T—TA77k: XEEEIT

Artifact o

20125

r Artefact?

F6H8H

GCHIRIEBHR = EXBERZEE
(34) ZE R AT S Z R

Al

8 i8




It T DD TR

Artifacts in Chromatography : An Overview, Brian S. Middleditch, Albert Zlatkis,
J. Chromatographic Sci. (1987) 547-551

Brian S. Middleditch “Analytical Artifacts” Elsevier (1989) Amazon.com tHAMDH

et 19758 FvES)—HTLZTALDGC/MSHE L
« 19794 R.D.Dandeneau,E.H.Zerenner:

BRI AWXTYET)—HTLERHFE
« 1976F M 519865 (L FHE AR E TR REDHE
e 1980FH:FvET)— ijA*‘IrBGc HEEIN—HRIE

BHFZT L 2| : High Resolution, Selectivity, Sensitivity &
Speed)

1980F X : KEFAFFANEDERIE
PTVI9— LA HS LZEHF B A RBF

analytical artifacts

GC MS G TIC avd AC

#J«tjru—ij&Gclmsa)-“& REAHBALSE
TERREEREIELNED,

*llﬁiﬁ:‘ﬂi‘b\}ﬁdn —RFAEICER

www.gbv.de/dms/ilmenau/toc/183065425.PDF




J. Chromatographic Sci. TD T &

Ry, B BIERMOCZTDMDT —T477IMMIDNWTEEIARECLIIHRET

RLIZITHAINTES -, LHL. IFEXZ(TTOEWNTANEZ | XERIZEES KDITHY,
FERODEKIZEFEDON. SEbALLEXENAZITONT ICEDE VBN SHAEREIN
HEDTTEoT=,

ELRELRE  ZECFZMA T AN OORILAKEBIESNATRRATUEELS,
EERE(FUIIRZID /INATAV/IN=aFoH) ERD ST B Ecarbamoyl
chloridesZ#4 L%, REILFIELTITA/—IILE ST ERBRRAT U ERIELYOORIL L
DIEREIFILVEEYZEL. EBZREDIFILA—/N\A—FEZELS,

B FOREH. FinH., AT8H (X, EIEEZILBIEDAS%IEITRILEET XTI
DR BHIAHMEINTIND, TIRAFYIE) OO OMBROBFRIGER (X FEEDORES
LT,

T2 X v vIS5A4F— ERBEEOSWVIEIATHLIZY ., BEEEZIRINL ., &IZT
tTFILERIGZRITF,

HSAFREANDRFE : Hydroxybenzoic acid, Hydroxycinnamic acidldY —4% BIRH S A& (&
SERVT B, ATAAMREED AR/ —ILBRTIIRATAARENB LT HH. TFILTET
—RMBRTITFADLENWE,

ADFENSDFF:m/z400LL EZF B TULVELVEM/269E81DA AN RIT7LUUICHET
5TENHMNBIEN, VIV DE DN AIZF THMNSTZ (T TIDFENEHEIND,




FILRYFHNAAL TSR ELH (ZE) OBH

Table I. Commercial Stabilizers*

Stabilizer Chemical

Butylated hydroxytoluene () 2,5-norbornadiene, 1-cyanovinyl acetate,
cyclohexene, diethyl ether, furan,
2-methoxyethanol,
a-methylene-y-butyrolactone,
2-methyltetrahydrofuran, myrcene,
tetrahydrofuran

p-tert-Butylcatechol (1) 5-ethylidene-2-norbornene,
4-fluorostyrene, isoprene,
methylcyclopentadiene dimer,
a-methylstyrene, styrene,
4-vinyl-1-cyclohexene, 2-vinylpyridine

Phosphoric acid phenol
Polygard tetrahydrofurfuryl alcohol
Potassium carbonate 2-bromo-2-methylpropane,
2-ethylhexyl bromide, 2-methoxypropene
Potassium fluoride fluorosulfonic acid
Potassium hydroxide 1-vinyl-2-pyrrolidinone
Potassium metabisulfite N-(4-hydroxyphenyl)glycine
Propylene oxide (XI) benzyl chloride
Silver wool 4-bromo-2-methyl-2-butene

Artifacts in Chromatography : An Overview, Brian S. Middleditch, Albert Zlatkis,
J. Chromatographic Sci. (1987) 547-551 K&UY5|H
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Title

ACETALDEHYDE

CaH40 (44)

The common name of the substance is given first. In this case it is acetaldehyde, For some
entries, the choice of name w appear in the title is somewhat arhitrary since there are several
commonly-used synonyms. The molecular formula and molecular weight are given at the
right of the Title, For the convenience of mass spectroscopists the molscalar weight is
calculated from the integral atomic weight of the most abundant isotope of each element.
Acetaldehyde is (2 = 12) + (4 x 1} + 16 = 44, Note that the atomic weight of the most
abundant isotope of chlorine is 35, so that methylene chloride (CH2Cl3) is assigned a
molecular weignt of 12+ (2 x 10+ (2 x 35) =84,

Mass Spectrum

Spectra were recorded in the author’s laboratory or obtained from the published lirerare.
All of the spectra were obiained by electron-impact ipnizarion, with an electron energy of
T eV. It should be noted that some of the specira do not include ions with m/fz values as
low as 10 (some analysts scan from sz 40 to avoid contributions from air peaks), 1f the
minlecular weight of a compound i5 greater than 200, the spectmm continues in 0ne or morns
additional frames,

Struciure
CH,CHD

The only abbreviation employed in the structures is “Ph™ for phenyl.

JEHE DR (Bl 727 ILTER)

Chemical Abstracts Service Indexing Information
CAS: Acetaldehyde [75-07-0]

The most tecent Chemical Abstracts Service name and registry number are provided.
These may be employed both for manual searches of Chemical Abstracts and computer-
assisted searches. The registry number 15 particularly wseful, but i5 ignoted by many
sciemtists who do not understand it, The number itself does not contain any structural
information, It s merely a number assigned by the Chemical Abstracts Service to an
individual substance. Thus, it does not matter whether an author of a refers to acetaldeh yde
as “acetaldehyde”, “ethanal”, or ong of the other synonyms; the Chemical Abstracts Service
will always index it under the name “Acetaldehyde” and the registry number “75-07-07.
The: registry number showld be used to conduct a comprehensive lierature search.

Merck Index Reference
Merck Index: 31

The Merck Index 15 an excellent key to the literature. A reference is given to the Tenth
Edition of the Merck Index for all substances which are listed in that volume. The Ninth
Edition has a companion valume which lists entries in molecular weight order for the
convenienoe of mMass spectroscopists.

Synonyms
Acetic aldehydy, AMchyde, Etbanal, Bihyl sldebyde

It is unfortunate that most chemicals have multiple names. Several groups have attempied
to standardize systems of nomenclature over the years, but it is difficult to persuade
seientists to abandon the names that are most familiar to them. The Chemical Abstracts
Service uses a system of nomenclature designed for ease of indexing, and they revise this
systerm with the publication of each collective index,

Brian S. Middleditch “Analytical Artifacts” Elsevier (1989)



Reported as a contaminant in chloroform, ethanol, ethyl acetate (Ende and Spiteller, 1982), ipectra of Derivatives
and the antimicrobial agent dimethoxane (Woolfson and Woodside, 1976). Acetaldehyde

¢ : , : : ' ) . P spectn , . CqHING (73, KBS 21°]:
is formed by interaction of ethylene oxide (a fumigant) with saline solutions (Shintani et Mass . of scstakdebyde O-macyloxime [C3HING (1) l

al,, 1981), oxidation of ethanol (a preservative in chloroform), and hydrolysis of ethyl =
acetate. ]
73
The accurate determination of acetaldehyde in blood is complicated by artifactual formation 1 e ¢
of acetaldehyde from ethanol during sample preparation. Several authors have described s toa 1=
procedures for avoiding this proble_m (Christensen et al., 1981; Eriksson et al., 1982; Jerivatives of artifacts are frequently encountered, so additional spectra are sometimes
Iversen and Damgaard, 1983; Pezzoli et al., 1984; Steenaart et al., 1985). srovided for the methyl s:su:rs.qﬂ-rnt'th:ﬂL‘mimes, trimethylsily] esters, and trimethylsilyl

ithers, &5 appropriate. These may not be the derivatives of choice for the artifact, but the
Nagy et al. (1985) have discussed the “disappearance” of acetaldehyde from human blood. ﬂﬁm be fﬁrﬁ;ﬂmidmany if %';1,_. sample were treated with the corresponding mgmg‘f
While they did not determine the mechanism by which acetaldehyde is destroyed or bound [te spectrum of the O-methyloxime of acetaldehyde is given in this monograph. Spectral
to blood components, they found that the process could be inhibited by addition of hydro- Jata are included in the six-peak index, and the molzcular formula is listed in the molecular
chloric acid immediately after the blood is collected. They also noted that it is important to ormula index.
take into consideration the artifactual formation of acetaldehyde from ethanol. Thus, the

determination of acetaldehyde in bloocd is difficult to perform with any degree of accuracy.
~ross-References

Acetaldehyde can condense with B-phenylethylamines to afford tetrahydroisoquinolines , . _
and with tr);ptamines to yield tetraEyI:lIO-g-carbolmes (Pictet and Spengler, 1911). During B e, PARALDEHYDE, PHAHYDRD. | L DAATIAES, TETRAHYDROISQUIND:
the 1970s it was believed that these psychoactive alkaloids were responsible for some of LNES, TErRAITDRD-3-CARSOLINES

the behavioral problems associated with alcohol ingestion. It has now been demonstrated . ) N . . L .

that they can bf?formed during the analysis if the solvents employed contain traces of acet- fﬁﬁﬁrﬁ;ﬁﬁiﬁﬂeﬁiﬁ?’f{:;ﬂ%ﬂ ﬁéﬁnﬁﬁﬁ.ﬁmr in Iocating information and
aldehyde. We have used the Pictet-Spengler reaction to produce derivatives for the analysis

of biogenic amines by gas chromatography and mass spectrometry (Middleditch, 1975b,

1976). teferences

Acetaldehyde can also condense with diamines to produce perhydro 1,3-diazines. “omplete literature references are provided, so that the reader will have a good indication of
the content of a publication before consulting it. Nothing is more frustrating than waiting &
manth or more for an obscure article to be located by an interlibrary loan service, only to
find that it is of marginal relevance,

Brian S. Middleditch “Analytical Artifacts” Elsevier (1989)



ACETALDEHYDE C,H40 (44)
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e and Spiteller, 1982),
1976). Acetaldehyde

solutions (Shintani et

20 100 150 «d hydrolysis of ethyl
CH3CHO
CAS: Acetaldehyde [75-07-0] y antifactual formation

Merck Index: 31

Iriksson et al., 1982;
185).

Mass spectrum: NBS 3978, Atlas 12*

f e b Eee L e tee e A s tia s pae ey va weseeeeas, U6 TTOM human blood.
While they did not determine the mechanism by which acetaldehyde is destroyed or bound
to blood components, they found that the process could be inhibited by addition of hydro-
chloric acid immediately after the blood is collected. They also noted that it is important to
take into consideration the artifactual formation of acetaldehyde from ethanol. Thus, the
determination of acetaldehyde in blood is difficult to perform with any degree of accuracy.

Acetaldehyde can condense w Mass spectrum of acetaldehyde O-methyloxime [C3H7NO (73), NBS 21*]:

and with tryptamines to yield t¢
the 1970s it was believed that 42
the behavioral problems associ |
that they can be formed during
aldehyde. We have used the Pii
of biogenic amines by gas chri 73
1976). ||| 1
I 1

Acetaldehyde can also condens 50 100 150

1

See also: CHLOROFORM, DIETHYL ETHER, DIMETHOXANE, ETHANOL, ETHYL ACETATE,
ETHYLENE OXIDE, PARALDEHYDE, PERHYDRO 1,3-DIAZINES, TETRAH YDROISOQUINO-

RAHYDRO-Egg OLINES

Brian S. Middleditch “Analytical Artifacts” Elsevier
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AIR LEAKS

Air leaks are a continual problem for mass spectroscopists. They tend to raise the pressure
in the ion source and defocus the instrument, and they may also obscure low-mass ions. A
severe leak might oxidize the filament or even burn it out. We have on occasion observed
the mass spectra of rhenium oxides due to air-oxidation of a thenium filament.

Ions characteristic of an air leak include m/z 14 (N*- or N52+), 16 (O* or O52+), 17 (HOY),
18 (H;0%), 20 (Ar2+), 28 (Na*), 32 (Oy+), 40 (Ar) and 44 (CO,*) (Spiteller and
Spiteller, 1973). Old-time mass spectroscopists (before the days of computers and elec-
tronic mass markers) will remember using the aiageaks for calibrating the low end of the
mass scale. The relatively broad peak at m/z 40 (representing Art of m/z 39.95 and
C3Hy* of mfz 40.03—separated by 0.08 atomic mass units) was particularly useful.

Leak detection may be tackled at any of several levels. If the leak is small enough to allow
the filament to be turned on, one can tune the mass spectrometer to ni/z 43 (CHyCO*) and
spray potential trouble spots with acetone to locate the leak. Air may be heard to “hiss”

C &kl

anji

COLUMN BLEED

through large leaks. Leaks of intermediate size are more troublesome. The best method of At one time column bleed was accepted as an inevitable phenomenon in gas chromato-
locating them is to systematically isolate the various components of the vacuum system. If graphy. 1t was particularly troubling for those of us who were developing methods for

there is a leak in a gas chromatograph attached to a mass spectrometer it may be possible to
detect it with a soap solution. This approach is not recommended for capillary columns;
methanol is a reasonable alternative,

GC/MSDAFEHD D) —I%FFARBIZIE
TboZRAWAERBLVERAEMALTLS
AiE) .

ERLTEERESROAILIZENET
)—FDOEXFERT HEDHAFARADSL
NTLSD, ERICIFT)—F 05D R
EERBRDEFTH D

trace analysis by combined gas chromatography — mass spectrometry since we has to select
mass numbers for selective 1on monitoring which did not coincide with “bleed™ peaks
(Brooks and Middleditch, 19713, The only positive feature of column bleed is thar i
helped us to calibrate the mass scale of a spectrum before the days of mass markers and
computerized data systerns.

With the intreduction of bonded-phase columns, column bleed is no longer a problem,
However, no book on analytical artifacts would be complete without specrra of column
bleed from the more popular stationary phases. Those which are reproduced here are taken
from a Finnigan Corporation Applications Tip (Taylor, 1974),

Bleed spectrum of OV-101, a methylsilicone:

. T3
T
20 100 150
i 207
. m/z 429D A A
: 281
11 ! -
f—t—7T—T"""r—T7T" T T T T T 7T
200 250 J00 330

Brian S. Middleditch “Analytical Artifacts” Elsevier (1989)



TENAX ARTIFACTS

Tenax-GC, a porous polymer of 2 6-diphenyl-p-phenyl oxide, was initially used as a
packing material for gas-solid chromatography. It was later discovered that it could be
employed as a trapping agent for the concentration of organic vapors for trace analysis
{Zlarkis et al, 1973b). More recently a specially-prepared grade of polymer (Tenax-TA)
has been introduced specifically for use as a trapping agent. It containg fewer contaminants
{MacLeod and Ames, 1986).

Tenax-GC is generally stable to 350°C, but some baiches have been reported to decompose
at lower temperatures (Budde and Eichelberger, 1979}, and contaminants can be obtained
during solvent extraction (Johnson et al., 1986).

Degradation products of Tenax-GC which have been identified include acetophenone,
benzaldehyde, benzoic acid, ethylene oxide, a-hydroxyacetophenone, and phenol
{Pellizzari et al., 1984). Neher and Jones (1977) have reported that contact with acid
{especially 30 and sulfuric acid) may result in cleavage of Tenax-GC to 2,6-diphenyl-
hydroguinone, which is further oxidized in air wo 2,6-diphenylbenzoguinone.

Anlas er al. (1985) have suggested the use of amber-coated 5-mL Kimax pipettes as sorbent
tubes. They claim that the amber coating minimizes photooxidation ofEI':na.n-GC. After
Soxhlet extraction with methanol and petroleum ether, Tenax-GC (60-80 mesh) was
packed into the volumetric bulb of the pipette and was held in place by plugs of silanized
Elass wool. Prior to sampling, Tenax bes were conditioned for a minimum of eight

purs at 320°C under nitrogen flow. Excellent blanks could be obtained with unused
Tenax tubes; however, artifacts became apparent after sampling. In addition to oxidation
&?ﬂucm normally reported an unidentified high-molecular weight material was encoun-

See also; ACETIC ACID, ACETOPHENONE, BENZALDEHYDE, BENZENE, BENZOIC ACID,
BENZOPHENONE, BIPHENYL, 2-CHLOROCYCLOHEX ANOL, CHLOROSTYRENE, CYCLO-
HEXADIENE, CYCLOHEXENE, p-DICHLOROBENZENE, DICHLOROCYCLOHEXANE,
DICHLOROSTYRENE, 2,6-DIPHENYLEENZOQUINONE, 2.6-DIFHEN YLHYDROOQUINOME,
DODECANE, ETHYLRENZENE, ETHYLENE OXIDE, 1-ETHYLMAPHTHALENE, FURFURAL,
HEXAMETHYLCYCLOTRISILOXANE, 0-HYDROXY ACETOPHENONE, 1-METHYLNAPHTHA-
LENE, NAPHTHALENE, NITRATED AROMATIC HYDROCARBONS, N-NITROSODIMETHYL-
AMINE, N-NITROSODIPROPY LAMINE, N-NITROSOMORPHOLINE, iV-MNITROSOPIPERIDINE,
N-NITROSOPYRROLIDINE, OCTAMETHYLCYCLOTETRASILOXANE, PHEMOL, STYRENE,

TETRADECANE, TETRAMETHYLBENZENES, TOLUENE, 1,1,1-TRICHLOROETHANE,
TRIDECANE, m-XYLENE

TENAX TADNGAFE SN = ZFF D5l

Degradation ucts encountered when Tenax GC is exposed to nitric oxide or nitrogen
dioxide include 2.6-diphenylbenzoguinone, 2.6-diphenylhydrogquinone, and several
unidentified compounds which are CiH7C0 or CsHjp adducts of these two substances
(Hanson et al., 1981),

Pellizzari and Krost (1984) have conducted extensive studies of the reactions which may
take place in Tenax-GC sampling tubes when used for sampling air containing chlorine,
ozone, or oxides of nitrogen. Under these conditions cyclohexene could be converted o
benzene, 2-chlorocyclohexanol, cyclohexadiene, two dichlorocyclohexane isomers, and
three substances with molecular formula CgHyp), Styrene was converted to benzalde-
hyde, two chlorostyrenes, and a dichlorostyrene. Zielinska et al. (1986) have shown that
fluoranthene can be convered to 2-nitrofluoranthene in canridges containing Tenax-GC
through which NaOs is drawn.

Hampton et al. {1982) found acetic acid, difluorodimethylsilane, fluorotrimethylsilane,
hexamethyleyclotrisiloxane, octamethylcyclotetrasiloxane, 1,1,1-trichloroethane,
trichlorofluoromethane, and 1,1,2-trichloro-1,2,2-trifluoroethane in control cartridges
packed with Tenax-GC, but it is not clear whether they derived from the resin itself or were
added during cleanup, processing, and ransport.

Lewis and Williams {1980} heated unconditioned Tenax-GC in a stream of nitrogen and
examined the volatiles that were produced. A gas chromatogram of the volatiles contained
&l . Components which were positively identified were acetophenone, benzalde-
hyde, benzophenone, biphenyl, ethylbenzene, 1-methylnaphthalene, 2-methylnaphthalene,
naphthalene, styrene, and toluene, “Less conclusive” idemtifications were made for
1, -tIiPhen}'lbutHne. phenol, 1,2,3,4-1etramethylbenzene, and two xylenes, while “tenta-
tive" wdentifications were made for an aliphatic hydrocarbon, a dichlorobenzene, a
dimethylacetophenone, diphenyl oxide, four dodecanes, 5-ethyl-2-methylfuran, 1-ethyl-
naphthalene, 2-ethylnaphthalene, an ethyltoluene, furfural (which coeluted with an
ethyldimethylbenzene), an octane, a tetradecane, a tridecane, and two undecanes. Mass
gpectral data were provided for each of these substances and for the 23 gas
chromatographic peaks that were not identified. The authors noted that many of these
compounds would not be found in conditioned Tenax-GC.

Walling (1984) noted that artifacts associated with the use of Tenax-GC can be recognized
if multiple samples of greatly different volumes are taken simultaneously using a series of
cartridges. Acetophenone, benzaldehyde, and benzonitrile always displayed cormupted
behavior, and it was sugagesmd that Tenax-GC not be used 10 determing these compounds
in air (Walling et al., 19%6).

Blok et al. {1983) concluded thar Tenax-GC was (oo heavily contaminated 1o be suitable for
the trace analysis of organics from water,

Porapack D &1k 53 FED 5 (P608) & 5
Brian S. Middleditch “Analytical Artifacts” Elsevier (1989)



URETHAN C3H,NO; (89)
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H,NCO.OCH,CHj
CAS: Carbamic acid, ethyl ester [51-79-6]
Merck Index: 9681

Mass spectrum: NBS 3996, Registry 59, Atlas 172* HEDEA R IZEREN DML
Retention index: 838 (Ardrey et al., 1985) ULV

Ethyl carbamate, Ethyl urethan, Leucothane, NSC 746, Pracarbamin, Uretan, Urethane ( jj‘5 Z 5 /f — \/ 7\‘ X (j: jj\a X /r > "j' -_ |\

It has been suggested that this carcinogen is a reaction product of ammonia and amines with O) 1§ Fﬁ )

diethyl dicarbonate, which was formerly used as an additive in wines and other beverages.

Indeed, the use of diethyl dicarbonate was discontinued because of this possibility.

However, Ough (1976a,b) has determined that urethan is a natural constituent of most

fermented beverages (up to 5.8 ppm), and is present in concentrations as high as 192 ppm

in a commercial sake.

See also: AMMONIA, DIETHYL CARBONATE METAL COLUMNS
j{f,ﬁkﬁ\ foﬁa‘ﬁjl\ L= Copper, stainless steel, and aluminum columns were compared with quartz columns by

Beckman and Bevenue (1963) for the analysis of DDD, DDE, p,p-DDT, technicat DDT,
dichloran, endrin, and heptachlor. In all cases, the results obtained for quartz were
significantly better than for the metal columns. Losses of DDT, dichloran, and heptachlor
on copper and stainless steel columns were particularly pronounced. It was recommended
that metal injection ports be lined with quartz tubes.

Ziegler and Giinther (1971) compared glass and metal columns for the analysis of citrus

oils. They found that the use of glass columns resulted in a higher recovery of alcohols
and esters due a reduction in artifact formation.

Brian S. Middleditch “Analytical Artifac¥¢2€1584i8PPL&RYIPE- - -DDT, DICLORAN, ENDRIN, HEPTACHLOR, POLY-
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