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IS Solvents
for the analysis of
~esticide residues
)n the recommendat ion of international organisations such as FAO and WHO,
iany nations throughout the world have felt the necessity to regulate the use and
te control of pesticides in foodstuffs.
'he analysis of pesticide residues presents unusual problems because of the small
mounts of substances to be determined and the large number of possible
1terfering substances which must be first eliminated. In order to determine extremely
mall quant ities, very sensitive analytical methods are required, which however
:annot be applied directly to the substances under examination. The general
irocedure is :
I extraction of the pesticide from the sample;
, concentration of the extract by evaporation of the solvent;
I removal from the extract of naturally-occurring substances which would interfere

with the pesticides ;
I determination of the extracted pesticide.
n these operations large quantities of polar and non polar solvents are used.
rhe usual Analyt ical Grade solvents, when subjected to a more detailed investigation
GLC e.c.d. and Na d.), show peaks due to impurities, whose positions coincide
'lith those of the peaks of pesticides. The use of solvents from which these
mpurities have been eliminated is therefore indispensable.
:arlo Erba RS solvents for pesticides have been studied and developed in order
:0 satisfy these requ irements. Their main characteristic is that of having a greatly
'educed quantity of any residue which may interfere with the analytical method.
Ihis has been attained by working under special conditions, with small batches
Nhich are controlled individually. and by special choice of packing materials,
cleaning methods and bottle closure procedures. For chlorinated compounds,
a maximum limit of 10-'% as aldrin (GLC e.c.d.) is guaranteed, and for phosphorylated
compounds a maximus limit of 10-' % as parathion (GLC Na d.),
All these products are available in bottles of 1000 ml.

Acetone RS
Acetonitrile RS
Benzene RS
Chloroform RS
Cyclohexane RS
Dioxane RS
Ethyl acetate RS
Ethy~ ether RS
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in the series LABORATORY TECHNIQUES IN
BIOCHEMISTRY AND MOLECULAR BIOLOGY?
edited by T.S. WORK, N.I.M.R., Mill Hill, London, and E. WORK, Imperial College, London .

The books in this well established series cover all aspects of laboratory work in blochemistr
and molecular biology. Each volume provides enough information for laboratory workers tl
apply a new technique without seeing it in practice or having any prior knowledge of it. For this
reason, more emphasis has been placed on application than theory, but each volume conta in!
enough theory to make the technique and its application meaningful.

Each volume is comprised of two or more completely separate parts each covering a separate
technique and is hardbound for reference purposes. The individual parts are available in paper
back, for laboratory use and are revised independently of the clothbound editions whenevel
the authors and editors consider it necessary. Thus the whole series is kept as topical as it~
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Determann and Wieland! in th at it invol ves the solid ification of the oil suspension of
a cellulose solution. The main difference is th at the solid ification occurs at first by
heat treatment and not by the act ion of chemicals. The preparation of bead cellulose
as well as some further chemical and physical properties are dealt with in two other
papers":". Various degrees of porosity of the product were obtained by various treat
ments of the suspension during solidificat ion and by various treatments of the solidi
fied product. Samples with volume fract ions of pores ranging from P = 0 to 0.8 can
be prepared by this procedure. Samples exhibiting the highest porosity were not
completely stable during drying and were therefore stored in the swollen state with
sodium azide added as a bacteriostat. Samples with low porosity can be dried with out
change.

Bead cellulose was thoroughly washed with water prior to measurements.
Fractions of particular sizes were obtained by sieving in water. The separate samples
were characterized by the bed volume of the swollen material relative to its weight
in the dry state (ml /g). Microphotographs of the bead and fibrillar and microgranular
cellulose were obtained with an Exacta apparatus with an extension for clo se photo
graphing. The samples were dry and lit from above.

Swelling and porosity
Swel1ing was determined with centrifugal columns described elsewhere", The

samples were swollen to equilibrium in water or methanol, centrifuged (1400 g) and
weighed. The procedure was repeated several times until constant values were ob
ta ined. On drying in vacuo at room temperature, the measurement was repeated and
the sample was dried again. The results obta ined were used to calculate the weight
swelling in grams of the solvent per gram of the dry matter; for methanol, the weight
swelling was re-calculated by dividing by the methanol density, which yielded a
comparable quantity, the volume swelling in mill ilitres of the solvent per gram of the
dry matter. In both instances the porosity was also calculated, i.e., the volume fraction
of the solvent in the swollen sample. The volume of the substance was calculated from
the specific gravity (1.52) for the basic regenerated cellulose.

Deformation characteristics
A theoretical solution of the problem of stress distribution between two

spherical bodies in contact with each other was first postulated by Hertz for the case
of the validity of Hook's law between stress and strain. Assuming contact between
two beads that have radii 1'1 and 1'2, the theory? predicts that the total pressure force,
F, is given by

16 U2
F- .( 1'11'2) ·d3/2 (I)

- 3 (x, + X2) 1'1 + 1'2

where d is compression, i.e., a change in the distances between parts of the beads
undeformed by pressure, and Xi = 4(1 - fl~)/£i (i = 1,2), where fli and E, are
Poisson's constant and Young's modulus of the material, respectively.

From eqn. 1, in the application to our particular pr ocedure, the deformation
of the bead between two planes ha ving a high Young's modulus (1'1 = 1', £1 = E,
Xl = X, 1'2 ---+ 00, E2 ---+ 00, X2 = 0) gives

F = (16/3) A 1'112 (Lly/2)3/ 2 (2)
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1-2 %, which suggests a go od spherical sha pe of the samples. The bead was then
transferred int o a deformation apparatus and compressed to the lowest deformati on
Yl and the change in the force F with time was recorded . After a chosen con stant time
of 2 min, the fo rce F1 corresponding to the compression )' , was read off, The defor
mation was then increased and the whole process repeated . At least 20 values of Yi
and F; were measured on each sample, and at lea st two beads were taken for each
system. However, the values of F; ca nnot be regarded as the equilibrium values,
because for samples with a low modulus in particular, a pr on ounced time dependence
of F was observed, indicating a con siderably viscoelas tic cha rac ter of deformation of
such samples . Becau se of the purpose of th is work, thi s time dependence was not
st ud ied in more detail.

For the direct treatment of the experimental data, eq n. 2 was a pplied in the
form

I 16 2/3
F/ 13 = "2 h- A r1/ 2

) (Yo - y ;) = C - S Yi (3)

where C and S a re con stants. The ad vantage of such a plot consist s in its invariance
with a shi ft of the origin at )' i : )'0 need not be kn own for determ inin g A. Also, the
a bsolute values of Y i are not important, so that the Yi valu es directl y read o fT from
the scale of the deformat ion ind ica to r can be used . A was determined from the slope
S according to the equation

(4)

The ass umpt ion used for der iving eqn . 2 about the high modulus of surfaces of the
deformational apparatus was checked by direct measurement. The same time pro
cedure as described above wa s used for the investig ation of the penetration of a steel
bead into a PTFE plate10

•
11

• The penetrat ion modulus for PTFE ca lculated from
eqn.2 was 190 MPa, that is, high er by one or two order s of magnitude than the
moduli determined for the sa mples investigated .

Flow-rate
The hydrodynamic resistance of the layer in the co lumn was measured in a

flow of de-gassed distilled wa ter. A sorbent co lumn , 9 mm in diameter and 30~60 mm
high, was supported by a network of sta inless stee l with hole s o f diameter 0.01 mm.
The pressure above the column was measured with a met alli c manometer of the
Bourdon type ; the flow-rate was calculated from direct measurements of time and
the amount of water th at had left the co lumn. For higher flow-rates, the instantaneous
flow-rate was rea d off from a rot am eter placed behind the co lumn. The readings were
calibrated by direct mea surements. The hydrodynam ic resistance of an empty
appara tus was a lso determined; it was found th at the pressure losses in the empty
apparatus at the flow-rates under investigat ion were negli gible, so that no correction
was nee ded.

Gel chromatography
A K- 2 chro matograph pro vided with a refr acti ve index det ect or (Waters

R403) was manufactured in the workshops of the Institute of Macromolecular
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Fig. 2. Microphotographs of (a) bead cellulose No. 12, (b) standard-grade cellulose for chromato
graphy and (c) microgranular cellulose.
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TABLE II

MECHANICAL CHARACTERISTICS OF BEAD MATER IALS

S wollen commercial ion exchange;sSwollen bead cellulose Dry bead cellulose
.- ,-- - . --

No. Radius, Penetration No. Radius, Penetrat ion
r (rnm) modulus, r (mm) modulus,

A ( M Pa) A ( M Pa)

6' 0.533 2.80 8 0.347 24.73
0.503 2.56 0.332 25.84
0.500 2.46 9 0.419 17.21
0.483 2.63 0.408 20.74

7" 0.610 0.44
0.605 0.44
0.615 0.34
0.590 0.41
0.595 0.59

_. - _ . - " - "

Name Radius,
r ( mm)

Zerolit'" 0.535
0.605
0.700
0.638

Zerolit § 0.692
0.834

Ambe rlitc " ! 0.510
0.473

Penetration
modulus,
A ( M Pa)

1.44
1.50
1.35
1.30
0.28
0.27

27.62
26.92

• Bed volume 4.1 ml /g.
•• Bed volume 8.45 ml /g.

••• Ca rboxylic cation exchanger Zerolit 226 (H+).
i Zerolit 226 in equilibrium with 0.01 N NaOH.

Ii Strongly acid styrene sulphonic cat ion exchanger Amberlite IR-120 (H +).

carboxylic cation exchanger ; th e values found for dry bead cellulose are comparable
with those for swollen styrene ion exchan ger s, represented in thi s instance by Amber
lite IR-120. For two samples of swollen cellulose, important differences in the valu es
of the modulus A can be ob ser ved , whic h in Table Il are related to the bed volume.
The latter reflect s the equilibr ium swelling or porosit ies. As expected, a lower modulus
wa s found for the more swo llen sampl e.

The behaviour of so rbents in a flow of wa ter is show n in Figs. 6 and 7 as a
dependence of the linear flow rate, U (rn /h) (flow-ra te relative to an empty cro ss
sect ion of the column), on the pre ssure gradient B (em H20/cm). Curve 2 (Fig. 6),
obtained with dextran gel , is typic al of material s subjected to deformati on . At low
pressure grad ients , there is a linear region characterized by th e slope Ko which is
somet imes referred to as the specific perm eability. At higher pressure gradients, the
linear relationsh ip ceases to hold, becau se the part icles become deformed and the
free space in the column is reduced , thus reducing the permeability of the layer. In
general , the curves pass through a maximum, and in soft sorbents the flow-rate
decreases to zero, which happens when the column becomes clogged owing to the
destruction of particles. The slope of th e linear part is determined onl y by th e parti cle
size and form, while the region of non-linear behaviour is det ermined predominantly
by the deformability of the material.

In Fig. 6, bead cellulose is compared with some dextran gel s. Curve 1 relates
to bead cellulose, wh ile curve 2 relates to bead dextran of compa rable bead size.
The full line indicates the initial slope calculated fo r a given particle size according
to the literature". It can be seen that bead cellulose and bead dextran differ markedly,
especially in the non-linear part. The effect of the bead form is stressed if a com 
pa rison is made with ea rli er gels with an irregular shape. Their behaviour is illustrated
by the individual points in the bottom part of Fig. 6. Although their particle size is
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3·0,--,----------,-------,

2·0

0 5 10
log NRe

Fig . 8. Flow cha racterist ics of bead cellulose in Fann ig's correl ation. Log-log plot of frictional co
efficient (f) as a function of Reynolds number (NRe) . Behaviour after release of tension (reverse de
pend ences) den oted by brok en lines. () , No . I (bed volume 5.0 rnl/g, bead size 140-250/101) ; 0 , No.
3 (bed volume 6.9 ml/g, bead size 140- 250 /(01), e, NO. 2 (bed volume 7.1 rnl/g, bead size 140-250
/1m) ; 'ill, No.2, but afte r being subjec ted to a gradient of 1000 em H20/em for 2 h.

finely granulated bead cellulose. Curves 3-5 are related to sa mples of bead cellulose
with coarser part icles. Of the se, the softest sa mple was selected and loaded with a
pressure gradient of 1000 em H20/cm for severa l hours. A compari son of curve 3
(before load ) and curve 2 (after load ) ind icates so me decrease in permeability. With
soft dextran gels , the co lumn is completely clogged under such conditions.

The deform ati on of part icles and the departure from linea r behaviour due to
it are represented better by Fanning's correlat ion". In Fig . 8, the logarithm of the
non-d imensional fricti on al coe fficient, .r. is plotted aga inst the logarithm of the
modi fied Reynolds number, NRc , where

/ = D L1 p/2 L(! U2a

NRc = D Ue/fl (5)

where e and fl are the specific mass and viscosi ty of the flowing liqu id, respect ively,
U is the linear flow-rate , lip is the pres sure drop, L is the layer height , D is the nominal
diameter of the particles an d a is the wall fac to r. For non-d eform ing spheres of
uniform size, the empirical relationship

log f = 2.93 - log NRc (6)

holds over the whole range of laminar flow'". T his dependence is represented in
Fig. 8 by the heavy line . In thi s correlat ion, deformati on and a decrease in the f1 ow
rate are reflected in an increase in log/and in an increase in slope in eqn . 6 above the
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TABLE IV

ELUTION VOLUMES OF POLAR COMPOUNDS ON BEAD CELLULOSE
- - ..- --~ - ~--- --

Compound Sample 4 Sample 5

Elution x; H Elution x; H
volume, (em) volume, (em)
V. ( ml) V. (1111)

Ethanolamine 38.06 0.329 4.8 36.15 0.376 9.2
Tetramethylammonium

hydroxide 39.96 0.383 5.5 39.96 0.470 3.8
Pyridine 43.76 0.493 7.5 47.86 0.512 3.0
Acetic acid 41.86 0.438 6.8
Glucose 41.86 0.438 5.6 41.86 0.517 3.9
Ethylene glycol 39.96 0.383 4.9 41.86 0.517 2.2
Methanol 39.96 0.383 4.1 39.96 0.470 1.7

in excessive tailing. Fig. 9 shows the dependence of the distribution coefficient, Kav>
on the molecular weight of a number of po lydextrans and low-molecular-weight
compounds.

Samples of type B (bed volume ca. 6 mljg, Table HI) resemble the dextran
gel Sephadex G-IOO in their exclusion limits (bed volume 15-20 ml/g)". The con
siderable difference in the bed volumes indicates the different character of the porosity
of the two types of samples. Bead cellulose resembles macroporous materials, while
the dextran gel exhibits only swelling porosity and consequently must swell three
times as much to reach the same pore size. The higher swell ing of the dextran gel
leads to a correspondingly higher deformability and to a lower admissible pressure
gradient, in accordance with what has been said earlier.

0·8

at.

a t: 6
log Mw

Fig. 9. Dependence of distribution coefficient (Kav) on log M w of the test series of polydextrans and
low-molecular-weight compounds. Kav calculated according to the literature", ct, Samples No.4
and 13; e, sample No.5 ; 0 , sample No . 12.
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produced with suitable density and size of particles; the crystals adhere firmly to the
glass surface and they are chemically inert.

An ideal interlayer material should show in addition the following charac
teristics. It should be produced by reagents introduced externally, i.e., glass should
not be one of these reagents. The structure of the interJayer (the degree of roughening)
should be predictable and reproducible. Finally, the material should be insoluble in
water.

The most universal interlayer material we have found is barium carbonate.
This water-insoluble substance can easily be formed by dynamically coating the glass
surface with barium hydroxide solution. Carbon dioxide is used as the gas that
pushes the plug of hydroxide solution. Simultaneously, it acts as the second reagent,
producing barium carbonate before the liquid film starts to break up into droplets.
This process can easily be conducted in such a way that the barium carbonate is
formed exclusively on the glass surface, i.e., without precipitation in the liquid phase,
thus ensuring a perfectly even layer that is permanently bound to the glass surface.
The density of this layer is easily controlled and reproduced by regulating the com
position of the coating solution and the speed of coating. The process works on any
kind of glass, although on borosilicate glass a micro-structure is obtained that is
markedly different from that on soft glass. Variations usually observed within a
selected type of glass, e.g., Pyrex, can be neglected. As with HCI-treated columns,
our capillaries are immediately coated with polar phases or deactivated before apolar
coating. For every kind of coating the appropriate density of barium carbonate is
selected empirically, over a range of approximately 100:1.

This brief survey establishes that treatment with barium carbonate possesses
none of the weaknesses that are typical of the HCI treatment. Its only drawback is its
lower chemical inertness. In the hydrated state, carbonate ions show moderate base
strength, and the barium ion is a weak Lewis acid. Both effects are drastically reduced
in the crystalline state, as both are basically involved in the formation of the very
stable crystal. While we have not been able to detect any activity attributable to the
barium ion, acids with a pKs value lower than about 6, i.e., most free fatty acids, have
difficulty in passing over the carbonate surface. It should be emphasized, however,
that barium carbonate treated Pyrex glass is much less basic than HCI-treated soft
glass.

An aspect that requires further investigation should be mentioned here. We
understand that the HCI treatment leaves the glass surface between the sodium
chloride crystals uncovered. In contrast, we have obtained evidence indicating that
barium carbonate covers the entire glass surface. Direct analytical proof is difficult
to obtain because of the great difference between the barium-ion concentration in
the well formed crystals and that in the very thin layer that is assumed to cover the
glass between the crystals. One of our indirect arguments in favour of such a layer is
the lack of dependence of the weak column basicity on the barium carbonate load in
Pyrex columns. If the slightly acidic Pyrex glass surface between the basic crystals
were bare, then a decreasing barium load should shift the column characteristics in
the acidic direction. We interpret the fact that this shift cannot be observed by
assuming that the barium carbonate treatment produces a coherent barium carbonate
surface.

In order to eliminate the remaining base effect, and to prepare acidic columns,
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Fig. 1. Scanning electron micrographs of the inner wall of a Pyrex glass capillary after barium car
bonate treatment 03, taken at an angle of 40° from the tube axis (Preto rius and co-wor kersw").
The crystals show the known shape of witherite (bar ium carbonate) and appear to have grown on the
glass surface (micrographs by Department of Inorganic Chemistry, University of Zurich using a
Cambridge Instruments Stereoscan 5 4).
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suction or pressure). After making a short air plug for visual control, introduce about
the same length of the selected barium salt solution (concentration depending on
proposed application). To avoid interference by ambient carbon dioxide, filling, by
suction is preferred. Disconnect the vacuum pump, and leave the straightened end
immersed in the barium salt solution until the liquid stops moving. Withdraw the
inlet end and immediately clo se it with a hermetically closing cap made from PTFE
shrink tubing or equivalent material. Connect the outlet end to a buffer capillary
with same J.D. and at least one fifth of the length. Place both capillaries in an oven
with a glass door, whereby the stra ightened inlet end is pu shed through a hole in the
oven roof (Fig. 3). Adjust the temperature of the closed oven to 800

• Wait until liquid
stops moving, which indicates pressure equalization between column and oven , and
withdraw the cap from the column inlet. Wait until the plug end of the barium salt
solution has fallen to the desired distance from the column end (3-10 em, which is
not critical) . Then connect the column inlet to the carbon dioxide supply, ensuring
that dead volumes of the carbon dioxide line (valves, manometer, etc .) have been
flushed thoroughly before connecting, and adjust the desired moving rate to 1-2
cm/sec.

If no oven with a glass door is available, an alternative system, as indicated in
Fig. 4, can be used. The flow-rate is determined by observing the movement of a
short plug of, for example, toluene (a liquid with relatively low viscosity and volatility)
in the buffer capillary, The longer the column, the longer the initial time during which
exact determination is not possible. When the toluene plug reaches the end of the
buffer capillary, disconnect the capillary and connect the opposite end. For repeated
use an oven with a glass door is clearly preferable.

A few minutes after the barium salt solution has left the main column, open
the door and disconnect the buffer capillary. If de sired , push the liquids back and
check that the remaining length gives an alkaline reaction with pH paper. Dry the

P
t----'-----.;;;;;::;- 13

Fig. 3. Equipment for barium carbonate treatment including an oven with glas s door. I = Glass
capillary under treatment; 2 = buffer capillary ; 3 = cap ; 4 = elastic tubing; 5 = pressure regulator;
6 = manometer.

Fig. 4. Equipment including an oven without glass door. 1 = Glass capillary to be treated; 2 = butTer
capillary containing a short plug of a liquid such as toluene ; 4 = elastic tubing.















PREPARATION OF GLASS CAPILLARY COLUMNS

ACKNOWLEDGEMENTS

485

Part of the experimental work on apolar coatings has been carried out by
K. Grob, Jr. This work has again been generously sponsored by F. J. Burrus & Cie. ,
Boncourt, Switzerland. Mrs. J. Davies kindly read the manuscript.

REFERENCES

I K. Grob and G. Grob, in Identification and Analysis 0/ Organic Pollutants ill Water, Ann Arbor
Science Publishers, Ann Arbor, Mich., in press.

2 K. Grob, Chromatographia, 8 (1975) 423.
3 K. Grob, Chromatographia, 5 (1974) 3.
4 H. T. Badings, J. J. G. van der Pol and J. G. Wassink , Chromatographic, 8 (1975) 440.
5 J. Roerade, Chromatographia, 8 (1975) 511.
6 G. Schomburg and H. Hu smann, Chromatographia, 8 (1975) 517.
7 L. Blomberg, J. Chromatogr., ns (1975) 365.
8 F. W. Karasek, Res. Develop., 26 (1975) 40.
9 M. Necasova and K. Tesafik, J. Chromatogr., 79 (1973) 15.

10 W. A. Aue, C. R. Hastings and S. Kapila, J. Chromatogr ., 77 (1973) 299.
II G. Alexander and G. A. M. F. Rutten, Chromatographia, 6 (1973) 231.
12 G. Alexander, G. Garza and G . Palyi, J. Chromatogr., 91 (1974) 25.
13 G. Alexander and G. A. M. F. Rutten, J. Chromatogr., 99 (1974) 81.
14 R. E. Kaiser, Chromatographia, 2 (1968) 34.
15 A. L. German and E. C. Horning, J. Chromatogr, Sci., II (1973) 76.
16 A. L. German, C. D. Pfaffenberger, J.-P. Thenot, M. G. Horning and E. C. Horning, Anal. Chem.,

45 (1973) 931.
17 M. Blumer, Anal. Chem., 45 (1973) 980.
18 J. G. Nikelly and M. Blumer, Amer. Lab., 6 (1974) 12.
19 E. Schulte and L. Acker, Z. Anal. Chem ., 268 (1974) 260.
20 J. D. Schieke, N. R. Comins and V. Pretorius, J. Chromatogr., 112 (1975) 97.
21 J. D. Schieke, N. R. Comins and V. Pretorius, J. Chromatogr., 114 (1975) 190.
22 W. Stumm and H. Hohl, personal communication.
23 D . A. Cronin, J. Chromatogr. , 97 (1974) 263.
24 G. Schomburg, H. Husmann and F. Weeke, J. Chromatogr., 99 (1974) 63.
25 J. Bouche and M. Verzele, J. Gas Chromatogr., 6 (1968) 501.
26 K. Grob and G. Grob, Chromatographia, 4 (1971) 422.

















494 J. PRIBYL, F. HERZEL

Reproduzierbark eil
Fiir Buturon ist der Detektor bis etw a 800 ng line ar. Au s der Streuung der

Messwerte errechnete sich eine relative Standardabweichung von 4 %. Die Nachweis
grenze fiir Buturon liegt bei etwa 15 X 10- 12 Mol.

DANK

Dem Bundesminister fiir For schung und Technologie sei an die ser Stelle fiir
die finanzielle Unterstiitzung der Arbeit gedankt.

ZUSAMMENFASSU NG

Fiir die Bestimmung der herbiziden Harnstoffderi vat e wird a ufgrund deren
Polaritat zweckma ssigerweiser die Flii ssigch romat ograph ie herangezogen . Es wird d ie
Trennung ein er Reihe von Wirkstoffen beschrieben. Al s mobile Phase d ient ein viel
seit ig geeignetes ternares Losungsmittelgemi sch. Verschi edene Saulen werden au f
ihre Trennleistung gepruft und a uf ihr Reten tion sverhalten gegeniiber den Wirk
stoffen sowie einigen bekannten Abbauprodukten. Um die Empfindlichkeit des
Photometerdetektor s vo ll a uszusc hopfen, wurden die UV-Spektren der geprii ften
Verbindungen a ufgeno mmen.

LlTER ATUR

I J. J. Kirkland , J. Chrom atogr, s«, 7 (1969) 7.
2 Siemens AG, Analysentechn , Mitr., Nr. 85, Bild 25.
3 L. Toth, personli che M itte ilung.
4 E. Cre mer und L. Ro sclius, Angew. Chem., 70 (1958) 42.
5 A. B. Littlewood, in D. H . Dest y (Herausgebe r), Gas Chromatography, Butterworths, London ,

1958, S. 23.









4i8 R. H. BROMILOW, K. A. LORD

3 mm 0.0. stainless-steel columns were employed, packed with 80-100 mesh Chro
mosorb W coated with 0.5 % Carbowax 20M + 5 % SE-30 or with 5 % QF-1. The
nitrogen carrier gas flow-rate was maintained at 60 mljmin in the isothermal studies,
The glass injection port, 90 mm X 3 mm 1.0., was lightly packed with non-silanised
glass wool and maintained at 210° (except where otherwise stated).

Injection procedure. Chemicals were usually taken into a 10-lti syringe in the
following order: solvent (0.2 !~I), sample solution (2.0 !~I) and, finally, 0.1 M TMAH
in methanol (0.5 ~I). (The initial 0.2 !~I of solvent may be omitted if so desired to sim
plify the injection procedure). Preformed derivatives were injected in the same volume
of solvent (2.7 ~I) without TMAH. The column effluent was vented to the atmo
sphere for 30-60 sec after injection.

Identification of the derivatives. The derivative formed by injection of oxamyl
with TMAH was trapped in a cooled glass capillary from the column effluent. It was
shown to be identical with authentic oxamyl methoxime (II) by co-chromatography
on GLC and TLC, and by NMR. Derivatives formed similarly from other carbamates
had the same OLC retention times as the corresponding methoximes or anisoles where
these were available by independent synthesis.

Estimation of the yield of the derivatives. Yields of derivatives obtained from
injection of carbamates (about 20 ng) with TMAH were estimated from the peak
heights by interpolation from log-log calibration curves constructed for each of the
authentic derivatives.

RESULTS AND DISCUSSION

Carbamates react with TMAH in the gas chromatograph to give derivatives
with improved G LC stability and volatility. Phenyl N-methylcarbamates yield anisole
derivatives by this procedure, and oximecarbamates yield rnethoximes, as illustrated
by the reaction of oxamyl (I):

000
II II II

(cHJhNC-C=NOCNHCH J--------..~ (cHJh NC-C=N-OCH 3
I I
SCHJ SCH J

oxamyl (I) oxamyl methoxime (II)

The derivative formed thus from oxamyl was shown to be identical to inde
pendently synthesised oxamyl methoxime by GLC, TLC and NMR.

The yield of derivative from oxamyl (23 ng) injected with TMAH was examined
using a range of conditions, and found to be unaffected by: varying the injection port
temperature from 180°-300°; varying the volume ofTMAH solution from 0.2-0.7 pi;
reversing the order of the TMAH and the sample solution in the syringe. Thus, use
of the procedure is straightforward and gives consistent results over a wide range of
conditions.

Yields and GLC retention times of derivatives formed by this procedure from
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sulphur emission". Some accumulation of TMAH doe s occur in the GLC inject ion
port, as injectio n of oxa myl alone fo llowing a series of injection s with T MAH
pr oduced an appreciable peak of the meth oxime. Co nditioning the chro matograph
overn ight at th e normal operating co nditio ns removed this "memory effect" .

Oxam yl has been estimated routinely in a wide ran ge of so il and crop sa mples
using on-column deri vati sat ion with TM AH . Thi s method does not distinguish be
tween carbamates and their hydr olysis products, and the latter must be rem oved by
" clean-up" procedures if estim ation of the ca rba mates alone is required. Although
thi s study has been confined to the assay of sulphur-containing ca rbamates using the
highly sensitive and selective flame photometric detector, the der ivati sat ion procedure
should be applicable to the G LC analysis of other ca rba mates using different detector>.
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BOOK REVIEWS 535

Support is slight ly d ifferent in TLC - the sorbents for liqu id-liquid TLC are referred
to as ca rr iers; it a ppea rs that the exp lana tio n of Ascendi ng develop ment is more
importa nt tha n Ascend ing chroma togram ; RM (in the chapter Sym bols) is incorrect ly
designat ed as Relat ive movement for relat ed com pounds ; the term Chromatograph y
is deri ved from the Greek C hroma and Grafein and not fro m Chromat os and Graphos ;
the term Desalting is used not only in gel permeation chro matography but equally
for an op eration uted in sam ple preparat ion for TLC and PC ; the use of abbreviat ions
such as "l .c., p.c., g.c., t .l.c." is unu sual , th e capita lized versions LC, PC, GC and
TLC being more common. In PC th e milligram scale is not commo n. Th e term
Spreader is not explained exac t ly. Also , some symbols a nd nom encl ature could be
subjected to d iscussion , but as mention ed a bov e in t his respect th ere is no uniformity
in the literature.

From the print ing point of view the book is well prod uced wit h few erro rs .
It was a pleasure for the reviewer to see his ow n nam e co rrectly spelled in reference 123
whereas a mistak e occurs in reference 204. In conclusion , one can say th at the book
will be useful in the ar ea of gas chrom at ography, but with other chromatographic
and electroph oretic techniques it unfortunately doe s not meet the a ims specified by
the author in the Introduct ion , namely "to provide a source of reference to the stu
den t, lab orat ory technician or genera l scient ist see king rapid informat ion on chro 
matogra phy" .

Prague ( Czechoslovak ia) K .MACEK
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