilid-
afficient of the particulay vapor melesules between the gae and Miqud
compenent (24)s The heat of solubion is the result of four possidle fastors.
The firet two terne contribute reletively litdle to the sums They ave (1)
disporsien fovess (ven der Vasl foress), presest in all ceses, the enly
gouree of ettraction betwesn two normpolar substances: end (2) induced
uesselotion botwsen Swo polar substenses such me organic compounds with
stodler or elestrically atiractive funstional groups, the familier wale
in organle chendotyy spesifies that "like subetorces dispolve Iike", The
finel footor; (A) specific intersetion or chemienl bonding, ie slse
Canerelly, therefore, the uss of a nonepolar fized phase resultie in
sanple compoments of the sano homologaus series being separated and eluted
in ovdey of desressing voletility or vising bolling point (16)y The use
of & poler solum packing ceuses separsiion of o saple to depend on a



combination of wvolatility and degree of absorption due to polar similarity.
With incressed column packing polarity, those components thet are less
polar would have shorter retention times then the more polar vapors (pro-
viding volatility is similar.)

Chromatograme obtained by ges-liquid partition consist of & series of
pesks, each pesk representing a pure component when complete separation is
schieved. These pesks are very nearly symmetrical (Illustretion le)s The
chromatogrems are always obtained by the elution technique whereas either
elution or displacement methods may be employed in gas-adsorption chroma~
tography.

A method hybrid between gas-adsorption and gas-liquid partitiom
ehromatogrephy hes been recently dmiup“. Bggersten, Knight and
Groemnings (8) found thet telling of curves in columms packed with an active
solld can be reduced by edding a small percentage of a liquid solvent.
They added up to 1.5% squalene on a column of paraffin wax and were able
to greatly diminish tailing, thus faeiliteting the seperations of Os and
Cg saturates. Care mast be taken to avold confusion caused by some pesk
inversion for quite similar vapors such as iso-pentanes end n-pentane,

Cremer (3) has found verious suitable liquids for the geseliquid
partition chromstogrephy fixed phase. Silicone olls, 1iquid paraffin,
paraffin wex, high boiling arometic hydrocerbons and esters, snd ethylene
oxide polymers have been used. There is & precticelly unlimited number of
possible fixed phase compounds.

Keulemens, Kwentes, and Zaal (19) wsed diglycerol end dibutylphthalate
for separation of oxygensted compounds.

Lichterfels, Fleck and Burow (21) have employed di-octylphthalete
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held on "celite" in 4 foot and 10 foot columns for separations of &
number of aliphatic ketones, aldehydes and alcohols. In general, high
molecular weight phthalates have heen especially popular fixed phase
solvents,

DA jkstre, Keppler snd Schols (6) were able to separate & series of
oxygenated compounds ineluding 95'016 alochols. They used an inert
"gelite" support on which either silicone grease or paraffin was held as
the fixed phase. It is of interest that these columns were able to remain
workable at temperstures exceeding 23090,

He 8y Knight (20), using the detergent Tide, wes able to separate
some hydrocerbons as well as & mumber of orgenic oxygen compounds, though
the results were not cutstanding, Knight also concludes that if e column
contains enough solvent to mullify solid support surface effects, the data
obtained is spplicable to other columms of the seme solvent. This is true
even if solvent goncentration, columm diemeter and length, particle size,
pressure drop and flowrate are 21l varieds

As stated above, much of the ges-liquid partition work ag well as
subsequent experimentation was cerried out by Jemes snd Mertin. Therefore,
g brief review of some of their work might be edvantageous in relation to
the general possibilities of gas-liquid partition chrometography with
respect to organic compounds,

Thelr earliest work was somewhet limited by the means of detection
employed; titration of the effluent vepors with an eutomatie recording
burette. Later detecting devices such as Thermal Conductivity cells and
gas density balances made it possible to apply ges-liquid partitien chrome~
togrephy to e very wide range of vapors.
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The first work of James and Martin (15) with absorption columms wes
the separation of mixtures of velatile fatty acids. Glass columns of
lengths verying from 4 feet to 11 feet and of a 4mm. inside diemeter were
useds A kieselguhr ("celite 545%) support was employed, on which was fixed
#ilicone fluid (D¢ 550) containing 10% by weight stearic seid. The ree
searchers were able to separate Up through Cg fatty acids.

With these volatile fatdy acide; 4t was found thet if silicone fluid
is used nlone, dimerization of the acide ocours, resulting in departure
frow linearity of the adsorption isotherms Therefore a substance of low
"ﬁpw concentration will move more repidly through the column then s sube
stence present in high vepor concentrations Phosphoric acid was aleo added
to the fixed phase to prevent pre- and post-curve tailing due to dimerize-
tion effects.

The same technigue was extended by Jemes, Martin and Smith (14) te
the separation and mieroestimation of volatile aliphatic amines, and the
homologues of pyridines James (15) salse studied unsaturated, saturated,
naphthenic end arometic hydrocarbons. He found thet by plotting the re-
tention times of these substances on a non-polar pareffinic column versus
retention times on a polar benzyldiphenyl column, the values obtained fell
along four individuel lines, each line composed of members of one particulsr
type of hydrocerbon studied., This occurred because on the non-polar paraffin
column, the retention time is determined by molecular weight of the com~
ponent, end by length end configuration of the molecule. The only forces
involved in the non-polar column between it and the component being anelyzed
are weal van der Weel forces and induced dipole essociations

However, with s column conteining a solvent compound similar to the
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vapora being analyzed, additional forces dependent on the chemicsal nature
of the groups in the molecules effect the results. The sbove phenomenon
is not unique to hydrocarboms. Any eorgenic compound, including exygenated
vapors, will have their retention times reletively end sbsolutely effected
by varying the column fixed phese solvent.

In general; wapor phage chrometography comperes very favorably with
liquid-solid chromstogrephy snd other enalyticel methods: Several ade
ventages over liquidesolid chromatography are (1) due to the low viscosity
of ges. It is possible to use longer columns thus obtaining higher
efficiencies, (2) Columns may be operated at high gas flowrstes, so that
analyses mey be more rapld while still remaining highly efficient. This
is the result of both low gas viecosity snd rapid diffusion of the semple
vapors between the gas and fixed phase. (3) Gee molecules are generally
smeller and less strongly absorbed or edsorbed than liquid moleeules.
Therefore the distribution of vepors between the fixed end mobile phase
is largely independent of the "solvent® gaa. (4) There are many sensitive
methode evailable for detection of small vepor concentrations in a gas.
Host of these ere rapid end contirmuous., It is aleo easier to detect suall
smounts of & vapor in & gas than to detect emell quentities of golute in
2 liquid solvent,

Vapor phase chromatography is similar though superior to analytical
distillation. Both processes depend upon repeated distribution between two
phases, one of which is veporous. However, vepor phase chromatogrephy is
more effective, as any phase overlap is avolded. Also & good fraction-
ating colwmn will have an efficiency of a few hundred plates, while vepor
phase chrometography columns may have efficiencies as great as a few
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thousand plates depending on the perticular colusn dimensions (24),
Vapor phese chrometography obviously can be made more versatils by very-
ing the fixed phase, It is much more rapid than distillation and vaper
phase chrometography utilizes much smeller quantities of semples It is
possible, however, to incresse semple slze sufficiently for preparative
worke

fdentification methods, vepor phase chrometogrophy is both a separation
relatively inexpensive and simple to construct. It is sutomatic in oper-
ation snd applicable to as wide o range of molecules as the detector
pensitivity permitse .

Just e there are advantages of vapor phase chromatography over other
snalytical mothods, ges-liguid partition heas o mmber of advantages over
gas-adsorption techniques. Adsorption columns give rise to more asymmebri-
cal pesks which ave not es suiteble for qualitative and quantitative meas~
urements, s the relatively symmetrical curves obteined from absorption
golunns. The partition method is also more ideally suited for separation
end analysis of very similar vapors. Displacement anslysis requires
longer operating times and colwms may heve to be regenerated or repacked
efter every mnalysis, whereas sn sbsorpiicn colusm may be used repestedly
without grest loss of efficiency. The partition method requires a faster,
more sensitive detector and repid introduction of the whole sample is
necessary.

There sre limits to gas-liquid pertition chromstography. For instance,
mmmammmmmuzmuummumzm
of sumple are dissolved in the colwm liquid. in edventage of adsorption
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solums over partition pesicing is the faot thal gas-liquid partition
columns have no self-ghaypening properties as do the adsorption materials.
In fuct, vepor curves will tend to spread slightly with increase of re~
ineressingly lower, longer bands of vepor concemtyation (17).

¥hile quantitetive mecuraey is relatively unaffected by tempersture
shange, qualitetively « 190 verience in column teuperature will cause &
retention time change of epproximstely 5%, Rey (26, 27), by using an
internal stendsrd, reduced Flowrste end temporature change effocts so that
retention times sre reproducesble within 1%, In this method, retention
tings of semple vepors are rolative or in proportion to the retention

The renge of gas-liquid partitien chromstography is limited anly in
that the veporg to be anelyzsd must be steble, unresctive with the carrier
ges or fixed phase st the columm tempermture, end they mist be sufficlently
volatile to be detectied on emergence. The technique cen be extended to
higher molesuler weight materials by use of 2 highly sensitive detector
or & mesns to inecresse voletility; e.ge, high temperature columms snd/or
& pressure reducer (4, 5) such as that used by Heymond for the separstion
of methyl esters of Uyp-Opp fatty ecldse

Extremely smell quantities of vapor smuple can be anslyszed by gas-
liquid partition chromstography. The lower limits being set by the
sensitivity of the deteetor, The upper limit depends on the column size
lapping peeks. However, an increase in columm diameter can clreumvent
this diffioultys
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Analysis time can be mainteined relatively lew bessuse temperature
and flowrate san be increased without loss in efficlency up to certein
limitss Another benefit of gas-liquid partition chromstogrephy is the
ability to resover pure semple cemponents, frequently by means of very

Mothods of Quantitubive Analysis of Curves-

mzamumwmwmammw:;nmmm
- eonditions for sepavetion (e.ge, temperature, flowrate, carrier gas,
columm packing, concentretion and dimensions), it depends on the shosen
means of quantitative inteypretation of the component curves, whether it
is necessery to hold these conditions sbsolutely constant,

There are two general methods of quantitative measurevent. One
depends on determination of pesk sree mnd the other is bused on the re-
lation of pesic heights.

Hethods which depend on pesic aves sppear lese sonvenients They ree
m,ﬁmaumwmwmumawnmmmmmm
curve areas or an even loss sccurste method of eutting out end welghing
the surve eress in relation to the totel weight of the arems of all the
curves obtained in the semple chrometogram.

These methods require indlestor device linearity for et leest a
sertain component peveentage renge. Jemes end Martin (18) found thet a
ylawwmmwﬁaummmmmmm
vapors of approximately the same thermal eonduetivity ccefficlemt,
Keulemans, Kwantes and Zaal (19) comoluded that for vapors of quite
different thermal sonductivity coefficients, & simdlar plot was linear



Both of the above mentioned methode depending on pesk area deter-
mination, require keepling all factors (tempernture, flowrate), constant
unless an internal standard is employed.

Mengurements of peak heights seem to offer a move convenient tech-
nique. Use of peek helghte require preparstion of stendard celibration
eurves., These ourves tan be prepaved (Illus. II ~ Method I) by plotting
persentage componant versus component peak height of ssmple for euch
vepor present (surves for all but one component can be prepared and sub-
tracting their total from 100% gives the smeunt of the last vapor). The
objestion to this method ie that all variebles, including ssuple size and

A more suiteble guantitative teednique in the opinion of the re-

searcher, requires the use of an internal stendard (Illue. II -
Method II)s All pesk heights are then proportiemal or relative to the
peek height of the internal stendard. Calibration curves are made for
cash component by plotting pereentage component composition versus ratie
of component peek height to internal standard pesl heights The use of
en internnl stendard for guentitetive measurements sorrects easch analysis
for any temperature, flowrate, or other change of sensitivity. BSemple
volumes do not have to be meinbtained equal. Any elution of column solvent
is corrected, (Howsver, if o considerable loss occurs, in any method
mentioned, the deeremse in eurve separstion, if great enough, will tend
to seriously impair the securmey of the peak height or peak aree mesgure-
ments) +

The use of pesk height relations seenm to have only one dlsadventage
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in relation to the pesk aves methods. It is necessary to prepare es
meny oalibration curves as there are components. The pesk ares methods
do not require calibration curves. Therefore, pesk height methods would
be time conmming in this respeet.
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in relation to the peak ares methods. It is necessary to prepare as
many ocalibration curves os there are components. The peak ares methods
do not require calibration curves., Therefore, pealk height methods would



nt is student assembled. The
spperetus (X1lus. 3) censiste of a source of carrier gas, pressure regulator,
flowmeter, o systen for smmple injeetion, a verisble heat source, a solumm
packed with the desirved meteriel and an indicating device which analyzes
the sanple vapors as they are eluted from the columm.

The flowmeter (7091438) is made by the Menosist Corporation of
New Yoriz Ulty. The heat source is & simple oven, 150°C meximum, sontrolied
by a rheostat. Ingide this oven are placed the colume of 7 mm inside
diamoter, colled glass tubing of 4 foot or 8 foot lengths. Samples,
preforably under .27 ml, are injested by a mescro-seale syringe through
tygon tublng, The point of injection is pleced immediately before the
mmmmunmmumum.mm The vapor-
s.ma,mwmmunumwm‘m‘mnmnqumw-t
glass wool in the column prior to the pasiing,

The indicating device (Illus, 4) is a combination of a Thermal Con-
ductivity cell (Gow-lae #77) in conmection with a Weston Recorder
(#6701,0-10 mvs). Varistions in earrier gas composition csused by
elution of ssmple vapor paseing through the Thermal Conductivity ecell,
are meapured and recorded as s chengs of potential by the Weston Recorder.

The Thermal Oonductivity cell is basically a Whestetone bridge
(10, 22) which operstes on the prineiple that "the resistence of a wire
18 proportional to the temperature of the wire", The carrier gas passes
from ite source, over ons vesistor (Ry), then through the sample chember,
It enters the column where the compoments of the sample mre separated,
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end finally over a sesond resister (Rp).

When pure cerrier gas flows over both resistors, the bridge is
balanced. VWhen & component vepor is pressnt in the carrier gas pessing
through the Thernal Gonductivity cell, this balance is upset and o
potentinl change is registered by the resorder. This bridge imbalanse
is coused hevause of the difference in the thermel conductivity co=
efficlents of the various vepors and carrier gas used, Due to this themml
conductivity coefficient difference, the ability to conduet heat ewsy from
the souree; veries for pure carrier gas and for a mixture of sample vepor
and carrier ges, thus upsetting the Wheatstone bridge balence.



Butanpl~2 - prepared by redusing methyl ethyl ketone with sodium.
oy eeses SIS,

+30K of methyl etiyl ketone is udded to +50M sodium, 200l of
sther, end 40m) of water. The mixture is contimuocusly agiteted until
dietilled, TFractions are collected; dietilling 1) up %o 70°C; 2) be-
twoen 78-84°0; 3) 84-96%; 4) over 97°C. The bolling peint of ether is

mwwmmammwwﬁuwnmmmwum
60% 1a added to 1,0M of butenole2. 4ge of kmolin is sdded te faeilitete
the reastion. The mixture ig hested to bolling, The gas prodused; is
pasped through solutions of 50% by weight sulfurie aeid and then 5M
sodium hydroxide. Finally, it ie pessed through drying tubes of ealefum
chloride and then soda lime. The ges is oollected in an mpoule cooled
by an acetone-dry lce mixture.

j~goo-butyl ethey - prepared by the dehydretion and condensation of
butenpl~2 with sulfurie seid.

i gy v SRR

il of sulfuric seid is wixed with 5 of butanole2. The solution is
slowly heated to the bolling pelnt. A two phase distillate of 1) di-sec~
butyl ether and 2) weter is collected, The demired phase is separsted and
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washed with podium hydroxide and then water, Sodlum sulfete is used to
dry thie phase. This di-sso-butyl ether (BP 121%C) phase is redistilled
over & 117%-121% range to remove any traces of butanole2,

Methyl Etiyl Ketone - Bagtman~Kodak Chemicals (commereisl grade
White Label) '

Butanole2 ~ Eastuan-Kodek Chemicals (commerciel grade- White Label)
Dipropylens glycol - Schenestedy Vernish Company
Dibutylphthalate - Schensetedy Varnish Compeny
Diostylphthalate - Gchenestady Varnish Compeny



The experimentation for this paper is divided in two seotions. The
original work for ithis paper is primarily concerned with cbtaining data
for develeping e sulteble quantitative technique to measure the purity of
butanol-2 and/or methyl ethyl ketons (Eastmen-Kodskescommersiel grade).
Bef'ore this work was eompleted, the appearance of an unidentified impurity
led to subsequent attempts to ldentify this wnknown.

For the quantitative eeparation of methyl ethyl ketone and butancl-2,
it is neceseary to determine those eonditions which give sufficient come
penent eurve resclution while minimizing mun time,.

The spparatus provides a mesns of varying temperature snd flowrate
of the carrier gas chosen, as well as the column size, peeking ratic, and
concentration. ng eny of these fastors varies the retention time
and surve paremeters for the respective somponents. Sample size is en
involuntary varieble, but for experimental work this is not objectioneble
if kept within veaponable bounds (epproximately less then 60 ml).

It is found that the surrent lmpressed meross the Thermal Conduetivity
eell bridge effeots the sensitivity of the equipment for a particular
eample (Craph 1), The increase in peak height for identical sise sexples
is proportional to the insrempe in bridge current, The best curvent
selocted i 200ma. A% higher vurrents, an unsteady reeding end thus ewrve
distortion end bageline drift is encountered.

In experimentation, much consideration is given the column solvent
for the separation of butenol-2 and methyl ethyl ketone, Some ecolumm
fized phages used are common detergents: Dreft, Fab, snd Tide. Other
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solvents employed are dipropylens glyeol, diestylphithalote and dibutyle

phthalete,
Retention time data for Dreft and dicctylphthalate under warying
conditions ere tabulated below.

1+ Rotention times for & fuot Dreft colums using helium at

EYYSEBEEE 5 s af
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2, Retention times for 4 foot dicetylphthalete columne (4M) en
40-60 mesh Johne-Mansville erushed firebrick at 1:5 ratic.
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Discovery and Attempted Identifieation of Impurity-

It ia noted during the sbove experimentation, that ns flowrate and
temperature are lovered, = smell peak begins to separete from both methyl
othyl ketone and buteanel~2 (Graph 2} This fmpurity ie present in per-
centage amounts and ite reteniion time is spparently identieal when
soparated, under 1ike conditions, from elther of the two vapors. It is
sssumed that the impurity, therefore, is the same in both butenocl-2 end
mothyl ethyl ketone.

1In an attempt to identify the impurity, the retention time is
doternined st specific, measured rates. At 50°C, using helium st a
100m1/ndn. flowrate, over 4 foot diootylphthalate columms, the impurity
retention time for a seriss of yuns average to 100 ses.
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MMX&MMW#&MMM
at these conditions. The average retention time of scetone is 140 sec.;
othyl elechol, 160 soes; propyl slechel, 225 sec.; iseprepyl aleohol,
210 gec.; and t-butyl alechol, 180 sec.

mammwummmuumxmmmmm
Wﬁ#muvﬂmmm’mmm‘amwim
tion doubtful, This is espesielly true in the cases of methyl aleohol
and ether, Over o series of runs for each, the average retention time
of diethyl ether is 85 sec. and methyl alechel is 110 see.

Two seplon, one & 16g. swiple of methyl ethyl ketone, and one &
32gs sazple of butanole2, hydrogenated, using & platimm oxide catalyst,
at room temperature and slightly higher then room pressure, tele up
0041 and LO025H of hydrogen, resp. Chromstograns of both hydrogensted
samples of methyl ethyl ketone and butenocle2 show that the impurity is
uneffected by hydrogenation emd ne new peslkts eppear, te sccount for the
hydrogen consumed.

Butene-2 chromatograns result in & retention time of 40 see., thms
ruling out this delydration product. | Another possible dehydration and
condensation product is di-see-~butyl ether which shows a retention time
of 870 sec. under similer conditions. This ie somewhat neer the retention
time of butancl~2 (760 sec.).

It is found possible to separate (by use of the chrometogrephie
colum) the Lapurity from butancl-2 at a lower temperature and flowrate
(40°C and 40ml/min.). The flowmeter is removed from its position after
the Thermal Conductivity cell and is placed between the source of carrier
gas and the point of sample injestion. Its place is teken by & finely
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~ drawn capillary tube attached olese to the Thermal Conductivity sell.
When the vepors are separated on the gas-liquid partition colusm end the
fmpurity is sluted as indiceted by the recorder, this espillary tube is
immersed in o small smount of shlovoform held in & 4 mm centrifuging tube.
The Lupurity vapor-heliun gas mixture is bubbled through the chloroform as
long as the detector indicates the sole presence of the impurity. Several
samples are required to colleet a suitable mmount of the impurity.

Infra-ved absorption eurves of the combined sample in chloreform,
methyl ethyl ketone in shloreform and butenele2 in chloreform, using pure
chloroforn for the reference cell are shown in Oraphs 3, 4, 5, Dissimilar-
tmmmmummym;wmmunmrmmm
or methyl ethyl ketone. The differonce between the methyl ethyl ketone
absorption curve and that for the impurity is reedily seen, However, the
difference between the butenol-2 end the lmpurity infre-red surve is less
obvious, though on a larger seale,  There are a number of visible dis~
erepancies in their absorption spectra. For example: st a wavelength of
248+2.9u, there is a pesk in butancl~-2 which the impurity lacks; st 6.0u,
butenol=2 has & peak not present in the impurity; from 8.0-8.5u there is
avmmmwammx-zmmxomwmqumuumw;
between 9,0~10.0u there are s muber of pesks present in butanol-2 that ave
absent in the impurity; the butemel-2 pesk at 10.9u ies at 1l.lu in the
impurity; between 13-14u there is a lerge impurity hump, missing in the
butenol-2 eurve; snd the butamol-2 curve tails up from l4=15u while the
impurity goes steadlly down.

Garbide and Garbon Chemieal Company, producers of the commerciel grade
methyl ethyl ketone and butansl~2 for Bestman-Kodsk, ren samples of both



" chemieals by gas-liquid partition chromatography efter the lmpurity was
brought to their adtention through correspondence, They discovered peeks
corresponding in retention times to t~butyl alechol and possibly isepropyl
alochel, These vapors, wpon collestion, were positively identifled by mess
spostrossopy, Butencl2 was alse fownd present in the methyl ethyl ketens
and methyl ethyl ketons was present in the butemel-2. Unfortunately the
reletive positions of the t~butyl elcohol and isepropyl alechel, with respect
to the butancl~2 end the methyl ethyl ketome pesks were not diselosed.

The sonditions for the chromatogrems by Carbide mnd Carbon ere similar
to those used in the above experimentation. A 6} foot eolwm of dideeyl-
phthalate is used at 60°C with helium gas at e flow of 100m)l/min. The fixed
phase (28.5% by weight) is held on (0«22 "mper Support” of A0=60 meshs



Helium gns is selected ns the most suitable for the mebile phase.
It is inert, free from lmpurities, easy to obtain end handle, end is
advantageous due o the grest difference of it thermal cosfficient frem
those of the vapors being analysed. This difference imovenses the sensitivity
or ability of the indleator to detest smmple vepors. At novmel temperatures,
smaller molesules,such ae helium, have higher coefficients and ave, there-
fore, more sengitive and preferred over nitrogen,

Heldum, beceuse its coefficlent ie higher then any sawples snalyzed,
hap the sdventage thet all vapor pesks eve in the seme direotion from the
baseline when s Thermal Conductivity cell-potential recorder device is used.
Al) mixtures of component vepor-helium produce lower coefficients than pure
helium, while veporenitirogen mixture eccefficients may be higher or lower
than pure nitrogen depending on the soefficlent of the vepor snalyzed,

A1l fized phase solvents used in this work are pelar end contain
functional groups similar to those present in the organic liquids being
tosted thue feeilitating resolutions

Uning Dreft, retention times for the chemdeels investipgeted inerecses
slowly with tempersture drop. At 5090, the vetention time for methyl ethyl
ketone is 170sec, while butensl-2 is 7350sec, However, even at this retention
time difference, & mixture of the fwo vapors can mot be separateds The
result is one large ourve of an intermediste retention time.s Other de-
tergents; Fab and Tide, show similar difficulties of resolution. Bessuse
of thie end the faet thet experimentation ghows very close retention time
similarity to Dreft, extensive dnte is not cbbained for Fab and Tide.



.

All three detergents displayed other chemicel and mechenicnl problems.
Asetone, for exmuple, cannot be eluted from Dreft or Fab solums, probably
due to chemical interaction. The Dreft coloring agent forms a band snd
is slowly eluted through the column, All three show tendencies on use,
to grow sticky at higher temperatures (7090-90°C) and cause elogging.

Dipropylene glycol showe the seme difficuliy in the separstion of a
mixture of the methyl ethyl ketone and butenol-2 veporss A further dis-
advantage of this colwmn is the relatively rapid elution of this fixed phase
solvent from the colwm. This causes a gradusl decresse in retention time
which must remsin econstent for sny useful study or qualitetive identifica=
tlone

The most suceessful solvents used as the fixed phase are dloctyl-
phtbalate and dibutylphthalate. Both 4 foot colums of dicctylphthalate
and dibutylphthalate give satisfactory curves for individual runs of methyl
ethyl ketome and butenol-2, Dibutylphthala’e, due to its grester volatility,
48 noticenbly eluted. Therefore, extensive data is obtained only for
diootylphthalate. |

In connection with the solvents, & mumber of references (19, 7, 30)
resammend & 215 ratio of fixed phase %o inert. However, when the proportion
of the solvent to the support for any of these solvents, mich exceeds a
115 ratio, temperatures roughly sbove 70° cause the solvent to come off
the solid support and collset in the column and condense in the indicating
cell and flowmeter. |

It is interesting to note that unless approximetely identieal velumes of
sample are injected and veporiszed, the retention times are notlceably
effected. Retention time is proportiomal to semple size. These effects
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" are move noticeable at lower temperatures, with effects increasing with
temperature drop. Por example, at 55°, t-butyl alcohol, for e sample of
spproximetely «40ul, has a retention time of 210 see. while e smumple of
+20nml has & retention time of 150ses. A% 4090, the retention time of
Wutancl-2 doubles from 25 min. %o 46 min. for roughly double sumple size.

Temperature change effects are also importent in relation to curve
separation. Uxperimentation on tempereture variation reveals thet curve
separation increases with temperature drop. However, the sensitivity of
the Thermal Conductivity cell used also deereases st lower tezperatures
and broad, long bands vesult for the vepors being anslyzed.

The effests of varisble flowrates, when & Thermal Conductivity sell
is employed, are importent. MMMmMmMMMm
decrense as flowrates sre incresgeds If the quantitative method used de-
pendes on measurements of eurve areas, the flow must be kept constent gince
peak aress do depend on flowrates. As with temperature, the optimm flow-
rate eannot be realised with the equipment at hand. Jemes and Fhillips
(17) found thet e drop in flowrate increases Thernal Conductivity cell
quantitative sceurasy down to & certein minimum flowrate, at which this
aecuragy levels off.

It is possible by regulation of flowrate to speed analysis. If some
memumngWMmﬁ’Mthgwﬂw
rate is increased after the elution of the vapors of shorter run time.
When the later curves begin to sppesr, the flowreate is returned to its
original value. It is mlso possible after increasing the flow to add
another quantity of the interal standard, thus eliminating the reductien
of the flowrate when later components are eluted.



.

From the data obtained the optimum eonditions for a quantitative
separations of methyl ethyl ketone and butanol-2 are detemsined, With
dlostylphthalate columns of 4 foot length, at conditions approximeting a
temperature of 55% end & flowrate of 6Oml/min. using helium es the earrier
M quantitative separations arve theoreticelly possible (Graph 6a). Under
these conditions, the retention time of methyl ethyl ketone is 420see. and
that of butencl-2 is 965sec, for individusl rums. The conditions need not
be faithfully reprodused if an internal stendard is employed. However, too
high temperatures or flowrates cause the curves to merge.

While theoretionlly possible, mixtures of methyl ethyl ketone and
butanol-2 under these above conditions, provide poor seperation (Graph 6b).
With the 4 foot colwmns, nmo distinet curve resclution results, but rether
with verying weight percentege compositions of the two chemicals, one curve
is dominemt end the other vapor curve is represented by an ineignificent
change of slepe or & rough leveling of the tail of the deminant curve.

8 foot colums are more suceessful but still not setisfectory. Bufficient
flowrate garmot be atteined with colwmns much longer than 8 feet.

The diffieulty of the abeve resolution msy be caused by & chemical
vesction or may result from a combination of physicel factors thus eausing
slmiltaneous elution of the butencl-2 and methyl etiyl ketone vaporss
However, the most likely fector in the lack of separation is the inebility
of the Thermal Conductivity cell used; to resolve the vapors present.

Advantage is taken of the information cbteined in the previous ex-
perimentation and a veriety of time versus temperature curves are plotted,

Graphs (7) and (8) show the similarity of the effects of the earrier
gas at various flowrates as spplied to both butancl-2 snd methyl ethyl
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Jwtone retention times over a temperature renge from 30°%C te 909%. A4t all
flowrates, the slopes of the curves are quite similar, though the surves
rise somevhat faster for lower flowrates. For both vepors, it appears that
helium ges provides more rapld elution of the respective vapors than does
nitrogen. Butencl-2 is prohibitively non-volatile at lower temperstures
end effects of varied sample sizes cause uncertain retention measurements.

Graphs (9) and (10) ave comparisons of methyl ethyl ketone and butanole2.
Graph (9) uses helium at 60ml/min, and 155ml/min. end (10), nitregen at
170m1/min. and 120ml/min. The curves are all very similer. The timee for
butenol-2 end methyl ethyl ketone separate slowly at high temperetures, but
mach more rapidly as the temperature drops. As mentioned indirectly sbove,
low flowrate curves rise more steeply at lower temperatures, though this
effest is not so epparent for nitrogen as higher flows are used.

Attempts to identify the similar impurity present in butanol-2 and
methyl ethyl ketone have resulted in the eliminetion of & mmber of possi-
bilities. However, no definite conclusion can be made ss to the identifica-
tion of the unknown,

By direet messurements of retention times, a mumber of simple possi-
bilities are eliminated. The presence of a redusesble >C:0< is eliminated
by hydrogenation and the resulting chromatograms, The presence of this bond
or sertain other potential condensation and/or dehydration products present
in the butanol-2 or some starting material in its preperation are alse
ruled out by the preparation of specific chemicals and their resulting
chromatograns.

Infra-red curves of the impurity and the gas-liquid partition enalyses
by Carbide end Carbon suggest t-butyl alechol but retention time measure~



‘ments ave in disagresnents

tdterature sources (28) disclose thet ultreviclet light sen cause
photochenicel desouposition of methyl ethyl ketone. Possible products
are methene, ethane, propene, and buteme. All, however, have prohibitively
short retention times.
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A move seneltive Thewmel Conductivity eell end/or longer columng
thﬁ%amMm&WqMM&MMW
quantitelive seperations Therefore, ealibration curves for the vepors
present can be prepared using s sultable internal standard to be selecied.

The potentiel solvents used in the fixzed phase are limitless and
investigstion of some of these possible absorbents could be eontinued.

More sensitive equipment and different techmiques could be used in
further attempts to identify the lmpurity found. Also with superier
spparatus new impurities such as found by Carbide and Carbon may be
found and investigated.
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