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THE:CONCENTRATION OF HIGH BOILING IMPURITIES FROM LOW
BOILING COMPOUNDS BY REVERSE FLOW GAS CHROMATOGRAPHY.*
Amos 5. Newton
Lawrence Berkeley Laboratory_
University of California

Berkeley, California 94720

December 1971

ABSTRACT

The characteristics ofbgas chromatography peaks arising ffom various
compounds when the column flow is reversed has been stﬁdied. It is.shown that
all compounds are eluted after reversai of the flow with the peak maximum at
a time equal to or less than the timé of flow reversal. The half width of the
reverse peak is determined by a constant feiated to the number of plates in
the column, and the square root of twice the time of flow reversal multiplied
by the square root of the time of emergence of the compound when ?un in the
forward direction. The method appears applicable to the concentration of
trace high boiling impurities in any matrix in which the bulk components can

be rapidly eluted fhrough a. suitable column.



-1- ' LBL-283

INTRODUCTION
It has been suggestedyﬂhat one method of concéntrating high boiling
impurifies in air or breath is by reverse flow gas chromatography.l In this
method_the sample is introduced into a GLC column with characteristics such
0, are rapidly

that the major'components of air, e.g., O A, 002 and H

o> o 2

eluted. The flow is then reversed in the column and the higher boiling impufiﬁies
(actually'thpse coﬁpounds wifh emergence times greaﬁer than the time’of emergeﬁce
of the last eluted principal component in the forward direction; they may or may
not be higher boiling) are eluted in a short time by réversing the flow through
the column and can be collectea with a suitable trap for analysis by another
method, e.é., mass spectrometry. This.method is not limited to air but is appli—.
cable to tracé impurities'in any system in which the major constituent can bé
flushed through a suitable column and emerge while the constituents of interest
are still held on the column.
While é complete search of the volupinous literature on gas chromatography
has not been made, a limited survey showed no detailed studies'of the reverse
elution prbcess. The process is widely used to rid columns of high géziing
components which are not of interest in the analysis under consideration. The
usual method_is to use reverse floﬁvfor abéut the same length of time as the column
was run.in tﬁe:fofward directioﬁ. In ordef to evaluate the possiBTities of this
‘method, a few experiments have beén_ﬁadé.in whigh known concentrations of a
variety of compounds with forward glutiqn timeé from 4.2 min to > 1000 min have
been studied. Bécause of the.difficulty of oﬁtaining reproducible concentrations.
in air or N2 of compounds with such a wide variance in volatility, the compounds

were dissolved in methanol. On a Porapak Q column, methanol and water (in small

amounts) are eluted quite rapidly and present no problems in the study of the
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reverse flow peaks of the compounds under consideration. A few experiments

were made ﬁitb vapors of the more volatile compounds in N, gas. The behavior of

2 .

the reVerse peaks of,compoﬁnds injected as vapors in N2 showed no differences

from these made - with solutions of bhevsame compodnds_in methanol.
. FXPERTMENTAL =

The experimental column consisfed of a 30 inch length of l/h inch stain;
less sbeel pubing'packed’wiphbBO;lOd mesh Porapak Q.2d The coluﬁndﬁas ecclosed '
in a 1aboratory oven the temperature of wbich was onlyfroughly controlied with
a variablevtrahsformer. Temperature drifts Were-Slow apd over any 8 hour day
were.less than é°c.. The detector ﬁas a foﬁr“filament‘thermal conductivdfy cell
‘operated at lSO°C. " This temperature was controlled bo better than +0.01°C with
arresistacce thermomefer and proportiohal controller...The filament currept to-
the T. C.jcell_was controlled to i0.0l%; :Tbe,normal current to the cell was.
‘, 150 ma{ Tbeubeiiumjflo&”tbrough tbe‘column.was directed fOrward or reverse by
a six way Valve; The valve porfs are selected by‘a.serles of "0"-rings on a
push—pdllzsbaft in the valve. These "O"—rlngs were Vlton—A”and could be operated

at lSOdC‘conticuously'or up to 200°C for short periods."Most work was done at

" a column temperature of 150°C. Helium flow was controlled by a Miniflow controller

and the,helidm flow rate ﬁas independent of the pressure drop in the column.

Injection of the one ul sample was with a 10 Uk syrihge through a Silicone rubber

injection gasket. When l ul samples are introduced, the reproduc1b111ty of thls

orocedﬁre 15‘15%. W1th1n thls accuracy the peak areas of well behaved peaks were:

the same in both the forward and reverse flow modes -of operatlon The determlna-
tlon of peak areas for compounds with long (> 100 mln) elutlon times'is_less
certain ow1ng to their large half w1dth and low peak 1nten51ty "Even under

these condltlons the peak areas-of forward and reVerse peaks were_found'equal

c

i
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to withiﬁ +10% and this is probably representative of the determination of
peak areas on such broad peaks when this area is determined by triangulation
(area = width ét 1/2 peak height multiplied by the péak height).

Preliminary experiments established that injections of 1 ul of methanol
solutions of these compounds yielded peaks, both forward and reverse, the areas
of which were linear with concentration and the peak half widths and elution>times
were independeﬁt of concentration in the range 1% to 10% by volume. Samples of
this size do not overload the column or the thermal conductivity detector.

1) Back flushing of various compounds.

Experiments have been médé to detéfmine whether various compounds, each
with its own emergence time from a Porapak\Q column, can cach be collected with
reasonable efficienc& when the flcw through the column is reversed at a given time
after introduction aﬁd collection of the reverse.peak'made for a defined time
after reversal. The compounds were introduced as 5% solutions in methanol. Pure
methanol hac an emergence time, te’ of ¢O;6 minutes on this column and underv
the conditibns-of operation, and after 4 minutes, the detector shows no appreciable
response (the“recorder is back ﬁo the baseline). The column flow Vas reversed
at U minqﬁes‘after injection and the emergence time after revefsal, ter’ and the
area of the féverse peak‘measured as a function of time aftef reversal of the flow.
This area was also coﬁpared to thc area and characteristics of the peak produced
when the samplé was run in the normal forward_direction.' As shown in Fig. 1, the
time of emergence in each.case was taken as the‘time the peak maximum occurreé.
The half width of the peak is the width in minutes at one-half the peak maximum-
intensity. | |

The data in Table I and Fig. 2 shows the recovery possible after éach of

various compounds have been injected, run forward for 4 minutes (n-propanol for
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3.6 minutes) and then reversed. The recovery observed for collection periods of
. - L 4

-

I minutes after reversal and 5 minutes after reversal are shown. For well behaved

compounds.With:emergence times from the column of less than 1/2 hour, the ) *

recovery after 4 minutes is 2 90% of the total sample injected and after 5 minutes-

the reéoVe;y isjvirtually lOO%./ Acetic acid is an exception and shows poor
recovéry owing fo tailing of the peak in tﬁe reverse mode. This behavior is'pot
unexpected because of the eguilibrium béfﬁeen the acid dimer and monomer in the
column: - Forvcompounds emerging one hour or longér‘in the.forward'direction, the v _' !
reversal peak becomes quite broad and the recovery after 4 minutes (and even 5 i
minutes) décréésesbfapidly Qith increasing forward emergence time. This means
thatICOmponenté ﬁith emergence times will be discriminated against in the
reverse coileétion procedure unless lbng reverse collection times are used.

Thevhalf width of thevreversevpeak at a given time of reversal is.a
function of thg emergence time in the forward directiqn. With tr constant, theﬁ
.hglf—widths of the peaks in the forWard and,rgvérse directions follow the
foliowing relations; | |

(), =k (6 ) S @

1/2 B o (2)

(hW)r k2(te)

where hw is the half width in minutes 'and te is the emergence time in minutes
of the qompound when run in the forward direction. ) S

is related to the number of theorétical P}

In Eq: 1 the value of kl -

plates in the column.3 For the 30 inch, i/h,inch'OD column used here; kl was

close to.0.100. (This.éprrespdnds to Vv 500 theoretical plates.) For the

same column and reversal ‘of flow 4 minutes after injection, k, was close to 0.29.

12y

2

(Note that k, is a function of (time The solid line drawn in Fig. 1 for
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the half width of the reverse péak was calculated from qu 2 and k2 = 0.294.

The experimental points fit very well except for’iséamyl acetate which

contained ~ 40% faster emerging impurities and for dodecane where te was based

on the injection of 10 ul.of pure liquid, which amount safurated the colunmn.

The emergence time is shortened under saturation conditions. The collection
gfficiency for reverse flow of peaks with long forward emergence times is deter-
mined by the half width of the reverse ﬁeak. Since Eq. 2 appears valid, there
does not appear to be any way of avoiding this obvious discrimination against the
efficient collection of the reverse peaks of very high boiling compounds except
by the use of longer collection times for the reverse peak.

In order to determine the generalized form of Eq;_2, a series of

’

determinations of the half width of the toluene reverse peak was made as a
function oflthe time at which the flow was reversed.  Various characteristics of
the reverse peaks as a function of time of reversal of the flow are shown in
Table II and.Fig. 3. The emergence time of the reverse peak, ter’ is always
slightly less than tr and for tr < 1/2,te follows the linear relation shown in
Eq. 3.

ter'= 0.81 tr | (3)

At times'tr > 1/2 te’ ter becomes larger than the value given in Eq. 3. When tr
approaches te, ter approaches tr. |
An analysis of the data in Table II shows that the half width of the

reverse peak follows the relation shown in Eq. 4.

AR - ()

(hw)r = k (2tr .

1
In the case of toluene, with an emergence time of.28.7 minutes and a

half width of 2.76 minutes, kl = 0.096. Using these values and tr’ the calculated
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half ﬁidth of the +toluene reverse peak ét various times of flow reversal are
shown in Table iI. The agreemén£.ié’satisfaétéry,.tﬁough ét quitelshort times
“of reversalvthe.peak is Slightly Widér than calculated from Eg. L. |

*  In order to check the genérai applicability of Eq. L4, a variety of com-
pounds, all of which afe well behavéd on a Porapak @ column, wére investigated‘
with variation of the reversal time. Tﬁe forwérd emefgence ﬁimesnof‘these
compounds at lSC°C>var£ednfrom 9 minﬁtes for éthylene élycol to 40T minutes

for n-butyl-benzene. Using the average k. of 0.100, the half widths of the

1
reverse peéks agree well in general with the values calculated from Eq; L. The
data isrshoﬁn in Table III and Fig. L. For thé éompounds phenoi and cumene.
(isopropyl benzene) thg observed reverse peak half widths at t_ > 14 minutes
are coﬁsidérably.leés than.célculaﬁed. No explanation of this behaviof is
obvious.

AlSo‘shown in Table.III and Fig. L4 are the results withva-S% solution
di-isobutyl ketone (DIBK) in n—penténe:on é 6 foot éolumn packed with 20%
‘vdi—nonjlphthalate onh 60-80 mesh Chrombsorb. This column‘has the equivalent of

about 4000 theoretical plates and exhibits a value of k. equal to 0.05L. The

1
column Wés operated at 120°C with a helium flow rate of 40 ml/min. The reverse
‘peaks wifh ér =k to tr = 20 minutés show that at low values of tr the observed
peak is somewhat narrower than the calculated peak while at longer times the
agreement isvsatisfgctory. This is not a_genergl7behé§ior however because
.ethyléne:glyéol, dieﬁhyl ketone, glngrine and phendi éhoﬁed‘excellent.agréement
between caicﬁiated and observed vélﬁes of'(hw)f at the'lowesﬁ times of reversal

as shown in Table III and Fig. 2.

2) Effeect of large amounts of. water on revefse.gas chromatogranhy peaks.

Because samples of air or breath may contain fairly lérge amounts of

’ .
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w;;er, the effect of water on the concentration of trace components by reverse
flow gas chromatoéraphy was investigated.

As an example, one liter of air saturated with water vapor at 35°C contains
0.0395 moles of total gas of which 0.0022 moles is water vapor. This is equiva-
lent to 40 pl of liquid water.
/ As a test pfocedure, Lo ul of O.Q%Fby volume solution of ethylene glycol
in water was injeéted onto the 30 inch Porapak Q column and the behavior observed.
The water peak with this overloading of the column tails drastically and the tail
extends out to 10 minutes after injection. When the flow is réversed 4 minutes
after injection, the collected ethylene glycol ﬁeak (collected for 4 minutes
after reversai) contains 88% of the inifial glycol injected and the collected
fraction is about 25% water. Since the actual amount of water collected should
be independent of whether or ﬁot the ethylene glycol is present, one may calculate
the concentrétion factor by this procedure at’various levels of impurities in
the original»air sémple. In a 40 Ul sample of 0.2% by volume glycol there are
0.60222 moles of water aﬁd l.hﬁ Umoles of glycol. If the ratio of glycol to
water in the collected fraction is 3:1, then the collected sample will contain
O.h8.umoles of water. This amount of water collected is independent of the initial
concentratién of the minor high boiling component, whether it be ethylene glycol

or other high boiling organic compounds which emerge from the column with

‘elution times greater than the'h’minutes_time at which the flow is reversed.

The 1 liter of air saturated with water at 35°C contains 0.0395 moles
of gas including 0.00222 moles bf water. A component present in concehtration
equal to 1 ppm will represent 0;0395 Umoles of material. 'In the collected
fraction this.will be diluted by 0.48 umolesvof water, and the concentratioh of

the trace component in the collected fraction will be 7.6 mole %. This is an
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acceptéble range for mass spectrbmetér analysis of the collected fraction. Ir,
the mihor component is present.at the level of 1 part]in_log, then the concen-

tration in the collectéd fraction willjbe 0.0082%. Unless the impuritiés were

P

components of a very simple mixture, this is a concentration at which identification' ,

or analysis by the uéﬁal maés spectrometer méthods is of questionable validity.
The liﬁit.aé which reiiable’ihformatioﬁ migh£ be'achieved for a féirly compie#
mixtufé undef these conditibns is at thé cbn?entration level of abéut 1 part in .
108 éartsbof aif.' The situation can be impré&ed sbmewhat by réducingvthe.water
ldad in the collected saﬁple by‘alléﬁing a longer time for water elution before

reversal of the flow. This procedure would also necessitate a concomitant

increase in the collection time as well as decrease the effectiveness of the

analysis by:thé loss of compounds with emergence times bétween tr = 4 minutes and

the ﬁew valﬁe'éf ﬁr choéeﬁ.: For the sjstem described, if ti Wéévincreaséd to
8 minutes,-suéh.compounds as acetpne,-aéetic écid,'methyi ethyl ketone a?d
ethylene glyéol Wouid be ioét andvnot included (or be only partiaily inciudea)
in thé collécted matefiél. The analysié might be improved by changing columns
assuming one could bé'found on whiéhvthe compoﬁnds of.in£erest were held up for

a longer time compared to water. For a complex mixture. of contaminants in

the sample this procedure may result in the substitution of one group of lost

components for another. Each prdblem would requiré knowledge of the characteris-

tics 6f the column for the bulk méterial'aﬁd the spécific compounds of interest

in the analysis. Variations are:also possible in which the collected material is =

re-injected on the same column'for a second reverse flow concentration step. In
the example cited this smaller amount of water in the.seéond injection would -

result in little if any tailing and the concentration of water in the collected

material could‘be_reduced by .another factor of several thousand. Such variations-

-
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of the procedure have not been investigated nor has the present apparatus the

\
capability of physical collection of the back-flushed material.

DISCUSSION

The‘results of this short and preliminary invéstigation suggest the
method of flow reversal after elution of the major épmponent of a mixture is
a proﬁising method df concentrating high boiling trace combonents in a mixture.

It is-obvious that the method can be used in any situation where the
major components can be rapidly eluted on a suitable .column before the compounds
of interest_are‘eluted. Such problems are the determination of trace organics
in water and the determination of compounds in biological materials where these
compounds can be extracted into a high purity low boilihg solvent such as
hexane, pentane or ether.

The concentration and collection of larger amounts can also be achieved
by use of fwo column operation. The firstbmay be a preparatory type column
where samples éé large as several ml can be injected and the reverse flow
impurities collected. If this is foliowed by further’concehtration on a smaller
column a second concentration step éan reéult in a sémple of the high boiling
components freed from essentially all of.the initial solvent. Avenues of

identification and analysis of these concentrated materials are possible at

~initial concentration levels well below the level possible by'direct methods

without concentration.

The results presented show that the behavior of peaks on reversal of

flow and elution in the backward direction is determined by the characteristies

of "the column, i.e., number of theoretical plates, the behavior of the compound

on the particular column used as manifested in the time of elution when run
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forward, and_thé time of reversal of the flow. The equations

c ‘gl(te> : , ' R (1)

(hw)
and
12 (¢ )12, | - )

1 e

(hv)f_=.k (2t
govern the spreading of the peak in time for each type of operation. - Obviously

these two equations can be combined to give Eq; 5.

1/2 1/2 - 2 -
()" (e /e )% | S - (5)

() = (b)),
In Eq.,h the term Qtr i; only apprqximately equal to the total time
spent in the column ‘when the flow is feversed at tr' It is.mbre nearly éQuél.
to the ﬁot#i time in the column for long times.before‘reversal than for short.
We have shown that ter é‘0.81 t. for'tr'< 1/2 to in the cage of toluéne'eiutioﬁ.
If this factor is used, i.e., 1.81 t_ instead of 2 t;,'iﬁ calcu;ating the half
widﬁhé from.Eq. 4, the agreement becomes even iess satisfactory at the shorter
times of‘reversal‘in some cases, €.g., toluene,‘but ié improved in 'some others

such as di~isobutyl keﬁone.' It does not appear that the present data can be -

better fitted by any simple modification of Eq. L. -
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»TABLE I. Characteristids of Forward and Reverse Elution Peaks of Various bompounds oﬁ a Porapak Q Column.

a)

Forward Peak

Reverse Peak (t,=4 min)

_%Revefse Peak_Coliected

.'Cémpound : ,:."" °c Jc'e ‘ (hw)f‘. <hw)f/te : 'ter? (hW)r f2t=tr+tér  (hw)r/Zt ~h min ;S‘min.
n-Propyl Alcoholb) 97.8 4.20  0.45  0.107 3.55  0.66 | 7.15 0.092 95.2 100.0
heetic Acid . 117.0 b.62.  0.48  0.10h 3.874) 0.71 7.87 0.090 6O 95

. Methyl Ethyl.Ketone 9.6 6.85  0.72  0.105 3.60  0.7T7 7.60 0.101 91.0 ' >99.9
Ethylene Glycol — 190.5 7.65  0.84  0.110 3.50  0.83 7.50  0.110 91.1 98.9
Diethyl Ketone . 101.7 13.87  1.k2 o0.102 3.38 1.02 7.38: 0.138 ~91.2 >99.9
Toluene © '110.6 28.7 2.76  0.096 3.20  1.38 7.20 0.197 90.L4 99.5
Glycerine - >200 (dec) 58 5.6 0.096 3.05 2.23 7.05 | 0.316 78 9L.2
Phenol : o8k s 7.6~ 0.105 3.20  2..43 7.20 0.338 75 93
i-imyl Acetate®) BTN 81.9 7.9 . 0.096 3.35  1.80 7.35 0.245° 81 o
i Propyl Benzene - 152.9 112.6 10.3 0.091 3.10 3.30 7.10  0.L65 67 85
n-Decane®’ - 17 2kg 33.6  0.135. 3.208) 4.6 7 0.6 5T T1
n-Butyl Benzene - 183.3 286 - 30.2  0.106 2.8 b.9 i 6.8 0.72 55. Th

 n-Dodecane® 200 >900f) 2h0  ~0.3 2.54) 10 6.5 1.5 26

.35

) to= L @ihutesé_BO inch Porapak Q column, 155°¢, He_=v&0 ml/min, all
) reversed n—propyl alcohol at 3.6 minutes forward.

¢) contains 0% ldWEr boiling impurities before main component.

a) tails-badiy. ' .
)
)

n-decane and n-dodecane may be mixed lsomers.

times in minutes.

: te forward determined with 10 ul pure liquid sample - column is overloaded.

- E€ge-1d1



TABLE II.

Characteristics of Re
in the Column Before Reversal.®
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Xerse Flow Toluene Peak as a Function of Time

(hw),. _ )
% 4 /t 555 calcb) Tt o=t +t (hw) /5tS’
T er r T r er T

1.5 1.25 .83 1.08 0.89 2.75 0.392

2 1.62 .81 1.17 1.03 3.62 0.323

3 2.50 .83 1.35 1.26 5.50 0.2L45

L 3.23 .81 1.50 1.b45 7.23 0.208

5 4,00 .80 1.65 1.63 9.00 0.183

6 4.85 .81 1.82 1.78 110.85 0.167

8 6.55 .82 2.03 2.06 14.55 0.139
11 9.00 .82 2.36 2.1 20.00 0.118
15 12.85 .86 2.77 2.82 27.85 0.099
20 19.00 .95 3.48 3.25 39.00 0.089
a) 30 inch Porapak Q column, 155°C, 40 ml He/min. All times in minutes.

b) Calculated from Eq. 4 with k. = 0.096; (hw)f = 2,76 min; t_ = 28.7 min.

e) (hw)r divided by total time in column (forward + reverse).
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TABLE III. -Reverse

Flow Reversal.@

_ih‘

Elution Peaks of Various Compounds

LBL-283

as. a Functiqn of Time of

{08

_ (hw)_,
Compound . t (hw)f 'ki’ t ‘-'ter obs - calcP)
Ethylene. Glycol 9.03 0.93 0.103 2 1.72 . 0.63 0.60
: L 3.59 0.89 0.85
7 6.72 1.31 1.12
Diethy Ketone 17.80 1.78 0.100 2 1.69 . 0.84 0.84
‘ S . b 3.35¢ 1.18 1.19
7 6.04 « 1.60 1.58
10  8.85 1.91 - 1.89
14 13.28 S 2.43 2.23
Glycerine - 78.38 7.00  0.089 2 1.ho S 1.79 1.77
: : : b 2.99 - 2.52 2.50
T 5.43 3.22 3.31
10 T.58 3.75 3.95
14 11.08 4.58 4.68
20 15.79 5.20 5.59
30  2L4.90 7.09 .6.85
Phenol 9k. 85 9.7 0.103 2 1.ko 2.03 1.95
: i 3.19 2,76 2.76
T  5.55 3.47 3.6k
) 10  -8.05 b1l L.36
ik 11.08 5.09 5.16
20 16.0L .5.56 6.16
30 2L.k4s 6.80 7.5k
Cumene 156 15.5 0.100 2 1 1.69 2.43 . 2.50
: ' L 3.15 3.46 3.53
T . 5.60 5.10 k.67
10 8.00 5.57T - 5.58
14 11.22 6.40 6.60
20 -15.85 T:05  7.90
30 23k T.99 9.67
n-Butyl Benzene 407 43.5 0.107 .2 ~1.26 3.63 4.03
' b 3.1k 5.68 5.71
T 5.3 7.19 7.55
10 8.0 9.00 9.02 -
ik - 10.8 10.66 10.68
20 16.1 11.90 12.76
30 . 26.0 15.15 15.63
Di-isobutyl Ketone®)  36.65 1.98  0.05% L  3.22 0.75 0.924)
(DIBK) : ' 5. 405 0.87 1.03
10 .8.35 1.37 1.46
12 = 9.8 1.64 - 1.60
© 20 18.2 2 2.07 .

(Continued) .



~15= LBL-283

TABLE III. {continued)

a) 30 inch Porapak @ colummn, 150°C, 40 ml He/min, all times in minutes.
b) Calc. from Eg. 4 with k, = 0.100. | ‘ |

c) DIBK on 72 inch column packed with 20% di-nonyl phthalate on 60-80 mesh’
Chromosorb, 120°C, 40 ml He/min.

d) Calc. from Eqg. 4 with k= 0.05Lh.
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FIGURE CAPTIONS .

. 1. 1Definitions of terms used infcharacterizing’gas chromatOgraphic peaks

when:. A) the chromatographic column is operated in the normal manner, and
B) the helium flow through the column is reVerséd‘at a time, tr

2. Collection efficiency of various compounds when column flow is reversed

" after 4 minutes and.the reverse peak collected for 4 minutes (curve A4) and

5 minutes (éurve B) as a funetion of the emergence time of the compound in

' the forward direction.  Curve C is the half width of the reverse peak after

‘Fig.

Fig.

reversal -at 4 minutes, poihts experimental, line calculated from Eq. 2.
3. Chargcteristics of toluene peak on reversal'dfvhelium flow.

1) 4 - half width of reverse peak, (hw)r'.

' - . + X '

2) O [(hw)r/(tr ter)] -~ 1/10.

3) C)— glution‘time after reversal, tef'

L. Half width of reverse peaks of various compOundé as a function of time

of reversal of the helium flow rate. Lines calCuléted from Eq. L. Points

experimental.

A1l except di-isobutyl ketone determined with Porapak @ column, 30 inch._”

length, 150°C, 40 ml He/min, k

N = 0.100. Di—iSobuﬁyl ketone determined

with 6'foot'c91umn packed with 20% di-nonyl phthalate on 60-80 mesh

Chromosorb, 120°C, 40 ml He/min, k. = 0.05h.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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