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"...by the column?"
Shandon Hyperspheres arenowavailable inpre-packed columns

for guaranteed performance and convenience.Basedontheinfinite
diameter principledeveloped byProfessorJ HKnox,Directorof the

WolfsonChromatography Unit,intheChemistry
Department of EdinburghUniversity,thecolumnsare

compatible withanyHPLCinstrument.

ShandonSouthern Products ltd, 93/96 ChadwickRoad,
Astmoor Industr ial Estate, Runcorn,Cheshire WA7lPR.

Tel: 09285 66611. Telex: 627706.
Scottish Agents:Glass Appliancesltd.488Holburn

Street.AberdeenAB17LY.

SHANDOND
SOUTHERN

the peak performers

~
A Membef 01 the
Plantat ion Holdings
Group

"...by the bottle?"
Pack yourown columns withShandonHyperspheres supplied in bulk.
The uniform distribution of poresizes ofoptimum dimension
gives more efficient separations than any other

packing material- peak performanceevery time.

"Oracomplete system?"
Likeallfamilies,ShandonHyperspheres, columnsandinjectors workbest together.

In fact,becauseit'sacompletesystem, purposebuilt without compromise for total
compatibility-th e Shandon family istheultimateinpeakperformance.And for those little

familyproblemstheShandonHPLC applicationslaboratory isalways availablefor advice.
However youwantyourpeak performers-findout more-circle thenumber

onthereader enquiryformnow.

"Howdo you want your
peak performers?"

ref. no. 335



Vibrational Spectroscopy 
Modern Trends
edited by A. J . BARNES and W. J . ORVILLE-THOMAS, Department of Chemistry
and Applied Chemistry, University of Salford, Great Britain.

This book gathers together leading exponents of recent advances
in the field of vibrational spectroscopy to explain the experimental
and theoretical developments, and their application to problems in
molecular structure. It will not only be of value to practising spectro
scopists as a reference source for modern methods and current
developments in vibrational spectroscopy, but will also be suitable
as a basic text for graduate students and those entering the field.

CONTENTS: Introduction (H. E. Hallam). Sections: A. Lasers and Their Applications. Prin
ciples of Lasers (J. J . Turner). Non-linear Raman Effects (I. R. Beattie and J . O. Bla ck).
Infrared Fluorescence (G. C. Pimentel). Tunab le Infrared Lasers (J . J . Turner). B. Experimen ·
tal Methods. Fourier Transform Spectroscopy (A. J . Barnes). Matrix Isolation (A. J . Barn es
and H. E. Hallam). Techniques for Studying Highly Reactive and Unstable Species (G. C.
Pimentel). Techniques for Studying High Temperature Spec ies (I . R. Beattie). Trace Anal
ysis by Infrared Spectroscopy (W. O. George and J . P. Coates). Resonance Raman Spec
troscopy (R. J. H. Clark). C. Theoretical Methods. Isotopic Substitution (A. MOiler). Infrared
Band Intensities and the Polar Properties of Molecules (W. J . Orville-Thomas, S. Suzuki
and G. Riley). Prediction of Infrared and Raman Intensit ies by Parametric Methods (M.
Gussoni, S. Abbate and G. Zerbi) . Band Contour Analysis (W. H. Fletcher). Some Com
ments on the Use of Constraints and Additional Data bes ides Frequencies in Force Con
stant Calculat ions (A. MOiler and N. Mohan). Limitat ions of Force Constant Calculat ions
for Large Molecules (G. Zerbi). Atom-Atom and Dlpcle-Dlpole Intermolecular Potent ials
in the Lattice Dynamics of Molecular Crystals (S. Califano). D. Applications to Problems
in Molecular Structure. Vibrational Spectra of Solids (I . R. Beattie). Determinat ion of Bar
riers to Internal Rotation about Single Bonds (J. R. Ourig). Vibrat ional Spectra of Trans it ion
Metal Coordination Compounds and their Analysis (A. MOiler). Vibrational Spectra of
Metal Carbonyls (J. J . Turner) . Intra- and Intermolecular Vibrations of n-Alkanes and
Polyethylene (M. Tasum i). Molecular Dynamics and Vibrational Spectra of Polymers (G.
Zerbi). Raman Spectroscopy of Nucleic Acids and Proteins (M. Tsuboi). Resonance Raman
Spectra and Normal Coordinate Analysis of Some Model Compounds of Heme Prote ins
(H. J . Bernstein and S. Sunder). Author Index. Subject Index.

Oct. 1977 xiv + 442 pages US $49.95/Dfl. 122.00 ISBN 0-444·41632-3

ELSEMER
P.O. Box211.Amsterdam
The Netherlands
52Vanderbilt Ave
New York, N.Y. 10017

The Dutch guilder pr ice is defin it ive . US $ prices are sub ject to exchange rate fluctuation s.



Pharmacia
Peristaltic Pump P-3

Pharmacia Fine Chemicals AS
Box 175
S-15104 Uppsala 1
Sweden

ref . no. 404a

A compact pump
electronically controlled for
constant liquid flows in
chromatography and
gradient formation

You can

• obtain th ree di fferent f low rates at the same time
through th e three individua lly te nsioned pumping
channels

• change tubes in seconds w it h t he snap-in cassette

• forget about pulsation thanks to the large dr iven
ro llers

• rely on a constant mo to r speed, elect ronically
compensat ed for loa d and temperature

• use any flow rate between 0.6 and 400 ml/h per
channe l wi th t he same gear box

• reverse the flow instant ly

push for m aximum flow and cle ar pump lines rapidly

Pharmacia
Fine Chemicals



Order your desk copy of:

Cumulative Author
and Subject Indexes
of the Journal of
Chromatography

Liquid .
Chromatography
Detectors
by R. P. W. SCOTT, Chem ical Research
Dep t. , Hottmenn-l:e Roche. Nutley, N.J.

JOURNAL OF CHROMATOGRAPHY
LIBRARY - Volume 11

P.O. Box 211, Amsterdam, The Netherlands

The Du tch guilder pr ice is de f in itive. US $ price s are
subjec t to exch ange ra te fl uctuations.

covering Volumes 121·130

1977 84 pages
Price: US $14.50/Dfl. 35.00 Paperback

One copy of the Cumulative Author
and Subject Index is supplied free of
charge to subscribers of the Journal
of Chromatography. Additional copies
can be purchased.

The rapid development of liquid chromatog
raphy over the past decade has been due
to the introduction of highly sens it ive linear
liquid chromatography detectors. This book
provides a comprehensive treatment of the
fun ction and optimal working cond it ions of
liqu id chromatography detectors. Divided
into four parts, the book gives detailed de
script ions of the general characteristics of
liqu id chromatography, bulk property, and
solute property detectors, as well as their
use in liqu id chromatography. The necessary
detector spec if ications are def ined which
will permit a rational comparison of the per
formance of one detector with that of another.

CONTENTS: Introduct ion . Parts: 1. General
Characteristics of Liquid Chromatography
Detectors. History, function and classification
of detectors. Performance criteria of LC de
tectors. Detector characteristics that affect
column performance. Summary of detector
criteria. Ancillary equ ipment. 2. Bulk Property
Detectors. General character istics of bulk
property dete ctors. The refractive index de
tector. The dielectric constant detector. The
electrical conductivity detector. Additional
bulk property detecting systems. 3. Solute
Property Detectors. Princ iples of detection.
The ultraviolet absorption detector. The fluor
ometric detector. The polarographic detector.
The heat of adsorption detector. The spray
impact detector. The radioactivity detector.
The electron capture detector. Transport
detectors. 4. The Use 01 Detectors in Liquid
Chromatography. The selec tion of the appro
priate detector. Quantitat ive and qualitative
analysis. Practical hints on detector operation .
Special detector techniques. Spectroscopic
detectors. Subject Index.
1977 x + 248 pp . US $34.50IDfi . 84.00
ISBN 0-444-41580-7

g: ELSEVIER
P.O. Box 211, Amsterdam 52 Vanderbilt Ave
The Nether lands New York, N.Y. 10017

The Dutch guilder price is defi nit ive. US $ pr ice s are subject ~
to excha nge rate ttuc tuation s. ....

ELSEVIER

covering Volumes 1·50

1972 282 pages
Price: US $23.75/Dfl. 58.00 Paperback

covering Volumes 51·100

1975 354 pages
Price: US $36.75/Dfl. 90.00 Paperback

covering Volumes 101·110

1975 126 pages
Price: US $14.50/Dfl. 35.00 Paperback

covering Volumes 111·120

1976 128 pages
Price: US $15.50/Dfl. 38.00 Paperback
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HS solvents for
UVand IH
spectrophotometry
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Acetone UV and IR
Acetonitrile UV and IR
Benzene UV and IR
Carbonium sulfide
UV and IR
Carbonium tetrachloride
UVand IR
Chloroform UV and IR
Cyclohexane UV and IR

N-N-Dimethylformamide
UV and IR
Dichloroethane IR
Dimethylsulfoxide UV
Dioxane UV
Ethyl acetate IR
Ethyl alcohol UV
95" and abs.
Ethyl ether UV
n-Heptane UV
n-Hexane UV
Isoctane UV and IR

Isopropyl alcohol UV
Methylene chloride
UV and IR
Methyl Alcohol UV
n-Pentane UV
Potassium bromide IR
Tetrachloroethylene IR
Tetrahydrofuran
UV and IR
Toluene IR
Trichloroetilene IR

r,'ONTEDISON GROUP

CARLOERBR

CHEMICALS DIVISION
P.o. Box 3998/20159 MUlno1V1a Imbonltl 24 (ItllYI
Telex Erbl loll 383UlTel . 6995

~ MONTEDISON S.pA REG TRADEMARK

~f.no. 224
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Lasers in Chemistry
Proceedings of the Conference held at the Royal Institution, London,
31 May· 2 June 1977

edited by MICHAEL A. WEST, The Royal Institution, London.

As lasers and associated electro-optics have been developed in the past
few years, chemists have rapidly adapted and used these new light sources
in many diverse ways. This conference was held in order to review and
discuss the present state-of-the-art in this fast-growing field and the pro
ceedings contain 79 papers organized into seven sections. Each section,
except one, contains a review paper by an invited speaker and a set of
contributed papers which, taken together, indicate the overall scope of
current research and point to likely future advances in a particular area.
This volume will be of value to academic, government and industrial scien
tists as well as to technologists in chemistry, physics and electro-optics.

In the contents listed below, the main topics of the conference are given with the total
number of papers in each section noted in parentheses. Limitation of space allows titles
of only a few randomly selected papers to be mentioned.

CONTENTS: 1. Laser Raman and Other Scattering. (10) Coherent anti-Stokes Raman spec
troscopy (J. P. E. Taran). Raman rapid laser spectroscopy (J. M. Beny, B. Sombret and
F. Wallart). 2. Pollution and Combustion. (6) Long path IR absorption system for gaseous
pollutants monitoring of the atmosphere (F. Cappellani, G. Melandrone and G. Restelli).
Raman spectroscopic measurements of temperature in a natural gaslair flame (L. Beardmore,
H. G. M. Edwards, D. A. Long and T. K. Tan). 3. Atomic and Molecular Spectroscopy (18)
Laser spectroscopy of gaseous free radicals and molecular ions (A. Carrington). Bimodal
distribution of Bal vibrational states from the reaction BA + Chi (G. P. Smith, J. C.
Whitehead and R. N. Zare). Molecular two-photon spectroscopy (E. W. Schlag). 4. Isotope
Separation and Selective Excitation. (8) Laser isotope separation (C. P. Robinson, R. J.
Jensen and C.D. Cantrell). Near UV photophysics of gaseous UFe(0. de Witte, R.Dumanchin,
M. Michon and J. Chate/et). 5. Infrared Photochemistry. (8) High-power infrared laser
chemistry (W. Fuss, K. L. Kompa, D. Proch and W. E. Schmid). 6. Fast Pulsed Techniques.
(14) Picosecond chemical kinetics (G. Porter). Laser flash photolysis studies on polymers
using the light scattering detection method (G. Beck, S. Beavan, G. Dobrowolski, D. Lindenau
and W. Schnabel). 7. Developments in Lasers and Laser Techniques. (15) UV lasers: state
of the art (D. J. Bradley). New analytic and spectroscopic toot - the opto-galvanic effect
(P. K. Schenck, D. S. King, K. C. Smyth, J. C. Travis and G. C. Turk). Author Index.

Sept. 1977 xii + 438 pages US $69.50/Dfi. 170.00 ISBN 0-444-41630-7

ELSEMER
P.O. Box 211,Amsterdam
The Netherlands
52 Vanderbilt Ave
New York, N.Y. 10017

The Dutch guilder price is definitive. US $ prices are subiect to exchange rate ttuctuetions.



NOW!
LIQUID CHROMATOGRAPHY

IS EASY••
••with the Pye Unicalll LC 3

y because
simple in
:allation and
oration wi th minimal
rater train ing . What's
rethe Pye Unicam LC3
es excellent reliab il ity w ith
-class performance. Easy because
backed by the Pye Unicam services•
•Iications laboratory. service department.
Ia comprehensive range of ancillary
iipment such as packed columns, integra tor s
I recorders. Wher e else can you get better value?
:full information now . . . just use the reader reply card
vrite or 'phone direct to the address below .. .

Pye Unicam Ltd
York Street, Cambridge, England CB1 2PX
Cambridge (0223) 58866. Telex : 817331
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In a way, we're sort of the front-end
company in high pressure liquid chroma
tography. Almost everything you need to
make better chromatograms in the begin
ning is on our shelf . Here's our line to you:
The 70-10 Sample Injection Valve. For
just $290 you can get our 6-port sample
injection valve with a removable sample
loop and 7000 psi pressure rating. Size,
10 }l1 to 2.0 ml.
The 7120 Syringe Loading Sample Injector.
Fill loops conventionally or in the partial
loop variable volume mode with only
0.5 }ll sample loss.
Teflon Rotary Valves. For about half the
cost you 'd expect to pay, we offer three,
four and six way valves in 0.8 mm and 1.5
mm bores at $70 to $87. Features zero
dead volume, chemical inertness and
300 psi rating .

The Column Inlet Filter. It only costs a
few dollars, but it can save you a boatload
of trouble. Place this low dead volume
filter between the injection valve and
column to protect column inlet fr its from
plugg ing. Price, $40.

The Model 7037 Pressure Relief Valve.
Protect your set-up against damage from
over pressure (2000 to 7000 psi
setting range).

Write or call for more information.
Address Rheodyne , Inc. 2809 Tenth Street ,
Berke ley, CA 94710. Phone (415) 548-5374 .

AHEOD!lNE
~~~.k4Ul$'

\ ..

You can-tgeta goodchromotogram
without a great beginning_
We make ithappen!
VALVES, WELL PACKED HPLC COLUMNS AND FILTERS

HPLC Columns. Here are the columns
with guaranteed peak symmetry and mini
mum plates per meter to doubly assure
optimum column performance. Six columns
currrently available priced from $180
to $240.

THE LC CONNECTION COMPANY

ref.no. 406
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SUMM ARY

Silicon compo unds can be detected by a hydrogen-atmosphe re flame ioni sat ion
detector with moderate sensitiv ity (nanog ram range) and select ivity (two to three
orders of magnitude liS. hydrocarbons). Th e detector can be operated with or without
ferrocene vapor present in its hydrogen atmosphere: Th e former mode is more sensi
t ive, the latte r more pra ctical.

INTR ODUCTI ON

Volatile compounds of silicon are frequent ly encountered in chemistry, both
academic and ind ustrial. For many of them, gas chro matog raphy (GC) is the preferred
method of analysis. Con ver sely, the particular demands of G C have stimulated con
siderable act ivity in silicon chemistry .

Foremost am ong the se activities are the silylat ion react ions which have in
recent years been used in a multitude of cases to prepare more volatile and less polar
derivati ves of alco ho ls, ac ids, etc. , for G C analysis. On occas ion, these silylations have
also served to introdu ce halogen into the analyte molecule for increased response in
the electro n capture detector , a ltho ugh the more common dete ctor for silicon com
pound s is, no doub t, the flame ion izati on dete ctor (FlO).

The F lO responds, of course, to the carbon portion of the molecule, but the
matter is more co mplicated than that : the response of organos ilicon compounds can
be negati ve ; i.e., inverted peaks may be observed. The invers ion depends on the pre s
ence of carbon in the flame and a crit ica l silicon mass flow-rate' .

It is obvious that a G C detector selective for silicon would be an advantage to
many types of anal ysis. No such detector is commercially available and, to our knowl
edge, only one system designed for selective determinat ion of silicon has been
described". It uses the 2516-A line of silicon and is based on either at om ic emission in
an oxygen-acetylene flame or atomic absorption in a nitrous oxide-acetylene flame .

• Presented at the 58th CIC Conference, Toronto, Ont. , Canada, May 1975.
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In some recent studies on the detection of organometallics containing Fe, AI,
Sn, Pb, Cr, and other elements, we noted an unexpected phenomenon: the response of
a detector named hydrogen-atmosphere flame ionization detector (HAFID) was
influenced by the presence of silane:'. In fact, silane (or other silicon compounds) had
to be introduced continuously to keep the detector at its optimum performance level,
a level characterized by sensitivities in the lower picogram range and selectivities
(against C, H, N, a compounds) of five orders of magnitude.

Compared to an undoped detector, the addition of silicon-containing com
pounds brought about an improvement in performance, i.e. the response towards
organometallics, of two to three orders of magnitude. It appeared likely, therefore,
that the changes in the response of organometallics caused by the introduction of
organosilanes could be used to determine the latter rather than the former. Further
more, it was interesting to investigate whether the HAFIO would also respond to
silicon-containing species in the absence of other organometallics.

A study along these lines is contained in this paper. Its subject is treated in a
strictly exploratory manner, designed to indicate the feasibility and potential of the
chosen approach rather than to optimize the technique for a particular analytical usage
or to elucidate the flame mechanism(s) responsible for the observed effects.

EXPERIMENTAL

The general construction of the HAFfO was described earlier (e.g. ref. 3). The
particular model used is shown in Fig. I; it was situated under appropriate exhaust
facilities to vent safely the large amounts of unburned hydrogen as well as any other
toxic gases. Unless stated otherwise, the detector flow-rates (rnl/rnin) were hydrogen
1600, oxygen 150, nitrogen 25, nitrogen (column) 40; and the collector electrode,
polarized at -90 or -240 V, was situated 50 mm above the quartz jet tip.

For experiments involving the addition of ferrocene, the organometallic was
coated onto, and mixed with, Chromosorb W (80-100 mesh). This material was filled
into a 12 X 1/4 in. a.D. copper tube mounted in by-pass configuration on the
hydrogen supply line. A variable and easily measured flow of hydrogen could thus be
passed through the finely dispersed ferrocene at ambient temperature, and an estima
tion of the ferrocene introduction rate could be obtained from vapor pressure data
and the assumption of equilibrium. The total hydrogen flow-rate entering the detector
remained approximately constant at 1600 ml/rnin.

The electrode height was varied by using appropriate "spacers". The only other
parameter investigated was the oxygen flow-rate.

Several silicon-containing compounds were injected onto a 5 ft. X 4 mm 1.0.
U-tube borosilicate glass column packed with Chromosorb W modified by a non
extractable layer of Carbowax 20 M (ref. 4), except where noted. No efforts were
made to optimize chromatographic conditions.

RESULTS AND DISCUSSION

Ferrocene present in the hydrogen atmosphere
The presence offerrocene in the hydrogen atmosphere of the detector definitely

affects the response of organosilanes coming from the chromatographic column and



SILICON DETECTOR FOR GC

Cap assembly

Col lector
assembly

Spacers

3

H,

N, ' 0,

"""
from GC

Detector base
with hycrogen
dlffusor & quar tz jet

! ,

3 cm

Fig. I. Hydrogen-atmosphere F l O as used fo r silicon co mpounds .

burning in the flame (Fig. 2). At low concentrations of ferrocene, positive peaks
(increase s in detector current) are obtained as expected. At high concentrations of
ferrocene , however, the peak s are negative (inverted).

The HAFID has a very large baseline current, and peak inversion is not an
uncomm on phenomenon. It shares the latter, albeit only formally, with such detectors
as the alkali flame, the electron capture. or the flame ph otometric detector. Here as
there , a precise correl ation of detector proce sses with peak inversion can be difficult
to establish. The response of the HA FI D reflects, most likely, a rather complex system
of reacti ons that is difficult to investigate. A general, speculative picture of these reac
tions has been developed-; however, no experimental data are at present available
that would unequivocally establish the detector mechanism(s).

Fig. 3 shows two chromatograms obtained with different ferrocene levels but
under otherwise identical conditions ; tetramethylsilane is the compound chosen to
demonstrate peak inversion.

Fig. 4 present s the variation of organosilane response with oxygen flow, the
results being close to expect ations based on earlier studies of organometallics": in
creased oxygen flow increa sed response of the silanes and decre ased response of
hydrocarbons.

Determination of organosilane s in the presence of ferro cene is fairl y sensitive
(down to nanogram amounts of injected compounds) and selective (up to four orders
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Fig. 2. Calibration curves for tetramethylsi lane (TMS) and deca ne with different amounts of fer rocene
present in the detector atmosphere. Fraction of hydrogen saturated with ferrocene at room tem
perature : 6. = 300 ml/rnin ; 0 = 5 ml/min ; 0 = 0 rnl/min (blank). Response of TMS for 300 mil
min : negative (inverted peak); for 5 and 0 ml/rnin : positive. Response of decane : a ll positive. General
condit ions : column 5 ft. x 4 mm 1.0. borosilicate U-tube packed with Chromosorb W AW (80-100
mesh) modified by ca. 0.2 % Carbowax 20M . Electrode he ight, 50 mm ; potenti al - 240 V. Tempera
tures, detector 240°, injection port 220°, column 70°. Flow-rates (ml /min) : H2 , 1600 (total), N,
(detector), 25; N 2 (column), 40 ; O2, 150.
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SILI CON DETECTOR FOR GC

ferrocene do ped

Base line Current

III...
'c
:J

»
L
l1J

b 10 5

:0
L.«

5

...
s:
Ol
iii
I

Tetrame t hyls ilane (10 ng )
negati v e peaks

n -De ca ne (5 I-Ig )

103 -'---r--r---,---,--,-
50 75 100 125 150

Oxygen Flow (rnl / rnin)

F ig. 4. Variation in respon se of TM S wi th different oxygen flows in a ferrocene-do ped HAFI D.
Fracti on of hydrogen saturated with fcrroccne: 300 rnl rmin ; out of a total 1600 rnl/rnin. Response:
TM S negati ve, decane positive. Other condi t io ns as in F ig. 2.

of magnitude depending on concentra tions). On the other hand , the calibrat ion curves
(Fig. 2) are non-linear and the am ount of ferrocene entering the detector would
obviously have to be carefully controlled. Ferrocene was the only doping agent
investigated; but it is reasonable to assume that other organometallics could also bring
about increased respon se. If small amounts of their vapors were added to the bottled
hydrogen supply , analytical reliability and ease of operation may also be improved .

In its present form , though, the HAFID is less cumbersome to operate without
ferrocene, and some note worthy responses can still be obtained.

Ferrocene absent from the hydrogen atmosphere
Fig. 5 shows the expected variation of response with a change in electrode

height. The baseline current and the response to hydrocarbons decrease as the elec
trode is moved upward s, a characteristic of the HAFID and presumably the FID as
well. The respon se to silicon compounds stays con stant up to over 60 mm in contrast
to the organomet allics determined earlier in a silane-doped detector', whose respon se
increased. Thi s beha vior was expected from a working hypothesis developed to explain
the response of organornetallics", which speculates that SiH 3 + (or a similar ion) has a
lower rate of neutralization than other ions, e.g. H30 +, under HAFID conditions and
can therefore serve as the principal charge carrier. When silane compo unds are
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Fig. 5. Vari at ion in response of two silicon compounds and a hyd roc arbon with height of the collecto r
electro de above the jet tip. No ferrocene doping. Elect rode potential , 90 V. Temperatures: column ,
60° (phenyltr imeth ylsilane), 30" (tet raethy lsilane) , 120" (tetrad ccanc) : detector, 250 ": inject ion port,
225'". Other co nd itio ns as in F ig. 2.

chromatographed , the SiH 3 + (or similar) ion would presum abl y form in the upper
parts of, or right above th e flame, explaining the unu sual phenomenon of an ion
current whic h remains ap proxim atel y con stant over mo re th an 60 mm above the flam e.
While the sti ll speculat ive nature of thi s explanat ion needs to be st ressed, it is ob viou s
that a judiciou s ch oice of electrode height, together with a suita ble adjustment of
oxygen flow-rate, can lead to an effect ive suppression of the sample matrix for analyt
ical purposes.

Fig. 6 gives calibrat ion curves for three organosilanes, in the absence of any
deliberately added doping agent. These are linear , though only over a restr icted ran ge.
Minimum detectable am ounts a re around 10 ng and select ivit ies a re bet ween two a nd
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F ig. 6. Ca librati on curves fo r th ree silicon co mp ound s a nd a hydr oca rbon . No ferrocenc doping.
Electrode height. 50 mm ; pot ential , - -90 V. Co lumn : 5 ft. / 4 mm I. D. boro silicat e U-tube pac ked
with 5 %Carbowax 20M on C hro moso rb W A W (80- 100 mesh ). Co lumn tem peratu res : 30 " (tetrae thyl
silane), 60" (tet ravinylsilane), 80 " (phenylt rimethylsilane), 125" (tc tradecane). Other co ndi tions as in
F ig . 2.
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three orders of magnitude. f ig. 7 shows a chro ma tog ra m of a typical sta nda rd
mixture .

Th is performan ce should make the detector of inte rest for severa l types of GC
analysis. Whil e it would not be conside red suitable at present for tr ace an alysis (e.q.
the sub-na nogra m ra nge) , typ ical appl ication s co uld provide information on whether
or not a particular GC peak represents a silane, and could facilitate the an alysis of
sa mples with interfering carbonaceou s backgrounds.
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Fig. 7. Tem perature-program med chro ma to grap hy of tetravinylsilane and a hydroca rbon standa rd .
Progra m 60" to 150" at 4lr'/min. O ther co nd itions as in Fig. 6.

There is littl e doubt that a more th orough study , perhap s invo lving varied
doping age nts, improved chroma togra phic condit ions, optimized const ruct ion and
opera tion parameters, etc., could lead to futu re improvements in detector performance.
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SUMMARY

Nickel tubing may be substituted for glass in the fabrication of gas chromato
graphic columns for use with samples of biological interest. Comparisons of separa
tion s of mixtures of steroids, narcotic alkaloids, phenothiazines, and amphetamines
on stainless steel, glass, and nickel packed columns showed little or no observable
sample decomposition on glass or nickel as contrasted to complete loss of certain
compounds on stainless steel. The nickel columns are easily prepared, durable, eco
nomical , and not subject to breakage.

INTRODUCTION

Nearly all gas chromatographic (GC) packed columns currently in use are
constructed of either stainless steel or glass tubing. That the choice is shared by the se
materials indicates that neither possesses all the qualities desired in a chromatographic
tubing. Stainless steel is certainly the more easily handled and is quite satisfactory for
many anal ytical applications. Gla ss, on the other hand, has a less reactive surface
which permits sepa rations of labile compounds at high column temperatures ; and for
this reason , glass is the preferred tubing material for biomedical applications. The
surface inertness of glass is perhaps the only property that recommends it in the face
of numerous disadvantages. Glass columns are often difficult to connect into the
chromatographic system, they lack flexibility and must be formed with preci sion in
order to fit a specifi c instrument, and they usually require the services of a skilled
glass-blower for fabrication which add s to their expen se. But these detractions are
minor compared to the dismaying fragility of glass which makes changing columns a
test of skill for the most experienced chromatographer.

The usual alternatives to glass and sta inless steel are, howe ver, even less attrac
tive: copper oxidi zes rap idly at elevated temperatures, and decomposition is often
severe on copper columns": aluminum has an oxidized surface that is quite active
and is difficult to passivate"; noble metals such as gold and platinum are far too expen-
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sive for genera l use; and plastics are usually limited to low temperatures. Another
possibility was suggested by the introductio n of nickel capillary tubing for preparation
of high resolution open tubular columns' , At least one a pplicat ion of nickel capillary
tubing show ed that this mat erial could be used in high temperatu re sepa ration of
certain compounds where decomposition on stainless steel had been a problem".
Analyses of co mpounds of biomedical interest, however, are often performed more
conveniently on packed columns. Consequentl y, the exten sion of nickel tubing to thi s
applica tion was the next logical step.

A compa rison of sepa ra tions of several classes of compo unds which experience
had show n were subject to deco mpos ition was undert aken using closely matched
co lumns made of stainless steel, glass, and nickel. In these studies nickel columns
proved to be surprisingly inert , and yielded chro matogra phic separations compara ble
to glass columns.

EX PER I MEN T A L

Columns
Ni ckel columns were prepared from 1/8 in. 0 .0., 0.020 in. wall, nickel-200

tubing obtained from Handy and Harman (N orristown, Pa., U.S.A .). The tubing was
cleaned sequentia lly with ethyl acetate, meth anol and water. The interior surface of
the tubing was then etched by filling the tubing with 50 % nitri c acid and after ab out
10 min rin sing with water until neutral. Thi s tre atment was followed by an aceto ne
rin se, and the tubing was then dri ed with a st rea m of a ir.

Th e stai nless-stee l co lumn of tubing of ident ical dimension s (Ha ndy and
Harman) was cleaned in the same manner as the nickel co lumn but with omission of
the nitric ac id treatment. The glass column was 1/8 in. 0.0.,0.08 in. 1.0. and was
cleaned with eth yl acetate, and toluene. Th is was follow ed with a silylati on treatment
which con sisted of filling the co lumn with Tri-Sil (Pierce, Rockford , Ill. , U.S.A .),
diluted abo ut I : I with tolu ene followed by rinsing with to luene and meth an ol. A ll
three co lumns were 6 ft. lon g and coiled .

Th e co lumns were packed with 5 % SE-30 on 80-100 mesh Gas-Chrom Q
obtained from Sup elco (Bellefonte, Pa., U.S .A.). In eac h case pac king was accom 
plished with light tapping with aspirato r vac uum drawn on the colu mn.

Gas chromatograph
A Varian Model 1200 instru ment was utilized in thi s study and was selected

because the co lumns could be installed for on-column injection, and the outlet of the
co lumn could be terminated at the jet of the flame ioni zation detector. Thus any effect
of injector , transfer lines, and co nnecto rs on the experimenta l compounds was
avoided.

Samples
All sa mp le mixtures were prepared fro m com pounds which had been examined

for purity on ot her chromatographic systems. In each case the co mpo unds were dis
solved in red ist illed eth yl acetate at I mg/ml co ncentratio n and I It! was injected on
the chromatogr aphic columns.
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RESULTS AND DISCUSSION

A variety of cla sses of compound s known to present difficulties in G C analysis
were examined on each of the three columns. The stat ionar y phase, SE-30, was not
necessarily the opt imum for all of the experimental sa mples . Experience had shown,
however, that if decomposition were to occur on a column, the loss of sa mple, distor
tion of peak shape, or appearance of extraneous peaks would be most noticeable with
this non-polar, methyl silicone polymer.

Exact replication of retent ion characteri stics of the three columns was not
attainable even though some of the columns were repacked severa l times under vary-
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Fig. I. Separation of a mixture of a lkalo ids a nd narc oti c analgesics on stainless steel, glass, a nd
nickel packed chromatograph ic co lumns. Peak s : I, meperidine ; 2, methad one ; 3, cocain e ; 4, pent a
zocine ; 5, codeine; 6, morph ine ; and 7, n-pentaco sane added as an internal standard. Columns were
temperature programmed at 4"/min from IRO" to 220".
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ing conditions in an effort to ach ieve thi s. Consequently, adju stment of carrier gas
flow-rate was used to bring the retention times of test compounds into close agreement
on the columns. Column temperature was the same for each column for a given test
mixture so that this operating parameter would not be an influence on observed
differences.

Fig . 1 shows a comparison of the separation of a mixture of narcotic analgesics
on the three columns. The nickel and glass columns are very similar in performance,
but some loss of sample has occurred on the stainless-steel column. The peak for
morphine is noticeably attenuated , and tailing of the solvent peak is more pronounced
on stainless steel which often indi cates the presence of breakdown products having
lower molecul ar weights than the parent compounds.
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Fig . 2. Co mpa rat ive chroma togra ms of a mixture of : I , meth amphetamine ; 2, p-chl oro-N-metharn
phetamine ; 3, p-h ydroxyamphetamine, a nd 4, n-hexadecan e as intern al sta ndard. Co lumn temp era
tures were 120".
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Some what more dr am at ic differences are observed in the anal ysis of amphet
amines as seen in Fig. 2. Pronoun ced ta iling of the solvent peak has all but obscured
the methamphetamine peak , and the hydr oxyamphetaminc pea k has disappeared on
the stainless-steel column. The chromatogram s obtained on glass and nickel are again
quite similar, a lthough some peak tailing has occurred . Thi s tailing is not unexpected
considering the SE-30 stationar y phase empl oyed in these comparisons is not the usual
choice for an alysis of amines' .

Th e phe nothi azine dru gs constitute a particularly difficult class of compounds
for successful GC analysis, becau se these substances are not only labile but also
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Fig. 3. Separation of chlorpromazine and loxapine at 230" on stainless-steel, glass, and nickel columns.
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require high column temperatures for elution in any reasonable time. As can be seen
in Fig. 3, chlorpromazine is entirely decomposed on the stainless-steel column and
for this reason glass columns have been a necessity in the analysis of chlorpromazine
as well as most other psychotropic drugs having similar structures", The nickel column,
however, yielded a very acceptable chromatogram, and similar columns have been
employed in our laboratories for many months in routine determinations of drug
blood levels7

•

While the effect of column material is not as apparent on the separation of the
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Fig. 4. Comparative separation of a steroid mixture containing: I, eicosane as internal standard;
2, dehydroepiandrosterone; 3, testosterone; 4, progesterone; 5, 5a-cholestane; and 6, cholesterol.
The columns were programmed at 2 U jmin from 210" to 250".
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steroid mixture shown in Fig . 4, some differences do exist. Again tailing of the solvent
front is more noti ceable on stainles s steel which suggests some decomposition of the
sample mixture.

The performance of packed nickel columns may sometimes be improved by
silylat ion which is usually performed by injection of silylating reagents such as Silyl-8
(Pierce) at elevated temperatures, assuming, of course, that the stationary phase is
compatible with this treatment. Whether silylat ion act s on the packing, tubing walls,
or both remains to be determined, but the improvement is comparable to that observed
in glass columns through similar treatment.

Other classes of compounds which we have chromatographed on nickel column
are barbiturates, cannabinoids, catecholamines and catecholam ine metabolites, and
various perfluorin ated ester derivatives used in electron capture detection. With out
except ion compound s which could be chromatographed on glass columns yielded
comparable chromatograms on columns constructed of nickel tubing.

An additional advantage to be gained through the use of these columns is
purely economic. Apart from the total lack of breakage that accompanies use of
metal columns, the cost of nickel tubing at the time of this report is, measure for
measure, about one-tenth that of glass columns obtained from instrument manufac
turers or chromatographic supply houses.

Although nickel would appear to serve quite satisfactorily in most applications
now requ iring glass columns, there is the possibility that only glass will provide the
requi site inertn ess at temperatures above those empl oyed in thi s stud y. Studie s of
metal columns for GC at elevated temperatures are, however, far from being ex
hausted . Our own experien ce with metal versus glass is such that where performance
is comparable, the glass column is relegated to the storage cabinet ra ther than being
used in a work ing instrument.
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SUMMARY

The adsor ption characteri stics of alumina and silica for column chromato
graphy have been assessed to develop a meth od , using a single solvent, for the separa
tion of seventeen organochlorine residues into four eluates prior to gas-liquid chroma
togr aph ic analysis. The effects on the adsorbents of thermal activat ion and subsequent
deact ivati on with water, variation of column size and choice of eluents have been
critically examined. The lipid capacit y of the alumina and the effect of co-extracted
material s from anim al tissue upon the elution profile of the organo chlorines have been
determined .

INTRODUCTION

A number of methods have been described' :" using ad sorption chromatogra
phy for the preparation of extracts of chlorinated hydrocarbon residues from environ
mental samples for gas- liquid chromatographic (G LC) analysis with electron capture
detection (ECD). Morley" reviewed a number of high surface energy ad sorbents used
for the clean-up of pesticide residues and Moats' compared silicic acid , alumina, de
colourizing carbon and Flor isil for the clean-up of butter fat s. He found little success
with the first three and required a 5 % deactivation with water on Florisil to elute
dieldrin with meth ylene chloride. Florisil has been widely used, but due to the var i
ability observed between batches? some workers have preferred to use alumina, which
has a higher ad sorption coeffi cient, parti cularly for lipids. Law and Goerlitz" found
that Flori sil did not clean-up river water extracts as well as alum ina and Leoni" used
a silicic acid column, deactivated to 5% with water to clean-up similar types of
aqueous extr act s.

The method used in th is laboratory, to date , has been based on the twin column
clean-up and separation techniques developed by Holden and Marsden! and has been
extended to analyse organochlorine residues in rain , river and sea water, plankton and
algae, as well as fish tissue. The meth od employs 2 g alumina columns (deacti vated
with 5%water) and n-hexane as the eluent ; the alumina retainin g the co-extracted
lipid materi al and many of the unwanted contaminants . The constituent organo
chlorines are then separated into two gro ups using a 2-g silica column (deacti vated
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with 5%water). The first group, which includes polychlorinated biphenyls (PCBs) and
p,p'-DDE, is eluted with n-hexane, followed by 10% diethyl ether in n-hexane to
remove p,p'-DDT and the more polar organochlorines.

Although this technique has been satisfactory for much of the routine analy sis
of organochlorine residue s in fish tissue, a number of disad vantages have become
apparent during the anal ysis of other types of sample. Many samples (e.g., rain, river
waters and sediments), even after concentration of the solvent extract, contain concen
trations of organochlorines at or near the minimum detecti on limit of the instrumenta
tion. The analysis, therefore , demand s a stable ba seline, free from background inter
ference deri ved from th e solvents, adsorbents and contaminated glassware. To a large
extent thi s was obtained by scrupulous clean ing, but it was often difficult to remove
the background interference from the 1O ~;;; diethyl ether-hexane eluate. Solvents were
only used when their G LC chro matograms were free of interfering peaks after a one
hundred-fold concentrati on by evaporation , but impurities were often extracted from
the silica using th is solvent mixture, even after the silicic ac id had been fired at 6000

prior to deactivation . These impurities were particularly obtrusive in the determina
tion of hexachlorocyclohexane (HCH) isomers, which appear early in the GLC
chromatogram, and their elimination was necessary to avoid misinterpretation of the
result s.

Some commercial DDT formulations contain up to 20- 30% of the o.p' isomer
which may therefore subsequently appear in natural samples. To quanti fy the DDT
isomers in the se samples a complete separation from PCBs into another fraction was
requi red. The techn ique of Holden and Marsden- divides the a,p' -D DT approximately
I : I between the two silica eluates, part being included with the PCB fract ion, while
the remainder is includ ed in the second eluate with p,p'-DDT, p,p-D D D and dieldrin .
Ideally the a,p' -D DT also requires isolati on from p,p'-DDD and dieldr in, as thi s
separation would not only simplify the total DDT analysis but also avo id the possibil
ity of confusion with other residues, e.g ., endrin, chlordane.

The technique of using alumina and silica micro-columns has been developed
to enable seventeen organochlorine residues to be separated into four eluates using a
single solvent, n-hexane. The compounds have been separated in such a manner that
all residues in each eluate (with the exception of p,p'-DDE and the PCBs) can be
completely resolved on a single GLC column. The reliability and reproducibilit y of
the adsorbents chosen have been critically examined for use with standard solutions
and extracts from natural samples of varying origins and organic content .

EXPERIMENTAL

Boro silicate glass micro-columns 450 x 6 mm J.D. were used, with a taper at
the lower end and a solvent reservoir at the top. Hexane- washed cotton wool balls
were used to plug the tapered end and support the column packing. Alumin a powder,
initially BDH (Poole, Gre at Britain ) N o. 27076 and subsequently Reeve Angel
(Cl ifton, N.J., U.S.A.) type A ll-O-col , was act ivated at 8000 for 4 h, cooled , and deact i
vated to the desired level with hexane-washed distilled water. The Reeve Angel AII
O-col alumina (Reeve Angel, Clifton, N.J., U.S.A.) was sieved to remove the fines
and agglomerates and the particle size band 64-125 p m was ret ained (85% of the total
material). The silica Merc k No. 7734 70-325 (ASTM) (Merck, Darmstadt , G.F.R. )
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was activated at 6000 for 4 h, cooled to 150°, placed in a vacuum desiccator and cooled
to room temperature under reduced pressure. Each complete batch of the acti vated
material (400 g for alumina and 200 g for silica) was deactivated to the required level
immediately by shaking with distilled water. Both deactivated materials were stored
in stoppered flasks. Sodium sulphate (AR), used as a drying agent, was heated to 200°
for 4 h, cooled and stored in a glass-stoppered bottl e. High purity glass-distilled n
hexane and acetone (Rathburn, Walkerburn, Great Britain) were used for rin sing
the glassware , and as solvents . A 100-ml a liquot of n-hexane from each batch was
concentrated to I ml and examined for any background interference.

The ad sorption columns were freshly prepared for each sample. Each empty
column was rinsed with acetone follo wed by hexane and allowed to drain and air-dry.
The column packing was measured out by volume using a cal ibrated tube, poured into
the column and packed by tapping the sides of the column. A small charge (200 mg) of
anhydro us sodium sulpha te was placed at the column head to ensure complete dryness
of the sample before passing to the adsorbent. The sample or standard, contained in
I ml of n-hexane, was pipetted on column and allowed to drain into the column befo re
the sample rinsings and the hexane charge were added to the reservoir. The appropriate
eluate volumes were collected in graduated tubes and evaporated to I ml, either for
analysis by GLC or for further sepa rat ion. The final eluate s were injected into a
Varian 1400 single column chromatograph fitted with a tritium ECD instrument.
The GLC glass column was 1525 x 2 mm 1.0., contain ing 4 % SE-30 + 6 % OV-21O
on Chromosorb W HP (80-100 mesh). Nitrogen was used as a carrier gas at a flow
rate of 30-35 ml/rnin. The column and injector temperatures were 200° and the dete c
tor temperature was 220°. Identification was based on relative retention time s using
dieldrin as a reference, and samples were quant ified by comparing the peak height s
with those from sta nda rd pesticide so lut ions. Th ese standards were injected at similar
time s to the sample to minimi se errors in sensit ivity caused by fluctu ation s of the
instrument.

RESULTS

Adsorbent activation
An investigation of the effect of thermal treatment on the purity and the final

activity of both alum ina and silica used as adso rption column pack ing co nfirmed that
a high temperature firing at 600- 800°, as outlined previou sly, was necessar y to mini
mise the trace impurities. The high purity obta ined by thermal treatment outweighed
the inherent loss of activity, particularly of the alumina, due to firing .

Column size
The diameter and length of the micro-columns were varied to improve the

chromatographic efficiency of the pack ing. However the wider columns (8 and 10 mm)
gave much poorer resolution while longer columns of narrower bore (4-5 mm) in
creased the residen ce time by restri ct ing the solvent flow, without an y significant gain
in separation. The 6 mm 1.0. column was therefore chosen for the remaining experi 
ments.
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Silica columns
The original 2-g columns of silica, deactivated with 5%wa ter d id not completely

separate o.p' -DDT from the PCBs and p.p'-DOE, but thi s was improved by increasing
the column size from 2 to 2.5 g and by continuing to elute with n-he xane until all the
o,p' -D DT andp,p'-DDT were removed. H owever, it was sti ll necessary to remove the
more pol ar species from the colum n with 10% diethyl ether in n-hexane.

The optimum ac t ivity of the silica column for the o,p'- DDT- p,p'-D DE separa 
tion was found by vary ing the water co ntent from 0 to 7 % a nd monitoring the effect
upon the elution pattern (Tabl e J). Th e result s show th at the best sepa ra tion was
o btained when 3 %water was added to the silica . Further addit ions of water to 5 /~

and 7 % speeded up the elution , but the resolution of the column tended to decrease.
The active silica, being stro ngly hygroscopi c, readily altered its activi ty up on exp osure
to mo ist a ir and was found un suitabl e for use, part icu larl y after lon g-term storage.
The silica deactivated with 3% water offered the best resolu tion a nd thi s was chosen
for inclusion in the pr esent scheme. Although there is an overlap of p,p'-DDE (62%)
and o.p '-DDT (17 %) at the 6-ml elution volume, the separation was completed by
changing the co llect ion tube at a more appropriate point druing the elution , e.g . at
5.5 ml , giving less th an 8 % of o,p'-DDT in the first eluate.

TABLE I

EFFECT OF WATER CO NTENT ON THE SEPARATI ON CH ARACTERISTI CS OF SILI CA

Silica (2.5 g; Merck No. 7734) ac tiva ted at 600° fo r 4 h; eluent, II-hexanc ; co lumn, 6 mm I.D . glass.
_ .- -

Elution Pesticide Recovery (%)
(% water)

Volume (ml)
1-4 5 6 7 8- 13

0 p,p'-DDE 3 14 45 38
o,p'- D DT 2 98
p ,p'-DDT 100

2 p,p'-D DE 52 41 7
o,p '-DDT 30 26 44
p,p'-DDT 5 95

3 p,p'-D DE 38 62
o,p' -D DT 17 25 58
p ,p'-DDT I 99

5 p ,p'-DD E 50 50
o,p'-DDT 43 34 20 3
p,p '-DDT 10 51 39

7 p,p '-DDE 55 43 2
o,p '-D DT 21 57 22
p ,p'-D DT 8 48 44

-, . - .~ ,-- - -

The reproducibility of thi s separa tion was stro ngly dependent upon the sta n
dardization of the activation and subsequent deact ivation of th e ad sorbent. Each
batch , init ially 100 g, remai ned sta ble throu gh out its shelf-life (4-5 weeks) giving
reproducible chr omatographic results. However, it was found th at the elution volume
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and the degree of separa tion varied from batch to batch and occasionally, using the
previous meth od of Holden and Marsden", a 2-g silica column, deactivated to 5%
with water, did not successfully separate p,p'-DDE and p,p'-DDT. Prior to this study
the silica (500 g) was activated and sto red in a vacuum desiccat or, and working quan
tities (100 g) were subsequently deact ivated and tested when required . Co nsequently
the moisture content of the acti ve adso rbent was dependent upon the number of times
it was removed from the desiccator and exposed to the atmosphere, and the effective
ness of the vacuum sea l on the desiccator. It was found th at the failure of th e deactivat
ed material in separating the pesticide residues was related to the age of the active
silica. A compariso n of the sepa ratio n obta ined from freshly activated silica and active
silica, three months old, both deactivated with 3 % water, is given in Table II. When
th is older act ive silica had been freshly made and tested it had given acceptable results
for the sepa ration of p,p'-DDE and o,p'-D DT . Ho wever after three months had
elapsed it gave poor resolution , indicating the limited shelf-life of the active material.
Reliable and reprodu cible result s were obta ined from silica if the mat er ial was de
act ivated immediately after cooling from 600°. Each batch once deactivated was tested
and the chr omat ographic cha racterist ics were found to remain con stant througho ut
the lifet ime of the batch .

T ABLE IT

EFFECT OF AGE OF AC T IVE SI LICA ON TH E CH RO MATO G RA PHIC PROPERTIES
AFTE R DEA CTI VATION

Silica (2.5 g; Merck No. 7734) deact ivat ed with 3% wa ter ; eluen t , n-hexane ; co lum n, 6 mm I.D.
glass . A, co lum n prepa red from ac tivated si lica, 3 months old; B, co lumn prepared fro m activated
silica fired th e same day.

Elution volume
( 1111)

1- 5
5-13

1- 5.5
5.5- 13

1- 6
6- 13

Recovery (% )

A B

p,p'-DDE (J ,p '-D DT p,p '-D DT p,p'- DDE (J ,p '- DDT p,p '- DDT

82 3 73 4
18 97 100 27 96 100

83 25 96 6
17 75 100 4 94 100

86 36 97 35
14 64 100 3 65 100

Alth ough the silica co lumns were able to separate the earl y eluting compounds
by using n-hexane , it was still necessary to add a more polar so lvent to remo ve p,p'
DOD, dieldrin and the HCH isomers. The pur ity of the mixed solvent after eluting
from the silica column was frequ entl y checked and found unacceptable due to ex
tra cted impurities from the silica. Prewashing the packed columns had previously
been investigated, but the process was both t ime-con sumin g and tended to give erratic
results. Two other alterna t ives were considered, namely a different solvent of similar
polarit y (dielectri c constant) or removal of the more pola r compounds before the silica
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column stage. The latter appeared to be a more promising alternative, utilizing the
alumina column to effect the separa tion.

Alumina columns
Most extracts from environmental samples require the removal of unwanted

co-extracted materials before being introduced into a GLC or gas chromatography
mass spectrometry (GC-MS) system, and alumina has been successfully used for this
purpose. Although it is more ab sorbent than silica, the alumina is less polar at similar
water-content levels, and onl y requires n-hexane as a solvent to elute the organo
chlorine residues of current interest from the co lumn . By careful manipulation of the
column parameters a division at a suita ble point during the elution was considered
possible, to separa te the more polar compounds which have a larger retenti on volume
on the silica column. The most useful division of the alumina column eluate falls
between p,p'-DDT and p,p'-DDD. The PCBs and p,p'-DDE are eluted prior to the
p,p'-DDT and dieldrin is removed long after p,p'-DDD.

Th e original 2 g alumina, deactivated to 5% with water, used for clean-up did
not achieve thi s, but the resu lts from work by Holden and Marserr' gave every indica
tion that it could be done by changing the column conditions . The resolution was
much improved by decreasing the water content of the alumina from 5 to 3%and by
increasing the column loading from 2 to 3 g. However, using the BDH alum inium
hydroxide as a starting material , the elution time to remove dieldrin from the column
was increased from 3 to 5 h. Thi s exten sion , although not an anal ytical problem, did
offset the advantages gained in column performance for a routine method .

An other grade of alumina (Reeve Ange l alumina A II -O-col) gave a superior
performance with a reduced elution time. Thi s material was sieved and the particle
size band 64-125 ,urn retained . The elution time for dieldrin using a 3-g column was
reduced from 5 to 1.2 h, which was a 50 % redu ction in time over the original columns.

TABLE III

SEPARATION OF ORGANOCHLORINES O N AL UMIN A

3 g AI303 (A ll -O-col) 64-125/lffi activated at 8000 for 6 h and deactivated with 3% water.

Elut ion Reco very (%)
volume
( rnl) p,p' -DDE (J ,p '-DDT p,p '-DDT p,p' -D D D It-H CH i' -H ClI Dieldrin /J-H CH

I
2 74 44
3 26 56 46
4 54
5 9
6 54
7- 12 100 37 100

13-17
18-22 82
23-27 18
28-3 2
33-37
38- 42 66
43-47 34
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T he separatio n between p,p'- D DT and p,p'-DDD was increased from 0.5 to 3-4 ml in
elut ion volume and a- and fJ-HC H were also isolated fro m the ea rly eluting pea k's.
Howe ver a considerable increase in the elut ion volume (over 50 ml) was necessary to
rem ove fJ-HC H from the column (Ta ble III). Red uction of the activity of the Reeve
An gel alumina by increasing the water content from 3 to 4 %decreased the total eluti on
volume witho ut a loss in resolution bet ween p,p'-D DT and p,p'-DDD. Thi s gave an
extremely usefu l separa t ion of a number of organoc hlorine residues when used in
conjunction with the silica columns, as described earlier (Table IV).

With the modified alumina column the collection tubes were exch anged after
the elut ion of p,p' -D D D. This fulfilled a du al ro le by isolat ing a- and y-HC H from
fJ-HC H in particular, and by separat ing the later eluti ng co mpo unds into two gro ups
to ass ist in the quant itati ve an alysis.

Lipid content of extracts
The elution profile and recover y of organoc hlorine residues on a lumina has

been observed to alter with increasing lip id content of the sample", and it was neces
sary to determ ine the effect of other co-extracted materials upon the performance of
the columns which had been developed using sta ndard sol utio ns. A series of solut ions
were made co ntai ning a fixed co ncentra t ion of organ och lor ines with a range of con
centrat ion s of cod liver oil. On e milliliter of eac h so luiton was chro matogra phed on a
3-g Reeve Angel alumina column, deact ivated to 4 % with water, and separated using

TABLE V

EFFECT O F LIPID CON TE NT ON THE RECOVERY OF O RG ANOCHLORI NES FR OM
AL UMINA

3 g AI20 J (A II -O-col) 64- 125 1,m activa ted a t 800" for 6 h and deactivated with 4% wate r.
Eluent , n-hexane ; co lumn, 6 mm J.D. glass.

Lipid Elution Reco very ( 'Yo)
content volume
(mg) ( ml) p,p' -DDE o,p'-DDT p,p'-DDT p,p'-DDD /l-H CH y-H CH Dieldri n {J-HCH

0 1- 4 11 2 100 108
5- 12 110 104 90

13- 35 98 86
21 1--4 100 94 101

5-1 2 109 104 99
13- 35 104 87

38 1-4 104 11 0 112
5- 12 109 106 105 28

13-35 82 87
61 1--4 104 98 104

5- 12 104 96 94 87
13- 35 24 103

89 1--4 92 112 21
5-1 2 77 73

13-3 5 38
178 1- 4 84 103 81

5-1 2 37
13- 35 16

• p,p'-DD D found in 1-4 ml masked by PCBs presen t in the oil.
y-HCH and fJ-HCH overlapped in the same eluate.
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the elution columes found most suita ble for the lipid-free standards. The background
values obta ined for the organochlorines in the original oil were subtracted to obtain
the percent age recovery va lues of the added compounds (Table V). At no or low lipid
content the separat ions and reco veries are quantitative and reproducible, except for
f1-HCH which tends to be retained on the column. As the lipid content is increased the
eluti on profile is gradually compressed, decreasing the elution volume of the more
polar material s. Thi s compression did not initially affect the early sections of the
profile , but with further addit ions of fat (ca. 90 mg) p,p' -DDD and y-HCH began to
emerge along with p,p '-DD E and p,p'-DDT. At this loading and at higher lipid values
the recoveries of the residues became variable and unreli able . These variations in
column performance with lipid content do not preclude the use of the method for the
anal ysis of animal tissue extracts pro vided that the weight of lipid transferred to the
column is contro lled, the maximum accepta ble lipid loading being 60 mg for a 3-g
column. Thi s lipid limit was easily maintained by analysing for the extract able residues
pr ior to the organ ochlorine residue an alysis. For an ext ract of high lipid , but suspected
low organochlorine content a sma ll I-g alumina column was used prior to the main
3-g separation column. The Reeve Angel a lumina has a lipid-holding capacity of
approximately 50 mg/g . Thi s was dete rmined by loading a series of I-g alumina
columns with a range of weight s of lipid and measuring the am ount eluted by 40 ml of
hexane (Table VI).

TABLE VI

LIPID HOLDING CA PAC IT Y OF ALUMINA

I g AI,O] (A l l-Ovcol) 64- 125 11m ac t iva ted at 800° for 6 h and deactiva ted with 4 % water.
Eluent , 40 ml II-hexan e.

Lipid Weigh t of lipid ( mg)

On column 52.5 101.6 145.1 213.0
Reco vered 3.7 51.6 102.7 165.8
Ret ained 48.8 50.0 42.7 47.2

Thi s I-g column could therefore be used to reduce the fat content in the sample
prior to separa t ion on the main 3-g alumina column. A volume of 15 ml of II-hexane
was required to elute a sample of f1-HCH from a I-g a lumina column, deacti vated to
4 %with water.

The partial elution of dieldrin in the second eluate cau sed by the pre sence of
more than 20 rng lipid was avoided by dividing the eluting II-hexane at 10 ml. Thi s was
found suitable for non-lipid samples as well as t issue extracts. The standards used for
testing each batch of deactivated alum ina were in hexane solution, but standardization
can be improved by the addi t ion of 50 mg/ml lipid.

The separation procedure
The final form of the sepa rat ion procedure is given in Fig. I. Thi s flow dia gram

outlines the complete method and lists the const ituent compounds in each eluate . The
chromatogra m obta ined from the sepa rat ion of the listed organochlorines (Table IV )
is given in Fig . 2a-d and can be compared to the traces obtai ned by the separation with
silica alone, Fig. 2e. The compounds which a re currently of particular interest in
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1-4ml evaporat e to 1 ml

Sample in 1ml 3gAIP34%H 0
n· he xane 64~-125~ 2

D. E. WELLS , S. J. JOHNSTONE

HCB
Aldrin

1-6ml-E1a- ppOOE
PCB
Hep tachlor( part)

Hept achlor(parl)
7-13ml - E 1b - opODT

ppOOT

l (j,-HCH
or- Chlord ane

5-12 ml----------E2 - r·HCH
ppOOO
Endosulfan I

Heptachlo r epox id e
Dieldrin

'----13-40ml --------- E3 - Endr in
B-HCH
pp'OCBP

Fig. I. Flow diagram for the separa tion of seventee n orga nochlor ine residues using alu mina and
silica microcolumns and /I-hexane as the eluent.

environment al samples are clearl y sepa ra ted into four eluates. Hept achlor which is
rarel y detected in United Kin gdom samples, is split between two eluates, but should
it occur its presence would not be masked in GLC ana lysis by other orga nochlorines
included here.

DISCUSS ION

This new technique (Fig. I), incorporating the dry packed alumina and silica
columns, has significantly sho rtened the time required for analysis and improved the
identificati on an d quanti ficati on of organoc hlorine residues in natural samples. The
time spent on clean-up and separation has been decreased by 50%, giving an overa ll
processing time of approxi ma tely 4 h pri or to GLC analysis. Wh ile the later eluates
(5-40 ml) are developing on the alumina column the first alumina eluate can be sepa
rated on silica. Both alumina and silica can be reliabl y deactiv ated from freshly
activated materials in quanti t ies of up to 500 g and will retain their activity for at least
three months.

The preparat ion of the columns and the measurement of the elution volumes
were found to be qu ite crit ica l, particularl y at the silica co lumn stage. Altho ugh the
silica performance was accepta bly reproducible , the amount of p,p'-DOE which was
found in the second (E Ib) eluate varied from 2-10%, and the level of o.p'-DDT found
in the first elut ac was occas iona lly as much as 8% but genera lly less than 5%. Th is
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Fig. 2. Chromatograms o btained from (a-d) the eluates using the curren t meth od , a nd (e) the
method of Holden and Marsden ' . Co lumn, 4 % SE-30 + 6 % O V-210 o n Chro mosorb W HP ;
tempe rat ure, 200°. nitrogen ca rrier gas, 35 mlJmin. (a) Eluate la ; I ~. HCB, 2 = hept achlor , 3 =

aldrin, 4 = p,p '-D DE . (b) Eluate Ib ; 2 ~. hep tachlor , 5 = a,p'- D DT , 6 = p,p'- D DT. (c) Eluate 2 ;
7 '~ u- HC H, 8 ~, y-HCH, 9 ~o y-chlorda ne, 10 = end osulfan I, II = p ,p'-DDD. (d) Eluate 3 ;
12 = {:I-HCH, 13 ~ p,p '-D CBP , 14 ~ heptachlor epox ide, 15 = dieldrin, 16 = endr in. (e) Eluate 2
(Holden and Mars den') which incorporates elua tes Ib, 2 and 3 of the new meth od .
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varia t ion reflected the difficulty in pack ing a column with identica l chromatograph ic
characteristics and in measuring small volumes of volatile solvent accurately.

The identification and qu antification of o.p'-DDT and HCH isomers have been
simplified by altering th e cha racter istics of the silica, and by removing the more polar
compo unds at the alumina stage. This avoids the use of 10% dieth yl ether in n-hexane
on the silica co lumns. Th e separatio n of the HCH isomers int o two eluates (E2 for a
and y-HCH, E3 for P-HCH) on a lumina also ass ists in the ir identifica tion .

The fou r eluates obta ined in the preparation of each sample increase the overall
chromatographic time, but this is not without justification. As well as improving the
separ ation of th e more common organoch loriens present it reduces the possibility of
confusio n with unknown substa nces. The meth od has been successfully applied to the
ana lysis of a considerable var iety of envi ro nmenta l samples. T he an alysis of anima l
tissue extracts is only limited by the am ount of lipid which can be applied to the alu
min a columns, bu t rep rodu cible result s can be obta ined if thi s does not exceed 60 mg.
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GASCHROMATOGRAPHISCHE BESTIMMUNG DER FLOCHTIGEN F ETT
SAUR EN VON C 1 BIS c, EINSCHLIESSUCH DER MILCHSAURE ALS
BENZYLESTER UNTER vERWENDUNG VON PH ENYLDIAZOMETHAN
ALS BENZYLIERUNGSMITTEL

BESTIMMUNG DER SAUREN IN SILAGEN

ER WI N K. DOMS

Chemisches Untersuchungslaborutorium der Bundesforschungsanstalt f ur Landwirtschaft Braun
schweig- Viilkenrade, Bundesallee 50, D-33 Braunschweig ( B.R.D .;

(Eingega ngen a m 17. Mar z 1977)

S UMM ARY

Gas chromatographic determination of the volatile f atty acids ( CcCs) including lactic
acid aft er conversion into their benzyl esters hy phenyldiazomethane. Determination of
the acids in silages.

A gas chromatographic method for the determination of the volatile fatty acids
(C1-CS) includ ing lactic acid is de scribed . The acids are converted into their benzyl
esters by mean s of phen yldiazomethane without previou s purification of the reagent
by distill ati on . The benz yl esters are well separa ted from the solvent as well as fro m
one another. Silicone SE-30 is used as the stat io nary phase. An applicat io n of the
method o n s ilage acid s is demon strated.

EI NL EITU NG

1m allgemeinen werden die fiiichtigen Fettsauren mit Ausnahme der Ameisen
sa m e gaschromato gra phisch (GC) als freic Sauren bestimmt, wobei zur Unter
druckung des sog . Mem or y-Etfektes Arnei scn saure verwende t wird. Bezuglich der
zahlre ichen Veroffentlichungen hieruber sei a uf das ausfuhrliche Literaturverzeichnis
in der Arbeit von van Hu yssteeri' verwiesen. Eine Einbeziehung der Arnei sen saure in
diese Best immung ist wegen der Unempfindlichkeit de s Flammenioni sationsdetektors
(FlO) die ser Saure gegenuber nicht moglich'. Zugleich anwesende Milchsaure wurde
bisher gesondert bcstimmt, meist nach der Methode von Barker-Summersorr' r' . D ie
GC-Bestimmung dieser schwerfluchtigen und bei sta rkerem Erhitzen zur Kondensa
tion und schliesslich Zersetzung neigenden Saure erfolgt uberwiegend in Form ihres
Meth ylesters". Es ergibt sich, dass fur cine gemeinsame GC-Best immung, wie sie u.a .
fiir die Untersuchung der Garsauren in Silagen erwiinscht ware, aile diese Sauren
deri vat isiert werden mu ssen. Wegen ihrer betrachtlichen Fluchtigkeit (vgl. Tabelle J),
welchc zu Substanzverlusten wahrend der Analyse fuhrt und auch fur die schlechte
Trennung ihrer Peak s vom Lo sungsmittelpeak im Chromatogramm verantwortlich ist ,
kommen die Methylester als De rivate fur die niederen Fettsauren n icht in Bet racht, so
sehr sie sich a uch in der GC der hoheren Fettsauren bewahrt haben. Eine Reihe hoher
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TABELLE I

SIEDEPUNKTE (OC) EIN IGER ESTER D ER FLUCHTIG EN F ETTSAUREN C , BIS C5
-- ---_ .._- ~-

Satire Methylester Propyleste r Butylest er Benzylester

Am eisen saure 32.0 81.3 106.9 202/747 Torr
Essigsaure 57.1 101.5 126.5 213.5
Propions aure 79.7 122.5 146.0 221.0
lsobuttersaure 92.5 135.0 155.0 229.5
II-Butlersaure 102.3 142.5 165.7 239.0
lsova lerian saure 11 6.5 155.5 176.0 245.0
11-Valcriansaure 127.3 167.5 186.5 250/730 Torr

siedender Derivate wie Propylester" , Butylester/r'!", Benzyle ster' :' . 16 , p-Bromphenyl
und p-Phenylphenacylester' 7, Anilide und Toluidide'"-" sowie Trimethylsilyl(TMS)
Verbindungerr" wurde Gegen stand von Untersuchungen . Nach Tabelle I zeichnen
sich die Benzylester gegeruiber den anderen dort aufgefUh rten Estern durch besondere
Schwerfliichtigkeit aus. Sie lassen daher gute Trenneigenschaften erwarten. In einer
vorangegangenen Arbeir" wurde bereits gezeigt , dass Arne isensaure mit Phenyld ia
zomethan (PDM) in Form des Rohproduktes benzyliert und gaschromatographisch
als Benzylester bestimmt werden kann , wenn der zur Benzylierung benotigte POM
Uberschuss durch den Zu sat z einer anderen niederen aliphat ischen Monocarbonsaure
beseitigt und damit das Auftreten von Storpeaks von Artefakten des POM im Chro
matogramm vermieden wird . Der schwerfluchtige Amei sensaurebenzylester liess sich
vom Losungsm ittel trennen , das Chromatogramm zeigte gut getrennte Peak s. Die Ver
wendbarkeit des POM in Form seines Rohproduktes zur Analyse ist insofern von
Vorteil, al s bei der Reindarstellung durch Vakuumdestillation ein Grossteil des
Re agenzes zersetzt wird und damit verloren geht. Sie wird dadurch errnoglicht , dass
das Gaschromatogramm des POM im interessierenden Bereich keine Peaks aufweist,
welche nach Beseitigung des POM-Uberschusses Storungen verursacherr" . In der
vorliegenden Arbeit werden die Untersuchungen a uf die fluchtigen Fettsauren von C 1

bis C, mit Einschluss der Milchsaure ausgedehnt in der Ab sicht, die Garsauren in

TABELLE II

RETENTIONSZEITEN (min) DER BENZYLESTER DER FETTSAUREN C , BIS c, SOWlE
DER MILCHSAUR E BEl VERSCHIEDENEN ARBEITSBEDINGUNGEN

(A) Saul e I, isotherm bei 1700, He 60 ml /min (F ig. I) ; (B) Saule I, Temperaturprogramm: 120" (12
min) -I SO/min (8 min), He 60 ml /rnin (Fig. 2); (C) Saule II, 130" (4.7 m in) i Y'/min (4 min ), He 38
ml /rnin (Fig. 3) ; (D) Saul e II , isotherm bei 130", He 60 ml/rnin (Fig. 4 und 5); (E) Sallie II, 114" (5 min)
+ 7.5°/m in (4 min) He 38 rnl/rn in (Fig. 6 und 7).

Benzyle ster A B C D E

Am eisensau re 2.3 7.5 2.5 2. 1 4.7
Essigsau re 3.0 10.8 4.1 2.9 7.0
Propionsaure 4.1 13.8 6.1 4.5 9.4
Isobuttersau re 4.9 15.0 7.1 5.4
II-Buttersaure 5.7 16.1 8.2 6.6 11.5
lsov aleriansaure 6.9 17.4 9.4 8.4
11-Valeri ansaure 8.3 18.7 10.6 10.5
Milchsaure 8.7 7.2 12.1
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Silagen zusammen mit den als Silierhilfsmittel zuge setzten Siiuren en bloc gaschroma
tographisch zu erfassen .

EXPERI M ENTELLES

Darstellung 1'011 Phenyldia zom ethan
Phenyldiazomethan wurde durch Einwirken einer methanolischen KOH

Losung auf eine atheri sche Suspen sion von p-Tosyl-N-benzyl-nitrosamid dargestellr" ,
welches nach einem modifizierten Verfahren von White2 l

, 22 durch Nitrosylierung mit
Hilfe von Natriumnitrit aus p-Tosylbenzylamid erhalten worden war. Die letztge
nannte Verbindung wurde nach Holmes und Ingold" au s p-Tosylchlorid und Benzyl
a min synthet isiert. Die bordeauxrote PDM-Losung wurde mehrmals mit destilliertem
Was ser gewa schen, mit Natriumsulfat getrocknet und ohne weitere Aufarbeitung
durch Vakuumdestill ation zum Benzylieren verwendet.

M odellosungen
Aus atheri schen Starnmlosungen mit einem Gehalt von je I g Am eisen- , Essig-,
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Fig . 1. Chro matogra mm dcr Benzylester der Sauren C, bis C, in Ather. Die Benzylierung erfolgte mit
PDM , dessen Uberschuss mittel s n-Hexa nsiiure beseitigt wurdc. I ~~ Ather; 2 = n-Hexansiiure ;
3 ~. Ameisensiiureben zylester; 4 ~. Essigsaureben zylester ; 5 = Prop ion saurebenzylester ; 6 = lso
butie rsaurebenzyleste r : 7 "C n-Buttersaurebenzyleste r; 8 = lsovaleriansaurebenzylester ; 9 = n-Va
leriansaurebenzylester ; 10 7~ Ncbenprodukt der PDM-Darstcllung; II ==n-Hex ansiiurebenzyleste r.
Trenn saule I bei 170" isoth erm .
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Propion-, Isobutter- , n-Butter-, Isovalerian, n-Valerian- und Milchsaure pro 100 ml
Lo sung wurden durch Entnahme aliquoter Volumina Modellosungen hergestellt,
welche 10 bis 200 mg je Saure pro 100 ml enthielten und damit Probelosungen von
Silagen mit einem Gehalt von 0.1 bis 2.0% je Saure entsprachen",

Benzylierung mit PDM
Aliquote (je 10 ml) der Modellosungen wurden mit PDM-Lasung (jc 10 ml) im

Ubcrschuss versetzt und in verschlosscnen Kolbchen 24 Studen bei Zimmertemperatur
stehengclasscn . Dann wurde der PDM-Oberschuss (erkennbar an ciner kraftigen
Rotf'arbung) durch einen Zusatz von n-Hexansaure (0.5 ml) beseitigt. Die farblos
gewordcnen Losungen wurden der GC-Bestimmung zugefuhrt.

Gaschromatographie
Von den Benzylierungs16sungen wurdcn je 5 111 mittels einer 10 ftl-Hamilton

spritze N 75 in den Gaschromatographen, Modell GC-4 der Fa. Beckman, injiziert.
Das mit einem Doppel-FID ausgerustete Gerat wurde mit Helium als Tragergas
(60 bzw . 38 ml/rnin) betrieben. Zur Trennung dienten eine Stahlsaule (1.80 m x 0.25
in. J.D .) mit 10% SE-30 aufChromosorb G AW DMCS (60-80 mesh) (Saule I) sowie
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Fig . 2. Chro matogramm der Benzylester der Sauren C , bis C, in Ather. Die Bezeichnungen sind die
gleiehen wie bei Fig. I. Trennsaule I. Es wurde tempcraturprogrammiert gearbeitet, wobei zuerst die
Saulentemperatur 12 min auf 120° gehalten und dann mit einer Steigerungsrate von 5"/min a uf 160 0

erhoht wurde.
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eine Glassaule (3.00 m x 0.4 ern I.D. ) mit 10% SE-30 auf Chro mosorb W AW DM CS
(80- 100 mesh) (Saule II). Die Glassaule wurde durch den Einspritzblock hindurch
gefiihrt, urn direktes Injizieren der Proben auf die Saule zu errn oglichen . Es wurde
sowohl isotherm als auch temperaturprogrammiert gearbeitet. Die Temperaturen des
Einspritzblockes und des Detektors betrugen 250° bzw. 270°, die Abschwachung lag
im Bereich van I X 103 bis I x 104

•

ER GEBNI SSE U N D DISKUSSION

D ie Versuche ergaben, dass sich sowohl fluchti ge Fettsauren als auch Milch
sa ure im Gemisch leicht mit PDM benzylieren lassen. Es zeigt sich weiterhin, dass zur
Benzylierung PDM als Rohprodukt verwendet werden kann, wodurch die muhsam e
und verlustreiche Reindarstellung des Rea genzes unnotig wird. Zwar tau cht im Gas
chrornatograrnm des Rohproduktes ein grosser Peak auf, welcher von einem Neben
produkt der PDM-Dar stellung stammt, doch verursac ht dieser keine Storung, da er
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Fig. 3. Ch romatogramm dcr Bcnzyle stcr dcr Sauren C bis C, sowic dcr M ilchsiiure in Ather. D ie Ben
zylicrung e rfo lgte mit PDM , dessen O ber schuss durch c inen Zu satz vo n fI-Hexan siiure cn tfernt wurde .
I = Ather ; 2 - ~ II-He xa nsa ure ; 3 = Am eisensiiurebenzylester ; 4 ~ Ess igsaureben zyleste r ; 5 ~ Pro
pion sa urebenzy lester ; 6 --- Iso buttersiiur eb en zylester ; 7 ~~ II-Buttc rsiiurebenzyleste r ; 8 ~ M ilch sau
rebenz ylestcr ; 9 -.c Iso valer ian saurebenzylester : 10 = II-Valeri an siiu reb enzyleste r ; 11 = Nebcnpro
du kt der PDM-Da rstellung; 12 . ~ n-J-1 exansiiurebenzylestcr. Trennsaule II. Temperaturprogramm :
4.7 min bei 130 °, dann Ste igerun g auf ISO" m it ein er Rate von SO/min . Trage rgasstrorn (He) : 38 ml /
min .
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zwischen den Peaks des »-valeriansaure- und n-Hexansaurebenzylesters liegt, ohne
diese zu iiberlappen (Peak 10 in Fig. I). Wird in Analogie zum Verfahren der Diazo
merhandarstellung" auch fur die Darstellung des POM aus p-Tosyl-N-benzyl-nitros
amid" Carbitol an Stelle von Methanol bzw. Natriummethylat verwendet, dann ver
schwindet dieser Peak aus dem Chromatogramm, wah rend an einer weit entfernten
Stelle ein neuer erscheint. Fur die GC-Trennung erwies sich von einer Anzahl stationa
rer Phasen SE-30 als am besten geeignet. Polare Phasen bewirken, dass der Peak der
zur Entfernung des POM-Oberschusses zugesetzten Saure in den Bereich der Benzyl
esterpeaks hincinwandert und deren Trennung stort, an statt zusammen mit dem
Losungsrnittelpeak am Anfang des Chromatogrammes zu erscheinen, wie es bei der
unpolaren Phase SE-30der Fall ist. Die Untersuchungen wurden mit den beiden Trenn
saulen I und II unter verschiedenen Arbeitsbedingungen durchgefuhrt . Mit beiden
Saulen konnten bei isothermem Arbeiten au sgezeichnete Trennungen der Benzylester
der fluchtigen Fettsauren C, bis C, erreicht werden (Fig. I). Mit Hilfe eines geeigneten
Temperaturprogrammes wurde auch eine scharfe Abtrennung des Arneisen saure-
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Fig. 4. Ch ro matogra rnm der Benzylester der Garsauren einer Silage (Sauerblatt) in Ather. Die Ben
zylierung erfolgte mit PDM, die Entfernung des PDM-Uberschusses mit Hilfe von II-Hexansiiure.
I = Ather ; 2 ~ II-Hexansiiure ; 3 ~ Essigsaurebenzylester ; 4 = Propionsiiurebenzylester ; 5 = Iso
buttersaurebenzylester ; 6 = n-Buttersiiurebenzylester; 7 = M ilchs aurebenzylester ; 8 = Isovalcrian
sa urebenzylester ; 9 = n-Valeriansiiurebenzylester; 10 ~ Nebenprodukt der PDM-Darstellung ;
11 = n-Hexansiiurebenzylester. Trennsaule II. Es wurde isotherm bei 130" gearbeitel. Tragerga s
strom (H e): 60 ml /rnin.
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benzylesters errnoglicht (Peak 3 in Fig. 2). Bei An wesenheit von M ilchsaure erscheint
deren Benzylesterpeak zwischen den Peaks des n-Buttersiiure- und des Isovalerian
sa urebenzylesters (Peak 8 in Fig. 3), wobei eine vollstandige Trennung des Milch
saurebenzylestcrs vom »-Buttersaurebenzylester nur mit Saule JI zu crzielen ist (Fig. 3).
Die Anw endung des Verfahrens auf die An alyse der Garsauren einer Sauerblattsilage,
welche mittel s lonenaustau scher isoliert und durch Perforation au s wassriger Losung
in Ather iiber fiihrt worden wa ren", wird in Fig. 4 dem onstriert. Es ergaben sich scharf
au sgepragte und gut getrennte Peaks. Ein Vergleichschromatogramm, welches von
einer Probe nach Zu sat z eines Gemische s der ftiichti gen Fettsauren erhalten wurde,
diente der besseren Identifizierung der einzelnen Peak s (Fig. 5). Zur Abtrennung und
Erkennung et wa iger vorha ndener Amei sensaure wurd e das Chromatogramm der
Silage temperaturprogrammiert gefahren (Fig. 6). Der Vergleich mit einem ent
sprechenden Vergleichschromatogramm (Fi g. 7) ergab, dass keine Arnei sensaure in
der untersuchten Silage vorhanden war.

Wie scho n er wahnt , kann PDM in Form seines Rohproduktes, a lso ohne es
weiteren Reinigungsoperat ionen zu unterwerfen, die zeitraubend und verlu streich sind ,
zum Benzylieren benutzt werden. Gernass der DarsteJlungsmethode wird es in athe-
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Fig. 5. Chrom atogramrn der Benzylester der G arsauren ei ner Sila ge (Sau erbl att). Zurn Vergleich wa r
der Silage ein Gernisch der Sauren C bis C, zugese tz t worden. Benz yliert wu rde mit POM , dessen
Uberschu ss durch Reaktion mit zugesetzter I1-Hexansaure beseit igt wurde. Tr ennsaul e, Bed ingu n
gen und Peak bezeichnungen wie in Fig. 4.
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Fig. 6. Chrornatogramm der Benzylester der Garsauren einer Silage (Sauerblatt) in atherischer
Losung, Benzylierung mit PDM, Entfernung des PDM-Oberschusses mit n-Hexansaure. 1 Ather;
2 = n-Hexansaure; 3 = Essigsaurebenzylester ; 4 Propionsaurebenzylester ; 5 Isobuttersaure
benzylester; 6 = n-Buttersaurebenzylester; 7 Milchsaurebenzylester ; 8 Nebenprodukt der
PDM-Darstellung; 9 -r-- »-Hexansdurebenzylester. Trennsaule II. Ternperaturprograrnm 5 min bei
114°, dann Ternperaturerhohung auf 144" mit einer Steigerungsrate von 7.5'jmin. Tragergasstrorn
(He): 38 ml/min,

rischer Losung gewonnen und so zur Reaktion gebracht. Durch Abdampfen des Athers
bei niederer Temperatur erhalt man ein Konzentrat, welches aber nicht ganz so be
standig zu sein scheint, wie das in Ather geloste PDM, das bei -20 0 monatelang
haltbar isr". PDM reagiert mit Ameisensaure fast augenblicklich, bei den homologen
Sauren nimmt die Reaktionsgeschwindigkeit aber mit zunehmendem Molekular
gewicht ab (Tabelle III). Die Verbindung verhalt sich in dieser Hinsicht ahnlich wie
Diphenyldiazomethanv-". Fur die quantitative Umsetzung ist ein ausreichender
Uberschuss des Reagenzes erforderlich. Bei Mangel an PDM werden, wie Versuche
ergaben, nicht aile Sauren in gleichem Masse benzyliert, sondern Arneisensaure und
Milchsaure werden bevorzugt; erst wenn diese beiden Sauren quantitativ verestert
sind, steht das restliche PDM fur den Umsatz mit den anderen Sauren zur Verfugung-s
ein Hinweis, dass die Reaktion von der Aciditat der Sauren beeinflusst wird (vgl.
Tabelle IV). Da der VerIauf der Reaktion in hohem Masse von der Reagenzmenge
und, wie sich weiterhin zeigte, von der Zeitdauer ihrer Einwirkung abhangt (vg1.
Tabelle III), muss die Benzylierung zur Erzie1ung reproduzierbarer Werte unter mag-
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F ig. 7. Ch ro matogra mm der Ben zyleste r vo n Am eisen-, Essig- , Propion -, n-Butter- und Mi lchsiiure in
Ather. Ben zyliert wurde mit P DM und dessen U bcrs ch uss mit n-Hexa nsau re beseit igt. I -- Ather ;
2 ~ n-H exan siiu re ; 3 A rneise nsa urebenzy ieste r ; 4 ~- Essigsa urebe nzylester ; 5 ~ Pro pion sau re
benzyleste r ; 6 ~ n-Butter siiur eb enzylester ; 7 =c Mi lchsaurebcnzylester ; 8 = Nebenp roduk t de r
PD M- Da rstellu ng ; 9 - n- He xansiiu rebenzylester. T rennsa ule II. Ternpera turprogra mm und T rag er
gasst ro rn wic in F ig. 6.

T A BELLE III

PEA K HO H EN (rnm) D ER BEN Z YL EST ER BEl VERSC H IEDEN LA NG ER E IN W IR K U NGS 
ZE IT D ES PDM

Pea ks : Ben zylcste r vo n : 1 ~ A meisensa urc ; 2 0_- Essigsa ure ; 3 ~ Pro pionsaure ; 4 ~ lso butte rsa ure ;
5 »-But te rsa ure: 6 ~ Milchsa ure ; 7 lsova leria nsa ure ; 8 - - n-Valer iansiiure .

Zeit ( 11 ) 2 3 4 5 6 7 8

1 174.3 51.4 26.7 22.3 41. 1 46.0 18.0 10.6
2 175.6 57. 1 29.6 26.9 42.6 43.8 19. 1 12.4
3 181.9 66.6 37. 1 29.8 46.6 45 .0 2 1.S 14.0
4, 182.9 73.8 40.4 33.8 49 .0 44.1 22.8 16.0

24 182.2 115.\ 67.0 54.2 69.0 45 .6 36.8 26.2
48 18 1.1 126.1 78.2 62.8 74.3 44.3 39.8 29.4
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TAB ELLEI V

pKa-WERTE DER N IE DEREN FEITSAUR EN C,- Cs SOWl E DER MILCH SAUR E

SWire

Arneisensaure 3.77
Essigsau re 4.76
Pro pion sau re 4.88
Isobutt crsau re 4.85
Butte rsau re 4.82
lsovaleriansaure 4.77
Valeriansa ure 4.8\
Mi lchsaure 3.87

lichst gleichartigen Bed ingun gen vorgeno m men werden. Art und Me nge de r nach der
Veresterung zur Entfernung des PDM-Oberschusses verwe ndet en Ca rbonsa ure haben
nur geringen Einflu ss. Man wird ei ne mo glich st fluchtige Saure wahlen, um die
Chromatographier da uer nicht unnot ig zu ver langern. Zur Isolierung der Siiuren aus
Silageextr ak ten ka nn man sich der lonenau stau scher bed ienen ", Mit Amberlite IR-120
und IR-45 konnten nur A meisen-, Essig-, Propion- und Mi lchsa ure qu antitat iv erfasst
werden . Di e Uberfuhrung de r Sauren a us der was sr igen in die atheri sche Phase
durch Perforation erfolgte dagegen durch wegs qu antitat iv. 1m ganzen geno mmen er
wies sich Phenyldiazom eth an a ls ein vorziigliches Mittel, d ie fluchtigen Fettsauren
von C1 bis C, m it Einschluss der Milchsaure in Benzylester zu ube rfuhren, weJche
sich unter geeig neten Bedingungen a usgeze ichnet gasc hromatogra phisch t rennen und
bestimmen lassen . Da bei d iesem Verfa hren a Ile fu r die Bewer tun g einer Silage mass
geblichen Sauren in einer Ana lyse erfasst werden , durfte es fur die Best immung von
Silagegarsauren von Interesse sein.

mg/ml 87

1.0 / t
! I
I

0.8

0.6

0.4

02

150 mm

Fig. 8. Peakhoh en del' Benzylester in Abh angi gkeit von den Kon zent rati on en del' Sa uren in den
Model losun gen . T renn sa ule I, iso therm bei 150 °. \ ~ . Arneiscnsaurebe nzylestcr ; 2 ~ Essigsaure
benzyle ster; 3 = Pro pionsau rebenzylester ; 4 ~ lsobuttersa urebenzylester ; 5 -- f1- Bultersau rebenzyl 
ester; 6 = Milchs aurebenzylestcr ; 7 ~ lsova leria nsau rebenzylestcr ; 8 -.-- 11-Valeriansa urebe nzylester,
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Zur Auswertung wurde aus praktischen Grunden die Peakbohenmethode
gewahlt", wobei die Werte fur jede Saure im Gemisch im Bereiche 0.1-1.0 mgjmllagen
und fur Amei sensaure sowie Milchsaure gute Linearitat zeigten (vgl. Fig. 8). Die
Werte der a nderen Sauren wichen mit zunehmender Konzentrat ion von der Linearitat
ab oEs ist daher zweck rnass ig, im linearen Bereich niederer Konzentrat ionen zu arbei
ten. Zu gleich sei a uf die Mo glichkeit der Au swertung von An alysendaten mittels
nichtlinearer Eichkurven mit Hilfe moderner Gerate, wie z.B. das ModelI SP 4000
der Fa . Spectra-Physics, hingewiesen .

ZUS A MM ENFASSU NG

Es wird ein Verfahren zur gasc hro matographischen Bestimmung der fluchtigen
Fett sauren von C. bis C, mit Einschluss der Milchsaure beschrieben. Mit Hilfe von
Phen yldiazomethan werden die Sauren in ihre Benzylester iiberfiihrt ohne vorherige
Rein igung des Reagenze s durch Destill ati on. Die Benzylester werden sowohl vom
Losungsmittel a ls au ch voneina nder gut getrennt. Als stati onare Phase diente SE-30.
Die An wendung des Verfahrens a uf Silagegarsauren wird demonstriert.
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SUMM ARY

A simple, sensitive method for the determination of nitrate in water by gas
chromatography (G C) and mass spectro metry (MS ) with a multiple ion detector
(M 10) has been developed. The principle of the method is the nitration of 1,3,5-t r i
methoxybenzene in sulfuric acid. In thi s medium, nitration is followed by the hydrol
ysis of the ether gro ups, yielding a simple nitrobenzene as the final product. Thi s is
then analyzed by GC-MS and detected with MID. Hexamethylbenzene serves as an
internal standard. The interference of nitrite and chloride is prevented by using sulfa
mic acid and mercuric sulfate, respectivel y.

INTRODUCTION

Nitr ogen plays an important biological role in living organisms. Nitrate ion is
one of the principal nutrients for aquatic life. In recent years, increa sing concern has
been focused on the form ation of carcinogenic nitrosoamine from vari ou s nitrogen
oxides'v. The analysis of nitrate in environmental samples is, therefore , of vital im
portance particularly as it relates to ecology and public health.

The determination of low nitrate levels in unpolluted environmental samples
has been hampered by the lack of a simple, sensitive analytical method. As part of the
global baseline stud ies carried out in our laboratory, a spectrophotometric method
has been previously reported". Following the spectrophotometric method, a simpler
and more sensitive method using a gas chromatographic-mass spectrometric (GC
MS) system and a multiple ion detector (MID) has been developed and is described
here. The meth od employs the nitration of I,3,5-trimethoxybenzene (T MB) followed
by GC-MS analysi s of nitrobenzene.

EX PERIMENTA L

Reagents
Spectroanalyzed benzene from Fisher Scientific (Pittsburgh, Pa. , U.S.A.) was

used as the organic solvent. TMB and HMB (99 % pure) were purchased from Aldrich
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(Milwaukee, Wise., U.S.A.) and K & K (Plainview, N.Y., U.S.A.), respectively.
Eastman-Kodak electronic grade nitrobenzene was used. All other chemicals used
are of reagent grade. .

The nitrate solution was prepared as follows . 0.137 g of sodium nitrate was
dissol ved in doubly de ionized water and diluted to I I as the stock solution. Fresh
working solutions were prepared by diluting the stock solution in proper proportions.

HMB internal standard was prepared by dissolving 0.01 g of HMB in 100 ml
of benzene, and diluting 0.3 ml of this solution to 100 rnl with benzene to give an
internal standard of 300 flog/I.

TMB reagent was made by dissolving 0.1 g ofTMB in 100 rnl of benzene with
300 flog/I of H M B internal standard .

Mercuric sulfate (5 %) was prepared by dissolv ing 5 g of mercuric sulfate in
100 ml of 10% (v/v) sulfuric acid, and 5% sulfamic acid by dissolving 5 g of sulfamic
acid in 100 ml of doubly deionized water. The latter solution must be made fresh
every 3 months.

Sample preparation
The aqueous nitrate sample (10 ml) is pipetted into a 50-ml stoppered Erlen

meyer flask. Sulfamic acid reagent (0.01 ml), 0.01 ml of mercuric sulfate reagent are
added, and then 20 ml of sulfuric acid are slowly added from a buret. Mix, place the
flask in a cold water bath and cool to room temperature. Add , by pipet, 2 ml ofTM B
reagent with internal standard. Shake the mixture for 5 min. Wait for the phases to
separate. Inject the upper benzene layer into the GC-MS system for analysis. A series
of analyses should include a doubly deionized water blank with the same reagents
from the same bottles so that any slight impurities in the reagents are cancelled out
as the reagent blank.

Instrumentation
A Hewlett-Packard 57 lOA GC and 5980A MS system interfaced with a mem

brane and a 5974A MID were employed for the analysis. The GC parameters and MS
and MID settings were listed in Table I. The chemical ionization mode in MS was

TABLE I

INSTRUMENT CONDITIONS

Parameter

GCcolumn

Oven temperature
Injecti on port temperature
Au xiliary temperature
Carrier gas'
Sample size
MS gain
Masses on MID
MID gain

Description

Packed, 3 ft. x 2 mm I. D. glass, 2 %SI'-2300 or Chromosorb W H P (100
120 mesh)
1100 to 1800 at 32°jmin
2500

250 0

Methane, 12 mljmin
I pi
11
124.1 and 163.3
For mass 163.3, 100; for mass 124.1, 100 for 50I/g/l NO , and below,
10 for 75 flg il NO, and above

• In obtaining the mass spectra in the electron impact mode, helium at a flow-rate of 40 mljmin
was used as carrier gas instead .
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used. The mass sett ings on MID of 124.1 and 163.3 were for detecting M -+ I ions of
nitroben zene and HM B, respectively. A 5-,u1 Hamilton syr inge with Chancy ad aptor
was used for sample inject ions.

RESULTS AN D DISCUSSION

The nitrat ion of a ro matic ring is an electroph ilic substi tut ion reaction. The
electro philic agent is the nitr on ium ion , NO z+ , genera ted from the nitrate ion and
sulfuric ac id. The sulfuric acid , being an extremely stro ng ac id, protonates the nit rate
ion to protonated nitric acid, HzN03 +, which loses water to form NOz+ . The NO z+

ion attacks the aromatic ring to form a Whel and intermedia te which in turn releases
a proton to yield the fina l product. Th e full mechanism of the react ion ca n be written
as

2 HzS04 -I N0 3 - ;:=': 2 HS04 - -I- H20N02 +

HzON02 + ;:=' H20 f- NO z+

Wheland Intermediate

-
The rate determ ining step of the electrophilic subst it ut ion reaction is the forma

tion of the Wheland intermediate . Benzene itself is a molecule of average reacti vity as
aro matic rings go. Ross et at.' have nitrated benzene in a sulfuric ac id-wate r (10: I)
med ium at room temperature and Gl over and Hoffsornrner" in a sulfuric acid-water
(3 :1) medium at 75° ± 5". In the present study, with the intention of carrying out an
easie r reaction, TM B was chosen to be nitrated . The three meth oxy gro ups on the
benzene ring, being electron don ating, activate the molecule toward electrophilic
subst itutio n. Thi s could be expla ined by the Whel and intermediate which co ntains an
excess of a positi ve cha rge. The electron donat ing gro ups sta bilize the positive char ge,
lower the energy of the intermediate and lead to a fas ter react ion. Consequently, nitra
tion was ca rried out quant itat ively in a less vigoro us condition , viz, a sulfuric ac id
water (2 : I) medium at room temperature. The final product was found to be ni tro
benzene which is discussed below. There are two possib ilities for thi s result. One is the
nitration of benzene , the other is the nitrati on of TMB form ing l-nitro-2,4,6-tri
meth oxybenzene (N T MB) followed by hydrolysis of NT M B. Based on the fore said
reasoning, the latter is most plau sible .

The gas chro matog ra m of the reaction mixture in benzene is show n in F ig. I.
The first peak is confirmed to be nitrobenzene by retention time and mass spectra in
both the elect ron impact (Fig. 2) and the chemical ionization (Fi g. 3) modes. The ma ss
spectrum in Fig . 2 matches well with the publi shed spectrum of nitrobenzene". Tesch
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NITROBENi!ENE
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Fig. I. Gas chromatogram of nit rati on mixtu re.
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et al,' found NTM B to be the product of nitration of TM B under their experimental
conditions. Howe ver, the lack of the characteristic peaks of (M-CH~) + , (M-CH3

CO)+ , (M - CH 20) +, (M-OCH3)+ and (M-CHO)+ of meth yl phenyl ether indic ates
that the NTM B is further hyd rolyzed und er the experimental conditions used here.
Furthermore, the M + I, M+29 and M + 4 1 peak s of masses 124, 152 and 164 in the
chemical ionizati on mode in Fig. 3 provide the positi ve proof of molecul ar weight of
123 (nitrobenzene) .

The hydrolysis of the three meth oxy groups on TM Bis a favor abl e phenomenon
since it lead s to the formation of nitrobenzene as the final product. Compared to
NTM B, nitrobenzene is sma ller and simpler. It elut es at a lower temperature from the
GC instrument so that an y taxin g effect on the membrane separator at higher temper
atu re can be a voided . lt can also be det ected at a lower mass by MS which in turn
yields higher sensitivity.

The signa ls of the M+ I ion s for nitrobenzene and HMB are shown in Fig. 4.
Th e MID readings at mass 124.1 of nitrobenzene are calibrated against that at 163.3
of H M B, the internal sta nda rd . Line ar resp on se on the MJ D, correspond ing to the
nitrate co ncentr at ion, is observed as show n in F ig. 5. Projecting from these signa ls, a
nitrate co ncent rat ion as low as a few ftg/I could be obse rved . This is mu ch mo re
sensit ive than the exist ing meth od s' - 5,7 . Unfo rtunately, the scattering along the stra ight
line is ± 15 ftg/ I wh ich inte rferes with the read ings at low levels.

6 - - , - -I .-

MASS 124.1

MASS 16 3.3

5 --

4
W
U
Z
<l
o
3 3
CD
<l

Z
o

2

o _ ...1 _ ,... ...L--l
o I 2 3 4 5

MINUTES

Fig. 4. MID respon se of nitrobenzene an d HMB with 20 fig /I NO " 300 fig/I HMB .

The prec ision of MID was tested with HM B and pure n itrobenzene in benzene.
Linear response was ob served down to MID readings of 0, 0 .1, 0.2, 0.4 and 0.6 at a
gain of 100. Thi s excludes the possibility of instrumental irregul arity. Contamination
while carrying out the sample preparation is then the suspect, particularly since nitric
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acid is used exte nsively in our laborat or y for ashing and apparatus washing. Nitrogen
oxides are evol ved into the atmosphere during these processes. Th ese oxides will very
likely be picked up when sulfuric acid is being mixed with the aqueo us nit rate sample
and thu s causes the conta mination. Th e meth od performed under a cleaner enviro n
ment sho uld yield better acc uracy, and an alysis of a few fig j l of nitr ate could be
possible .
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SUMMARY

Seven deri vat ives each of meth ylguanidine, guanidine and agmatine have been
prepared, and the specificity and volatility of their gas chromatographic detection
have been stud ied. The hexafluoroacetylacetonates have been found to be the most
specific for the three guanidines, and are highly sensit ive to alkali flame ioni zation and
electron-capture detections. These derivatives are also fairly resistant to hydrolysis
occurring in the derivatization pro cess.

INTROD UCTION

Methyl guanidine (MG), which has long been con sidered to occur widely in
fresh beef and several fish in fairly high con centrations ran ging from 60 to 1900 mg/kg
(refs. 1-4), is known to be easily converted by nitrosation under acidic conditions into
highly mutagenic and car cinogeni c meth ylnitrosocyanamide and methylnitrosourea":".
MG ingested in the diet may react with nitrite in the hum an stomach to form these
potent car cinogens. Endo et al.' speculated that thes e sub stance s may be possible
etiologic fact ors in hum an gastric cancer. Concerning the occu rrence of MG in foods,
however , most of the stud ies were conducted in the 1930s1--4 , and the methods used for
MG separation and analysis were overly complex, might have lacked spec ificity and
might have generated MG . The lack of suitable analytical methods has hindered
attempts to identify ind ividual guanidine deri vati ves in various food s.

Recently, severa l methods have been reported for the analysi s of various
guanidino compounds in biological fluids, including ion-exchangev ' ', paper 14 -17

and thin-l ayer chromatographyIll, coupled with colorimetric determinations by either
the Sakaguchi or Voges-Proskauer reactions, and gas-liquid chromatography
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(GLC)19- 25after the formation of volatile derivati ves. Th e color imetric determ ination,
howe ver , lacks the specificity needed to identify each guanidino compound, and also
requires considerable sample man ipulation and time . Some volatile deri vative s sub
jected to GLC analysi s also lack specificity or stability, and the deriv ative preparation
seems rather complex.

In the pre sent study, we ha ve prepared severa l volatile derivati ves of guanidines,
i.e., MG , guanidi ne (G) and agmatine (AG) , and have compa red their specificit ies of
derivatization and volatilities as determined by GLC with alkali flame ionization
dete ct ion (AF ID). It was found th at the hexafluoroacetylacetone (HFAA) deri vati ves
were the most appro priate ones among the seven different types of deri vati ves tested
so far. Methods for the preparat ion and identifi cati on of the HFAA deri vat ives of
MG, G, and AG, and the condit ions for the determination of these three derivatives
by GLC, are described.

EX PERI MEN TA L

Reagents
All of the reagent s empl oyed were co mmerc ial products of ana lytical grade

and were used witho ut further purificat ion . Methylguanidine hydrochloride and
agm atine sulphate were obta ined from Sigma (St. Loui s, Mo., U.S.A.), and guan idine
hydrochloride was from Wako (Tokyo, Japan). Acetylacetone (AA) , trifluoroacetyl
acetone (TFAA), hexafluor oacetylacet one (HFAA), acet ic anh ydrid e, tritluoroacetic
anh ydrid e and ca rbon disulphide were obtai ned from Wako, and N,O-bis(t rimethyl
silyl)t rifluoroaceta mide (BSTFA, specially purifi ed grade) was fro m Pierce (Rockford,
III., U.S.A.).

Derivative preparation
Acet yl deri vati ves of the three guanidines were prepared by use of acetic

anhydrid e according to the meth od of Link et al."; and tr itluoroacetyl der ivati ves
using trifluoroacetic anhydride according to the meth od of Stalling and Gehrke",
AA derivat ives were prepared accord ing to Beyermann and Wisser" , BSTFA (silyl)
products according to Geh rke et al." and isothiocyanates (isoC NS) by use of carbon
disulphide according to Brandenberger a nd Hellbach" . T FAA deri vati ves were
prepared as described for the H FAA derivatization using triflu oroacetylacetone
instead of HFAA.

Preparation of H FAA derivarives
MG, G and AG were each prepared as so lutions ( I mg/rnl) in 50% eth anol.

A 100-,u1 aliquot of a test solut ion was placed in a hard glass ampoule, and thi s was
evap orated by blow ing in nitrogen . Th en , 50 ,ul each of pyridine and H FAA were
added and the ampoule was heat- sealed, followed by heating at 120° for I h. After
cool ing the ampoule to room temperature, I ml o f dieth yl ether and 3 ml of 3 N HCI
were added to the reaction mixture and thi s was shaken vigorously and centrifuged.
A 5-,u1 aliquot of the ether layer was then injected into the G LC column.

Operating conditions fo r gas chromatography ( GC) and gas chromatography- mass
spectrom etry (GC- M S)

A Shim adzu GC-5APF gas chromatograph , equipped with an AFID (KBr
monocrystal-on-detector type!"; GLC- AFID), and a Shimadzu G C-3B E, equ ipped
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with a 63N i electron capture detector (GLC-ECD), were used. In order to compare
the peak areas of various derivative s determined by GLC-AFID, a glass column
( I m x 3 mm I.D .) packed with 3%SE-30 on Chromosorb W (Applied Science Lab s.,
State College, Pa., U.S.A .) was empl oyed, and the column temperatures were varied
from 70 to 2000 depending on the deri vatives examined. The mass spectra of the
der ivati ves were determined by use of a Shim ad zu-LK B 9000 gas chromatograph
mass spectrometer (GC-MS), equipped with a glass column (2 m x 3 mm I.D.) packed
with 5% SE-30 on Chromosorb W AW D MCS.

The HFAA derivatives of the three guanidines were analyzed under the condi
t ions show n in Table I.

Sh imadzu G C-5AP F
A FID ( K Br rnonocrystal)
N,

170
3 % SE-30 o n
C hro mos o rb W (60-80 mesh),
1 m x 3 mm I.D., glass

2 10
210

40
20

700

120
20 % Ver samid 900 o n
C hro mosorb W (60-80 mesh),
I m x 3 mrn I.D., glass

TABLE I

OP ERATING CO N D IT IO NS FOR G LC A N D G C- MS O F TH E H FAA D ERI VATI VES O F
METHYLGU ANIDIN E, G UAN ID INE AND AGMATINE

Operating conditions MG- HFAA and G- HFAA AG- HFAA

GLC- AFJD
Ap paratus
Detecto r
Carrier gas
Flow-rat e (ml/rnin)

N,
H,
a ir

Tempera tur e CC)
injecti on po rt
detector
co lumn

Co lumn

50

Shima dzu GC-3BE
63 N i EC D
N2

GLC- ECD
Appa rat us
Detector
Carrier gas
Flow-ra te (ml/rnin)
Temperature (OC)

inject ion port
det ector
colu mn

Column

40

150
100
100
same as G LC-A FI D

220
160
160
same as G LC-AF ID

60
8

5 % S£-30 on Chro moso rb W AW DM CS (60-80 mesh),
2 m x 3 mrn I.D., glass

GC- MS
Appara tus
Detector
Car rie r gas

flow-rate (ml/min )
inlet pressu re (kg /COl' )

Temperature (OC)
separa to r
ion so urce

Elect ron cu rrent (ev)
Trap curre nt (fIA )
Accelerating vo ltage (k V)
Co lum n

100

20

Sh imad zu-LKB, G C-MS 9000
total ion collector
He

30
3

220
290
290

70
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Se lection of the mos t desirable derivatives of the three guanidinesfor GLC analysis
Retenti on time s, peak heights and peak shapes of seven deriv atives of MG , G

and AG were compared . Th e retent ion times obta ined a re show n in Table II. In
addit ion, the peak s of all of the derivati ves were co nfirmed by G C- MS. The H FAA
deri vat ives were found to be the most suita ble for the quant itati ve determinatio n of
the three guanidines by G LC since : (I) the derivat izat ion with acetylaceto ne is
highly spec ific for gua nid ines, according to the result s of GC-M S analysis; (2) all of
the three guan idines so far tested give deri vat ives with H FAA in high yield; (3) the
HFAA derivati ves are the most volat ile of the three d ifferen t acetylaceto na tes and
(4) the H FAA derivat ives exhibit ed th e highest stabi lity.

TAB LE II

R ET ENTI ON TI MES OF VA RIOUS VOLATI LE DE RIVAT IVES OF METH YLGUANIDIN E.
GUANI DIN E AND AGMATIN E

G lass co lumn (1 m x 3 mm I.D.) co nta ining 3 % SE-30 on Chromosorb W (60-80 mesh); ca rrier
gas (nitrogen) flow-rat e, 40 mljmin ; detec tor, AF ID.

Derivative Guanidine Column Retention time
temperature ( "C) (mill)

H FAA MG 70 .1.50
G 70 3.50
AG 170 4. 15

T FAA MG 90 2.70
G 90 3.50
AG 190 5.75

AA MG 110 2.70
G 110 2.95
AG 70-300

Trifluoroacetyl MG 70 5.30
G 70 5.40
AG 190 1.90

Acety l MG 200 3.15
G 200 4.30
AG 70-300

BST FA (silyl) MG 140 3.70
G 170 4.90
AG 190 6.90

isoC NS MG 70-300
G 70-300
AG 70- 300

- - - -------- _ . - - -- ------ ._- -

• No peak correspo nding to the de rivative was observed.

Derivatization conditions f or MG, G and AG with HFAA
We initi ally prepar ed the HFA A der ivati ves of MG , G and AG acco rding to

the method of Erdtman sky and Goehl" , which has been appl ied to the analysis of
guan idin o-type antihypertensive agents in the blood. However , it was found that the
derivatization rates of the three guanidines were as low as 20%, and the rates were still
ca. 50 %even when the reaction mixtures were heated at 180" for 2 h. Erdt mansky and
Goehl/" used a reflux condenser during heat ing of the react ion mixture ; when the
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mixture was heated in a sealed vial instead of a condenser , it was found that the
derivatization rates increased but were still insufficient. The reason for these low rates
of deri vatization was found to be hydrolysis of the products due to the pre sence of
water in the reaction mixture . On the other hand, Beyermann and Wi sser!' added
100 mg of Na ZC03 and 1 011 of acetylaceto ne to the dry specimen in order to prepare
th e AA deri vati ves of MG and G , followed by heating under reflu x at 1400 for 30 min.
We applied thi s method to the derivati zation of the three guanidines with HFAA,
and found that the H FAA deri vatives were decomposed when more than 20 mg of
NaZC03 was added, a nd the yield of derivati ves was markedly lowered . Mitchell"
rep orted a method for the G LC analysis of Schiff bases of a mino-acid methyl esters
in which I % pyrid ine in methanol was added as a cataly st. In the pre sent study, the
effect of add it ion of pyridine, NaHC03 and NaZC03 on the HFAA derivatization
was examined . As show n in Table Il l, pyridine gave the highest derivatization ra tes .
Next, the effect of the vo lume of pyridine on the H FAA derivatizati on was examined,
and the results show n in Fig. I indicate th at the highest yield of HFAA derivatives
could be obtained when 50 ,u l of pyridine was added to the reaction mixture.

For the ext ractio n of HFAA deri vati ves from the rea cti on mixture, Erdtman
sky and G oeh f" employed ben zene as the extractant. However, it was found that

TABL E '"

EF FE CT O F PYRIDINE, SODI UM BICARBON ATE A N D SODIUM C AR BO NAT E O N TH E
DERI VATIZAT ION O F M ETHYLG UA NIDI N E, GUANIDIN E A N D AGMATI NE WIT H
HFAA

Compound added Relati ve derivatizat ion rate '

M G G A G

Co ntro l (no add it ion) 1.00 1.00 1.00
Pyridin e 34.5 87.0 19.3
Na HCO J 16.6 87.0 19.3
Na ,CO .l 19.6 40.8 13.7

• Th e deri vatizati on ra tes of the co ntro ls were ex pressed as 1.00 .

'" 4 HFAA= 50plE
u

Q>
>
iii 3
>
';:
(11
"0 2
'0
ro
Cb

:0
.>:
'll
Cb

Q.

25 50 75 100

Amount of pyridine (pI)

Fig . I. Effect of the amo unt of pyridine on th e derivatizat ion of methy lgua nidine (0 ), guan idine ( 6 )
and agmat ine ( U ) with H FAA. Heat ing co nd it ion, 1200 for 60 min.
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incomplete combust ion of the benzene in the G LC detector chamber resulted in the
production of a rather large amount of soo t which apparently lowered the sensitivity
of the AFlO. The ext raction rate s of the H FAA deri vati ves with different solvents
were thus examined. As can be seen from Table IV, diethyl ether gave the highest
extraction ra tes among the 10 organic solvents tested.

TABLE IV

EXTRACTION RATES OF THE HFAA DERIVATIVES OF METHYLGUANIDINE, GUANI
DINE AND AG MAT INE IN 3 N HCI WIT H DI FFERENT SOL VENTS

So lvent Relative extraction rate *

Benzene
Toluene
Cyclohexa ne
/I-Hexane
II-Heptane
n-Pentane
Ethyl acetate
n-But yl acetate
D iethyl ether
Methyl isobutyl ketone

MG -HFAA

1.00
0.89
1.00
0.97
0.96
1.23
1.33
0.91
1.69
1.03

G-HFAA

1.00
0.93
0.87
0.89
0.72
1.09
1.90
1.11
1.92
1.14

AG-HFAA

1.00

1.05
1.07
2.04

* Th e extrac tion rates with benzene were expressed as 1.00.
** No t exa mined .

However,not only the HFAA deriv atives but also pyridine may be extr acted from
the reacti on mixtu re by use of d iethyl ether , and pyridine is a lso detected by the A FlO.
Thi s must give r ise to some erro r in the GLC-AFI D determinati on of the HFAA
deri vat ives. However, the acidity of the reacti on mixtu re does not influence the extrac
tion rates of the derivatives with diethyl ether. Thus, when 3 ml of 3 N HCI and I ml
of diethyl ether were added to the reacti on mixture, pyridine was completely retai ned
in the aqueous layer.

We then examined the effects of heating temperature and time on the der ivat iza
tion of the three guanidines with HFAA. As shown in Figs. 2 and 3, the highest
derivatizati on rates were observed when the reaction mixtures were heated at 120° for
60 min .

Du e to the diffi cult y in ob tainin g authentic H FAA derivat ives of the three
guanidines, the derivatization rates have thus far been expressed in terms of either the
peak areas of the gas chromat ograms (in Figs. I, 2 and 3) or as relative der ivatization
rates (in Tables III and IV). Thus, the deri vat ization rate s of the three guanidines were
dete rmined indirectly by est imat ing the remaining guanid ines in the reaction mixtu res,
viz., each 100 p,g of MG, G or AG was deriv atized with HFAA, and the rema ining
guanidine in th e aqueous (lower) layer was determined colorimetrically using the
modified Voges-Proskauer reaction according to Micklu s and Steirr". Based on the
remaining guanidines, the derivatiz ation rates of MG, G and AG were found to be
100, 100 and 97.4 %, respect ively.

The mass spectra of the H FAA derivatives of the three guanid ines are shown
in F ig. 4 ; the prob able struc tures of th e compo unds are also illustrated .
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Fig. 2. Effect of the reaction t ime on the derivatiz ation of meth ylguani dine ( 0 ) , gua nidine ( Li) and
agma tine (0) with H FAA . Heati ng temperatu re, 120°.

Fig. 3. Effect of the react ion temperature on the der ivat izat ion of methylguan idine (0), guanidine
( Li) and agma tine (0 ) with HFAA . Heating t ime, 60 min.
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Fig. 4. Mass spec tra of the H FA A de riva tives of meth ylguanidine, guanidine and ag ma tine, an d their
proba ble st ructures.
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GC determination of the HFAA derivatives
For the det ection of nitrogenous substances, it is known that the AFID is

much more sensitive than the hydrogen flame ionization detector (F ID). It is also
known that ha logenated compounds such as H FAA derivatives are quite sensitive to
the ECD as compared with the A FID. In the present study, however, most of the
experiments were cond ucted with G LC-A FID beca use the derivat ives of the three
guanidines tested included compounds other than ha logenated ones , and, moreover,
the sensit ivity of G LC-A FI D to the test compounds was found to be almost the same
as that of GC-MS.

The conditions for GC determination of the H FAA derivat ives of guanidines
were examined. The retention times obtained with different column packings are
shown in Table V. It was found that all of the HFAA derivatives of the three guani
dines cou ld not be analyzed under the same column conditions beca use the molecular
weight of the HFAA derivative of AG (AG- HFAA) is much larger than those of
MG-HFAA and G-HFAA, and , in addition, the volatility of AG -HFAA is fair ly
low com pared to the ot her two derivatives. Co nsequently, we selected a column con
taining 20 % Versamid 900 for the analysis of MG-HFAA and G-HFAA, and for
AG-HFAA we used a column of 3 %SE-30. The gas chromatograms determ ined by
AFID of the three guanidine H FAA derivatives are shown in Fig. 5.

TABLE V

R ET ENT IO N T IMES OF THE H FAA DERIVATIVES OF METHY LGUANID INE, GUAN I·
DINE AND AGMATINE OBTAINED WITH THE DIFFERENT TYPES OF COLUMN
PACK INGS

Glass columns (I m x 3 mrn I. D.) were used .

Column Retention tim e ( mill)

Packing Temperature ( OC) MG -HFAA G -HFAA AG-HFAA

3 % SE-30 70 (170)' 3.50 3.50 4.15
3 % OV-17 70 (170)' 4.35 4.45" 3.70

20 % Versamid 900 120 2.65 4.55
25 % PEG-6000 120 8.15 2.05

5 % Diethyleneglycol adipate 120 2.50 0.95

, The column temperature for AG -I-jFAA analysis.
•• A tailing peak was observed .

Fig. 6 shows the calibration curves for the HFAA derivatives of the three gua
nidines : these indicate linear relations between the peak areas and amounts of the
respective derivatives over ranges of 5-40 ng for MG and G and 15-50 ng for AG. The
minimum detection limits when using GLC-AFID were 5 ng for MG and G and 15 ng
for AG, and when using GLC-ECD were 50 pg for MG and G and 150 pg for AG .

The proposed HFAA derivatization method may be applicable to the estima
tion of these guanidino compounds at levels of parts per billion (Iig/kg) in foods . The
conditions for the analysis of these compounds in foods are currently being investi
gated in further detail.
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A

MG-HFAA

G-H FAA

B

AG-HFAA

55

diiso - BNA

o 5 10 min 0 5 10 min

Fig. 5. Gas chromato grams of the HFAA deri vatives of meth ylguan idine a nd guan idine (A) and
agmat ine ( B). (A) Column packing, 20 % Versam id 900; co lum n temperatu re, 120°. ( B) Co lumn
pack ing, 3 % SE-30 ; co lumn tempera ture, 170°. D iiso but ylni tr osamine (di iso-BNA) was used as the
inte rna l standa rd.

50

Weight of guanid ino compound (ng)

Fig. 6. Ca libra t ion curves for the H FAA deri vat ives of MG ( 0), G ( 1\) a nd AG ( 0 ).
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SUMM ARY

A method is described for the analysis of I to 10 I lg/ml concentrations of
apomorphine in plasma. The procedure is ba sed on ethyl acetate extraction, a back
extraction cleanup-step , deri vat izati on with heptafluorobutyric anhydride, and gas
chro matogra phy on a 3% OV-17 column using flame ioni zation detection. N-n-Pro
pylnorapomorphine is empl oyed as an internal standard and quantitative relati ve
recoveries of drug are realized with relati ve standard de viat ions of 4.6%. The method
permits an alysis of a pomorphine in the presence of its two monomethyl ether metab
olites, apoc odeine a nd isoapocodeine. The latter compo unds are also chromato
gra phically resolved as their heptafluorobutyrate derivatives.

INTROD UCTION

Th e discovery that ap om orphine (I) and some of its prodrug s po ssess anti
parkinsoni sm acti vity has led to a renewed interest in th is group of cornpounds' <". As
part of a system atic examination of the metaboli sm of these alkaloids, it was necessar y
to develop a method for the a na lysis of apomorphine in plasma in the Ilg/ml range.
A procedure that would permit assay of [ in the presence of its potential metabolites,
apocodeine (II), isoap ocodeine (III) and a pomorphine dimethyl ether (lVr - ll , was
also desired.

Colorimetric assay of I, based on mercuric chloride oxidation to its o-quinone,
offers adequate sensit ivity" but lack s the necessary selectivity as II and II] can also be
converted to the o-quinone':'. Other colorirnetric'"-" and fluorometric' v-!' methods
lack either th e desired sensit ivity and/or selectivity for the ana lysis of I in plasma.

A gas chro ma tographic (GC) method using 5%SE-30 and non-derivatized pH
suffered from decompositi on on the column at temperatures need ed for elution!".
GC of I as its O,O-bis(trimethylsilyl) ether derivative permitted sati sfactory develop
ment but lacked needed select ivity!". Jt was proposed that deri vatization of I with

• To whom co rrespondence sho uld be addressed.
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heptafluorobutyric (HFB) anhydride might improve selectivity and pr ovide the poten
tial ability to use electron capture detecti on with its atte nda nt high sensit ivity.

MATER IALS AND MET HODS

Gas chromatography
A Hewlett-Packard model 57J0 A gas chro matograph equipped with dual flame

ioni zation detectors (FID) was employed th rou ghou t. The ove n and detector were
maintained at 190 0 an d 300°, respecti vely. Gas flow-rate s were : carri er gas (nitroge n),
50 ml /rnin ; hydrogen, 60/m l min; and co mpressed air, 240 ml/rnin. Silylated glass
columns, 76 em x 6 mm 0 .0., 4 mm 1.0. , were pac ked with 3% OY-17 on Chromo
sorb W-HP, 100-120 mesh (An alabs, North Haven, Co nn ., U.S.A. ) and conditioned
at 2750 for 18 h with norm al carrier gas flow. They exhibited an average co nt inuo us
life of approxi mately 90 days.

Materials
Apomorphine hydr ochloride hem ihydrat e (M erck, Rah way, N .J.) U.S.A. and

bold ine (Nut ritional Biochemicals, Cleveland, Ohio, U.S.A.) were used as purchased.
N-n-Pro pylno rapo mor phi ne was a gift of Sterl ing Winthrop Research Institute
(Rensselaer, N.Y., U.S. A.). Apocodeine, isoapoco deine and IO,II-dimethoxyap or
phine were prepared in ou r laboratory as previously described!". H FB anhydride and
dithiothreitol were used as purchased (Aldrich, Milwau kee, Wisc., U.S.A.). Pesticide
grade aceton itrile and spectroquality meth an ol were employed (Matheson, Coleman
& Bell, Norwich, Oh io, U.S.A.); a ll other so lvents and reagent s were ana lytical
reagent grade.

All glassware was silanized by rinsing with 2% trim ethylchlorosilane in benzene
solutio n and heating at 11 00 for 30 min .

Recovery experiments
Stock solutions of I and Y were prepared in 5- or 10-ml volumetr ic flasks by

dissolving 5.0- 10.0 mg of the compound in methanol or acetonitrile. Between experi-
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ments, samples were stored at _ 10°. Standard GC solutions were prepared by
redu cing to dr yness aliquots placed in Reacti- vials (Pierce, Rockford, III., U.S.A.)
with a stream of nitr ogen . Acet onitrile (50 ,ul) and H FB anhydride (25 ,ul) were added,
and the solut ion was allowed to stand at room temperature for 30 min . Injections
were made using a Ham ilton 70 I N IO-,ul syringe. N-n-Propylnorapom orph ine (V)
was used as an internal standard to control the extraction pro cedu re. Standard curves
of the peak height rati o of I and V versus the concentrati on (,ug/ml) of I in plasma were
used ana lytica lly. Boldine (VI) was used as an internal standard to contro l the G C
step when absolute recovery data were needed and was dissolved in the aceto nitrile
used as a derivatizati on solvent. Peak height s "corrected" to a "standard" boldine
value were plott ed \'crslIs ,ug of I (o r V) per ml of plasma to yield a standa rd curve.

Prepara tion of standards
To two sets of five 2-ml hum an blank plasma samples was added 2, 5,10,15,

and 20 pg of I and 10 pg of 11 (in 100 p I or less of methanol). Th e standa rds were
extr acted and ana lyzed in the same manner as described for pla sma samples below.

Determ ination of J in plasma
Each 2-ml hum an plasma sample to be ana lyzed had 10 pg N-n-prop ylnorapo

morphine and 3 ml of 0.25 M phosphate buffer (pH 7.0) added" . Ethyl acetate (10 ml)
was added, and the two phases were mixed for 10 min. Th e eth yl acet ate layer was
removed and redu ced in volume to approximately I ml with a stream of nitrogen at
room temperature. The ethyl acetate was extracted with 2 ml of 0.012 N HCI. The acid
layer was neutralized with 250 ,u1of 8%NaZCO .3 Th ree millil iters of 0.25 M ph osphate
buffer (pH 7.0) were added, and the aq ueo us layer was aga in extracted with 10 ml of
ethyl acetate. Th e or ganic layer was reduced to dr yness at room temperature by a nitro
gen stream. The residue was dissolved in 50 p i of aceto nitrile. H FB anhydride (25 III)
was added. Samples were injected directly into the GC after 30 min at room tempera-

2 ml Pl a sm a
3 ml 0.25M Phosphate Buffer (pH= 7.0)

10 ml Ethyl Ac etat e

Ethyl Ac etat e

~
Aqu eous

~
Reduce to 1 ml

with N, St ream
· 2 ml 0.012N HCI

Ethy I Ac etrJL A_q'--UrUS

Discard

Disc ard 250 ul 8% Na,CO ,
3 ml 0.25M Pho sphate Buffer (pH= 7.0)

10 ml Ethyl Ac etat e

Et hy I A..:..ce'-.:t..:..at:.::e -J1 Aq ueous

~ ~
Disc ardfeduc e to Dryness

with N, St rea m

Fig. I. The extraction of compounds I and V fro m plasma
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ture (Fig. 1). This extraction procedure resulted in a blank plasma extract which con
tained no detectable peaks when chromatographed in the usual manner.

Calculations
The peak heights of 1 and II were: measured . Peak height ratios were obtained

by dividing the peak height of I by the peak height of II. Calibration curves were
prepared by plotting peak height ratios of the standards versus the concentration of I
in plasma expres sed as p.,gfml. Least squares regression was used to determine the best
fit line for the data obtained from the standards. Values for the unknown concentra
tions were determined by calculation using the peak height ratio of I and II and the
parameters determined by the regression anal ysis.

RESULTS AND DISCUSSION

Reaction of apomorphine (I) with acetic anhydride has been reported to yield
the ring-opened product". By analogy, it was anticipated that products of the reaction
of I-I II and V with H FB anhydride would also be ring-opened products. Mass spectra
of the se derivatives, however , showed that I and V contained only two equivalents of
HFB acid , while the derivatives of II and JII showed only one equivalent of HFB acid
(Table I). It is, therefore, proposed that the derivatives formed are the phenolic esters
of the non-ring-opened compounds (Table 11). It is assumed that VI acts in a similar
manner and that IV is unaffected by HFB anh ydride. Since no extraordinary efforts

HO (CH,CO),O

•
CH,COOH

CH,
I
C
11 '0
o CH,

I
c=oN/

\
CPO ,

TABLE I

MASS SPECTRAL DATA FOR HFB DERIVATIVES OF COMPOUNDS I, II, III and V

Comp ound Molecular Electron impact Chemical ionization
weight

Base M+ Base M I 29 Mt-41
peak -- peak

m]e '1.) mie % m]e 0 '
( M I I) /0

Base Base Base

Apom orphine
dihcptafluorobutyratc 659 659 659 100 660 688 17.3 700 6.2
N-n-Propylnorapomorphinc
dihcpt afluo robutyratc 687 658 687 77.1 688 71 6 22.2 728 9.8
lsoapocodcinc
heptafiuorobutyrate 477 69 477 19.8 478 506 22.9 518 7.0
Apocodeine
hept afluorobutyratc 477 69 477 32.2 47H 506 30.7 518 6.3
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TABLE II

STRUCTU RES OF HFB DERI VATI VES OF I, II, III AN D V

R,O

No. COli/pound Rl R, R)

I Apomor phine C Fl C F, ),CO CFlCF2)CO CH3

II Apocode ine CH3 CF3(CF2),CO CH3

III Isoapocod eine C F3(CF2),CO CH3 CH 3

V N-n-Propylnorapol11orph ine CF3(CF2),CO CFlCF2) ,CO CH3CH2CH2

were made to purify the H FB acid, it must be assumed that some H FB acid is present
and that more is produced by the reaction of the anh ydrid e with any residual water pres
.ent in the sample. It is suggested that the weakly basic heptafluorobutyryl anion is
unable to remove the proton from position 7 of apo rphines, th ereby pre ventin g the
rearrangement observe d with acet ic anh ydride".

The time needed for deri vatization was studied . I and V were found to be
co mpletely der ivat ized almost immed iately as indicated in Fig. 2. Boldine was co m
pletely derivatized after 10 min. The derivati ves were stable for at least 2 h. In the
studies described our samples were developed 30 min after derivatizat ion.

Although the developed procedure provides standard curves that are linear
over three orders of magnitude ( I fig to I mg) onl y the range 1-10 fig/ ml was exten
sively studied becau se other meth ods already exist for ana lyses at higher concentra 
tio ns. A sample chro matog ram is depicted in Fig. 3 along with a similarly processed
blan k plasma sample which shows no interference s in th e region of interest.

Back extracti ons of samples were found to be necessary to eliminate two large ,
late chro matographing substances which did not inte rfere with th e analytical region

•
100

PERCENTAGE
OF

PEAK HEIGHT 75

AT
TIME ' 30.

50

25

I

40

.- .-.--- .,-- --.,'- -,--- -.-, I. h
10 20 30 50 135

TIME IN MINUTES

Fig. 2. Rate of derivauzation of I (0) and V (.> with HFB anhyd ride.
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Fig. 3. G C (FID) of a mixture of apo rphines using a 64 cm x 4 rnrn I.D . silylated glass co lumn
packed with 3 %OV-17 on Chromosorb W-HP. A Hewlett-Packard 5710A gas ch romatogra ph was
operated isothermally at 190 0 and a nitrogen flo w-rat e o f 50 rnl/rnin.

but greatly added to the time needed for repetitive samples. Boldine was used as an
internal standard to control the GC step in absolute recovery experiments. The abso
lute recovery of apomorphine from plasma in the 1-1O-,ugJml range averaged 87.9%
(n=6), while average absolute reco very of N-n-propylnorapomorphine (the internal
standard) was 84.6% (n -,- 6).

In the range 1-IO,ug of appmorphine per mJ of plasma , correlation coefficients
of 0.99 or greater were consistently observed for sta nda rd cu rves (Fig. 4). Over thi s
range, an average relati ve sta ndard deviat ion of 4.6% was found .

When dealing with bio logical specimens, it is often necessary to sto re them for
extended peri od s, usually by freezing . It has been found that the se samples lose apo
morphine as time pa sses. It was assumed th at thi s was due to oxidation of the apo
morphine, probably to qu inone-t ype substa nces. Acid was found to slow or prevent
th is process" , but the addition of sufficient acid to retard degradation tend ed to
precipitate pla sma proteins which resulted in losses of ap omorphine. The acid treat
ment also made the adjustment of the pH prior to extr action a more tedious task.
Dithiothreitol (OTT) ( I mgJml) was found to be an effective stabilizing agent when
added to the plasma prior to freezing. Analysis of OTT-treated samples that were
stored for 6 weeks at _ 10° showed no significant loss. The OTT also did not interfere
with th e extraction or the actual determinati ons.

Compounds II , III and IV were found to sepa rate from [ and V when added to
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Fig. 4. Typical standa rd curve for the determination of I in plasma. Least squares data: slope, 0.30;
y-int ercept, 0.15 ; r, 0.996.

plasma and analyzed with the developed procedure. The analytical procedure should
be applicable to all of the above named compounds, though recoveries were not
specifically examined. However, from previous work s22, 23, it is expected that recoveries
should be excellent.

HFB derivatives otTerthe potential of analysis using an electron capture detec
tor (ECD), thus, achieving significantly greater analytical sensitivity . The H FB deriv
ative of I was reportedly used to detect apomorphine in ngjml concentrations in
horse blood plasma". However, the authors of this study provided little information
on recoveries or the precision of their procedure. Studies are currently being per
formed in our laboratories to evaluate the utility of ECD for the ppb analysis of apo
morphine and its analogs as their HFB derivatives.
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SUMMARY

A method is described for the quantitative analysis of thebaine from Papaver
bracteatum, using a single high-pressure liquid chromatographic column. 1 he pro
cedure gives base-line separation of thebaine without the need for gradient elution
equipment, and can be completed within 12min. Thebaine isolated by this technique
was shown to be pure, regardless of the age of plant or plant part from which it was
obtained .

INTRODUCTION

In recent years, as a result of a general reduction in the production of legitimate
codeine from Papa ver somniferum (Opium poppy), concomitant with an increased
demand throughout the world' r', other sources of raw materials for the production
of this alkaloid have been sought. Although Papaver bracteatum has been reported
to contain thebaine, isothebaine, oriental idine, and codeine, in addition to some 25
other alkaloidsJ ,4, there is some controversy as to whether the plants investigated
were actually P. bracteatum, or natural hybrids of P. bracteatum with P. orientale or
P. pseudo-orientale". Thebaine, however, is con sistently reported to be the major
alkaloid ofP. bracteatum' P>-", the other alkaloids being present only in trace amounts.
Since thebaine can be chemically converted to codeine''-", P. bracteatum is currently
regarded as the most promising solution to the codeine shortage l ,2 ,5 ,6, and many
procedures for the extraction, purification, and quantitation of thebaine have been
reported in recent year sJ ,5 ,6 ,8- 2 1.

Gas-liquid chromatography (G LC) has been used routinely to separate and
quantitate thebaine from P. bracteatum extractsJ ,8 - 1J . However, none of these GLC
procedures has established that the thebaine peak ob served during routine analysis
represent s only pure thebaine. It was determined in this investigation that thebaine
is decomposed into a mixture of products under the conditions routinely employed
in G LC analyses. Since it was not possible to determine whether the G LC thebaine
peak represented pure thebaine, or a mixture of phytoconstituents and/or their



66 F.-F . WU, R. H. DOBBERSTEIN

decomposition products, a high-pressure liquid chromatographic (HPLC) procedure
employing milder cond itions was needed.

A number of HPLC separations of thebaine and other opium alka loids have
been previously reportcd '">". However, the se meth ods requ ire pre-treatment of the
extract to remove polar impurities (e.g., ion-exchange chromatog raphy), gradient
elution equipment, and /or the y do not produce ba se-line separation of thebaine from
other constituents. A rapid , single column separat ion which overcomes the disad
vantages of previous method s is described in thi s co mmunicatio n.

EX PERI MENTAL

Apparatus
A Perkin-Elmer Model 881 gas chro matog ra ph equipped with a hydrogen

flame ionization detector and a Sargent SR recorder were used for the G LC studies.
A 6 ft. X 1/4 in. 0 .0. spira l glass chro matographic column was packed with 2.5 %
OV-17 on 100-120 mesh Gas-Chrom Q (Applied Science Lab s., State Co llege, Pa. ,
U.S.A .).

Liqui d chromatograp hic separations were conducted using a Waters Assoc.
(Milford, Mass., U .S.A .) Model 6000 liquid chromatograph equ ipped with a Beck
man 25 variab le-wavelength UV spectrop hotom eter and recorder. The separations
were carried out using a Water s Assoc. 30 X 4 mm 1.0. flBondapak C I8 column.

For thin-layer chromatographic (TL C) anal yses, aluminum-backed, precoated
silica gel GFZ54 plates (20 X 20 em, 0.25 mm thick) or aluminum oxide FZ54, type T
(20 x 20 em, 0.25 mm thick), both obta ined from E. Merck (Dar mstad t, G .F.R .)
were used.

Reagents
All chemicals and solvents used in thi s investigati on were reagent grade.

Solvents for HPLC were redistilled in glass.
Stand ard thebaine (G LC pure) was obta ined from S. B. Penick (Orange, N.J.,

U.S.A.).
Morphine and codeine were gener ated from morphine sulfate and codeine

phosphate , respectively (Mallinckrodt, St. Louis, Mo., U .S.A.) .
Isothebaine and orie nta lidine were provided by Professor E. Brochmann

Hanssen, University of California, San Francisco, Ca lif., U.S.A.

Papaver bracteatum alka loid extracts
Dried, powdered (40 mesh) P. bracteatum straw (ab oveground pa rts, exclud ing

capsules; 1.0 g) was transferred to a 125-ml Erlenmeyer flask and 5%aqu eous acetic
acid (50 ml) was added . The flask was shaken for one hour by mean s of a rotary
shaker, the mixture was filtered th rough a Btichner funn el, and the marc was washed
with 5% aqueous ace tic acid (10 mI). Following alka linization of the fi ltra te with
concentrated ammonium hydroxide (6 ml), the filtrate was extracte d three times with
chloroform (50 ml per extract ion). The combined chloroform extracts were dried over
anhydrous sodi um sulfate, filtered, a nd the sodium sulfate was washed with chloro
form (10- 15 mI). The co mbined extracts were eva porated to dr yness in l'acuo, yielding
a residue which was dissolved in a n ap pro pria te solvent a nd ap plied to a chromato
graphic column.
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Gas-liquid chromatography
The G LC operating cond itions employed were: injector temperature, 285°;

detector tem perature, 2850
; oven temperature, 270°; flow-rat e of car rier gas (helium),

48 mllmi n ; hydrogen pressu re, 17.5 p.s. i.g. ; air pressure, 50 p. s.i.g. In order to det er
mine whether the thebaine peak represented pure thebaine, a strea m splitte r was
installed at the elution end of the G LC column. Five repeated injections (10 It!) of
P. bracteatum tot al a lkaloid extract, containing approximately 61lg thebaine per
p I ethano l, were mad e, and the compounds repre sented by the two resulting peak s
were collected separately.

The two result ing fractions were appli ed to a silica gel TLC plate and developed
with toluen e- acetone-ethanol-cone. ammonium hydr oxide (20 :20: 3 : I)22. Chro
matogram s were examined under both short- and long-wavelength U V light after
development and then sprayed with 70 %sulfur ic ac id in meth an ol. Compounds were
detected by charr ing at I 10° for 10 min . Two auxiliary TL C systems were also used
viz. , silica gel with benzene- acetone-methanol (7 :2 : 1)23 ; and aluminum oxide with
benzene- eth an ol (9: I)24.

High-pressure liquid chromatography
Th e operating conditio ns for H PLC were : ambient temperature ; flow-rate of

eluting solvent, meth an ol- wat er cont a ining 0.3% ammonium carbo nate (4: I), I mIl
min ; wavelength of UV detector, 285 nm ; recorder cha rt speed, 0.5 in.jrnin. Standard
solutions of thebaine, isothebaine , orient al idine , cod eine, and morphine were injected
onto the HPLC column and their retention tim es det erm ined.

Two Beer's law sta nda rd curves were obtained by inject ing different concen
trations of stan dard thebaine onto the co lumn in quadruplicate. The thebaine con
centrations employed were 0.01,0.02, 0.05,0.075, and 0. 10 pgllt l at 0.25 abso rba nce
un its full scale (a.u.f.s.) on the UV reco rde r, and 0.10, 0.20, 0.30, 0.40, 0.50, and
0.60 /lglpl at 0.5 a.u.f.s. (20 It! per inject ion) . Peak areas were mea sured using the
triangulation meth od.

For ro utine an alyses of P. bracteatum alkaloids, th e residue obta ined fro m
the chlorofor m extracts was dissolved in an accurately measured volume of chro 
matographi c solvent and 20 p i of the resulting solution were injected in triplicate onto
the HPLC column. To prevent damage to the co lumn, it was routinely washed with
redist illed water at the end of eac h day, until the pH of the effl uent was 7. The column
was then washed with methanol and sto red.

In order to det ermin e whether the thebain e peak represented pu re thebaine,
multiple injections of P. bracteatum alkal oid extract were mad e. The thebaine frac
tions were collected and com bined, and a mass spectru m and UV spectru m were
obtai ned. The isolated thebain e was also anal yzed by TLC in all three chromato
gra phic systems.

RESULTS AN D D ISC USS IO N

Thebaine was apparently decomposed by the high temperature used during
GLC, since no spot corresponding to thebain e co uld be observed on TLC chromato 
grams. The two collected G LC fracti ons were qualitat ively similar, containing at
least four compo unds , but were quantitati vely different. It was also observed that
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the ratio of one compound to another in each fraction was a funct ion of the GLC
column temperature employed . If an oven temperatu re of 225° was used, only a single
peak was observed on the recorder, and intact thebaine co uld be recovered. However,
at thi s lower temperature, tailing of the thebaine peak was so severe as to preclude
accurate qu antitation. Decomposition of thebaine during G LC ana lysis was also
noted by an other research gro up".

Since thebaine is decomposed under the conditions routinely used in G LC
analyses, it is impossible to determine whether the thebaine peak repre sents pure
thebaine. Studies investigat ing the potent ial effects of chemicals on thebaine metab
olism, therefore, could not be conducted using these GLC assay techniques. If, for
example, a chemica l being tested affected the metabolism of a plant con stituent having
the same retention time as the thebaine decomposition products, the effect of the
chemical on thebaine met ab olism would be ob scured, since thi s ph yto constituent
would be quantitated as thebaine. An H PLC procedure was developed to obviate th is
problem.

Under the cond itions used for HPLC in thi s study, isothebaine, or ientalidine,
morphine, and codeine were a ll well separa ted from thebaine, giving the following
retention times : isothebaine, 6.0 min ; orienta lid ine, 6.0 min ; morph ine, 7.1 min ;
cod eine , 7.9 min ; and thebaine, 10.2 min. In addition , thebaine was well sepa rated
from all other compounds present in the total alk aloid extract of P. bracteatum . A
typical chrom atogram of thi s extract is shown in Fig. I . Thebaine qu antitation was
a lso read ily ach ieved by HPLC, since the det ector respon se was linear for all con
centra tions employed. For the sta ndard curve at 0.25 a.u.f.s. on the UV recorder,
the slope was 3.02, the y-axi s (peak area) intercept was + 0.07, and the rel iability was
0.999. At 0.5 a.u.f.s., the slope was 1.54, the y-axis intercept was - 0.02, and the

A

12 10 8 6 4

T IM E ( Mi n)

2 o

Fig. I. Liqu id chromatogram of Papaver brocteatum straw extract. Ope ratin g co nditions : column,
ltBondapak CIS: mobile phase, meth anol -water containing 0.3 % ammonium carbonate (4:1);
ambient temp erature ; flow-rate , 1.0 ml/min ; detecto r, UV spectrophotometer (285 nm ). Peak A =

theb aine.



HPLC OF THEBAINE IN PAPAVER BRACTEATUM 69

reliability was 0.999. The minimum and maximum amounts of thebaine which could
he accurately quantitated were 0.05 ftg (0.25 a.u .f.s.) and 12 ftg (0.5 a.u .f.s.), respec
tively.

The mass spectrum and UV spectrum of thebaine, separated from a P. brae
teatum total alkaloid extract by this HPLC column, were virtually superimposable
with those of standard thebaine. In addition, TLC analyses showed a single spot in
three different systems; the RF corresponded in each case to that of standard thebaine.
The R F of thebaine in the primary TLC system was 0.49, in the auxiliary silica gel
system it was 0.22, and in the aluminum oxide system it was 0.45. Further, thebaine
isolated from roots and straw of plants ranging in age from 6 months to 2 years, as
well as from immature or mature capsules, was found in each case to be pure by
TLC in all three system s. Consequently, this H PLC technique can be applied to P.
bracteatum alkaloid extracts regardless of plant age or plant part, even though these
extracts contain different phytoconstituents.

The overall recovery of thebaine from the extraction and HPLC procedures
was determined by adding 5.0 mg of reference thebaine to the exhausted marc of
P. bracteatum straw (1.0 g). Re-extraction and analysis by H PLC yielded 4.63 mg
thebaine, giving an overall recovery of 93 %. Twelve replicate injections of al
kaloid extract from P. bracteatum straw were also made to determine the precision
of the HPLC quantitation (Table I). These data show that the reproducibility of the
quantitative procedure is 98.1 %within 99.7 %confidence limits. Using thi s technique,
thebaine concentrations as low as 0.0003 % can be accurately quantitated if a 1.0 g
plant sample (dry weight) is used for analysis.

TABLE I

REPLICATE ANALYSES OF PAPAVER BRACTEATUM TOTAL ALKALOID EXTRACT

Injection number Peak area ( C1Il 2) Thebain e weight (fIg )

I
2
3
4
5
6
7
8
9

10
11
12

12.65
11.73
12.19
12.05
11.94
12.33
12.04
12.22
12.09
12.32
12.18
12.56

Average /2 .19 ± 0.08*

* Standard error of the mean .

8.21
7.61
7.91
7.82
7.75
8.00
7.81
7.93
7.85
8.00
7.91
8.15
7.91 ± 0.05*

The only problem regarding reproducibility of this technique involves column
stability. Although ftBondapak CIS consists of a monomolecular layer of octadecyl
trichlorosilane, chemically bonded to silica via a hydrolytically stable ether linkage,
repeated use of the column appeared to give rise to a small number of active sites on
the silica. It was therefore necessary to saturate these active sites by making a daily
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injection of 20 fig theba ine sta nda rd. In additio n, inject ion s of 5 fig thebaine standa rd
were mad e until successive injecti on s gave thebain e peak areas within 2 % of each
other or better ; usuall y, two injections of thebaine were sufficient.
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SENSITIVE THIN-LAYER CHROMATOGRAPHJ C METHOD FOR URJNE
SCREENING OF BARBITURATES*

J. A. VINSON", J. E. HOOYM AN , H. KOHARCH ECK and M. M. HOLMES

Research and Development Department , J . T. Baker Chemical Com pany , Phillipsburg, N .J. 08865
( U.S.A.)

(F irst received Febru ary 14th, 1977; revised manus cript received April 25th , 1977)

SUMM AR Y

A simple and sensit ive thin-layer chromatographic (TLC) method is de scribed
for the detection of barbiturates and other sedatives at therap eutic levels in the urine.
The meth od con sists of an extraction followed by TLC on a single plate in a solvent
system which separates the barb iturates from mo st of the other drugs. The upper
portion of the plate is sprayed with a new visualizat io n reagent, N ,2,6-trichloro-p
ben zoquinone imine, foll owed by heating. Th e barbitu rates appear as blue spo ts. This
procedure is capable of detecting barbiturates at levels of 0.1 mgjdl in urine.

INTROD UCTION

The devel opment o f poly-drug abuse in recent yea rs has put an unu sual burden
on laboratori es for the accurate identification of drugs in urin e. Barbiturates remain
one of the commonly ab used drugs. The analysis of barbiturates requires procedures
suitable for ma ss screening with rapidl y available results . The method mu st be sens i
tive, give a min imum number of false posit ives and be low in cos t .

Ultraviolet spect ro photo metry (UV) at pH 10 and 13 is specific and useful as a
screening tool for ba rbiturates and for qu antitatiori' but is not sufficient ly sensit ive
for detection of therapeutic levels. The UV method takes between 30 min and 1 hand
is, therefore , not feasible for ma ss screening.

Colorimetric procedures can be performed in less than 10 min but are not very
specific. The sensitivity of these method s is between 0.5 and I mgjdF,3 which is suitab le
for the detection of therapeutic levels of long-acting barbiturates in urine but is not
sufficiently sens it ive for the short-act ing drugs. No information is possibl e on the
identity of the barb iturate which is of importance in a hospital setting.

Gas chromat ography (G C) is an extremely sensit ive inst ru mental method for
the analysis o f drugs. Thi s techn ique is not generally used for init ial screening becau se

• Paper VI in the Series " Studies in Lab oratory-Use Reagent s." Presented at the Ninth Inter
national Congress on Clinica l Chemistry, Toront o, Ca nada, July 1975.

.. To whom cor respondence should be addressed . Present address : Department of Chemistry,
University of Scranton , Scranton , Pa. 18510, U.S.A.
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of the expen se and tim e involv ed . Rather, GC is ut ilized as a sensitive confirmatory
tool , after prelim inary ident ification by another technique, and for qu antitati on ' .

Th e newest development for the identifi cati on of barbiturates is immunoassay.
Th is technique has recentl y been reviewed5

, " . Cr it ical comparisons were made of vari
ous immunoassays and thin-layer chromatography (TLC). Sensiti vit ies of the Enzyme
Multiplied Immunoassay Technique (EMIT) were I ,ug/ml in ur ine and for rad io
immunoassay 0.5 ,ugfmF which is acceptable. One pro blem with thi s meth od is the
occurrence of false positives. EM IT gave 5% false positi ves for barbiturates as com
pared to TLC. Also, EM IT gave false negati ves for glutethimide at therapeuti c levels.
Immunoa ssays are suita ble for mass screening and they are used by the Air Force for
th is purpose. However, the cost per sample is moderate to high and thus may be prohib
it ive for commercial laborat ories and hosp itals. Due to non- specificity, result s ob
ta ined by immunoa ssay sho uld be co nfirmed by a non-immunological procedure.

TLC ha s been found to be the cho ice as the primary screening meth od for bar
biturate s". It is a simple techn ique and considerably less expen sive than immunoassay
or GC8

• One of the main drawbacks is the lack of sensit ivity of the visual ization rea
gent. Mercury-based sprays are the most commo nly used visualizers for barbiturates.
Single reagents such as mercuric sulfate or silver acetate produce white or gray spots
which are difficult to see on a white TLC sheet. Spraying with mercuri c salts follo wed
by sprayi ng with diphenylcarbazone produces pink or violet spots on a light back
ground. This procedure gives better co ntrast with a sensit ivity of 0.5 fJ,g. However , at
this low level the spots are fa irly unstable and may disappear within minutes. In addi
tion , mercury is expensive, present s a dispo sal problem, and is a health hazard due to
its facility of entering the lungs in the aeroso l form du ring spray ing. The ac id ic nature
of these visualizat ion reagents also renders them ha zardou s and toxic. An other visual
ization method which is non -hazardou s uses UV-quenching and a llows barbitu rate s
to be seen at microgram levels on TLC plates". Thi s meth od is not sensitive enough
and not specific since man y other drugs will produce spots du e to UV-quench ing.

We wish to report a new barbiturate visua lization reagent , N ,2,6-trichloro-p
benzo quinone imine (TCBJ) for the detect ion of barbitu rate s in urine. TCBI has
prev iou sly been used in combination with two other reagents as a three-spray system
for the detection of barbiturates", A preliminary report utilized a single spray con
ta ining TCBl l l that gives blue co lors with ba rbitura tes and provid es greater sensitivity
than previously used visualiza t ion reagent s.

M ATERI ALS AND M ETHODS

Human urines were obtained from the Center for D isease Co ntrol as unknowns
in their profi ciency testin g program. Urines with known drugs and barbiturates were
obtained from Warren Hospital , Phillipsburg, N.J. , U.S.A. Blank urines containing
no barb itu rates were obtained from laborat ory per sonnel.

Reagents
" Baker Ana lyzed" solvents and reage nts were used from J . T. Baker (Phillips

bu rg, N.J ., U.S.A. ). Silica gel sheets (Bak er flex" IB2), 200 11m, 20 x 20 em (J. T.
Ba ker) were used witho ut activatio n. As screening so lvent ethyl aceta te- methanol
ammonia (100 :18:1.5) was used .
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The visualization reagent was prepared as follows. Dissolve 0.1 g of N,2 ,6-tri
chloro-p-benzoquinone imine in a mixture of 90 ml chloroform and 10 ml dimethyl
sulfoxide. The dimethyl sulfoxide was previously saturated with sodium bicarbonate
which was allowed to settle before decantation. This visualization reagent should be
sto red in a brown bottle in the refrigerator when not in use. The solution is stable for
several months . Basic vapors such as ammonia and amines can darken the yellow
colored solution which then should be discarded .

Procedures
Extraction. A single pH (9.5) liquid-liquid extraction procedure was used for

the analysis!'. Urine (10 ml) was taken through the extraction procedure and the
evaporated extract reconstituted in 25 III of methanol.

TLC method. Spot a half of the concentrated extract and a single barbiturate
standard 1.5 cm from the bottom of the plate. Dry the spots at room temperature
using a stream of air and develop 10cm from the origin in an unsaturated tank (8~ x 4
x 9 in.; Kontes, Vineland, N.J., U.S.A.) using the screening solvent. Dry the plate in
a 110" oven for a few minutes to remove solvents and ammonia. Cover the plate below
R F 0.8 and spray the exposed portion of the plate with TCBI until just wet. Heat the
plate in a 110° oven for a few minutes until the standard barbiturate is seen as a blue
spot on a white background. If ammonia is not completely evaporated from the plate
a light green background result s which decreases sensitivity. A blue spot at, or slightly
below, the R F value of the standard indicates the presence of a barbiturate. A gray
green spot indicates glutethimide.

RESULTS AND DIS CUSSION

The R F values with the screening solvent for some common barbiturates and
sedatives and approximate sensitivities with TCBI are shown in Table 1. The barbitu
rates appear at R F values above 0.90 and all give blue colors with TCBI except glu
tethimide which is gray-green. The sensitivity of the blue color is about 0.1 /lg for all
barbiturates except glutethimide. TCBI has greater sensitivity than the other barbitu
rate visualization agents. At extremely low levels approaching the detection limit the
spots are best seen by looking from the rear of the plastic-backed TLC sheet with
transmitted light. The blue spots are stable indefinitely although the background does
change from white to a light tan color upon standing a few days in the laboratory.

Other sedatives including carbromal, mebutamate, ethchlorvynol and cari spro
dal are not visualized with TCBI. These drugs can be seen as white or gray spots above
R F 0.9 by dipping the plate, after spraying with TCBI, into a saturated aqueous solu
tion of mercurous nitrate.

Forty-five drugs were tested for interferences in the method. Those drugs with
R F values greater than 0.8 in the screening solvent are listed in Table 11. TCBI gives
colors with a wide variety of drugs!' but the blue color is indicative of barbiturates.
Only one of the possible interferences, oxazepam, gives a blue color. This drug can be
eliminated as a pos sibility by heating the developed plate for 5 min at 110°. Oxazepam,
if present, turns a brown color, barbiturates remain blue. Individual barbiturates are
best identified by using a GC method with the remaining portion of the extract.

Visualization of the other classes of drugs may be accomplished by spraying the
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TABLE I

s , VA LUES AN D SE NS ITIV ITIES WITH TCBI FOR BARBITUTAR ES A N D SEDAT IVES

Co lor visualizat ion sensit ivity is the minimum amo unt necessar y to see co lor . Spot visualisati on sen
sitivi ty is the minimum am ount needed in orde r to just discern a spot. Th e co lor of the spot cannot
be determined at thi s lower level.

Drug Rr Color Sensiti vity (11g)

Color visualization Spot visualization

Meth ypr ylon 0.86 Blue 1.0 0.5
Pentobarb ital 0.91 Blue 0. 1 < 0.05
Diphenylhydantoin 0.9 1 Blue 0.1 .' 0.05
All obarbital 0.91 Blue 0.1 0.06
Phenobarbital 0.9L B'\Ie 0.1 0.0 1
Barb ital 0.92 Blue 0.1 0.04
A probarbital 0.92 Blue 0.1 .- 0.05
Hexital 0.93 Blue 0.1 0.05
Secobarbit al 0.93 Blue 0.1 0.Q3
Butabarbi tal 0.93 Blue 0.1 0.01
Butalbital 0.93 Blue 0.1 0.01
Mephob a rbital 0.94 Blue 0. 1 < 0.05
Methoh exital 0.95 Blue 0.\ < 0.05
Amo ba rbita l 0.95 Blue 0. 1 0.03
Glutethimide 0.98 G ray-green 0.5 0.2

lower portion of the plate, belo w R F 0.8, with the usual rea gents including iodoplat i
nate , sulfuric acid , ninhydrin and f1u orescam ine. In thi s way, narcoti cs, amphetam ines
and tranquilizers can be detected on the same plate as barbiturates. The R f ' values of
the se other cla sses of d rugs have been published previou sly!' ,

Various extraction techniques were used to establi sh the applicability of the
TLC meth od for urin e analysis. These included a single pH (9.5) liquid-liquid extr ac
tion procedure.", activated charcoal!' and XAD-2 non-ion ic resin 's. A ll pro ved
su ita ble with respect to naturally occurr ing interferences, i.e., the y ha ve clean extr acts
in the ba rbitu rate reg ion of the plate.

A urine samp le extract taken aft er inge stion of a therapeutic quantity of pheno
barbital is shown in Fig. I. In th is case, only one-fift h of the co ncent ra ted extract fro m
liqu id- liquid extraction was used . The blue spots of the par ent drug and metabol ite
are clearl y visible o n th e TLC plate whic h was sprayed with TCBI ove r its ent ire area.
Urine sam ples, a fter ingest ion of ot her drugs including code ine, pentazoc ine, buta-

TABL E II

s , VA LUES O F POSSIB LE DR UG INT ERFERENC ES AN D T HE IR COLO RS WIT H TCBI

Drug Rr Color with TCBI-- - _....
Dicyclomine 0.77 Green
An ileridine 0.79 Brown-green
Oxazepam 0.8 1 Blue
Ibogaine 0.90 Bro wn-green
Benzocain e 0.92 O ra nge-b row n
Meth ap yrilene 0.93 Bro wn-green
Lidoca ine 0.98 Green



TLC FO R URIN E SC REEN ING OF BARBI T UR AT ES 75

So Lve n t; r' r o n t;

p honoba r-b i t ell
L l u o

me t .ab o L i t c
b l ue

li r o wn

br o wn

c::J 0

0

0

,

ph eno ba r b i t.a 1 s ta nd a r d
( J l ll P

ir .i.q.in

Fig. I. TLC of urine sample extract take n 11 h after ingest ion of 30 mg of phenoba rbital.

zo lidi ne, phenylbutazo ne and meperidine, ga ve no fal se posi tive re sul ts by this method .
Ten proficiency ur ines which co uld co nta in ba rbi turates at levels of I flgfm l and
above were tested usin g the liquid-l iqu id extraction and TLC. Fi ve ur ines conta ined
ba rbitura tes and a ll were ident ified as posit ives by th e method. N o fal se posiv ites were
fo und in the five urines contai ning no barbitura tes bu t which were known to co ntai n
cocaine, a mpheta mi nes, methad on e a nd mo rph ine .

Th e detect ion of th erapeutic levels o f barbiturat es by TLC is, o f co u rse, de pen 
dent on th e extrac tio n efficiency, fract ion of the ext ra ct spo tted, a nd th e visualiz ation
reage nt used. G rea t stride s have been mad e in improvin g th e extraction efficiency and
clea nliness of th e extract by the use of XA 0 -2 resin or ch arcoal. The practi cal limit
of detect ion with XA 0-2 a nd TLC in mass screening labs is about 2 flgfmP6, a ltho ugh
lower limits have been rep o rted 17 . Thus, sho rt a nd intermed iat e acting barbitu rates
may be difficult to detect in urine by previou s method s as the ir levels in ur ine may be
con side ra bly less th an 2 flgf ml.

Grove and Toseland!" found 0.2 flgfml o f unchanged amobarbital, an inter
medi at e ac t ing drug, in urine by G C . The sa mple of urine was ta ken 3 days afte r
ingest ion of 200 mg of sodi um a mo barb ita l. Only G C and ra dioi mmunoassay have
been sensi t ive eno ug h to de tec t thi s low level. As see n in T abl e lJ I , with T CBI , very
low levels of barb itura tes ca n be detected in urin e usin g a re latively ine fficient liquid
liqu id extr act ion techniqu e a nd T CBI. T reatment o f the plate with T CBI or mercu rous
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TABLE III

SENSIT IVIT Y O F EXTRACTION A N D TL C USING TCBI FOR TH E DETECTION O F
BARBIT UR AT ES IN UR INE

Sensiti vity was based o n spi king 10 ml of urine with the drug and spo tt ing o ne-ha lf of th e recon 
stituted ext ract ; the con centrat ion of drug was decreased unt il a da rk spot was just visible on the
TL C plat e. The sensitivit ies of glut ethim ide and d iphenylhydantoin were found by spraying with
TCBI , heatin g the plate and dipp ing upper po rtion of the TL C sheet in a saturat ed mercurous nitrate
so lut io n. Th e resul t ing spots are gray.

Drug

Phenoba rb ital
Secobarbital
Gluteth imide
Di phenylhydanto in

Urine concentration (mg/dO

0.1
0.06
0.2
0.04

nit rate a lone does not give as Iowa sensit ivity for glutethimide and diphenylhydantoin
as the combination of the two . Glutethimide and diphenylhydantoin are excreted in
urine in only minute am ounts'? as the unchanged drug. Thus, the whole plate sho uld
be sprayed with TCBI and dipped in mercu rou s nitrate in orde r to see the polar
metabolities which appear at R p va lues lower than th e unchanged drug.

In summa ry, the TCBI visualiza tion reagent co mbined with any suita ble extrac
tion procedure has been found to be a simple, select ive and extremely sensitive method
for the screening of th erapeutic levels of br abiturates in urin e. .
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A DSO R PT IO N OF TRIVALENT IRON IN THE IONI C AND COLLOIDAL
STAT ES O N SILI CA GEL IMPREGNATED W IT H MANGANESE DIOXIDE

NAT ALIJA M. C VJ ET IC AN IN and DAN E N. C VJ ET ICA N IN

Boris Kidric Instltute of Nuclear Sciences, P.O. Box 522, 11001 Beograd ( Yugoslavia)

( Firs t received January 14th , 1977 ; revised manu script received Ap ril 7th , 1977)

SU M MA R Y

Th e so rpt ion of trivalent iron in the ionic and collo idal states on silica gel im
pre gna ted with man gan ese dioxid e from aq ueo us so lution has been studied by batch
equilibrations. Ad sorption isotherms, for th e given range of sorbent loading, can be
expr essed by the Lan gmu ir adso rpt ion equ ati on .

Th e behavi our of FeH and co llo ida l Fe(1II) on the so rbent co lumn has a lso
been invest igated. Condit ion s fo r the sorption of Fe3 + from nitric aci d an d co llo idal
Fe(lIl) from aqueou s so lut ion at different pH va lues a re given.

INTROD UCTION

Th e ad sorpt ion of different ions on hyd rated man ganese d ioxide ha s been
stud ied by many workers' :" . A ser ies of sepa ra t ions on a column of manganese di
oxide have been performed successfully, such as th e follow ing : the separation of Ba and
Ra (ref. 6) ; UO i + and PuO i + from Zr, Nb , Ru a nd Cs, whic h rema ined on the column
after eluting uran ium and plutonium"; 51Cr adsorption and 60Co_59 Fe sepa rat ion";
the sepa ration of Tc from M 0 for o bta ining 99 mT c of high pu rity"; and the elim inat ion
of Ra from liquid wastes in the uranium industry", Mangan ese d iox ide in a mixture
with hydrated Fez0 3 is a very suita ble scave nger for various rad ionuclides from aq ue
ous solut ions? a nd for 60Co, 65 Z n and I06 Ru from sea water!",

Owi ng to its good adso rpt ion properties, hydrated man ganese dioxide co uld
be suitabl e for larger sca le ads orption , especially for the removal of var ious radio
nuclides from aqueou s solut ions. Ho wever , owing to difficulties in th e preparation of
man gan ese di oxid e with a definite gra in size and low stability o f gra ins, i.e., formation
of sma ller MrrO, particles du rin g lon g eq uilibra t ion tim es in batch experiments, it is
less suita ble for studying the ad sorption of ion s from aq ueous solution s.

For thi s reason , man ganese dioxide was prepared by precipitation on gra nular
silica gel used as a ca rrier. The so rbent thus prepared has been used in invest igations
of the adsorpt ion o f tr ivalent iron in th e ioni c and co lloidal sta tes from aqueo us solu
tions.
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Preparation of the sorbent
Silica gel" forc olumnchromatogra phy" ,0.2- 0.5 mm(Merck, Darmstadt, G .F.R.)

was used as a support. The silica gel was separated from powde r by several decanta
tions with water, treated with I : I hydrochloric acid, washed with dist illed water
and dried for 4 h at 110°. Impregnation was performed by pouring 150 ml of
0.23 M mangan ese sulphate solut ion over 100 g of dr ied silica gel in a beaker. The
silica gel thus prepared was then dried at 60°. The sorbent, manganese dioxide on
granular silica gel, was prepared by gradual addit ion of the above silica gel to 1200 ml
of a solut ion of 0.019 M pot ass ium perm an ganate in I !vi nitric acid with constant
st irring. The sorbent was sepa rated from supernatant liquid and from manganese
dio xide powder by repea ted decantati on, and was then washed with 500 ml of 3 M
nitric ac id and with water until it was free from acid. After drying at 110° for about 3 h,
the sorbent was treated with boilin g 3 M nitric ac id for 5 min , was hed with d istilled
water and again dri ed at 110° for 3 h. The amo unt of mang anese dio xide on the silica
gel was 29.05 mg per gram of the sorbent or 29.97 mg per gram of silica .

The procedure described above for the preparation of mang anese d ioxide on
granular silica gel as a carrier has been used earl ier? for the preparation of mangan ese
dioxide ident ified as y-M nOz.

Preparation of the solutions
Experiments with Fe3+ were carried out in nitric acid solut ion with practically

carrier-free 59Fe and with different concent rat ions of iron(lIl ) n itrate labelled with
59Fe . The or iginal solution of 59Fe in the chloride form (Radiochemi cal Centre,
Ame rsham, Great Brit ain ) was converted into the nitrate form by treatin g with 1 M
nit ric acid and by repeated evap orati on under an infrared lamp.

Solutions of colloida l Fe(JII) , i.e., iron( Ill) oxide sols, were prepared by hydrol
ysis of iron(llJ) acetate by boiling. Fe3+ (20 ml of 0.38 M Fe3+ ) was precipit ated as
the hydroxide with ammonia solution from 0.5 M nitric acid soluti on. The iron(lll )
hydroxide was washed with water (to pH ca. 6) and d issolved in glacia l acetic acid
(10 mole of acid per mole of iron) . Complete dissolution was achieved after 20 h. The
solution was then diluted to abo ut 600 ml (Fe < I mgjml) with distilled water and
boiled for 1-2 h. Coll oid formation was indicated by a chan ge in the colour of solu
tions from reddish to reddish brown. The colloida l solution was then evap ora ted on a
water-bath alm ost to dr yness, and the residue was dissolved in abo ut 10 ml of dist illed
water. Aft er several days, the colloidal solution of Fe(1 II) was centrifuged at 4200 g
for 2 h. An inten sely coloured solution was then separated from the isolated gel and
stored in a hermetically sealed glass vessel. This colloidal solution of iron is clear in
tran smitted light and turbid in reflected light (show ing the Tyndall effect). The fina l
Fe(ll I) collo idal solut ion did not contain ioni c iron and was sta ble for several months.

Solutions of colloidal Fe(lIl) used in bat ch and column experiment s were pre
pa red under the same condit ions sta rt ing from Fe3 + solutio ns (0.5 ml of 0.38 M Fe)
labelled with 59Fe.

Pa rt of the colloida l so lution was lyophil ized. The solids , which were stored in
a vacuum desiccator over phosphoru s pentoxide, were analyzed togeth er with the
colloi dal solutions for iron and acetate content.
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Batch equilibration experiments
Each time 100 mg of the sorbent was weighed int o 6-ml glass test-tubes with

sto ppers and 2 ml of Fe solut ion in the ionic or colloida l sta te were added. The mix
ture was sha ken for 24 h in a thermostat at a given temperature, then centrifuged and
samples of 50- 500 ,tt1 were taken for measurem ent. The liquid phase of sample
equilibrated at 50° and 70° was transferred into other test-tubes and then centri
fuged .

To avoid so rpt ion on glass, all laboratory glassware used for storing and han
dl ing the labelled iron solutions was rinsed with a 5 %solut ion of dichlorodimethyl
silane (BOH , Poole, Great Britain) in ca rbon tetrachloride, then dried and heated at
250 0 for 2.5 h to form a water-repellent silicone layer.

Column experiments
The column used was 0.42 ern in diameter with a bed height of IS cm, and was

thermostated by mean s of a water-jacket. A given amount of iron in the ionic or
co!loidal sta te was transferred to the top of the column, pre-treated with the solut ion
from which sorpt ion was being investigated . Fe3+ was eluted at 25° and 60° using
nitric ac id of an appropriate concentrat ion. Coll oidal iron was eluted at 25° using
water, dilut e nitric acid and sod ium nit rate solution of desired pH.

Analytical methods
After dissoluti on and separation from silica , the content of man gane se in the

sorbent was determ ined by EOTA titrat ion using pyrocatech ol violet as indicator!' .
The density of the colloid was calculated from the weights of samples of colloida l
solutio n and colloid-free solvent in a IO-ml pycnometer. Aft er separation from iro n,
by precipitati on and filtrat ion of iron(l JI) hydr oxide, aceta te ion was determined by
pH titrat ion ' ?and the iron content was determined by EOTA tit rati on' :'. The colloida l
iron was converted into the ionic sta te by treating th e solut ion with concentrated
hydrochloric acid. Th e lyophilized mater ial was dissolved in concentrated hydro
chloric acid. The charge sign of the colloida l tri valent iron was determined by electro
phoretic measurements in the usual manner. The particle size of the colloid were
dete rmined by elect ron microscopy (JE O L JEM-7) . The struc ture of the samples of
the colloid was identified by X-ray diffraction (Simens-Kristalloflex 4 X-ray diffract om
eter with a Geiger-M uller counter and a recorder).

The activity of the 59Fe was measured on a Nuclear Chi cago Geiger-Muller
counter with a thin window (ca. 2 mg/cm"). The activity of the experimental solutions
varied from about 104 to 105 counts·min-l ·ml - 1

•

RESU LTS AND DISCUSSIO N

From the dependence of the distri bution coeffic ients (Kd ) of Fe3+ (2.7 . 10- 7 M )
on the nitri c ac id concentrat ion (Fig. I) it can be concluded that the sorption of Fe3+
depend s strongly on the acidity of the aqueou s solut ion, as would be expected for a
real ion-exchange process. The Kd values are independent of the Fe3+ concentration
(Henry's law) below 7.10 - 6 M .

The adsor ptio n isoth erm s for Fe3+ (Fig. 2) were also determined. Th e results
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HNO,l.
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obta ined, in the ra nge 30-100 % saturat ion, can be expressed by the Langmuir equ a
tion:

Kc
q = Q.

I -I- Kc
( I)

where q (mmo lejg) is th e a mo unt of the element adso rbed per gra m of the adso rbent, Q
is the same quan tit y at saturat ion, c (mmo lejml) is th e equ ilibrium concentrat ion of
the element in th e so lut ion a nd K is the equil ib rium co nsta nt.

Th e equilibrium co nsta nt (K) is obtai ned from the slo pe of the curve qj(Q - q)
versus c (Fig. 3).

The K and Q values obta ined are g iven in Tabl e I. The equilibrium constant
and the adsorpti on ca pac ity increase with increasing equi libra t ion temperature. The
ca pacity for Na" is 18 pequiv-ig at pH ca. 6 a nd 25°.

It has been reported that isotherm s for th e ad sorption of EuJ+, TbJ+ and ScJ+
on U-Mn02 fit the Lan gmuir adso rpt ion equat ion", Large di fferences in the adsorption
capacit ies of the se ion s were expla ined by the assumpt ion th at th e number of adso rb
ing sites varies for th e di fferent ion s", From the result s for FeJ+ adso rptio n given in

TAB LE I

COEFFIC IENTS OF TH E LANG M UIR A DSORPTION EQUAT IO N FOR FcH ADSORBED
ON SiOI- M nO, FROM 0.2 M HNO..

Tell/perature ( OC) Q ( /Iel/llil'./g) K

25 39.7 3.0- \0"
50 57.1 3.5 - 10'
70 84.7 4.0 ' 10'
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this paper, it can be concluded that active sites on manganese dioxide, on a granular
silica gel carrier, differ in their properties.

As iron belongs to the group of metals (aluminium, tin, iron) which, depending'
on the manner of preparation, may form colloids or polymers during hydrolysis':', it
was necessary to characterize the iron solution that we obtained in this way.

The CH3COO- :Fe3+ molar ratios in colloidal solution and in solid material
obtained by lyophilization are identical (0.32) and the composition of the lyophilized
material is Fe0J.5CH3COOo.32. The specific gravity of the colloid (at 18_22°) varies
from 4.6 to 5.2. X-ray analysis of samples prepared as a solid film by evaporation or
by drying colloidal solutions at room temperature showed that our product is a-Fe203'
The structure of colloidal particles, as determined by X-ray analysis, should therefore
be taken as strictly referring to gels. However, from the data given for the specific
gravity of the colloid in solution and from the composition of the lyophilized product,
it can be concluded that evaporation was not followed by significant changes, so that
the product obtained is Fe203' However, the presence of some other species (amor
phous hydroxide or hydrated oxides) in small amounts is not excluded. Colloidal
particles are roughly spherical, 60--300 A in diameter, ca. 50 % of the particles being
120 A in diameter and ca. 84 % being 60--120 A in diameter. The average molecular
weight, calculated from the given data for particle size and specific gravity of Fe203
(5.3), is 3.3 ' 106

• It was reported" that the iron sol obtained by hydrolysis of Fe3+ with
hexamethylenetetramine at 100° is a hydrated oxide (structure rhombohedral , particle
size ca. 250 A).

The polymeric hydrolysis products of iron were isolated by gel filtration on a
Sephadex G_2516

-
18

• It is interesting that our colloidal solution of iron on a Sephadex
G-25 column behaves in a similar manner to the polymer. About 93 % of colloidal
Fe(III) was excluded by the gel.

Adsorption of the colloidal trivalent iron on the sorbent increases very slowly
on increasing the nitric acid concentration from 10- 4 to 10- 1 M (Fig. I). The depen
dence of the sorption of colloidal trivalent iron on pH is characterized by a sorption
maximum in the region of weakly acidic to neutral solutions. The sorption decreases
in weakly basic solutions and at pH 9.5 it is negligible (Fig. 4). A similar dependence
of the sorption of radionuclides (at extremely low concentrations, below 10- 6 M) on
pH was reported earlier".

The colloidal particles of trivalent iron are positively charged in weakly acidic
and negatively charged in weakly basic solutions, as has been determined by electro
phoretic measurements. The surface charge of inorganic sorbents (of the type of
hydrated oxides) also depends on the pH and concentration of the electrolytes'Y".
In alkaline solution, the sorbent surface acquires a negative charge or changes to more
negative values. Therefore, the results obtained support the assumption that the sorp
tion of colloidal particles proceeds via a physical mechanism.

The increase in sorption on increasing the inert electrolyte concentration (Table
II) can be explained by the electrolyte coagulation effect",

The adsorption isotherm for colloidal trivalent iron, determined in weakly
acidic solution at pH 2.90 (Fig. 5), fits the Langmuir adsorption equation in the range
50-100 %saturation. The adsorption capacity for colloidal trivalent iron is 5.8' 10- 3

mmole of Fe per gram of sorbent.
The results obtained in the column runs are given in Tables III and IV.
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Fig. 4. Depe nde nce o f the so rpti on of co llo ida l tr ivalent iron (3.5 · \0 - 5 g Fe/m l) o n pH . Sol ut ion
ion ic st rengt h II - - 0.01 (NO.1) .

Fro m the sorption and desorpt ion behaviour o f Fe3+ one ca n conclude that
Fe3+ is ad sorbed on the sorbent at very low ac idi ty at room temperatu re. At higher
temperatures, Fe3+ is qu antitatively sorbed at higher nit ric ac id co ncentrations . It is
di ffi cul t to desorb Fe3+ fro m the co lumn, espec ially when desorp tion follows adso rp
tion after a longer peri od ( > 24 h). Thi s behaviour indicate s that , in addition to the
ion-exchange process, so me other kind of retention may also occ ur. It was rep orted
that hydrolysed iron ion s sorbed on orga nic cat ion ic (wea kly acidic) exchangers from
dilute ac id solutions (pH > I) form complexes with functional (carboxylic) gro ups of
the exchanger! ' . Mod ificati on of FeOOH occurs in the exchanger phase as a result of
ageing, which cau ses a low solubility of the complex". From the sor ption-desor ption
behaviou r of FeJ+ in our sorbent we con sider that complexes of hydrol ysed iron ion s
with funct iona l OH groups of the sorbent are formed in a similar manner.

TABLE II

DEPEND ENCE O F TH E PER CENTAGE O F COLLO IDA L TRIVAL ENT IR ON SORPTION
ON NaNO., CONCENTRA T ION

Co lloida l Fe(ll J) : 11 .4· 10 - 6 g Fe/m l ; 0.01 M HN O, .
r

NaNO, (mole/l)
So rption ( %)

0.005
44.3

0.01
48. 3

O.O:!
54.5

0.04
61.1
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Fig. 5. Adso rpt ion isotherm for co lloida l tr ivalen t iro n at 25 0.2'". Liquid phase: 0.0 1 A1 NaNO."
pH 2.90.

The results obtained for the colloid on the column a re not in agreement with
those obtained by bat ch equil ibrati on . On the co lumn the co llo id was ad sorbed from
weakly basic so lut ions, which was not the case in bat ch experiments. No stat isfactory
explanation for thi s phenom en on has been given so far. However , the result s dem on
sta te goo d sorption prop erties of the sorbent for both the ion ic an d co llo ida l for ms of
iron.

TABLE III

A DSOR PTION O F FeJ+ ON SiOr MnOl CO LU M N

Co lumn, 15 cm x 0. 14cm1 ; elut ion flow-ra te, 1 ml/cm' · min.

Percent ot Fe3
; elut ed in fractionsFe3+

sorbed from
H N0 3 ( M)

0.0 1
0.10
0.10
0. 10

Tem perature
( OC)

25
25
60
60

0.01 M H N0 3

( 20 1111)
0.1 M H NO-,
( 20 1111)

53.7

0.5 M H NO-,
( 2(J 1111)

42.7
21.8

4 1.2

4 M H N0 3

( 20 1111)

32.0
15.9
99.8
48.7

. ~ not eluted.

TA BLE IV

A DSOR PTIO N OF CO LLOIDAL TRIVALENT IRON O N SiO , ·MnO, CO LU M N

Column, 15 cm x 0. 14 ern"; elution flow-rat e, I ml/cm ' · min; tem perat ure, 25'" .

Water dist . Na "
O.OIM Na NO-,
(p H 9.8) Na +
0.01 M H NO -, H +

Percent of colloidal Fe( III) eluted in F actions

0.01 M Na NO-, (W I M H N0 3 (J . I M H NO-, 4 M H NO-,
pH 9.8 ( 101111) ( !O 1111) (20 1111)

21.0

Colloidal
Fe( 1JI)

sorbed FOIII
solutions

Sorhelll
in the
form Water dist .

(2 0 1111)

77.3 1.5
76.0

9.1

• . - = not eluted.



TRIVALENT IRON ADSORPTION O N SILICA GEL

ACKNOWLEDG EM ENTS

85

Thanks are due to the Serbi an Research Funds for financial support. The
authors are grateful to Mrs. O. Nesi« for electron microscopy and to Mr. S. Maleic
for X-ray ana lysis of the samples.

RE FERENCES

1 C. B. Amphlett, Inorganic Ion Exchangers , Elsevier, Amsterdam, 1964, p, 86.
2 V. Vesely and V. Pekarek , Talanta, 19 (1972) 219.
3 V. V. Vol'khin and G. V. Leont'eva, IZI'. Akad. Nauk S S SR , Neorg . Mater. , 5 ( 1969) 1224.
4 C. Bigliocca, F. Girardi , J . Puly and E. Sabbioni , Anal. Chetn., 39 (1967) 1634.
5 F. G ira rdi, R. Piet ra and E. Sabbioni , J. Radioanal . Chelll. , 5 (1970) 141.
6 E. Ebler and W. Bende r, Ang ell'. Chetn ., 28 (1915) 25.
7 D. Cvjet icanin an d N. Cvjcticanin , J EN ER Rep., No. 54, Joint Esta blishment for Nuclear

Energy Resear ch , Kjeller , 1958.
8 A. P. Tyutrina, B. P. Zh agin and V. G . Bakhurov, At. Encrg., 18 (1965) 487.
9 A. J . Shuckrov, Diss. Abstr, B, 28 (1967) 1555.

10 T. Momma a nd K. Iwashima, Radioisotopes, 16 (1967) 68.
II F. J. Welcher, The Analytical Uses of EDTA, Van Nostrand , New York , 1958, p. 220.
12 C. L. Wilson and D. W. Wilson, Comprehensive Analytical Chemistry ; Vol. IB, Elsev ier, Amster -

dam , Lond on , 1960, pp. 726--730.
IJ F. T . Welcher, The Analytical Uses 0/ EDTA , Van Nostrand, New York, 1958, p. 225.
14 S. S. Voyut sk ii , Kurs Kolloidnoi Khimii, Izdatel'stvo Khimiya , Mosco w, 1964, p. 28.
15 C. J . Hardy, The Preparation and S tructure 01' So ls and Gels 0/ Me ta! Oxides and Hydroxides,

S ol-Gel S ymposium, Turin , ltalv; 2-3 October, 1967.
16 T. Spir o, S. Allerton , J . Renner, A. Terzis, R. Bils and P. Saltman , J . Allier. Chern. Soc., 88 (1966)

2721.
17 M. Sinib aldi , J . Chrotnatogr. , 76 (1973) 280.
18 N. Yoza , J . Chromatogr., 86 (1973) 325.
19 F . Kep ak , J . Radioanal. Chem., 20 ( 1974) 159.
20 B. N. Gh osh, S. N. Chakravarty and M. L. Kundu. J . Indian Chem. Soc., 28 (1951) 319.
21 B. N. Laskorin, I. A. Logvinenko, L. A . Fedorova and K . V. Ashurkova , zt. Prikl. Khim., 42

(1969) 1320.



Journal of Chromatography, 140 (1977) 86-92
© El sevier Scientific Publish ing Compan y, Amsterdam ~ Printed in Th e Netherlands

C H RO M. 10, 113

Note

Significance of the rubidium bromide thermionic °det ecto r eq uipped with a
gate electrode in the analysis of halogenated dithiocarbamate derivatives

FRANK K. MARTENS

Laboratory of Medical Biochemistry , Sin t-Nik laask liniek , Hout markt 33, 8500 Kortrijk ( Belgium)

MARK A. MA RT ENS

Research Laboratories, Continental Pharma, Machelen, Brussels ( Belgium )

T OLIN SOYLEMOZOGLU

Departm ent 0/ Toxicology, Faculty of Pharma cy, University orAnkara, Ankara ( Turkey)

a nd

AUBIN M. HEYNDRICKX

Department of Toxicology, Faculty 0/ Pharma cy, State University 0/ Ghent, Ghent ( Belgium}

(First received June 18th, 1976 ; revised manuscript recei ved March 29th , 1977)

During the last 10 yea rs, the de velopment of new and more reliable thermionic
detectors ha s increased rapidly, and thi s topic has been reviewed by Kre cjci and Dress
ler ', Brazhnikov et al.' and Maier-Bode and Riedrnanrr'.

The aim of this work was to establish a gas chromatographic (GC) detection
method which could improve the identification of hal ogen ated and non-halogenated
dithiocarbamate benzyl esters . In tracing sodium dimethyldithiocarbamates a nd sodium
diethyld ithiocarbamates as metabolites of tetramethylth iuram disulphide (TMTD)
and tetraeth ylthiuram disulphide (TETD), respectively, in serum and urine , deri v
atization into the corresponding dichlorobenzyl and pentafluorobenzyl esters
yielded compounds which showed a different behaviour in a nitrogen flame-ionization
detector (N FID) equipped with a gate electrode. The basis of thi s work was conceived
earlier by Svojanovsky and co-workers':". Using a home-made thermionic detector,
they found a n inversion of the thermionic system signal on cha nging the polarities
around the jet a nd the collecto r. In study ing the peak inversion phen omenon with
dithiocarbamate esters, we found that all gas chromatographic peaks did not show
inversion at the same gate electrode potential.

EXPERIMENTAL

Reagent s
For the synthesis of the dithiocarbamate esters we used sodium dimethyl

dithiocarbamate dihydrate (Aagrunol , Groningen, The Netherlands), sod ium diethyl
dithi ocarbamate trihydrate (Merck, Darmstadt, G .F.R .), benzyl chloride (UeB,
Brussels, Belgium), dichlorobenzylbromide (Fluka, Buchs, Swit zerland) and pen
tafluorobenzyl bromide (Pierce, Rockford, 111. , U.S.A .).
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Synthesis
To a solution of 1.00 g of sodium dialkyldithiocarbamate in 96% ethanol, 250

mg of halogen ide were added. Thi s solution was kept at roo m temperature overn ight.
The dithi ocarbamate ester was extracted with dichloromethane after adding an equal
amount of water to the alcoholic solution. The dichl oromethane ph ase was washed
twice with doubl y distilled water and dried over sodium sulpha te. After evaporation
to dryness, the residue was investigated for identi ty and physiochemical properties by
means of gas chromatographic, mass spect romet ric, nuclear magnetic reso nance,
ultrav iolet and infr ared measurements. The structures of and abbreviations used for
the compounds synthesized are shown in Fig. I .

ON eB

DEl 8 DElel 2

DN eF s

DEt Fs

Fig. I . Structu res and a bbreviations of the six co mpo unds used.

Standard solutions
A standa rd series of each ester in meth an ol was prepared in the concentrati on

range between 5 and 2000 ng/fil. The DMeClz, D EtClz, DMeB and OEtB solutions
were spiked with 20 ng/ltl of azo benzene and 5000 ng/fil of octadecane, which served
simultaneo usly as internal standard and as an indicator for variations in the N FlO
cond itions.

The DMeFs and DEtFs solutions, however, were spiked onl y with azobenzene
(20 ng/pl), becau se of interference with octadecane. Daily, before operating the NFID,
a test soluti on of 10 ng/ltl of azobenzene and 5000 nglfd of octadecane in n-hexane
was used to monitor and to optimize the detector performance.

Mat erials
A Hewlett-Packard Type 5750 G research chromatograph equipped with a

rubidium bromide Type 151 61B NFl D and a vari able gate electrode potent ial was
used (Fig s. 2 and 3). The potential of the gate electrode can be varied manually and
the digit numbers are calibrated by mean s of a voltmeter ; gate potential readings are
therefore expre ssed in volts . In order to quarantee long-term stability of the hydrogen
flow we preferred a Type DRLS 7 reduction valve with a Type 0.2/20-RYA 2G preci
sion valve (Air Liquide, Pari s, France). Chromatograms were recorded with an HP
7128 recorder.

GC conditions
A Pyrex glass column (6 ft.) packed with 5% DC 200 on HP Chromosorb AW

HMOS, was used . The carrier gas was helium at a flow-rate of 20-30 ml/rnin, with a
hydrogen flow-rate of 17 ± 0.05 ml/min and an air flow-rate of 180 ± 0.2 mljmin. The
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Fig . 2. R bBr N FID with gate electrode . A - Chimney cover ; B asbes tos disk ; C adju stme nt
nu t ; D - plat ina co llector electrode (nega tive) ; E co llecto r asse mbly; F - guide plate ; G -- - jet
connector s ; H c o de tector block; I - RbBr; J centr al hole ; K crys ta l split d irecti on ; L -·
burner jet (posit ive) ; M -- gate elect rode (negat ive).
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Fig. 3. Connections to gate electrode.

by-pass gas (helium) flow-rate was 40 1- 0.5 ml/rn in. Th e injection port was maintained
at 260°, the column at 230" a nd the det ecto r a t 450". The potenti om eter sett ing was
48-52 and the attenu ation setti ng 32-8 ' 102

• The zero adj ust (gat e electrode) was set
in the high- sensitivity mode.

Influence of the gate electrode potential on NF! D response and peak performan ce
By peak inversion we mean a gradua l deformati on of a ch rom at ographic peak

as a fun cti on of th e applied voltag e on th e gate electrode (Figs. 4 a nd 5). Th e inversion
zone is defined by the ga te electrode potential ran ge bet ween the on set a nd the end of
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Fig. 5. Peak sha pe defo rmation and inver sion as a function of gate elect rode potent ial.

peak inversi on. The arithmetic mean of this inversion zo ne is called the spec ific
inversion potential and is character ist ic for each test co m po und investig ated .

Solutions of each type of ester, containing a mixture of th e dimethyl- and
dieth yldithiocarbam ate deri vati ves, were injected afte r eve ry cha nge in gate electrode
potential. Starting from -- 350 V the potential was increased by 20-V steps. When a
significa nt reduct ion in peak size was o bserved , the potential was subseq uent ly cha nged
in smaller steps. The peak inversion was clearl y visible and , wha t is of majo r impor
tance, the inver sion of the peak of each separate test compound was observed at different
potentiometer sett ings. In o rder to establi sh the influence of the det ector pa rameters on
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changes in a compound's specific inversion potential , a mixture of azobenzene and
octadecane was added to every test solution (see Reagents). The ratio of the area of the
azobenzene peak to the area of the octadecane peak acted as an indicator of un
expected variations in the detector par ameters. Before each new injection, the gate
electrode potential was adjusted to - 240 V and was kept at thi s potential during the
elution of azobenzene and octadecane but immediately afterwards the potentiometer
was re-adjusted to the desired potential (Fi g. 6).

o

,,
:
I

1 ~
I 0
I

~J ~
Fig. 6. Features of gas chromatogram during determination of the inversion zone. A, Gate potentia
- 240 V; B, gate potent ial at desired value. a , azo benzene; 0, oc tadecane.

About200 injections were made under the above-mentioned conditions and clearly
demonstrated that the detector parameters, in relation to release of Rb + , do not
influence the specific inversion potential. Attempts to give each test compound a fixed
specific inversion potential were unsuccessful , which can be attributed to an inade
quate accuracy of the voltage supply to the gate electrode. Insertion of a digital volt
meter in the voltage supply circuit should overcome thi s important shortcoming. The
onl y means of obtaining an accurate idea of the different behaviours of the six dithio
carbamate derivative s on changing the gate electrode voltage is to effect simultaneous
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inject ion of all of the compounds. On doing so, we were able to determine the exact
sequence of inversion while gradually changing the potential in the expected inversion
zone after each inject ion . Onl y by observing the peak sha pes an inversion sequence
series was establ ished und er controlled detector co ndit ions (Fi g. 7).
.,
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Fig. 7. Gas chroma togra m sho wing that peak inversion ta kes place at a different gate elect rode
potent ial. Th is exa mp le was reco rded at the maximu m crysta l position. Und er these co ndi tions a nd
while changing the gate pot ent ial from - 130 to ·- 70V, DEtFs invert s first.

Alth ough we found no maj or influence of the detector par ameters on the
sta bility of the inversion potenti al, there was some relationship between th e crysta l
height and the inversion sequence. From the results obta ined from ab out 100 injec
tions of four compound mixtures we observed considerable changes in the inversion
sequence when the rubid ium bromide crystal was slowly turned downwards into the
flame (Table I).

TABLE I

CHANG ES IN INV ERSI ON SEQ UENCE ON C HA NG ING C RYSTA L HEIGHT

Crystal position :
degrees turned anticlock wise'

Max. crysta l posit ion
Crysta l pos ition screw drive 270"
Crystal position screw dr ive 450 "
Crystal position screw driv e 630 '

inversion sequence, screening f rom
130 10 - 70 V of 4 test compounds

DEtF" DEtB , DMeCI" DEt Cl,
DEtB, DE tFs, DE tC]" DMeCl ,
DEtCI" DEtB, DM eCl" DEtFs
DEtC!" DM eCl" DEtB, DEtFs

• Fro m top to bott om in th is co lumn represent s a decreasing distance between the crysta l
surface and the burner tip.
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From further examination of the ga s chromatograms, we noti ced th at the di
methyldithiocarbamate esters are inverted before the diethyldithiocarbarn ate esters
at high cr ystal po sitions (low ratio of area o f azobenzene peak to area of octadecane
peak) .

CO NC LU SION

Each compound, depending on its heteroatorn content, inverts at a different
ga te electrode potential , wh ich might be best obser ved by injecting a series of a nalogous
co mpo unds, ac t ing as internal sta ndards, and wit h a co ntr olled release of Rb " at the
cry stal surface. Very accurate control of the volt age supply to the gate electrode around
th e flame tip would provide th e possibility of co llect ing fixed inversion potentials,
characterist ic for compo unds with a certain hete roat orn co nsti tution. In searching for
a more specific iden tification of deri vatized dithi oca rbarnates by selecti ve G C tech
niques, we think that th e peak inver sion phenom en on may mak e a valua ble contribu
tion to th is kind of select ive analysis method ology.
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Gas chromatographic monitoring of the reaction of beryllium oxyacetate
and beryllium oxypropionate in acetone solution

T ERENCE J . CA R DWELL and MICHAEL R. L. CA RT ER

Dept. of Inorganic and Analyt ical Chemistry, La Trobe University, Bundoora, Victoria 3083 ( Australia)

(Received April 27th , 1977)

Wynne and Bauder ' have used proton magnetic reson ance spectro metry to
dem onstrate that mixed beryllium oxycarboxy lates undergo carboxylate scrambling
in solut ion. Earlier claims to the preparat ion of pure mixed ligand beryllium oxy
carboxylates by a number of investigators-r' were sho wn by Mar vel and Martin" and
Hardt? to be mixtu res of mixed ca rboxy late complexes of general formula Be40
(RCOzM R'COZ)6 _ n, where 0 < II < 6, resulting from ligand-exchange reaction s in
solution.

We have established the optimum cond it ions for gas chromatographic (GC)
eluti on of beryllium oxya cetate, oxypropionate, oxypi valate and oxyisobutyra te"; use
of exhaustively silanized supports coa ted with 5 % Apiezon L yielded more sati s
factory chro matographic behaviour for beryllium oxyacet ate and oxypropionate
than that pre viou sly described by Barratt et al.' , Beryllium oxyacetate is eluted at
1400 with a much sho rter retention time than the other three beryllium oxycarbox
ylates.

Alth ough GC has been used widely in the measurement of reaction kineti cs
and equil ibrium co nsta nts for orga nic systems, thi s technique has rarel y been used
for kinetic stud ies in metal complex systems. Linck and Sievers" reported the use of
GC to study the formation of mixed-ligand complexes in mixtures of alum inium
acetylacetonate and aluminium hexaftuoroacetylacetonate ; however, as thi s work
was never publi shed in the scient ific literature, kineti c data for thi s system are not
readil y ava ilable.

In view of the lack of G C investigat ions in the a reas of kin etic s and equil ibri a
in metal complex systems, we have been interested in investigating the feasibility of
moni toring ligand-exchan ge reaction s in mixtures of beryllium oxyaceta te and oxy
propi onate by G'C, In addition , it may be possible to use GC to separate and isolate
mixed-l igand complexes and thus overcome the problems outl ined by previou s
workers I in the separation of complexes with similar properties.

EX PERIMEN TA L

. Beryllium oxyacet ate and oxypropiona te were prepared by the method of
Moeller? and purified by vac uum sublima tion.

GC was carried out on a Perkin-Elmer FII gas chromatograph using flame
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ionization detection. Pyrex glass columns (I m X 0.4 mrn I.D.) were packed with 5%
Api ezon L on DMCS-treated Uni versal B (60-80 mesh) . The column temperature
was set at 140°, injector and dete ctor at 2000 and nitro gen flow-rate a t 60 ml/rnin..

Ligand exchange reactions were performed by mixing beryllium oxyacetate
and oxypropionate in the molar ratio of 1:2 at 90° in aceto ne (0.01 M solutions) .
The reaction mixture was sampled (1-2 Ill) using a 5-fll syringe and injected immedi
atel y into the chromatograph .

Identification of eluted samples was carried out by mass spectro metry (MS)
using a Jeol JMS D-lOO ma ss spectro meter and a direct solids probe.

R ESULTS AND DISCUSSION

Separate injections of the pure reactants, beryllium oxyacetate and beryllium
oxypro pionate, yielded retent ion time s of 4.2 and 24.2 min, respectively, at 140°.
MS analysis of the eluted samples confirmed that the complexes were eluted without
decomposition".

Ligand-exchange reactions were carried out at 90° becau se it was found that
exchange was very slow at room temperature. Typical chromatograms for sampling
of the reaction at 90° in acetone a re shown in Fig. 1. As expected for ligand exchange
of two beryllium carboxylates of formula Be40Ac6 and Be40Pro (where Ac = acetate
and Pr = propionate), seven peak s are observed corresponding to the species
Be40X n Y6 -m where 0 < II < 6. The retention times of the first and seventh peak s
are ident ical to those obtain ed for the reactants. Although it co uld well be assumed
th at the remaining peak s a re due to the mixed-ligand complexes generated in the
reaction , confirmation of their co mpos it ion was obtained by MS analysis.

Since resolution was best in the later stages of the chro matogram, fra ction s
of th e last two mixed-ligand species in the series were colle cted by restrict ing sampling
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Fig. I. Chro matogra ms for the react ion o f beryllium oxyaceta te and oxypropio na te at 90" in ace tone
for an init ia l molar rat io of I :2. Co nd itio ns: co lumn ternp ., 140°; injector a nd detect or , 200"; Pyrex
glass column, 1 m x 0.4 mrn I. D., packed with 5 %Apiezon L on silanized Universa l B (60-8 0 mesh) ;
nitr ogen flow-rate, 60 rnljrnin . Sampling time (A) 36 min , (B) 200 min.
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TABLE I

MAS S SPECTRAL DATA FOR SAMPLES CO LLECTED FROM CH RO MA TO G RA PH IC
PEAKS WITH RET EN TION TIM ES 13.7 min (Be40 Ac2I'r4) AND 18.2 min (Be40AcPr, l
N .D . C · Not detected .

m/e Ion Relati ve intensity ('Yo)

Be. OAc, Pr4 Be. OA cPr,

417 Be40Pr,+ 2 100
403 Be.OA cl'r. + 37 95
389 Be.OAc2Pr, + 100 N.D .
375 BC40A c,l'r2+ 6 (,

287 Bc.OP r.,O + 2 30
273 Be.OA cPr20 + 9 22
262 Bc,OP r, + 9 88
259 BC40Ac2PrO ' (, N.D.
248 Bc,OAcPr2+ 27 44
234 Bc,OAc2Pr ' II I I
231 Be4O Pr2(OHl O + 2 25
217 Bc.O AcPr(OH )0 + (, 13

to coincide with the top portions of the peaks of retention times 13.7 and 18.2 min;
collect ion times were 13.2- 14.2 min a nd 17.6-1 8.8 min, respectively. The major ion s
ob served in the ma ss spectra o f both sa mples are listed in Tabl e I.

The mass spectrum of the sample eluted at 13.7 min reveal s that the high
intensity peak s at m]e = 403 and 389 a rise from the pred icted fra gmentati on pattern
of th e mixed-ligand complex, Be40Ac2Pr4 (refs. 1,7 a nd 10). The peaks from m]e 287
to 2 17 result from furthe r fragmentat ion of the io ns Be40AcPr4+ a nd Be40AczPr3+.
The low intensity peaks at m ]e 417 and 375 are due to minor impurities from neigh
bouring mixed-ligand complexes in the chro ma togra m, viz, Be40AcPrs a nd Be40Ac3
Pr3. Absence of peaks at rn]e 245 and 220, which would result from fragmentation of
Be40Ac3Pr2+ (m]e 375), sugges ts th at the level o f impurit y from Bc40Ac3Pr3 is
sma ll. A ltho ugh th e peak at m]e 403 is intense in the spectra of both samples, the
peak at m]e 417 is wea k in the spectrum of Be40AczPr4 and mo st inten se for Be40Ac
Pr , (see Table I), thus suggesting that Be40AcPrs is only a trace contaminant in the
complex eluted at 13.7 min.

Th e ma ss spectrum of the eluent at 18.2 min identifies it as Be40AcPrs with
high intensity peak s occurr ing at m]e 417 , 403 , 273, 262 and 248. The absence of
peak s at m]e 389 and 259 indi cat es that Be40Ac2Pr4 is not an impurity, however, it
is interestin g to note th at peaks at m]e 375 a nd 234 suggest th at Be40Ac3Pr3 is pre sent
as a trace impurity. Co nta minat ion from Be40Pr6 is difficult to determine since peak s
ari sin g fro m its frag menta t ion (m ]e 4 17, 287, 262 and 23 1) a re also observed for the
mixed-ligand co mplex, Be40AcPrs

MS identificati on of two of the mixed -ligand complexes shows that the orde r
of elution is Be40Ac6 (4.2) < Be40 Ac sPr (5.8) < Be40Ac4PrZ (7.8) < Bc40Ac3Pr3
(10.2) < Be40AczPr4 (13.7) < Be40AcPrs (18.2) < Bc40Pr6 (24.2), with the respec
t ive retention times (m in) given in parentheses.

. The chromato gra ms in Fig . I sho w clearly that it is possible to monitor the
ligand-exchan ge reacti on s of metal co mplex syste ms using G'C, Fig. 1A represents
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the reaction after 36 min and clearly shows that the reactants are st ill the predominant
species in the reaction mixture while the mixed-ligand complexes a re continuing to
be produced. On the other hand, Fig. I B represent s the sta te of the reaction at
equilibrium which occurs after abo ut 200 min.

As it is possible that ligand-exchange reactions may also occur in the gas pha se
at the column temperature employed, it was con sidered imp ortant to test for such
beha viour. Two simple tests were performed : (i) I-,ul samples of beryllium oxyacetate
and oxy propionate (as 0.0 I M solut ions) were collected into different syringes, the
oxypropiona te was injected first followed immediately by the oxyacetate so that the
samples would mix in the inject ion port and in the co lumn ; ( ii) a simila r procedure
was used allowing a I-min delay between injections, so that the acet ate would over
take the propionate on the column becau se of the much shorter retention tim e of
the former. The resulting chromatograms for both tests were simila r (Fig. 2) and ,
in addition to peaks for beryllium oxyacetate and oxypr op ionate, showed the ap
pea rance of insignificant pea ks due to Be40AcsPr and Be40AcPrs, thus indicating
neglig ible reaction in the column.
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Fig. 2. Chro matogram illustrating the extent of interaction of beryll ium oxyace tate and oxypropionate
within the column. Column and conditions are identical to those in Fig. 1.

During the course of the present investigations, attempts were made to
prepare and isolate pure samples of mixed-ligand beryllium oxycarboxylates, as
described previously in the literaturez

,3 . The products were ana lysed by GC using
th e cond itions outlined above ; chromatog rams similar to Fig. J B were obtained,
showing conclusively that the produ cts were mixtures of mixed-ligand oxycarbox
ylates in agreement with the findin gs of Marvel and Mart in" and Hardt". Fractional
recrystallizations and/or column chromatography onl y marginally affected the
chroma tograms of the products.
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The results presented in thi s paper demonstrate that G C can be used to sepa
rate mixtures of mixed-ligand beryllium oxycarboxylates of similar properties and
to monitor ligand exchange reactions in these systems. An extensive invest igati on
of the beryllium oxyacetate-oxypropionate system is currently being carried out in
order to extract kinetic and equilibrium data for the ligand-exchan ge processes.

REFERENCE

I K. J. Wynne a nd W. Bauder, J . Amer. Chem, S oc. , 91 (1969) 5920; Inorg . Cliem ., 9 (1970) 1985.
2 S. M. Tanat or an d E. K. Ku rovski, zi. Fi:: . Khim., 39 (1907) 936.
3 W. Bragg and G . T. Morgan , Proc, Roy . Soc ., S er. A, 104 (1923) 437.
4 C. S. Ma rvel a nd M. M. Martin , J. Amer. Chern. Soc. , 80 (1958) 619.
5 H. D. Hardt , Z . Anorg: AI/g . Chem. , 314 (1962) 210.
6 T. J . Ca rdwe ll a nd M. R. L. Ca rter, J . Inorg . Nucl. Chem., in press.
7 R. S. Ba rratt , R. Belcher , W. I. Step hen a nd P. C. Uden, Ana l. Chim . A cta, 57 (1971) 447.
8 R. G . Linc k a nd R. E. Sievers, 148th Nat. Meet . Allier. Chern, Soc. , Chicago, III., Sept. 1964.
9 T. Moeller , Inorg: SYI/., 3 (1950) 4.

10 J . G . Vogel and B. G . Holb rock , 153rd Nat . Meet . Allier. Chem. Soc., Miami, Fla., April 1967.



Journal of Chromatography , 140 (1977) 98-102
© Elsevier Scient ific Publishing Co mpany, Amsterd am - Printed in The Netherlands

CHROM. 10,224

Note

Molecular-weight estimation of proteins using Sepharose CL-6B in guanidine
hydrochloride
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It has been alm ost two decades since Lath e and Ruthven I and Porath and
Fl odin- first reported that gels can fractionate molecules on the basis of molecular size.
Since then, several kind s of gel filtration media (dextran, polyacrylam ide, agarose)
have been introduced . Andrews'r" proposed th at the elution cha racteristics of prote ins
are uniquely determined by molecul ar weight. Gel filtrati on techniques therefore
became widely used tools not only for fracti onation of macrom olecules on the basis of
size but also for molecular- weight determinations. However, the contention that the
relati ve elut ion rates of proteins are uniquely dete rmined by molecular weight, hold s
tru e (even approximately) only when all proteins being compared belong to the same
conformational type. To avoid thi s discrepancy Fish et al.6

,7 int roduced gel chromato
gra phy in pre sence of strong denaturants such as 6 M guanidine hydrochloride (Gdn '
HCI) and sodium dodecyl sulfate . Gel filtration in denaturing solvents is a useful
technique for separat ion and molecular weight estim ation of polypeptides. However,
most of the soft gels in denaturants like 6 M Gdn -Het present the problems of high
flow resistance causing low flow-rates and long ope ration per iods. Fu rther, they are
not stable in 6 M Gdn :HCI for long periods of time. The gel beads sometimes start
breaking in thi s medium within a week. During the course of our search for a more
stable molecular-sieving mediums we came across a cross-linked Sepharose gel called
Sepharose CL (Pharmacia , U ppsa la, Sweden), which is prepared from Sepharose by
reaction with 2,3-dibro mo propa nol und er strongly alkaline conditions. Thi s product
is claimed by the manufacturers to be more sta ble in Gdn· HCI (and other strong sol
vents) than any other gel filtration medium. Ho wever, no rep ort exists on the separa
tion range of these gels for proteins in 6 M Gdn- HCI.

We wish to report some results showing that Sepharose CL-6B is highly stable
in 6 M Gdn -HCI and can be successfully used over a period of at least ten months for
sepa ration and molecular-weight determination of polypept ides. Moreover, proteins
which were very poorly resolved when Bio-Gl as was used to estimate their molecular
weights in 6 M Gdn' H'Cl" were well resolved in the present study.

EXPERIMENTAL

The proteins used and their sources are shown in Table I. The heavy chain of
rabbit IgG was prepared as described ":
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TABLE I

PROTEI NS USE D IN GEL FILT RATION EXPERIMENTS

Protein S ource M olecular Reference
weight

B Chain of insul in Sigma , 1-2379 2900 9
Insulin Sigma, 1-5500 5750 10
Cytochro me c Sigma, C-2506 12,400 II
Hemogl obin Sigma, H-2500 15,500 9
a-C hymo try psinogen Sigma , C-4879 25,700 9
Ra bbit IgG, H chai n Prepared in th is lab . 49,000 J2
Bovine serum album in Sigma, A-4378 69,000 9
Tran sferrin Sigma, T-2252 76,600 13
Rabbit IgG Prepared in thi s lab. 148,000 14

99

Sepharose CL-6B and Blue De xtran 2000 were from Pharmacia. 2,4-Dinitro 
phenyl-alanine (DNP-Al a) wa s a Sigma product. Gdn -HCl was an ultrapure grade
from Schwarz/Mann (Orangeburg, N .Y., U.S.A .) and had an absorbance of less than
0.03 at 280 nm as a 6 M so lut io n.

Column pack ing and operation
The gel was washed on a funnel with four volumes of water and suspended in

the column so lvent (6 M Gdn -HCI plu s 0.1 M sod iu m phosphate buffer, pH 7.0).
The solvent was ch an ged severa l times over a 6-h period . The gel was then wa shed on
the funn el with four volumes of the co lumn solvent. After deaeration under vacu um,
the slurry was poured int o a Pharmacia column (90 x 1.5 ern), and was permitted to
pack under gra vity. Fina l equilibrat ion wa s ac h ieved by running 2-3 volumes of the
column solvent throu gh the column. The co lumn wa s run at a flow -rate of 12 ml jh
(6.8 ml per ern! column cross-section per h). A pre ssure d ro p of approxim ately 130 cm
was required to maintain this flow -rate.

Proteins were reduced with 0.1 M dithio threitol and alkylated with 0.22 M
iod oacetamide as de scribed pre viously 's. In cases where reduction of di sulfide bonds
was not intended, the pr otein was simply d issol ved in the column so lvent containing
0.1 !vi iodoacetamide.

Proteins (0.5 -1.0 mg of each) were run through the column individuall y as well
as in a mixture . The sa mples were br ought to a vo lume o f 200 ,Il l and applied on to th e
top of the gel bed through a sma ll tube. Fracti ons o f2 ml were colle ct ed and monitored
by measuring absorba nce at 280 nm. Blue Dextran and DNP-Ala were routinely run
through the column to check the void volume (Va) and the "inner" volume (Vi)'

All chrom atographic experiments were carried out at room temperature.

RESULTS AND DIS CUSSI ON

All the results presented in thi s paper were obta ined from a sing le Sepharose
CL -6B co lumn, run over a period of 10 months. Each protein was pa ssed through the
column th ree to six t imes over thi s peri od, and no significant ch ange in the elution
pattern or elution position was noticed for any of the proteins. Two typical elution
profiles, one for red uced and alk ylated proteins, and the other for unreduced prot ein s,
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Fig. I . Elution profiles for reduced-alky lated proteins and unreduced proteins from a Sepharose
CL -6B column (90 x 1.5 em) in 6 M Gdn : HCI , 0. 1 M sod ium pho sphate, pH 7.0.0.5-1 mg of each
protein wa s mi xed to give a tot al volume of ca. 200 I t! which wa s a pplied on to the co lumn and eluted
at a flow-rate o f 12mljh ; 2-ml fra ct io ns were collected. Peaks : I - Blue Dextra n ; 2 ~ bovi ne serum
albumin ; 3 = rabbit IgG , H ch ain ; 4 ~-c It-ch ymotryps inogen ; 5 ~.. cytochro me c ; 6 -z- insulin: 7 =

B chain of insul in; 8 ~ O N P-A la .

a re shown in Fig. I. M ost evid ent are the sha rp, sym metrical peak s and the resolving
power of this ge l.

Another point worth mentioning is the stability of the reduced-alkylated pro
tein solutions. The reduced-alkylated protein samples described in our previous
paper" were stored in 6 M Gdn- H CI refrigerat ed for over a year. Their elut ion
behavior fro m the Sep harose CL co lum n was found to be the same as that for freshl y
prepared solutions of corresponding proteins. A simi lar check for unredu ced protein
solutions was not made.

Fig. 2 shows the logarithmic plot s between molecular weight and distribution
coefficient, Kd , for th e reduced-a lkylated and unredu ced prote ins. Both the plots are
linear up to 80,000 daltons. Th us the use ofSepharose C L-6B in 6 M Gdn- HC I pe rm its
useful molecular-weight estimates between t he extreme limits of 3000 and 80,000 .

In Fig. 2, the plot for reduced-alkylated proteins is deviated from the plot for
the unreduced porteins, and the pattern of this deviation is in the direction that one
would predict from the expected size difference between denatured proteins with di
sulfide bo nds intact and those with d isulfide bo nds reduced . Even if the proteins are
fully denatured in 6 M Gdn- Hel, the intact di su lfide bonds exert a certain amount of
physical constraint on the polypeptide chain. The effect of this physical constraint is
to reduce the hydrodynamic volume of the polypeptide chain in comparison to the
same polypeptide chain with its disulfide bo nds broken . This effect should obviously
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Fig . 2. Semilogarithmic plots of the mole cular weights versus K d valu es obta ined by running the pro
tein s through a Sepharose CL-6B column (90 x 1.5 ern) in 6 M Gdn -HeI, 0.\ M sodi um phosphate,
pH 7.0 . The dist ribution coe fficient, Kd , was calculated acco rd ing to equation : K; = (Ve - Vo)/ V"
whe re Ve is the e lut ion volume of so lvent at the peak concentrati on of elut ing so lute, Vo is th e void
vo lume of the column det erm ined by runn ing Blue De xtran through the column , and Vi is the volume
of so lvent contained with in the gel bed determ ined by subtract ing the value of Va from the elution
vo lume of DNP-Ala.

get increasingly noticeable with increasing size of the polypeptide ch ain and increasing
number of the di sulfide bonds. This effect sho uld a lso be dependent upon the size of
the "loop" formed by the di sulfide bond . Thus the B chain of insulin does not have
any disulfide bond (ref. 16, p. 378) and cytochrome c ha s only one di sulfide bond
forming a ver y small loop between residues 14 and 17 (ref. 16, p. 282). Therefore their
K d values do not differ significa ntly under the two conditions. At the other end, bovine
serum albumin, for instance, has 17 di sulfide bonds, many of them forming large loops
(ref. 16, p. 497) . This causes a reduction in the hydrodynamic volume of the unreduced
chain as compared to the reduced protein resulting in a high K d value.

A recent rep ort by Nozak i et a/. 17 has shown that anom alou s retardation in gel
chromatography is a general property of a ll large asymmetric particles, most probably
becau se of end-on insertion into the gel pores. The fact that linear calibration curves
are obtained up to a molecular weight of approximately 75,000 in Gdn -HCl, shows
that the technique is suitable for molecular-weight estimations up to thi s molecular
weight.

In conclusion , Sepharose CL-6B is highly stable in 6 M Gdn- HCl, 0.1 M sodium
phosphate, pH 7.0, and is suita ble for molecular-weight determinations in the range
3000-80,000 daltons, without pre senting the problems of flow-rates and low chemical
and phy sical stability commonly encountered with other soft gels in 6 M Gdn- HC\.
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Th is gel may also prove to be more suita ble th an the convent iona l Sepharose for
making immunoabso rbents, especially when Gdn -He] is to be used as the elut ing
agent.
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Note

Separation of ninhydrin-positive compounds on a single-column amino acid
analyzer using lithium buffers

P. A DRIA ENS, B. MEESS CH A ERT, W. WUYTS, H. VANDERHA EGHE a nd H. EYSS EN

Rega Institut e, University of Leuven, Leuven ( Belgium)

(F irst received Feb ruary 2nd, 1977 ; revised manuscr ipt received April 7th, 1977)

Du rin g a study on the biosynthesis o f penicillin I, culture fluid s and mycel ial
ext racts of the mould Penicillium were exam ined with use of a sin gle-column a mino
ac id ana lyzer equi pped with a ca t ion-excha nge co lumn and with a lithium buffer
gradient system as eluen t. Since th ese a nalyses revealed the pre sence of man y unidenti
fied compounds, it was necessa ry to invest iga te the beh aviour of a wide range of
kno wn mat erials. Although severa l pap er s> " descr ibe the sepa rat ion of so me amino
acids using lithium buffers, exte nsive sta nda rd izat ions such as those repo rted for
sodium buffers!""" are not available. Therefore, the elution beh aviour of 145 nin
hydr in-p osit ive subs ta nces has been co m pa red fo r two Chromobeads type-B resins of
different lot numbers. Since most of the se co mpo unds are naturally occ urr ing amino
acids, the results should be of interest in the analysis (with lithium buffers) of other
co mp lex biological fluid s, e.g ., human urin e or plant extracts .

MATERI ALS AN D METH ODS

Amino acids
Standard solutions of 18 and 38 amino acids (ea ch 2.5 zzmole/rni ; Technicon,

Brussels, Belgium) were used. S-Carbam ylcysteine lJ, c -a mino adi p ic ac id ", fJ-methoxy
valine and a llo-Osrnethylthreo nine", fJ-hydroxyvaline I6 , hydroxypipecol ic ac id !",
threo- and £'ry htr(l-th iolbutyrine I R and a-amino-fJ-ethylvaleric acid 19 were prepared
in th e lab ora tory. Mi xed di sul phi des were o btai ned by bub bling oxygen throu gh alk a
line solut ions of th e thi ol compounds. S-Carboxy methyl deri vati ves were prepa red
by reacti on with iodo acetic ac id at pH 7.

Penicillins
The pen icilloic ac id of isopenicillin N was obtai ned by a lkaline degradation of

the pen icillin ' " ; 6-a mino penicillanic ac id (6-APA) was a gift from N .V. G ist-Brocad es
(De lft, The Netherlands) .

Peptides
Redu ced a nd ox id ized glutath ione were products of Koch-Light Lab s. (Coln

bro ok, Great Britain). The d ipe ptid cs i.-cyst inyl-bis-t -va line and L-cyst inyl- bis-o
valine were pre pared by a mo di ficat ion of the procedure of Roeske21

, 22 . The tripepti dcs
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bis -o-(t -e-am inoad ipyl)-L-cysti nyI-bi s-L-va line and bis-r).( i.-u-arn inoad ipy1)-L-cystiny1
bis-n-valine were synthesized as described elsewhere" . The thio l forms of these pep
tides (LL, LD, LLL and LLD) were obtained by reduction with dithiothreitol (DTv).
Bis-o-(L-u-am inoadipyl)-L-cystine and bis-y-(L-glutamyl)-L-cystine were prepared by
the action of carboxypeptidase A (Koch-Light) on the LLL-tr ipeptide an d oxidized
glutathione, respect ively; th e cyst eine forms of these peptides were ob tained by
reduction with D TT.

Chemicals
All reagents for the preparation of the lith ium buffers and the ninhydrin rea gent

were obtained from E. Merck (Darmstadt, G .F.R.). No filteri ng of the buffers or of
the lithi um hydroxide solution was necessary; the former were sto red at 4°. Ninhydrin
reagent was prepared as described in the Technicon manual". Redi stilled deionized
water was used thro ughout.

Chromatographic conditions
The equipment consisted of a Technicon amino acid ana lyzer with a co lumn

(140 X 0.6 ern) filled with Chromobeads Type B (a strongly acidic cation exchange
resin) in the lithium form ; two batches of th is resin (designated as resin J and resin JI)
were tested . The solutions used in the Autograd are sho wn in Table I.

TA BLE I

GRADIENT FOR THE N INE-CHAMBERED AUTOG RAD

Chamber No . BuDer / Buffer 2 Buffer 3
(pH 2.75) , ml (pH 3.0 /), ml (p H 6.50), III/

1 98 "
2 50 50
3,4,5,6 100
7,8, 9 lOa

" Plu s 2 ml of isoprop yl a lcohol.

Buffers of pH 3.0 1 and pH 6.50 were prepared as described by Vega and Nunn";
buffer of pH 2.75 was obtained by acidification (with 6 M hydroch loric acid) of the
buffer of pH 3.01.

Samples were loaded on the column in 0.20 M lithi um citrate buffer of pH
2.20; in the prese nce of thiol compound s, 5-10 mg of DTT were added . Elution was
ca rried out at 37° with a flow-ra te of 32 ml/h for 7.45 h, an d at 5SO with a flow-rate
of 40 ml/h for the remainder of the chromatogram (back-pressure 400 p.s.i .). To
accelerate elution of arginine, 100 ml of buffer of pH 6.50 was added to chamber No .9
after 22.15 h. At the complet ion of each run, the column was washed with 0.3 M LiO H
for 2 h at 70° and regenerated at the sa me temperature with buffer of pH 2.75 for I h.

RESULTS AND DIS CUSS ION

Since this work was originally intended for the separation of precursors of
pen icillin , whic h are mo stly acidic peptides contain ing c-aminoadipic acid, the elution
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system was ad apted for optimal resolution in the first part of the chromatogram. The
gradient of Vega and Nunn" was altered in three ways : 100 ml of butTer was placed in
each chamber of the Autograd, a th ird butTer of pH 2.75 was used, and the content
of the pH 6.50 buffer was lowered . For the same reason , the temperature was kept
at 37° for 7.45 h, then increased to 55°.

The positions of all 145 ninhydrin-positive compounds on the chromatogram
of resin I are shown in Fig . I ; the numbers asso ciated with the various peaks refer to
the compounds listed in Table II. As compa red with the system of Vega and Nunn",
the elution orders of cyst ine and valine, of phen ylalanine and fJ-a lanine and of the
cystathionines and methi onine are reversed ; a lso, the total ana lysis time up to ar ginine
is lengthened to over 25 h.

A number of compounds not tested by Vega and Nunn" were well separ ated .
Allo-y-hydroxyglutamic ac id was eluted before allo-fJ-hydroxygluta mic acid. The
thr ee amin o sugars tested (glucosamine, mannosamine and galactosamine) were well
resolved. In additio n, good separat ions were obta ined for most of the diastereo-
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see Table II .
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TABLE II

IDENTIFICATION OF PEAKS IN FIG. I

Peak Compound
No.

I Cysteic acid
2 Homocysteic acid
3 Cysteinesulphinic acid
4 O-Phosphothreonine
5 O-Phosphoserine
6 Taurine
7 Penicillaminic acid
8 threo-tJ-Hydroxyaspartic acid
9 Phosphoethanolamine

10 Levulinic acid
11 Dithiothreitol
12 erythro-(i-Hydroxyaspartic acid
13 Urea
14 S-Carboxymethylglutathione
15 Allo-y-hydroxyglutamic acid
16 S-Methylcysteine sulphoxides
17 AlIo-[:i-hydroxyglutamic acid
18 Cephalosporin C
19 3-Hydroxypipecolic acid
20 S-Carboxymethylcysteine
21 S-Carboxymethylpenicillamine
22 Diaminosuccinic acid (peak I)
23 Glutathione (reduced)
24 S-Methylglutathione
25 4-Hydroxyproline
26 Diaminosuccinic acid (peak 2)
27 Penicilloic acid of isopenicillin N
28 y-(L-G lutamyl)-L-cysteine
29 Methionine sulphoxide (peak I)
30 Methionine sui phone
31 Methionine sulphoxide (peak 2)
32 Allo-threonine
33 [:i-Hydroxyvaline
34 ,l-(L-a-Aminoadipyl)-L-cysteine
35 ,l-(L-a-Aminoadipyl)-L-cysteinyl-L-

valine
36 O-Methylthreonine
37 O-Methylserine
38 AlIo-4-hydroxyproline
39 Muramic acid
40 Asparagine
41 AlIo-4-hydroxypipecolic acid
42 S-Carbamylcysteine
43 [:i-Methoxyvaline
44 ,l-(L-a-Aminoadipyl)-L-cysteinyl-D-

valine
45 Glutamine
46 Homoserine
47 4-0xopipecolic acid
48 Sarcosine
49 5-Hydroxypipecolic acid

NOTES

Peak Compound
No.

50 Cysteine
51 threo-Thiolbutyrine
52 SvMethylcysteine
53 a-Aminoadipic acid
54 Glutathione (oxidized)
55 erythro-Thiolbutyrine
56 S-Carboxymethylhomocysteine
57 [I-Hydroxyleucine
58 Penicillamine (reduced)
59 Isoserine
60 Lanthionine (peak I)
61 Citrulline
62 Lanthionine (peak 2)
63 a-Aminoisobutyric acid
64 Glucosamine
65 S-Ethylcysteine
66 a-Aminobutyric acid
67 Mannosamine
68 Bis-y-(L-glutamyl)-L-cystine
69 Galactosamine
70 Bis-rl-(L-a-aminoadipyl)-L-cystine
71 Bis-o-u-u-aminoadi pyl)-L-cystinyl-bis-L-va line
72 a-Aminopimelic acid
73 Pipecolic acid
74 Bis-o-r'L-a-aminoadi py1)-L-cystiny1-bis-D-val inc
75 6-Aminopenicillanic acid
76 Homocysteine
77 Phenylglycine
78 Homocitrulline
79 Norvaline
80 Mixed disulphide of i.-cysteine and D-penicil-

lamine
81 Allo-isoleucine
82 Ethionine
83 Djenkolic acid
84 Penicillamine (oxidized)
85 Cystathionine
86 Allo-cystathionine
87 a-Amino-(:i-hydroxybutyric acid
88 3,4-Dihydroxyphenylalanine
89 Isoglutamine
90 a,f:-Diaminopimelic acid
91 Norleucine
92 Cycloserine
93 a-Amino-(I-ethylvaleric acid
94 Mixed disulphide of L-cysteine and or-homo

cysteine
95 (I-Alanine
96 Mixed disulphide of DL-homocysteine and D

penicillamine
97 O-Benzylserine



NOTES

TABLE II (co ntinued)

Peak Compound
No .

98 fJ-Ami no isob uty ric acid
99 ()-Am ino levu linic aci d

100 L-Cyste iny l-L-va line
101 t.-Cysteiny l-o-valine
102 A rgininosuccinic acid
103 H omocystin e
104 y-A mino butyric ac id
105 S-Bcnzy lcyste ine
106 5-Hydroxytryptophan
107 (l-A minocaprylic acid
108 Etha no lami ne
109 Kynuren ine
110 L-Cyst iny l-bis-L-va line
III L-Cyst iny l-bis -o -va line

Peak Compound
No.

112 ()-A mino va leric acid
113 Val inol
114 5-H yd ro xylysine
115 Allo-5-hyd rox ylysine
116 Crea t ini ne
117 (l,y -Diarnino buty ric acid
118 Ornithine
119 Va lina rnidc
120 s-Am inocap roi c acid
121 I-M eth ylh istid ine
122 3- Me t hy lh ist id inc
123 Carnosine
124 Horn ocarnosin e
125 rt-Amino -{f-gua nidi nopropionic ac id
126 Homocyst eine thi olacton e

107

isomers of a mino ac ids and peptides tested : e.g., threo- and erythro-p-hy droxyaspartic
acid ; hydroxyprol ine, isoleucine, 5-hydroxylysine and their allo-forms; threo- and
ery thro-thio lbuty rine and the LLL- and t.t.n- isomers of oxidi zed and reduced b-(a
am inoad ipyl)-cysteinylvaline. Ho wever, so me of the co mpounds were not resolved in
our syste m. The stro ngly acid ic a mino ac ids (cysteic acid, hom ocysteic acid, phospho
serine and ph osph othreonine) a lways eluted with the fron t. Identical elution tim es
were obta ined for threon ine and allo-threo nine, for as pa rt ic acid and S-carboxymethyl
cysteine, for the second peak of lanth ionine and a-a mino isobuty ric acid, for methio
nine and norvaline, for 3,4-d ihydroxyphenylalanine and leucine, and for p-a minoiso
butyric ac id and ()-a mino levulinic acid . The LL- and LD-epimers of cyste inylvaline and
of cyst inyl-bis-valine a lways ran together.

T he elution pattern with resin II di ffered from that with resin I in several
respects. Reduced gluta thione was eluted after aspartic ac id on resin I, bu t the two
were only marginall y sepa rated on resin II. Methionine sulphone and threonine were
only sepa ra ted with resin I. The resolution of b-(L-a -a minoadipyl)-L-cyste ine and the
LLL-th iol tripeptide was better with resin I th an with resin II. Glutamic acid and
glutamine were well resolved on resin I, but had the same retent ion time on resin II.
In contrast , the LLD-thiol peptide and glutamic ac id were only sepa rated on resin n.
Also, sepa rations of cyst ine a nd 6-APA, allo-isoleucine and ethionine, and 3-methyl
histid ine a nd ca rnosi ne were bett er on resin I , whereas th ose of citrulline and lanthio
nine (pea k 2), ga lac tosa mine a nd valin e, homocitrulline and methionine, ct,t:-diamino
pimel ic ac id and norleucine, and O-b enzylserine and phenylalanine were better on
resin II. Th e d ifferences betwe en the two resins rem ained consta nt, although both
columns were re-packed severa l tim es. Differences in separat ion on the two resins can
be ad vantageou s for the ide nt ification of unknown compounds; in this way, gluta
thione and the LLD-thiol tr ipeptide (labelled with sulphur-35) co uld be det ected in
cultures of Penicillium chrysogen um':
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Thin-layer chromatographic analysis of oxo and thio compounds
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Department of Chemistry , The Am erican University, Washington, D.C. 20016 ( U.S .A.)

(Fi rst received Ja na ry 17th, 1977 ; revise d ma nusc ript received May 3rd, 1977)

When aliphath ic a lcoho ls are oxidized with silver compounds and bromine':",
the products are ketone s and tetrahydrofura ns. Our present study has indicated th at
significant quantities of other products such as a ldehydes and ac ids may result from
oxida tion of cycl ic alco hols. Gas-liquid chro matography (G LC) is an ideal technique
for the determ inati on of keto nes and some aldehydes. Acids, however, ar e very difficult
to anal yze by GLC unless they are derivati zed first> ". In general, in the publ ished
thin-layer chromatographic (TLC) methods'r ':' ketone s are derivati zed by a reaction
with 2,4-dinit ro phenylhydrazine before or during development.

The aim of thi s study was to develop a TLC procedure that would be sensitive
enou gh to detect ketones and possibly acids and aldeh ydes witho ut prior derivati za
t ion , After unsuccessfully test ing 22 different chro moge nic reagent s that had been
rep orted previou sly for conjugated and specific ketone s, we turned our atte ntion to
2-(p-i odophenyl)-3-(p-nitrophenyl)-5-phenyl-2H-tetr azol iurn chloride (I NPTC) as a
possible chromogenic reagent. Thi s compo und is sens itive to ketone s, aldehydes and
acids as indicated by tests performed on 26 co mpounds conta ining ca rbo nyl or thi o
carbonyl groups.

EX PE RIME NTA L

Mat erials
Th e solvents used were purchased from either Burdick & Jackson Lab s.,

(Mu skegon, Mich. , U.S.A.) o r Fisher Scientific (Silver Spring, Md. , U.S.A.) . The
keton ic pesticides and metab olite s were obtained from the Pesticid e Reference
Stan dard Sect ion, Regi strati on Division, Env ironment al Protection Agency (Washing
ton, D .C. , U.S.A.). All of the remaining ketones, ac ids and a ldehydes were obtained
from commercial so urces.

The TLC plates (aluminum oxide and silica gel) with a thi ckness of 100 pm
and dimension s 20 X 20 cm were obtained from J. T. Baker (Ph illipsburg, N.J.,
U.S.A.).

Th e chromog enic reagent was prepar ed by dissolving 0.5 g INPTC in 100 ml
of meth anol. The basic sprayi ng so lutio n was prepa red by dissolving 5 g of potasium
hydroxide in 10 ml of water in a 100 ml volumetric flask and then diluting to volume
with meth an ol.
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Thin-layer chromatography
About 0.1 to 1.0 g of each ketone , ac id or aldehyde was placed in separate 10

ml volumetric flasks and then diluted to volume. Water was used for the diluti on of
ethyleneurea and hydantoin , methan ol for kepone and ethylenethiourea, and methylene
chlor ide for 4-methylcyclohexanone, ord rarn, cycloheximide and 4,4'-bis(dimethyl
amine) benzophenone. All of the remaining compounds were diluted with hexane .
Using a templ ate , the compounds were applied as spots at 2 em intervals on an imag
inary line I in. from the bottom of the TL C plate. Another line was dr awn across the
plat e 12 ern ab ove thi s line to mark the solvent front for propanol-2-isooctan e (I :3).
A line at 10 cm was used for the other solvent systems.

A TLC chamber (4.5 X 23 X 23 em) was lined with blotting paper and satu
rated with the developing solvent mixtures. About 25 ml of th e develop ing solvent
were poured into a trough at the bottom of the tank . The plates were then developed
until the solvent fro nt reached the drawn line (abo ut 30 min). The plat e was air dried
for 5 min in a hood , and then sprayed with INPTC. The plate was then allowed to
stand in the hood for 5 min and then heated for 5 min at 75° in an oven. Characteristic
colored spots were observed as ind icated in Tables] and II. When the plate was
sprayed with a basic solution, the spots changed colors as indicated in Tables I and I I.
Fig. I represent s several ketones including some with ketonic impuriti es also detected
by the procedure.

• • •••

A B

•
•
c

•
••
•D

•
••
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••

F

••
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•
H

Fig. 1. TLC on silica gel. Solven t system , acetoni trile-water (9 : I ). A 0.5 mg pen tanone-2 ; B ,,
0.5 rug pentano ne-3 ; C ~- 0.5 mg cyclobutanone ; D 0.5 mg cyclope ntan onc ; E _. 0.25 rng cyclo
hexa no ne ; F = 0.25 mg 4-methylcyclohexa no ne ; G ..~ 0.25 rng 3-methylcyclo hcxanone; H ~ 0.25
rng octanone- 2. Note: co mmercial prod ucts conta ined impurities.

RESULTS AN D DIS CU SSION

There are th ree maj or problems in the TL C of man y low-molecular-weight
compo unds: volatility, unsat isfactory co lor format ion and solubility. Low-molecular
weight samples are generally more solubl e than high-m olecular-weight samples. We
felt th at there is enough affinity between the low-molecular-weight compounds and
aluminum oxide and silica gel adsorbents to ma ke TLC analyses possible, provided
that a suitable mobile phase is selected . For example, when the propanol-2-i sooctane
(I :3) mixture was used as the mob ile phase for 3-pentano ne, the keto ne could not be
detected. With hexane-isooctane (I: I), a streak was observed extending from the
origin to ab out 60 mm. However, when the polar solvent mixture acetonitrile- water
(9: 1) was used, a co mpact spot with a R F value of 0.66 was observed.

To find a sensi tive and pract ical chr omo genic reagent for low-molecular-weight
non-conju gated alipha tic and cyclic ketones has always been a problem . In fact, we
tested 22 different chromogenic reagents, including man y which had been reported as
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TABLE I

TL C O F ALIPHAT IC AND CYC LIC KETONES, ETH YL ENETHIOUREA AN D SOME
AC IDS AND ALD EHYDES ON ALUMINA SHEETS

Solvent systems: A, propan ol-2-isooctane ( I :3) ; B, acetonit rile-water (9: 1). Distance developed :
A ~, 12 cm , B c~ 10cm. ND "- Not detected ; NA = not ana lyzed .

- -- - ~ --- --

COII/POl/luJ Amo unt R" Color observed
(fig) • -- - -'- -- ._- -- - - .- _._ .- - - -

A B I NPTC KOH
_.- _. - '- -

Pcntan one- 2 400 ND 0.84 pin k blue
Pent an one-3 400 o rigin 0.69 pink blue
Cyclo penta no ne 400 ND 0.76 pink blue
4-Methylcyclohcxa no ne 200 0.67 0.83 pink greenish blue
Octan one-2 200 0.54 0.77 pink yellowish green
Menthone 200 0.65 0.82 yellow yellowish orange
3-Methylcyclo hcxa no ne 200 p.63 0.8 1 pink blue
5-Methyloctano ne-2 200 0.69 0.77 pink blue
Cyclooc ta no ne 100 0.68 0.80 yellow green
Cyclohexano ne 100 0.57 0.82 pin k blue
Cho lesta n-6-o ne 60 0.64 NA pink blue
4-Androsten- 17fl- 40 0.59 0.79 pink blue

o l-3-one-17-ace ta te
Decachlorooctah ydro-I ,3,4- 20 or igin N A pin k blue

methe no-2H-c yclobuta(cd )-
pen ta len-2-one

4,4'-bis(dimeth ylamine) 100 o rigin origin pink blue
benzo pheno ne to40mm to 80 mm

Cyclobutanone 500 NA 0.76 pink blue
2-Ethylhexa noic ac id 150 N A origin pink blue

to 25 mm
II-Heptanoic ac id 150 NA o rigin pink blue

to 10 mm
II-Hep ta ldehyde 150 NA 0.80 pin k blue
S-Ethylhexah ydro- 60 NA 0.78 pin k blue

I l-l-azep ine-l-carb oth ioat e
Hydant o in 20 o rigin NA pink blue
Ethylene thiuram monosulfide 2 N A 0.63 pink blue

• Amo unt easily detecta ble.

useful for conju gated ketones. In most cases, large sample sizes were needed and in
some instances even with large samples, cert ain ketones would not yield a color
reaction .

However a color reaction was possible with the chromogeni c reagent INPTC
and as little as 20 pg could be detected as indicated in Tabl es I a nd II. For spot test ing
the am ounts can be about ten time s lower. For example 10 pg of cyclohexanone is
detectable by spot testing.

To gather more information on the specificity of the procedure, severa l cycIo
alcohols were includ ed in some of the TLC experiments. The alcohols were not detectd
by the INPTC spray as illustrated in Fig. 2 (areas F and G).

The characterist ic color for eac h compo und after spray ing with INPTC is
shown in the tables. For cyclooctano ne, a yellow spo t was o bserved after the INPTC
spraying, whereas for cyclohexanone , a pink spot is observed . The results have trig
gered our intere st in the natu re of the product formed on TLC plate s by INTPC and
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TA BLE II

TLC OF ALI PHATIC AND CYCLIC KETONES, ETHYLENETH IOU REA AND SOME
AC ID S AND AL DEHYDES ON SILI CA GEL SHEETS

So lvent systems: A, propanol-2-isooctane (1 :3) ; B, acetonit rile-water (9 : I) ; C, hexane- isooctane
(I :1). Dista nce developed: A ~ 12 em, B = 10 em, C ~ 10 em . ND .~ Not detected; NA '-0 not
analyzed .

40-60 0.4 1

100-1 50 NA

20-40 o rigin

100- 250 0.52
60-100 0.48

blue
blue
blue
blue
blue
blue
yello w

KO H

blue
blue

blue

purple
pu rple
pink
brown
orange

blue
blue
pink
orange
dark pink

blue
green

pink
pink
no co lor
pink
pink

pink

pink
no color
no color
pink
pink

Cofor observed

dark pink redd ish
brown

no co lor pink

f NPTC

pink
pink
pink
p ink
pink
pink
greenish

yellow
pink

pink

pink
pink

NA

NA
NA
NA
NA
NA

0.25

C

ND
o rigin
to 60 mm
0.63
0.09
0.23
0.30
0.50
0.22
0.48

ND
0.38
0.28
0.52
0.40

origin

0.55
0.55

B

0.68
0.66

0.79

0.43
0.67
0.79
0.70
0.85

0.58
0.58
0.52
0.84
0.58
0.48
0.86

orlgm
t085 111m
0. 15
0.7 1
0.69
0.8 1
0.84

0.65
ori gin
to Sn mrn
0.83

A

ND
ND

N D
0.50
0.40
0. 18
ND '
NA
0.46

40 NA
40 NA
40 NA
40 NA
80 NA

100-500
100- 500
200-250
100-300
100-250
250
100-1 50

200-500
200-500

500 NA
200 NA
200 NA
200 NA
50-60 NA

Amount
(f ig)

Compound

Pentanone-2
Pentanone-3

Cyclopentanone
4-Methylcyclohexanone
Octanone-2
Menthone
J-Methylcyclohexanone
5-Methyloctanone-2
Cyclooctanone

4-Androsten-17fJ-
ol-J-o ne- l z-acetate

Dec ach lorooctahydro- I,3,4
metheno-2H-cyclobuta(cd)
pentalen-2-one

4,4 '-b is(dime thyla mine)
benzopheno ne

Cyclobutanone
2-Et hylhexanoic acid
n-H eptanoic acid
Ii-Heptaldehyde
S-Ethylhexahydro- l H-

azepine- l-ca rbothioate
Ethyleneurea
Et hylenethiourea
Endrin keto ne
Cycloheximide
n-Butyraldehyde

Cyclohexanone
Cholestan-6-one

, No ne detected at low level.

•
I' • •

ABCDEFG
F ig. 2. TLC on silica gel. Solvent system, acetoni tri le-water (9: I) . A , ~ 40 fig ct hyleneurea ; B ".- 40
fig ct hylenethio urea ; C = 40 fig end rin ketone ; D - 40 fig kep one ; E ·, 40 ./lg cyclo heximide ;
F = 0.3 rng cyclohexanol ; a nd G = 0.3 mg 3-methylcyclohexanol.
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the carbonyl compound . Initial stud ies indicate that the solid ad sorbent is a necessary
component of the reaction and that different types of product are formed in the
various cases. Preliminary evidence suggests that the highly colored compounds are
I: 1 adducts, whereas the carbonyl compounds forming yellow products are of an
entirely different nature. Studies a re currently underwa y to determine the struc ture
of these products.
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Liquid chromatography assay of the calcium salt of citrovorum factor

CARROLL TEMPLE, Jr., ANITA T. SHORTNACY and JOHN A. MONTGOMERY

Kettering-Meyer Laboratory, Southern Research Institute, Birmingham, Ala. 35205 (U.S.A.)

(Received May 23rd, 1977)

The calcium salt of citrovorum factor (I, CF· Ca) has been found to reverse the
toxicity associated with a high dose of methotrexate (2) in the treatment of osteogenic
sarcoma'. The high cost of purification of the salt by column chromatography
prompted the investigation of the use of partially purified, but well characterized,
samples of the salt in biological studies. Previously, a high-performance liquid
chromatography (HPLC) method was described for the identification of CF and the
impurities generated during its preparation". These impurities included the pterins,
p-aminobenzoylglutamic acid (PABGA), 10-formyl-7,8-dihydrofolic acid (lO-CHO
DHF), and lO-formylfolic acid (lO-CHO-FA). In this system, however, the CF and
IO-CHO-FA peaks overlapped and limited the usefulness of the procedure for the
determination of the amounts of these two components. In contrast, the use of a
microparticulate reversed-phase packing with a mobile phase consisting of pH 4 citrate
buffer and dioxane gave baseline separations for IO-CHO-DHF, IO-CHO-FA, and
CF. This system coupled with elemental analyses provided a method for the assay of
CF .Ca samples.

CHO

HN~~YCH2NHR
H N~)lN)

2 H

1.

EXPERIMENTAL

Liquid chromatography
All separations were carried out with an ALC-242 liquid chromatograph

equipped with a UV detector (254 nm), an M-6000 pump, and a column (30 cm X 4
mm I.D.) packed with ,uBondapak C18 (Waters Assoc., Milford, Mass., U.S.A.) at
room temperature with an eluting solvent of pH 4 citrate buffer-dioxane (94 :6)
(Burdick & Jackson, Muskegon, Mich., U.S.A.) at a flow-rate of I ml/rnin. All
chromatograms were recorded at a chart speed of I ern/min and an attenuation of
16 a.u.f.s. at a pressure of about 1000 p.s.i. Solutions of the samples were injected with
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a Hamilton Model 701 syringe (10 pI capacity, 0.0185 in. 0.0. needle). For the prepa
ration of the buffer, citric acid monohydrate (21.0 I g) and sodium citrate dihydrate
(29.41 g) were dissolved separately in distilled water (1000 ml) . After filtration of each
solut ion through a Millipore filter (type HA WP04700, 0.45 zzrn), a mixture of the
citric acid solution (330 ml) and the sod ium citrate solution (170 ml) was diluted to
1000 ml with filtered water.

Standard compounds
Pterin was purchased from Aldrich (Milwaukee, Wise., U.S.A .), and pterin-6

methanol was prepared from 2,4,5-triaminopyrimidin-6(1 H)-one and 1,3-dihydroxy
acetone]. The calcium salts of PABGA and IO-CHO-FA were prepared in an aqueous
solut ion and precipitated by the addition of ethanol. Reaction of 5, I0-methenyl-5,6,7,
8-tet rahydrofolic acid chloride with aqueous base (pH II) at room temperature gave
mainly lO-form yl-5,6,7 ,8-tetrahydrofolic acid and trace a mounts of CF, IO-CHO
DH F, PABGA, a nd pterins. Further treatment of this sample in water (pH 7.4) in the
presence of a ir resulted in a lowering of the pH to 6.7 and the precipitation in low
yield of a 2 : I mixture of the calcium salts of IO-CHO-OHF and IO-CHO-FA. In
contrast, treatment of a neutral, aqueous so lution of the methenyl compound at 100°
gave the impure CF · Ca , which was purified by Florisil chromatography",

Standard curves
Stock solutions were prepared in volumetric flasks by dissolving weighted

sam ples of the calcium sa lts of PABGA, 2:1 10-CHO-OHF:IO-CHO-FA, IO-CHO
FA ,' and CF in distilled water. Aliquot portions from each stock solution were diluted
in volumetric flasks to give a series of concentrations from which the chromatograms
were determined on IO-,ul portions. These operat ions were carried out as rapidly as
possible to minimize errors resulting from oxidative decomposition of the sa mples.
Standard curves were obtained by plotting either peak height (PABGA) or peak area
(peak height X peak width at one-ha lf peak height) versus the equivalent amount of
the anhydrous calcium sa lt injected. In the preparation of the standa rd curve for 10
CHO-OHF, the amount of 10-CHO-FA in each dilution was determined from its
standard cuvre and subtracted from the weight of the mixture. The standard curves
were linear in the followin g concentration ranges: PABGA· Ca (0-0.6 ,ug), 10-CHO
DHF'Ca (0-0,5 pg), IO-CHO-FA'Ca (0-0.4 pg), and CF'Ca (0-7 pg). Before an
assay, the sta nda rd curves were checked by injection of a known amount of a fresh
solution of the standa rds. Over a two-day period, an error of less than 5% was
observed.

R'ESULTS AND DIS CUSSION

A sa mple of unpurified CF 'Ca was dried to constant weight in vacuo over
PzOs and analyzed for C, H, N, Ca, ash (CaO). This sample dissolved in water gave
the chromatogram shown in Fig. I. The amount of each identifiable component was
determined from a chromatogram in which the sample weight was 10.23 pg (Table 1).
The result s indicated that thi s sample contained about 78% CF'Ca, which on an
anhydrous basis corresponded to about 86% CF 'Ca and 14% impurities. The only
major unidentified component ( <:3%) appeared as a shoulder on the side of the
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Fig. 1. HPLC of unpurified CF·Ca. Solvent: pH 4 citrate buffer-dioxane (94:6); sample weight,
8.261ig (in water). I ~c Pterin-6-methanol; 2 pterin ; 3 == p-aminobenzoyl-L-glutamic acid; 4 ==
unidentified; 5 = 1O-formyl-7,8-dihydrofolic acid; 6- 10-formylfolic acid; 7 ~ CF; 8 and 9
unidentified.

TABLE I

HPLC ASSAY RESULTS

This assay represents an analysis of a solution of the sample because the presence of either 10-formyl
5,6,7,8-tetrahydrofolic acid or 5, I 0-methenyl-5,6,7,8-tetrahydrofolic acid in the solid would probably
be detected as 1O-formyl-7,8-dihydrofolic acid in the solution.

Components * Amount (%)

4.1
5.7

0.6"*
0.4 ••

3.1
4.6

/0.5 * *

78

Anhydrous calcium salts
p-Aminobenzoyl-L-glutamic acid
1O-Formyl-7,8-dihydrofolic acid
lO-Formylfolic acid
Citrovorum factor

Pterins
Pterin-6-methanol
Pterin

Other components':"
Ethanol
Water

Unidentified material
Peaks 4,8, and 9 (Fig. I) and undetected material 3.0

* Elemental analysis of the impure CF sample gave the following results: Calcd. for C,oH ll N707 ·

Ca·0.5C,H60·1.8H,O(MW 567): C, 44.49; H, 4.91; N, 17.29; Ca, 7.07; ash (CaO), 9.89. Found:
C, 44.49; H, 4.97; N, 17.29; Ca, 7.18; ash (CaO), 9.65.

** Estimated from peak height.
*** Calculated from elemental analyses.
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Fig. 2. H PLC of a mixture of component s at concent ra tio ns similar to th ose found in Fig . I . Solvent :
pH 4 citrate buffer-dioxane (94 :6). I = Pterin-6-methanol (0.059 pg) ; 2 = pterin (0.056 pg) ; 3 =

ca lcium p-aminobenzoyl-L-glutamate (0.197/lg); 4 = unidentified ; 5 = ca lcium lO-form yl-7,8
dihydrofolate (0.403 /Ig) ; 6 ~ calci um 10-form ylfolate (0.207 "g) ; 7 = CF ·Ca (6.82 p g).

PABGA peak . Although the error for each component is con sidered to be within
± 5%, a lower error should be obtainable if the assay were used routinely.

Peak ass ignments were confirmed by the determination of the chromatogram
of a mixture of the components (F ig. 2) at concentrations similar to those found in
the assayed sample (Fig. I). In the chromatogram of the known mixture, the peak area
was 27% high for PABGA probably because thi s compound was present in small
amounts in man y of the other components of the mixture. This CF sample was as effec
tive as a commercial sample in reversing the toxicity of a high do se of meth otrexate in
nuce .
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Separation of naturally occurring adenine nucleosides and nucleotides by
anion-exchange chromatography
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(Received February 25th. 1977)

Since the discovery of poly(A) sequences at the 3' ends in mRNA I, an intensive
study of poly(A) metaboli sm has been made both at the analytic and enzymic levels.
The poly(A) sequence is usually obtained by digestion of the purified mRNA with
RNase A and T1 (ref. 2). Recently, there have been some investigations on the enzymes
which hydrolyze poly(A) ; the determination of the substrate specificity of these enzymes
both for exoribonucleases- and for endoribonucleases"? depends on methods avail
able for the characterization of the products. In the present study we describe a
chromatographic techn ique which could be used for the separation and identification
of adenine nucleosides and nucleotides formed after enzymatic hydrol ysis of poly(A) .
The basic principles of thi s method were described some time ag08 ,9 .

EXPERIMENTAL

Anion-exchange chromatography of synthetic mixtures of adenine nucleo sides
and nucleotides was carried out on DEAE-Sephadex A-25 (particle size, 40-120 Inn ;
Pharrnacia, Uppsala, Sweden). Adenosine, 2',3 '-AMP, 5'-AMP, ADP and ATP were
obtained from Boehringer (Mannheirn , G .F .R.), 2'-AMP and 3'-AMP from Serva
(Heidelberg, G.F.R.) and I-methyladenosine (I-m-Ado) and W-m-Ado from pol
Biochemicals (Milwaukee, Wise., U.S.A.). A column (27 x 0.8 em) with a cooling
jacket was used for the separation. The DEAE-Sephadex gel was equ ilibrated with
0.05 M ammonium bicarbonate (pH 8.0) . An amount of 1.0 ml of a mixture containing
100 flg of each of the nucleosides and nucleotides was applied to the column. After
washing with the equilibration buffer, the column was eluted with a linear salt-and-pH
gradient (200 1111) of 0.05 M NH4HC03 (pH 8.0) to 0.4 M NH 4HC03 (pH 9.0, adju sted
with ammonia). Fractions of 3 ml were collected ; the flow-rate was 6 drops/min. The
column was monitored with an Uvicord " at 254 nm.

RESULTS AND DISCUSSION

A typical elution profile of the chromatographic separation at 200 on DEA E
Sephadex A-25 with a linear salt-and-pl-l gradient is shown in Fig. I. The eluted
nucleosides and nucleotides could be identified on the basis of their previously deter-
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Fig . I . Separation of adenine nucleosides and nucle otides on DEAE-Sephadex A-25 in an NH4H CO
gradient. The solid bar s ind icate the position s of the authentic compounds.

mined elution positions. In the presence of 0.05 M NH4HC03 the nucleotides are
bound to the anion exchanger, while the nucleosides are eluted. The first peak contains
I-m-Ado, wherea s N6-m-Ado is always eluted at the same position as Ado. The
nucleosides can be recovered by increasing the concentration of NH 4HC0 3 • For the
separation of the monophosphates it was necessary to combine the use of the salt
with a pH gradient. Under these conditions a resolution of 2',3 '-AMP, 5'-AMP, 3'
AMP and 2'-A MP was obtained . The separation of the se monophosphates allows
ident ification of each suspected product of a poly(A )-degrading exoribonuclease. The
advantage of the volatile bicarbonate buffer system used is the possibility of convert
ing the separated nucleic acid component into a salt-free states.
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Chromatography of natural phenolic cinnamate derivatives on Sephadex
LH-20 and G-25
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Extracts from higher plants contain mixtures of phenolic cinnamic acid
derivatives, often of the chlorogenic acid type. In the course of efforts to apply chro
matography on Sephadex to separation of these compounds from natural samples,
difficulties were encountered with peak shape, purity and variability. Substances of
the chIorogenic acid type were adsorbed from water and were generally well separated
by continued elution with water from preceding and following impurities lacking
the typical ultraviolet (UV) absorption spectra of cinnamates. Individual chromato
graphic peaks were obtained for cinnamate derivatives, but they were often slow to
reach maximal absorbance with an abrupt decline after the maximum. When rechro
matographed, peak fractions expected to be pure were contaminated by cinnamates
concentrated in other peaks and, depending upon conditions, multiple peaks in
various quantitative proportions could be produced from the same fraction.

Reasons for such behaviour have been clarified by this research and the value
of Sephadex chromatography to study cis-trans isomerism in these compounds
illustrated.

EXPERI M ENTAL

Sephadex LH-20 or 0-25, as obtained from Pharmacia (Uppsala, Sweden),
was swelled in water for at least one hour and slurry-packed into an LKB 4200
precision column, 12 x 300 mm, under a flow-rate of about 0.5 ml/rnin produced by
an LKB varioperpex 12000 peristaltic pump to give a packed length of about 240 mm.
Effluents were monitored at 280 nm with an LKB Uvicord II 8300 having a 3-mm
light-path flow cell and recorded by an LKB type 6520-6 recorder, but converted to
absorbance by an Infometrics PSU 15/50 Linalog converter giving 0.5, 1.0 or 2.0 A
full scale.

A repurified commercial sample of 5-chlorogenic acid and 4-p-coumaroyl
quinic acid isolated from apples I were used as the test compounds. UV irradiation

• Present address: Department of Viticulture and Enology, University of California, Davis,
Calif. 95616, U.S.A.
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was by a 125-W Hanovia medium pre ssure Hg arc lamp. Ab sor ption spectra were
obta ined with a Unicam SP-800B spectro photo meter.

RESULT S AN D DISC USSIO N

Fig. 1 shows the elut ion chromatogram s obtained when equ al portions of the
same solutio n of 4-p-coum ar oylquini c acid were developed on Sephadex LH 20 with
water as the eluent. Th e freshly dissolved crys talline material (trans) in A and the
isomeri zed (cis -j - trails ) in B. Th e characteri stically skewed curves are shown plus
evidence of parti al separation of the cis and trails isome rs. Addition of 0.2% (v/v) of
glacial acet ic acid in the eluting so lvent gave the compa rable chromatograms shown
in Fig. 2. Note that the trails deri vati ve now produces a slower eluting, Gau ssian
sha ped peak (Fig. 2A) and the cis form produced by irr ad iation is compl etely sepa 
rated (F ig. 2B, baseline between) from the trans. These columns, the exit tub ing and
the receivers were completely dark ened during the run by covering with a luminium
fo il. Th at the earli er peak is the cis form and the later the trans was verified by the
absorption spectra (cis maximum 5 nm shor ter wavelength a nd extinct ion abo ut 50 %
of the trans' ,2) and paper chromatography in 2%acetic acid of the separated fractions.
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Fig. I . 4-p-Co uma roylq uinic acid chrom atographed in the dark on Sephadex LH 20 develo ped with
water. A, trans-4-p-colllllaroylqu inic acid (2 rngnnl ): B, an eq ua l portion of the same so lut ion as in A
UV irradia ted during 30 min .

The exposure of the trans-4-p-coumaroy lquinic acid in dilute solution in
ordinary laborat or y light for 9 h (on a cloud y day and with only about 2 h of artificial
light ing) gave apparently complete isomerization as indicated by a chromatog ram
very nearly ident ica l to F ig. 2B and by the lack of further cha nge in the ab sorption
spectrum of the solut ion upon UV irr adi ati on .

The effect of the acet ic acid in the eluting solvent is believed to be primarily
to .suppress ionizati on of the quin ic acid carboxyl, a principle well established in
chromat ograph y. However, the results indicate that the car boxy ani on form is con
siderabl y less strongly adsor bed on Sephadex LH 20 than is the un-ionized carboxyl.
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F ig. 2. 4-p-Couma roy lq uinic acid, (A) trans a nd (B) cis -1- trans, chro matogra phcd in the dar k on
Sephadex LH ·20 and developed with 0.2 % acetic acid in water.

A hydrogen-bond ing mechani sm is suggested with the acid ic carboxy l hydrogen
form ing an especia lly strong bond , presumably with the oxygen H-bond accepto rs
in the Sephade x. The effect of the acetic acid is not limited to this, however, because
it sho uld a lso suppress the conversion of the trans form s to the cis form s. It has been
shown that in the cinnamate series the equilibrium favours the trans form more at
low pH th an at pH 5-7 3

• Thi s can be a fact or even during a column run if the
column is not prot ected from light. Fig. 3 shows that an isomerized cis-trans mixture
did not resolve when the column was continuously irradiated but rath er the continued
isomerization gave a broade r, flatter peak representing the average mobil ity of the
rapidly intraconverting two form s.

A third benefit of the acetic acid should be the conversio n of any salts of the
phe nolic qu inate s and related compo unds to the free ac ids. In fact, we have found
with certain plant extracts that acetic ac id appear s insufficientl y acidic to quickl y
displace all the complexes and therefore recommend addition only to the first void
volume of the eluent of 0.05 N H'Cl or other strong ac id . Without this the major
pea ks are unaffect ed, but more rapidly movin g (highl y water-solubl e), cinn amate
bearing peaks may occur which ap pear to be base-salt s of the acid funct ion of the
cinn am oyl ester (quinate, etc .) rather than additional parent cinnamate deri vat ives.

Similar ab ility to resolve the cis and trails form s of 5-chlorogenic acid was
found and Fig. 4 shows a chromatogram of a mixture of the cis and trans isome rs of
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Fig. 3. Chromatogram of 4-p-coumaroylquin ic acid under cond itions identical to Fig. 2B except that
the co lumn was co nt inuo usly irradia ted with UV light during the run.

4-p-coum aroylquini c acid and 5-chlorogenic acid . Note that the separation is more
greatly affected by cis or trans rather than by an additional phenol ic OH-group with
the result that the elution sequence was the two cis form s follo wed by the two trans
form s. It thu s becomes evident why a peak fraction from a chromatogram not pro
tected from light and especially if run without suppression of carboxyl ioniz ation
often contain s other members of the phenolic cinnamoyl famil y of compounds ; the
cis or trans form of homologues may overlap, equilibria can occur on the column and
the slowly rising leadin g edge can cause overlap during a considerable elution volume.
Thi s isomerization in the sample or on the column by light may also help explain
observed difficulti es in reproducing chromatograms from the same plant extract
sample.

Chromatograms run on Sephadex G-25 of similar samples showed similar
effects - the cis form s preceded and were well separated from the trans forms , the
cis- trans effect on separation was larger than the effect of one more phen olic OH , the
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Fig. 4. Chroma togra phy in the dar k on Seph adcx LH- 20 with 0.2 % acet ic acid in water of a mixtu re
of (A) cis- a nd (e) tralls-4-p-couma roylquin ic ac id a nd (B) cis- a nd ( 0 ) tl'UlIs-5-chlorogenic acid .
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seq uence of elut ion with dilute ac id was similar a nd with both ad sor bents the free
acids were held tighter th an the quinate esters; e.g., caffeic followed chlorogenic acid.

C hromatography on Sephadex LH 20 or G 25 with prop er attent ion to th e
effects of light and acid ic aqueo us eluent s can be, th erefore, no t only a very sat is
factory techn ique for isolat ion and purificati on of chlorogenic-like co mpo unds, but
clearl y it can a lso be used to study th e cis and trans isom erizat ion . We have been able
to produ ce separ ate crysta lline cis and trans derivat ives of p-coumaroyltartaric acid
by separa tion on LH 20 and concentration etc. in the dark. As far as we are aware
th is has not been done before since crysta llizat ion from an equilibrati ng mixture
produced the trans fo rms of th ese com pounds. Other systems, of co urse, wiJl sepa rate
cis and trans fo rms of such co mpo unds, but no ne seems to be as effect ive and as simple.
Paper chromatography in aqueous solvents is low in cap acity and perhaps more
difficult to protect fro m light. Silica gel chromatogra phy docs not seem to separate
cer ta in pa irs" and gas chro ma tog ra phy requires de rivati ve forma tion plu s smaller
sam ples".

The method can be used to get very pu re indi vidual compound s by taking
advantage of th eir cis- trans isomerizati on . Fo r example, cis-chloroge nic ac id isolated
in the dark as a simple peak ca n be isomerized and rechro matog ra phed to sepa rate
the trans form. Since the newly for med trans iso mer would now fa ll in a po rtion of the
chromatogram kno wn to have been "base-line empty", it should be free of con
tamination.
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Separation of 4-N,N-dimethylaminoazobenzene-4'-thiohydantoins of amino
acids by thin-layer chromatography on silica gel

J. Y. C HANG, E. H. C RE ASER a nd G . J. HUGHES

Protein Biochemistry Unit, Research School of"Biological Sciences, The Australian National University,
Canberra, A.C. T. 2601 ( Australia)

(Received April 29th, 1977)

We have developed a sensi t ive coloured reagent 4-N,N-d imethyl am inoazo
benzene-4 '-isothi ocyanate (DABITC) for the sequence dete rmination of peptide and
proteins' :". The ident ification of the released N-term inal am ino acid s as 4-N ,N
dimethyl amin oazoben zene-4'-th iohydantoins (DA BTH-AAs) on polyamide sheets
(2.5 x 2.5 em) is sensit ive and efficient and has so far been the preferred method for
the identificat ion of DABTH-AAs. Two shortcomings in the chromatography of
DABTH-AAs on polyam ide have become apparent ; DABTH-Leu and DABTH-Ile
remain unresolved ; and recovery of DA BTH-AAs from the polyamide sheets is
difficult unless a strong acidic solvent [such as 6 N HCl-ethan ol (I :2)] is used to dis
solve both DABTH-AAs and the polyamide simultaneously'.

We report here the use of silica gel for the separation of DABTH-AAs. A
satisfacto ry resolution of DABTH-Leu and DA BTH-lle is obtained. The reco very and
quantitation of DABTH-AAs could be ach ieved by extra cting DABTH-AAs from the
silica gel by ethanol or methanol.

EXPE R IME NTA L

DA BTH-AAs were prepared by the reaction of DABITC with excess of the
amino acid in alkal ine solution accord ing to our previous report':". The final product
was separated from unreacted amino acid by extraction into eth yl aceta te.

Less than 0.2 nmole of each DABTH-AA was applied to a 10 X 10 em pre
coated plate of silica gel (Merck, G60 without fluorescent indicator, 0.25 mm) with
the diamet ers of the applied spot s confined with in 1.5 mm. The plate was developed
by the solvents ind icated in Fig. I. DABTH-AAs can be identified directly as yellow
spots, however, greater sensit ivity can be obta ined by spraying the dried plate with
6 N HCI-methanol (I :30) whereby the der ivative s are obtai ned as intense red spots
aga inst a white background.

RESULTS A N D DIS CU SSION

Fig. 1 shows the one-dimensiona l separat ion of DABTH-AAs on silica gel
plates developed by chloroform-meth an ol or ethanol mixed solvents. The solvent
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Fig. I. Photographs of one-dimensional separat ion of DABTH-AAs on silica gel plate developed by
the indicated solvent systems. Approximatel y 100 pmole of each DABTH-AA was ap plied. T he
DABTH-AAs appeared on the plat es as red coloured spots after exposire to Hel vapour.
Abbreviations : P ~ proline; I = isoleucine; L --- leucine ; V valine; F e- phenyl alanin e ; M -
methionine ; A = a lanine ; G --- glycine; W =~ t ryptoph an ; Y -- tyrosine; Hp - hydrox yproline ;
N = aspar agine ; Q = glut amine ; S -~ ser ine ; T = trh eonine ; D --- aspartic ac id ; E glutam ic
acid : Cm = Carboxymethylcysteine; R = a rginine: H ~ hist idine ; x ~ unidenti fied by-produ ct of
DABTH-Ser (see Fig. 2).
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chloro form- met hano l (9: I) is suitable for separation of DABTH-Asn, DABTH-Gln,
DABTH-Ser, DABTH-Thr, DABTH-Asp and DABTH-Glu. The system chloroform
etha no l (100 :3) is used to separate the remain ing commonly occurri ng DABTH-AAs
except DABTH-Asp and DABTH-Cm Cys which cann ot be distinguished in either
solvent. The RF value of DABTH-Arg is zero in both solvents. The major by-product
( x ) which is usually found during the formati on of DABTH-Ser by the reaction of
DABITC with seri ne, sery lalanine and tri serine can be identi fied in the system , chloro
form- met hano l (100 :2). The relative posit ion of thi s by-product on the polyamide
sheet is shown in Fig. 2. Th e R F value of a- DA BT H-(E-DA BTC)-lysine (Bis-Lys) is
0.27 (ef glycine = 0.29) in chlorofo rm-ethano l (100 :3) and 0.91 tcf. alan ine = 0.89)
in chlo roform-meth anol (9: I).

~ABITC

r
2

x
<:;)

o
DABTH- Ser

1-

Fig. 2. Position of / , an un ident ified by-prod uct du ring the format ion of DABTH-Ser, on a two
d imensional polya mide sheet developed with wate r- acetic ac id (2:1) (solvent I) and tolu ene-s
hexane- acetic acid (2 :1:I) (so lvent 2). This by-pro duc t is bel ieved to possess a thiohydantoin struc
ture since it a ppea red as a red spot after expo sure to Hel vap our. E is the a uthent ic blue ma rker
4-N,N-di meth ylamin oa zo benzene-4'-th iocar bamoyl diethyla mine.

Cheng Chin (Taipei , Taiwan) polyamid e sheets have provided one of the mo st
elegant mediums for the qual itat ive detection ofamino ac id derivat ives' P:". The sturdy
structure of the absorbent, however, makes the recovery of DA BTH-AAs tedious. For
quantitati on using spectro photo metrical measurement , we have used a strongly ac idic
solvent, 6 N HCI-ethan ol (I :2) to dissolve both DABTH-AA s and the polyamide
absorbent simultaneo usly' , Th is pr ocedu re however could possibly cause the destru c
tion of some acid lab ile DABTH-AAs. The recovery of DABTH-AAs from silica gel
is relati vely simple. A number of solvents, such as ethanol, methanol or acetone, can
be used to extract DABTH-AAs, the silica being eas ily remo ved by centrifugation.

Perhaps the most significant result of DABTH-AAs sepa rat ion on silica gel
pla tes is the resoluti on of DABTH-Leu and DABTH-lle whic h we have failed to
achieve by using polyami de sheets. The silica gel p lates, therefore , sho uld be used in
com bination with polyamid e sheets whenever discriminati on bet ween leucine an d
isoleucine or quantitat ion if DABTH-AAs is needed.
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Improved procedure for peptide characterization using thin-layer chromato
graphy and a fluorescamine indicator

H IROTA FUJIK I' and GABR IELA ZU REK

Max-Planck-lnstitut fiir Biochemic, D-8033 Martinsried ( G.F.R.)

(Fir st received December 3rd, 1976 ; revised ma nuscript rece ived April lst, 1977)

Fluore scamine and o-phthalaldehyde are highly sensit ive and rap idly reac ting
reagents used to detect peptides and amino acid s' v, The optimal conditions for the
intensity and stability of fluorescent spots have already been reported'v", and fluo
rescamine has also been utilized in the qua ntitative analysis of ami no acids",

We have extended the f1 uore scam ine techn iq ue to the detec tion of tryptic
peptides on thin-layer chro matograms. These visua lized fluorescent tryptic pept ides
could be furt her characterized by the determination of their amino acid composition
using a conventional ami no acid analyzer. The recovery of the N-termina l amino acid
of a once-fluore scami ne-stained pep tide has been shown to be as good as that of a
purified iden tical pepti de witho ut staining. We here report an improved pro cedure
for peptide characterization using f1 uorescamine staining.

EXPER IMENTAL

Fluorescamine (F luram), 4-pheny lspiro(furan-2(3H), I '-phthalan) -3,3-dione
(Hoffman n-La Roche, Basel, Switze rland) was used as a freshly prepared solut ion in
acetone. Silica gel 60 thin-layer plates (without fluorescent indicator ; 20 X 20 em,
th ickness 0.25 rnm) were purchased from E. Merck (Darmstadt, G .F .R .).

The lyoph ilized tryptic digests were dissol ved in water and 1- 1.2 mg of protei n
were applied to a silica gel plate . Sepa ration in the first dimension was achieved by
electrophoresi s in 2 M acetic acid-0.6 M formic acid (pH 1.9) at 50 Vjcm for 60 min .
Separation on the second dime nsion was by ascendi ng chromatography in pyridine
acetic acid-n-butanol-water (40 :14 :68 :25) for 15 h.

First the plates were sprayed with 0.2 M borate buffer (pH 8.0)-acetone ( I :1)
and then with a solution of fluorescarnine in acetone (50 mg per 100 mI). F luore scent
spots were scraped off the plates during the first 3-4 min after the tryptic pept ides had
been visua lized under long-wavelength (366-nm) UV light. T he f1 uorogenic reaction
with scraped tryptic pept ides was stopped by adding 5.7 N hydrochloric acid and then
hydro lyzing at 11 0" for 20 h.

, Present address : Biochemist ry Division , Nat ional Cance r Center Research Inst itute, Tsukiji
S-Chrome, Chuo-k u, Toky o, Japan.
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RESULTS AND DISCUSSION

NOTES

In the course of sequence analysis of the It subunit of DNA-dependent RNA
polymerase from E scherichia coli, we purified a tryptic peptide by con vent ional
method s, using column chromatography and then silica gel thin-layer chromatography.
The amino acid composition was determined using the amino acid analyzer. In a
separate experiment , we isolated an ana logo us peptide from trypt ic fingerprints on
silica gel thin-layer chromatograms after sta ining either with fluorescamine or with
ninhydrin. The amino acid compos it ion of samples of thi s peptide isolated in the three
ways described are compared in Table I. Although t he N-terminal amino acid deter
mined by the dansyl chloride technique in each case was threonine, the stoichiometric
amount of threonine after staining with nin hydrin was 30% lower th an the value
obtained aft er f1uorescamine staining. Thus, the fluorogenic react ion with the N
terminal amino acid doe s not have an adverse effect on the amino acid composition.

TABLE I

AMINO ACID COMPOSITION OF AN IDENTICAL TRYPTIC PEPTIDE

The values represent the number of amin o acid residues per peptid e. The background of a silica gel
blank was deducted from the am ount of each amino acid residue. Value s for threonine were extra p
olated to zero time.

Amino acid Purified pep tide After staining After staining
without staining with fluore scamine with ninhydrin

Lysine 1.0 1.0 1.2
Threonine 1.0 1.0 0.7
Glutam ic ac id 2.0 2.0 2.2
Valine 0.9 0.8 0.9
Leucine 2.1 2.2 2.0

Although the f1 uorescamine reagent is known not to react with secondary
amino acids such as proline and hydroxyproline, the tryptic peptides of various pro
tein s containing the se residues can st ill be characterized, since trypsin does not cleave
lysine-proline or arginine-proline bonds. For example, it was used to find an amino
acid substitut ion in the a subunit of a mutant RNA polymerase", or for the investiga
tion of the phylogeny of lactate dehyd rogenase mo lecule s?

The fluorescarnine-treated trypt ic peptides could be further purifi ed by re
chromatography on thin-layer plates and , after a second ftuore scamine spray ing, it is
possible to repeat the analysis as descr ibed above.
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Analysis of t race amounts of acetylsalicylic anhydride in acetyl sal icyl ic acid

HARVEY D. S PITZ

Johnson & Johnson, Healtli Care Division Research, New Brunswick ; N.J. 08903 ( U.S .A.)

(Received Ma y 16th , 1977)

Considerable interest has been generated in acetylsalicylic anhydride (ASN) as
one of the significant impurities in acetylsalicylic acid (ASA): ASN may be a potential
cause for allergi c reactions to ASN,2. The anhydride has been purported to be a highly
immunogenic substance! in minute amounts and therefore a sensitive, specific analyt
ical technique is required to determine quantitatively trace levels of ASN in ASA .

De Weck I described an extraction technique followed by thin-layer chromato
graphy for the sepa ration of ASN from ASA. Hi s extraction technique has the dis
advantage that 0.5 N sodium hydroxide must be added dropwise continuously over a
period of 90 min to a phosphate buffer-benzene system, in order to maintain the
desired pH. Bundgaard and Bundgaard! modified th is extraction system so as to
eliminate the dr op wise addition of caustic solution. Their final analysis is more sensi
tive and is based on a spectrophotometric determination employing an a-benzamido
cinn amate-pyridine reagent which they had to synthesize. Sethi :' has mod ified the
Bundgaard technique, and recentl y Ali" reported the use of gas and liquid chro mato
graphy for the determination of ASN in ASA.

The purpose of thi s paper is to describe a relatively simp le, inexpensive, qu anti
tative technique that appear s to be specifi c for trace amounts of ASN in ASA .

EXPERIMENTAL

Materials
All solvents were analytica l-reagent grade. The solvent systems employed for

the chro matogra phic sepa rat ions were methyl ethyl ketone-cyclohexane (50:50) and
(70:30). Silica gel plates with fluorescent indicator (Silica Gel G F, Analtech, Newark,
Del. , U.S.A. ; 10 X 20 em and 20 x 20 ern, 250 ,urn) were activated at 105° for I h.
The sample and standard solutions were spotted with the aid of an automatic spott ing
device (Analyt ical Instrument Specialities, Libertyville, Ill., U.S.A .).

The chromatograms were developed by ascending chromatography in a Ge lman
chromatography chamber (Gelman, Ann Arbor, Mich. , U.S.A.), saturated with the
vapor of freshly prepared solvents 15 min prior to development. A Chromata-Vue
(Ultra-Violet Products, San Gabriel , Calif., U.S.A.) was used at 254 nm for the detec
tion of spots after chrom atography.
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Procedure
Weigh 5.0 g of ASA into a 250-ml glass-stoppered erlenmeyer flask. Add 75 ml

of ethyl acetate and stir with the aid of a magnetic stirring bar until the sample is dis.
solved. Add 125 ml of saturated sod ium bicarbonate, cap and stir the two-phase
system vigorusly for 30 min. Place the contents into a 250-ml separatory funnel. Wash
the erlenmeyer flask with 10 ml of ethyl acetate and transfer this to the separatory
funnel. Discard the lower aqueous phase from the separatory funnel. Wash the ethyl
acetate layer twice with 10-ml portions of water, di scarding the aqueous layer each
time.

Add about 2 g of anhydrous sodium sulfate (granular) to the ethyl acetate and
shake. Pour off the resulting clear solution into a )50-ml beaker. (One also has the
option of filtering the ethyl acetate solution into the beaker through filter paper) . Wash
the separatory funnel with 10 ml of ethyl acetate and transfer it to the beaker. Evap
orate the solution to about 10 ml on the edge of a steam-bath and air evaporate the
remainder to dryness in a hood without the aid of heat.

Add 5.0 ml of acetone to dissolve the faint residue and spot 100,u1onto the silica
gel plate. Standards of ASN are prepared in acetone so that, for example, 20, 10, 5, 2
and I fJg of ASN can be spotted along with the samples. Place the plate in the satu
rated chamber, let the solvent front move a distance of 10 cm from the origin, and
remove the plate. Place the plate under a stream of cool air until nearly dry and then
place the plate in the Chromata-Vue under UV light and compare the ASN spot of
the sample to the standard ASN spots. The low-level spot (I !lg) tends to fade with
time, therefore one should procede with the visual interpretation quickly.

RESULTS AND DISCUSSION

An important step in obtaining quantitative results for ASN in ASA is the
order of addition of the extracting solvents. It is necessary to dissolve the ASA in the
ethyl acetate before the addition of bicarbonate solution. Thi s places the desired ASN
into the organic solvent first (the more favorable phase because of its low solubility in
water) and allows the ASA and any salicylic acid (SA) to be easily extracted out of the
organic phase after the addition of the bicarbonate solution. Since Garrett" has demon
strated that the hydrolysis of ASN is 9 min at 26° and pH 8.0, then having the ASA
intially in the ethyl acetate should decrease the po ssibility of hydrolysis of ASN by
the sodium bicarbonate solution.

Recovery studies were performed by spiking samples of ASA with known
amounts of ASN ranging from 0.003% to 0.05%. Recoveries were :±: 0.001 % ASN
at the low levels and ± 0.005% ASN at the higher levels.

Visual observation under UV light showed one major spot to be present besides
the ASN. This spot which has an approximate R F value of 0.4 tails significantly and
appears to coincide with ASA in its chromatographic profile and R F value. The
methyl ethyl ketone-cyclohexane solvent systems separate the ASN (R F 7 . 0.6) sat is
factorily from the potential trace amounts of ASA (R F = 0.4) and any possible SA
(R F = 0.2) .

It appears from the chromatogram that a minute amount of ASA remains in
the organic phase. This is quite conceivable considering the large sample of ASA
used in the analysis. Since ASA can contribute to the oxazolone formation with the
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Bundgaard reagent, one could possibly expect somewhat higher result s for ASN in a
sample of ASA. The technique of so lvent extr act ion followed by thin-layer chrom ato
graphy helps to increase the specificity of the meth od .

Several solvent systems as described by De Week! were evaluated for the simul
tane ou s sepa ration of SA, ASA and ASN. However , the meth yl eth yl ketone-cycle
hexane mixtures pro vided the best result s. Separati on was slightly better with the
50 :50 mixture than with the 70:30 mixture, a lthough either ratio is quite accepta ble.

Some concern was originally generated over the possibility of decomposition
of ASN dur ing the eva po rat ion step under warm condition s. Chro ma tographic
anal ysis of ASN with the warming (evaporation) technique was compared to a totally
air-dri ed sample of ASN and to a control of ASN which did not undergo an y evapora
t ion step. The resulting chromatograms showed no salient difference in the chromato
graphic pr ofiles or intensity of the spots. Likewise, it was establi shed that sta nda rds
can be used the next day as ASN prepared in acetone and kept for 24 h at room
temperature showed no differen ce in intensity or chromatog raphic profile as com
pared to a freshly prepared standard.

Six different ASA samples, each of which was con sidered to have a low ASN
content, were ana lyzed according to the procedure described in thi s article. Two
samp les were found to co nta in 0.002 % ASN , one conta ined 0.00 5%, two conta ined
0.010 % and the last one was found to conta in 0.020 % ASN . The result s obtained a re
in the same order of magnitude as those publi shed previously.j"

One should keep in mind th at the relati ve sensitivity of the meth od may be
increased significantly. For exa mple, one can easily reduce the amount of acetone to
dissolve the residue from the evaporation step and/or increase the sa mple weight or
volume of sample solution a pplied to the silica gel plate . Like wise, if only a limited
amo unt of ASA is avai lable, one sho uld be able to decrease the sample weight as long
as the rati o of the extracting solvents to sample size is maintained .
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Note

DLinnschichtchromatographischer Nachweis von Pemolin im Harn nach
Einnahme therapeutischer Dosen

S. GOENECHEA und G. M. WAGNER

Institut fur Gerichtliche Medizin der Universitiit Bonn, Stiftsplat: f 2, 53 Bonn (B.R.D.)

(Eingegangen am 23. Marz 1977; geanderte Fassung eingegangen am 2. Mai 1977)

Pemolin (5-Phenyl-2-imino-4-oxazolidon) wird als Psychoenergetikum ver
wendet'. Fiir den Pemolinnachweis nach Korperpassage sind papier- und diinn
schichtchromatographische Verfahren beschrieben worderr'r'. Auch die Hochdruck
flussigchromatographie ist fur den Nachweis und die quantitative Bestimmung von
Pemolin im Harn benutzt worden", Die beschriebenen Verfahren eignen sich aber nur
fur Untersuchungen, die gezielt auf diese Substanz oder auf Stimulantia vorgenommen
werden.

Die vorliegende Arbeit befasst sich mit der Moglichkeit, eine Pemolineinnahme
nachzuweisen, auch wenn die Harnanalyse im Rahmen einer allgemeinen chemisch
toxikologischen Routineuntersuchung durchgefuhrt wird.

METHODlK

Fur die Untersuchung standen fimf freiwillige Versuchspersonen zur Ver
fugung, Sie erhielten morgens nach dem Fruhstuck 11

/ z Tabletten Tradon (entsprech
end 30 mg Pemolin) per os; unmittelbar vor Versuchsbeginn wurde die Blase entleert
und die erhaltene Harnprobe -als Blindprobe- genauso aufbereitet und untersucht
wie die nachfolgenden. Nach Medikamenteneinnahme wurden die iiber 24 h zwanglos
gelassenen Urinproben getrennt aufgehoben und untersucht.

Extraktion des Hames
Der Spontanurin (jeweils die Gesamtmenge) wurde mit lO%iger HCl auf pH

1-2 gebracht und dreimal mit Chloroform extrahiert; die wassrige Phase wurde dann
mit lO%iger Na'Ol-l-Losung alkalisiert (pH 13-14) und erneut dreimal mit Chloro
form ausgeschiittelt. Die Chloroformextrakte wurden dann iiber NaZS04 getrocknet,
filtriert und das Losungsmittel bei ca. 40° unter vermindertem Druck destilliert. Die
Riickstande wurden anschliessend diinnschichtchromatographisch untersucht.

Diinnschichtchromatographie
Es wurden Platten von 200 X 200 mm benutzt, die nach dem Standardverfah

ren von Stahl" mit Kieselgel G beschichtet wurden. Es wurde die Technik der zwei
dimensionalen Trennung angewandt. Fliessmittel waren: (I) Chloroform-Methanol
25 % Ammoniak-Losung (90:10:0.5) (Richtung I), und (2) N,N-Dimethylformamid
Essigsaureathylester-n-Octanol (l:9:3 Tropfen)" (Richtung 2). Vor der Behandlung
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der Chromatogramme mit den Reagenzien wurden die Platten irn Trockenschrank
bei ca. 1200 5-10 min getrocknet.

Nachweis. Zuerst wurde mit einer 20 %igen methanolischen KOl-l-Losung be
spruht und nach Trocknung mit dem kalten Fohn mit 1%iger methanolischer m
Dinitrobenzollosung nachbehandelt". Fur die Best imrnung der Nachweisgrenze WUf

den die Substanzlosungen mit Hilfe einer Mikropipette von 10 ttl Fassungsvolumen
(Einteilung I ,ul) auf die Platte aufgetragen.

ERG EBNISSE UNO OISK USSION

Pemolin ergibt mit dem Kaliumhydroxyd-m-Dinitrobenzol-Reagenz eine rot
violette Farbung, die nach ca. 19 min bei Raumternperatur in einen orangen Farbton
urnschlagt , Mit diesem Reagenz kann man I ,ug Pemolin nachwei sen.

Bei der Untersuchung der Harnproben zeigte sich , das s unveriindertes Pernolin
bei allen 5 Probanden in dem ersten Spontanurin , der etwa 2 bis knapp 4 h nach Ein
nahme abgegeben wurde, nachweisbar war. In den meisten Fallen war es auch noch
24 h nach Versuchsbeginn auf dem Chromatogramm zu sehen. Pemol in trat immer in
dem bei saurer Reakt ion erhaltenen Extrakt auf und manchm al zusat zlich in dem bei
pH 13-14 erhaltenen Chloroformextrakt.

Ausser Pernolin wurde in dem sauren Extrakt eine Substanz beobachtet, die
sich mit dem Kaliumhydroxyd-m-Dinitrobenzol-Reagenz rot-violett anfarbte und
wie Pemolin nach ca. 10 min eine orange Farbe annahm ; diese Substanz trat nicht in
den medikamentenfreien Harnproben auf. Spatere Untersuchungen haben ergeben ",
dass es sich bei dieser Substanz um 5-Phenyloxazolidin-2,4-dion handelt. Das Auftreten
von 5-Phen yloxazolidin-2,4-dion im Ham kann ein wichtiger Hinweis auf eine Pem o
lineinnahme sein. In man chen Fallen tritt es allein auf, vielfach z.B., wenn die Ham
probe nach dem Stas-Otto-Vcrfahren aufbereitet wird . Es zeigt mit dem Fliessmittell
einen Rf-Wert von 0.15 (Pem olin RF = 0.38), mit dem Fliessmittel 2 einen RrWert
von 0.73 (Pem olin RF = 0.60). D ie Spezifitiit des Kaliumhydroxyd-m-Dinitrobenzol
Reagenz wurde an 20 Substanzen, die aus sauren Losungen extrahierbar sind , ge
pruft ; nur Meth yprylon war anfa rbbar"; diese Verbindung ergibt aber eine blau-vio
lette Farbung und weist mit den hier verwendeten Fliessmitteln einen ganz anderen
RF-Wert als Pernolin auf und kann somit von Pemolin und 5-Phenylo xazolidin-2,4
dion ohne weiteres unterschied en werden.

Die vorl iegenden Untersuchungen zeigen, da ss eine Pemolineinnahme im
Rahmen einer allgemeinen Routineanalyse von Harn mit der angegebenen dunn
schichtchromatograph ischen Methode festgestellt werden kann.
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Book Review

HPTLC- -High performance thin-layer chromatography (Journal of Chromatography Library, Vol. 9),
ed ited by A. Zlatkis a nd R. E. Kaiser , Elsevier, Amsterdam , Oxford , New York , and Institute
of Chro matogra phy, Bad Durkh eim, 1977, 240 pp., price DB. 110.00, USS 43.95, ISBN
0-444-41 525-4.

H igh-p erformance th in-layer ch rom at ograph y (HPTLC) - to quo te from the preface of the
present book- is defined as the combined action of severa l var iables which include an op t imized
coating mater ial , a new meth od of feeding the mobil e phase, a novel pro cedure for layer co nditioning,
an improved dosage meth od a nd a co mpetent data acquisit ion a nd processing system. Or, in ot her
words, HPTLC is recommend ed as a fast and inexpensive preliminar y technique fo r high- performance
liquid chroma tography, which will also be the method of cho ice for certain an alyt ical problems.

Six a utho rs have contributed to the present volume of the Journal of Chromatography Libr ary,
which essent ially is a considerably enlarged version of Einfiihrung ill die Hochleistungs-Dlinnschicht
Chromat ographie, edited by Ka iser and publi shed in 1976 by the well-known Germa n Institute for
Chromat ogra phy at Bad Durkheirn. The book is written in a slight ly aggress ive style and the a utho rs
a re firmly opposed - a nd rightl y so !- to those who co nside r TLC as o ne of the less impor tan t
analyt ical tool s.

Th e first (R. E. Kai ser) a nd second (J. Blome ) cha pters deal with the simplified theo ry of TL C
and discuss as pects such as the RF , real R, and k va lues, the Bow functi on in HPTL C, sepa ra t ion
capability, separat ion power and the separat ion number in linear a nd circul a r TL C. A chapter on the
ad vant ages, limit s and disad vantages of the r ing developing technique (J . Blome) follo ws, which
co nside rs the prerequisites for this technique, a pplica t ion and gradient probl ems, a nd flowing-a round
a nd solvent atmos phere effects.

The fourth and fifth chapters (R. E. Kaiser) are the hea rt of the matter. The author exten sively
discusses the U-chamber, which allows electr onically controlled flow of the mobile phase, which
moreover is isolated from the sur round ing atmos phere, applicati on of gradi ent techniques, control
of the gas phase, and continuou s-flow H PTL C. The chapter on dosage techn iques stresses that only
dosage volumes below 10 nl a re compa t ible with HPTLC and reviews the inst rumenta tio n for nano
dosage.

Two cha pters (H . Halp aap and J. Ripphahn) a re devoted to the development of pre-coated
HPTLC plat es and the ir application in qu ant itat ive TL C, and to aspects such as the influence of the
type of chamber , sorbent and so lvent act ivity, a nd temperature. Th e act ivity of the stati onary phase is
the ma in top ic of D. Janchen 's considerati ons o n the rep roducibility of TL C sepa ratio ns. Lastly, the
use of UV-a bso rpt io n a nd fluo rescence measurement s is discussed by U. B. Hezel, who also records
a number of pra ctical examples.

Th e book, wh ich co nta ins many figures and tables and an adeq uate index, is well produced . It
is an imp ort ant book for the practical ch rornat ographer, because it presents a complete system and
procedure for a n advanced thin-l ayer technique that will cert ainly see increas ing a pplicat ion. How
ever, much wor k remains to be done, before the combined act ion of speed, precision and sensiti vity
will really have turned H PTLC into the seco nd generat io n of TL C.

Amsterdam ( The Netherlands) U. A. Th . BRINKM AN
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