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382 J. LANKELMA, H. POPPE

auxiliary and reference electrodes to the working electrodes should have a common
part of very small resistance.

Kissinger et al:" described an electrochemical detector with a three-electrode
arrangement in which almost the whole of the voltage drop from the working to the
auxiliary electrode is "seen" by the reference electrode. In this arrangement the elu
ent flows from the small cell through a high-resistance capillary into a larger vessel in
which the reference and auxiliary electrodes are positioned. In this way, the essential
advantage of a three-electrode system with respect to linearity is lost. The method
used by Fleet and Littles, where the auxiliary and reference electrodes are placed in
separate outlets of the cell, is adequate. In the device described in this paper, the auxil
iary electrode, having the same surface area as the working electrode, is placed
directly in front of the latter. In this way , the total resistance is so small that large cur
rents can be tolerated .

TESTiNG THE DETECTOR

During testing of the detector, the working electrode had a constant potential
of + 0.75 V vs. Ag 1AgC110.05 M CI- . The eluent was a solution 0.03 M in sodium
acetate, 0.16 M in acetic acid (pH 4) and 0.05 M in potassium chloride. The silver
tube was electrolytically covered with silver chloride. Together with the chloride added
to the eluent, this arrangement results in a stable reference potential , L-Ascorbic
acid was used as the test compound because it oxidises easily and no adsorption at
the working electrode was observed. In order to reduce oxidation by air, the solvent
for the samples was deaerated with nitrogen and cooled in ice before usc. During the
test, the temperature was held constant at 22",

Static properties
Standing current . With eluent only there is a standing current due to impurities

in the eluent. When using nylon connecting tubes only and hydrostatic syphoning, this
current was 0.32 p,A at the chosen voltage and using a spacer thickness of 100 pm.

Using stainless-steel tubes, a pump (Orlita DMP ISIS), a manometer and a
column (stainless steel) , the standing current was 0.58 pA. The difference is probably
due to metals dissolved from the tubes.

Sensitivity. The static mass flow sensitivity is defined as

S=_i_
wc

where S = sensitivity (A sec/mole), i = signal (A), IV =c flow-rate (l/sec) and
c = concentration (mole/I). It was measured using a sampling valve with a large
100p2.

When the coulometric yield is 100%, the sensitivity (Cjmole) can be calculated
by the equation

S = nF

where n = number of electrons transferred per molecule and F = Faraday constant.
The dependence of the coulometric yield on the flow-rate is shown in Fig. 4, in which
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TABLE II

STATIC NOISE O F THE D ETECTOR AND LINEAR DYNAMIC RANGE

Condit ions : spacer th ickness, 10011m : potential of working electrode, -I 0.75 VI'S. AgIAgCII0.05
M cr : tem perature, 22° ; the eluent was syph oned hydrostatically and nylon connecting tubes were
used.

Integration Standard deviation . Standard deviat ion, Corresponding Linear dynamic
time integral current concentration range
(sec) ( A sec x /0- 9) ( A x /0 - 9) [ mole] I X 10-9)

a h" a s: a
,

b "

I 0.27 0048 0.27 0048 0040 0.32 > 10- 6

3 0048 1.2 0.16 0040 0.28 0.27
10 0.90 204 0.09 0.24 0.15 0.16
30 2.2 7 0.07 0.23 0.12 0.16

100 10.5 22.5 0.10 0.23 0.17 0.16
300 145 11 0 0048 0.37 0.82 0.26

, F low-rate 13.5 ml/h .
•• Flow-rate 53.5 ml jh .

where qde l z-:-: lowest detectable amount of component present in the sample, ad e t =
the concentration corresponding to the standa rd deviati on of the noise and Vpe a k =
peak volume. In modern liquid chromatography, the peak volume is often of the
order of 50,u 1. Using the value for ad e t from Table II , q d ct is found to be 5.10- 14 mole.

Dynamic properties
Peak broadening. A good detector must follow a chromatographic signal

sufficiently rapidly, in other words, peak broadening cau sed by the detector must be
small compared with that of the column. In order to measure the peak broadening of
the detector, 0.5 ,u1 of a 3.4 .10- 3 M solut ion of ascorbic acid was injected by means of
a precise syringe and a sa mpling device ". Th e peak broadening, as given in Table III ,
was determined by mea suring half the width of the peak at six tenths of the maximal
height. Calculated values, according to the meth od described under Prediction of
dynamic behaviour, are also given. It can be seen that these values agree with th(ex-

TABLE III

CONTRIBUTION TO PEAK WIDTH FOR ASCORBI C ACID EXPRESSED AS THE STA ND
ARD DEVIATION, MEA SURED AS TH E HALF-WIDTH AT SIX TENTHS OF THE
MAXIMAL HEIGHT OF THE PEAK .

The calculated values correspond to 100% coulometric yield.

Flow-rate Duct height Peak broadening
(ml{h) ( um) Exp erimental Calculated

It!
(sec)

sec

40 50 0.65 ± 0.03 7.2 0.7
20 50 0.64 ± 004 3.5 0.7
10 50 0.7 ± 0.8 1.9 0.7
40 100 0.87 :l 0.02 9.7 2.8
20 100 1044 :l O.02 7.9 2.8
10 100 2.80 '. 0.08 7.7 2.8
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GAS CHROMATOGRAPHIC SEPARATION OF SOME SULPHUR COM
POUNDS O N GLASS CAPILLARY COLUMNS USING F LA M E PHOTO
METRI C DETECTION

LARS BLOM BERG

Department 0/ Analy tical Chemistry, University 0/ St ockholm , Arrhenius Laboratory, S-104 05
Stockholm (Sweden)

(Received February 27th, 1976)

SUMMARY

Due to the adso rptive propert ies of so me s ulphur co m pounds, gas ch romato
graphic ana lysis of sa mples co nta ining sulphur co mpounds req uires columns proven
to be inactive to ward s small amo unts of certain test subs ta nces. Moreover, for reliable
sulphur a na lyses using flam e photometri c detecto rs the columns should possess high
resoluti on propert ies, since large am ounts of hydrocarbons are kn own to quench the
emission of small qu antities of sulp hur compounds when eluted sim ultaneous ly.

Th e purpose of thi s inves t igat ion is to exemplify the above statements with
selective sulphur detecti on , and using glass ca pil1ary columns de act ivated by a thin
layer of non- extractable Ca rbo wax 20 M coa ted with SF-96. As a practi cal appli
cation, the gas ph ase of fresh t obacco s mo ke has been an alyzed.

INTRODUCTION

Th e flame ph ot ometric detector (FPD), presented in 1962 by Drager and
Drager) and furth er developed for use in gas ch ro matogra phy (GC) by Brod y and
Chaney' , has been extens ively used for th e selective detect ion of vo latile sulphur and
phosph orus co mpou nds . Several a pplica tio ns ha ve been rep orted, such as the ana lysis
of atmosph eric sulphur com pounds' :", of sulphur- and ph osphorus-containing pesti
cides?:'!' , of urinary volatile sulphur compounds' ! and of sulphur gases in soil at
mospheres13 ,14. Th e GC separation has in most cases been performed on packed
columns; the use of ca p illa ry columns seems to be rather unc ommon . This might be
due in pa rt to th e d ifficult y in preparing a capil1ary column which is sufficiently de
activated for the pro per sepa ratio n of su lphur compounds, Many sulphur compounds
are extremely sens itive to adsorptio n a nd catalysis, and thi s is especiall y noticeable
when the y occur in low concentrations15. For example, if the "adsorption ca pa city"
of the system is 20 pg for a given substance, adsorption wil1 be very serious if the sample
amount is 50 pg but hardly noticeable in the chromatogram if the amount of sample
is 50 ng. Thus, a n inert co lumn syste m is a requisite for reliable analysis when util izing
the low limit of detection which is possible for sulphur with the FPD.
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column s39,44. A reduct ion in sulphur respon se due to the quenching effect of organic
compou nds is certainl y a possibility whe n packed co lumns a re used fo r the separation.
Due to the large number of compo nents in the tobacco smoke, the risk of a rtefact
format ion is unu suall y high . Thi s has been dem on strated by Horton a nd Guerirr"
for the ana lysis of sulphur co mpounds in tob acco smoke. They found drast ic losses of
HzSwhen the smoke was in contact with stainless steel for 4 sec. When aging the smoke
for 30 sec in a sta inless-steel loop , a substa ntia l increase in higher-molecular-weigh t
sulphur components was observed, probably formed by the react ion of low-molec
ular-weight sulphur co mpo unds, e.g., HzS a nd other constituents of th e smoke. Th ese
observa tions ind ica te the need for inert chromatographic systems as well as sampling
methods. Trapping th e smoke on an adsorbent such as Ten ax GC39,44 might introduce
artefacts and losses: the use of an unsuitable tr an sfer line from the smo king device
to the chrom atograph might have the sa me effect. The injection of fresh tob acco
smoke by mean s of a glass syringe is ass umed to minimize th e forma tio n of a rte
factsZ4,5z .55. It is also likely that artefacts are formed in the injection pa rt of the chro
matograph. Thus it is essential to keep the injection temperature as low as possible
and to minimize the sample residence time in the injection system.

A typ ical gas chrom atog ra m (FPD) of a relat ively low am ount of fresh tobacco
smoke is shown in Fig. 6 and th at of a somewha t larger sample is shown in Fig. 7.
In the case of compounds pre sent in low concentration s, espec ially those disposed to
adsorption, the peak form might be improved if the sample am ount is increased , as
can be seen when comparing peak 5 in Figs. 6 and 7 ; the large peaks, however, show
slight tailin g in Fig. 7, which is probabl y due to overloa d ing of the co lumn. The
relation bet ween the a mounts of the reactive substa nces HzS, COS and SOz, respec
tively, agrees with the results achieved by Horton a nd Guerirr" when special pre
caution s are taken in order to av oid ar tefac ts; our deactivation thus seems to be equiv
alent. Moreover, when using nickel ca pillary columns, Bertsclr" found a large number
of higher-molecul ar- weight sulphur co mpo unds in high co ncentrat ions. Our results,
however, show the presence of only a few high-intensity peaks a nd a co nsiderable

M

I

.~ JJl J.J.../..fut, A, I lu '--V
Time min

I i I I I
50 40 30 20 10

Fig. 7. Gas chro ma tog ram (FPD) of th e gas phase of tob acco smo ke. Co lumn as in Fig. 3. Splitt ing
ratio, I :7. Initial temperature on injectio n, - 70 0

; pro grammed to 1950 at SO/min. Peaks : I = hy
drogen sulphide ; 2 c ca rbo nyl sulph ide ; 3 . sulphu r d io xide ; 4 ~ thio phene ; S ~ unknown and
6 = dimethyl disulphid c.
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THE USE OF TENAX FOR THE EXTRACTION OF PESTICIDES AND POLY
CHLORINATED BIPHENYLS FROM WATER

II. TESTS WITH ARTIFICIALLY POLLUTED AND NATURAL WATERS

V. LEONI, G . PUCCETTI, R . J. COLO MBO · and A. M . D'OVIDIO

Institute of Hygiene " G. Sanarelli"; University of Rom e, Piazzale delle Scienze, 00185 Rome ( Italy)

(Received February 17th, 1976)

SUMMARY

The application of Ten ax'" to the extraction of organic micro-pollutants such
as pesticides and polychlorobiphenyls from waters has been studied, and it has been
observed that also in the presence of other pollutants (oil , surface-active substances,
etc.) the results obtained with an absorption column of Tenax-Celite are equivalent
to th ose obtained with the continous liquid-liquid extraction technique. For natural
waters that contain solids in suspen sion that adsorb pesticides , it may be necessary to
filter the water before extraction with Tenax and then to extract the suspended solid s
separately. Analyses of river and estuarine sea waters, filtered before extraction,
showed the effectiveness ofTenax , and the extracts obtained for the pesticides a na lysis
prove to be much less contaminated by interfering substances th an the corresponding
extracts obtained by the liquid-liquid technique.

INTRODUCTION

Surface waters can be polluted by many organic substances, most of which are
present in small or trace amounts . Among such substances, pesticides are of parti
cular importance owing to their high toxicity towards aquatic animals and the possi
bility that they may not be completely eliminated by water-treatment processes and
may therefore reach man. Recently, tolerance limits for some organochlorine pesti
cides in drin king water have been proposed 1 at the 0.1 ppb (~g/I) level; therefore, in
order to effect analytical controls it is neces sary to develop suitable techniques for the
concentration of the pollutants. Favourable results have been obtained for the con
centration of many organic substances! and recently al so for some pesticides':" using
macromolecular resins of the Amberlite XAD-2 typ e ; progress has al so been made in
liquid-liquid extraction techniques",

In a previous investigation, we showed the possibility of using Tenax (a porous
polymer ; trade mark registered by Enka N.V .; developed by AKZO Research Labs.,

• Fellow of the Argentine Republic to the Italian Government.
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TABLE V

RECOV ER Y TESTS ON EXTRACTION WITH T ENAX- CELITE OF PESTICIDES AND
POLY CHLOROBIPHENYLS ADDED TO SURFACE WATERS AT LEVELS OF 1.0 AND
1.6 ppb, RESPECTl VELY.

All result s for correspond ing non-treated samples are corrected . Results given are percentage
recoveries.

Pesticides I Trial
additiv es

IOc' Ilc' 12c"

PCB 100.2
Hexachlorobenzene (HCB) 84.8 83.9
a, p '-D DT 38.0 81.8
p,p'-DDT 47.0 93.1
It-BHC 70.0 73.0
y-BHC 84.9 92.0
Dieldrin 75.4 92.7
Methyl parathion 82.3 101.0
Malathion 25.0 93.3

• Water not filtered before add ition of standards and extract ion.
•• Water filtered through paper before addit ion of standards and extraction.

amounts cannot be extracted by filtration procedures on polymers while, at least to
a great extent, the y can be extracted by procedures in which the water is extracted
with solvent s. Trials l2a and b (Table IV) show that when the two extraction techni
ques are applied to filtered water, almost identical results were obtained, and trial
l2c (Table V) show s that with Tenax extraction the recoverie s of pesticides added to a
filtered surface water before extraction were satisfactory.

During the tests it was observed that amounts of up to 30 % of some pesti
cides can be adsorbed by the walls of the hose and the container, so that at the end
of the extraction it is essential to wash the se surfaces with solvents.

We consider that the tests described above have defined the fi elds in which
Tenax extraction can be applied .

CONCLUSIO NS

The extraction of pesticide s from waters by ab sorption on Tenax, yields
results equiv alent to th ose obtained by the liqu id-liquid procedure when applied to
mineral, drinking and surface waters that completely or almost completely lack solid
matter in suspen sion . For waters that contain suspended solids that can adsorb some
pesticides in considerable amounts , the result s of the two methods are equivalent only
if the water has prev iou sly been filtered . In these instances, therefore, the analysis
will involve filtered water as well as the residue of filtration .

Compared with liquid-liquid extraction, the main adva ntages of Tena x are
the con siderable amount of time saved, the possible automation of the process and
that gas chromatographic analysis shows the " extracts" obtained with Tena x to be
less contaminated by int erfering substances. An other advantage of Ten ax is that the
product can be used "as received", without preliminar y treatment.
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and specificity is required to study the mechanism o f act ion as well as the a bsorpt ion,
distribution , and elimination of these co mpo unds.

Verebel y et 01.13 have recently rep orted a gas chromatographic assay for nal
trexone and its metabolite, fJ-na ltrexol in human ur ine wh ich is based upon flam e
ionization detection (FI D) of the silylated derivatives. They reported th at the ab
solute sen sitivity of detection of these compounds is 10-20 ng /rnl. On examining the
plasma concentrati on -t ime profile s foll owing intraven ou s admi nistra tion of naltrexone
in dogs a nd m onkeys, it was found that the data is best fit to a two- compartment open
mod el ':'. Plasm a levels in the terminal ph ase of the pr ofiles a re in the ran ge 2-20 ngjml
following a 0.72 mg jkg dose to a dog and in the ra nge 10-45 ngjml following a
l-mgjkg dose to a monkey. These concentrations are in the regi on of the absolute
sens itivity of the F ID method. Accord ing ly, a method ha vin g grea ter sens itivity is re
qu ired fo r a pharmac okinet ic study util izin g plasm a sa mples.

This rep ort de scr ibes condition s for submicrogra m sca le derivat ization of
nal oxone and nalt rex on e with perfluoroalkyl a nhydr ides and for determination of the
resulting derivatives by electron-capture ga s-liquid chromatography (G LC-ECD).

EXPER1M ENTAL

Reagents
N aloxone hyd ro chloride (Ia-HCI) and naltrexone hydrochloride (Ib-HCl)

were obtained fr om the National Institute on Drug Abuse (Rockville, Md ., U.S .A.)
and were co nve r ted to free ba ses. Purity was established by th in-layer chro ma tography
(T LC) and by GLC-ECD of the heptafluorobutyr yl derivatives.

Trifluoroaceti c anhydride (T F AA), pentaflu o ropropionic a nhyd ride (P F PA),
heptafluorobutyric anhydride (H F BA), and heptafluorobutyryl im idazole (HFBI)
were obtained fr om Pierce (R ockford , Ill., U .S.A.) and were used without further
purificati on . They were ca re fully protect ed from moi sture and were stored under re
fri geration . Pyridine of Sequan al '" qu al ity was al so obta ined from Pierce and was
sto red under nitrogen a t _ 5°.

Methan ol and benzene of " Na nograde" purity were purchased from Mallinck
rodt (St. Louis, Mo., U.S.A.). All other chemicals were reagent grade or better and
were used as purchased.

Solutions contain ing 1%pyridine in benzene fo r use as a catalyst were prepared
fresh daily.

Glassware
All glassware was soaked overnight in sulfuric acid-nitric ac id (4 :1). After

thorough r insin g in di st illed wa ter, it was silico nized by immersion for one min in a
1%solut ion of Siliclad" (C lay Adams, Parsippany, N .J ., U.S.A.) in water. Siliclad
solution s were adjusted to pH 8-9 by th e addi tio n of concentrated ammonium hy
droxide and were prepared fre sh . Gl assware was immediately rin sed with 50 % me
thanol in water, and then dried at 105°.

Stock solutions
Stock solutions of Ia a nd Ib in methan ol (0.0 1 mgjml) were prepared. No

evidence of decomposition was observed after storage of the so lutio ns for six months
at _5 °.
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Columns and resins
Prefractionating co lumns consisted of 5-5.5 ml of Amberlite IR-120 (ref. 2)

(200-400 mesh) resin packed in 140 X 9 mm J.D. nonjacketed glass columns. The
resin was poured in segments. Th e columns were readied and regenerated after each
sample according to the procedure of Boas:'. An alytical chro matography was carried
out in a water-jacketed 290 X 9 mm J.D. glass column packed in segments with
Amberlite IR-120 resin to a height of 265 mrn. Crushed resin, 25-30 /tm particles,
was sized by the Hamilton procedure".

Hexosamin es and amino acids
D-Glucosam ine hydrochloride and glycyl-L-Ieucyl-L-tyrosine were pu rchased

from Mann Lab s. (New York , N. Y., U.S.A .) and n-galactosarnine hydrochl orid e
from Pfanst iehl Lab s. (Waukegan, 111. , U.S.A.). D-Mannosam ine hydrochl oride, L
serine, i.-threonine, and L-tyrosine were obtained from Calbiochem (Los Angele s,
Calif., U.S.A.).

Proteins
,B-Lactoglobulin A and x-casein were prepared by the Dairy Laborat ory of

the Eastern Regi onal Research Center. Sperm whale myoglobin was purchased from
Schwarz/M ann (Orangeburg, N.Y ., U.S.A.) and the iro n rem oved by conventional
procedure. A pot at o protein preparation was mad e in thi s labor at or y fro m the
expressed tuber juice by ammonium sulfate precipitat ion and dialysis in the usual
manner.

Analyzer system
The modules and arrangement co mprising an a mino acid analyzer were used.

A Milton Roy piston pump del ivered th e eluting butTer and another the n inhydrin
reagent. When neocupro ine was the developing reagent, the modules included a
Technicon proporti oning pump in lieu of the second piston pump and a 95" reaction
bath assembled and employed in the manner described by Lee et al,', The co lored
ninhydrin reacti on product s were measured with two Technicon colorimeters, using
a 570-nm and a 450-nm filter with 15-mm flow cell s. The 450-nm colorimet er was
employed in the neocuproine assembly. The result s were plotted on a 12-in. mult iple
point recorder.

Buff ers and reagents
Sod ium cit rate butTer , 0.35 N , was prepar ed from Baker 's reagent gra de salt

adjusted to pH 5.28 ± 0.02 (ref. 5). The pre ser vati ve was O.I ml octa no ic acid per
liter of butTer. N inh ydrin reagent, procured from Pierce (R ockford , Ill. , U.S.A.),
was prepared acc ording to the procedure of Spackman et al ", Neo cuproine hydro
chloride was obtained from Aldrich (Milwaukee, Wise., U.S.A.) and the reagent was
prepared as described for procedure II of the publication of Lee et al,' .

• Reference to brand or firm nam e does not const itute endorsement by the U.S. Department
of Agriculture over others of a similar nature not ment ioned.
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TABLE I

DETERMINATION OF HEXOSAM INES IN STAN DARD BINA RY SOLUTIONS

The concentrations of Experiments I and 2 are tenfold dilutions of Experime nt 3. Experiment 3
represents a mixture containing 0.1172 p M galactosamine and 0.0580 p M glucosamine in 100,11 of
0.01 MHC\.
-"- -_.._-- - -- -

Experiment Pretreatment % Recovered

Glucosamine Galactos amine
-- - - _..- _ . -
I None 94.2 103.7
2 IR-120; 9.5 ml 2 N HC I 92.8 87.5
2 wash 9 ml4N HCI 3.1 3.8

1:2 + 2 wash 95.9 91.3
3 IR-120; 16 ml 2 N HCl 92 89.6
3 wash IOml4NHCI 0 0

1: 3 + 3 wash 92 89.6

effects of the prefractionating co lumn on the removal of peptides with elution volumes
overlapping those of glucosamine and ga lactosamine. The results of elution of a mild
acid hydrolysate of fi-Iactoglobulin A using 2 N HCI followed by 4 N HC I and
ultimately stripping the column with 4 N N H40H are shown in Fig. I. Without pre-
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Fig . I. Chromatography of a partial hydrolysate (4 N HCI, 4 h, 100°) of (J-Iactoglobulin A on a
265 x 9 mm l. D. Amberlite IR-120 analytical column, 55°, pH 5.28,0.35 N sodi um citrate buffer.
Ninhydrin reagent. (a) Partial hydrolysate eluted from the prefractionating IR-I20 column with 2 N
HC\. (b) Fraction from the conti nued elution of the prefractionating column (a) with 4 N HC!. (c)
Fraction from the continued elution of (b) with 4 N NH.OH. (d) Partial hydroly sate chromatographed
direct ly on the analytical column .

Fig. 2. Chromatography of a partial hydro lysate (4 N HCI, 4 h, 100°) of sperm wha le apomyoglobin
on a 265 x 9 mm J.D. Amberlite IR-120 ana lytical column, 55°, pH 5.28,0.35 Nsodium citrate buf
fer. Ninhydrin reagent. (a) Par tial hydrolysate eluted from the prefractionating IR -120 column with
2 N HC\. (b) Fraction from the continued elution of the prefractionating column (a) with 4 N HC!.
(c) Partial hydrolysate chromatographed directly on the analy tical column .
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CH ROM.9293

Note

A simplified numerical method for correction of polydispersities from gel
permeation chromatography

A. DAWIDOWICZ and S. SOKOLOWSKI

Institute of' Chemistry, UMCS, Nowotk i 12, 20031 Lublin ( Poland)

(Received February 17th, 1976)

The problem of instrumental spreadi ng in gel permeation chro mato gra phy has
been co nsidered in detail in recent years (e.g ., ref. I).

The mathem atical exp ressio n rel atin g the ex pe rimenta l chro ma togram f(l'),
th e true chro matogram w(y) a nd the functi on g( l',y) de scribing th e instrumental
spread ing can be represented by th e following eq ua tio n" :

f( v) = rg(l',y) w(y) dy
-00

(I)

where v and y both represent elut io n volume.
In th is discussion we sha ll ass ume that g( l',y ) is a sim ple G au ssian d istribution :

h
g(v,y ) = y n exp [-h 2 (v - y )Z ] (2)

(3)

where h is a parameter describing the wid th o f th e spreadi ng . The ca librat io n of in
st ru me ntal spread ing is reduced to the determination of the parameter h in eqn. 2,
which can be accomplished by means of the rev ersed-flow technique",

In th e th eory of integral equati ons, eqn. 1 is called a " F redho lm eq uatio n of
the first kind," a nd its so lut ion ca n be obtained by expanding th e functions that
appear in it into Fourier series".

It is kn own th at a sys te m of Hermite pol yn omials, Hn(t ), is co mpl ete and
orthon ormal with exp ( - t 2

) in (- 00, 00). From the ph ysical sense of th e function
w(y), it foll ow s that

ry exp ( _y2) w2(y) dy < 00
- 00

Therefore, the Four ier series of the function w(y)

00

w(y ) = E W n n, (y)
n=O

y E ( - 00,00) (4)

whe re rw(y) exp ( _y2) n, (y) dy
- en

(5)
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Fig. 1. Relationsh ip between assumed chromatogram w(y) (solid line) and reproduced chromato
gram (da shed line).
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CHROM.9254

Note

A simple combination of RF value and melting-point determination for the
identification of barbiturates

C. POLCARO

Laboratorio di Cromatografia del C.N.R., ViII Romagnosi IB/A , Rome (Italy)

(Received April 13th , 1976)

Thin-layer chro matography is used extensively for drug screening either for
drugs of abuse or to detect cases of poisoning.

Chromatographers are well aware that one single RF value cannot be consider
ed conclusive evidence for the presence or ab sence of a substa nce and the use of a
wide ran ge of confirmatory techniques, such as gas chro matog raphy of the substance
eluted from the spots, infrared or ultraviolet spectra , or even gas chromatography
mass spectrometry, has been proposed .

The following interesting meth od was recently suggested by Berezkin et al.',
A compound to be identified is partitioned between two imm iscible solvents and both
solutions are injected into a gas chromatograph. By using the retention time and the
ratio of the two peaks (which indicates the partition coefficient between the two sol
vents), it is possible to ident ify it or distinguish it from others.

Thu s the identification of a compound does not pre sent problems if suitable
instrumental techniques (and technicians) are available. It does, however, present a
problem in a small hospital laboratory or similar unit that is not equipped with modern
instruments.

A simple technique is reported here, which has been developed as a po ssible
aid in the identification of barbiturates in urine and which seems to be of general
application.

lt is based on the determination of the meltin g point of the substa nce after
separating it on a thin layer. Thi s procedure was prop osed earlier by Martinek", who
eluted the substance from the adsor bent and recrystallized it under a microscope ,
thus employing microchemical techniques and skills that cannot be expected to be
within the competence of a laboratory technician. The meth od described below is
simpler in that it is based on a simple sublimation procedure' :", The onl y remarkable
feature of this technique is that it can be effected with the small amounts (severa l
micrograms) that are available in spots on thin layers.

EXPERIMENTAL

Materials
The following pre-coated thin-l ayer plates were empl oyed : silica gel 60 F254

(E. Merck, Darm stadt, G.F.R .), and Polygram Cell 300 DEAE, Polygram Cell 400
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UV254 and Polygram lonex-25 SB-Ac, which were obtained from Macherey, Nagel
& Co . (Duren, G.F. R.) . Desaga development jars, 26 x II x 20 em, were used.
The following reagents were prepared: 0.05 % aqueous potassium perrnanganate :
0.2 %diphenylcarbazone in 95 %ethanol and 2 %mercury(II) chloride in 95 %ethanol,
equal volumes of which were mixed before use.

All chromatograms were developed with the solvent chloroform-isopropanol
25 % ammonia (45:45:10).

The various barbiturates were pharmaceutical products as obta ined from the
manufactures, but in some instances were extracted from tablets. Their origin and
proprietar y names are listed in Table I.

TABLE I

s, VALUES FOR AN D SYNO NY MS O F A RANGEOFCOMMONLY USED BARBITURATES
cs, VAL UES AR E RELATIVE TO PENTOBARB ITAL -. I )

Solvent : chlorofo rm- isopropano l- 25% ammonia (45:45:10).
-_ .- ....__ ...

Barbituric acid Comm ercial Proprietary Pre-coated Polygram Polygram Polygram
name name silica gel Cel/ 300 Cell 400 lonex-25

G 60Fm DEA E UV", SB-Ac
--- - .. _----

5-Phenyl-5-eth yl Phenobarbital Luminal 0.53 0.35 0.69 0
5,5-Diethyl Barbital Veronal 0.73 0.52 0.70 0.3
5,5-Diallyl Dia llylbarbita l Dial 0.76 0.62 0.77 0.3
5-( l -Cyclohe xenyl)-

5-ethyl Cyclobarbital Phanodorrn 0.80 0.69 0.90 0.54
5-( l-Cycloheptenyl)-

5-eth yl Hept abarbital Medomin 0.88 0.75 0.95 0.70
5-Allyl-5-isobutyl Itoba rbita I Sand optal 0.9\ 0.80 0.93 0.70
5-Ethyl-5-(3-

methyl butyl) Amobarbital Amytal 0.96 0.92
5-Allyl-5-(I -

methyl but yl) Secobarbital Seconal
5-Ethy1-5-(2-pentyI) Pentobarbital Nembutal
5-Methyl-5-(I-

cydohexenyl)-N-
meth yl Hexobarbital Evipan 1.03 1.03 1.20

- - ~---

Chromatographic development
The chromatography chambers were lined with filter paper and 100 ml of the

solvent mixture placed in a chamber, which was closed and allowed to equilibrate for
I h. All chromatograms were developed at a room temperature of 22-25°.

With the Cell 300 DEAE and Cell 400 UV254 layers the samples to be chrornato
graphed ha ve to be placed behind the liquid front, that is, the thin layer is allowed to
deve lop up to a distance of 3.5-4 and 1.5 em, respectively, and only then are the sam
ples applied to it. All four thin layers are then allowed to develop in the same jar
simultaneously for I hand 15 min. The RF values obtained are shown in Table I.
We used the following five standard mixtures of barbiturates in solution in diethyl
ether at a concentration of I mg/rnl for each barbiturate : phenobarbital-itobarbital,
barbital-cyclobarbital-amobarbital, diallybarbital-secobarbital, cyclobarbital-pento
barbital and heptabarbital-hexobarbital.
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CHR OM .9259

Note

Liquid chromatography and thin-layer chromatography of some substituted
ureas

D. J. SU BAC H, D. BAR NES and C. WYCHE

Analytical Development and Quality Control and Environmental Technology Departme nt ; CIBA·
GEIGY Corporation, Mclmosh, Ala. 36653 ( U.S.A. ;

(Received March 9th, 1976)

A great deal of attent ion has been paid to the chro ma tog raphic behavior of
urea-type compo unds ' " . Th e main reasons for thi s interest a re that these compounds
constitute a wides pread group of agricultural chemicals, they are of biochemical
inte rest, and the group of compounds consi sts of a great number of structurally close
ly related co mpo unds for which it is d ifficult to use classical analytical procedures for
identificat ion and quantitat ivc assay. Trad ition al wet meth ods very often incur inter
ferences ; gas ch romatograph y is amenable but subjects these compounds to possible
decomposit ion. High-pressure liqu id chrom at ography (H PLC) and th in-la yer chro
matography (TL C) techniques offer a rapid mean s of an alysis for a large spectrum
of substituted urea co mpo unds a nd req uire a minimum of sa mple preparati on.

EXPE R IME NTA L

A Waters Model A LC 202/40 1 liquid chro matograph with an M6000 high
pressure pump, a U6K 2-ml loop injector , and a UV detector operating at a wave
length of 254 nm were used. A Hewlett-Packard Model 7130A recorder operated at
0.25 in/min and a Varian Model 620L 18K computer for integrati on were also em
ployed. Chrom at ographic separation was effected using a stainless-steel column 1.3 m
x 2 mm 1.0. packed with octadecy ltrichlorosi lane (C IS) on Bond ap ak (37-50,um gra in
size). Mat erial s were obtained from Waters Assoc. (F ramingha m, Mass., U.S.A.).
The mobile phase eluent was initially adj usted to 20 ~-;; water and 80 % aceto nitrile,
the polarity of which was adjusted by gradient elution for a 20-min peri od with a
concave No.7 curve to 90 %water and 10%acetonit rile. A No.7 curve is common to
a Waters Model AL C 202/40 1 liquid chrom at ograph gradient elutio n curve selector.
However, sepa rat ion can be achieved with ad equ ate success by eluting linearly for
20 min from 0- 100 %with water-aceto nitrile (20 :80). The col umn pressure was 2000
p.s.i. and the flow-rate 3 ml/m in. Th e linea r velocity was 2.8 cm/sec. A constant
volume of 3 p I was injected by the sto p-flow technique. The acetonitrile was Burdick
and Jackson (M uskego n, M ich., U.S.A.) distilled-in-glass grade. Standa rds were
obtained from CIBA-G EIG Y (Mci ntos h, Ala., U .S.A.). Verificati on of purity was
cond ucted by prot on magnetic resonance and mass spectroscopy.

Th in-layer chrom at ography (T LC) was performed with silica gel G , neutral
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(50 %Merc k silica gel-50 %Bio-Rad Bio-Sil A) on 200 ~ 200 mrn glass plates coa ted
t o a th ickne ss of 200 {1m and acti vat ed at 100° for I h. Solution s of chloroform
nitromethane (80:20) or benzene-chloroform- ethyl acetate (40 :40 :20) were used as a
mobile phas e. Solvents were Fisher reagent grade (A tlanta, G a. , U.S.A .). After
elution th e plates were air dri ed a nd th en expo sed to chlorine in a sa turated chamber
for 30 sec . The plates were th en air dri ed for 2 min a nd sprayed with potassium iodide
starch so lut ion.

RESULTS AND DIS CUSSION

Fig. I shows the sepa ra tio n ach ieved with Bondap ak/C j, on a typ ical sa mple.
Resolution is simi lar to that from gas-l iqu id chro ma to gra ms. The linearity response

E
c
't
<ll
N

til
ro«

D

E

Fig. J. Resolution of selected ureas. A = injection point; B = solvent front ; C = 1,I-dimethyl-3
(I , I ,l-trifluoro-o-tolyl)urea ; D = I , l-d imethyl-3-(l , I , l -trifluoro-m-tolyl)urea ; E ~ I ,I -dimethyl-5
(1, 1, l -trifluoro- m-tolyl)urea ; F = I ,3-bis(l , I, l -trifluoro-o-tolyl)urea ; G = , impurity related to H ;
H = 1,3-bis(l, 1, l-t rifluor o-m-tolyl)urea ; I ~. dimethyl phthalate internal standard. Concentration
adjusted to 8 rng/ml for sample component s and 2 rng/rnl internal standard. See text for experimental
co nditions. R,fsec: C = 390 ; D = 690 ; E ~ 960 ; F ~ 111 0 ; H = 1245 ; 1 ~ 1395.
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CHROM. 9283

Note

Microdetermination of o-phenylphenol in citrus fruits by gas-liquid chro
matography

NORIHJDE NOSE, SU SUMU KOBA YASHI , AKIO TANAKA, AKIKO HIROSE and
AKINOBU WATANAB E

Saitama Institute of Public Health, 639-1, Kamiook ubo-higashi, Urawa, Saitama (Japan)

(Received Ap ril 2nd, 1976)

Biphenyl (BP), o-phe nylpheno l (OPP) and thiabendazole (T B) are used as
preservat ives for citrus fruit s (or as fungicides) but only BP is allowed legally as a
food additive in Japan .

Import ed fruits so metimes contain OPP or TB, and ab out 10 ppm of OPP has
been found in imported cit rus fruits, gra pefrui ts and lemons. OPP can be determined
by gas- liquid chro matog raphy (G LC)l -4, thin-l ayer chro matogra phy (TLC)5.6, and
high-perform ance liquid chro matog raphy (HPLCy. A flame-ionization detector
(FlO) is usually used in GL C but Hahn and Their' used an electron-capture detector
(ECO) after brominating OPP. An FlO is adequate for the determination of OPP at
the level used as preservati ves, but residual or impregnated OPP in frui ts needs a more
sensitive detector such as an EC O.

Phen ols and benzoyl chlorid e react well in an aqueous medium and, in order
to prepare phenol derivati ves that would be detected with greater sensitivity by the
ECO, PFB-CI was reacted with OPP and optima l conditio ns were esta blished.

EXPERIMENTAL

Reagents
Pentafluoroben zoyl chloride was obtained from Aldrich, (Milwaukee, Wisc.,

U.S.A.). All solvents and reagents were of analytical grade and were used as received.
The extraction solvent conta ined hept achl or epox ide as the internal standa rd in n-hep
tane, accura tely weighed to co nta in 1.6 ,ug/ml. The dialysis solutio n was prepared by
dissolving 33 g of anhydro us sodium acetate and 200 g of sodium chloride in distilled
water and makin g the volume up to 1000 m\.

Procedure
Weigh accurately 20 g of hom ogenized sample, add 50 ml of dialysis solutio n,

add SO-ml of n-hexane and mix in an electric blender. After centrifugation , remo ve
the hexane layer, add a further 80 ml of /I-hexa ne extract the aqueous layer, combine
the hexane layers and concentrate to 5 ml with a K-O concentrator. Extract the
organic layer with two 5-ml por tions of 0. 1 N sodium hydroxide solution, combine
the extrac ts, neutralize it with I N hydrochloric acid (2 ml) and add sodium hydrogen
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CHROM. 9277

Note

Long-chain acetates as internal standards in the gas-liquid chromatography
of volatile fatty acids

Z. MIELNICZ UK , J. KOROLCZ UK' and A. JAK UBOWSKI

Institute of Food and Nutrit ion, 6 1/63 Powsinska Str ., Warsaw ( Poland}

(Received Ap ril 1st, 1976)

Volatile fatty acids (YFA) are responsible for the flavours of man y food prod
ucts . The ordinary gas-liquid chromatographic (GLC) method of YFA ana lysis could
be improved by using internal sta nda rds a nd the purpose of thi s work was to exa mine
the use of some acetates for thi s purp ose.

EXPERIMENTAL

CZ- C7 volatile fatty acids and CZ- C12 alco hols were obta ined fro m Polyscience
Co rp. and dichloroacetic acid (Ana la R grade from POCl-f) was used as a 10% (w /v)
solution in dist illed water'. Aceta tes of C6- C 1Z alco hols were synthesized in our
laboratory from the ab ove alcohols and acetyl chloride (AnalaR grad e, POCH).

Five microl itres of YFA solution in 10 % dichloroacetic ac id ! co nta ining 0.1
nl of each acid and acetate were injected onto the ch romat ographic column.

A Beckman GCM gas ch rom atograph was used, equipped with a du al column
system, flame-ionization detectors and a Beckman recorder. The chro matographic
co nditio ns were: sta inless-steel columns, 1.8 m x 4 mm LD ., filled with 20 % EGA
on Chromosorb W HP , 100-1 20 mesh ; nitrogen flow-rate, 53 ml/rnin (1.8 atm);
hydrogen, 1.5 atm ; air, 2 a tm; recorder cha rt speed, 0.2 in.j rni n ; co lumn tempera
ture, consta nt at 140°, 150° or 1800 or programmed from 130" to 210" at the rate of
10o/m in ; injection block temperature, 250"; detector temperature, 300°.

RESULTS AN D DISC USSIO N

A typical chromatogram of YFA and long-chain acetatcs is sho wn in Fig. I.
The order of the various VFA on the chro matog ram, depending on the carbon
number, is typical for the cond itions of analysis':" ,

Of the internal sta ndards studied, the most pro mising were heptyl acetate,
which appears between acetic and propionic acids , and decyl acetate, which appears
just after valerie ac id. Hexyl ace ta te appea rs on the so lvent peak , octy l acetate in the
position of isobutyric acid, nonyl acetate co uld interfere with the two possible isomers
of valerie acid (2-methylbutyric and 3-methylbutyr ic acid ), while und ecyl and dodecyl

• Present address: Food Machine ry Research Inst itutc, I. B. Otwoc ka Str ., 03-759 Warsaw,
Poland.
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Fig. 3. Correlations between the loga rithm of retent ion time and numbe r of ca rbon atom s for
acetates, iso-acids and normal volatile fatty acid s for a con stant column temperature of 150°.

acetates appear too late , so that these compounds cannot be good internal sta ndards.
Long-chain normal alcoh ols have the same retention times as normal fatty

acids with a carbon chain shorter by four carbon atoms; hence n-octanol appears in
the place of butyric acid, n-nonanol in place of valerie acid and n-decanol in place of
caproic acid.

Relationships between the number of carbon atoms in the molecules of fatty
acids and the ogarithm of retention' time for different conditions of analysis are shown
in Fig . 2. Very similar results were obt ained for a pro grammed temp erature from
130° to 210° at the rate of 100/min and for a consta nt column temperature of 160°,
but in both instances the sepa ration of some isomers was not satisfactory. We there
fore chose for use in subsequent analyses a constant column temperature of 150°,
which gave good separations and a time of anal ysis that was not too long. For these
conditions there were linear relationships between the logarithm of the retention time
and number of carbon atoms for norm al acids, iso-acids and acetates of long-chain
alcoho ls (Fig. 3). The lines for acetates and acids are exactly parallel. These relation
ships enable one to identify unknown compounds and to choose a suitable internal
standard for each group of acids or acetates to be determin ed quantitatively.
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Erythromycin H
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E r ylhromycin estotote CH3 CH2CO

Eryt hromyc in stearate H

Eryt hro mycin lactob ionate H

Erythromycin gluceptate H

Erythromycin ethyl su ccinate CH3CH200CCH2CH2CO

Erythromycin ethyl carbonate CH3CHZOOC

Fig . I . Structural formul ae of erythr omycin derivatives. Me - C HJ •

Spray reagent:
Potassium dichromate (5.0 g) was dissol ved in 40 X, sulfuric ac id ( 100 ml).

Solut ions for spotting
Standard solutions. A solut ion (50 mg/rnl) of each of the erythro mycin com

pounds (Ta ble I) was prepared in chl oroform or, in the case of erythro mycin base,
gluceptate and lactobionate, in cloro form- rnetha nol (2 : I). Stearic acid (Applied
Research Labs., Rochester , New York , U.S .A.) was dissol ved in chloroform (20
mg/rnl) .

Sample solutions. In the case of tablets, one tablet (equivalent to 250 mg eryth
rom ycin ac t ivity) was ground using a mortar a nd pestle, the powde r was then tran s
ferred int o a 15-ml sto ppe red glass centrifuge tube, and a 5.0-ml portion of chloro
form was added. Vigorous shaking for several minutes and centrifugation at 300 rpm
for 5 min gave a clear supernata nt so lut ion for spo tt ing on the TLC plate.

1n the ca se of o ra l suspensions, a 5.0-ml portion of the well shaken liquid
formulation (equivalent to 250 mg erythromycin activity) was transferred into a 125
ml sepa ratory funnel and diluted with 10.0 ml of distilled water. A 5.0-ml portion of
chloroform wa s added, and the organic layer sepa ra ted for spo tting on a TLC plate.
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(90:10:1). The plates were developed to a height of 15 cm (approx. 75 min), then re
moved from the chamber, dried at room tem perature, then un iforml y sprayed with
the spray reagent and heated for I h at 150°.

RESULTS AND DISCUSSI ON

Chromatograph y of eryth rom ycin stea rate in our solvent system produ ces two
spots on a TLC plate after spraying with chromic acid-sulphuric acid reagent and
charring, one due to stea ric acid and the other to erythro mycin moiety. Acetic acid,
being a stronger acid than stearic acid, displaces the stearate ani on , which is then
protonated to release free fatty acid. The corresponding RF values for various eryth
rom ycin derivatives and stea ric acid are listed in Table r.

In Fig. 2, a typical chr omatogram obtained with five formulat ions and eryth
rom ycin stearate and stea ric acid sta ndards is shown. The formulati ons included
erythromycin tablets, erythromycin steara te tablets (both B.P. and U.S.P.), eryth
romycin estolate liquid, and erythromycin stearate liquid. As can be seen from Fig.
2, pharmaceutical excipients do not interfere with the method , both the stea rate and
erythromycin portions of the molecule being well resolved from each other.

The use of the chromic acid-sulphuric acid spray reagent and a pr olonged
heatin g per iod were requi red in ord er to detect the fatty acid porti on of the drug. Al
though less than 50-,ug qu antities could be detected on the plate, 50,ug amounts gave
well defined, reproducible spots .

The use of this prop osed TLC identificat ion method enables fast differentia
tion of erythromycin stearate from erythro mycin base and other eryth romycin
deri vati ves - ethyl succinate, esto late, gluceptat e a nd lactobionate .
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CHROM . 9589

Book Review

Instrumental liquid chromatography. A practical manual on high-performance liquid
chromatographic methods, (Journal of Chromatography Library, Vol. 5), by
N. A. Parris, Elsevier, Amst erdam, Oxford, New York, 1976, X + 329 pp.,
price Dft. 100.000, US$ 38.50, ISBN 0-444-41427-4.

For the analytical chemi st who appl ies or has potential applications for high
perform ance liquid chromatograph y, thi s is probably the most useful , practical book
dealing with this popular and rapidly expanding technique that has been published so
far. The author has collected and collated the considerable experiences he has ac
quired in an applications laborator y of a company who market a range of liquid
chromatographs and materials. From his first-hand knowledge of customer's problems
he has been able to compile a laboratory handbook containing many practical hints
that are not to be found in the more academic treat ises.

The book is divided into four main sections of which the first is entitled
"Fundamentals and instrumentation" , After a brief introductory chapter, the second
states the basic definit ions and equations and illustrate s, by mean s of examples, how
the result s of the ory aid the practising chromatographer. Theoretical aspects of liquid
chromatography are adequately discussed elsewhere and their omission from this
particular book is understandable. What is disturbing, however, is the author's reason
for this omission, i.e., that many scientists are so busy getting results that they have no
time to try and understand what they are doing and consequently need to rely on com
mercial suppliers. This is not only at variance with the scientists' naturally enquiring
mind but also makes sweeping assumptions on the academic status of each and every
supplier. The remainder of the first section includes an important chapter on column
technol ogy and two chapters on instrumentation. These are superbly authorative
account s but concentrate on commercially-attractive equipment at the expense of,
say, specialised detectors and new innovations.

The second section discusses factors influencing selectivity and contains some
excellent materi al. Its five chapters describe the properties of the mobile and stationary
phases and contain guidelines for choosing the best chromatographic systems for
attacking a particular problem. The chapter on steric exclusion chromatography is
less strong. The principles governing column selection are not described well and
whilst the molecular-weight distribution of polymers is discussed, the author never
gets around to informing the inexperienced how to actually perform thi s deteimina
tion.

The third section of the book describes the techniques of qualitative and quan
titative analysis and discusses procedures for trace analysis and preparative-scale
separations. The last section lists references to applications published during the last
five years. Perhaps a reference to the numerous potential applica tions discussed in
Volume 3 of the Journal of Chromatography Library would also have been appro
priate.
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The book on the whole is very read able and has obviously been written with
much enthusiasm. The occa sional sentence, such as the first one on p. 29, might leave
the reader rather breathless. Most analysts will benefit by having a copy of th is book
alongside their chromatographs -whether a commercial or a home-assembled instru
ment.

Abingdon (Great Britain) R. AMOS
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CH ROM. 9480

Book Review

Separation methods in chemical analysis, by Jame s M. Miller, Wiley, Chichester,
New York, 1975, X + 309 pp ., pr ice £ 9.00, ISBN 0-471-60490-9.

This book is intended to provide a unified approach to the major an alytical
separatio n method s and to present a basic the ory for sepa ra tion science. Th e first six
chapters deal with the general theoretical aspects of the subj ect and include discussion
of classificati on , thermod ynamics, kinetic s, sepa ration force s and sepa rat ion meth ods
based on chemical reactions. Chapters 8 and 9 complete th e theoretical sect ion with a
discussion of zone broadening. The remai nder of the book including Chapter 7 and
Chapters 10-17 briefly discusses the following separation methods: distill ation , liqu id
liquid extraction , chrom at ography (genera!), gas chromatography, paper and thin
layer chromatography, zone electrophoresis and differential dialy ses.

The book has been written essentially for und ergraduate students and as such
contains all the relevant subject matter. The need for brevity has, however, meant
that a prior understanding of elemen tary thermodynamics and equilibrium concepts
is a prerequisite to a full unde rstanding of th e theoret ical discussion s. The chapters
concerning the ind ividu al sepa ra tion meth ods a re also brief but ar e supplemented by
an up-to-date bibli ography which sho uld provide a useful list of source material to
those readers meeting a particular topic for the first time. The author's choice of sym
bols and nomenclature may , as he points out, lead to some co nfusion when compared
with other texts. However , such chan ges a re necessar y and desirable if uniformity is
to be achieved between the various fields of st udy.

The book is well produced with few typ ographical errors, and the subj ects are
discussed witho ut bias. The book is up to date and although brief pro vides an extreme
ly useful undergraduate text in thi s imp ortant field of ana lytical chemistry.

Loughborough (Great Britain) L. A. GIFFORD
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APPARATUS

N-910

MASS SPECTROMETER DATA SYSTEM

A new data system for Hewlett-Packard mass
spectrometers offers users an expanded software
capability, a new 19,000-spectra chemical library
and a semiconductor-memory HP 21MX mini
computer. The new, more-compact HP 5934A
dual-disc system controls scan operations of HP
mass spectrometers, stores spectral data on discs,
then displays and tabulates these data at operator
command .

N-916

PRECISION MICRODENSITOMETER

Gaertner Scientific Company presents a new
microdensitometer which measures the position
and optical density of any point on a film or
plate to 0.001 mrn, over a range of 255 mm x
100 mm. Optical density range is 0-4.0 density
units. Several versions of the basic instrument are
available. A motorised version, which operates
automatically , is capable of recording at every 2/otm
(or more) of carriage position. Other versions are
available for manual operation and for greater
ranges.

For further information concerning any of the
news items, apply to the publisher, using the
reply cards provided, quoting the reference
number printed at the beginning of the item.

Vol. 125, No.2

N-913

SOLVENT RECOVERY APPARATUS

The new line of solvent recovery apparatus
from Kontes includes several convenient and com
pact laboratory-scale stills of various designs to
meet a variety of needs . Output from the stills is
residue-free and suitable for all analytical and
prepara tive techniques.

N-917

NEW GAS CHROMATOGRAPH

The Dani 3400 is a routine-dedicated gas
chromatograph with interchangeable analytical
modules dedicated to a specific detector such as
FlO , ECD, AFD, FPD and HWD, and to specific
applications such as pesticides or pollution.
Features include digital programming, modular
electronics and a hardware design that simplifies
operation and maintenance.

N-914

TOTAL HYDROCARBON/METHANE
MONITOR

The new Dani THMM 230 is capable of per
forming continuous and simultaneous determina
tions of total hydrocarbons with and without
methane and of methane alone. The main
features of the instrument are a dual hydrogen
flame detector , parallel sample lines with one
hydrocarbon-selective catalytic filter and a dif
ferentiating amplifier . An auto-calibration system
compensates for zero and span variat ions against
the standard.



PROCEDURES

N-912

NEW PHOTOGRAPHY PUBLICATIONS

The second edition of "Close-Up Photography
and Photomacrography" is now available from
Eastman Kodak Co. The I98-page hardbound
book features more than 350 black- and-white
and colour photographs to illustrate discussions
on the ory and practice tha t can be useful to
photographers and students who use close-up
photography and photomacrography in variou s
scientific disciplines.

Also published is a new Kodak data book ,
" High-Speed Photography ", for tho se using the
technique for the first time . The 60-page book
explains how high-speed motion pictures are
made and also describes the necessary equipment
(including black-and-white and colour films), and
includes discussions of various typ es of camer as,
their oper ating principles, and useful techniques.
There are also basic explanations of lenses, light
ing and film characteristics.

Kodak publication No. P-92 is the newly re
vised and enlarged data chart on the character
istics of Kodak black-and-white instrumentation
films. The chart contains information of 17 Kodak
films. In addition to sections defining Estar base,
RAR films, Linagraph Shellbur st films and various
high-speed films, the chart includes table s listing
colour sensitivity , appl icati ons, sizes, et c.

N-920

AUDIO-VISUAL CHROMATOGRAPHY

Beckman's "New Dimensions" range of audio
visual technical training programmes include
presentations on basic aspects of gas chromato
graphy , principles and practice of thin-layer
chromatography, basic electrophoresis, and
electrophoretic techniques utilizing the
MicrozoneR system. A revised 24-page brochure
"Audio-Visual Guide" describes the expanded
series of programmes. Other subjects covered in
clude analysis of peptides/arnino acids, enzym
ology, nuclear instrumental techniques, spectro
scopy OR and UV/visible), spectral interpretation,
etc .

N-909

PROTEIN SEQUENCING BOOK

" Solid Phase Methods in Protein Sequence
Analy sis" , recently published by Pierce, is the
proceedings of the First International Conference
on Solid Phase Sequencing (May 1975) and
covers all advances and applica tion s since the
1971 publication by Laursen on automated solid
phase sequencing. The chemistry of solid-phase
Edman degrada tion , sequencing techniques and
appli cations, PTH analysis, and instrumentation
are discussed.

NEW BOOKS

Spectrophotometric determination of ele
ments, by Z. Marczenko, Ellis Horwood,
Chichester, 1976, xi + 643 pp. , price £ 19.50,
US $ 42.90, ISBN 0-470-56865 -8.

Environmental effects on molecular structure
and properties, (Proceedings of the 8th
symposium on quantum chemistry and
biochemistry , Jerusalem, April 7-11,1975) ,
edited by B. Pullman, Reidel, Dordrecht,
Boston, Mass., 1976,588 pp., price Dfl,
195.00, US$ 75.00, ISBN 90-277-0604-2.

Mass spectrometry of steroids, by Z.V.
Zaretskii, Halsted (Wiley), New York,
Chichester, and Israel Univ. Press, Jerusalem,
1976, xi + 182 pp., price £ 9.90, US$ 19.80,
ISBN 0-7065-1453-X.

Analysis of air pollutants, by P.O. Warner,
Wiley-Interscience, New York, London,
1976, xi + 329 pp., price £ 11.00, US$ 22.00,
ISBN 0-471-92107-6.

Recent contributions to geochemistry and
analytical chemistry, edited by A.I. Tugarinov,
Halsted (Wiley), New York , Israel Program for
Scientific Translations. Jerusalem, 1975, viii +
695 pp., price £ 26.40, US$ 52.80, ISBN
0-470-89228-5.

Organic chemistry, by T.W.G. Solomons, Wiley,
New York, London, 1976, xxiii + 1056 pp.,
price f 12.00, US$ 24.00, ISBN 0-471-8122D-X.



Spectral and chemical characterization of
organic compounds; A laboratory handbook,
by W.J. Criddle and G.P. Ellis, Wiley, New
York, London, 1976, viii + 103 pp., price
£ 4.60, US$ 10.15, ISBN 0-471-18767-4.

Structural studies of macromolecules by
spectroscopic methods, edited by J.K.
Ivin, Wiley-Interscience, New York, London,
1976,339 pp., price £ 14.50, US$ 31.90,
ISBN 0-471-43120-6.

Treatise on analytical chemistry, Part I,
Theory and practice, Vol. II, edited by
I.M. Kolthoff and P.J. Elving, Wiley-Inter
science, New York, London, 1975, xxiii +
698 pp., price US$ 43.85, £ 22.00, ISBN
0-471-49967-6.

The quality control of medicines, (Proceedings
of the 35th International Congress of Pharma
ceutical Sciences, Dublin, 1975), edited by
P.B. Deasy and R.I'. Timoney, Elsevier,
Amsterdam, New York , 1976, ca. 390 pp.,
price Dfl. 100.00, US$ 38.50, ISBN
0-444-41454-1.

Assay of drugs and other trace compounds
in biologicailluids, (Methodological
Developments in Biochemistry, Vol. 5),
edited by E. Reid, North-Holland, Amsterdam,
New York , 1976, x + 254 pp., price Dll.65.00,
US$ 24.95, ISBN 0-7204-0584-X.

Thermometric titrations, by J. Barthel and
R. Wachter, Wiley-Interscience, New York,
London, 1975, xi + 209 pp., price £ 12.25,
US$ 24.55, ISBN 0-471-05448-8.

Organic functional group analysis by gas
chromatography, by T.S. Ma and A.S. Ladas,
Academic Press, Lond on , New York,
San Franci sco, 1976 , x + 173 pp ., price £ 6.80 ,
US$ 14.75 , ISBN 0-12-462850-8.

CRC Standard Mathematical Tables, edited by
W.H. Beyer, CRC Press, Cleveland, Ohio, 24th ed.,
1976,565 pp., price US$ 9.95 , ISBN
0-87819-623-4 .

Practical high performance liquid chromato
graphy , edited by C.F. Simpson , Heyden & Son
(in association with the Continuing Education
Committee of The Chemical Society), London,
1976, xi + 315 pp., price £ 9.30, US$ 18.50,
OM 59.50, ISBN 0-85501 -089-4 .

Quadrupole mass spectrometry and its
applications, edited by P.H. Dawson, Elsevier,
Amsterdam, New York, 1976, ca. 230 pp.,
price on, 129.00, US$ 49.75, ISBN 0-444
41345-6.

Advances in mass spectrometry in biochem
istryand medicine, Vol. 1, (Proceedings of
th e 2nd International Symposium, Milan,
June, 1974), edited by A. Frigerio and N.
Castagnoli, Spectrum Publications/Halsted
(Wiley), New York, 1976, xxi + 586 pp.,
price £ 27.20, US$ 46.40, ISBN 0-470-28121-9.

Carbohydrate chemistry, Vol. 8, edited by
J.S . Brimacombe, Chemical Society, London,
1976 , xii + 485 pp ., price £ 24.00, US$ 66.00,
ISBN 0-85186-072-9 .

Fundamentals of electrochemical analysis, by
Z. Galus, Ellis Horwood (Wiley), Chichester,
1976, price £ 21.00, ISBN 0-85312-036-6 .

Advances in infra-red and Raman spectroscopy,
Vol. 2, edited by R.J.H. Clark and R.E. Hester,
Heyden & Son , London, 1976, ISBN
0-85501-182-3 .

Ion selective electrodes, by P. Bailey, Heyden &
Son, London, ) 976, ISBN 0-85501-223-4.

Spectra and chemical interactions (Structure and
Bonding, Vol. 26), edited by J.D. Dunitz, Springer ,
Berlin, New York, 1976 , iv + 144 pp., price
OM 58.00, US$ 23.80, ISBN 3-540-07591 -7.

Handbook of biochemistry and molecular biology,
Vol. 2, Nucleic acids, edited by G.D. Fasman,
CRC Press, Cleveland, Ohio, and Blackwell,
Oxford, 3rd ed., 1976 ,293 pp., price £ 36.40,
ISBN 0-87819-506-8.

Biosynthesis, Vol. 4, edited by J.D. Bu'lock,
Chemical Society, London , 1976 , ix + 274 pp.,
price £ 16.00, ISBN 0-85186-53 3-X.

Methods in zone electrophoresis, by 1.R. Sargent
and S.G. George, BDH Chemicals, Poole, 3rd ed.,
1975, price £ 3.50 .

Chemistry and biochemistry of plant pigments,
edited by T.W. Goodwin, Academic Press,
New York, London, 2nd ed., 1976; Vol. I:
xvi + 870 pp ., price US$ 65.75, £ 26.50 , ISBN
0-12-289901-6 ; Vol. 2: xiii + 373 pp., price
US$ 29.75, £ 12.00, ISBN 0-12-289902-4.



CALENDAR OF FORTHCOMING MEETINGS

November 1-4, 1976

Hou sto n. T~sas . 1I.S.A .

February 28-Marc h 4 , 1977
Cleveland, Ohio , U.S.A.

April 26 - 28 , 1977
Bratislava, Czecho slovakia

May 22 27. 1977
Davos, Switzerl a nd

July 17 -22, 1977
Birmingham, Great Britain

September 27 - 30 , 1977
Salzburg, Austria

Ch rom at ogr aphy ' 76. I l th In tern ati onal Sy mposium on
Adva nces in Chromal ogr aph y

Con tact :

Pro fessor A. Zla t ki s. Chemistr y Department. Unive rsity of
lIouston . Ho uston. Texas 77004. U.S.A. ( Furt he r det ails
pub lished in Vol. I 17. No . 1)

28th Pittsburgh Conference on Analytical Chemistry and Applied
Spectroscopy

Co ntact :
John E. Graha m, Program Chairman, Koppers Company, In c.,
44 0 Co llege Park Drive, Monroeville, Pa. 15146, U.S.A.

5th International Symposium. Improvements and Application of
Chromatography in the Chemical Industry

Co ntac t :
Ing. J. Rerneii , Anal ytickd sekc ia CS VTS, pri, n. p, Slovnaft,
82 300 Bratislava, Czechos lovakia

International Symposium on Microch emi cal Te chniques 1977

C'ontact :

Dr. W. M crz, BASI : A.C . Un tcrvuch ungslaboru t orium, WIIU.
D·h700 Lu dwigshufc n. C .F . R. ( Fu rt her de tails p ub lish ed in Vol.
117. No. 1)

4th SAC Conference

Con tact :
Dr. A. T ownshend or Dr. A.M.G. Macdonald , Chemi str y Depart
ment, Th e Universi ty, P.O . Box 363, Birmingham B15 2TT,
Great Britain.

3rd International Symposium o n Column Liquid Chro matography

Co ntac t :
Professor Dr. J.F.K. Huber , Analytisches In stitut der Universitiit
Wien, Wahringe r St rasse 38, A-I 09 0 Vienna, Au stria
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