Table . High Frequency Response of Some Bile Acids Dissolved in $0% Ethanol

Culibreation Cuarve |

Avid O 006N 0001\ 0 nys LN 0,020
S P 411 SO e
Taurocholic vy 70 (R,
CGlycocholic U 46 277 BN
Chliolie 14 151
lJeoxyeholic o7 1,63
Athocholic 1 57 27
Jshydrocholic .20 2.0
acid is eluted with the front wnd giveo- tnurine  conjupntes  inoomueh smndler

dehydrocholie acid at 20-30-40 !,

Figure 8 gives o separntion of giveo-
deoxycliolic aecid at i0-15 20 1l und
glycolithocholic acid at 253510 ml.
The unconjugated lithocholic weid s
cluted after the conjugates ut 70-50-9
ml., but no recording was obuained,

For recording taurine conjugntos witl
phusa gystem D, the col! with the small-
est sensitivity was used. A chromato-
gram of taurodcoxycholic and fauro-
lithocholic acids is given in Figure 7.

DISCUSSION

The chromatograme show thut the
response depends on the nature of the
substance, mainly ag a functicn of the
conductivity. The free bilo ueids huve
o dissociation constant of the order of
7 X 1077 in 509% ethanol-wuter solu-
tion (10). The conductance of these
acids is 8o low that they could not be
detected in the effluent conevnirations
cuncountered (Table ID. The conju-
gntes are stronger acids, Their disso-
clation constants in water runge from
1072 to 10-* (8). The bile ucids with
sulfonic substituents ure the strongest
acids. Thus it is possible to recond

concentrations thun can be determined
by Gteation, Tt is diffieult to predict
the couductivily  of o compoutsd in
organie solvent systems beecause of the
complex nature of these systems, In
genernd, the neids wnd Tases must have
w dlissocintion constant of b Jeast 107510
witer to he deteated by the method
outlined,

The high frequency teehnigue will
findd oy applications in ehramato-
graphic work, especinlly in puartition
chromatography where orgunic solvents
with low conductivity are used. The
method ostable for the analysis of
substuuees with dissonation constants
grenter than 1075 Nonaqueous sol-
venis tny b used if the solvent mix-
turce s such thad lon pains ean b formaed,
The smount of sult or aeid in the soi-
vent must Le kept low: otherwise the
seusitivity will be decreased.

In this application, the demands on
Lhe stability of the high frequeney ap-
paratus are exteemely high,  Many pro-
cautions must be taken to avoeld appres
clable drift: Temperuture change of
the cryvstal will cause amplitude varia-
tions, and the tubes must be in exeellent,
condition.  Wuork is ding carried out

to jmprove the sty of the ap-
paritis,
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Analysis of the Nonvolatile Acids in Cigarette Smoke
by Gas Chromatography of Their Methyl Esters

LOVIS D. QUIN and MARCUS E. HOBBS

Duke University, Durham, N. C.

P The. nonvoiatila ocid fraction of
cdgarette smoke, after conversion to a
mixture of mathyl esters with diczo-
methane, way onalyzed by gas chro-
matographic techniques. Of the 16
astery detected, 11 hove been identi-
- fled,| tLaclie,,; glycolie, succinic, and
malonis ucids constifute about 75% of
“thopet ;identified,. among  which enly
sctinic. ocld has been reported pre-
viowly oy a smoke constituent, Al-
theugh some ocids containing certain
other . functional groups cannot be
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analyzed by the techniques described,
the method may be of value in the
partial onalysis of complex acid
mixtures from sources other than
cigarette smoke.

Tm-; steam-volatile acids of cigarette
amoke have heen examined in de-
tail (4), but little is known about the
nonvolatile acida. In a survey of the
literature up to 1954, Kosak (I2)
listed succinie, fumarie, eitrie, and
phenolic soids us possibly present in

RPHzs

cigarctte smwoke.” Nieotinie and . glu-
tamic acids (3) and three a-kéto acids
(glyoxylic, pyruvic, and a-ketoglutaric)
(&) have bren detected since this report.
The present paper is concerned with the
detection and determinatior of & num-
ber of nonvolatile acids in cigarette
amoke. The presence of suceinie acid
has been confirmed, whereas the other
acids detected huve not been reported
previously. )

Gaos chromatography is the basis for
the anulyvtical method used. It is not
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138°C.

Gas chromatogram of smoke preparation at

Sample, 20 ul. of methanol solution, equivalent 1o 0.4 clgaretta,

Column, 2 melers of dioctyl adipate on firebrick, | 16 3 w,/w.

flow, 17 ml./per mis

practicable to apply this technique
directly to the separation ¢f a mixture
of the acids under consideration, be-
cause of their instability and Inck of
volatility, The methyl esters of these
acids are readily examined by this
method and, with a few exceptions,
these esters can be obtained quantita-
tively by treating the mixture with
diazomethane. Such amethylation step
is an“important feature of the analysis.
This approach has also heen taken in
the analysis of fatty acids (7, 10}, but
with these acids direct gas chromatog-
raphy has been successful (7, 7).

EXPERIMENTAL

Preparation of Smoke Sample.
Fifty bright tobacco cigarettes with-
out additives, 70 mm. long, were
humidified over n saturated aodinm
bromide solution, These were
smoked with an automatic smoking
machine usipg one 3H-mb. puff per
minute of 2-second duration (). Nor
maiflv each ecigaretie was puTed | times,
undd the avernge butt length wns 20 man,
The smoke was rondensced in n series of
Kix traps in dey deo-othanol  baths,
The traps and connecting tubing wero
washed with 50 ml. of ether and then
with five 20-ml. portions of 0.5%, sodivm
hydroxide. The ether was extracted
with each of the sodium hydroxide
wnshes.  The combined sodium  hy-
droxide solution was extracted with three
50-ml, portichs of ether and retained.

Isolation of Acids. Drocruyre A
Vollowing the method of lesnik, Lee,
and Powell {18), anions nf organic acids
in the sodium hydroxide extract were
ndsorbed on a 2 X 20 em. coluinn of
Dowex-1 (C'Oy77),  After washing with
200 ml. of water, the anions were re-
moved with 400 ml, of 1.3N ammonium
earbonate, In o medifieation of
Resnik’s procedure, exeess ammaonitin
enrbonnte in the eluent wus destroyved
hy bateh treatment with 300 grns of
Dowex=50 (H~), rather than by evapo-
ration at 70° ¢, Supernutant hquid
and six to cight 10-ml. water washes of
the resin were passed through o 2.6 X

Hallum
s

20 em. column of Dowex-50 (H*) to
ensure complete conversion to free acids,
Steam-volatile acids were removed by
distillation at 20 to 30 mm. at & hend
temperature of 25° to 30° C., enough
water being added to provide 1.5 to
2.0 liters of total distillate. Then &0
m). of benzene were added and distilled
to aid dehydration of the pot residue.
The residue was dissolved in 50 ml, of
50%, v./v. methanol-ether and held for
methylation,

Procepury B.  The sodinum hydrox-
ide extract wns distdled to dryness at
25° to 30° C. at 20 to 30 mm, The
residue wag twice taken up in 300 ral, of
water and the solution was diatilled to
dryness. This ensured removal of ney-
tral and basic volatiles which might give
extrancous peaks on a gas chromato-
gram, The residue was then taken up
in 50 ml, of 4% acetic neid, Acids
wenker than necetie were  liberated;
the stronger acids, formle nned those
clasaified as nonvolatile, remained in the
salt form, Free ncida wern romoved
hy extraction of the aolution with five
50-ml. portiona of cther, The aqueous
salution wnr cvnporited to dryness at
20 to 30 mm.  Dehydeation wns ecom-
pieted by the addition and stripping of
50 ml. of benzene,  The residue was
dissolved in 100 ml. of 60% v./v.
methanolether  containing  about 30
meq. of hydrogen ehloride added to the
solvent as the anhydrous gas, The
precipitate of sodium  chloride  and
other inaolubles was removed by filtra-
tion and washed witk: 10 ml, of meth-
anol.  The filtrate war atrippod  nt
20 to 30 . to nhout 10 mil., removing
much of the excess hydrogen chloride
which would later econsume  dinzo-
methane.  The solution then wns mude
up to 50 mb with the methnnol-ether
mixburn,  If u precipitate formed, auffi-
viont methanol was added to ensure the
tizsolution of any orgunic aceids therein,

Methylation of Acids. The solu-
hon of acids from cither Procedure A

or I waz chilled in ee wnd freated with
a moderate exeess of dinzomethane
in ether. A procipitate of organic

acids oecagionally forned when the
ether rolution was adilemd: this was

redisso cd by the ads o of me
anol, as methylation ruspende.d
ncids was impractically siow, Ml't;
2 hours, the solution was atripped
about 5 ml, and the exact volume wha
mensured. The distillate was  edn-
densed-in & dry ice trap and examined
for dinzomethane {yellow ooloration),
The residual solution was remethylated
if no oxcess dinzomethane sppeared in
this distillate. The diasomethans re-
quirement is difioult to determins in
advance; the amount usually added
was about 0.03 to 0.05 mole. The
analysis of the ester mixture should be
completed a few days after its prepara-
tion, as on aging of the sample some
changes in the gas chromatograms were
noticed.

Preparation of Methyl Esters of
Known Acids. For qualitetive gas
chromatographic  studies, methyl
esters of a number of known acids
were propared by adding dissometh-
ane to a methanal-ether solution’ef-
20 to 30 mg. of the acid. Excess
diazomethane was stripped, and the
residual solution was used dive-
gas chromatography., This & i
whs successful for preparing the c....:
of most acids. .

After an ester peak in a gas chromatn.
gram of a amoke preparation had - -
identified, a larger quantity (0.5 to 1.0
gram) of the individual ester was.pre-
pared by methylation of the appropriate
acid and purified by distillation, Solu-
tione of definite concentrations of the
known esters in methahol were prepared
for quantitative gas chromatographic
analysis. The sclutions of all but two
esters were usable over a period. of
several months. Djmethy! malate solu-
tions failed to give an elution peak sfter
utanding a few weeks, while after aging
a sccond peak appeared in methyl
furoate solutions., _ L

Qualitative Anﬂysil of Methyl
Esters. A Porkin-Elmer Vapor Frac-
tometor Modol 154-B with & Leods &
Northrup wvariable range recorder
(8poedomax  Type was uaed.
The only modification of the Vapaor
Fractometer was the detachment of
the solenoid valve from the vent line.
The vent line was wrapped with a
Nichrome heater to prevent condensa-
tion therein.  Columns consisted of twg
glass U-tubes, 6 mm. in outer diameter
and 1 meter iong in series, or of a coil
mnde from 3 meters of copper tubing
1/, ineh in outer diameter. Usefu
stationary liquid phasea are recorded
in Tahle 1. These were applied to
Colite 545 (noid washed, 60 to 100 mosh)
or (-22 firebriek (30 to 60 mesh) in a
ratio of 1 to 3 w./w., except for the use
of a 1 to § mixture with the viscous
liquid 11, Helium was used as carrier
gns,  The sunple, injected into the gas
stream with a hypodermie syrinre,
generally conuisted of 20 to 40 ui. of &
methanol solution containing 8 few
milligrams per milliliter of the caters
under consideration.
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At a nominal tenycoacare of 150° ¢
eight peaks were generally recognizable
on chromatograma oblained from the
ase'of columne wilth lguids T to VIII
These peaks representod esters hav-
‘ing boiling points fron: that of methyl
lactate (144° C.) to jusi above that
of dimethyl succinate (193° C.). Fig-
ure 1 is a chromsatogram of this type
for & smoke sample trested by isolution
Procedure A. The identity of the peaks
was established Ly comparing  thelr
retotition times on the ditferent eolunis
with those of known compounds under

amie conditions, Some typoe.
results are given in Tuble I7. It was not
possible b effeet aseparation of methy]
letate wnd glycolate, comprising the
first peak, with the columns used.
However, with  special  columns of
liquids 1X and X at lower temperu-
tures, this pair wus successfully re-
solved (Tuble [11).

At 160° €. esters having boiling
points whove thut of dimethy] succinate
and through that of Jdimethyl phthalate
(2827 C.) voubl be rewolved. A typical
chromatogrwn of a smoke sample
treated Ly Procedure A is reproduced in
Figure 2; wnother unknewn and di-

Quantitats. - gsise The oo
cquipment was uacdoas for the qualits.
tive  analysis, Samples  of  fiked
volume, nusually 20 ul, were ingectsd
inte the apparatus with o Perkin-1lmer
Micro-dipper pipet. Peaks on the chro-
matogratns were enclosed by drawing o
ling canneeting the buse line just before
andd after the appearance of the pesk:
the ureas enclosed were measured wit!
i planimeter.

Columns and  operating condite ...
wore seleeted Lo give well roweste !
i rensonable rotention
identified members of ¢! -
prepatation. A sonsuss
conditions is given in Tabic v ...
viously, other eombinntions would also

. . methyl phthalate waere eluted at much be practicable,
ch'l; N éfctlorghry Liquid Phuse; longer retentions times and are not Calibration with standurd solutions
sed in as romatography o shown,  Penk  idengification was ac- of an individual ester was performed
Methyl Esters complished using liquids I to Ifl,  in conjunetion with un analysis at the
Dusigna- o Datn are revorded in Table IV, No same operating conditions.  The solu-
tion Dewerviption atlempt was nde o deleet esters tons were of such f(mccnt_r:ltlrm a8 to
For 150° and 190° €. Heparativne bolling higher than dimethyl phthalate. f);(‘;; “_10_ I'c‘fk ""‘Yf‘s Jlu‘nl-lc‘c@m%] t.!"" “rﬁ"f
1 " Floxol 8RB ((CrHLCOOCL # the corresponding peak in the smoke
Reoe It 1] bl GOOGH ) preparation. Calibration curves, weight
1I Floxol 11:21.'!'. (pulyuster) of ester plotted against penk area, were
111 Flexol 4GO9 (polysthylene gly- prepared when the relationship was not

col dioctanoute)

For 160° C. Sepurutions

Table lll. Identification of Methyl
Lactate ond Glycolate

Columns aml

of direet proportion. The weight of
ester giving o certain peak area in an
analysis was determined. By employ-

v Flexol A-26¢ (dioetyl ndipate: Conditions ing un aliquot factor, the weight of the
v Floxol TOFe+ (tricctyl phos- Liquid phuser  Carbios 77 "Carvoe ester in the original smoke preparation
i phate) Wil WX wnr ohtained.
VI Tr:mrenfl ghou hutet 4000 1500
VII  Dideoyl phihalutet Salid support Celire Firebrick Results of an analysis of a single
VIl Dinonyl sclpcater Leagth, m. 4 2 : . s
_f.“m“‘.',,(‘. I 122 smoke preparstion are given in Tabie
For Lactite-Glycolate Beparations e dlow, il 13 20 YI. The \I'uhmn are an average of two
1~ Carbowax 1600% (polycthylene min, dtj-wrnunnuons, which generully agreed
glycol) Holentjon Time. Min within 5 to 10%,. Quantitative analysis
X Carbowex 4000% |poiyethyione 'i{n'(]wn-h‘n:r;k;-' ‘K—ﬁét\}‘:i'%'? e was also performed on esler preparations
glyeol) ' B from mixtures of known awmounts of

* Donated by Union Curbide Chemiculs
Co., New York, N. Y,

* Obtained from Eastmar Kodak Co.

¢ Donated by M¢rton-Withers Chemical
Co., Greansboro, N, C.

¥ Glycerol and disthylone glycol alvo
permitled thia separation but were too

Methyl

lngtate 21.0 211 16,2 15.2
Methyl

glycolate 20.0 28.0% 22.0 21.9¢
* On solid support 1 to 3 w./w.

¥ Combhined with dimethy] oxalnte.
© Well wopurated from dinethyl oxalate

certain acids to determine recoveries
in the various procedurcs. The Tesuits
arc recorded in Table VII. "The acids
in mixture I in methanol-ether solution

volatile at the required tempernture. peak at 19.5 minutes, ] - - **--**r
2 g |
NIEARIE |
Toble Il. Identification of Methyl Esters by Comparative Gas Chromatography at i g E -
150° C. s X 5 f
) Columne und Conditions ~ 2 § § § i
L Dincnyl T b 3 ie
Liquid phuses  acbacate Didecyl phthulate  Fiexol 4GO Flexol A-20 i ERS
-Solid support  Firobrick ccﬁnc Firvbrick Fircbrick 5 H ;, "
Length, m. 2 4 2 2 s 5 g
Temp,, °C. 154 146 14t] T . i 0§
He flow, ml./min. 9 1 | 10 s P oe
Retention Time, Min, 3 -;.
Elt-gr of Known Bmoke” Known Smoke Known Smoke Known Smoke , 3§
Lactic .
Glmm} 70 7.1 69 69 50 5.0 6.0 6.0 M
Oxalic 8.3 8.1 11.4 11.5 7.2 7.2 8.7 8.6 ”
Maoma® 133 ER T AT . 3.9 . NN
cenio . 13. A 17 1L 11.0 13. 13.8 :
mﬂ . g?.g gg.g %.e 26.8 1?.8 xg.s 2.8 200 (WERIENGE TiuE, Wik
o . . 30.1 4 17.9 17.8 23.1 2.2 .
Buccinlo 238 238 303 3.7 i9e W7 256 256 Figure 2. Gas chromatogram of
Unknown o 20.8 341 208 28 4 smoke preparafion at 190°C,

* On solid suppart 1 10 3 w./w. -
% Not deteoted under Lhose conditions.
*\Not resolved from succinats pesk.

Sample, 20 4. of methonol solvtion, squive
to 1.0 cigareites. - Column, 2




were treated with dinzor . 0 and
stripped  to A  convenient  volume.
The weids in mixture 11 were dissolved
in 0.5% sodium hydroxide and placed
through isolation Procedure A and the
methylation procedure. The acids in
mixture III were dissolved in 0.5%
sodium hydroxide and subjected to iso-
lation Procedure B with subeequent
methylation,

RESULTS AND DISCUSSION

Gias chromatography proved useful
for the analysis of the nonvolatile aecid
fraction of cigarette minoke. The hlen-
tliention of 10 new acids (Table V)
and the confirmation of suceinie aeid
were possible by examinntion of this
fraction after conversien to methyl
estory. The identifieations were minde
Ly comparing retention titnes of known
esters with those of the peaks in a snioke
preparation. Identification was conasirle
ered conclusive when identity was estalr
lished with each of three different col-
umna.  In many easeg, rhecke on five to
six columns were made.  Five other
peaks, not yet amsociated with specifie
compounds, were alsonoted.  The speci-
ficity of the ion exchange method used
in the sample preparation indicates
that these result from additional acids
rather than from other types of smoke
constituents, but confirmation is lack-
ing. Probably further acids are pros-
ent in the smoke sample but were not
detected. The acids reported may result,
partly at least, from hydrolysis of esters
in the smoke sample during the isolation
procedures.  Variations in the experi-
menta! conditions may cause differing
extenta of hydrolysis and thus influence
the quantity of acide detected,

Both Celite and firebrick wore satis-
factory as solid supports, and the usc
of either one does not indiente any
preference in a  eertain  appliestion.
Those liquids used at 190° C. (stationary
liquid phases} were sufficiently nonvola-
tile to permit sustained operations with
the column for a few days, but prolonged
use caured significant volatilization of
the liquig.

The methyl esters chromatographed
ware eluted in the order of their boiling
points, although substantial relative
differences in  retention times wero
noted from column to eslumn. When
two compounds were cluted with the
asme retention time on one column,
their elution at different times was
poraible on annther colunin —e.g ,inothyl
levulinate and dimethyl suecinute had
essentially the same retention tanes on
columna of liguids T, V, VI, nud VI
hut different. times with liquids I11, IV,
and VIII. Methyl lnctate and glyco-
Inte mixtures were not resolved on any
of the above columns; the more polar
polyethylene glycols (liquida IX and X)
did offeet the separation of these twn

Table Iv.
190°

o B ———".

identification of Methyl Esters by Comparative Gas Chromuwgruphy at

C

Columna and Conditiona

Liguid phese* Fiexol 8N¥ Flexol 4GO Flexol R-2H
Liguid to

solid, w./w. 1to3 1t03 1tob

mp., °C. 189 187 193,
He How,

ml./min. 18 18 B

Retontion Time, Min.

Ester of  Known Nmoke Known Bmoke Known Smoke
Unknown 7.0 7.6 .11
Glutarie 8.1 . 8.0 8.1 8.2 8.0 8.0
Unknown .. 0.4 0.4 9.6
Adipic 105 10.5 12. 4 12.2 12.0 12.0
Malic 13.1 13.1 13.2 13.3 i4.1 14.3
Unknown 17 R 10,3 11,74
P’hthalic 24 8% 2h .5 25 (r 25 .8 16 . 5¢ 16.74

s On firchrick in glasa colfimnes,
* At He flow 34 m)./min. 4
+ At He flow 38 ml./min.
4 At He flow 26 ml./min,

Table V. Some General Conditlons for Quantitative Determination of Esters by
Gas Chromatography

Mothyl Column Bolium, Ml.
lster of | Liquicls Length, m Temp., *Q, - per Min.
Glyeolie X 3 120 20
Lavtic Xe 3 100 13
Oxalic ¥ 3 1 " 13
Malonic v 2 115 R 18
Furoie
[.evulinie Iv 2 130 13
Succinic :
Giiutm'ic I« 3 170 r 13
Adipic . ,
Adipi } I 2 185 8
Phthalic 10 2 185 26
* Oa firebrick, 1 to 3 w./w.
® Op Celite, 1 to 3 w./w,
¢ On firebrick, 1 to 5 w./w.
hydroxy compounds. Liqulds IX and
X also provided symmetrical elution Table VI.  Analysls for ldentifled Non-

peaks for these two compounds, whereas
tailing peaks were obtainod with most
of the other columns. The separation
of simpler alecohols on such columne
haa been reported (1),

Chromatograma of the smoke samples
at 190° C. exhibited a rather slow
return to the original! base lino, na acen
in Figure 2. This may he due to partial
degradation of this rather complex
samnple st high temperatures, This
behavior was not encountered with
gamples of individual esters. Thercisa
link with sample complexity, beeause
the loss pure product of isolation Pro-
cedure BB gave a more extended tail on
gas chromatography than that of Pro-
cedure A. This behavior is undesir
able; but caused no difliculty in the
qualitative work, In the quantitative
ahalyses, conditions were sought which
would provide a clean-cut peak on a
fint base lino for the compound under
eonsideration,

During the identification work, experi-
ence was aoquired with the methylation
of other acids and with the ehromato-
graphic properties of their esters.  Acids
which underwent uncomplicated meth-

volatile Acids in Bright Tobacco Ciga-

rette Smoke
M /100 Meq./100

Acide (Fl Cigs.*
Lactic 30 0.33
Glycolie P 0.38
Buccinie 19 0.2
Malonie g 0.2
Furoie a 0.06
Malice 6 0.08
Phthalier 4 0.06
(Oxullo 4 0.08
Levulinic 3 0.03
Glutaric 3 0.04
Adipies 0.6 0.008

* lsclated by Procedure B.

' Values augwct to revision with isola.
tion procedures giving more tomplete
recoveries,

¢ Isolated by Prooodurs A. .

ylations and gnvoe eaters which could
be readily chromatographed included
citrie, a-hydroxyisobutyrie, and pimelio
noids,  Mothylnted malicylic scid gave
only ono peak, whose rotentlon tlme
suggeated a boiling point nearer that of
the methyl ester than of the dimethyl
derivative; it i8 tentatively assumed
that only earboxyl group methylation

YOL. 30, NO. §, AUGUST 1988 » 1403



Mixture I

. Mmole Mmoly
Acid chargad recovered
+ Isobutyric ¢ e
Furoic 0.062 0. 060
Heptylic 0 .
Lactic 0.31 0.30
Malonic 0 o
Oxalic 0.004 0.004
Buccinic 0.41 U.30

s Treated directly with dinzomethane.

- Mixture ITH

Table Vil  Analysiy of Known Mirntures of Aclds

Alistaes IT1-

e Moole, T T Mmole e Minale Mmaole e
reCovery charged recovered recovery elirged recovered FErOVETY
. n Ce 0 Ta (o 0
97 u.15 0 Nt 0. U85 54
- 0 e &4 Od }]
Y7 0.48 0.21 060 0.39 43

. 0 . (a7 (.36 a7
uv .22 . .10 A6 noIR .10 at
07 (.40 .25 th1 n 0.449 a1

} Isolation Procedure A and reaction with dinzomethune,
* Isolation Procedure B und renction with dinsomellise,
4 Quantitatively mimoved in rolstion procedire.

-

occurred under the conditions em-
ployed. Methylated oxalacetic and
pyruvic acids each gave single peaks
at retention times in line with the
boiling points of their simple methyl
esters. However, the possibility of
interaction of the carbonyl group and
diasomethane (6) producing some other
substance oannot be ignored. With
methylated glyoxylio acld, two large
peaks were obtained whoso identity
has not been explored. With the
emoke constituent levulinic acid, no
intarference by reaction of the carbonyl
group ocourred. The methylated prod-
uot which was isolated boiled at the
correct temperature for methyl Jevulin-
ate. Maleic and fumaric acids gave
peaks only when carefully methylated;
when excoss diasomethane was added,
no peaks were obtained. This is prob-
ably due to formation of a nonvolatile

pytasoline by reaction of the double.

bopd - with dissomethane (8). Two
_ amino acids, glycine and nicotinic acid,
w methylated but neither gave
chtomatographio peaks, possibly be-
cause of the formation of nonvolatile
producta through interactions with the
aminoid nitrogen, The Iatter com-
pound produced & brown ter with
dissomethane, Tartario and a-keto-
taric noides consumed diszomethane,
_ but no peaks could be obtained on gas
chromatography of the products. Other
conditions may lead to their successful
elution,

Bome of the difficulties with dinzo-
me ey be overcome by employing
other methylation techniques. The
presence of additional nonvolatile acids
in cigarette smoke may then be observe.
Other isolation procedurea designed to

* avoid destruction of highly reactive sub-
stances, such as pyruvic and glyoxylic-
acids, may also lead to the detection of
additional acids.

.. Quantitative determinations with gas
thromatography were based on the
relationship of peak area to the weight
of the eater giving this peak. The
minimum area hsually was about 1 to
-2 »q. om. Instrumental conditiona
iwere pet 90 thatjibout 20 v of an ester
gave this area. The concentrations of
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mast of the esters in a smoke prepara-
tion gave considerablys larger areas.
Calibrations revealed that nrea-weight
relationshipe varied from dircet propor-
tionality to slight nonlinearity. The
phenomenon of & nonlinear area-weight
relationship has been observed pre-
viously (71).

The valyes reported in Table VI
are those actually found and are not
corrected for losses which oceurred in
the isolation procedures.  Usually the
nccurnsy wns better than 90%. No-
table exceptinns are furoic and oxalic
acids, whose nactual values may be
almost double those in Table VI,

In the analysis of a known mixture
of four typicnl acids subjected to the
methylation ‘procedure, recoveries of
97% were obtnined (Table VII). Iso-
lution Procedure A did not give quanti-
tative recoveries of nonvolatile acids ina
fow tested casea.  In Table VII, recov-
eries in the analysis of a representative
known mixture were only about 50%:
no recovery was cffected for furoic acid.
The loss occurs in the removal by steam
distillation of the volatile acids; the
simpler nonvolutile acids are actualiy
slightly volatile, and with the amali
quantities involved, a significant loss
nccurred,  Procedure B, which utilizes
differences in ncid strength as the basis
for sepuration, avoida any distillation
of aqueous rolutions of the acids
and performs the separation desired
{(Table VII). Recoverics of lactie,
malonic, and suecinic acids were ex-
cellent,  Bubstantial losses of furoie
and oxalio acitds were still encountered
and further itnprovement of the isola-
tion scheme 1 desired,

Isolation Procedure B provides no
clear-cut separation of the acids from all
other smoke constituents, as is possible
with Procedure A with its ion exchange
features,  Conbsequently, the final meth-
viated samples are considerably more
complex.  Nevertheless, gas chromato-
grams at 150° C, of the final samples
from cither proeedure were qualita-
tively almost identicn].  As the product
of Procedure 13 gave chromatograms
at 100° ¢ which indicated sample
degradution, this procedure is best np-

plicd to the analysis of aads whose
eater< have the lower boiling points.
Proceidure A s prabably satisfactory
for the acids of high boiling esters be-
cause their arids should not be as subject
to loss in the distillation step, aithough
this has not been established. The
analvsis of smoke acids in Table VI is
based novertheless on this approach.
A combination of the ion exchange
features of Procedure A and the sepa-
ration featurcs of Procedure B should
leud to a clean sample with good re-
covery of the desired acids.

The applieation of gas chromatog-
raphy to the determination of the com-
mon nonvolatile orgunie acids has not
been reported previously. It represents
a useful addition to the other chro-
matographie methods available to the
analyst coneerned with this problem.
Some wcids studied and others of a
related  neture commonly  oceur in
biological svstems and produets. The
gas chromatographic methods described
shoudd be of value in the study of these
acids from other sources.
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