JOURNAL OF CHROMATOGRAPHY 251

GAS-LIQUID CHROMATOGRAPHY OF VOLATILE FATTY ACIDS
FROM FORMIC ACID TO VALERIC ACID

II. TI—I]Z INSTABILITY OF SILICONE OIL-FATTY ACID
STATIONARY PHASES

R. B. JACKSON"
Fodder Consevvation Seclion, C.S.I1.R.O., Highett, Victoria (Austmlm)
(Received October 26th, 1965)

- JAMESs AND MARTIN? reported that silicone DC350~stearic acid columns retained
their resolving power for volatile fatty acids indefinitely when operated at tempera-
tures up to 137°. However, several workers have reported rapid loss of efﬁ01ency under
these conditions?2.3, 4.5,

Both McInNEs® and BoER? noticed a loss of stearic acid frorn the column, if
loss of stearic acid had caused deterioration of the columns the retention volumes of
the acids should have decreased, but this was not the case:. Behenic acid was' lost at
a slower rate than stearic acid but complete suppression of acid bleeding was obtained
by using a fatty acid mixture prepared from Carnauba wax (BoeER?). This permitted
about 20 determinations before resolution became unsatisfactory. MCINNES? replaced
stearic acid with varying proportions of monocarboxylic acids (Cyy and Cy,) and
dicarboxylic acids'(C,5, C,5 and C,,). However, replacing stearic acid by less volatile
acids did not increase the life of the columns to any apprecmble extent.. : :

The importance of water in the sample and carrier gas has been noticed bv

several workers!% 7,8, GRAHAM® reported that some batches of. Celite gave poor
resolution of Cl—C,, fatty acids when using dry nitrogen. This was improved by

. saturating the carrier gas with water at room temperature and he found that the
- columns tolerated a considerable proportion of water in the samples.

32

- HAWKE?, using wet carrier gas, found no deterioration of .a silicone MSsso—
behenlc amd—phosphonc acid column at 137°.
In view of the conflicting reports a.'bout the sta.blhty of sﬂlcone—fatty a.Cld

" columns and the effect of water on their performance, a systematic study of these

aspects has been made.

APPARATUS AND MATERIALS

.C hromatogmybk :

- The glass column, 120 cm long and 4 mm 1n51de dlameter, was supported 1n51de

,;m electrlcally heated air jacket. Temperature was controlled by means of a variable

.. transformer. The column' terminated in a‘ ground-glass joint. which. fitted into .a
" titration cell. Acids emerging from the column were detected by. automatic tltratxon,

% Present address: C,S.I.R.O. Division of Soils, Glen Osmond, South Australia.
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- with a Radiometer Titrigraph©. The carrier gas was commercial dry nitrogen whicvh‘
was either passed through water, or dried by passing through a column of activated
Union Carbide Molecular Sieve, Type 5A, before entering the column." ' o

Maiterials for preparing colummns
Chromosorb W, acid-washed, 80—100 mesh; batch I was obtained from F.& M.
Scientific Corporation, batch IT from Johns-Manville Products Corporation ; Haloport -
F (F & M. Scientific Corporation); Paraffin oil (British Pharmacopoeia grade); Silicone
DC 550 (Dow-Corning); Stearic acid (Eastman-Kodak); Behenic acid (Hopkin &
Williams), recrystallized from acetone; Phosphoric acid (B. D H. Analar) Acetone and
chloroform (May and Baker reagent grade) S

Ovganic acids

The carboxylic acids used were commercial samples. The mixture used for
testlng the columns contained approximately equi-molar amounts of formic, acetic,
propionic, isobutyric, n-butyric, isovaleric and n-valeric acids. In some cases formlc, :
lsobutyrrc and 1sovaler1c ac1ds were omitted from the test mixture.

EXPERIMENTAL PROCEDURE AND RESULTS

Praj)amtwn of columns ' ' ‘ :

‘The materials for the liquid phases were dlssolved in acetone except for that
contamlng paraffin oil ; the packing containing paraffin oil was prepared in chloroform.
The sol1d support was added and the solvent removed on a rotary evaporator

Opemtmg conditions . : . IR
“The- temperature of the columns was mamtamed at 130 4+ 1°. The nitrogen
flow-rate was 10, 15 or 30 ml/mm dependmg upon the retent1on tlmes of the acids on
the column being tested.
The performance of a column was tested by applying 1 /,l,l of the mlxture of
amds to a plug of glass wool at the top of the packing. : :

Clwomosorb I/V—-szlzcone DC 550~-steavic acid j)ackmg ' ’ SR

- This -packing consisted of acid-washed Chromosorb W, batch I (10 parts),
sﬂwone DC 550 (4 parts) and stearic acid (0.4 parts). Curves A toD (Fig. 1) show the
separation of the mixture of acids after the column had been operating with dry
nitrogen at ‘15 ml/min-for o, 4, 10 and 24 h, respectively. The first noticeable change -
- was loss of resolution between iso- and z-butyric acids after 4 h. After xo h all the acids
showed increased tailing and there was little separation of the butyric acid isomers
from one another. Even greater loss of resolution was apparent-after 24 h. ‘At that
st'age the carrier gas was passed through water instead of the column of molecular

sieve. There was no immediate change in the resolving power of the column, but 4h -

after changlng to wet gas some reduction of tailing was evident (curve A,.Fig. 2).

'The performance of the column 8, 24 and 48 h after changmg to wet gas is shown by
curves B, C and D (Fig. 2). The separation of the butyric isomers was not:quite as -
good as that obtained with' the freshly prepared column but otherwise the resolving -

- power was restored. Operation. of the column for a further 28 h produced no further
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Fig. 1. Chromatograms of a.mixture of C, to C, acids showing deterioration of a column of 409,
(w/w) silicone DC 550 and 4% (w/w) stearic acid on acid-washed Chromosorb W (batch I) when
operated with dry carrier gas for (A) oh, (B) 4h, (C) 10 h and (D) 24 h. Columh temperature:
130 + 1° Flow rate: 15 ml/min. Acids: 1 = formic; 2 = acetic; 3 = propionic; 4 = isobutyric;
5 == m-butyric; 6 = isovaleric; 7 = n-valeric. . o

Fig. 2. Restoration of the column described in Fig. 1 (D) when operated with wet nitrogen for
(A) 4 h, (B)8h, (C) 24 h and (D) 48 h. Temperature and flow rate as for Fig. 1. Acids: as in Fig. 1.
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Fig.: 3. Chroma.fbgrams of a mixture of C, to C; acids showing deterioration of a column of 40%
(w/w) silicone DC 550 and 49 (w/w) behenic acid on acid-washed Chromosorb W (batch I) when

_operated with dry nitrogen for (A) oh, (B) 24'h, (C) 76 h and (D) 193 h. .Column temperature;
1 130 4 1° Flow rate: 15 ml/min. Acids: as in Fig. 1. Lo R Lo '

Flg 4 Rés;torattionv ot.":the ‘resolving power of the column described in 'Fig..' 3 (D) ,wheni operated
with wet nitrogen for (A) oh, (B) 2 h, (C) 24 h and (D) 48 h. Column temperature and flow rate
as in Fig. 3. Acids: as in Fig. 1. ‘ ‘ : e ' L o
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change in performance. At this stage the column had been run for a total of 100 h-
and had lost an appreciable amount of stearic acid. The performance was improved
slightly by repacking the column with the addition of more stearic acid and then was
comparable with that of a freshly prepared column run with wet carrier gas.

Chromosord W-—whcone DC 550-behenic acid packing

- This packing consisted of acid-washed Chromosorb W, batch I (Io parts)
silicone DC 550 (4 parts) and behenic acid (0.4 parts). .

The performance of this packing with dry carrier gas is 111ustrated in Fig. 3.
The pattern of change was very similar to that found for silicone—stearic acid columns
operated with dry gas. Curve B (Fig. 3) shows the result obtained after 24 h; excessive
tailing of all acids is apparent and there is practically no separation of iso- and #»-
butyric acids. After 76 h the loss of separating power was almost complete (curve C,
Fig. 3). The column was run for an extended period prior to testing the rever51b111ty
of the changes. After 193 h curve D (Fig. 3) was obtained. -

At this stage the carrier gas was changed to wet nitrogen ; there was no lmmedlate
change in performance (curve A, Fig. 4), but after 2 h a slight separation was apparent
(curve B, Fig. 4). After 24 h operation with wet gas (curve C, Fig. 4), all components
of the mixture except the butyric acid isomers were identifiable although they still
tailed considerably. After48 h (curve D, Fig. 4) the resolving power of the column was
only slightly inferior to that of a freshly prepared column, except that iso- and -
butyric acids overlapped considerably. The column was run for an additional 70 h
without further change in behaviour being apparent. For comparison, a freshly
prepared silicone-behenic acid column was run with wet carrier gas from the beginning.
Performance after o, 4, 10 and 84 h is shown in Fig. 5. There was an early loss of some
resolving power for iso- and z-butyric acids and a slow increase in the tailing of formic
acid, otherwise the behaviour of the column was stable. '

Efect of phosphoric acid

JAMES AND MARTIN? found that the addition of orthophosphoric acid to a
Celite-silicone-stearic acid column eliminated tailing and improved the separation of .
formic and acetic acids. HAWKE? also obtained an excellent separation of formic and -
acetic acids on a Celite-silicone oil-behenic acid—phosphoric acid column using wet
carrier gas. As this seemed to. be a useful packing, its stability under wet and dry -
conditions was investigated. The packing consisted of acid-washed Chromosorb W,
batch I (ro parts), silicone DC 550 (4 parts), behenic acid (0.4 parts) and ortho-
phosphorlc acid (0.4 parts). The nitrogen flow rate was 30 ml/min.

Curve A (Tig. 6) was obtained with a freshly prepared column using dry carrler
gas. Formic and acetic acids were not separated but the separation of the remaining
acids was good. After g h some resolution of formic and acetic acids became apparent.
Thereafter little further change took place, curves B, C, and D (Fig. 6) being obtained
after 24, 48 and 336 h, respectively. Wet carrier gas was then used and the retention
volumes of the acids decreased immediately (curve A, Fig. 7). There appeared to be
no separation of formic and acetic acids but any separation may have been obscured
because the addition of alkali for this run was too slow for the rate at which these
acids were eluted. The decrease in retention volumes continued over the first 3-4 h;
thereafter, the performance of the column showed little change, curves B and C

j.‘ C?Iz_rqmalog., 22 (1966)‘, 251-260
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Fig. 5. Separation of a mixture of C, to C; acids on a column of 40% (w/w) silicone DC 550 and

4% (w/w) behenic acid on acid-washed Chromosorb W (batch 1) after operating with wet nitrogen

for (A) oh, (B) 4 h, (C) 10 h and (D) 84 h. Column temperature: 130 -+ 1° Flow rate: 15 ml/min.

Acids: as in Fig. 1.

Fig. 6. Separation of a mixture of C; to C; acids on a column of 40% (w/w) silicone DC 550, 4%
(w/w) behenic and 4% (w/w) orthophosphoric acids on acid-washed Chromosorb W (batch I)

after operating with dry nitrogen for (A) oh, (B) 24 h, (C) 48 h and (D) 336 h. Column tempera-
ture: 130 -+ 1° Flow rate: 30 ml/min. Acids: as in Fig. I. ,
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Fig. 7. Separation of a mixture of C, to G, acids on the column described in Fig. 6 (D) after oper-

atlng with wet mtrogen for (A) oh, (B) 24 h and (C) 180 h, Column tcmperature and flow rate as
in Fig. 6. Acids: as in Fig. 1. : .

Fig. 8. Chromatograms of a mixture of C,; to C, acids showmg deterioration of a column of 13, 3%
(w/w) silicone DC 550 and I.3% (w/w) behenic acid on Haloport F after operating with dry
nitrogen for (A) oh, (B) 24 h, (C) 72 h.and (D) 144 h.Column temperature: 1 30 :}: I° I‘low ra.te"
15 ml/mm during separations, otherwise 30 ml/min. Acids: as in Fig. 1.
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(Fig. 7) being obtained after 24 and 180 h, respectively. At this stage of the investi-
gation the poor performance of the silicone-fatty acid phases was attributed to
tailing caused by adsorption of the volatile acids by the Chromosorb support. Addition
of water to the carrier gas was thought to prevent tailing by saturating the adsorption
sites. The resolution obtained under dry conditions when phosphoric acid was added
to the liquid phase was likewise attributed to suppression of adsorptlon

Haloport F-silicone DC 550-behenic acid packing
To obtain further evidence on this point, Chromosorb W was replaced by the.
perfluorocarbon, Haloport F. There was negligible adsorption on this material since
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Fig. 9. Restoration of the column described in Fig. 8 (D) when operated with wet nitrogen for

(A) 5 h and (B) 48 h. Temperature and flow rates as in Fig. 8. Acids: as in Fig. 1.

Fig. 10. Chromatograms of a mixture of C; to C; acids on a column of 40%, (w/w) silicone DC 550
on acid-washed Chromosorb W (batch II). (A) Dry nitrogen, freshly prepared column; (B) after
144 h with wet nitrogen. Column temperature: 130 &+ 1° Flow rate 1o ml/min during separations,
otherwise 30 ml/min. Acids: as in Fig. 1.
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Fig. 11. Chromatograms of mixtures of C; to C; and C, to C; acids on.a column of 4%, (w/w)
behenic acid on acid-washed: Chromosorb W (ba,tch IT). (A) wet nitrogen, freshly prepared column;
(B) after 72 h with wet nitrogen; (C) after 24 h with dry nitrogen. Column temperature: 130 + 1°.
I‘low rate: 1o ml/mm durmg separa,txons otherwxse 30 ml/mln Ac1ds as ]l’l 1"1g 1.

F:g 12. Chromatogram of a mixture of C2 to C5 a.CIdS on a column of 40% (w/w) parafﬁn oil a.nd

4% {(w/w) behenic acid on' acid-washed Chromosorb W (batch II) after 72 h operation w1th dry
mtrogen. Column temperature: 130 4= 1% Flow rate: 30 ml/min. Acids: as in Fig. I. '

g Clwom_awg;, 22 (1966) 251—260
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when the acids were run on a column with no liquid phase, they were completely
eluted in less than 15 ml. The column packing consisted of Haloport F (15 parts),
silicone DC 550° (2 parts) ‘and behenic acid- (0.2 parts) and contained about the same
weight of- liquid phase as that prepared on Chromosorb W. This column was run with
a flow rate of 30 ml/min except that 15 ml/min‘was used for testing. performance. The
curves obtained after o, 24, 72 and 144 h with dry gas are shown in Fig. 8. Wet nitrogen
was then passed through the same column. There was no immediate change but some
improvement was evident after 5 h (curve A, Fig. g) and after 48 h (curve B, Fig. 9)
the pe‘rformance was almost'as good as when freshly prepared.’ Further evidence
that the support was'not involved in the deterioration of the Chromosorb W-silicone
oﬂ—behemc acid packing was provided by the observation that wetting the carrier
gas had no apparent effect on the adsorptron of ac1ds by a Chromosorb W colunm w1th
no 11qu1d phase. - o

- The results obtamed with the I-Ialoport F column and the column packed only

“with:Chromosorb W implicated the liquid phase‘as the source of instability when dry

carrier gas was used. To determine whether one or both components were involved,

columns 'Weré prepared in whlch each component of the quuld phase was omrtted in
turn. 24 : . I

C hromosorb W—silicone DC 5 50 packing

- This packing consisted of acid-washed Chromosorb W, batch II (10 parts) and
silicone’DC 550 (4 parts). Performance was tested at a flow rate of 10 ml/min, other-
wise the flow rate was 30 ml/min. Curve A (Fig. 10) was obtained with the freshly
prepared column and there was no apparent change in performance after 48 h. Wet
nitrogen was then used and the performance slowly improved. After 144 h there was

some resolution of six of the seven acids (curve B, Flg 10). Thereafter no further
improvement took place. c . . :

Chromosorb VW—-behenic aczd packing

This packing consisted of acid-washed Chromosorb W, batch 11 (Io parts) and
behenic acid (0.4 parts). The flow rate was maintained at 30 ml/min but performance
was tested with a flow rate of 10 ml/min. Curve A (Fig. 11) was obtained when the
freshly prepared column was run with wet nitrogen. Formic and acetic acids were not
resolved and most of the acids appeared to tail badly. Later it was found that formic
acid tailed so badly on columns prepared with batch II Chromosorb* that it over-
lapped all the acids of the test mixture except n-valeric acid. Consequently a mixture
containing acetic, propionic, n-butyric and n-valeric acids was used for testing

'performance and curve B (Fig. 11) was obtdined after 72 h. Dry carrier gas was then
used and after 24 h operation curve C (Fig. 11) was obtained. The column was run for

a total of 168 h: without any apparent deterloratlon

Chromosorb I/V—_yﬁamﬂin ozl—behemc acid packing
Although the experiments described above clearly show that the deterloratlon

* This material was later found to contain appreciable quantities of acid-soluble iron which

may have caused tailing of formic acid. With thé exception of the behaviour of formi¢ acid, columns
prepared with silicone oil-behenic acid on batch II Chromosorb W exhibited:the same loss: of

resolving power under dry condrtlons and restoratron w1th wet carrrcr gas, as those prepared w1th
batch I, -

G /;rbwriat'og?,’- 22 (1966).251-260
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of silicone oil-fatty acid packings under dry conditions is attributable to the silicone
oil, further confirmation was sought by re-placing the silicone with paraffin oil. The
packing: consisted of acid-washed Chromosorb W, batch II (10 parts), paraffin oil
(4. parts) and behenic acid (0.4 parts). The column was operated with dry carrier gas
at a flow-rate of 30 ml/min. No change in performance was apparent after 72 h and
excellent separation, as shown in Fig. 12 was obtained.

Eflect of water in the samj)le _

In view of the improvement effected by addmg water to the carrier gas and
the conﬂlctmg reports about the effects of water in the sample, a few experiments
were carried out to determine the effect of water in the sample on the separation by
a silicone oil-behenic acid—phosphoric acid column, using wet carrier gas. A freshly
prepared column was used and curves A, B, C and D (Fig. 13) were obtained when
0, 1, 2 and 4 ul of water, respectively, were added to 1 ul samples of fatty acid mixture.

‘ That the effects observed were not due to deterioration of the packing was
demonstrated by subsequent application of an anhydrous sample, which gave a
curve practically identical to curve A, Fig. 13. Amounts of water up to 1 ul did not
interfere with the separation but amounts in excess of this caused poor separations,
particularly of the lower acids.
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I‘xg I 3 Eﬁ“ect of water in the sample on the sepa.ratlon of a mixture of C, to C; acidson a colurnn
of 40%, (w/w) silicone DC 550, 4% (w/w) behenic and 4% (w/w) orthophosphoric acids on acid-
washed Chromosorb W (batch II) Samples: 1 4l mixture of acids without added water (A) or with
the following amounts of water added: 1 ul (B), 2 ul (C) and 4 ul (D). Wet nitrogen flow rate:
15 ml/min. Column temperature: 130 - 1° Acids: as in Fig. 1.

DISCUSSION

. The results of the present study clearly show that sxhcone oil-stearic acid and
silicone o:l-—behenlc acid stationary phases have very short useful lives under dry
conditions at 130°. Deterioration can be prevented by contmuously adding a small

J. Chvomatog., 22 (1966) 251-260
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- amount of water to the carrler gas or. by 1ncorporat1ng a small amount’
.f;f.phosphonc acid in the statlonary phase The latter: modlﬁcatron however, may’ cause_:
-.partial: decompos1tron of ‘any formic. acid: present in ‘the- sample5 The satlsfactory[
. performance of freshly prepared columns is probably due ‘to the: presence o
. amounts of water which, however, are eluted from the column durmg the ﬁrst-f~few
 hours of operatlonB : ‘ ' :
_ The experlments reported above clearly show that the srhcone 011 component'
. of these packings is a source of instability under dry conditions:: “The possrb111ty ‘that
““the Chromosorb W support is also 1nvolved has not been eliminated cornpletel
_“ However, the performances of the paraffin oil-behenic ac1d and ‘the llghtly loaded
~ behenic acid columns strongly suggest that the support is not; 1nvolved =
w KELLER, BA’I‘E, CosTa AND FORMAN!! have reviewed the literature deahng w1th
. changes which occur in the immobile liquid phase, durlng gas-—llqurd chromatography
. The effect of these changes on retention volumes was discussed further. by KELLER AND
- STEWART!2, The stationary phase of a gas. chromatographlc column" may undergo-.:
: _gphysmal -and -chemical changes durlng use;” KELLER AND S'mw.‘uz'r12 .classified:as
- -physical changes, those which change the. total amount of hquld and/ or its dlstnbutmn
" on the support, It is conceivable that physmal changes as defined’ by KELLER AND'
* STEWART!2 could, on the Chromosotb . W support, g1ve rise to’ adsorptron effects’ whlch
. would be reversed by addition of water to the carrier gasts. However, the fact that. the
o resolving power of the silicone~behenic acid phase was lost also on the’ non—adsorptlve
. support, Haloport F, under dry condltlons shows that deterloratron was.not* due"*t
. :unmaskmg of adsorption sites by movement of hquld phase »
' KELLER ¢t al.l? cited a number of reports of: chemlcal changes 1n srl1cone hquldj
‘phases but most of these changes were observed at ternperatures con51derab1y hlghe‘
" than 130°. The loss of resolving power under dry conditions and its restoration by
" water suggest that the changes observed in the present study may involve dehydratlon
. and hydration reactions in the liquid phase MARTIN1, 18 proposed that. aclsorptro
~ of the solute can occur on the surface of the hqurd phase as well as on the surfa
the support.. : :
T If carboxylic ac1ds are adsorbed at the hquld—gas 1nterface under dry con
. dltlons then addition of water or phosphorrc acid to the. systern presumably prevents_- y
_this by saturatmg the adsorption sites. It: mlght be. expected that even under. dryf;}; T
" conditions the adsorption sites would be. masked by the behenic acid in the. stat1onary" '
* phase. However, ‘the long hydrocarbon chains. of the’ behenic ‘acid molecules ma
- _prevent them. reaching adsorption sites at the gas—hquld interface. Some ‘evidence
- consistent w1th this is MCINNES' observatlon3 that longer chaln volatlle ac1ds (heptanom”fj;*f
. to decan01c) can be separated on DC 550 31hcone columns. S ,
P .The nece551ty for using a wet carrier gas with s111cone oﬂ—behenlc acid (or:-..
steanc ‘acid) columns for separatlon of ‘volatile fatty ac1ds precludes thelr ‘use’ ‘with . -
_","f;'detectors that respond to, or are. dampened by water (£.g. thermal conductrvrty and
- argon. ionisation detectors*): Ifformic acid is absent. from the samples, 1oss'of resolvmg
-~ power-may be prevented by 1nclud1ng phosphorlc a01d in the statlonary phase :‘Some’f
. of the difficulties assoc1ated wrth the separatlon of mlxtures contalnmg for
. have been dlscussed5 10, ‘ : e : e

AR Foern AND MURFIN“ recently reported that the response of the hydrogen-ﬂame ioniza
“:detcctor too, 1s depressed by wate" ot ‘ R . : N

B Jv.;c‘f;‘,wazag.;.z‘z";<:§a‘s‘)"
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Although only a limited investigation of the effect of water in the sample was
carried out, the results support the contention of JAMES AND MARTIN! that even
small amounts of water in the sample upset the separation. However, this appears
to be the case only when the sample is applied directly to the column. The experiences
of HAWKE?, GRAHAM® and LANIGAN AND JACKsON!? indicate that, provided the water

is vaporized before entermg the packmg, considerable amounts of water can be
tolerated. :
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SUMMARY

‘The stability of silicone DC 550-stearic acid and silicone DC 550-behenic acid
stationary phases:has been investigated. Columns containing these liquid phases
rapidly lost.their resolving power for volatile fatty acids when operated with a dry
carrier gas. Resolving power was restored by passing the carrier gas through water.
for about 48 h. Deterioration could be prevented by using a wet carrier gas or by
incorporating orthophosphoric acid in the liquid phase; the latter, however, may cause
some decomposition of formic acid when the carrier gas is dry.

The silicone oil was shown to be the source of instability in the stationary phase.

Some possible reasons for the deterioration under dry conditions have been
discussed.
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