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SUI\{M:ARY

Two gas chromatographlc (GG} methods for the analysis of pheny!hydrazme
have been examined with phenyl- and p-chlorophenylhydrazine and a new method
using thin-layer chromatography (TLC) was developed. The NIOSH GC methaod (2-
furalphenyvlhydrazone derivatization), which is classified as-“proposed™, was found
to yield two derivatization peaks, which could only be separated with capillary-col-
unins: The other GC method (acetone phenylhydrazone derivatization) gave a single-
peak; however, of limited stability. In the néwly developed TLC method the fluores-
camine derivative of pheny thvdrazine is separated and detected either visually or with -
a TLC-fluorescence scanner after fluorescence enhancément with paraffin wax. With
ordinary TLC techniques the quantification of phenylhydrazme was possible down to
200 pg per spot. The seositivity of the TLC method is generally suﬁic1e11t for the
requirements of industrial hyglenc air momtormg of phen}!hydrazme

INTRODUCTION

Phenylhydrazine is used in the chemical indusfry in various syntheses, e.g., of
dyestuffs and pharmaceuticals. In order to protect workers from its undesirable bio--
logical effects (mainly anaemia) the American Conference of Governmental Indus-
trial Hygienists (ACGIH) established in 1956 a threshold limit value (TLV} of S ppmt-
(22 mg/m®} for industrial exposure. This value has been adopted and retained in most
national TLV lists, although in 1978 the National Institute for Occupational Safety
and Health (NIOSH) proposed to lower this value to 0.14 ppm (0.6 mg/m>) because-
of the possible carcinogenicity of phenylhydrazine®. Based on the presently available
data, it would be nmdent to consxder phenylhydrazme and its denvatnes as potentlal
weak carcinogens®.

- Oauly a few methods for the industrial hymeue air’ momtormg of pheuylhy— .
drazine can be found in the literature. NIOSH has published a sampling and analysis
mathod, which is’ based on the coliection of phenylhydramne from air on sulphuric
acxd.-coated sxhca gei tubes, desorp.mn and denvatxzauon wzth 2—fura1deh} de, extrac-

* Papcr pmtcd at the 2nd l’n:emanamz[ S)mpo.mm: o HPTLC, Interiaken, May 2-6, 1983_
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tion of the derivatives into ethyl acetate and gas chromatographic (GC) quantifi-.
cation®. The method is classified by NIGSH as “proposed™ becausa of limited ex- -
pericnce of its reliability and feid cpphcabihty {proposed: a new unproven. or sug-

gested method not pfevm!..s"' used by industrial hygiene analysts but which gives

propiise of being suitable for the determination of a given substance). In another,

cider method published by 2 Russian author, phenylizyvdrazine is sampled by im--
pinger collection in aqueous solution, and quantified spectrophotometrically at 500

nm after colour development with (NH,)},S.0. and pyramidone solutions®. The

specificity and sensitivity of this method with respect te other contaminants presentin

industrial air is not known, but is expected to be lower than that of the NIOSH GC

methiod. An alternative method for the detection of traces of phenylbhydrazine has

been pointed out by an industrial hygiene group at Los Alamos, who developed a

spot test using finorescamine for fluorescence detection of phenylthydrazine®. Col-

orimetric detection of phenyihvdrazine has also been desceribed using phosphomolyb-

dic acid to form a molybdenum blue complex®. However, this method is oot speciﬁc

and other hydrazines are also indicated.

Criher methods, which could possibiy be aaphed to phenythydrazine, ha&e been
published for hvdrazine. In one method hydrazine is derivatized with acetone and the
resukiing azine determined by GC’. This method has already been successfully used
for the contro}! of phenylhydrazine production®. In another method 2,4-pentanedione
has been used to form substituted pyrazole derivatives, which were analyzed by GCS.
Electron capiure detection of the derivative formed with pentafiuorobenzaldehyde
hizs been used for detection of hydrazine in cigarette-smoke'®. However, no data are

-available on the performance of these methods with respect tc industrial hyglene air
monitoring of pkenvikydrazine.

The purpose of the present paper is three-fold:

(2) to test the proposed NIOSH method3,

(b)_to test the acetone derivatization GC method ™S,

(c) to develop further the fluorescence dstection method’ using thin-layer
chromatography (TLC) as an additional analytical tool, using as test corapound
either phenyihydrazine or p-chlorophenyihydrazine.

EXPERIMENTAL

Instrumenzal methods

For the GC determinations & Varian Vista 44 gas chromatograph was used,
togsther with packed glass columns and on-column injection or Pyrex glass capillaries
with a glass split injector. The capiiiaries were cozted by the dynamic method after
thermal deactivation at 500°C. The chromatographic peaks were detected either with
a flame ionization detector (FID) or with a thermionic specific detector {(TSD). In 2
caszs nitrogen was used as a2 carrier gas. Quantification of peaks was by electronic
peak area integration. If necessary, the raw data of the chromatograms were stored
on diskettes, -

For TLC analysis, commerciat silica gef plates (thickness (.25 mm)} were used
with and without fluorescence indicator (Merck). The samples were spotted manually
ustag disposable 5-g! micropipettes {CAMAG]). The plates were developed in a con-
veniional tank according to standard techniques with no further precautions. Fluo-
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rescence detecuon was camed out exther visually with a UV Iamp (Kontron) at 366
nm or instrumentally using a Zeiss Scanner and a stnp chart recorder. Quantlﬁca&on:
was by peak he:ght estimation. - oo : Lem
dir szzmplmc methods

For the sampling of phenylhydrazme from air.the NIOSH sampling metbod
using sulphuric acid-coated silica gel tubes is recommended3. For phenylhydrazine
saits, e.g., the hydrochloride, glass fibre filters (diameter 37 mm, Millipore)} were used
in conjunction with.an ordinary membrane pump (Reciprotor) or an explosion-preof
model (Charles Austen) and a gas volume counter. The samples were worked up as
soon as possible due to stability problems of phenylhydrazine in air. If necessary the-
samples were stored frozen at —20°C in the dark together with corresponding stan-
dard’samples in order to be able te estimate eventual decomposition Iosses.

Ar;ah sis methods

- Chemicals used for analytical purposes were either of analytical graae or chec-
ked for purity with the appropriate method (GC or TLC). For the 2-furaldehyvde
method the derivatization procedure outlined by NIOSH was followed3. In the ace-
tone derivatization method” the silica gel or filter was extracted with acetone-ethanol
(2:8) and injected into the gas chromatograph after standing for ca. 30 min at room
temperature. _

For TLC anazlysis the samples were extracted with buffer squUon pH 8 (Soren-
sen}, derivatized with fluorescamine (Fluram®, Roche Diagnostica) in dioxane ac-
cording to the Roche Diagnostica standard procedure!® and spotted on prewashed
TLC plates. Thespots were developed with toluene—ethano! (85:15) in the dark (R =
€.135). After drying, the plates were dipped in a 10 % paraffin wax solution for fluores-
cence enhancement, as described in the literaturet?. The instrumental settings for
TLC fluorescence quantification were 364 nm for excitation and £79 nam (cut-off} for
emission. In all gperations the fiuorescamine derivatives were protected from direct

light.
RESULTS AND DISCUSSION

3-Furaldekyde derivatization GC method (NIQOSH}*?

The NIOSH analysis method was tested with respect to derivative formation
with phenylhydrazine and p-chlorophenylhydrazine. As expected, in both cases the
syn- and anri-phenylhydrazones were formed, which could be verified by gas chro-
matography—mnass spectrometry (GC-MS) (Fig. I, Table k). The syn- and anti-iso-
mers have been assigned tentatively on the basis of thermodynamic arguments, peak
intensities and ratios. On packed columns the isomer peaks cci d not be separated

\E-{—NHz OHC j NE-1-
x ’ ;
: I (X=H} anti: II (X=H}
~ [I {X=Ct} - IV {X=Ci}

Fig. L. Dem'amatton rezction involved in the \IIOSH analysxs method for phenyihydrazine®. ~
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"'EZ\TA’F‘VE ASSEG\ RMENT OF‘ syn- AND mz;—ISOM_.RS é\D \.{S DATA O“ THE Z-FURAL—
FHE\'YLHYE}RAZG’\EE DERIVATIVES (SEE FIG- ) SR R R BRI B
The italicized nr/e vaives represent bess peaks. : - S

Brenyliydra-cne (rC: reiention e {.' i) . Mass speara' {GC—EE{S} ;
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caiirely. For a baseline peak scpa:atxon the use of a czpdian column was newssary
(Fig 2).

Bouhbie peak formation upon derivatization appears to: bP the onhr drawback
of tiis analytical method. This can be overcome by either spec:a{ mtegratxe_z methcd;
or apnhcat,on of cagu.l:zzy coiumn tecb__zqu&s ; : ;

Acetone derz rafizacion GC method 8 S
Phenylhydrazine gives only a single denvatzz;mon pmduf‘t wnh acetone in’
coatrast tc the NIOSH method. In the case of p-chlorophenylhydrazine this deriv-
atization reaction has been confirmed by GC-MS (Fig. 3). As a limiting factor it was
@)
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Fig. 2. GC separation of the 2-furalphenyihydrazene derivatives formed in the NIOSH analysis methed
{SE-38, FID, column temperature raised from 158°C to 256°C at 3%/min}. (a} Packed colemn Cm x 2mm
£.D.) containing 5% SE-30 o Chromesorh G AW DMCS (70-8C mesh), nitrogen Sow-fate 39 mi/min. (b}
Capillary column ;SE-.:Q\ {2 m x 0.3 mm L.5), splittng ratio 1:20, nitrogen pressute 12 psi
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- F’g. 3- React.on of p—chloroph«:nylhyd.rann’ wlth acetone.- - N -

Fig 4. Postnlated derivatization reaction of phcnylhydra.z{ne with flucrescamine.

found that the acetone p-chlorophenylhydrazone derivative is not stable in solution
and decomposes gradually. This behaviour is expected, since; e.g.; acetone phenyl-
hvdrazone is known to rearrange to 2-methylindole (Fischer indole synthesis)'® as
well as to form self-condensation products'®, depending on the reaction conditions.
For quantitations it is therefore recommended that the GC injections be always made
at the same time after derivatization and not-later than after I h. With respect to
sensitivity; the acetone method appeared to be comparable to the NIOSH method?.

F[uarescamme derzmtz.attor TLC methad - i -

. Fluorescamine reacts efficiently with primary amino groups to form ﬂuorescent
pyrrolinone chromophores and has been widely applied to the detection of primary
amines'S-*6, amino acids and peptides'’. In the case of aliphatic amines the. pyr-
rolinone structure has been firmly established'®. For convenience, fluorescamine is
usually applied.in TLC as a spray reagent'® 22, However, other derivatization tech-
niques such as prelabelling®”, dipping?>, predipping®* and overspotting®® have also
been successfully used. The detectiou fimit of these methods has been found to be
considerably lowér than that of the spraying technigue, probably due to a higher
derivatization efficiency, eg., in the dxppma pmcedure an approximately ten-fold -
increase in sensitivity was achieved??. -

60— ng
30—-

20—
w0

T T T T 1
38 60 S0~ 120 150 . 180
- Peak hetoht (mm}

F‘g. 5. Typical whbratxon curve for TLC determmatmn of pheny lhvdrazme using filuorescamine.
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APE RGM\:(A‘I‘E DETECYTION L.\{FI'S OF TH... FLU 'ORESCA’VﬂNE TLC AND THE NIOSH GC-
SAMPLING AND ANALYSIS METHGDS -

Sampling method  Typiec! air Berzction iimit in air.
vobusne sempled {usint}

Filucrescarnine NIOSH GC
TLC method  method®

Silica gei tube . a6 §.537%¢ F.00ex

Glaus fbre i
Elter 48¢0¢ C.03¢¢ 0.16%¢

* Bartable sampling pump, 260 mimin, 8 k.
* Extraction volume i mi.
*x* Extrastion volume 2 mi,
¥ Stationary membrane pump, i0 Ymin, 8 b .
1% Extraction voiume 3 mk

-As expected from the literature, phenylhydrazine formed a strongly fluorescent
derivative in good yield. Based on the reaction sequence of fiuorescamine with pri-
mary amines, the corresponding pyrrolinone structurecan be postulated for the phenyl-
hydrazine denivative (Fig. 4). Infrared and mass spectra cf the isolated, crystalline
product showed the presence of the main structural elements, but did not allow 2 final
stracture identification IR in KBr: 1712, 1694 cm ™%, MS/EL: 368 (M — 18), 352, 323,
77, MS/CE: 389 (M + H — 18), 353, 325, 94]. For a full structure detenm’natica more
analytical research is necessary.

- Quantification down to 200 pg (Fig. 5) was possible on erdinary TLC plates
without special precautions, which is usually sufficient for industrial hygiene air mon-
itoring. The visual detection limit was found te be comparakble tc the fh.orcscence
spot tcsts at about 5 ng.

The paraffin wax treatment of the p!ates was found to produce a flucrescence
enhancement of about 2. If necessary, e.g., for environmental air or water monitor-
ing, it will certainly be posstble to lower further the detection limit by using modern
high-performance TLC techniques and more sophisticated equipment?6-27, If other
hydrazines or amines are present, interferences are possible, when the pyrrolinone
derivatives have identical R values. For example, the phenylhydrazone and p-chigro-
phenylhydrazone deflvatnms, whichk were found to have comparable fluorescence
intensities, could not be separated with the TLC solvents used in this study. Hy-
drazine, on the other hand, did not interfere with phenylhydrazine in the given analyti-
call procedure (fluorescence at Ry = 0). In addition, preliminary experiments using
toluene-methanol-acetic acid (8:1:1) for TLC separation revealed that hydrazine can
form more than one product upon derivatization with flucrescamine (three fluores-
cent spots detected). Thus, it wppears that the fuorescamine TLC method would not
be optimal for hydrazine detection, although the detecdon limits for phenylhydrazine -
and hydrazine are similar in the fluorescamine spat tast’.

In conclusion, the resuits obtained suggest that the filuorescamine TLC method
may be a useful and simple apalytical tool for industrial hygiene air monitoring of
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phenyihydramne, ‘as -W"H as for otherfapphcauons 'equumg foW detecuon Inmts
f(TabIeII) B R B > I
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