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The So-called Phenylthiohydantoic Acid: Its Structure
and Application to the Gravimetric Determination

of Cobalt*

By A. BASHAR AND A. TOWNSHEND
(Chemistry Department. The University, P.O. Box 363, Birmingham 15)

The compound previously known as phenylthiohydantoic acid is shown
to be carbaminothioglycollic acid anilide. The precipitate produced when
this reagent is added to cobalt solutions is tris(thioglycollic acid anilido)
cobalt(III). formed by hydrolysis of the carbamino compound. This pre
cipitate is not formula-pure, however, and cannot be weighed directly. It
must be ignited to tricobalt tetra-oxide, Coa0 4, for the determination of
cobalt.

THE reagent known as phenylthiohydantoic acid was first recommended for the detection
of cobalt by Pozzi-EscoP because of the red - brown precipitate produced when it reacted
with aqueous cobalt solutions. Later, Willard and Hall! investigated the gravimetric deter
mination of cobalt with this reagent. Precipitation was quantitative in ammoniacal solutions,
and cobalt could be separated from numerous metals. including nickel, iron and manganese.
Unfortunately. the cobalt precipitate was not quite sufficiently reproducible in its com-'
position. so it had to be ignited. thus making the conversion factor much less favourable.
Also. the precipitate was extremely bulky, and apparently only less than 25 mg of cobalt
could be handled.

It was thought that the application of precipitation from homogeneous solution to this
system would retain the selectivity and completeness of the precipitation of cobalt, and at
the same time reduce the bulk of the precipitate (as, for example, with nickel dimethyl
glyoximate3,4), so that larger amounts of cobalt could be dealt with. It could also improve
the stoicheiometry of the precipitate (as occurred with the cobalt I-nitroso-2-naphthol pre
cipitate5), so that the precipitate could be weighed after drying. Finally, any co-precipitation
would be minimised.6

In 1877, Jaeger7 reacted together monochloroacetic acid, ammonium thiocyanate and
aniline and identified the product (which he was unable to hydrolyse) as phenylthiohydantoic
acid, I. Later, Rizzo8 and Beckum and Frerichs9 reported that the compound hydrolysed
readily to give thioglycollic acid anilide, III, and thus concluded that Jaegers' compound
was carbaminothioglycollic acid anilide, II. These observations seem to have been completely
overlooked by Willard and Hall,! by Cuvelier,IO who also investigated the gravimetric method
for cobalt, and by Duval and Duval.ll who recorded a thermogravimetric curve for the
precipitate.

C.HaNHC( :NH)SCH,COOH
I

CeHaNHCOCH,SSCH,CONHC.Ha _
IV

We have confirmed the earlier observations8 •9 on the facile hydrolysis of Jaeger's com
,pound. which is apparent even during its crystallisation, for the melting-points of successive

• Part of this work was previously summarised in Chem. Commun .• 1967, 901.

~ SAC and the authors.
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samples fall, and the NH band at 3380 cm-1 gradually disappears. Hydrolysis to thin
glycollic acid anilide was completed in 40 minutes. A single recrystallisation of authentic
carbaminothioglycollic acid anilide from water gave a product shown by elemental analysis
to contain 23 per cent. of III; this increased to 65 per cent. after three "recrystallisations."
Continued refluxing produced dithioglycollic acid anilide, IV, as previously noted by Rizzo.8
Attempts to form ethyl and 2-hydroxypropyl esters of Jaeger's compound failed. A band
at 1700 cm-1 caused by the C=O stretch in a carboxylic acid is absent. This and the failure
to undergo cyclisation to give phenylpseudothiohydantoin in the presence of mineral acids12

again point against structure I and favour II.

TABLE I
SOME INFRARED FREQUENCIES, CM-l

v-NH v-NH
(primary (secondary v-C=O
amide) amide) v-SH (amide) C.H. Amide

Carbaminothioglycollic acid anilide 3380 3275 1660 1605 1540
Thioglycollic acid anilide 3240 21130 1640 1600 1546
Cobalt precipitate with thioglycollic

acid anilide 3230 1640 1595 llillO
Cobalt precipitate with carbamino-

thioglycollic acid anilide .. 3320 1635 1590 llillO

Infrared spectra confirm these observations (Table I). Nuclear magnetic resonance
spectra recorded at 60 Mc/s in dimethylsulphoxide (D6) gave singlets at -0'15T (IH), 7·37
(2H) and 6·6T (2H), all against tetramethylsilane, with a multiplet at 2·0 to 3·2T given by
the phenyl group. As the resonance at -0,15 could have arisen either from a carboxylic
acid or from a secondary amine group these results do not distinguish between I and II.
However, a comparison of the resonances of the compound studied, its N-methyl derivative
and thioglycollic acid anilide in acetone (D6), which are summarised in Table II, confirms
that the compound is carbaminothioglycollic acid anilide, II.

TABLE II
(D6)

2 1

7·2 (s)
6·95 (s)

7-6 (t)
NH. SH

3

2·4 (m) 6·4 to 6·6 (5) 6·7 (s)
0·5 (s) 2·3 to 2·6 (m) 6·3 (s)
0·6 (s) 2-l to 2·8 (m) 6·6 (d)
NH C.H. CHI CHI

s = singlet, d = doublet, t = triplet, m = multiplet.

NUCLEAR MAGNETIC RESONANCE FREQUENCIES IN ACETONE
Shifts in p.p.m. against tetramethylsilane

1 5 2Number of H atoms
Carbaminothioglycollic acid

N-methylanilide .. . .
Carbaminothioglycollic acid anilide
Thioglycollic acid anilide
Assignment ..

POLAROGRAPHY-
The alleged phenylthiohydantoic acid gave an anodic wave (E. = 0·0 volt against an

S.C.E.) at pH 4·0. Such a wave can be readily attributed to a thiocarbonic acid derivative,
II, but would not be expected for a thin-ether, I. At pH 6·8 the wave was unchanged after
1 hour, but at higher pH values hydrolysis produced a well developed anodic wave (E. = -0,5
volt against an S.C.E. at. pH 7·2), identified as being due to thioglycollic acid anilide, III. The
gradual formation of this wave is shown in Fig. 1. By using this wave, the rate of hydrolysis
was found to be instantaneous in 0·1 M sodium hydroxide or in a borate buffer (pH 9,2);
in a phosphate buffer (pH 7'8), the plot of log (diffusion current) against time was linear for
the first 11 minutes of the reaction and suggested a first order reaction.

Hydrolysis at pH above 7 would be expectedl8 for the cleavage of the -S-CO- grouping
of II but not for an S-substituted thiourea, such as I.
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Fig. 1. Polarographic anodic waves of carbaminothioglycollic acid
anilide (2 x 10-4 M) in a phosphate buffer solution (pH 7,2) containing
2 per cent. of ethanol. Measurements were made at about 20° C after
A, °minute; B, 11 minutes; C, 43 minutes; and D, 93 minutes (this
is the wave of thioglycollic acid anilide). All curves go from +0·1 to
-1·\ volts versus an S.C.E. Capillary characteristics: drop time is 3·7
seconds; mercury flow is 1·53 mg per second

127

PRECIPITATION OF COBALT-

When cobalt(II) was precipitated with carbaminothioglycollic acid anilide by using the
procedure of Willard and Hall,2 the ligand involved in the precipitate was found to have
only one nitrogen atom. As the precipitation occurred at pH 7 from boiling solution, it was
reasonable to expect that this ligand was thioglycollic acid anilide, III. Indeed, thioglycollic
acid anilide gave precipitates with cobalt that were identical (colour, elemental analysis and
infrared spectra) with those produced by Willard and Hall's method. In fact, thioglycollic
acid anilide has been recommended as a reagent for the detection of cobalt because of the
voluminous blood-red precipitate it gives with cobalt.14 ,16 In all instances, irrespective of
whether cobalt(II) or cobalt(III) was initially present in the solution, the analytical results
for the precipitate agreed most closely with a formula of CoLs.

Thus carbaminothioglycollic acid anilide is merely a source reagent that generates the
actual precipitant, thioglycollic acid anilide, in solution. The procedure of Willard and Hall,
therefore, is essentially one of the earliest examples of precipitation from homogeneous
solution; no other example of this type of generating reaction has previously been reported.

It was possible, therefore, that the original aims of this investigation could be accom
plished by a detailed study of the use of carbanlinothioglYcollic acid anilide for precipitating
the cobalt - thioglycollic acid anilide complex from homogeneous solution.

CoNVENTIONAL PRECIPITATION OF COBALT WITH THIOGLYCOLLIC ACID ANILIDE-

To evaluate the procedure that is developed for precipitation from homogeneous solution,
it must be compared with both the original procedure of Willard and Halll! and also the
direct precipitation with thioglycollic acid anilide. Bersin14 found that the latter reagent was
suitable for the detection of cobalt in the presence of iron(III), aluminium and chromium(III).
He assumed that the precipitate was CoLa.4H.O, which changed on heating to CozLa. This
form was not suitable for weighing, however, and had to be converted into a form that was
suitable. This is the only recorded investigation of thioglycollic acid anilide as a gravimetric
reagent. However, Misra and Sircar16 have investigated other thioglycollic acid amides as
precipitants for cobalt, and found that the precipitates can be weighed after drying at
1250 to 1300 C. The complexes were formulated as CoLa.l • Thionalide, the 2-naphthyl
analogue of thioglycollic acid anilide, is the best known of the thioglycollic acid anilide
derivatives.11

When cobalt(II) (25 mg) was precipitated with thioglycollic acid anilide, according to
the method used with other thioglycollic acid amides,16 the voluminous red - brown precipitate~
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had a wide range of weights after drying at 1250 to 1300 C; all of the weights were excessive
for CoL3 chelates. At least part of the excessive weight was caused by co-precipitated
reagent, which could be seen as white particles. This could be reduced by decreasing the
digestion time from 3 to 4 hours to 30 minutes. The application of thioglycollic acid anilide
in the Willard and Hall procedure2 gave similar results, and both were similar to the results
obtained by using the original Willard and Hall procedure. All of these results are sum
marised in Table III.

TABLE III
PRECIPITATION OF COBALT (25 mg) WITH THIOGLYCOLLIC ACID ANILIDE

MetllOd Weight of precipitate, mg-
Misra and Sircari8 266·7 to 291·8t

283·3 (3)t
Misra and Sircar18 239·4 to 265'7§

251·6 (3)
Willard and Hall," with thioglycollie acid anilide 242·8 to 327·1

292·7 (3)
Willard and Hall,' with carbaminothioglycollic acid 235,3, 268·5

anilide
• CoLa would weigh 236·5 mg.
t Range of precipitate weights.
t Mean weight and number of determinations.
§ After only 30 minutes' digestion.

Drying temperature
1250 to 1300 C

1250 to 1300 C

1250 to 1300 C

Room temperature,
over silica gel

PRECIPITATION FROM HOMOGENEOUS SOLUTION-

None of the methods described above provided a satisfactory means for the gravimetric
determination of cobalt by the direct weighing of the complex. Although Willard and Hall's
original method meets some of the requirements of a procedure for precipitation from homo
geneous solution, the voluminous nature of the precipitate formed by reaction with cobalt(II)
indicates an extremely rapid precipitation process. Thus the hydrolysis, in which the thio
glycollic acid anilide is formed, is so fast as to preclude a slow, homogeneous generation of
precipitant in the solution. It was possible to slow down this hydrolysis sufficiently by using
a reaction solution containing more than 20 per cent. vIv of ethanol. In this instance, the
precipitate produced is compact and dark red. Even then, however, the weights of the
dried precipitates were still high and variable.

Other methods of precipitation from homogeneous solution were attempted, viz., urea
hydrolysisG and precipitation from mixed solvents.l7 In these instances, there was no signifi
cant reduction in the bulk of the precipitates, and their weights were equally variable.

TABLE IV

IGNITION OF PRECIPITATES

Cobalt taken = 25·05 mg

Cobalt in
washings, mg·

0,140
0·094
0·034
0·078
0·082
0'120
0·026
0·041
0·077

Cobalt in
filtrate, mg-

0·008
0·014
0'000
0·018
0·007
0·008
0·003
0·009
0·009

Calculated as
Co,O., mg

25·26
25·05
25·55
25·53
25·26
25·41
25·17
25·55
25·35

Cobalt recovery
A

Cal~ulated as
Co.Oa, mg

24·45
24·23
24'77
24'52
24·45
24·59
24·30
24'77
2Hl7

Weight of
oxide found, mg

34·40
34·10
34·80
34·50
34·40t
34·60t
34·20t +
34·80d
Mean

- Determined by the nitroso-R-salt method,"' after destruction of organic matter.
t After only 2 hours' digestion on water-bath.
t Precipitation in 20 per cent. ethanol.
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IGNITION OF THE PRECIPITATES-

Direct weighing of the dried precipitates was, therefore, impossible, even with the new
knowledge of the precipitant. One controversy remained, however. Willard and Ha1l2found
that if the precipitate is ignited to oxide at 8500 C, better recoveries are obtained if the ignited
substance is considered to be C020 3, rather than C030 4, although the results are high for
both. Duval and Duvalll also identify the oxide as C020 3 in their gravimetric studies. This
is surprising, because C020 3 is converted18 into C030 4 above 2650 C. Repetition of the
experiments of Willard and Hall, including experiments in which more than 20 per cent.
of ethanol was used, gave the results shown in Table IV. They show that more accurate
results are obtained if the oxide is considered to be C030 4, although there is little to choose
between either oxide if solubility losses are also considered. Identical results were obtained
by using thioglycollic acid anilide as the precipitant. In all instances, precipitation of cobalt
is quantitative, and most of the cobalt not recovered is lost during the washing of the
precipitate.

EXPERIMENTAL
SYNTHESIS OF REAGENTS-

Carbaminothioglycollic acid anilide-This was prepared by Jaeger's method7 for "phenyl
thiohydantoic acid." The product was recrystallised three times from ethanol to give white
crystals, m.p. 1460 to 1500 C. Value given in literature,7148° to 1520 C. Found: C, 51·5 per
cent.; H, 5·0 per cent.; N, 13·45 per cent.; S, 15·2 per cent. CSHION202S requires C, 51·4 per
cent.; H, 4·8 per cent.; N, 13·3 per cent.; S, 15·25 per cent.

Carbaminothioglycollic acid N-methylanilide-This was prepared similarly, but by using
N-methylaniline (214'3 g) in place of aniline (189 g). After refluxing the reaction mixture
for 24 hours, the product was twice recrystallised from ethanol to give white crystals,
m.p. 1380 to 1400 C. Value given in literature,S 1470 C. Found: C, 53·5 per cent.; H, 5·4 per
cent.; N, 12·4 per cent.; S, 14·0 per cent. ClOH12N202S requires C, 53·5 per cent.; H, 5·4 per
cent.; N, 12·5 per cent.; S, 14·3 per cent.

Thioglycollic acid anilide-This was prepared by reported methodss,15 and recrystallised
from aqueous ethanol to give white crystals, m.p. 1050 to 1080 C. Value given in literature,S
III 0 to 1120 C.

REACTIONS OF THE REAGENTS-

Attempted esterification-Treatment of "phenylthiohydantoic acid" with ethanol in the
presence of sulphuric acid and with propylene oxide, by an adaptation of the method of
Haggis and Owen,1s yielded only starting material.

Attempted cyclisation-Only starting material was recovered after treatment of "phenyl
thiohydantoic acid" with 20 per cent. hydrochloric acid, according to Mouneyrat's procedure.20

Hydrolysis-Pure thioglycollic acid anilide was obtained by refluxing an aqueous solution
of carbaminothioglycollic acid anilide for 90 minutes. The product was white crystals,
m.p. 1040 to 1080 C. Value given in literature,s 1110 to 1120 C. Found: C, 57·7 per cent.;
H, 5·45 per cent.; N, 9·0 per cent.; S, 19·3 per cent. CsHsNOS requires C, 57·5 per cent.;
H, 5·4 per cent.; N, 8·4 per cent.; S, 19·2 per cent.

Oxidation to dithioglycollic acid anilide-Refluxing an aqueous solution of carbamino
thioglycollic acid anilide for 48 hours in a vessel open to the air gave a white crystalline
product, m.p. 1560 to 1580 C. Value given in literature,S 1600 to 1610 C. Found: C, 58·5 per
cent.; H, 4·5 per cent.; N, 9·1 per cent.; S, 18·5 per cent. C16H16N202S2 requires C, 57·8 per
cent.; H, 4·9 per cent.; N, 8·4 per cent.; S, 19·3 per cent. All melting-points were uncorrected.

Thin-layer chromatography-Chromatograms were run on silica gel G, 250 p. thick, acti
vated at 1100 C for 1 hour. The solvent system was xylene - glacial acetic acid (60 + 40 vIv).
The spots were located by iodine adsorption. The RF values obtained (relative to a solvent
front movement of 10·0 cm) were as follows: carbaminothioglycollic acid anilide, 0,34, 0·52
(faint); thioglycollic acid anilide, 0·49; carbaminothioglycollic acid anilide, after partial
hydrolysis, 0,34, 0'53; pure hydrolysis product, 0·53; "phenylthiohydantoic acid" (British
Drug Houses Ltd.), 0'33, 0·50 (faint), 0·57; and dithioglycollic acid anilide, 0'52.

The RF values were not reproducible to better than ±0·05.
Polarography-The studies were carried out in a Kalousek-type cell, with a separated

standard calomel electrode, and the polarograms recorded on an Evershed-Tinsley or a
Radiometer PO4 polarograph. Solutions were de-aerated by bubbling nitrogen through
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them. All of the buffer solutions were prepared from analytical-reagent grade reagents.
Freshly prepared 0·01 M solutions of carbaminothioglycollic acid (in 20 per cent. ethanol)
and thioglycollic acid anilide (in water or ethanol) were used. Hydrolysis rates were measured
by following the change in the diffusion current at -0,3 volt (against an S.C.E.).

Infrared studies-All spectra were recorded by using potassium bromide discs on a
Perkin-Elmer, Model 23, spectrophotometer.

Nuclear magnetic resonance-Spectra were recorded on a Perkin-Elmer RIO spectrometer,
operating at 60 Mc/s.

PRECIPITATION OF COBALT-

A stock solution of analytical-reagent grade cobalt nitrate containing 1 mg of cobalt
per ml was used. The precipitation procedures used were those previously published, or
simple modifications thereof, as described in the text. The precipitant (0,7 g) was added
as a solution in water or ethanol (30 ml). The precipitates were filtered through No.4
sintered-glass crucibles, washed with hot water, and then dried, either by heating at tempera
tures within the range HO° to 1400 C or at room temperature in a vacuum desiccator, to
constant weight. Precipitations of cobalt(III) were carried out after oxidising cobalt(II)
with hydrogen peroxide in a potassium hydrogen carbonate solution.2

Precipitates produced from cobalt(III) solutions were more compact than when cobalt(II)
was initially present. Elemental analyses for various precipitates that appeared to be little
contaminated were as follows-

Cobalt(II) precipitated by the original Willard and Hall procedure2 : found C, 51·5 per
cent.; H, 4·3 per cent.; N, 7·3 per cent.; 5, 16·7 per cent.

Cobalt(II) precipitated similarly, but with thioglycollic acid anilide: found C, 51·4 per
cent.; H, 4·4 per cent.; N, 6·5 per cent.; 5, 16·2 per cent.

Cobalt(II I) precipitated similarly, with thioglycollic acid anilide: found C, 51·1 per
cent.; H, 3·9 per cent.; N, 6·9 per cent.; 5, 17·4 per cent.

Co(CsHsN05)s requires C, 51·7 per cent.; H, 4·3 per cent.; N, 7·5 per cent.; 5, 17·2 per
cent.

Ignition of precipitates was carried out after filtering on to Whatman No. 40 filter-paper,
in porcelain crucibles, at 8500 C.

The authors thank Professor R. Belcher for his advice and encouragement, Dr. P. Zuman
for his advice on polarographic techniques and for his interest generally, Dr. E. F. Mooney
for the nuclear magnetic resonance spectra and their interpretation, Dr. J. K. Brown for
the infrared spectra, and the micro-analytical staff of this Department for numerous elemental
analyses.
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Spectrophotometric Determination of Niobium in
Zirconium, Titanium and Other Metals with

4-(2-Pyridylazo)resorcinol

By D. F. WOOD AND J. T. JONES
(Imperial Metal Industries Limited, Kynoch Works, Witton, Birmingham 6)

A reaction based on the formation of a purple-coloured complex between
niobium and 4-(2-pyridylazo)resorcinol (PAR) in a tartrate - ethylenediamine
tetra-acetate (EDTA) solution has been successfully applied to the direct
spectrophotometric determination of niobium, in the range 50 p.p.m. to
about 1 per cent., in zirconium, zirconium alloys, hafnium, tungsten and
molybdenum. The absorbance is measured at 550 m",.

By modification, this direct procedure can be used for the determination
of down to 200 p.p.m. of niobium in titanium and its alloys.

Following an extractive concentration, amounts of niobium down to
about 10 p.p.m. can be determined in titanium, zirconium, and their alloys,
and in hafnium, molybdenum and iron. For tungsten (and molybdenum),
a preliminary collection of niobium on zirconium hydroxide is recommended.

The effects of common alloying elements, and likely impurities, have
been investigated.

The absorption of the tantalum complex is only about one eighth of that
of the niobium - PAR complex.

131

THE level of niobium in zirconium, zirconium alloys and hafnium is usually below 100 p.p.m.
Other analytical requirements involve the determination of niobium at levels below about
500 p.p.m. in titanium, titanium alloys and certain other metals, and these factors necessitate
the provision of reliable analytical procedures for determining small amounts of niobium in
all of these materials.

The formation of coloured compounds of niobium with selective chromogenic reagents
is generally accepted as the most satisfactory basis for determining small amounts of niobium.
Reagents widely used for this purpose include hydrogen peroxide,l pyrogallol,2 8-hydroxy
quinoline3 and thiocyanate,4 but none of these reagents is suitable for the direct determination
of niobium below about 100 p.p.m., because of inadequate sensitivity, poor selectivity, or
instability of the complex.

In recent years increasing attention has been given to the spectrophotometric deter
mination of small amounts of niobium, and several new reagents have been proposed; these
include xylenol orange,S tribromopyrogallol,6 4-(2-pyridylazo)resorcinol (PAR),1.8.9 and
bromopyrogallol red. lo

From published results it appeared that PAR and bromopyrogallol red in the presence
of ethylenediaminetetra-acetate (EDTA), which was used to mask interfering ions, offered
advantages in respect of selectivity and sensitivity, and these two reagents were selected
for further examination.

Initial tests indicated that zirconium and titanium also formed coloured complexes
with bromopyrogallol red, and the interference of 100 mg of either of these metals could
not readily be prevented. Preliminary tests with PAR, however, were more promising, and
a more detailed examination of this reagent was made.

© SAC and the authors.
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EXPERIMENTAL
ApPARATUS-

A Unicam SP600 was used in the experimental work, and absorbance measurements
were made at 550 mp. (4-cm cells). All pH adjustments were made with a direct-reading
pH meter.

PREPARATION OF CALIBRATION GRAPH-

A standard solution of niobium was prepared from 0·1 g of high-purity niobium, which
was fused in potassium hydrogen sulphate. The cooled melt was dissolved in 50 ml of 20 per
cent. tartaric acid solution, and the solution was diluted to 500 ml in a calibrated flask.
To a 25-ml aliquot of this solution were added 50 ml of 20 per cent. tartaric acid solution,
and the solution was diluted to 500 ml so that 1 ml of solution contained 10 p.g of niobium.

Aliquots of this standard solution ranging from 1·0 to 5·0 ml were transferred into a
series of 100-ml beakers; each solution, and a blank (water only), was diluted to about 10 ml.
The characteristic colour was developed by using conditions similar to those recommended
by Belcher, Ramakrishna and West,? viz., to each solution, 10·0 ml of 1 per cent. EDTA
solution were added, the solution was adjusted to pH 6·0 with dilute ammonia solution
(1 + 2), then 10·0 ml of 0·03 per cent. PAR solution and 5 ml of the ammonium acetate
buffer solution? were added. All of the solutions were allowed to stand for 1 hour, then
transferred into separate 100-ml calibrated flasks and diluted to the mark. Absorbances were
measured against the blank solution. After the absorbance of the reagent blank (0'035) had
been deducted, the graph (absorbance against niobium) was a straight line that passed through
the origin; an absorbance value of 0·55 corresponded to 50 p.g of niobium. A further series
of tests showed that addition of the acetate buffer solution, as recommended by Belcher,
Ramakrishna and West,? was unnecessary, provided that the pH of the test solution was
adjusted to 6,0, immediately before, and after, addition of the PAR solution.

Tests were made next in the presence of zirconium. Aliquots of the standard niobium
solution (1 ml of solution = 10 p.g of niobium) ranging from 1·0 to 5·0 ml were added to
O·l-g samples of high-purity zirconium; an additional sample of zirconium was used as a
"blank." The zirconium was dissolved in 10 ml of dilute sulphuric acid (1 + 49), 1·0 ml
of fluoroboric acid solution and 2·0 ml of 50 per cent. tartaric acid solution; the presence
of tartaric acid prevents the subsequent hydrolysis of zirconium salts when the niobium
PAR complex is developed.

The solutions were cooled, the niobium - PAR complex was developed in the absence
of the buffer solution, as before, and absorbances were measured. These were much higher
than those obtained in the absence of zirconium, and this was attributed to the formation
of a zirconium - PAR complex. In subsequent tests, the interference by zirconium was
overcome by increasing the amount of EDTA. For example, with 10·0 ml of 5 per cent.
EDTA solution, the graph of absorbance (corrected for a blank of 0,04) against niobium was
a straight line that passed through the origin; an absorbance value of 0·58 corresponded
to 50 p.g of niobium. In the latter tests, a period of 2 hours was allowed for the colour to
develop before the absorbances were measured, because it was observed by the previous
authors? that an increase in the amount of EDTA increases the time required for the reaction
to reach equilibrium.

The graph obtained was applicable to the determination of niobium in the range 50 to
500 p.p.m. in zirconium. Further tests showed that this upper niobium limit could be
extended up to at least 1 per cent. by taking a suitable aliquot of the test solution and main
taining the volume (2,0 ml) of 50 per cent. tartaric acid solution in the final solution in which
the colour is developed.

CONCENTRATIONS OF THE REAGENTS-

PAR-In tests with 50 p.g of niobium and 10·0 ml of 0,03, 0·04 and 0·05 per cent.
solutions of PAR, absorbance values (minus blank) were 0'58, 0·64 and 0,69, respectively;
corresponding reagent blank values were 0,03, 0·05 and 0·075. An explanation of this
progressive increase in absorbance with increase in concentration of the reagent is that the
niobium - PAR complex is partially dissociated, and the degree of dissociation decreases
as the amount of PAR is increased. Because the absorbance of the reagent blank also
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increases as the amount of PAR is increased, a compromise was made to obtain a reasonably
high sensitivity, together with an acceptable (low) blank value, and in all of the subsequent
tests 10·0 ml of 0·04 per cent. PAR solution were used.

When PAR solutions prepared from different batches of reagent were used, widely different
sensitivities were obtained. The reagent used in the previous tests, in which an absorbance
value of 0·64 was obtained, was supplied by British Drug Houses Ltd. Absorbance values
obtained for 50 t-tg of niobium with PAR from two other sources were 0·55 and 0·74. Only
a limited amount of the most sensitive of these reagents (supplied by Professor T. S. West)
was available, and all of the subsequent tests were made with the British Drug Houses' reagent.

EDTA-The calculated amount of EDTA required to form a complex with 0·1 g of
zirconium is about 0·41 g; 10·0 ml of 5 per cent. EDTA solution, as used in the previous
tests, are, therefore, sufficient to provide a reasonable excess and for traces of interfering ions.

Decrease in the concentration of EDTA below the theoretical amount required to react
with 0·1 g of zirconium caused an increase in absorbance, as unchelated zirconium species
react with PAR to form a strongly coloured complex. When the concentration of EDTA
was increased above the equivalent of 10·0 ml of a 5 per cent. solution, absorbances pro
gressively decreased; in the presence of 2 g of EDTA, an absorbance value of 0·50 was
obtained for 50 t-tg of niobium, compared with 0·64 in the presence of 0·5 g of EDTA. This
effect is probably caused by an increase in competition of the EDTA for the niobium ions.
In subsequent tests 10·0 ml of 5 per cent. EDTA solution were used.

Sulphuric acid and fluoroboric acid solutions-Satisfactory dissolution of 0·1 g of zirconium
is effected with 1 ml of fluoroboric acid solution and 10 ml of dilute sulphuric acid (1 + 49).
Variation in the amount of dilute sulphuric acid (1 + 49) used from 8 to 12 ml had no
significant effect on the final absorbance. Increase in the volume of fluoroboric acid solution
from 1 to 2 ml had no significant effect on the absorbance, but when the volume of this
reagent exceeded 2 ml, absorbances progressively decreased; with 50 t-tg of niobium, an
absorbance value of 0·55 was obtained in the presence of 5 ml of fluoroboric acid solution,
compared with 0·64 in the presence of 1 to 2 ml of the reagent.

Tests on solutions containing no zirconium and variable amounts of fiuoroboric acid,
with other conditions the same as those used in the presence of zirconium, showed that an
increase in the amount of fluoroboric acid solution of up to 1 ml produced a significant
increase in absorbance. In the absence of fluoroboric acid, an absorbance value of only 0·40
was obtained for a solution containing 50 t-tg of niobium, compared with 0·66 in the presence
of 1 ml of fluoroboric acid solution.

The niobium - PAR complex has been shown to be anionic,7 and it is likely that it contains
tartrate. It is possible, therefore, that this increase in sensitivity with increase in fluoroboric
acid is caused by replacement of tartrate in the complex by fluoroborate (or fluoride) ions,
thus producing a complex that is more strongly co-ordinated.

Tartaric acid-Tartaric acid is added to prevent the hydrolysis of zirconium and niobium
salts. Tests showed that the minimum amount of tartaric acid necessary to prevent this
hydrolysis completely (at pH 6) is about 0·5 g; a reasonable safety margin is provided in the
presence of 2·0 ml of a 50 per cent. solution of the reagent. Increase in the amount of tartaric
acid to 5 g caused a decrease in absorbance of about 30 per cent.; this is probably caused
by increased competition of tartrate for the niobium ions.

OTHER VARIABLES-

PH-By using the best conditions established in the previous tests, absorbance was
shown to be independent of pH over the range 6·0 to 6-4. In subsequent tests, the pH was
adjusted to 6·2 immediately before, and after, addition of the PAR solution. Tests showed
that if the PAR is added before adjusting the pH, low and erratic results are obtained.

Temperature and colour development time-Tests on typical solutions showed that at
15° C the colour developed fairly rapidly during the first 15 minutes, but more slowly during
the next 90 minutes; thereafter, it was constant for at least 3 hours. Similar tests at 20°
and 30° C followed the same pattern, except that during the first 15 minutes the rate at
which the colour developed increased with temperature. The final absorbance, measured
after 2 hours, was the same in each series of tests. In subsequent tests, the colour was allowed
to develop for 2 hours at 20° C before the absorbance was measured.
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Other metals-Tests showed that the procedure used in the presence of zirconium was
equally applicable to the determination of niobium in the presence of 0·1 g of hafnium.
Satisfactory results were also obtained in the determination of 10 to 50 p,g of niobium in
the presence of 0·1 g of tungsten. With 0·1 g of molybdenum, the absorbance was suppressed
slightly, but the effect was not significant; larger amounts of molybdenum, however, could
not be tolerated.

Details for preparing solutions of these metals to enable the proposed method to be
extended are given in Method I.

Based on a O·I-g sample, no significant interference was introduced by the presence of
up to 25 per cent. of tin, 10 per cent. of aluminium, 5 per cent. of titanium, 1 per cent. of
copper, 0·5 per cent. of iron, chromium, manganese or nickel, or 0·1 per cent. of vanadium.
Larger amounts of iron up to about 5 per cent. could be tolerated by using 10 ml of a 5 per
cent. solution of the disodium salt of 1,2-diaminocyclohexanetetra-acetate (CDTA) instead
of the EDTA solution, but CDTA was less effective than EDTA in suppressing the inter
ference of titanium. The effect of CDTA in the presence of other interfering elements was not
examined, and in subsequent tests EDTA was used as the complexing agent.

When present in excess of the limiting concentrations specified above, copper interfered
by forming a coloured complex with EDTA; iron, nickel and vanadium interfered by forming
coloured complexes with PAR, and manganese suppressed development of the niobium - PAR
complex. The effect of chromium and titanium was 2-fold; these metals reacted with PAR
to form coloured complexes and also suppressed development of the niobium - PAR complex.

Under conditions similar to those established for determining niobium in zirconium,
tantalum also reacts to form a coloured complex. The molar extinction coefficient of the
tantalum - PAR complex is about 8000, whereas that of the niobium - PAR complex is
about 30,000 but, because of their relative atomic weights, absorbance of the tantalum
complex is about one eighth of that of the niobium complex. For most practical purposes,
up to about 50 p.p.m. of tantalum can be tolerated in the determination of 50 to about
200 p.p.m. of niobium; proportionately more can be tolerated if the niobium content of the
sample exceeds 200 p.p.m. The tantalum content of zirconium, hafnium, tungsten and moly
bdenum is usually less than 20 p.p.m., hence the effect of tantalum in the determination of
niobium in these metals is not significant.

Belcher, Ramakrishna and WesF have shown that the interference of tantalum can be
minimised by increasing the tartrate concentration, and subsequent tests in the present
investigation confirm this observation. According to Elinson, Pobedina and Rezova,8 the
interference of tantalum is eliminated by developing the niobium - PAR complex in the
presence of a large excess of tartrate at pH 4·5 to 4·8. Under these conditions, however,
the sensitivity of the reaction is considerably reduced, and their method is restricted to
niobium contents above 0·1 per cent.

EXTENSION OF THE PAR PROCEDURE TO TITANIUM AND TITANIUM ALLOYS-
Earlier tests had shown that titanium in amounts above 5 per cent., based on a O'I-g

sample, interferes in the direct determination of niobium, and tests were designed to establish,
more precisely, the extent of this interference, and, if possible, provide a suitable modification
that would overcome the interference.

The procedure developed so far was applied to solutions containing (a) 0·1 g of titanium
and (b) 0·1 g of titanium and 50 p,g of niobium. Absorbance values obtained in these tests
were (a) 0·33 and (b) 0'38; corresponding values obtained in similar tests in which zirconium
replaced titanium were 0·05 and 0,69, respectively. These absorbance values show the extent
to which titanium forms a coloured complex with the PAR and to which it suppresses
development of the niobium - PAR complex.

The effects of titanium were shown to be considerably reduced when the amounts of
EDTA and tartaric acid were increased to 1 and 5 g, respectively; solutions similar to (a)
and (b) containing these increased amounts of EDTA and tartaric acid gave absorbance
values of (a) 0·04 and (b) 0·42. In further tests under similar conditions, the graph (absorbance
against niobium) over the range 20 to 100 p,g was a straight line that passed through the
origin. However, because of the decrease in sensitivity caused by the increased amounts
of these two reagents, the direct procedure (Method I) is only suitable for determining
niobium in amounts above 200 p.p.m.
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Tests showed that by increasing the amount of tartaric acid to 5 g, interferences from
tantalum and vanadium were reduced, and up to 500 p.p.m. of tantalum, or 5 per cent. of
vanadium, had no significant effect on the determination of niobium in amounts above 200
p.p.m. The effects produced by increasing the amount of tartaric acid or EDTA, or both,
in the presence of other interfering metals were not examined.

To make the fullest use of the inherent sensitivity of the proposed method for deter
mining lower levels of niobium in titanium-based samples, a method of separation, based
on extraction of the niobium from a hydrofluoric acid - sulphuric acid - ammonium fluoride
solution into isobutyl methyl ketonell was investigated. This extraction procedure was
applied to solutions containing 0·1 g of titanium and amounts of niobium ranging from
10 to 50 ftg; a solution containing 0·1 g of titanium was used as a blank. The separated
organic phase was back-extracted with a solution of hydrogen peroxide, and niobium was
subsequently determined with PAR, as in the direct procedure for the determination of
niobium in zirconium.

Absorbance values obtained in these tests, compared with those obtained by a direct
application of the PAR method to solutions that contained niobium alone, showed that
recoveries of niobium were between 94 and 99 per cent. The absorbance value of the blank
solution (0·046) indicates that no significant amount of titanium is extracted with the
niobium. Recoveries of 10 to 50 ftg of niobium from solutions containing 0·5 g of titanium
were equally satisfactory. This extraction procedure is, therefore, suitable for determining
down to about 10 p.p.m. of niobium in titanium, and tests on solutions containing 0·5 g of
titanium in the presence of certain other metals showed that the extraction also overcomes the
interference of at least 5 per cent. of iron, copper, vanadium, chromium, manganese or nickel
in the determination of between 10 and 50 ftg of niobium. As tantalum is also extracted
with isobutyl methyl ketone, the extraction stage does not overcome the interference
by tantalum.

In further tests incorporating the extraction procedure, complete recoveries of 10 to 50 ftg
of niobium were obtained from 0·5 g of iron.

Similar tests on solutions containing 10 to 50 ftg of niobium in the presence of 0·5 g of
zirconium or hafnium showed that the extraction enabled the determination of niobium in
these metals to be extended down to about 10 p.p.m.

In tests on solutions containing 10 to 50 ftg of niobium and 0·5 g of molybdenum, the
separation of molybdenum from niobium was not complete, but the amount of molybdenum
extracted with the niobium did not significantly affect development of the niobium - PAR
complex, and recoveries of niobium down to about 10 p.p.m. were satisfactory.

In similar tests on solutions containing 0·5 g of tungsten, a large proportion of the
tungsten was extracted with the niobium, and difficulties were introduced by the precipitation
of hydrated tungsten trioxide at later stages in the procedure, but recoveries from solutions
containing only 10 mg of tungsten were satisfactory.

In subsequent tests, the niobium was precipitated from an ammoniacal solution in the
presence of added zirconium, which provided a zirconium hydroxide carrier; the precipitate
was filtered off, calcined and then fused with sodium hydrogen sulphate before applying
the niobium - PAR reaction. These tests showed that 10 to 50 ftg of niobium could be
separated from at least 1 g of tungsten.

This procedure was shown to be equally applicable to solutions containing up to at
least 1 g of molybdenum; it is preferable to the extraction procedure, because a complete
separation of niobium can be achieved from a relatively large amount of molybdenum. The
extraction procedure, however, has the advantage that it is less susceptible to interference
from certain alloying constituents.

METHOD I
This method is suitable for the direct determination of from 50 p.p.m. up to about 1 per

cent. of niobium in zirconium, zirconium alloys (ZR20 and ZR30), hafnium, tungsten and
molybdenum. It can also be applied to titanium if the niobium content is more than
about 200 p.p.m. (Note 1).
REAGENTS-

Fluoroboric acid solution-To 280 ml of 40 per cent. hydrofluoric acid (maintained at
10° C) add, in small amounts, 130 g of boric acid. Store in a polythene bottle.
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Standard niobium solution-Transfer 0·1 g of high-purity niobium (powder or millings)
into a 100-ml conical flask, add 5 g of potassium hydrogen sulphate, heat the flask over a
Meker burner until the metal has dissolved, then cool. Add 50 ml of 20 per cent. tartaric
acid solution, warm gently until the melt has dissolved, then cool. Transfer the solution
into a 500-ml calibrated flask and dilute to the mark.

Transfer 25 ml of this solution into a 500-ml calibrated flask, add 50 ml of 20 per cent.
tartaric acid solution, and dilute to the mark.

1 ml of solution = 10 ILg of niobium.

EDTA sohttion, 5 per cent.-Dissolve 50 g of the disodium dihydrate salt of ethylene
diaminetetra-acetic acid (EDTA) in water, and dilute the solution to 1 litre.

PAR somtion, 0·04 per cent.-Dissolve 0·4 g of the disodium salt of 4-(2-pyridylazo)
resorcinol (PAR) in water, and dilute the solution to 1 litre.

PROCEDURE FOR NIOBIUM CONTENTS 50 TO 500 P.P.M. (NOTE 2)-

Determine a reagent blank with each batch of samples and apply the procedure to two
reference solutions, each containing 2·5 ml of the standard niobium solution (1 ml of
solution = 10 ILg of niobium). In the preparation of the reference solutions for use in the
analysis of zirconium alloys, tungsten, molybdenum or titanium, add the standard niobium
solution after the fuming stage with sulphuric acid, otherwise the tartaric acid in the standard
niobium solution decomposes during fuming with the sulphuric acid and discolours the solution.

PREPARATION OF SAMPLE SOLUTION-

Zirconium and hafnium-Transfer a O·I-g sample into a 50-ml beaker, add 2·0 ml of
50 per cent. tartaric acid solution, 10 ml of dilute sulphuric acid (1 + 49) and 1·0 ml of
fluoroboric acid solution. Heat gently until the sample has dissolved, then cool the solution.

Zirconium alloys (ZR20 and ZR30)-Transfer a O·I-g sample into a small platinum dish,
add about 5 ml of water, then 40 per cent. hydrofluoric acid, dropwise, until the sample
has dissolved. Add a few drops of nitric acid (sp.gr. 1-42) (to dissolve precipitated copper
or tin), cool and add 1 ml of sulphuric acid (sp.gr. 1·84). Evaporate the solution to fumes
of sulphuric acid, fume for about 3 minutes, then cool. Add 2·0 ml of 50 per cent. tartaric
acid solution, 5 ml of water, then transfer the solution into a 50-ml beaker with a minimum
amount of water and add 1·0 ml of fluoroboric acid solution.

Tungsten and molybdenum-Transfer a O·I-g sample into a small platinum dish, add
2 ml of nitric acid (sp.gr. 1'42), dropwise, then 40 per cent. hydrofluoric acid, dropwise, until
the sample has dissolved, and cool the solution. Add 1 ml of sulphuric acid (sp.gr. 1'84),
evaporate to fumes of sulphuric acid, fume almost to dryness (about 10 minutes), then cool.
Add 2 g of sodium hydrogen sulphate, heat gently over a Meker burner until a clear melt
is obtained, then cool.

Add 2·0 ml of 50 per cent. tartaric acid solution and about 5 ml of water; heat gently
to dissolve any precipitated tungstic or molybdic acid, then cool. Transfer the solution
into a 50-ml beaker with a minimum amount of water and add 1·0 ml of fluoroboric acid
solution.

TitanitJm-See Note 1.

COLOUR DEVELOPMENT-

Proceed with the reagent blank, reference and sample solutions as follows.
Add 10·0 ml of the 5 per cent. EDTA solution, then dilute ammonia solution (1 + 1),

dropwise, until the pH of the solution is 6·2 ± 0·1 (use a pH meter). Add 10·0 ml of the
0·04 per cent. PAR solution. If necessary, adjust the pH to 6·2 with dilute ammonia solution
(1 + 4) or dilute sulphuric acid (1 + 9) as required, and allow the solution to stand for
2 hours. Transfer the solution into a loo-ml calibrated flask, dilute to the mark, mix, then
measure the absorbance at a wavelength of 550 mIL, with 4-cm cells.

Deduct the blank value, and calculate the niobium content of the sample from the
niobium recoveries obtained on the reference solutions.
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NOTEs-
1. Based on a O·I-g sample, no significant interference is caused by the presence of up to 25 per

cent. of tin, 10 per cent. of aluminium, 5 per cent. of titanium, 1 per cent. of copper, 0·5 per cent.
of iron, chromium, manganese or nickel, 0·1 per cent. of vanadium or 50 p.p.m. of tantalum.

For samples that contain alloying levels of copper or tin, or both, use the dissolution procedure
recommended for zirconium alloys.

The materials for which the method is recommended normally contain less than 20 p.p.m. of
tantalum, but up to 500 p.p.m. of tantalum can be tolerated by increasing the volume of 50 per cent.
tartaric acid solution to 10·0 ml; a similar amount must be added to the blank and reference solutions,
because tartaric acid lowers the sensitivity of the niobium - PAR reaction.

This direct procedure can be applied to the determination of 200 to 1000 p.p.m.. of niobium in
titanium (0,1 g), provided that the sample is dissolved as described for zirconium alloys, the tartaric
acid solution (50 per cent.) is increased to 10·0 ml,· and 1 g of EDTA is added (the EDTA will not
dissolve completely until the pH of the solution is adjusted to about 6,2). Higher concentrations of
niobium in titanium, up to about 1 per cent., can be determined in an aliquot of the sample solution
(containing not more than 100,..g of niobium) by adjusting the tartaric acid concentration to the
equivalent of 10·0 ml of a 50 per cent. solution before developing the coloured complex. A blank,
and reference solutions containing 5·0 ml of the standard niobium solution (1 ml of solution;:; 10 ,..g
of niobium), must be examined in the same way as the sample solution; in the preparation of the
reference solutions, add the standard niobium solution after the fuming stage with sulphuric acid.

For determining lower levels of niobium in titanium, see Method II.
2. For niobium contents below 50 p.p.m., use a larger weight of sample, and make a preliminary

separation of niobium (see Methods II and III).
For niobium contents from 500 p.p.m. up to about 1 per cent. in zirconium, zirconium alloys

and hafnium, use a O'I-g sample and prepare the solutions as described under Zirconium alloys, t but
add 4·0 ml of 50 per cent. tartaric acid solution. Add 5 ml of water, dilute the solution to 100 ml in
a calibrated flask, and transfer an aliquot not exceeding 50 ml and containing not more than 50,..g
of niobium into a 100-ml beaker. If necessary, add more of the 50 per cent. tartaric acid solution
to bring the total amount present to 2·0 ml, add 1·0 ml of fluoroboric acid solution, and continue
as described under Colour development.

For niobium contents from 500 p.p.m. up to about 1 per cent. in tungsten and molybdenum,
prepare solutions as described for these metals, but add 4·0 ml of 50 per cent. tartaric acid solution.
Heat gently to dissolve any tungstic or molybdic acid, then cool. Transfer the solution into a 100-ml
calibrated flask, dilute to the mark, and continue as described above in this Note for determining
from 500 p.p.m. to 1 per cent. of niobium in zirconium.

METHOD II
This extraction procedure enables the PAR method to be extended down to about

10 p.p.m. of niobium in titanium, zirconium, hafnium, iron and molybdenum; it also enables
niobium, up to about 500 p.p.m., to be determined in samples that contain alloying metals
in excess of the limiting concentrations specified in Method 1. (See Notes 3 and 4.)

SPECIAL REAGENTS--
In addition to those described for Method 1.
Isobutyl methyl ketone (equilibrated)--To 40 ml of 40 per cent. hydrofluoric acid con

tained in a 250-ml polythene beaker add, cautiously, 33·5 ml of sulphuric acid (sp.gr. 1'84),
then cool. Add 8·0 g of ammonium fluoride, stir until the reagent has dissolved, then cool
and dilute the solution to 100 ml. Transfer the solution into a 500-ml polythene bottle,
add 300 ml of isobutyl methyl ketone, shake the mixture for 2 minutes, then allow the
organic and aqueous phases to separate.

Use 25-ml aliquots of the upper organic layer, as required, in the following procedure.

PROCEDURE FOR NIOBIUM CONTENTS 10 TO 100 P.P.M. (NOTE 4)--
Determine a reagent blank with each batch of samples and apply the procedure to two

reference solutions, each containing 2·5 ml of the standard niobium solution (1 ml of solu
tion ;:; 10 p.g of niobium). In the preparation of the reference solutions, add the standard
niobium solution after the fuming stage with sulphuric acid.

Transfer a 0'5-g sample into a small platinum dish, add about 5 ml of water, then 40 per
cent. hydrofluoric acid (Note 5), dropwise, until the sample has dissolved. Add about 3 ml
of nitric acid (sp.gr. 1,42) and 17·0 ml of dilute sulphuric acid (1 + 1), evaporate the solution
to fumes of sulphuric acid, fume for 5 minutes, then cool. Add 10·0 ml of 40 per cent. hydro
fluoric acid, mix, then cool the solution and transfer it into a 100-ml polythene separating

• Transfer the sample solution into a 100-ml beaker before adding the tartaric acid solution.
t This procedure ensures complete dissolution of these higher concentrations of niobium.
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funnel. Rinse the dish with 6·5 ml of water, and transfer the washings into the separating
funnel. Add 2·0 g of ammonium fluoride, shake gently until the reagent has dissolved,
then add 25·0 ml of the equilibrated isobutyl methyl ketone (Note 6). Shake the funnel
(on a mechanical shaker) for 10 minutes, then shake vigorously, by hand, for 2 minutes.
Allow the organic and aqueous phases to separate, and discard the aqueous (lower) layer.

To the organic extract, add 25 ml of hydrogen peroxide solution (5 volume) and shake
the mixture, as before. Allow the organic and aqueous phases to separate, then run off the
aqueous (lower) layer into a small platinum dish. Add 2 ml of dilute sulphuric acid (1 + 1),
evaporate the solution to fumes of sulphuric acid, fume for 5 minutes [if the solution darkens
during evaporation, cool, add 2 ml of nitric acid (sp.gr. 1'42), and continue the evaporation],
then cool. Add 2·0 ml of 50 per cent. tartaric acid solution and 5 ml of water, then transfer
the solution into a 5Q-ml beaker with a minimum amount of water, and add 1·0 ml of fluoro
boric acid solution.

Add 10·0 ml of the 5 per cent. EDTA solution, and continue as described under Colour
development, Method I.

NOTES-

3. Up to at least 25 per cent. of tin, 10 per cent. of aluminium, 5 per cent. of copper, vanadium,
chromium, manganese or nickel, 2 per cent. of tungsten or 20 p.p.m. of tantalum do not cause a
significant interference. Up to about 100 p.p.m. of tantalum can be tolerated by increasing the tartaric
acid concentration (see Note 1).

This extraction procedure can also be applied to the determination of niobium in molybdenum,
but the procedure described in Method III provides a more efficient method of separating niobium
from relatively pure molybdenum, and enables a larger weight of sample to be used. If alloying
constituents are present, however, the solvent-extraction procedure is recommended.

4. When applying this procedure to samples containing alloying constituents and 100 to 500 p.p.m.
of niobium, use a O·l-g sample.

5. In the determination of niobium in iron (or molybdenum), cautiously add the 3 ml of nitric
acid, dropwise, before adding the 40 per cent. hydrofluoric acid.

6. Partial hydrolysis of the zirconium salts occurs at this stage, but this does not affect the
recovery of niobium; the insoluble material is subsequently discarded with the aqueous layer after
extracting the niobium with the isobutyl methyl ketone.

METHOD III
This hydroxide-separation procedure enables the PAR method to be extended to levels

of niobium from about 50 down to about 5 p.p.m. in tungsten and molybdenum (Note 7).

SPECIAL REAGENTS-
As described for Method I.

PROCEDURE FOR NIOBIUM CONTENTS 5 TO 50 P.P.M.-
Determine a reagent blank with each batch of samples, and apply the procedure to two

reference solutions, each containing 2·5 ml of the standard niobium solution (1 ml of solu
tion == 10 p.g of niobium). In the preparation of the reference solutions, add the standard
niobium solution after the fuming stage with sulphuric acid.

Transfer a I-g sample and 10 mg of high-purity zirconium into a small platinum dish.
Add 5 ml of water, 5 ml of nitric acid (sp.gr. 1'42), dropwise (Note 8), and about 3 ml of
40 per cent. hydrofluoric acid, dropwise. After the sample has dissolved, cool the solution,
and add 5 ml of sulphuric acid (sp.gr. 1'84). Evaporate the solution to fumes of sulphuric
acid, fume for about 10 minutes, cool, add 10 ml of water, then cool again. Add dilute
ammonia solution (1 + I), dropwise, until the precipitated tungstic acid (or molybdic acid)
has dissolved, and continue to add the ammonia solution until the test solution is alkaline
to litmus. Allow the solution to stand for 3 hours (or overnight).

Filter the precipitated hydroxides of zirconium and niobium on a No. 540 Whatman
filter-paper, and wash the filter-paper and precipitate with dilute ammonia solution (1 + 99).
Transfer the filter-paper and contents to a small platinum dish, dry and char, with the
usual precautions, heat at 7000 C for about 30 minutes, then cool. Fuse the residue with
2 g of sodium hydrogen sulphate and 1 ml of sulphuric acid (sp.gr. 1'84), then cool. Add
2·0 ml of 50 per cent. tartaric acid solution and 10 ml of water, warm gently until the melt
has dissolved, then cool. Transfer the solution into a 50-ml beaker with the minimum
amount of water, then add 1·0 ml of fluoroboric acid solution.
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Add 10·0 m1 of the 5 per cent. EDTA solution, and continue as described under Colour
development, Method I.

NOTEs-

7. Based on a O·I-g sample, no significant interference is caused by the presence of up to 1 per
cent. of tin or aluminium, 0·5 per cent. of titanium, 0·1 per cent. of copper, 0'05 per cent. of iron.
chromium, manganese or nickel, 0·01 per cent. of vanadium or 10 p.p.m. of tantalum. Up to about
60 p.p.m. of tantalum and 0'5 per cent. of vanadium can be tolerated by increasing the tartaric acid
concentration (see Note 1).

8. In the dissolution of finely powdered molybdenum, add the nitric acid cautiously to prevent
the reaction becoming too vigorous.

EXAMINATION OF SAMPLES
The results of the tests described below are given in Table I.

TABLE I
DETERMINATION OF NIOBIUM IN VARIOUS MATERIALS

Niobium Niobium determined, p.p.m.
added. (

. •Material p.p.m. Method I Method II Method III
Hafnium Nil 40,45 41,39,42

Nil 30, 30 27,27,26
300 335, 340

Zirconium Nil 45, 40 38,40,40
75 llO.120

500 525, 535
ZR20 (a) Nil 40, 30 37, 35

50 90. 90
ZR30 (b) Nil 50.45 42,45

100 140, 135
Commercially-pure titanium Nil 10, II

Nil 8,10
50 55, 57

200 *(200,205)
Titanium 318A (e) Nil 15,18

100 120, 123
Titanium 684 (d) Nil 12, 15

200 *(200.220)
Titanium 679 (e) Nil 21,24

200 *(230,220)
Molybdenum Nil 10, 12 14, 14

50 55, 60 61,63 60, 66
Tungsten Nil 120, llO 100, 105

100 230, 220 210,206

(a) Zirconium + 1·5 per cent. Sn. 0·12 per cent. Fe, 0·10 per cent. Cr, 0·05 per cent. Ni.
(b) Zirconium + 0'5 per cent. Cu, 0·5 per cent. Mo.
(e) Titanium + 6 per cent. AI, 4 per cent. V.
(d) Titanium + 6 per cent. AI, 5 per cent. Zr. 1 per cent. W. 0·3 per cent. Si.
(e) Titanium + II per cent. Sn, 2·25 per cent. AI, 5 per cent. Zr. 1 per cent. Mo, 0·3 per cent. Si.
* Tests made in the presence of 5 g of tartaric acid and 1 g of EDTA.

The direct procedure (Method I) was applied to samples of hafnium, zirconium and
zirconium alloys (ZR20 and ZR30) containing about 40 p.p.m. of niobium, and recoveries
obtained were all reproducible to within about 5 p.p.m.

Previous experience has shown that the acid mixture used for dissolving zirconium and
hafnium does not dissolve alloying amounts of tin in ZR20, or copper in ZR30. To ensure
complete dissolution of these alloys, therefore, a mixture of hydrofluoric and nitric acids
was used.

Samples of zirconium, hafnium, titanium, tungsten and molybdenum, to which had
been added between 50 and 500 p.p.m. of niobium, were also examined by the direct procedure,
and recoveries were satisfactory.



140 WOOD AND JONES: SPECTROPHOTOMETRIC DETERMINATION OF [Analyst, Vol. 93

The direct procedure was also applied to samples of tungsten containing about 0·5 and
1·5 per cent. of niobium, and recoveries compared satisfactorily with those obtained with a
procedure that involves the separation of niobium by hydrolytic precipitation of sodium
niobate12 and subsequent colorimetric evaluation of the niobium with hydrogen peroxide.13 ,14

These results are shown below.
Niobium. per cent.

A

Samples
Tungsten

Present
0·5
1·5

Determined
by Method I

0,53,0,52
1'48, 1'52

Determined by hydrolytic
precipitation - H.Os method

0,55,0,58
1'56,1'59

The extraction procedure (Method II) was applied to samples of commercially pure
titanium and titanium alloys containing about 10 p.p.m. of niobium, and the recoveries were
reproducible. The method was also applied to samples of titanium, to which had been added
50 and 200 p.p.m. of niobium, and good recoveries were obtained. Samples (0'5 g) of zir
conium, zirconium alloys and hafnium, each taken from the same bulk material as the O·I-g
samples analysed by the direct procedure, were examined by the extraction procedure;
recoveries obtained by both methods were of the same order, but better reproducibilities
were obtained by the extraction procedure.

Samples of tungsten and molybdenum were examined by the hydroxide-precipitation
procedure (Method III), and reproducible recoveries were obtained.

CONCLUSIONS

Tests have shown that a direct procedure, based on spectrophotometric measurement
of the coloured complex formed between niobium and PAR in a tartrate solution containing
EDTA, can be satisfactorily applied to the determination of 50 to 500 p.p.m. of niobium in
O·I-g samples of zirconium, zirconium alloys (ZR20 and ZR30), hafnium, tungsten and
molybdenum.

This procedure can also be applied to O·I-g samples of titanium and titanium alloys,
provided that higher concentrations of tartrate and EDTA are used to suppress development
of the titanium - PAR complex, but this modification leads to a reduction in sensitivity
and limits its application to the determination of niobium in amounts above 200 p.p.m.

Higher levels up to about 1 per cent. of niobium can be determined in all of these materials
by dilution of the sample solution and examination of a suitable aliquot.

Lower levels down to about 10 p.p.m. of niobium can be determined in titanium, zir
conium, hafnium, molybdenum and iron by a procedure that involves a preliminary extraction
of the niobium from a hydrofluoric acid - sulphuric acid - ammonium fluoride solution into
isobutyl methyl ketone, back-extraction of the organic phase with hydrogen peroxide solution
and subsequent development of the niobium - PAR complex. Up to at least 25 per cent.
of tin, 10 per cent. of aluminium, 5 per cent. of copper, chromium, vanadium, manganese
or nickel, or 2 per cent. of tungsten, based on a 0'5-g sample, do not interfere.

The PAR procedure can also be satisfactorily applied to the determination of down
to at least 10 p.p.m. of niobium in tungsten, provided that niobium is first separated by pre
cipitation of the niobium (as hydroxide) from an ammoniacal solution, with a zirconium
hydroxide carrier. The same procedure is equally applicable to the determination of niobium
in molybdenum; separation of these two metals in this way is more efficient than by the
extraction procedure, and it enables a larger weight of sample to be used. Solvent extraction
is advantageous, however, when certain alloying constituents are present.

Because of the close chemical similarity of niobium and tantalum, these metals cannot
be individually identified, either by incorporating an isobutyl methyl ketone extraction
stage, or following a hydroxide precipitation. Like niobium, tantalum also forms a coloured
complex with PAR under the specified conditions, but the sensitivity of the tantalum - PAR
complex is only about one eighth of that of the corresponding niobium complex; hence, the
effect of tantalum in the determination of 50 to 200 p.p.m. of niobium, based on a O·I-g
sample, is only likely to be significant when tantalum is present in excess of 50 p.p.m. The
effect of tantalum can be reduced by increasing the concentration of tartaric acid; a similar
amount of tartaric acid must also be present in the reference solution, because an increase
in tartrate concentration also causes a decrease in the sensitivity of the reagent to niobium.
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Because variations in the concentrations of the reagents and the quality of the PAR
have a significant effect on the absorbance of the niobium - PAR complex, it is recommended
that the final absorbance of the sample solution be related to absorbance obtained on standard
solutions of niobium that have been simultaneously examined by the entire procedure.

With the direct procedure, a batch of about twelve determinations can be completed in
a normal working day; when a preliminary separation involving either extraction or pre
cipitation of the niobium is necessary, the number of determinations is reduced to about eight.

The authors appreciate the interest shown by Professor R. Belcher, and thank Mr. W. T.
Elwell for helpful advice and assistance in the preparation of this paper.
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The Spectrophotometric Determination of Vanadium(V)

with 3,3'-Dimethylnaphthidine

By LORNA G. BANNARD AND J. D. BURTON
(Department of Oceanography, The University, Southampton)

An investigation has been made of the factors concerned in the reaction
of vanadium(V) with 3,3'-dimethylnaphthidine. Some probable causes of
previous difficulties in the application of the reaction in spectrophotometric
analysis have been elucidated. A simple procedure is given for the spectro
photometric determination of vanadium in the range from 0·08 to 2 p.p.m.;
with 0·32 p.p.m. the coefficient of variation ranged from 0·60 per cent. for
analyses at one time to 1·8 per cent. for analyses over a period of 3 months.
Small, but significant, deviations from adherence to Beer's law occur. The
limit of detection is about 0·004 p.p.m. of vanadium. The method is selective;
the effects of numerous foreign ions have been examined, and interfering
effects were found only with chromium(VI). iron(II), iron(III), cerium(III)
and cerium(IV).

THERE is conflicting evidence concerning the value of 3,3'-dimethylnaphthidine (3,3'-dimethyl
4,4'-diamino-I,l'-binaphthyl) as a reagent for the spectrophotometric determination of
vanadium(V). Introduced as a spot-test reagent by Belcher, Nutten and Stephen,l it was
later applied to the analysis of vanadium in alloys by Milner and Nall,2 who found that
in a solution containing sulphuric and orthophosphoric acids, the reaction was rapid, and
the colour of the oxidation product was stable for more than 30 minutes. Under apparently
identical conditions, Scholes3 found that the colour was unstable. Although the stability
could be improved by varying the acid concentrations, the reaction was still erratic and
calibration graphs prepared at intervals were widely divergent; he rejected the use of the
reagent for precise determinations. Similarly conflicting reports have been made of the
reaction in solutions containing perchloric and orthophosphoric acids. Forrester and Jones·
described conditions under which the colour was stable for about 1 hour, but their findings
were not confirmed by Macmillan and Samuel.5

These contradictory reports suggested that the influences of various conditions on the
reaction were inadequately understood. As the reagent has considerable advantages in its
selectivity and high sensitivity for vanadium (it is, for example, about five times as sensitive
as 3,3'-diaminobenzidine6), it seemed worthwhile to examine its use more fully. The results
of an investigation into the factors concerned in the reaction are presented in this paper.

EXPERIMENTAL

Preliminary experiments were commenced by using the conditions recommended by
Forrester and Jones.4 To a solution containing 5 ml of dilute orthophosphoric acid (1 + 1,
with 90 per cent. wIw H3P04), 5 ml of dilute perchloric acid (1 + 1, with 72 per cent. wIw
HCl04) and 8 p.g of vanadium(V), 2·5 ml of a 0·1 per cent. wlv solution of 3,3'-dimethyl
naphthidine in glacial acetic acid were added. The solution was diluted to 25 ml and measure
ments of optical density were made at 550 mft in a 4-cm cell, at intervals. The results (Fig. 1)
confirmed the findings of Macmillan and Samuel5 that the colour was not stable. The
experiment was repeated with reagent solutions of various other concentrations (viz., 0'003,
0-01 and 0·03 per cent. wIv). The results (Fig. 1) showed that colour development was
markedly retarded at the lowest concentration, but that with the 0·01 per cent. wIv reagent

© SAC and the authors.
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there was a period of about 25 minutes during which the colour was stable; this reagent
concentration, which was used by Milner and Na1l2 in solutions containing sulphuric and
orthophosphoric acids, was used in all subsequent work. Investigations in which sulphuric
acid was used, instead of perchloric acid, were not pursued because the rate of colour develop
ment was found to be slow under these conditions.

0·500

~
.~ 0·300.,...,
G..
0.

o 0.200

10 20 30 40 50 60"

Time. minutes

Fig. 1. Effect of concentration of
3.3'-dimethylnaphthidine on the rate of
colour development in solutions containing
perchloric and orthophosphoric acids. Each
solution contained 8 /log of vanadium(V) and
2'0 ml of reagent solution in glacial acetic
acid. Concentrations of 3,3'-dimethylnaph
thidine solution: curve A, 0·1 per cent.;
curve B, 0·03 per cent.; curve C, 0·01 per
cent.; curve D, 0·003 per cent. Optical
densities are uncorrected for reagent blanks
(about 0'010)

The effects of varying the amounts of acid were studied next, but erratic results were
frequently obtained. It was found that these were attributable to three causes. Firstly,
the reaction is sensitive to sunlight; the optical density of a solution exposed directly to
natural light during colour development was about 30 per cent. lower than that of an
identical solution that was kept in darkness or subdued light during the development period.
Secondly, there can be variations in sensitivity and rate of colour development between
different batches of solid reagent. This effect was noted with two batches (from one supplier),
one of which was noticeably darker than the other in the solid state. The response of both
batches to changes in conditions was similar, despite the difference in rate of reaction. This
question is discussed further below. The third cause of variable results was that, in some
experiments, solutions containing vanadium, orthophosphoric and perchloric acids were
allowed to stand for appreciable periods before colour development. Under these circum
stances low results are obtained, presumably because some reduction of vanadium takes
place. A reduction in optical density of 5 per cent. was found to occur when the delay in adding
the reagent was 1 hour, and when the period was extended to 3 hours the reduction was 9 per
cent.; allowing the solution to stand for longer periods had little further effect.

In further experiments, the procedure was modified to take account of these factors,
and the effect of varying the concentration of each component in turn was examined, while
keeping the concentration of the other components constant. These determinations were
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made with 8 p.g of vanadium(V) in a final volume of 25 ml; optical densities were measured
at 550 mp, in 4-cm cells and corrected for reagent blanks, which were generally about 0·010.

The effect of varying the amount of acetic acid added with the 3,3'-dimethylnaphthidine
reagent was examined first; the solutions contained 5 ml of dilute orthophosphoric acid and
5 ml of dilute perchloric acid. The results are given below.

Volume of glacial acetic acid, ml 0·25 0·625 1·25 2'5 5·0 7·5
Optical density (less blank) •. 0·402 0·400 0·405 0·410 0·406 0'404

Variations in the concentration of acetic acid in this range thus had no considerable
effect on the reaction. In subsequent experiments, 2'5 ml of a reagent solution in 25 per
cent. vIv acetic acid were added. This reagent solution is oxidised only slowly and shows
no loss of sensitivity for 36 hours.

The effect of varying the amount of dilute perchloric acid was studied next; each solution
contained 5 ml· of dilute orthophosphoric acid. The following results were obtained.

Volume of dilute perchloric
acid, ml 0 1 2 3 4 5 7·5 10

Optical density (less blank) 0·353 0·374 0·387 0'404 0·404 0·401 0·392 0·381

With solutions containing 5 ml of dilute perchloric acid, the effect of varying the amount
of dilute orthophosphoric acid was investigated, with the following results.

Volume of dilute orthophosphoric acid, ml .. 0 2·5 5 7·5 10
Optical density (less blank) 0·155 0·358 0·390 0·400 0·393

As the omission of perchloric acid had a comparatively small effect on the reaction,
the possibility of using orthophosphoric acid alone was examined. The rate of colour
development was measured first, 10 ml of dilute orthophosphoric acid being used. In Fig. 2,

0·500

A

0·400

.~
B

c:.,
"0.. 0·300v

"&.
0

0·200

10 20 30 -40 so 60

Time, minutes

Fig. 2. Rate of colour development in
orthophosphoric acid solution with different
batches of solid 3,3'-dimethylnaphthidine.
Each solution contained 8 fLg of vanad
ium(V) ; the reagent was added as an 0·01 per
cent. solution in 25 per cent. vIv acetic acid.
Curve A, with reagent used for results shown
in Fig. 1; curve B, with different batch of
3,3'-dimethylnaphthidine under identical con
ditions. Optical densities are uncorrected
for reagent blanks (about 0,010)

the results are shown for the two batches of 3,3'-dimethylnaphthidine referred to previously.
Curve A was obtained with the lighter-coloured reagent that was used to obtain the results
shown in Fig. 1. Comparing this curve with curve C in Fig. 1, it is seen that the reaction
occurs rather more rapidly in orthophosphoric acid solution than in the mixed solution, and
a slight increase in sensitivity is obtained; the period of stability of the complex is somewhat
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reduced. With the second batch of reagent, the colour was more fugitive, but there was
still an adequate period of stability of 10 minutes (curve B, Fig. 2); there was some reduction
in sensitivity. A similar change in the rate of colour development occurred when the same
reagent was used in solutions cont~ining perchloric and ort~oph?sphoricacids. E:xcept ~or
the results in Fig. 1 and curve A, FIg. 2, the values reported In thIS paper were obtaIned wIth
the less satisfactory batch of reagent, measurements being made within the period of stability
of the colour, according to the solution used.

The effect of varying the concentration of orthophosphoric acid, while omitting perchloric
acid, was investigated next, and the results are shown below.
Volume of dilute orthophosphoric acid, m1 0 1 2·5 5 7·5 10 15
Optical density (less blank) 0·009 0·090 0·157 0·291 0·388 0·425 0·456

In the conditions finally adopted for the detennination, perchloric acid was omitted
and 10 ml of dilute orthophosphoric acid were added. The absorption curve of the oxidation
product was unchanged. There was no significant effect of temperature on the reaction
in the range 10° to 25° C.

REPRODUCIBILITY, BEER'S LAW AND LIMIT OF DETECTION-
The reproducibility of the method was tested by making twelve measurements under

the conditions of the recommended procedure and using 8 p.g of vanadium(V). A coefficient
of variation of 0·60 per cent. was obtained. Similar measurements were made in groups
of up to four detenninations, at intervals over 3 months; for 135 such detenninations, the
coefficient of variation was 1·8 per cent. Replicate detenninations of various amounts of
vanadium(V) , in the range 0·25 to 50 p.g, were made to investigate whether Beer's law was
obeyed. The results (Table I) show that there was significant deviation from linearity, the
response being reduced with lower concentrations; the effect was especially pronounced at
concentrations below 0·08 p.p.m., which may be taken as the lower end of the useful working
range of the method.

TABLE I
DETERMINATION OF VANADIUM(V)

Amount of
vanadium(V).
p.gper 25 ml

0·25
1
2
4
6
8

10
25
50

Mean optical density
(less blank) in Optical density

4-cm cell per p.g present
0·010 0·0400
0·047 0·0470
0·101 0·0505
0·208 0·0520
0·315 0·0525
0·424 0·0530
0·527 0·0527
1,344* 0·0538
2'708* 0·0542

* Measured in I-em cell and calculated for 4-cm cell.

Deviation from linearity,
relative to highest

concentration,
per cent.

26·2
13·3

6·8
H
3·1
2·2
2·8
0·7

The average value for the optical density of the blank in a 4-cm cell was 0,008, with
a standard deviation of less than 0·001. If the response was linear below a concentration
of 0·01 p.p.m., then, by using Wilson's definition' of the limit of detection, there would be
a high probability of detection with 0·002 p.p.m. of vanadium. Because there is deviation
from linearity, a somewhat higher limit of detection must apply. It was found experimentally
that 0·004 p.p.m. of vanadium could be detected with a high degree of certainty.

EFFECTS OF FOREIGN IONS-
The effects of various foreign ions were examined by carrying out determinations of

8 p.g of vanadium(V) in the presence of each ion; measurements were also made in the
absence of added vanadium. The results (Table II) show the reagent to be selective for
vanadium(V). Cerium(IV) and chromium(VI) interfere by oxidising 3,3'-dimethylnaphthi
dine; cerium(III) has a suppressing effect on the reaction with vanadium. The most important
interfering ion likely to be encountered in significant amounts is iron. Iron(II) interferes
strongly, presumably by reducing vanadium; iron(III) also interferes, although to a lesser
extent.



146 BANNARD AND BURTON: SPECTROPHOTOMETRIC DETERMINATION [Analyst, Vol. 93

TABLE II
EFFECTS OF FOREIGN IONS

Recovery
Optical of 8 ,.g of

density in vana-
Amount, absence of dium(V),

,.g vanadium· per cent.
100 0·001 100·0
100 0·006 99·3
100 0·002 99·8
100 0·000 100·7
100 0·000 99·8
100 0·001 81·8
50 0·691 107·6

100 0·001 99·6
100 0·001 100·5
100 -0,004 101·0
100 0·000 100·5
100 0·002 100·5

1000 0·001 100·6
1000 0·000 98·8
1000 0·000 101-5
1000 0·001 98·8
1000 - 0·002 99·1
1000 0·001 98·8
1000 0·000 99·5

Ion added
Cadmium •.
Tin(II)
Tin(IV)
Antimony(III)
Barium
Cerium(III)
Cerium(IV)
Tantalum ..
Tungsten(VI)
Lead
Thorium ..
Uranium(VI)
Chloride ..
Nitrate
Sulphate ..
Phosphate
Fluoride
Oxalate
Citrate

Iron(III)

Recovery
Optical of 8 ,.g of

denmtyin vana-
Amount, absence of dium(V),

,.g vanadium· per cent.
.. 10,000 0·002 101·5

1000 0·000 102·0
100 0·000 99·5

1000 0·001 100·0
1000 0·001 100·6

100 0·000 100·5
100 0·001 101·0
40 0·316 >400

100 -0·001 99·8
5 -0·001 48·9

10 0·000 <1
50 0·000 56·0

100 0·000 12·5
Nickel 100 0·000 99·5
Copper 100 0·000 100'5
Zinc 100 -0,002 100·8
Arsenic(V) . . 100 0·000 100·0
Selenium(VI) 100 0·001 99·8
Niobium .. 100 0·001 100·2
Molybdenum(VI) 100 -0,002 100·5

• Optical denmties measured in 4-cm cell and corrected for reagent blank.

Ion added
Sodium
Magnesium
Aluminium
Potassium
Calcium
Titanium(IV)
Chromium(III)
Chromium(VI)
Manganese(II)
Iron(II)

Experiments in this laboratory on the application of the reagent to the analysis of
vanadium in natural waters have shown that small amounts of vanadium are readily
separated from iron(III) by anion exchange in concentrated hydrochloric acid solution.
After any preliminary separation, the vanadium must finally be converted into the quinqui
positive oxidation state. This may be achieved by evaporation with perchloric acid. During
the present work it has been found that when solutions containing microgram amounts of
vanadium are evaporated alone, with concentrated nitric or perchloric acids, or with dilute
ammonia solution, the vanadium is not subsequently dissolved quantitatively in water or
in dilute perchloric or orthophosphoric acids. The residues are completely dissolved, however,
in a 1 per cent. wIv solution of sodium hydroxide.

METHOD
ApPARATUS-

Measurements of optical density were made with a Unicam SP500 spectrophotometer
against water in the compensator cell. Absorption curves were plotted directly from a
Beckman DB spectrophotometer.

REAGENTS-

3,3'-Dimethylnaphthidine reagent-Dissolve 0·01 g of 3,3'-dimethylnaphthidine in 25 ml
of glacial acetic acid and 5 ml of water, and dilute the solution to 100 ml with water. Discard
the solution after 36 hours.

Dilute orthophosphoric acid (1 + I)-Mix equal volumes of analytical-reagent grade
90 per cent. wlw orthophosphoric acid and water.

Standard vanadium(V) stock solution-Dissolve 0·4592 g of analytical-reagent grade am
monium metavanadate in water and dilute to 100 ml.

1 ml of solution = 2 mg of vanadium(V).

Standard vanadium(V) dilute solution-Prepare, as needed, by appropriate dilution of
the standard stock solution.

1 ml of solution =2 p.g of vanadium(V).
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RECOMMENDED PROCEDURE-
Ensure that the vanadium is present in the quinquipositive oxidation state. To the

test solution, containing 2 to 50 f'g of vanadium, add 10 ml of dilute orthophosphoric acid
and sufficient water to dilute the solution to about 20 ml. Without delay, add 2·5 ml of
3,3'-dimethylnaphthidine reagent and dilute the solution to 25 ml. Keep the solution in
the dark for 15 minutes and measure its optical density at 550 mf'. Determine the reagent
blank in a similar way, omitting the sample. Prepare a calibration graph by using the
standard vanadium(V) dilute solution. Run duplicate standards of one concentration at
least daily. Check the rate of colour development whenever a new batch of solid 3,3'-di
methylnaphthidine is used.

CONCLUSIONS
The reaction of vanadium(V) with 3,3'-dimethylnaphthidine provides a sensitive and

selective method for the spectrophotometric determination of the element. Previous difficul
ties experienced with the reagent may have been caused by failure to take account of the effects
of sunlight on the reaction, variations in the behaviour of different batches of the solid reagent
and'changes in the reactivity of vanadium on allowing it to stand in strongly acidic solutions.
The use of too high a concentration of reagent has also probably been a cause of unsatisfactory
results in some work. Colour development in orthophosphoric acid is as satisfactory as that
in a mixture of orthophosphoric and perchloric acids. The colour forms rapidly and is stable
for an adequate period. The reagent solution is stable for 36 hours and has a low extinction
at the relevant wavelength.

Under the conditions given in the recommended procedure the reagent may be used
for precise determinations in the range from 0·08 to 2 p.p.m. of vanadium. With 0·32 p.p.m.,
the coefficient of variation was 0·60 per cent. for replicates analysed at one time; over a period
of 3 months the corresponding value was 1·8 per cent. There are small, but significant,
deviations from adherence to Beer's law, but accurate values are obtained by the use of
a calibration graph. The limit of detection is about 0·004 p.p.m. of vanadium. Of the
numerous foreign ions investigated, only chromium(VI), iron(II), iron(III), cerium(III) and
cerium(IV) had appreciable interfering effects.

The authors are grateful to the Natural Environment Research Council for a grant
in support of this work.
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Investigations on Long-path Absorption Tubes in
Atomic-absorption Spectroscopy

By IVAN RUBESKA AND BEDRICH MOLDAN
(Geological Survey of Czechoslovakia, Prague 7, Kosteln£ 26, Czechoslovakia)

Although it is known that the use of long tubes in atomic absorption
brings considerable increase in sensitivity, little is known about various
factors affecting the sensitivity. In this work the r6le of fuel flow-rate for
several elements (copper, silver, gold, cadmium, tin, lead, antimony, bismuth,
manganese and rhodium) is studied and the results are discussed. A heated,
45-cm long, alumina tube is used, the burner being a Beckman type fed by
air and hydrogen.

THE use of absorption tubes in atomic-absorption spectroscopy has two major advantages,
the first being the considerable increase in the sensitivity of determination for several elements,
and the second the improvement in the geometric stability of the flame gases in relation to
the optical axis. This is particularly important when measuring lines near 2000 A where
the flame gases absorb.1 It may, therefore, be expected that the flame-in-tube technique
will be more widely used. To make full use of the possibilities offered by absorption tubes,
investigations were carried through to find what factors affect the sensitivity of the elements
in absorption tubes.

EXPERIMENTAL
ApPARATUS-

The experimental arrangement has been described previously.2 It consists of a 45-cm
long, ceramic tube heated in an electric furnace and placed in the optical axis. Tubes of
17, 11 and 9-mm Ld. are used. At one end of the tube an air - hydrogen flame from a Beckman
burner is introduced. Light from the source is focused at the entrance of the tube and is
collected at the exit by a spherocylindrical lens and focused on the monochromator slit.
The molecular spectra are scanned with a hydrogen lamp and a Zeiss GIBI recorder. Because
a simple d.c. measuring device was used our investigations were confined to the wavelength
region below 3300 A.

RESULTS
SENSITIVITY AND FUEL FLOW-

It has already been observed that the sensitivity of elements in absorption tubes depends
markedly on the fuel flow-rate.3 For all the elements investigated, i.e., copper, silver, gold,
cadmium, tin, lead, antimony, bismuth, manganese and rhodium, a relatively steep absorbance
increase was observed at a definite value of the hydrogen-to-air flow ratio. For most of
the elements, namely copper, silver, lead, antimony and bismuth, the dependences had the
form reproduced in Fig. 1. It was found that for a fuel-lean flame the small absorbance
value suddenly increased, after which it remained constant. The critical value at which this
change takes place depends, primarily, on the tube diameter. The greater the diameter
of the tube the more ambient air is entrained, and the higher the necessary hydrogen flow.
To a lesser extent it also depends on the burner position. The more the burner is tilted
the more air is entrained, and the higher the required hydrogen flow.

The sensitivity obtained is generally higher the smaller the inclination of the burner
from the vertical. Evidently less air is entrained and the flame gases are less diluted. How
ever, to secure a laminar flow through the tube the angle between the burner and the optical
axis cannot exceed a definite value. This was about 60° for the 17-mm tube, 45° for the
11-mm tube and 25° for the 9-mm tube. With this inclination the critical hydrogen-to-air
flow ratios were 2,8, 1·9 and 1,5, respectively.

© SAC and the authors.
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Fig. 2. Absorbance of curve A,
1 p.p.m. of gold; and curve B, 2 p.p.m.
of rhodium. Conditions as in Fig. 1
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Fig. 1. Absorbance of curve A,
1 p.p.m. of copper; curve B, 1 p.p.m.
of bismuth; and curve C, 0·2 p.p.m. of
silver, with increasing hydrogen flow.
Air flow, 2·5 litres per minute; cor
undum tube, ll-mm diameter

For gold and rhodium the absorbance increase was followed by an absorbance fall again,
as seen in Fig. 2. For manganese the sudden sensitivity increase was followed by a further
slight increase up to a maximum value, shown in Fig. 3, and for tin the sensitivity increase
was slow and shifted considerably towards higher hydrogen flow values, as shown in Fig. 4.
Whereas for all other elements the curves for different tube diameters were simply shifted
on the fuel-flow scale, with only minor effects on the maximum sensitivities, for tin a much
higher sensitivity was found for small diameter tubes.

0·2r------~--..,

4 5 6 7 8 9

Flow-rate. litres per minute

Fig. 3. Absorbance of 0·1 p.p.m.
of manganese: curve A for corundum
tube 9-mm diameter; curve B, for
ll-mm diameter; curve C, for pyrolan
tube 17-mm diameter
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Fig. 4. Absorbance of tin. Same
conditions as in Fig. 3

DISCUSSION OF THE RESULTS

The relatively high increase in absorbance at a critical hydrogen-to-air ratio suggests
that a basic change in the experimental conditions takes place. Most probably the mixture
of hydrogen and total air, i.e., including the entrained air, becomes fuel-rich. By shielding
the flame gases from the surrounding atmosphere a split flame, with the primary reaction
zone at the entrance end and the secondary reaction zone at the exit end of the tube, results.
The interconal gases then fill the whole tube length. Because the flame is split along a
horizontal axis a considerable sensitivity increase is possible.
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To confirm the existence of hydroxyl radicals along the whole tube length the absorption
of the hydroxyl band head at 3089 Awas measured for difIerent hydrogen flows (see Fig. 5).
The dependence is similar to that of the previously mentioned elements, i.e., with an increase

456789

Flow-rate, litres per minute

Fig. 5. Absorbance of OH radi
cals with increasing hydrogen flow.
Pyrolan tube 17-mm diameter. Band
head 3098 A measured

at the critical values. The decrease of the hydroxyl concentration when increasing the
hydrogen flow beyond the critical value is evidently caused by the formation of hydrogen
radicals according to the reaction-

H2 + OH- ~ H20 + H+,
which proceeds immediately.· The maximum absorbance value was about twenty times
higher than that found for a hydrogen flame burning freely in air, i.e., without the tube and
combusted solely with entrained air. Because the concentration of hydroxyl radicals cannot
vary considerably the high absorbance is evidently caused by the longer absorption path
length with the absorption tube.

The energy available in the tube comes mainly from the re-combination reactions
H+ + OH- + M ~ H20 + M+ ~H = -5·05eV

and H++ H++M~H2 +M+ ~H=-4·5eV.

In both reactions M represents a third body capable of absorbing the energy released by
the re-combination.4 It may be a water molecule but any other molecule, for instance, the
oxide of the metal being determined, has the same effect. Oxides of all the elements investi
gated, with the exception of tin, have a smaller dissociation energy than the energy released
by the re-combination of the hydrogen and hydroxyl radicals (see Table I). Any energy
transfer may, therefore, result in their dissociation.

TABLE I

COMPARISON OF ENHANCEMENT FACTOR, DISSOCIATION ENERGY OF THE OXIDES
AND VAPOUR PRESSURE

Pressure,torr
T = 1200° K
1·23 X 10-5

>760
4·69 x 10-'

6·03'
<10-10

6'54t
3·61 X 10-5

4·47 X 10-1

8·15 X 10-'
1·95 X 10-5

4·0

3·8
4·0
4·1
4·9
5·7

Dissociation energy,
eV
1·4
3·8

Absorbance (maximum)
Absorbance with fuel-lean flame

1·4
1·7
2·2

15
34
45
60
65

.....200

.....200

• PBI = 6·03; PBI. = 1'74.
t Pt!Il = 9·3 X 10-*; PBb. = 1·02; }'gb. = I>-tH.

Silver ..
Cadmium
Gold ..
Bismuth
Rhodium
Antimony
Manganese
Lead ..
Copper
Tin
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The absorbance increase at a critical value of the hydrogen flow is in correlation with
the dissociation energy of the particular oxide. In Table I the elements are arranged in
order of the observed enhancement factor (i.e., the ratio of the maximum absorbance to
absorbance with a fuel-lean flame), with their dissociation energies and vapour tensions.
This correlation holds, with the exception of antimony, which is, however, predominantly
present in the vapour phase as a dimer and tetramer,5 and the concentration of free antimony
atoms is thus lowered. The existence of antimony molecules (Sb2) was confirmed by the
absorption spectrum,S as shown in Fig. 6.

0·15

8
c
'"of 0·1
~

.D«
0·05

2200 2300

Wavelength. A
Fig. 6. Absorption spectrum of

antimony(II). The solution sprayed
contained 5000 p.p.m. of antimony, 1 g
of tartaric acid, 6 ml of nitric acid per
100 ml (see NO bands in the spectrum).
Lead was present as an impurity in
antimony

The slow absorbance increase of manganese following the sudden increase is probably
caused by the formation of MnOH7 (dissociation energy = 3·15 eV), which dissociates readily
as the OH concentration in post-flame gases decreases with increasing hydrogen flow. The
absorption decrease observed for gold is probably caused by the formation of AuH (dissociation
energy = 3·1 eV). For rhodium no values for the hydride are available. However, rhodium
is the only element for which the saturation point of its vapour pressure is exceeded,3 so
that the observed curve may be influenced by condensation of rhodium with decreasing
temperature.

Tin presents the most intriguing problem and at this point our conclusions are rather
speculative. It has already been observed that the dissociation of tin(II) oxide in a hydrogen 
air flame is anomalously high and that a hydrogen - air flame provides a much higher con
centration of free tin atoms than the oxy-hydrogen flame.8 The presence of nitrogen does
not cause this difference because Gibson, Grossman and Cooke9 found, by using a Beckman
burner, that no great change in absorbance of tin occurred when nitrogen was replaced by
argon. They suggest, therefore, that the higher concentration of tin atoms in a hydrogen 
air flame with a slower burning velocity is caused by a longer stay of the tin(II) oxide
molecules in the reaction zone where reduction of tin oxide takes place.

In absorption tubes this reducing zone may be extended by increasing the hydrogen
flow. The hydrogen flow required for maximum sensitivity is, therefore, considerably higher
than for the elements with smaller dissociation energies. The reduction of tin may probably
involve a reaction with hydrogen molecules, because tin(IV) oxide is easily reduced by
hydrogen, even at temperatures below 800° C.

For elements other than tin no great difference in sensitivity is found when nitric acid
or hydrochloric acid solutions are used, whereas for tin nitric acid has a slight depressive
effect and hydrochloric acid a strong enhancing one. This is possibly because of the preferen
tial formation of tin(II) chloride in the presence of hydrochloric acid and the reduction
facilitated by the exothermal reaetion-

SnCI + H = Sn + HCI.
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The decrease of sensitivity with increasing tube diameter could then be attributed to a
decrease of the partial pressure of hydrochloric acid in the flame gases because of a somewhat
greater dilution by ambient air.

CONCLUSIONS

From these experiments it may be concluded that the best sensitivities are achieved
when working under fuel-rich conditions, i.e., when the primary and secondary reaction zones
are at the entrance and exit ends of the tube, respectively. The sensitivity enhancement
for different elements, when changing over from a normal to the split flame, increases with
increasing dissociation energy of the metal oxide.
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The Nitrous Oxide-Hydrogen Flame

in Spectroscopic Analysis

By R. M. DAGNALL, K. C. THOMPSON AND T. S. WEST
(Chemistry Department, Imperial College, London, S.W.7)

A high temperature flame, burning hydrogen supported by nitrous oxide,
is described as an atom reservoir for thermal emission spectroscopy of elements
such as aluminium. The flame has a low burning velocity and can be sup
ported on most conventional burners supplied for use with air - acetylene
in emission or absorption studies. Emission from aluminium at 3962 and
3944 A shows a 2: 1 intensity ratio and extends throughout the entire length
of the flame. A detection limit of 4 p.p.m. at 3962 A was obtained with
a 1·5 X 1O-2-mm slit and a linear calibration graph between 20 and 200 p.p.m.
Zinc, cadmium and lead, which show negligible emission in the air - hydrogen
flame, emit strongly in nitrous oxide supported hydrogen. Calcium shows
strong emission, even in the ionic doublet at 3934 and 3968 A, particularly
at low concentrations.

153

RECENT trends in spectroscopic analysis have been directed towards producing pre-mixed
high temperature flames, which have the effect of increasing sensitivity in thermal-emission
studies and of eliminating the depressive matrix effects produced by elements that form
refractory oxides in atomic-absorption spectroscopy. The nitrous oxide - acetylene flame
finds considerable application in this technique,! while oxy-acetylene is perhaps one of the
most versatile flames in emission spectroscopy.2

One of the greatest general disadvantages of these flames is that they nearly all exhibit
high background emission (the oxy-hydrogen flame being an exception, except over the OH
band region). The background is not usually stable and hence leads to less precision and high
limits of detection in both emission and absorption measurements, regardless of the method
of amplifying the photomultiplier signal. In addition to this general disadvantage, most
high temperature flames present other problems, e.g., the high burning velocity of the nitrous
oxide - acetylene flame makes burner design difficult, and the explosive nature of some
mixtures such as oxy-cyanogen and oxy-acetylene renders them unsatisfactory for routine
use. An equally important consideration is the anomalously high electronic excitation that
occurs in some pre-mixed flames when metal salts are present,3 and is particularly strong in
pre-mixed flames of hydrocarbons with air or oxygen and especially so with acetylene. As
the oxy- and air - hydrogen flames that have favourable background radiations unfortunately
seem to be completely free from this anomalous behaviour there appears to be no one flame
at present that is completely acceptable as an atom reservoir for either thermal-emission or
atomic-absorption studies. The present interest in atomic-fluorescence and thermal-emission
spectroscopy makes the need for alternative high temperature, low background flames even
more pressing.

It is the purpose of this paper to illustrate some of the advantages to be gained from
the use of a pre-mixed nitrous oxide - hydrogen flame in the above areas. Firstly, this flame
has a low burning velocity, unlike oxy-acetylene or oxy-hydrogen, and thus the burner design
and gas mixtures are not critical. In fact, we have found that this flame can be burned
on practically any commercially available burner head whether it is designed for emission
or absorption measurements. In addition, the risk of explosion is no greater with this flame
than with any other commonly in use.

© SAC and the authors.
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The background radiation is also much lower with the nitrous oxide - hydrogen flame
than with any hydrocarbon flame, because there is no possibility of emission from carbon
species. The only background emission obtained under normal operating conditions results
from OR bands at about 3000 to 3200 A(present in all hydrogen or hydrocarbon-based flames),
the NR band at about 3360 A, and from the NR2 radical or the reaction between 0 and NO
in the visible region.3 In spite of this, the temperature of this flame is not thought to be any
lower than the usually recognised high temperature flames, such as nitrous oxide - acetylene,
oxy-hydrogen, etc.

Finally, the anomalously high electronic excitation that has been found in pre-mixed,
oxygen-supported hydrocarbon flames is also marked in the nitrous oxide - hydrogen flame.3

In theory it would seem that this flame is well suited to the requirements of thermal
emission, atomic-absorption and atomic-fluorescence4 measurements.

At this time evidence is presented to support its use in thermal-emission studies.

EXPERIMENTAL
BURNER UNIT-

Initially the flame was burned on the 7 X 1·5-cm long, air - acetylene emission burner
head supplied as a· standard item with the Unicam SP900A thermal-emission - atomic
absorption flame spectrophotometer. This burner has a I-em square series of 13 holes near
one end, and is particularly suitable for use with this instrument as a steady flame condition
could be maintained by nebulising on 15 p.s.i. of nitrous oxide and supplying between 1·5 to
2·5 p.s.i. of hydrogen. The nitrous oxide was supplied to the burner via the normal instru
mental nebulising system, but the hydrogen was supplied via an external gauge and was
led into the burner through the jet fitted in the base of the burner stem.

Below 1·5 p.s.i. of hydrogen the flame struck back, and above 2·5 p.s.i. the primary
reaction cones became unstable. This flame gave good emission signals for zinc (2139 A)
and cadmium (2288 A) solutions, but relatively poor signals for aluminium (3944 and 3962 A),
which required a more fuel-rich flame (about 3 p.s.i.). Good aluminium emission signals
were obtained by using the circular air - propane burner head supplied with the Unicam
SP900A, and steady flame conditions were achieved with 15 p.s.i. of nitrous oxide and
between 2·5 and 3·5 p.s.i. of hydrogen.

In the early stages of this work, the flame was lit with a small volume of nitrogen flowing
through an auxiliary jet in the burner base5 to eliminate any danger of flash-back. When
the required pressures of nitrous oxide and hydrogen had been supplied, the nitrogen flow
was turned off. The reverse procedure was carried out when the flame was extinguished but
this precaution is not essential, however, as only a comparatively weak "pop" is experienced
when a flash-back occurs.

FLAME SPECTRUM-
The flame background of the nitrous oxide - hydrogen flame burning on the circular

air - propane Unicam emission head showed above the yellow primary cones only strong OR
band emission between about 3000 to 3200 A, weak NR band at about 3360 A and a steady
continuum from 3500 to 6000 A, which is partly caused by the reaction3 between NO and O.
The primary cones, in addition, exhibit in the visible region the ammonia IX-band system,
which is now known to be caused by the NR2 radical.3

The air - acetylene flame background, measured under conditions as similar as possible
and also above the primary cones, was about four to five times greater than that of the nitrous
oxide - hydrogen flame at about 4000 A. Measurements in the primary cones showed an
even greater difference in background radiation.

ApPLICATION TO THERMAL EMISSION OF ALUMINIUM-
Thermal emission from aqueous solutions of aluminium at the resonance lines 3944 and

3962 Awas observed throughout the entire length of the nitrous oxide - hydrogen flame, but
reached a maximum about 3 to 4 em above the top of the burner head. Optimum emission
was obtained by using the Unicam circular air - propane burner head with a slightly fuel-rich
flame. A typical spectral plot is shown in Fig. 1. In agreement with the observations of
other workers,6 who used different flames, the emission at 3962 A was found to be about
twice that at 3944 A.
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Fig. 1. Flame-emission spectrum of
aluminium, obtained by nebulising a 1000
p.p.m. aluminium solution with a slit width
of 0·008 mm, gain 3,5, band width 2, 15 p.s.i.
nitrous oxide and 3·5 p.s.i. hydrogen

The limit of detection (signal-to-noise ratio of 1) measured at 3962 A with a slit width
of 0·015 mm was about 4 p.p.m. of aluminium. The calibration graphs plotted over the
range 20 to 500 p.p.m. showed that between 20 to 200 p.p.m. they were linear, but above
this a slight curvature developed and above 1000 p.p.m. of aluminium the log -log slope
was about 0,56, indicating appreciable self-absorption.

The above limit of detection could be lowered by diluting the aqueous phase with organic
solvents, for example, a solution in 20 per cent. isopropyl alcohol doubled the response
of an equivalent concentration of aluminium in aqueous solution. This illustrates further
advantages of this flame, i.e., the ability to handle solutions containing high concentrations
of inflammable organic solvents without risk or without need to modify the operating
conditions.

Solutions containing 10 and 20 per cent. of glycerol, on the other hand, caused a signal
decrease of 12 and 21 per cent., respectively. The differences in the nebulisation rates largely
account for these effects.

PREPARATION OF CALIBRATION GRAPH FOR ALUMINIUM

REAGENTS-

Standard aluminium solution-Dissolve 1 g of aluminium foil in 40 ml of 1 + 1 hydro
chloric acid (analytical-reagent grade) and dilute to 1 litre with distilled water to give a
solution containing 1000 p.p.m. of aluminium.

Nitrous oxide and hydrogen from cylinders.

ApPARATUS-

The equipment used in this work was a Unicam SP900A thermal-emission - atomic
absorption spectrophotometer (coupled to a Servoscribe 0 to 100-mV recorder), with an
air - propane burner head. The normal E.M.I. 9529B photomultiplier supplied with the
instrument was replaced by an E.M.I. 9601B photomultiplier, which is more sensitive in
the ultraviolet region.
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PROCEDURE (FOR 20 TO 2000 P.P.M. OF ALUMINIUM)-
Pipette 2 to 20 ml of the standard aluminium solution into 100-ml conical flasks and

dilute to volume with distilled water. Nebulise aliquots of the solutions with 15 p.s.i. of
nitrous oxide and measure the emission at 3962 A with a hydrogen pressure of 3·5 p.s.i.,
slit width 0·015 mm, gain 3, 10, band width 3, and with the top of the burner head 3 to 4 em
below the centre of the monochromator slit.

OTHER EMITTING SPECIES-
Preliminary measurements indicate that this flame can also be used with advantage

in thermal-emission studies of elements that do not form refractory oxides. For example,
zinc, cadmium and lead, which normally show negligible emission in air - hydrogen flames,6
are readily excited in the nitrous oxide - hydrogen flame. The emission from these elements
extends throughout the flame and is usually strongest about 2 em above the top of the
burner head. Comparable emission signals for zinc and cadmium in an air - acetylene flame
can only be obtained by taking measurements from the primary reaction zone about 2 em
above the top of the burner head. The emission from lead atoms in the nitrous oxide
hydrogen flame is about twice that obtained in the primary reaction zone of an air - acetylene
flame.

TABLE I
THERMAL-EMISSION STUDIES IN THE NITROUS OXIDE - HYDROGEN FLAME

Emission signals
"

Nitrous
Concen- Wave- Slit Air - hydrogen Air - acetylene oxide - hydrogen
tration, lenlth, width, ,...---'-----., ,---A----, ,---A----,

Element p.p.m. mm Gain a b a b a b

Zn 2000 2139 0·1 3,10 0 0 28 0 25 17
Cd 1000 2288 0·05 3,10 4 0 168 3 92 60
Pb 200 4057 0·01 3.5 4 4 42 23 62 78
Ca 40 3934 0·01 2,0 0 0 Background O' 86 20

40 3968 0·01 2,0 0 0 too high 0 46 10
Al 1000 3962 0·012 3.5 0 0 .t- O 45 90

a corresponds to the emission in primary reaction zone.
b corresponds to the emission 3 cm above the top of the burner head.

Easily excited elements such as calcium can also be measured with advantage in the
nitrous oxide - hydrogen flame. The ionic calcium doublet lines at 3934 and 3968 A are
quite strong and exhibit an intensity ratio of 2: 1. Emission signals at these lines cannot
normally be obtained either in air - hydrogen or air - acetylene flames. Table I shows a com
parison of the emission signals of the above elements in normal nitrous oxide - hydrogen, air
hydrogen and air - acetylene flames on the Unicam SP900A spectrophotometer. Measurements
were made in the primary reaction zone and about 3 em above the top of the burner head.

The calcium emission from the ionic doublet at 3934 and 3968 A was quite Strong and
at low calcium concentrations (less than 0·05 p.p.m.) was more intense than that from the
4277 A resonance line. Table II shows the 4227: 3934 A intensity ratio for various calcium
concentrations.

TABLE II
CALCIUM INTENSITY RATIO MEASUREMENTS

Calcium concentration.
p.p.m.

40
16

4
2
0·4
0·1
0·05

Emission intensity ratio.
4227:3934 A

29
21

8
5
3·3
1·4
1
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Hence at low calcium concentrations appreciable ionisation must occur in this flame.
The extent of the ionisation at these wavelengths is known to be sensitive to traces of the
other easily ionised elements, e.g., potassium, rubidium and caesium, and hence emission at
these wavelengths is not normally used analytically. However, in their absence, e.g., in
distilled water, a more sensitive determination of calcium becomes possible in the nitrous
oxide - hydrogen flame.

CONCLUSIONS

The nitrous oxide - hydrogen flame shows considerable promise as a strongly reducing,
high temperature flame of low background for use in thermal emission or atomic absorption,
even for elements such as aluminium that form refractory oxides. Other elements, such as
cadmium, lead and zinc, which do not form such oxides, but which are not easily excited
in an air - hydrogen flame, show strong atomic emission and absorption throughout the body
of the flame. Calcium shows strong ionic emission, particularly at low concentrations. The
above experiments show that the nitrous oxide supported hydrogen flame acts as a most
efficient atom reservoir for a wide range of metals and is worthy of further examination.
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Determination of Low Levels of Sodium in Water by
Using a Sodium-ion Responsive Glass Electrode

By D. HAWTHORN AND N. J. RAY
(Central Electricity Generating Board. Midlands Region. Regional Research and Development Department.

Hams Hall Power Station. Lea Marston. Sutton Coldfield, Warwickshire)

An E.I.L. sodium-ion responsive glass electrode has been tested under
laboratory conditions.

The electrode responded linearly to sodium-ion concentrations over the
range 0·25 to 25 p.p.m. of sodium. and the slope of the potential- concen
tration curve approximated to the theoretical value calculated from the Nemst
equation. By correcting for the level of sodium estimated to be present in
the pure water used to prepare the standards. a linear relationship could be
obtained covering the range down to the level of sodium in the pure water.
High precision could then be achieved for measurements made over the
0·004 to 25 p.p.m. range of sodium.

At low sodium levels the electrode is capable of detecting extremely
small changes in sodium concentration. The possible errors involved in
measuring sodium levels below 0·025 p.p.m. would tend to give results biased
slightly high with respect to the true concentration. For plant control
purposes this is generally preferable to readings biased low.

A sodium monitor would be capable of responding quickly to the changes
in sodium concentration likely to be encountered in the water - steam circuit
of a power plant.

A RELIABLE, continuous method of measuring sodium in the 0·005 to 25 p.p.m. range is
required in the power industry.

In recent years, glass electrodes have been developed that are capable of responding
selectively to sodium ions. Basically. the instrument used is a pH meter, but a sodium
responsive glass electrode is used in place of a pH glass electrode in a novel cell assembly.
The manufacturers claim that sodium-ion concentrations in the 0·001 to 25 p.p.m. range
can be accurately measured. Analysers have now been developed that appear to be suitable
for both laboratory and plant applications, and these would, obviously. be of value in deter
mining and controlling the level of sodium in the water - steam circuit of a modern power
plant. This report describes the work carried out under laboratory conditions with apparatus
borrowed from Electronic Instruments Ltd.

ApPARATUS
ELECTRODE SYSTEM-

During the past few years. various types of glass have been formulated that are primarily
responsive to sodium ions, with suppression of other cation response.! The theoretical equation
for glass electrodes responding solely to sodium ions is-

E E +
2·3026 RT

I= 0 F og aNa+

where aNa+ is the sodium-ion activity.
At low levels of sodium. the activity coefficient can be maintained at a constant value

by controlling the environment around the electrode, e.g., excess ammonium ions, and therefore
the above equation can be written-

E - E + 2·3026RT I KC
- 0 F og Na+

where CNa+ is the concentration of sodium ions in gram ions per litre and K is a constant for
the environment selected.

© SAC and the Central Electricity Generating Board.
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As with pH measurements, potential measurements can be made with reference to a
conventional calomel electrode with a potassium chloride salt bridge.

Industrial, unscreened sodium-responsive glass electrodes manufactured by E.I.L., and
designated GEA 28, were used throughout the work. The glass used in the fabrication of the
sensitive bulbs is designated B.H.104. No specific details of the composition of the glass could
be obtained from the manufacturers, but it is thought to be a sodium - lithium - aluminium 
silica glass, possibly containing some boric oxide, the level of aluminium oxide or boric oxide,
or aluminium oxide and boric oxide being the important factor determining selectivity to
sodium ions. The inner reference system of the electrode comprised a silver - silver chloride
electrode dipping into a hydrochloric acid - sodium acetate solution.

Before the tests were started, the electrode was activated by allowing the sensitive
membrane to stand in 0·1 M sodium chloride for 72 hours (the manufacturers recommend
at least 24 hours' immersion). Over the three months' period of the tests, no drifting or
sluggishness of the electrode occurred and therefore no "re-activation" was necessary.

An E.I.L. RJ.23 calomel electrode, with a remote liquid junction of saturated potassium
chloride, was used as the reference electrode.

BUFFER SYSTEM-

Mattock2 has shown that with solutions buffered to a pH above 8·0 with triethanolamine,
the sodium-responsive electrode gives a linear response over the range 0 to 4 pNa (23,000 to
2·3 p.p.m. of sodium), but some curvature is obtained from 4 to 5 pNa (2,3 to 0·23 p.p.m. of
sodium). The presence of sodium impurities in the triethanolamine could have been responsible
for this departure from linearity. In an attempt to overcome this difficulty, E.I.L. now
recommend that ammonia vapour be used instead of a liquid buffer. In this work, ammonia
vapour was produced by bubbling air through ammonia solution, and the ammonia vapour
was subsequently absorbed by the solution being tested (see Fig. 1). By this method, the
test solution could be buffered to a pH of about 11'0, and this further increased the possibility
of hydrogen-ion interference.

Ammonia
solution

••o
o

B \

J
Waste

Sample

Fig. 1. General arrangement of apparatus

GENERAL ARRANGEMENT-

Figs. 1 and 2 show a general arrangement of the apparatus and details of the cell used
to measure sodium-ion concentration. To minimise contamination from glassware, the cell
assemblies were made in Perspex and connecting tubing was flexible PVc.

A Technicon peristaltic pump, A, was used to deliver 2·8 ml of sample per minute and
1·85 ml of air per minute into the apparatus. The air was bubbled through about 20 per
cent. wIv ammonia solution in a Winchester quart and ammonia vapour was carried through
to the cell, C, through inlet, F, and into chamber, G, where it was absorbed by the sample
entering from E. A Perspex-covered magnetic stirrer was rotated in the chamber to ensure
adequate mixing of vapour and liquid. The alkaline solution was passed over the sodium
responsive glass electrode, L, and then on to the porous plug of the salt bridge of a calomel
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reference electrode, M. Excess of ammonia vapour and air were removed through hole, H.
To minimise the back-diffusion of potassium ions from the salt bridge into the measuring
cell, the head of potassium chloride was never higher than 1 inch above the overflow, 0,
and the tip of the remote liquid junction just touched the surface of the solution as it over
flowed from the cell. The fine bore of the flow path, J, also helped to restrict back-diffusion
of potassium chloride.

The electrodes used to determine sodium concentration were connected to a high
impedance electrometer (E.I.L. Vibron 39A), which in turn was connected to a Kent "Dyna
master" recorder.

F

G E K

Fig. 2. Details of cell "C"
(Lettered parts of the apparatus
are referred to in the text)

On leaving cell, C, via K, the solution was passed into a second cell, D, which was used
to monitor the pH. The cell was comprised of an E.LL. pH glass electrode G.H.S.23 and
an E.LL. calomel reference electrode RJ.23. The pH electrodes were connected to an
E.I.L. 28A pH meter and a Cambridge D.E. recorder. Slight variations in pH were observed
when the porous plug of the reference electrode was placed downstream of the glass electrode.
When the positions were reversed, however, a much steadier pH record was obtained.

The pump, cells and ammonia solution were kept in a cabinet, which was fitted with a
thermostatically controlled heater. No provision was made for cooling, however, and the
temperature of the cabinet varied slightly (270 to 300 C) with changes in ambient conditions.

EXPERIMENTS AND RESULTS

PREPARATION OF STANDARD SOLUTIONS-

A 1000 p.p.m. sodium stock solution was prepared from sodium chloride, and standard
solutions down to 0·025 p.p.m. of sodium were prepared by progressive dilution with distilled
water. The presence of traces of sodium in pure distilled water and from contamination
arising from apparatus during handling makes the preparation of accurate standards below
0·025 p.p.m. extremely difficult. During this work, therefore, standards below 0·025 p.p.m.
were considered to be water containing a small unspecified amount of sodium, to which
controlled additions of sodium had been made. The amounts of sodium added were pro
gressively decreased by factors of 10 until additions equivalent to 0·00025 p.p.m. of sodium
were reached. Distilled water subjected to an identical handling procedure, but without
an addition of sodium, suffered an increase in sodium content, and is therefore referred to
in this paper as "contaminated" distilled water. A single batch of distilled water was used for
preparing the above solutions.

The same experimental procedure was adopted when water treated by powdered ion
exchange resins was used to make up the solutions in an attempt to obtain an over-all lower
level of contamination than with distilled water.

PREPARATION OF CALIBRATION GRAPHS-

The standard solutions were pumped into the instrument, as previously described, in
increasing order of strength, starting with distilled water and finishing with a 25 p.p.m.
standard solution, and the potential reading was noted for each addition. These results
were treated as follows to obtain a calibration graph.
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A plot of observed potential against concentration of sodium added to distilled water
followed the form described by Mattock2 and is shown in Fig. 3. Practically, the effect
on the 0'25, 2·5 and 25 p.p.m. standards of traces of sodium in distilled water, and of the
slight contamination arising from apparatus, is negligible; consequently they can be con
sidered as "true" standards. A line of "best fit" was calculated from these potential
concentrationvalues and was extrapolated to the potential line for contaminated distilled water.

350...-----------------------------,

300·1==r=====-:-~:::_---~-A

~ 200

100

0'0001 100-0

Fig. 3. Plot of observed results and first approximation to sodium in
"contaminated" pure water: A, "contaminated" pure water

The concentration at the intersection of these lines was taken as the first approximation
to the sodium content of the contaminated distilled water. All the solutions had been prepared
identically, and therefore their total concentrations would be higher than the known sodium
additions by an amount equal to that in the contaminated distilled water (0,005 p.p.m.).
All the points were corrected on this basis, and re-plotted against potential. The best straight
line was calculated and is shown graphically in Fig. 4. The intersections of this line with the
lines representing potential readings of distilled and glass-contaminated distilled water then
gave second approximations to the sodium concentrations of these waters.

350,----------------------------,

100-0

B

0-10

Sodium, p.p.m.

0-010-0010-0001

100

30°I- m ____,_

>
E 200
I

Fig. 4. Plot of previous results corrected for the effect of contamination
of samples: A, "contaminated" pure water; B, pure water: 0, corrected
points; X, original points



162 HAWTHORN AND RAY: DETERMINATION OF LOW LEVELS OF SODIUM [Analyst, Vol. 93

A similar procedure was adopted with the results obtained when de-ionised water was
used to prepare the standard solutions (see Fig. 5). It can be seen that this water had a
much lower sodium content than the distilled water previously used.

350

300 --0- _

~-o.. ........... ......
>
E
1

. 200

100

0'0001

Fig. 5. Calibration graph obtained with water treated by powdered
ion-exchange resins: A, water treated by ion-exchange resins; B, "con
taminated" de-ionised water: O. observed results; x, corrected results

PRECISION TESTS-
Starting with a 25 p.p.m. standard solution, distilled water was "spiked" to give increases

of 0,00025, 0'0025, 0,025, 0·25 and 2·5 p.p.m. of sodium, as described previously.
The potentials of this range of solutions were measured on ten different occasions over

a period of 7 days, with a fresh batch of solutions for each series of measurements. A batch
of measurements was always made starting with the lowest and finishing with the highest
concentration level. Previously, it had been noticed that on isolated occasions at low sodium
concentrations, some interference associated with the operation of the pump was obtained
on the recorder and, as a result, the trace appeared as a band 8 mV wide. As earlier work
had established that identical results could be obtained with either static or flowing solutions,

TABLE I
OBSERVED RESULTS OF PRECISION TESTS

Potential, mV.
Con-

Tem- tamin- Additions of sodium to distilled water, p.p.m.
pera- Stock ated of sodium

Batch ture, distilled distilled , . ,
No. pH °C water water +0·00025 +0·0025 +0·025 +0·25 +2'5 +25'0

1 10·95 27·8 311 305 304 289 257 201 145 84
2 11·00 28·6 314 308 304 294 253 198 138 78
3 10·95 28·5 309 303 299 296 248 194 137 77
4 11·00 29-8 309 303 299 287 251 197 139 79
5 10·95 28·7 311 303 299 289 254 199 141 81
6 10·95 30·0 308 302 300 290 255 201 143 82
7 10·90 29'2 310 302 297 288 253 198 139 80
8 11·00 28'5 313 305 298 290 256 202 142 83
9 10·85 28·5 314 307 300 293 259 199 144 81

10 10·95 29·4 306 299 293 281 249 195 136 76
11 10·90 28·3 306 299 294 285 252 195 136 77
12 10·95 29·3 315 306 298 290 255 201 141 81

Mean 10·95 28·89 310·5 303·5 298·8 288'5 253·5 198·3 140-1 79·9
Standard
deviation 0·65 3·1 2·8 3·3 3·5 3·2 2·3 3·1 2'5
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it was decided to take readings under static conditions to avoid the possibility of interference
from the pump during the precision tests; accordingly, the following procedure was adopted.
When a steady trace was obtained after the introduction of each fresh solution, the pump
was stopped for 30 seconds and the potential noted; two further readings were obtained
during i-minute stops after runs of 2t minutes. The three readings of potentials were always
found to be the same.

The pH of the solution leaving the cell was continuously recorded, and the temperature
inside the cabinet was measured when each batch of samples was analysed.

TABLE II

RESULTS OF PRECISION TESTS CORRECTED, ASSUMING A CONSTANT POTENTIAL
AT +0·25 P.P.M. OF SODIUM

Con-
tamin- Addition of sodium to distilled water, p.p.m.

Stock ated of sodium
distilled distilled , ,. ,
water water +0·00025 +0·0025 +0·025 +0·25 +2·5 +25·0

Mean potential, mV 312·1 305·3 300·5 290·2 255·2 200 141·8 81·6
Standard deviation 2·5 2·6 3·0 2·7 1·5 0 1·6 1·0
Equivalent concentration of

standard deviation,
p.p.m. of sodium 0·0003 0·0004 0·0005 0·006 0·0015 0 0·1 1'0

Table I shows the results obtained during these precision tests. The results given in
Table II have been derived by correcting the observed values of potential to a constant
potential reading (200 mY) at the 0·25 p.p.m. level. This is equivalent to standardising the
instrument with a 0·25 p.p.m. solution before the analysis of each batch of solutions. Slopes
of lines of best fit were calculated from these values of potential by using all of the points,
after making an allowance for the level of sodium present in the contaminated distilled water,
and the 0,25, 2·5 and 25 p.p.m. points. Eo values were calculated from the slopes given by
all of the points. The theoretical slope at the temperature of the cabinet was calculated
from the Nernst equation. The results obtained are given in Table III, in which details
are given of the levels of sodium estimated to be present in contaminated distilled and distilled
waters, respectively, as calculated from intercepts of the appropriate lines.

TABLE III
VALUES OF CALCULATED SLOPES AND ESTIMATED LEVEL OF SODIUM

IN DISTILLED WATER

Sodium, p.p.m. mV per 10-fold change in concentration,.
\

,.
Con- Con- Slope

taminated taminated Slope calculated
distilled distilled calculated from the
water, water, from all 0'25,2'5and

1st 2nd of the 25·0 p.p.m. Theor-
Distilled approxi- approxi- corrected points etical Eo

water mation mation points only slope +mV
Mean 0·0032 0·0043 0·0040 58·71 59·25 59'53 9107
Standard deviation 0·0003 0·0005 0·0004 0·51 0·50 0·13 2·4

RESPONSE-

A similar series of tests was carried out to determine the response time of the system
to various changes in sodium concentration in the 0·005 to 25 p.p.m. range. A 90 per cent.
response was achieved in less than 3 minutes, and steady-state conditions were reached in
less than 5 minutes. Essentially, these times are those required to displace and rinse the
previous solution from the system. The electrode appeared to respond instantaneously to
changes in concentration within the range studied.
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DISCUSSION
PREPARATION OF CALIBRATION GRAPHS-

In the preparation of the calibration graphs shown in Figs. 3, 4 and 5, the assumption
was made that the electrode gives a response of constant slope down to the level of sodium
present in the water used to prepare the "spiked" solutions.

The two main factors likely to cause departure from linearity are changes in activity
coefficient with concentration of sodium ions and the influence of hydrogen or other ions
on the selectivity of the glass electrode for sodium ions at low concentrations. Changes in
activity coefficient at low sodium levels would be expected to be extremely small when a
constant ionic background was used, and under the experimental conditions used, there
fore, the ratio of hydrogen (or possibly ammonium) to sodium-ion activity is the major
factor that could affect the response of the electrode. E.I.L.3 state that interference occurs
when the ratio· aH+jaNa+ exceeds a critical value (about 10-4) and that the response of
the electrode to changes in sodium will decrease; consequently the slope of the calibration
graph at low sodium levels would decrease. Readings taken from a calibration graph con
structed on the basis of linear response at low levels of sodium could, therefore, give high
values with respect to the true sodium concentrations, which, for power station applications,
is preferable to readings biased low.

The method of extrapolation shows that the maximum bias cannot be greater than the
estimated level of sodium in the "contaminated" water. During this work, water from
powdered ion-exchange resins gave the lowest level of sodium in the "contaminated" water
(0,0018 p.p.m.), and demonstrated that bias must be within this level under these conditions.
The true value of bias might be even lower, but a much purer water than was available
during these investigations would be required to establish this point.

The calibration graphs show clearly that at low levels of sodium slight changes in sodium
concentration (0,00025 p.p.m.) can be detected.

PRECISION TESTS-
The results given in Table I show that a high level of precision could be achieved, even

under unfavourable operational conditions. For example, the variations in potential observed
over several days included errors arising from (a) electrometer drift, (b) change of slope with
temperature, (c) slight day-to-day variations in the sodium contents of the stock, "contami
nated" and "spiked" solutions, and (d) changes in ammonia solution concentration and
pH caused by variations in the rate of evolution of ammonia with temperature (this is not
an equilibrium condition).

In practice, the monitor now supplied by E.I.L. can be calibrated either manually or
automatically with a standard solution of sodium, and a correction will be applied auto
matically to compensate for any electrometer drift. In additton, a fixed theoretical slope
to-temperature relationship is assumed and changes in temperature will be compensated
for automatically. Variations caused by (a) and (b) will therefore be negligible. A relatively
strong solution will be used (0'1 to 0·2 p.p.m. of sodium) for standardising the instrument
so that variations from (c) will be minimised. The instrument will be thermostatically
controlled, hence variations caused by (d) would not be expected to arise.

Results in Table II were obtained by applying a correction based on an assumed constant
potential of 200 mV at the 0·25 p.p.m. sodium level. From Table III it can be seen that the
mean slope calculated from the 0,25, 2·5 and 25 p.p.m. points was only slightly lower than
the mean theoretical slope. The mean slope calculated from all of the points, however, was
somewhat lower, even after both corrections had been applied, being 97·8 per cent. of the
theoretical. This indicates that there is a slight decrease in response at low sodium levels.
An instrument calibrated on the basis of a theoretical slope would therefore tend to give
values biased slightly high with respect to values obtained from a practically derived slope.
From the results obtained when water treated by powdered ion-exchange resin was used
the maximum bias possible from the basic assumption of linear response can be fixed.

CONCLUSIONS
The sodium-sensitive glass electrode responds linearly to changes of concentration over

the range 0·025 to 25 p.p.m. with solutions buffered from pH 10·8 to 11,0, and the slope of
potential against concentration approximates to that calculated from the Nernst equation.
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After corrections have been applied below this range for the sodium present in the
"pure" water used to prepare "spiked" solutions of sodium, the linear calibration graph
can be extended and used down to the level of sodium in the pure water (say 0·001 p.p.m.).
The maximum bias introduced by using this method would be +0·0018 p.p.m. of sodium.

At low sodium levels, the electrode is capable of detecting slight changes in sodium
concentration. For example, at the estimated 0'005 p.p.m. level a change in concentration
of 0·00025 p.p.m. could be detected, corresponding to an observed potential difference of 5 mV.

By using the commercial E.I.L. instrument, which operates on a fixed theoretical slope 
temperature relationship, it should be possible to monitor sodium levels in the range of 0·005
to 25 p.p.m. to a high level of precision. At levels below 0·025 p.p.m. possible errors may
arise from the assumption, which is made when calibrating the instrument, that a constant
theoretical slope of potential - concentration applies throughout this concentration stage.
Results would be biased slightly high relative to the true concentrations.

This paper is published by permission of the Central Electricity Generating Board. The
authors thank Electronic Instruments Ltd. for providing equipment used in this work and
for helpful discussions on experimental techniques involved in the use of the glass electrode,
and acknowledge helpful discussions and advice in the preparation of this paper from
Dr. ]. Brown, Senior Chemist, C.E.G.B., Midlands Region, Scientific Services Department.
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Automated Procedure for the Simultaneous Determination
of Phosphorus and Nitrogen in Plant Tissue

By W. D. BASSON, D. A. STANTON AND R. G. BOHMER
(South African Co-op Cit,.us Exchange. P.O. Box 14105. Lyttelton. p,.eto,.ia, South Africa)

An automated technique for determining phosphorus in plant tissue
in an aliquot of the acid-digested sample issuing from the AutoAnalyzer
Kjeldahl Analyzer digestor unit. by an adaptation of the molybdovanado
phosphoric yellow-colour procedure. is described. Optimum reaction condi
tions have been established. and results indicate that the phosphorus deter
mination can be made within the limits of accuracy normally acceptable
for similar determinations.

IN this laboratory. Technicon AutoAnalyzer instrumental systems are used for detennining
nitrogen and phosphorus in plant tissue. Nitrogen is detennined with the automated
Kjeldahl Analyzer,! and phosphorus by the molybdovanadophosphoric yellow-colour colori
metric procedure after dry ashing. If, however, the two systems could be coupled and the
determinations made simultaneously, the rate of obtaining analytical results would be
increased and a considerable saving in manpower made possible.

This paper describes the work carried out to develop a technique that could be used
to determine phosphorus in an aliquot of the acid-digested sample issuing from the Auto
Analyzer digestor unit. For this purpose. the molybdovanadophosphoric yellow method
developed by Kitson and Mellon2 was decided upon for adaptation, because of its simplicity
and relative freedom from interference by various anions and cations.

o

Double

mixing coil

0'32 mifmin Sample

0-8 mlfmln Ammonium molybdate

0-8 mlfmin Air

2-5 mlfmin Ammonium vanadate

Time delay
coil

....---..Waste-----+-+-----,

Colorimeter
410mJt.
15-mm flow cell

Fig. 1. Flow diagram of apparatus for flow system I

© SAC and the authors.
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This study was based on the assumption that no volatilisation of phosphorus compounds
occurred8,t,5,6 during the digestion stage, or, alternatively, that if it did occur, it would be
of little consequence because of the identical conditions to which standards and unknowns
were subjected. Subsequent comparisons showed that the values obtained by the technique
developed and conventional' methods are in good agreement.

EXPERIMENTAL

Studies to establish reactant conditions at different concentrations were carried out with
the simplified flow system shown in Fig. 1. This obviated the comparatively lengthy step
of passing samples through the digestor unit. Subsequently, the flow system shown in Fig. 2
was used to determine the phosphorus content of the plant digest issuing from the digestor unit.

IPhosphorus
tdetermination 0'6 mlfmln Mercury sulphate

'-I:...-----r---------t--I-----,3~'9:-m~lfmlnDilution water

3'9 mlfmln Dllutioll water

Waste
Nitrogen
determination

Double

Single

mixing coil

Sampler rate: 20
per hour

0'8 ml/mln AI r

'--o-f--i--+--t--+:3-x-':-:H6 ml/mln Digestion mixer

mixing coil H----+--t--t-N mlfmln Sodium hydroxide

,..
__-6~i;t:=:=::§l~§~~O-;32~m~'~/m'nAirJacketed 1'6 mlfmln 0'01 M EDTA solution

mixing coil

Recorder

Colorimeter
<410 mil.
15-mm flow cell

Fig. 2. Flow diagram of apparatus for flow system II

In both of the flow systems the ammonium vanadate and ammonium molybdate solutions
are introduced separately into the system. Initially the determination was attempted with
a system similar to that developed by Varley,? in which the solutions are pre-mixed during
preparation and delivered through one tube into the system. With such a system, phosphorus
determinations are neither accurate nor reproducible, and a constant drift in, the base-line
was observed during a 3 to 4-hour period. Ferretti and Hoffman8 observed a similar drift,
and attributed this to incomplete clearing of the flow cuvette between samples. They
overcame the problem by devising a flow scheme whereby additional water was pumped
into the system between sampling. With flow system I, it was found that introducing the
vanadate and molybdate reagents separately into the flow system effected a more satisfactory
and less complicated solution. The appearance of the AutoAnalyzer chart recording when
the reagents are introduced separately is shown in Fig. 3. No base-line is discernible. When
flow system II was coupled to the digestor system, base-line drift could not be completely
eliminated by introducing the vanadate and molybdate reagents separately into the flow
system. (This is probably due to pump surging and incomplete clearing of the flow cuvette
because of the high salt content prevailing.) By introducing standard phosphorus samples
more often in any series of determinations, this effect can, however, be effectively controlled.
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Fig. 3. The AutoAnalyzer chart recording for the
separate introduction of the ammonium vanadate and am
monium molybdate reagents; numbered peaks are standards
in p.p.m. of phosphorus

REAGENTS FOR FLOW SYSTEM 1-
Ammonium metavanadate solutions-Prepare a series of solutions containing 0,025, 0,05,

0,15, 0,20, 0,25, 0,30, 0·35 and 0·40 g of analytical-reagent grade ammonium vanadate in
1 litre of distilled water.

Ammonium heptamolybdate solutions-Prepare a series of solutions containing, 15, 25,
30, 35, 45, 55, 60 and 70 g of analytical-reagent grade ammonium heptamolybdate in 1 litre
of distilled water.

Standard phosphorus solutions (i)-Prepare a series of five standard solutions containing
10, 20, 40, 80 and 100 p.p.m. of phosphorus from analytical-reagent grade sodium dihydrogen
orthophosphate.

Standard Phosphorus solutions (ii)-Prepare a series of fourteen solutions each containing
40 p.p.m. of phosphorus and volumes of hydrochloric acid to give concentrations of 0,04,
0,09, 0,13, 0,17, 0,22, 0,27, 0,31, 0,35, 0,40, 0,44, 0,53, 0,62, 0·71 and 0·82 M when diluted
to 100 ml with distilled water.

REAGENTS FOR FLOW SYSTEM II-
On the basis of results described in the first section of the Results and discussion, the

following vanadate and molybdate concentrations are used.
Ammonium metavanadate solution-Dissolve 4 g of ammonium metavanadate in 1 litre

of distilled water.
Ammonium heptamolybdate solution-Dissolve 70 g of analytical-reagent grade ammonium

heptamolybdate in 1 litre of distilled water.
Digestion mixture-Dissolve 6 g of selenium dioxide in a little water and add 1·8 litres

of concentrated sulphuric acid, followed by 40 ml of 70 per cent. perchloric acid.
Mercury(II) sulphate solution-Dissolve 35 g of mercury(II) sulphate in 1 litre of a

10 per cent. sulphuric acid solution.
Solution A-Slowly add 910 ml of the digestion mixture to a flask containing 845 ml of

distilled water, followed by 66 ml of the 3·5 per cent. mercury(II) sulphate solution and
170 ml of concentrated sulphuric acid.

Standard phosphorus solutions (i) and (ii)-To determine the combined effects of the
mercury(II) sulphate, selenium dioxide and perchloric acid on the determination, the following
two series of standard solutions containing 10, 20, 40 and 60 p.p.m. of phosphorus, respectively,
are prepared.

(i) Sufficient stock solution is placed in a 100-ml calibrated flask to obtain the desired
phosphorus concentrations, water is added to give a total volume of 11·40 ml and this solution
diluted to 100 ml with solution A. This solution represents conditions after completion of
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the digestion stage as far as acidity, perchloric acid, selenium dioxide and mercury(II) sulphate
concentrations are concerned.

(ii) Sufficient stock solution is placed in a lQO-ml calibrated flask to obtain the desired
phosphorus concentrations, and sulphuric acid is added to obtain a solution about 8 M with
regard to sulphuric acid.

SAMPLE PREPARATION FOR FLOW SYSTEM 1-
Weigh 3 g of a dried-leaf sample into a flat-bottomed silica dish and place it in a furnace

for 2! hours at 4900 C. Cool the dish, add 5 ml of concentrated hydrochloric acid and
evaporate the mixture to dryness on a water-bath; continue heating for half an hour. Add
5 ml of concentrated nitric acid, followed by 10 ml of distilled water and warm the solution
for a few minutes on a water-bath to aid dissolution. Filter into a l00-ml calibrated flask,
wash with warm water and dilute to volume.

SAMPLE PREPARATION FOR FLOW SYSTEM II-
Weigh 0·5 g of plant material into a 50-ml Pyrex beaker. Introduce 10 ml of concen

trated sulphuric acid, followed by the slow addition of 15 ml of distilled water. Cover the
beaker with a watch-glass and allow it to stand for 20 minutes. This suspension is then
placed into the sampler cups for the determination of phosphorus.

RESULTS AND DISCUSSION

ESTABLISHMENT OF REACTANT CONDITIONS-
The influence of variation in the total acid concentration (sample Plus vanadate solution)

and in ammonium molybdate concentrations, on the colour development, when using flow
system I with a standard phosphorus solution containing 40 p.p.m. of phosphorus and main
taining the ammonium vanadate concentration constant at 0'50 g per litre, is shown in Fig. 4.

~ -

0-10'20-30-40-50-60-70-80-91-01-11-2.1-)1-41-5 1-61-71-8 '-9

;-otal acid concentr~tion (molarity) In flow cell .

Fig. 4. The effect of molybdate concentration
on the optical density of a 40 p.p.m. phosphorus solution
with 0·50 g per litre of ammonium vanadate and
different acid concentrations: curve A, 55 g; curve B,
45 g; curve C. 35 g; curve D. 25 g; and curve E, 15 g
of ammonium molybdate per litre

For all molybdate concentrations a sharp increase in optical density is observed as the
acid concentration decreases below 0·3 M, this increase being less significant at lower molybdate
concentrations.

For molybdate concentrations less than 25 g per litre, the optical density is observed
to decrease as the acid concentration increases above 0·7 M. This effect is not manifested
at molybdate concentrations above 25 g per litre.

The results obtained by maintaining the ammonium molybdate concentration constant
at 55 g per litre, while varying the vanadate and acid concentrations for a series of 40 p.p.m.
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of phosphorus solutions, are shown in Fig. 5. A sharp decrease in optical density is observed
at the higher acid concentrations for ammonium vanadate concentrations of less than 0·60 g
per litre. This effect becomes more pronounced as the vanadate concentration decreases.

Fig. 5. The effect of vanadate concentration on
the optical density of a 40 p.p.m. phosphorus solution
with 55 g per litre of ammonium molybdate and
different acid concentrations: curve A, 1·20 g; curve B,
0·80 g; curve C, 0·60 g; curve D, 0·40 g; and curve E,
0·20 g of ammonium vanadate per litre

We concluded from these results that, when using flow system I, a final acid concen
tration of about 0·7 M, and ammonium vanadate and ammonium molybdate concentrations
of 1·00 and 50 g per litre, respectively, would provide the most satisfactory results.

Leaf samples were now prepared as previously described for flow system I, and the
solutions obtained used to test the reproducibility of peak heights. The results for three
samples, viz., A, Band C, are shown in Fig. 3.

TABLE I
THE PHOSPHORUS CONTENT OF PLANT-TISSUE SAMPLES DETERMINED

BY VARIOUS PROCEDURES

Acid extract of dry-ashed sample. ~nual
molybdovanadophosphoric yellow

colorimetric procedure
0·133
0·103
0·092
0·124
0·108
0·1l9
0·174
0·144
0·123
0·102
0·124
0·132
0·102
0·082
0·125
0·134
0·175
0·132
0·214
0·075
0·224
0·102
0·083

Phosphorus, per cent.

"Sample digested
on AutoAnalyzer,

flow system II
0·131
0·1l2
0·093
0·130
0·1l3
O·lll
0·167
0·138
0·1l9
0·1l4
0·134
0·126
0·1l6
0·094
0·123
0·144
0·183
0·1l8
0·206
0·084
0·216
0·1l3
0·094

Acid extract of
dry-ashed sample,

flow system I
0·124
0·106
0·087
0·123
0·104
0·1l4
0·164
0·145
0·126
0·109
0·126
0·137
0·105
0·089
0·1l5
0·154
0·192
0·124
0·215
0·085
0·234
0·105
0·085

Laboratory
reference
number

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
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Identical peak heights for each duplicated standard or sample were obtained, and a
constant return to the original reagent base-line between samples or standards over the
range 0 to 80 p.p.m. is also observed. The phosphorus values obtained for a series of plant
tissue samples are compared with the values obtained by the manual molybdophosphoric
yellow method,S in Table 1. It will be observed that the results compare favourably.

DETERMINATION OF PHOSPHORUS CONTENT IN PLANT MATERIAL AFTER DIGESTION ON THE
AUTOANALYZER DIGESTOR SYSTEM-

The acid digest issuing from the digestor unit is about 8 M. It is, therefore, necessary
to neutralise the digest substantially to obtain the desired acid concentration previously
decided upon. In order to investigate the feasibility of such a step, the flow system shown
in Fig. 2, but uncoupled from the digestor unit, was used. Ammonium molybdate and
ammonium vanadate concentrations were kept constant and the sodium hydroxide concen
tration was varied.

At sodium hydroxide concentrations below 280 g per litre, the results were non-repro
ducible and irregularities in the read-out curves occurred at the peak heights, arising from
the high acid concentration still prevailing. At concentrations higher than 350 g per litre,
a low degree of reproducibility was obtained, and blockages occurred as a result of crystal-

. lisation from the standard sodium sulphate solution. A sodium hydroxide concentration
of 300 g per litre gave the most constant and reproducible results (Fig. 6).

~,.-...,)(--------.-,.-
,,",-

A/
I

I
-.f,
I

t.

375

Fig. 6. The effect of sodium hydroxide con
centration on the optical density at constant
vanadate and molybdate concentrations: curve A,
30 p.p.m.; curve B, 20 p.p.m.; and curve C.
10 p.p.m. of phosphorus solution

In the digestion of plant tissue for the nitrogen determination, mercury sulphate, selenium
dioxide, perchloric and sulphuric acids are used. To determine the combined effect of these
substances on the phosphorus determination, the two series of standard phosphorus solutions
prepared under Reagents for use with flow system II were compared. No difference in the
percentage transmission for equivalent phosphorus concentrations was observed. This
indicates that the perchloric acid. selenium dioxide and mercury sulphate used in the digestion
stage had no effect on the determination.

Flow system II, coupled to the AutoAnalyzer digestor system, was then used to
digest and determine the phosphorus content of plant-tissue samples suspended in sulphuric
acid (Fig. 3), as previously described.

Initially, irregularities occurred in the reagent base-line. This was, however, improved
by substituting a 0·01 MEDTA solution for the diluting water.
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Typical recorder charts obtained are shown in Figs. 7 (a) and (b). Fig. 7 (a) shows the
reproducibility of replicate determinations on one sample suspension. The reproducibility of
determinations on six independently prepared suspensions of sample, H, are shown in
Fig. 7 (b). The peak heights V, S, P and T in Fig. 7 (b) represent 0,10, 0,08, 0,13, 0·16 per
cent. of phosphorus, respectively.

..,T ..,..,
:c

60

eo

60

Reagent base-line

~ ~
Fig. 7. Typical chart recordings: (a) the reproducibility of replicate determinations on one sample

suspension; (b) the reproducibility of determinations on six independently prepared suspensions: numbered
peaks are standards in p.p.m. of phosphorus: peak heights V, S, P and T represent 0,10, 0,08, 0'13 and
0·16 per cent. of phosphorus, respectively

The percentage phosphorus values obtained by using this method are compared with
values obtained by the manual method in Table 1. No significant differences between the
results are apparent.

CONCLUSION

The results obtained in these experiments -indicate that phosphorus and nitrogen may
be determined simultaneously on the digest issuing from the AutoAnalyzer digestor unit.
The phosphorus determination can be made within the limits of accuracy normally acceptable
for similar determinations.

We gratefully acknowledge the assistance of Mr. N. C. Basson in various aspects of the
laboratory work.
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Thin-layer Chromatographic - Enzyme Inhibition
Procedure to Screen for Organophosphorus Pesticides in

Plant Extracts without Elaborate Clean-up
By C. E. MENDOZA, P. J. WALES, H. A. McLEOD AND W. P. McKINLEY

Research Laboratories, Food and Drug Directorate, Department of National Health and Welfare,
Ottawa 3, Ontario, Canada)

A procedure is described for rapidly screening some organophosphorus
pesticides in plant extracts without elaborate clean-up. Azinphos-methyl,
carbophenothion, diazinon, ethion, malathion, mevinphos and parathion are
extracted with acetonitrile and partitioned into hexane before analysis by
the thin-layer chromatographic - enzyme inhibition technique. These pesti
cides, in the presence of apple, beet, carrot, lettuce, pea or potato extractives,
are detected on thin-layer chromatographic plates coated with a silica-gel
layer. The experiment indicates that the equivalent of only a few milligrams
of the original sample is required for semi-quantitative analyses of residues
present at, or above, their tolerance levels.

THE rapid procedure for screening some organophosphorus pesticides by using thin-layer
chromatography and total-phosphorus determination by the molybdenum-blue reaction pro
posed by Abbott, Burridge, Thomson and Webb! was an improvement over the other
procedures summarised in their paper. The analysis, although quantitative, is most suitable
for plant materials with known pesticide treatment. Because the spots are not visible, the
resolution of a mixture of pe~ticides must be greatly improved to ensure that the correct
areas are scraped off for analysis. Ott, Hearth and Gunther2 reported another rapid thin-layer
chromatographic screening procedure, but only for parathion in canned peaches without
clean-up.

In our laboratory, an enzyme-inhibition technique, in which indoxyl and substituted
indoxyl acetates were used with steer-liver homogenate, was developed to detect nanograms
of organophosphorus pesticide standards resolved by thin-layer chromatography.3 Because
of its high degree of sensitivity, reproducibility and rapidity of detection, we developed this
method to screen for organophosphorus pesticides in plant extracts without elaborate clean-up.

The loss or degradation of pesticides incurred by storing the plant extracts at room
temperature, and in the cold, was determined by thin-layer chromatography. The efficiency
of extracting and partitioning the pesticides into hexane was qualitatively evaluated by thin
layer chromatography in which the capacity of the plates to resolve the pesticides in the
presence of plant extractives was evaluated by spotting various amounts of extracts. Various
aliquots from each extract were concentrated and analysed by thin-layer chromatography
to find the most convenient and simple step for screening organophosphorus pesticide residues.

EXPERIMENTAL
PESTICIDE STANDARDS'-

Purity is expressed in percentages and Canadian tolerance levels5 in p.p.m. A standard
solution was prepared containing each of the following pesticides:

Azinphos-methyl (Guthion)-93'0 per cent., 1·0 p.p.m.
Carbophenothion (Trithion)-94·6 per cent., 0·50 p.p.m.
Diazinon-95'8 per cent., 0·10 p.p.m.
Ethion-95'0 per cent., 0·10 p.p.m.
Malathion-99·5 per cent., 8·00 p.p.m.
Mevinphos oc-isomer (Phosdrin)-60'0 per cent., 0·25 p.p.m.
Parathion-98'8 per cent., 1·00 p.p.m.

The mixed pesticide standard solution was prepared with hexane, with co-solvent acetone
used for initial dissolution of azinphos-methyl only; 1 ml of this solution when added to a

© SAC and the authors.
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50-g plant sub-sample gave the tolerance levels6 of the seven organophosphorus compounds.
Concentrations (wIv) were not corrected for impurities* in the standards.

A typical chromatogram of the pesticide standard mixture is shown in Fig. 1; spots
were white on a blue background.
GENERAL PROCEDURE-

Extraction6-Extract a 50-g sub-sample with 150 ml of acetonitrile in a food blender at
about 6000 r.p.m. for 5 minutes. Repeat the extraction, then filter the homogenate through
coarse sintered glass under vacuum and rinse the glassware with acetonitrile. Evaporate
the acetonitrile in the filtrate and rinsings with a rotary evaporator at 35° C until only the
water phase remains. If frothing occurs, vigorously shake the filtrate with 50 to 100 ml of
hexane and continue the evaporation.

Partitionc:-Shake the water phase vigorously with 50 ml of hexane in a 250-ml separating
funnel for 30 seconds; repeat the partition step twice. If three layers appear, evaporate
this 3-layered mixture with the rotary evaporator; repeat the partition, continuing only
when two layers separate. Combine the three 50-ml hexane fractions in a 2oo-ml volumetric
flask; make up to volume with hexane and thoroughly mix the contents. Discard the
water layer.

Development of the thin-layer chromatographic plates-The previous paper:! outlined the
procedures for preparing the liver homogenate and the 5-bromoindoxyl acetate spray solution.

Spot the concentrates and standard mixtures on thin-layer chromatographic plates coated
with a 450-1-' thick Kieselgel G-HRIR) layer. Chromatograph the plates with 20 ml of acetone
diluted to 100 ml with hexane. Remove the plates when the solvent front reaches the 15-cm
height previously marked. Air-dry the plates for 5 minutes, then evenly treat them with
bromine vapour. Allow at least 20 minutes for the excess bromine to dissipate, then spray
the plates with steer-liver homogenate diluted with 0·05 M Tris buffer, pH 8,32, until the
gel is just thoroughly wet; leave them for 20 minutes at room temperature. Similarly, spray
the plates with 5-bromoindoxyl acetate spray solution, and within a few minutes the sites
of inhibited enzymes appear as white spots on a blue background.
OUTLINE OF EXPERIMENT-

Apple, beet, carrot, lettuce, pea and potato samples were divided into 50-g sub-samples,
some of which were fortified with the seven organophosphorus pesticides at tolerance levels,
and the analyses were carried out on sub-sample extracts refrigerated at about 9° C and on
those left at room temperature, 23° to 26° C.

Aliquots from the 200-ml hexane fractions were concentrated 20 times. The 4 and 10-ml
aliquots of the extracts stored at room temperature were concentrated just before analysis.
The lOO-ml aliquots were concentrated soon after the partition step and were stored in the
cold or at room temperature.

The experiment on refrigerated, concentrated 100-ml aliquots, which was replicated
once, consisted of control sub-samples, C, and sub-samples fortified after the partition step, F.
For each plant sample, one C and two F sub-samples were analysed on duplicate thin-layer
chromatographic plates 2 days after extraction.

The experiment on extracts and on concentrated 100-ml aliquots left at room temperature
consisted of sub-samples C, F and BE (fortified before the extraction step). For each plant
sample, two of each of the C, F and BE sub-samples were analysed on duplicate plates 2 days
after extraction. The two C and two F sub-samples were further analysed, also on duplicate
plates, 5 and 8 or 9 days after extraction.

Each sub-sample extract, without elaborate clean-up, was analysed with a gas - liquid
chromatograph equipped with electron-capture detector, under the conditions used by
McCully and McKinley? but with 190° to 195° C column temperature.

RESULTS

DETERMINATION OF THIN-LAYER CHROMATOGRAPHIC PLATE CAPACITY-

The chromatograms of the concentrated aliquots equivalent to 100, 150 and 200 mg of
samples (Fig. 2, upper plates, and Fig. 3) were slightly different from one another, but

• The impurities were detected, even although they were a small percentage of the standard. because
they were probably more potent inhibitors than the parent compound. On the other hand. mevinphos
gave only one spot although the other insecticidally active related compound was 40 per cent.
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150-mg sample equiv. wt.

5-Bromoindoxyl acetate
pH 8·32
20% acetone in hexane

I 2
CI F2

Carrot

3 4
CI F2

Apple

567
CI F2 Mix
Lettuce

500-mg sample equiv. wt.

5-bromoindoxyl acetate
pH 8·32
20% acetone in hexane

I 2
CI F2

Pea

3 4
CI F2
Potato

5 6
CI F2

Beet

7
Mix

I 2
CI F2

Carrot

3 4
CI F2
Apple

567
CI F2 Mix

Lettuce

I 2
CI F2

Pea

3 4
CI F2
Potato

567
CI F2 Mix

Beet

Fig. 2. Top, thin-layer chromatograms of six plant extracts (fortified and control), each spot equivalent
to 150 mg of sample; extracts stored in a refrigerator 4 to 12 days before. Bottom, thin-layer chromato
grams of the same six plant extracts, each spot equivalent to 500 mg of sample. Silica-gel layer, 450 p.
thick; steer-liver homogenate and 5-bromoindoxyl acetate spray solutions, pH 8'32; solvent system, 20 ml
of acetone diluted to 100 ml with hexane. ("Mix" means pesticide standard mixture)



Carrot Lettuce

I 2 3 4 5 6 7 8 I 2 3 4 5 6 7 8

Sample 0·10 0·15 0·20 0·20 Std. 0·10 0·15 0·20 Sample 0·10 0·15 0·20 0·20 Std. 0·10 0·15 0·20
wt. (g) Control wt. (g) Control

Apple Beet

12345678

Sample 0·10 0·15 0·20 0·20 Std. 0·10 0·15 0·20
wt. (g) Control

Potato

12345678
Sample 0·10 0·15 0·20 0·20 Std. 0·10 0·15 0·20
wt. (g) Control

Pea

I 2
Sample 0·10 0·15
wt. (g)

34567 B 12345678
0·20 0·20 Std. 0·10 0·15 0·20 Sample 0·10 0·15 0·20 0·20 Std. 0·10 0·15 0·20

Control wt. (g) Control

Fig. 3. Thin-layer chromatograms of six crops fortified at the tolerance levels with seven org,lI1o
phosphorus pesticides, developed plates coated with 4;')0-1-' thick silica-gel layer and sprayed with steer-liver
homogenate and 5-bromoindoxyl acetate solutions at pH 8·32. Solvent system was 20 ml of acetone diluted
to 100mi with hexane. ("Std." means pesticide standard mixture)
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markedly different from the chromatograms of the 500-mg samples (Fig. 2, lower plates).
All seven organophosphorus pesticides and the enzyme-inhibiting impurities in the standards
produced clearly delineated spots. The mevinphos spot from the lOO-mg sample faded a
few minutes after development; otherwise, there was no marked difference among the chroma
tograms of the 100, 150 and 2oo-mg samples. However, separation of the seven pesticides
was seldom as distinct in the 5OO-mg samples (Fig. 2, lower plates) as in the 100, 150 and
2QO-mg samples (Fig. 3).

Pesticides added to carrot, lettuce, apple, beet and pea samples produced well defined
spots on thin-layer chromatographic plates. Only carbophenothion and ethion in potato
were clearly separated; spots for compounds below ethion were obscured by the streaking
effect of the potato components.

In general, the spots caused by the organophosphorus pesticides were readily distinguished
from those of the plant components. Some areas of enzyme inhibition in the controls were
attributable to components in the plant but most disappeared a few hours after develop
ment. Most plant pigments disappeared when brominated, and the remainder did not
interfere with the detection of pesticides.

In some chromatograms, the gel layer was weakened along the path travelled by plant
components; the gel was blown off when sprayed with the homogenate and substrate solutions.
Extracts of beet, carrot and lettuce (Fig. 2) weakened the layer most. However, the weakened
area did not extend above the position for malathion, even with the 500-mg samples.

EFFECT OF STORAGE-

The chromatograms of the 2-day old concentrated aliquots left at room temperature
(230 to 260 C) did not differ from those of aliquots stored in the cold (about 90 C) for various
lengths of time and from the corresponding standard solutions. Storage periods were 30 and
43 days for apple, 26 and 32 days for beet, 23 and 29 days for carrot, 31 and 46 days for
lettuce, 30 and 36 days for pea, and 31 and 52 days for potato. Degradation of some plant
pigments occurred but did not affect the detection of the added pesticides.

Extracts stored in the original and concentrated states at room temperature gave similar
thin-layer chromatograms 2, 5 and 8 or 9 days after extraction. The quality of detection of
pesticides remained the same, indicating no apparent change in the concentration of pesticides
during the storage, although carrot, lettuce and pea extracts showed some pigment degradation.

SELECTION OF ALIQUOT SIZE-

The chromatograms of 30 JLI from concentrates of 4, 10 and loo-ml aliquots of each
of the crop extracts (equivalent to 1, 2·5 and 25 g of the crop) did not show any apparent
difference among aliquots; the quality of the spots corresponding to the added pesticides
did not vary from that of the standards.

The 10-ml aliquot was the most convenient; the volume of the solvent required to re
dissolve the residue of the 4-ml aliquot was small and difficult to handle, and the several
evaporating and transferring steps required for the 100-ml aliquot were tedious.

EFFICIENCY OF EXTRACTlON-

The chromatograms of BE and F sub-samples suggested no loss of organophosphorus
pesticides during the extraction with acetonitrile, flash-evaporation of acetonitrile and
partition into hexane.

GAS - LIQUID CHROMATOGRAPHY, WITH ELECTRON-CAPTURE DETECTOR, OF EXTRACTS WITHOUT
FURTHER CLEAN-UP-

An equivalent of 0·25 mg of each plant sample (5 JLI taken from the 2oo-ml hexane
extract) gave the chromatogram shown in Fig. 4. The pesticides at concentrations simulating
tolerance level residues in plant materials gave peaks too disproportionate for simultaneous
screening by gas - liquid chromatography. Malathion, carbophenothion and parathion showed
as distinct peaks but the malathion peak was off-scale. The peaks for ethion and azinphos
methyl were too low for proper measurement; mevinphos and diazinon were not detected.
In addition, constituents or contaminants in some plant extracts interfered with the detection.
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showing and others are very disproportionate)

[Analyst, Vol. 93

DISCUSSION AND CONCLUSION

A sensitive and reproducible detection of the seven organophosphorus pesticides in
samples equivalent to 150 mg was obtained by using thin-layer chromatographic plates with
a 450-fL thick silica-gel layer. The plates were sprayed with steer-liver homogenate, followed
by 5-bromoindoxyl acetate spray solution, both at about pH 8·32. The sample, equivalent
to 150 mg, used for thin-layer chromatographic analysis was most conveniently obtained from
a lO-ml aliquot of the extract in hexane concentrated to 0·5 ml.

From the chromatograms of the seven organophosphorus pesticides in the presence of
plant extractives, gas - liquid chromatography with electron-capture detector was shown,
under the conditions used, to be unreliable for screening purposes.

GENERAL COMMENTS-

To a certain extent, the application of this method to the screening for pesticides in
crops of unknown history is perhaps based on whether the enzyme inhibitor is present or
not (see pea control), whether the amount of the inhibition may be attributed to the pesticides
or not (see apple and potato controls), and whether the intensity of the inhibition may be
interpreted as caused by the presence of pesticides at questionable levels or not (see carrot,
lettuce and beet controls; the quality of inhibition will not correspond to malathion tolerance
level, if it is malathion).

In this experiment, some expediency for semi-quantitative analysis was demonstrated
by spotting a fraction rather than the entire aliquot. Based on the lowest limit of detection
of individual pesticides by this procedure, a fraction of an aliquot may be selected to detect
only that pesticide present at, or above, the tolerance level. Thus, a pesticide tolerated at
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relatively high levels in foods (e.g., malathion) or a strong inhibitor (e.g., parathion) can be
detected by thin-layer chromatography of aliquots that are too small for the detection
of other pesticides present at their tolerance levels.

This procedure is readily adaptable to routine analysis of the compounds and crops
studied. As solutions can be stored for at least 8 days at room temperature, or at least
23 days in the cold, several samples may be extracted before simultaneous analysis by
thin-layer chromatography; solutions showing questionable residues may then be re-analysed
for confirmation.

We propose that this procedure be used to screen for any C)f the seven organophosphorus
pesticides studied in apple, beet, carrot, lettuce, pea or potato samples. Reduction of sub
sample size to reduce operating time further and extension of the scope to cover more
pesticides, crops and developing systems will be investigated.

Acknowledgement is made to Dr. K. A. McCully and Dr. T. K. Murray for review and
criticism, and to Mr. H. Baird and Mr. B. Korda for photography.
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A Test-paper Method for the Determination of Tolylene
Di-isocyanate Vapour in Air*

By D. A. REILLY
(Imperial Chemical Industries Limited, Dyestuffs Division, Hexagon House, Blackley, Manchester 9)

A test-paper has been developed that will enable up to 0·10 p.p.m. v Iv
of tolylene di-isocyanate (TDI) vapour to be determined in a 5-litre sample
of air drawn through a circle of the paper I cm in diameter at the rate of
1 litre per minute. In the presence of tolylene di-isocyanate a reddish grey
stain is produced, development of which is complete within 15 minutes of
the end of sampling. The intensity of the stain is compared with artificial
standards made by coating paper with specially formulated pigment suspen
sions. The 2,4- and 2.6-isomers react equally.

The test-papers are produced by treating Whatman No.1 filter-paper
with a solution of sodium nitrite, 2-hydroxy-llH-benzo[a]carbazole-3-car
boxy-p-anisidide (Brenthol GB), ammonium acetate and diethyl phthalate
in methanol. They are stable for at least 3 months when stored in the dark.

This method is simpler than existing "wet" methods and can be carried
out by less skilled operators.

IN existing methods of determining tolylene di-isocyanate (TDI) in air,l,2 the air sample is
drawn through a bubbler containing an acid-trapping medium, in which the tolylene di
isocyanate is hydrolysed to tolylenediamine. This is then diazotised and coupled with
N-I-naphthylethylenediamine dihydrochloride to produce a reddish purple solution, which
is compared visually with artificial colour standards. Although this approach is sound, a
considerable degree of analytical skill is needed that is not always available to industrial
users of tolylene di-isocyanate. An alternative simpler method has therefore been sought.

It is an established procedure to determine traces of nitrite or nitrogen dioxide by
reaction with an aromatic primary amine to produce the corresponding diazonium compound,
which then couples either with the same amine or with a second component to produce a
colour. An example of this is the Saltzman reagent3 for determining nitrogen dioxide in air,
in which the initial diazotisation of sulphanilic acid is followed by coupling in the same
solution with N-I-naphthylethylenediamine dihydrochloride. It seemed logical to try and
use this type of reaction to determine isocyanate by reaction with a mixture of sodium nitrite
and a suitable coupling component. This approach has proved successful. The work des
cribed below was concerned with the choice of reagents, composition of the solutions used
to prepare the test-papers, measurement of the sensitivity of the papers towards di-isocyanate,
specificity and quantitative reproducibility of the indication, and with the production of
artificial colour standards.

DESCRIPTION OF THE METHOD
REAGENTS AND MATERIALS-

Sodium nitrite-AnalyticaI-reagent grade.
Ammonium acetate-Analytical-reagent grade.
Brenthol GB (recrystallised)-Recrystallise Brenthol GB, 2-hydroxy-llH-benzo[a]car

bazole-3-carboxy-p-anisidide (see Note I), three times from pyridine containing 20 per cent. of
water. Dry at 100° C.

M ethanol-Analytical-reagent grade.
Diethyl phthalate.
Whatman No. I filter-paper, 9 and I5-cm circles.
Monolite Fast Red 2RVS paste-See Note 1.
Monastral Fast Blue BVS paste-See Note 1.
Monolite Fast Yellow GNVS paste-See Note 1.
China clay, S.P.S. grade-Obtainable from English China Clays Ltd.

• The subject of British Patent Application No. 34835/67.

© SAC and the author.
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Butakon ML 505 latex-See Note 1.
Thin maU white card-An example is Zara White Card, 10 X 12 inches, reference 1/4606,

obtainable from R. A. Brand Ltd. Bridge Paper Mills, Manchester 6.
Test-papers-Weigh into a 250-ml round-bottomed flask 0·5 g of recrystallised Bren

thol GB. Add a mixture of 35 ml of diethyl phthalate and 115 ml of methanol, both measured
carefully with graduated cylinders. Attach a water-cooled reflux condenser, and boil under
reflux for 30 minutes. Cool to room temperature, detach the flask and filter its contents
through a Whatman No.1 filter-paper, folded into a cone, into a clean, dry 250-ml measuring
cylinder. Wash out the flask with one or two small portions of methanol and use these, in
turn, to wash down the filter-paper. Finally, dilute the contents of the cylinder to exactly
150 ml and mix well. Into a conical flask, place 2·0 g of sodium nitrite, 0·15 g of ammonium
acetate and 3·0 ml of water. Swirl it gently until all of the solid has dissolved and add exactly
100 ml of the filtered Brenthol GB solution. Mix well and pour the solution into a 6-inch
diameter evaporating dish.

With metal forceps, immerse Whatman No.1 filter-papers, 9 em in diameter, in the
solution, one at a time, for 30 seconds, remove and quickly blot off surplus liquid between
several thicknesses of 15-cm diameter filter-paper (at least two thicknesses above and below).
Hang them up to dry for 1 hour at room temperature in darkness or subdued light in an
atmosphere free from chemical fumes. From each dried circle cut three strips, 5 X 2 em.
Store in a glass bottle, either painted black on the outside or completely covered with black
paper. Papers stored in this way are stable for at least 3 months.

Coated paper standards-Dilute the three pigment pastes with water to 20 per cent. of
their original strength by weighing about 50 g of each into a 10-oz bottle and adding four
times the weight of water, i.e., 4 ml for each gram. Stopper each bottle and mix the contents
well.

With lO-ml dropping pipettes, measure the volumes of the diluted pigment pastes,
shown in Table I, into a 600-ml beaker fitted with a wide paddle-type stirrer. Measure the
specified volumes of Butakon ML 505 latex and water in measuring cylinders to the nearest
millilitre. Pour the latex into the beaker, rinsing out the cylinder with small volumes of
the water. Add the remainder of the water and stir until the mixture is homogeneous. Add
the china clay gradually, with stirring. When all of it has been added, stir for a further
30 minutes.

Lay a sheet of white card on a sheet of plate-glass and fasten one of the shorter ends
down with adhesive tape. Place the well-type paint applicator (see under Apparatus) on
the paper card at this end, close to the side, with its slot parallel to the shorter end, with
the cut-away portion facing the fastened down end. Transfer, by pipette, 2 ml of the coating
paste into the slot of the applicator. Place one hand on each side of the applicator and, with
a gentle downward pressure, draw it steadily along the sheet and off the far end, thus spreading
a layer of paste 0'003-inch thick on the card. Detach the card from the glass sheet and place
it in an oven at 70° to 80° C, until dry, but for not more than 5 minutes.

Mount 2·5 X 4'5-em strips of each of the five colour standards side by side on a card.
Punch a hole 7 mm in diameter through the supporting card and the standard.

NOTE 1. These reagents can be obtained through Sales Offices of Imperial Chemical Industries Limited.

TABLE I
COMPOSITION OF MIXTURES FOR HAND-SPREADING OF TDI COLOUR STANDARDS

0·10
25·5
14·5
31·2

170
64

160

0·06
18·9
11·0
23·8

185
64

160

0·04
13·9

7·6
17·2

200
64

160

0·02
6·6
4·0
7·8

210
64

160

0·01
4·0
2·8
6·2

220
64

160

TDI in a 5-litre air sample, equivalent p.p.m.
v/v

Diluted Monolite Fast Red 2 RVS paste, m1 ..
Diluted Monastral Fast Blue BVS paste, ml ..
Diluted Monolite Fast Yellow GNVS paste, ml
Water, ml
Butakon ML 505 latex, m1
China clay, SPS grade, g

ApPARATUS-
Test-paper holder-For exposing a circle of paper 1 em in diameter to the sample stream.

Suitable holders are described elsewhere,4,5 the latter referred to being obtainable from
Siebe, Gorman Ltd., Davis Road, Chessington, Surrey.
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Means of suction-This should be capable of drawing a 5-litre sample of the test atmos
phere through the paper at about 1 litre per minute. The Mine Safety Appliances Company's
4-cylinder hand-cranked pump or a water-filled aspirator6 can be used. If the former is
used the flow-rate must be adjusted before use to 1 litre per minute, with a test-paper in the
holder, and a flow-meter attached to the inlet of the test-paper holder.

Well-type paint applicator-See Fig. 1.

5
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*radius *radius

i¢. .~
!..-.

Fig. 1. Well-type paint applicator; all measurements are
in inches. Material is of stainless steel, smooth finish

PROCEDURE-

Insert a test-paper in the holder in an atmosphere free from TDI, attach to the source
of suction and draw 5 litres of the test atmosphere through the paper at a rate of about
1 litre per minute. If it is not convenient to have the source of suction near to the sampling
point, an extension tube can be used, but this must be placed between the paper holder and
the source of suction. On no account must any rubber tubing be attached to the inlet of
the test-paper holder. Remove the paper, mark it for identification purposes and place
it in a box or envelope. Fifteen minutes after the end of sampling, compare the stain with
the five colour standards by holding it under the hole in each, in turn, and in contact with
the card, so that the standard surrounds the stain. View the card at arm's length with the
window or other source of light behind one. Assign the appropriate concentration to the
stain, interpolating, if necessary, a value between two of the standards.

EXPERIMENTAL

PRODUCTION OF KNOWN ATMOSPHERIC CONCENTRATIONS OF TOLYLENE DI-ISOCYANATE (TDI)-
In the earlier part of the work an aspiration method was used. Pure nitrogen was

bubbled at a measured flow-rate through TDI contained in a sintered-plate gas washing
bottle. This was diluted with a second metered stream of pure nitrogen. A portion of this
diluted mixture was metered into a stream of moistened compressed air to produce the final
working concentration, which could be varied over a wide range by suitably chosen changes
in the gas flows. Some typical conditions for the aspiration method were as follows. Nitrogen
bubbled at 250 ml per minute through TDI at 200 C was diluted to 5 litres per minute;
1 litre per minute of this diluted stream was further diluted to 25 litres per minute. The
TDI concentration produced was 0·033 p.p.m. v/v. Nitrogen bubbled at 50 ml per minute
through TDI at 20° C was diluted to 5 litres per minute; 1 litre per minute of this diluted
stream was further diluted to 25litres per minute. The TDI concentration was 0·014 p.p.m. vIv.

A second approach was to inject a dilute solution of TDI in carbon disulphide or cyclo
hexane at a known slow rate into a metered stream of moistened compressed air by using a
Palmer slow injection apparatus.6 When a 0·051 per cent. vIv solution of TDI in carbon di
sulphide was injected at 3·02 JLI per minute into an air flow of 10 litres per minute, the con
centration of TDI produced was 0·013 p.p.ro. vIv. With the same solution strength and
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injection rate, but with an air flow of 8 litres per minute, the TDI concentration produced
was 0·019 p.p.m. v/v. This was the preferred method as it gave steadier concentrations.
With neither method was it possible to calculate in advance the concentration of TDI to
be produced. The concentrations were always less than expected in the range 0·005 to
0·10 p.p.m. v/v. This was thought to be caused by the hydrolysis of TDI in the moist air
and possibly also to the absorption on surfaces of the apparatus, which was all-glass. The
desired concentrations were therefore obtained by empirical adjustment of the operating
conditions. They were checked by an unpublished method, a variant of one published for
the determination of di-isocyanatodiphenylmethane in air,6 in which the test atmosphere
was drawn through an aqueous solution of sodium acetate and hydrochloric acid. The
hydrolysis product was coupled with p-nitrodiazobenzene, and the colour produced extracted
into chloroform and measured with a spectrophotometer.

CHOICE OF COUPLING AGENT-
Several potential coupling agents were examined. In each instance Whatman No.1

filter-paper was dipped for 30 seconds in the treatment solution and then hung to dry for
1 hour at room temperature. The treatment solutions were prepared by dissolving 2 g of
sodium nitrite in a saturated solution of the coupling agent in a mixture of 10 ml of diethyl
phthalate and 90 ml of methanol. Each paper was tested by drawing 1 litre of air containing
about 0·1 p.p.m. vIv of TDI through a I-em diameter circle of the test-paper in 1 minute.
The intensities of the stains produced by the different papers were compared visually. The
following compounds were tested in this way: 3-hydroxy-2-naphthoic acid, 2-hydroxy
I-naphthoic acid, disodium 2-naphthol-3,6-disulphonate (R-salt) and nineteen compounds
from the I.C.I. Brenthol range. Three of the Brenthol range gave the most intense colours,
Brenthol AS (2-hydroxy-3-naphthanilide), Brenthol MN (2-hydroxy-3-naphtha-m-nitro
anilide) and Brenthol GB (2-hydroxy-llH-benzo[a]carbazole-3-carboxy-p-anisidide). The
first two gave pink stains and the third a reddish grey. Brenthol GB was chosen for further
development.

METHOD OF ASSESSING STAIN INTENSITY BY USING COLOURED PAPER STANDARDS-
A series of papers of graded depth of colour was prepared, the shades of which closely

matched those given by TDI on test-papers. Each coloured paper was prepared by dipping
a 9-cm circle of Whatman No.1 filter-paper in a solution of mixed dyestuff for 30 seconds,
blotting quickly between several thicknesses of filter-paper and hanging up to dry at room
temperature. The mixed dyestuff solutions were made from freshly prepared 0·2 per cent.
wlv stock solutions of the following dyestuffs in distilled water: Chlorazol black PB 150,
Durazol brown G and Chlorazol yellow G 200. Before use, equal volumes of the Chlorazol
black and Durazol brown stock solutions were mixed to form a solution containing 0·2 per
cent. wIv of "mixed dye." The working solutions used to prepare the coloured paper standards
were made by mixing an aliquot of the "mixed dye" solution plus 2·0 ml of the yellow solution
and diluting with distilled water to 100 ml. The shade of each coloured paper standard
was characterised numerically by the percentage of "mixed dye" in the solution used to
prepare it.

To facilitate comparisons of test stains with the range of coloured paper standards,
a hole, 7 mm in diameter, was punched in each of the latter with a number 3 cork borer. A
test stain was placed under the hole in each standard in turn, until a match was obtained
when the two were held at arm's length, the operator's back being towards the light.

COMPOSITION OF THE SOLUTION USED TO IMPREGNATE THE TEST-PAPERS-
Brenthol GB-As received, this gave a rather dark coloured solution in methanol, there

fore, it was recrystallised three times from aqueous pyridine and dried at 100° C. A saturated
solution was prepared by refluxing 0·5 g of recrystallised Brenthol GB with the appropriate
volume of diethyl phthalate diluted to 150 ml with analytical-reagent grade methanol for
30 minutes, cooling to room temperature and filtering into a 250-ml measuring cylinder.
The solid on the filter-paper was washed with small volumes of methanol until the volume
of filtrate and washings was 150 ml; 100 ml of this solution was mixed with the solution
of sodium nitrite, ammonium acetate and water (see below) to give the final solution used
to impregnate the test-papers.
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Sodium nitrite and ammonium acetate-Preliminary tests suggested that by increasing
the sodium nitrite content of the impregnation solution deeper stains would be produced
at a given TDI concentration, but 2·0 per cent. wIv was about the greatest concentration
that could be tolerated without leaving scaly deposits on the surface of the test-papers. The
addition of 0·15 g of ammonium acetate to each 100 rnl gave a test-paper with an appreciably
paler background colour and did not appear to affect its sensitivity towards TDI. The
sodium nitrite and ammonium acetate were first dissolved in 3 ml of water before adding the
Brenthol GB solution, as direct dissolution in the latter was slow.

Diethyl phthalate-This was found to cause a substantial increase in the rate of trapping
of TDI by the test-paper. Thirty millilitres per 150 ml of Brenthol GB solution was the
most that could be used without producing a paper that was too translucent for stains caused
by TDI to be seen readily. By using this proportion and hanging the papers up to dry,
without blotting after impregnation, the stains obtained with TDI were rather mottled,
as though the reagent was unevenly distributed on the surface of the paper. Much more
even stains were obtained with papers that had been blotted between several thicknesses
of filter-paper. To compensate for the slight loss of sensitivity that was caused by blotting,
the volume of diethyl phthalate in each 150 ml of Brenthol GB solution was increased to
35 ml without making the papers translucent.

TIME REQUIRED FOR THE DEVELOPMENT OF STAINS-
Five-litre air samples containing TDI were drawn through I-em diameter circles of

test-paper at I litre per minute. The stains produced were matched, at intervals, after the
end of sampling with coloured paper standards prepared as described above. Three prepara
tions of TDI were used, the 2,4- and 2,6-isomers and an 80 + 20 mixture of the two.

2,4-TDI-Concentrations were not checked. Results are shown in Table II.

TABLE II
RATE OF COLOUR DEVELOPMENT BY TEST-PAPERS WITH 2,4-TDI

Test No. 1 2 3
,-----A--., ,-----A-~

10,

Time after end of samp-
ling, minutes .. 5 10 15 5 10 15 5 10 15 20

"Mixed dye" correspond-
ing to colour standard
matched, per cent. .. 0·050 0·065 0-065 0-095 0·100 0·100 0-040 0-050 0·060 0-060

2,6-TDI and the 80 + 20 mixture-Concentrations were checked by the method referred
to above. Results are shown in Tables III and IV.

TABLE III
RATE OF COLOUR DEVELOPMENT BY TEST-PAPERS WITH 2,6-TDI

Test No_

1

2

3

4

TDI. p.p.m.
0-019

0·019

0-048

0-048

Time after end of
sampling, minutes

5
10
15
20

5
10
15
20
90

5
10
15
20
25

5
10
15
20

"Mixed dye" corresponding to
colour standard matched, per cent.

0-025
0·040
0·045
0·050
0·025
0·040
0-045
0-050
0·055
0·040
0-065
0'080
0·085
0'100
0·035
0·060
0·080
0·095
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TABLE IV
RATE OF COLOUR DEVELOPMENT BY TEST-PAPERS WITH MIXED TDI

Test No.
1

2

TDI,p.p.m.
0·039

0·020

Time after end of
sampling, minutes

5
10
15
65

5
10
15
20

175

"Mixed dye" corresponding to
colour standard matched, per cent.

0·060
0·080
0·080
0·085

0·030
0·040
0·040
0·040
0·045

3

4

0·031 5 0·055
10 0·065
15 0·065
25 0·065

0·055 5 0·065
10 0·080
15 0·095
20 0·095
25 0·095

It was thus evident that with 2,4-TDI development of the test stain was complete in
15 minutes, whereas with the 2,6-isomer, 20 minutes, or more, were necessary. The effect
of this slightly slower colour development with the 2,6-isomer was not apparent with the
80 + 20 mixture. Colour development was again complete in 15 minutes and the stain
appeared to be stable for at least 3 hours. Qualitative inspection of test stains that had
been stored in the dark suggested that the stains did not fade for several days.

EFFECT OF TOLYLENEDIAMINE-
To check the possibility of interference from any tolylenediamine that might be present

with the TDI, atmospheric concentrations of 2,4-tolylenediamine were prepared by passing
either 1 or 2 litres of air per minute through a bubbler containing the amine held just above
its melting-point of 99° C, and diluting this to 10 litres per minute with clean air, the combined
stream being passed through a silica-wool plug before sampling. Concentrations were checked
by Marcali's method.2 Five-litre samples were drawn through test-papers at 1 litre per
minute. At the two concentrations, 0·07 and 0·10 p.p.m. vlv, no visible stains were produced
on the test-papers.

EFFECT OF OTHER ISOCYANATES-
Qualitative tests with other industrially used isocyanates have shown that 4,4'-di-iso

cyanatodiphenylmethane (MDI), 1,5-di-isocyanatonaphthalene (NDI) and 4,4'-di-isocyanato
3,3'-dimethylbiphenyl (TODI) give stains with the test-paper similar to that given by TD!.
Hexamethylene di-isocyanate gives no stain.

SIZE OF AIR SAMPLE AND SPEED OF SAMPLING-
Five litres was chosen as the sample volume because it gave a good range of readily

distinguishable stains over the range 0·01 to 0·10 p.p.m. vlv of TD!. Smaller volumes gave
rather pale stains in the region of the threshold limit value of 0·02 p.p.m. vIv.? Larger
volumes made it difficult to distinguish between the stains given by the higher concentrations
in this range.

The effect of variations in sampling speed for a given total sampling volume was studied;
5-litre samples were drawn through test-papers at different rates. The TDI concentrations
were held as steady as possible during each series of tests but were not checked independently.
Stain intensities were measured, as before, by visual comparison with coloured paper standards
15 minutes after the end of sampling, the results being given in Table V. Stain intensity
was thus largely independent of sampling rate in the range 0·5 to 2·0 litres per minute.
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TABLE V
EFFECT OF VARYING RATES OF SAMPLING ON STAIN INTENSITY

"Mixed dye" corresponding to colour standard matched, per cent.
t

. ,
0·5 Iitres per 1·0 Iitres per 2·0 Iitres per 3·0 Iitres per 4·0 Iitres per

Test No. minute minute minute minute minute
1 0·070 0-060 0-065

0·070
2 0·035 0-030 0·035

0·040
3 0·050 0·045 0·050 0·035

0·045
4 0-100 0·080 0-090

STORAGE STABILITY OF TEST-PAPERS-
On exposure to bright sunlight the unused test-papers, which are initially pale yellow,

rapidly acquire an orange - brown colour. Although they are still sensitive to TDI, it becomes
impossible to make accurate judgments of stain intensities by comparison with the coloured
paper standards. If the test-papers are stored in a glass bottle in complete darkness, they
retain their pale colour and sensitivity to TDI for at least 3 months.

REPRODUCIBILITY OF STAIN INDICATION AT DIFFERENT TDI CONCENTRATIONS-
Papers from several preparations were tested with known concentrations of TDI in air,

as described above, the stains being matched 15 minutes after the end of sampling with the
coloured paper standards. The results are shown in graphic form in Fig. 2. The variation
is about ±20 per cent. up to 0·09 p.p.m. of TDI.

0-15

...
<::e
L. 0-10
&.
oj
>.

"'C
"'C

~ 0-05

i:

0-01 0-02 0-03 0'04 0-05 0-06 0-07 0'08 0-09 0-10 0-11 0-12 0-13 0-14

TOI in 5-litre air sample, p.p.m.

Fig. 2. Reproducibility of test-paper stains with
known TDI concentrations: •• test-paper batch 1; O.
test-paper batch 2; X. test-paper batch 3; and /:::, test
paper batch 4

PRODUCTION OF PERMANENT COLOUR STANDARDS-
The practical use of any test-paper for the quantitative determination of a toxic gas

or vapour in air depends on the availability of reproducible. stable colour standards, with
which the test stains can be compared. The coloured paper standards described above,
although adequate for use in the development of the test-paper, were not permanently stable.
After 3 or 4 weeks their shades changed and test stains could no longer be matched. Alterna
tives were, therefore, sought.

Attempts to obtain a disc with permanent, glass colour standards were unsuccessful, as
were attempts by a commercial printer to match the dyed paper standards. Success was
finally achieved by coating thin paper card with aqueous suspensions of china clay and
appropriately chosen amounts of red, blue and yellow dispersed pigments of high light
fastness, a butadiene - styrene copolymer latex being used as a binder. By trial and error,
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five standards were produced matching the stains obtained on the test-papers with 0,01,
0·02,0·04,0·06 and 0·10 p.p.m. vjv of TDI in a 5-litre air sample. The pigments used were
Monolite Fast Red 2RVS paste, Monastral Fast Blue BVS paste and Monolite Fast Yellow
GNVS paste. Full details of the preparation of these standards are given above under
Description of the method. Repeated preparations of a given standard were indistinguishable
from one another. Their validity was checked by comparison with stains obtained at the
appropriate, known TDI concentrations. The coated standard at each concentration corre
sponded to the middle of the small range of variation obtained with individual test-papers.

DISCUSSION
This work has resulted in the development of a test-paper method, which is simpler

to operate than earlier solution methods and, unlike them, is suitable for use by people
without formal analytical training, a valuable consideration in many of the situations where
TDI is produced and used. Both 2,4- and 2,6-isomers are detected with equal sensitivity,
but no response is obtained from 2,4-tolylenediamine.

Although the elapsed time (about 21 minutes) for a single determination is longer than
with the most rapid of the solution methods1 (about 12 minutes), 15 minutes of this time
is taken up with colour development and is available for the operator to take further air
samples. By using the test-paper, considerable saving of time will be made in carrying out
a multi-point survey of conditions in a plant either making or using TDI.

The test-paper is easy to produce and is stable for at least 3 months, if stored in complete
darkness. The coated paper standards can be reproduced without undue difficulty. Single
copies of the colour chart will be available on request from Imperial Chemical Industries
Limited, Dyestuffs Division.
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Use of Anthrone in the Determination of Trace Amounts
of Glycerol

By F. A. LYNE, J. A. RADLEY AND M. B. TAYLOR
(J. A. Radley Research Institute, 220-222 Elgar Road, Reading, Berkshire)

A fluorescent product is formed when a sample containing glycerol is
heated with a solution of anthrone in sulphuric acid, and based on this a
method for the quantitative determination of glycerol in amounts from
10 to 75p.g is described. The original concentration of glycerol is determined
from the intensity of the fluorescence of this product in sulphuric acid solution,
after first producing a calibration graph from known amounts of glycerol.
The method is particularly useful for determining the concentration of glycerol
in spots separated from interfering substances by chromatography.

THERE are several methods available for determining glycerol in milligram amounts,! including
periodate oxidation, acetylation and Zeisel and Fanto's method.2 Raveux3 outlines methods
for extracting small amounts of glycerol from a mixture; this may be done by a form of
steam-distillation with ethanol instead of water, which might be useful with the anthrone
method of analysis. His suggestion for determining glycerol, by boiling with potassium di
chromate in nitric acid for 20 minutes, followed by back-titration of the dichromate with
ferrocyanide, with diphenylamine as indicator, is only suitable for amounts of glycerol in
excess of 100 p.g. As a qualitative test for glycerol, Schutz4 introduced the reaction between
anthrone and glycerol in concentrated sulphuric acid solution, in which a solution showing
a dull orange fluorescence in ultraviolet radiation was formed. Later this was adapted by
Radley5 for microgram amounts of both glycerol and ethylene glycol. This latter has now
been put on a quantitative basis.

The reaction involves the condensation of an rx-f3 unsaturated aldehyde with anthrone;
the formation of acrolein by dehydration of glycerol with sulphuric acid and completion of
the reaction by cyclisation.6

(1) CH20H.CHOH.CHpH-2H20 ~ CH2 =CH.CHO.
Acrolein

°(2)@
Anthrone

° °/X)X" +0 CX(911+ CH2 =CH.C.HO~ I ) ~ I + H 20
Acrolem '" from

H 2SO,
H

I Benzanthrone.
CH=CH.

Intermediate

EXPERIMENTAL

The excitation spectrum of benzanthrone shows that there is a wide excitation wave
band between 350 and 500 mp. so that no filters were necessary in the excitation beam.
With the Locarte single-sided fluorimeter Mk. 4, the maximum in the fluorescence spectrum
was observed at 575 miL and all subsequent readings were taken at this wavelength.

© SAC and the authors.
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SOLVENTS-

The intensity of fluorescence of a solution of benzanthrone in sulphuric acid was found
to increase uniformly when the concentration of acid was between 85 and 98 per cent.:
fluorescence of the solution in less than 85 per cent. acid was erratic and in various organic
extractants, such as benzene, carbon tetrachloride, dimethylformamide and toluene, was
insufficiently intense for determination. Anthrone itself has a strong blue fluorescence in
dimethylformamide because of the formation of anthranol.

When it was necessary to separate the benzanthrone from irrelevant material, it was
extracted with benzene, the solvent removed and the residue dissolved in 98 per cent.
sulphuric acid.

CONCENTRATION OF ACID IN REACTION MIXTURE-

The concentration of sulphuric acid and the temperature of the reaction were adjusted
to give minimum decomposition of anthrone with the maximum production of benzanthrone
in a reasonably short time. Rapid decomposition was caused by 98 per cent. sulphuric
acid at temperatures over 1000 C, and the rate of formation and the yield of benzanthrone
fell rapidly at acid concentrations below 85 per cent. This concentration of sulphuric acid
(85 per cent.; sp.gr. 1·783 at 160 C) was, therefore, chosen as the reaction medium.

TEMPERATURE OF REACTION-

Of the range of temperatures investigated, 1200 C was chosen as the most suitable, as
the production of the fluorescent compound was rapid, and little decomposition of the anthrone
by the sulphuric acid occurred during the time necessary for the maximum production of
benzanthrone. The development of a slight red colour in the solution did not interfere with
the measurement of fluorescence intensity.

TIME OF REACTION-

In examining the development of the fluorescence with time of reaction at 1200 ± 10 C,
the maximum fluorescence was obtained between 15 and 20 minutes; a longer reaction time
caused a decrease in the yield of fluorescent product, probably because of the destruction of
the benzanthrone. The intensity of fluorescence of the blank solution containing no glycerol
increased with time after 15 minutes' heating, so that this heating period was standardised
at 15 minutes.

The volume of the reacting solution was standardised at I ml of glycerol solution and
I ml of 0·1 per cent. wIv anthrone solution, each in sulphuric acid; this amount of anthrone
theoretically allows the determination of glycerol up to about 500 p-g. For determination of
amounts of glycerol less than 20 p,g, 0·01 per cent. wIv anthrone solutions were found to
be suitable.

The method can be used to determine glycerol in the concentration range of 10 to 75 p-g
with an accuracy of ±5 p-g. The accuracy will be less if charred material is formed by
decomposition of readily carbonisable substances present with the glycerol, in which case
it is necessary to resort to the extraction technique referred to under Solvents.

In the presence of many of the interfering substances the glycerol may be separated
from the sample by chromatography,7,8 and the amount of glycerol determined in the spot.

REAGENTS-

Anthrone-As supplied by British Drug Houses Ltd.
Glycerol-Analytical-reagent grade.
Sulphuric acid, 85 and 98 per cent.-Analytical-reagent grade.
Benzene-Analytical-reagent grade.

PROCEDURE FOR SOLUTIONS CONTAINING ONLY GLYCEROL-

Make up a 0·1 per cent. wIv solution of anthrone in 85 per cent. sulphuric acid. This
solution is stable for about 14 days.

Transfer, by pipette, I-ml portions of the anthrone solution into a series of stoppered,
15-ml Pyrex test-tubes, each containing 1 ml of a solution of glycerol in 85 per cent. sulphuric
acid in known amounts from 0 to 100 p,g. Heat for exactly 15 minutes in an oil-bath at
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1200 C. Allow to cool, dilute with 5 ml of 98 per cent. sulphuric acid and thoroughly mix
the two layers. Measure the intensity of fluorescence of the solutions at 575 mp. and prepare
a calibration graph of intensity of fluorescence against amount of glycerol, with a solution
containing 1 p.g per ml of quinine sulphate to set the instrument sensitivity. The graph
should be linear over the range of concentration 5 to 75 p.g, after which the concentration
quenching effect is as shown in Fig. 1.

,-----..

00 10 20 30 40 50 60 70 80 90 100

Glycerol. p.g per ml

Fig. 1. Intensity of fluorescence against
original concentration of glycerol

Dissolve a suitable amount of the sample in 85 per cent. sulphuric acid, then to 1 ml
of this solution add 1 ml of the anthrone solution, heat and dilute, as above, before measur
ing the intensity of fluorescence. By reference to the calibration graph the amount of glycerol
can then be determined. It is preferable to prepare the standard solutions at the same
time as those containing the sample.

PROCEDURE FOR DETERMINATION OF GLYCEROL IN OTHER MATERIALS-

Many organic materials, e.g., sugars, are easily carbonised by hot concentrated sulphuric
acid and interfere with the anthrone reaction, so that it is usually necessary to effect a
quantitative separation of the glycerol from the bulk of the interfering substances, e.g., by
extraction with a suitable solvent such as dry acetone, before carrying out the determination.
Liquid samples may be evaporated on sand or treated with anhydrous sodium sulphate, and
the mass extracted with acetone, which is subsequently removed by evaporation.

With oil or fat-containing materials the residue from the acetone extract can be taken
up in light petroleum or chloroform and the glycerol recovered from this solution with water.

After removal of the solvent used to extract the original material, the glycerol residue
may be sufficiently pure to proceed with its determination directly, or it may require further
purification and separation by chromatography.9

When using the "crude" extract we find sometimes that considerable darkening occurs
when the samples are heated in the reaction mixture. We have endeavoured to separate
the benzanthrone from the darkened solutions that would otherwise interfere with the measure
ments by Tyndall scattering and the consequent variations in the adsorption of light.

To overcome this difficulty, dilute the darkened reaction mixture with 6 ml of water
and add 6 ml of benzene. After thorough shaking, centrifuge the mixture, and then remove
the benzene layer with a dropping pipette. Repeat the extraction twice, then evaporate off
the benzene on a water-bath and re-dissolve the red - brown solid in 10 ml of concentrated
sulphuric acid before measuring the intensity of fluorescence of this solution. A separate
calibration graph must be drawn carrying the standards right through the extraction process.
Providing gross amounts of easily charred material are not present in the extract we have
found that this method gives good results.

If gross charring is encountered we have found no solvent that gives a 100 per cent.
recovery of benzanthrone, perhaps because it is adsorbed on to the charred particles. Further
dilution of the reaction mixture before extraction gives a greater yield of benzanthrone, and
neutralisation of the acid with 10 per cent. of sodium hydroxide to give solutions of pH 2,
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7 or 10 seems to have no effect, except that caused by dilution. When this occurs the original
extract must be purified or the extraction repeated on the original material with a more
suitable solvent.

The formation of a sulphonated benzanthronelO may account for the loss in yield of
fluorescent product with increased time described above. It may also account for the
reddish brown compound produced by evaporation of the benzene.

THE EFFECT OF INTERFERING SUBSTANCES IN THE GLYCEROL EXTRACT-

The reaction between anthrone and sugars is well known, although the sensitivity of
the reaction is not as high as for glycerol. Experiments were carried out to determine the
extent of interference with the glycerol (50 JLg) when the determination was carried out in
the presence of much larger amounts (5OOO~) of sugars, sorbitol, gelatin and fat, and
followed by the benzene extraction of the reaction mixture.

The figures in the "blank" column were obtained by carrying out the determination in
the absence of glycerol with 5000 JLg of the interfering substance.

TABLE I

EFFECT OF READILY CARBONISABLE MATERIAL ON GLYCEROL DETERMINATION

Substance added,
5000/Lg

Dextrose
Fructose
Sucrose
Gelatin
Sorbitol

Apparent amount
of glycerol,

/Lg
54

140
97
o

45

Blank (interfering
substances only),

/Lg
16

100
45
o
o

Amount
actually found,

/Lg
38
40
52
o

45

Percentage
recovery

76
80

104
o

90

Although gelatin completely quenched the fluorescence, glycerol can be completely
extracted from it with acetone, and the anthrone reaction carried out on the residue after
removal of the solvent.

Other substances mentioned by Radley5 as giving fluorescent products have been briefly
studied under similar reaction conditions.

Formaldehyde produces a compound with a single fluorescent peak at 585 mJL when
heated at 1200 C for 15 minutes.

Ethylene glycol forms a green fluorescent product at a higher temperature with a
peak at 540 mJL.

Acetone, in about I-mg amounts, produces a yellow - green fluorescent compound that
is fluorescent in daylight with peaks at 454 and 580 mJL.

Tartaric acid reacts with the anthrone solution, when heated at 1500 C for 5 minutes,
to form a green fluorescent product. If this is diluted with 60 per cent. sulphuric acid
(5 + 1) the product can be shown to re-arrange photochemically to give a dark brown solution,
which has a blue fluorescence (485 mJL) after a period of about 30 seconds, with a high pressure
mercury lamp as the ultraviolet source, and the green fluorescence reported by Radley5 is
apparent during the first few seconds of observation.

Unlike the sugars, which, as shown in Table I, only interfere significantly when present
in l00-fold amounts, tartaric acid, formaldehyde, ethylene glycol and acetone cause far more
serious interference. Tartaric acid and formaldehyde, if present in 10-fold amounts, suppress
the fluorescence of the benzanthrone to an insignificant level, ethylene glycol to a lesser
but still significant extent, and acetone enhances the fluorescence. In the presence of these
substances recourse would have to be made to chromatography.7,8,9

The reaction mechanism may indicate other compounds that might react to form
benzanthrones. Further work is in progress to investigate the reaction conditions necessary
for production of fluorescent products with anthrone, and also to examine the relationship
and the original concentration of the compound.
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ApPLICATIONS

The reaction can be used to determine milligram amounts of glycerol such as are found
in spots obtained by paper chromatography.

Further work is being carried out to apply the method to the determination of small
amounts of glycerol in fermented beverages, rancid fats and in the metabolic products of
moulds and yeasts, as well as in a variety of other substances when the amount of sample
available is restricted or the amount of glycerol is small. It is also being examined for the
determination of glycerol in drugs6 in forensic work. The analysis of some duplicating inks
and writing papers that had been in contact with hectograph "beds" was used qualitatively
many years ago by J. A. Radley.
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A Sample Holder Cover for Use in the Determination of
Light Elements in Liquids and Powders by Vacuum X-ray

Fluorescence Spectrometry

By K. G. CARR-BRION AND K. W. PAYNE
(Warren Spring Laboratory. Stevenage. Herts.)

A simple sample holder cover is described that permits the examination
of volatile liquids and powders under vacuum in an X-ray spectrometer.

THE determination by X-ray fluorescence of light elements in volatile liquids and in powders is
complicated by the need to remove the air from the X-ray path. This is usually achieved by
replacing it with helium, but it lacks the convenience of vacuum operation and requires
modifications to standard spectrometers. With the more convenient vacuum operation,
volatile liquids will boil and a risk exists with fine powders of having them blown around the
sample chamber when the air is re-admitted. A simply made cap has been devised to fit
standard Philips specimen holders, which allows the safe examination of such samples under
vacuum.

To make a cap, a sheet of 2-mm thick, low density polythene is suspended above a hot
plate until it clears. It is then rapidly placed on top of a sample holder, and a ring, with a
diameter about 2 mm greater than the rim of the holder, pressed over it to a depth of about
1 cm. The polythene is allowed to cool and then levered off and trimmed. Finally, a pin
of about O'5-mm diameter is passed through the centre of the cap to produce a fine hole
at about 45° (see Fig. 1).

A = Cap C = Pressing ring
B = Sample holder 0 = Pin hole

Fig. 1. Section of cap

MODE OF OPERATION-

In the case of liquids, when the vacuum is applied to the spectrometer the sample holder
slowly evacuates through the pin hole until the pressure equals the vapour pressure of the
liquid, when boiling should commence. However, because of the slow rate of diffusion through
the pin hole, boiling is limited or does not occur. Evaporation is reduced to a level where
quantitative measurement of X-ray intensity can be made on the sample. The pressure on the
supporting X-ray window will be only that of the vapour pressure of the liquid. There are,
obviously, limits to the volatility of liquids that can be examined, and tests should first be
carried out under vacuum outside the spectrometer. For powder samples, when air is re
admitted to the spectrometer it enters the sample holder slowly, thus preventing powder
from being blown around the instrument.

© SAC; Controller. H.M. Stationery Office.
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RESULTS

The capped holders, fitted with 12-p. Propathene X-ray windows, were used to measure
sulphur in aqueous solutions and chlorine in ethanol. A Philips PW 1212 X-ray spectrometer
was used, equipped with a P.E. crystal and a tungsten tube operating at 40 kV and 37 rnA.

A summary of the results is given below.

Exposure time for 1 per cent.
change in intensity,

minutes

>3

2

Koc intensity,
counts per second

1070

1900

Sample
1·0 per cent. of sulphur, as
iron(II) sulphate in water
0·7 per cent. of chlorine, as

iron(III) chloride in ethanol

With aqueous solutions, the X-ray intensity is stable, even after several minutes' exposure
to the primary X-ray beam. However, with the more volatile ethanol, appreciable evaporation
occurred after 2 to 3 minutes' exposure. Thus, samples should only be exposed to the beam
during the required measuring periods.

Received June 26th, 1967
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. The Determination of Molybdenum in Milk with
Zinc Dithiol

By R. E. STANTON AND ALISON J. HARDWICK
(Department of Geology, Imperial College, Prince Consort Road, London, S.W.7)

193

Received April 13th, 1967

THE method of Stanton and Hardwickl for the determination of molybdenum in soils and
sediments has been applied to milk. A 100-ml sample was subjected to a conventional wet
oxidation procedure in a 500-ml Kjeldahl flask with nitric and sulphuric acids. Five millilitres
of concentrated sulphuric acid were used so that, after evaporation to copious fumes of
sulphur trioxide and cooling, the solution on dilution to 10 ml with water was less than 10 N.
The precipitate of calcium sulphate was left to settle overnight, and a 5-ml aliquot of the
clear, supernatant solution was taken for the determination of molybdenum by the method
previously described, except that standards were prepared with 5 ml of 4:M sulphuric acid
instead of 6 1'1 hydrochloric acid, and without the addition of iron.

Sulphuric acid had no effect on the determination over the concentration range of 1 to 4 M
in the 5-ml aliquot, but calcium sulphate interfered when in suspension, there being visible
sorption by the precipitate of the molybdenum - dithiol complex. However, recovery of
molybdenum was complete in the presence of the equivalent in the milk of 0·1 per cent. of both
calcium and phosphorus (added as orthophosphate), provided that the calcium sulphate was
allovved to settle before the transfer by pipette of the aliquot.

When analytical-reagent grade acids were used, it was found that nitric acid (sp.gr. 1·42)
contained less than 0·001 p.p.m. of molybdenum, whereas sulphuric acid (sp.gr. 1,84) contained
0·007 p.p.m.

Standard deviations were obtained on three samples of milk by replicate analyses:
24·8 ± 2·3 fLg per litre (5 results), 26·8 ± 3·8 fLg per litre (5 results) and 22·8 ± 4·3 fLg per litre
(15 results). The set of 15 replicates was mixed with routine samples.

This work formed part of the programme of the Applied Geochemistry Research Group at
the Imperial College of Science and Technology under the direction of Professor J. S. Webb,
and was assisted by a grant from the Natural Environment Research Council.
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Detection of Mowra Cake in Oil Cakes
By N. G. WAGLE

(General Superintendence Co. (India) Private Ltd., Bombay, India)

THE detection of adulteration in oil cakes is a common requirement in analytical laboratories,
as several international contracts specify freedom from such adulteration. In India, which is
one of the largest exporters of de-oiled cakes, mowra [mahua, Madhuca (Bassia) latifolia Macb.
Roxb.; M adhuca (Bassia) longifolia Koenig Macb.] is sometimes used as an adulterant.

The presence of saponins (mowrin) in mowra cake affords a convenient method for its
detection provided, however, the saponins are isolated from the carbohydrates and other non
saponins in the cake, which are likely to cause interference. The haemolytic action of saponins
on red blood corpuscles is specific, but this method is not suitable for adoption in all laboratories.

A quick and sensitive method, based on the well known reaction between sapogenins
(mowric acid) and concentrated sulphuric acid, is described for the detection of mowra cake in
oil cakes, such as those of groundnut, linseed and sesame.
© SAC and the author.
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EXPERIMENTAL

Ten grams of the sample, after de-oiling with light petroleum (boiling range 40° to 60° C)
and air-drying, are refluxed with 200 ml of 5 per cent. wIv hydrochloric acid for 30 minutes and
filtered, while hot, through a Buchner funnel fitted with Whatman No.1 filter-paper. The
residue is washed several times with hot water until the washings are colourless (6 to 8 times is
sufficient), followed by acetone and diethyl ether. After drying in an air-oven at 105° C, the
residue and the filter-paper are transferred into a flask, 100 ml of isopropyl alcohol added, and
the contents refluxed for 2 hours on a boiling water bath. The solution is filtered while hot,
and evaporated to dryness on a steam-bath. The extract is boiled for 2 minutes with 10 ml of
5 per cent. wlv trichloroacetic acid solution, cooled and boiled again with 15 ml of 5 per cent.
wlv sodium hydroxide for a further 2 minutes. The solution is cooled, diluted to 25 ml with
water, and filtered. The filtrate is tested by adding 5 drops (0·2 ml) to about 5 ml of concen
trated sulphuric acid contained in a test-tube, by allowing the drops to run down the side of the
tube. The formation of a violet ring at the interface indicates the presence of mowra cake.

At concentrations of 5 per cent. of mowra cake, and above, the violet-coloured ring is
formed almost instantaneously, and is intense. At higher concentrations the colour assumes a
violet - red hue. At lower concentrations, the development of the colour is gradual but it is
distinct (purple or reddish orange) in about 30 seconds, although less intense. The intensity
gradually increases and attains a maximum within about 1 hour. With cakes free from mowra
cake, the ring is almost colourless or light yellow to light yellowish brown. The intensity of the
colour is almost proportional to the amount of mowra cake present and would serve as a means
of determining it quantitatively.

The test proposed in this paper was always found to give a positive reaction with cakes
containing as little as 0·5 per cent. of mowra cake. 'With suitable modifications, such as
reduction of the final volume to 10 ml, instead of 25 ml, the test would respond even at lower
concentrations. For a routine analytical laboratory this could be regarded as sufficiently
sensitive.

First received November 28th, 1966
Amended March 6th, 1967

Book Reviews

PARTICLE SIZE ANALYSIS. pp. VlII + 368. London: The Society for Analytical Chemistry.
1967. Price 147s. net (phIS 5s. postage and packing); $18.25 net (Plus $0.75 postage and
packing).

This book records the Proceedings of a 3-day Conference on the title subject, organised by
the Society for Analytical Chemistry, held at Loughborough University of Technology in September,
1966. There were over 200 delegates to the Conference from thirteen countries. Seventy-four
variants of six basically different methods of size analysis were discussed in twenty-seven papers,
but by far the most important part of the Conference was the excellent discussion, in which all
facets of the subject were probed. A most important point is that all of those taking part in
the discussions were actively engaged in some particular branch of the field under review, either
as users, developers or makers of equipment.

As this review concerns the book rather than the Conference, let me say at once that the
volume is extremely well printed and edited. The illustrations are uniformly produced, and very
clear, and the tabulation avoids this particular reviewer's Mte noire, tables that run on to two
pages, often in reduced type-size, and sometimes printed by a different process from the main
text, giving an untidy set-up, difficult to assimilate into the text. In fact, the only reduced-size
printing is in the discussion, and this greatly adds to the ease with which the book can be read,
as the reader is at once aware, at any point in the book, whether he is reading the main text
or the discussion. With discussions that are sometimes as long as the original papers, this is
a valuable advantage.

The subject matter dealt with in the 360 pages of the book covers the whole field of size
analysis, including optical methods (curiously described as "manual" methods I), automatic
counting, gravity and centrifugal sedimentation methods, and surface measurement. A chapter
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is also included on applications of particle-size analysis, but this is regrettably short, dealing only
with two rather specialised applications (in the ceramic and atomic energy fields). This is a pity
as many would-be readers of the book will perhaps be mainly concerned with the ways in which
accurate particle-size data can be used to improve the control and efficiency of the very many
important processes that involve small particles.

The reviewer is glad to see that not too much time has been devoted to argument concerning
the statistical accuracy of the various methods of size analysis (particularly microscopic counting) ;
instead, a considerable body of accurate test data is put forward for review and criticism. It has
long been the writer's view that equipment makers are too often prone to devote time and energy
to elaborate instrumentation of equipment that is basically wrong (either because it operates
under conditions that invalidate the fundamental physical laws under which it purports to
operate, or because the makers have not been entirely clear which parameters they seek to
measure). In this Conference, the makers and the assessors have come face to face, and the
ensuing discussions, so admirably reported in the book, cannot but be of immense value to would-be
users, either experienced or novice. The latter should not be daunted by the apparent differences
of opinion expressed. The book is not a "popular" treatise on the subject; it is a reasoned presenta
tion of scientific investigation, and, issued under the authority of the Society for Analytical
Chemistry, deserves to be well regarded. Read in conjunction with the review paper on "Classi
fication of Methods for Determining Particle Size," published in The Analyst, 1963, 88, 156), it
provides a very valuable summary of present day development of this important field of
analytical chemistry.

The cry is raised at several points that all of this has been done before. It has-the reviewer
was himself a little sad to see that some of the early "milestones" had toppled, but indeed this
is progress. The very important thing is that the principles enunciated in the early work, namely,
that we must define precisely what we are trying to measure, and follow up with accurate cross
checking, either by ringing the changes on the type of apparatus, or by carefully preparing
multi-model test samples, have been retained.

In any case, it was time for another Conference: it is nearly 30 years since Dr. Heywood
presented his masterly paper on the measurement of the fineness of powdered materials to the
Institution of Mechanical Engineers (Proe. Instn Meek. Engrs, 1938, 140, 257), and 20 years since
the Institution of Chemical Engineers held its Symposium on Particle Size Analysis ("Symposium
on Particle Size Analysis," The Institution of Chemical Engineers, London, 1947). The Proceedings
of this Conference was a "best-seller" and, in fact, should still be read in conjunction with the
present volume. Closely associated as the reviewer was with the early work, he is happy to say
that the present book is even better. Although its price is high (7 guineas), it represents the
distillation of thousands of pounds' worth of work, done under the best possible conditions, and will
provide a satisfactory vade meeum for at least a decade, by which time one can expect that the
application side will have developed to the extent that automatic determination of particle-size
analysis will play an important rOle in computer control of the ever-larger unit process now
becoming a common feature of our industry. This book will provide a good introduction to the
techniques likely to be involved, and should be on every chemical engineer's and chemist's
bookshelf. C. J. STAIRMAND

PAPER CHROMATOGRAPHY AND ELECTROPHORESIS. Volume 1. By GUNTHER ZWEIG and JOHN
R. WHITAKER. ELECTROPHORESIS IN STABILIZING MEDIA. Pp. xiv + 420. New York
and London: Academic Press. 1967. Price 132s.

This is the first volume of a comprehensive two-volume work on paper chromatography and
electrophoresis in stabilising media, intended to supersede the well known "Manual of Paper
Chromatography and Paper Electrophoresis," by R. J. Block, E. L. Durrum and G. Zweig, the
second edition of which appeared in 1958.

The rapid advances in this field since then made a complete revision and a great expansion
of the text imperative. The inclusion of many stabilising media, other than paper, and the extension
of applications of the technique to a much greater variety of compounds than before, largely
account for the size of the present volume.

The opening chapter deals with theoretical considerations, types of stabilising media, apparatus
and basic techniques, including application of sample, detection of components and quantitative
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analysis. Although written in a style as economic and concise as possible, there is sufficient infor
mation on each topic to enable the reader to acquire a good understanding of the pertinent theories
and facts.

The following six chapters cover all the important applications, dealing systematically with
a great variety of compounds, such as amines, amino-acids, peptides, proteins, nucleic acids and
derivatives, carbohydrates, organic acids, alkaloids, antibiotics and steroids.

The final chapter, describing the electrophoresis of inorganic ions, is particularly useful in
drawing attention to a surprisingly little used, yet potentially very powerful, method.

The references throughout the book are well up-to-date and the indexes quite satisfactory.
It can be confidently predicted that this volume, competently written and well endowed

with suitable diagrams and tables, will form a welcome addition to every chemical library.
D. GROSS

ADVANCES IN ELECTROCHEMISTRY AND ELECTROCHEMICAL ENGINEERING. Volume 5. Electro
chemical Engineering. Edited by CHARLES W. TOBIAS. pp. xii + 325. New York, London
and Sydney: Interscience Publishers, a division of John Wiley & Sons Inc. 1967. Price 116s.

The fifth volume of this series of books intended for the research worker is a worthy companion
to the excellent ones already published. This volume bears the important sub-title "Electro
chemical Engineering" and contains five authoritative reviews of processes and properties that
are, or are likely to become, of technological value.

In the first review entitled "The Nickel Cadmium Cell," by P. C. Milner and U. B. Thomas,
there is a comprehensive survey of the scientific and technological information on all aspects of
this important cell. Not only do the authors discuss the charge - discharge cycles of both elec
trodes, but also the properties of the electrolyte, and the design and construction of both open
and sealed cells. The authors could well have treated the wealth of information more critically,
but nonetheless the review remains of great value.

J. Newman in "Transport Processes" deals with mass transport in electrolyte solutions in
terms of the macroscopic theory of electrolytes, but although the subject is worked through in
vector notation, it is well written and can be easily read and so provides a very thorough basis
for the solution of important diffusion problems in dilute and concentrated electrolytes.

. In their review of "The Transport Properties of Fused Salts," G. J. Janz and R. D. Reeve
tabulate the most reliable data for density, electrical conductivity and viscosity, together with
electrical transport and self-diffusion data for many single molten salts, some binary and a few
ternary mixtures. All of the data for single salts are analysed in terms of the most generally
acceptable equation for each property. The tables, which constitute the bulk of the review, are
prefaced by a critical and well referenced account of methods of measurement, and a brief treatment
of the basic concepts of fused-salt electrolytes.

A. Brenner, in a review entitled "Electrolysis of Non-aqueous Systems," may mislead the
reader, as he deals almost exclusively with the electrodeposition of metals from organic solutions.
Although the review summarises the literature, there is no attempt to support the phenomeno
logical approach with any basic principles, and seldom is there any mention of any property apart
from electrodeposit quality. This review has become a rather boring catalogue.

The final review, "Electrodeposition of Alloys," by K. M. Gorbunova and Y. M. Polukarov,
is an excellent account of the theoretical basis of the subject, bearing in mind that there is already
a review of the practical aspects, which was published in 1963 (A. Brenner, "Electrodeposition of
Alloys"). The authors have treated the subject carefully and have drawn several interesting
conclusions concerning the structure of electrodeposited alloys.

This book should prove invaluable to workers in any of the fields reviewed, but its general
interest to analysts must, of necessity, be limited. Like so many specialist publications its price
seems unreasonably high. R. D. GILES
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CLASSIFIED ADVERTISEMENTS
The rate for dassified advertisements is 75. a line (or space
equivalmt of a lint) fi1th an extra char~e of 2s. for the
use of a Box Number. Semi-displayed classified

adve,tisements are 80s. for sin!{le-colllm,~ inch.

Copy required not later Utan the 8th of the month pre
ceding dalt of publicah"on u·Jzich is on the 16th of each
month. Advertisements should be addressed to
]. A,tll", Cook, 9 Lloyd Square, Lo"do", W.C.1

Tel.: 01·837 6315.

LECTURES AND COURSES

CHELSEA COLLEGE OF SCIENCE AND TECH:-<OLOGY

(University of London)

M.Sc. COURSE IN ANALYTICAL CHEMISTRY

Applications arc invited from graduates, or persons with equivalent
qualifications, for admission to the University of London M.Sc.
Course in Analytical Chemistry at Chelsea College, conullrncing on
30th September, ) 968.

The full-time courst" is for one cah'ndar Yf'ar and consists of
lectures, tutorials, laboratory work (including a research project)
and the presentation of a report. Well-qualified candidates working
in industry can be accepted on a part· time basis of one whole day
per week for not less than two calendar years.

In special cirCuIIlstancps, candidates who do not qualify for l\LSc.
registration can b€' registered for the Diploma of Chelsea College.

The course has been approved by the Science Hescarch Council for
the award of Advanced Course Studentship5 to a number of suitably
qualified s tud€'n ts.

Further details can be obtailled from the Secretary, Department
of Chemistry, Chdsea COII('gl~ of Scienc(' ami Technology, IHanrcsa
Road, Londotl, S.W.3, from whom application forms may also be
obtained.

FOR SALE

UILGER UVISPE h:, Model H 700.302, with quartz prism and H740
J..&d,ilfuse reflectanc{" attachmellt. Price: l..':WU.

Apply:]. Rundpll, Tate & Lyle Research Centre, 1':('5ton, Kent,
BR2.6H]. Tel: Farnborough :;23~4.

APPOINTMENTS VACANT

.&. KALYST requirNl by Public Analyst j Consultant. Graci. Rl.e.
I'lor equivaknt d('grt>e {'Sscntial. Prden-nce ~iv('n to lIlall with
experience in a similar laooratory, but consideration would be given
to a graduate with no {'xpc-riencl-.

For a young man who is prepared to aim at th(' R.I.e. Diploma in
Brmch E, thrre arc exrellen t prosp<'cts of a worthwhile career in an
expanding Laboratory.

Full details of l'ducatioH and cxpcri{'l\ce to Dr. \\'ood, Clarence
House, Clarence Road, Norwich, 1'\OR. 29T.

ASSISTANT ANALYST required for Analytical Department of
the Faculty of ARriculture, ONCI'A' level Chemistry/Maths.

Experience of agricultural analysis and/or instrumental and auto~

lilted analysis preferred. Salary scale £U83-£!l68 p.a. Prospects
of promotion and facilities for further study. Apply in writing,
quoting T.59, to Assistant Bursar (Personnel), University of Reading,
Reading.

pUBLIC AJ\ALYST AND CONSULTA;o.;T requires Chid Assistant
and Deputy. Applicants must be Qualified B.Sc.lA.H.. I.e. and

preferably possess Branch E diploma although considt~rationgiven to
ClDdidates proposing to take this examination. Generous initial salary
dependent on qualifications and experience; excellent prospects.
Applications to J. A. Palgrave, 16, SOllthwark Street, London, S.E.l.
814012067.

BRITISH PHARMACOPOEIA COMMISSION
SCIENTIFIC ASSISTANT

Applications art' invitc<t fronl chemistry or pllannacy graduat{'5 for
'WOintment as Scientific Assistant to work in the Commission's
Wxntory on the investigation of methods and specifications for thc
DDdarditatk,n ')f pharmaceutical products.

Commencing s·llary within the range of £996 to £1,590 accordillg to
lit, qu;Ji6:catio~s, and C'xperience.

Applications, marked 'Appointment' and gi\iing full details, to The
Secretary, British Pharmacopcx."ia Commission, 8 Bulstrode Street,
1Ilndon, \V.l.

PARTICLE SIZE
ANALYSIS

This book contains 27 papers ranging
widely over the many basically
different methods used in sizing
particles: manual counting methods
(4 papers). automatic counting
methods (5 papers). sedimentation
methods (6 papers). centrifugal
sedimentation methods (4 papers).
surface area measurements (4 papers) •
two papers each on general subjects
and on applications of Particle Size
Analysis.

All papers were selected for
originality of the work reported, and
were originally contributed to a
Conference on Particle Size Analysis,
organised by The Society for
Analytical Chemistry and held at
Loughborough University of Tech
nology in September. 1966. The
subsequent animated discussions of
the papers added materially to their
value and are all included in this
volume.

Published July 1967

Pp. viii + 368

Price: £7 7s. Od. net
plus 5s. post & packing

($21.00 net plus $1.00 post &
packing for U.S.A.)

Obtainable from

BOOK DEPARTMENT.

SOCIETY FOR ANALYTICAL
CHEMISTRY,

9/10 SAVILE Row,

LONDON. W.1.
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Advances in Chemistry Series

A two-day course on

THE UNIVERSITY OF MANCHESTER
INSTITUTE OF SCIENCE AND TECHNOLOGY

THE APPLICATION OF NUCLEAR
AND ELECTRO-CHEMICAL METHODS
TO ANALYTICAL CHEMISTRY
will be held in the Institute

on Tuesday and Wednesday, 26th and 27th March 1968
The course will deal with the application of very recent techniques to both organic and inorganic
systems.
The lecturers will include Professor Louis Meites of Brooklyn. Dr. Petr Zuman of Prague.
Dr. Reynolds. Dr. Kakabadse. Dr. Smales. Dr. Gibbons. Dr. Gibb. and Mr. Heslop.
The fee for the course is £6. Accommodation will be available in a Hall of Residence at a
reasonable add itional charge.
Further particulars and forms of application can be obtained from the Registrar. The University
of Manchester Institute of Science and Technology. P.O. Box No. 88. Manchester I.

CITY OF EDINBURGH
HEALTH & SOCIAL SERVICES DEPARTMENT

DEPUTE CITY ANALYST
Applications are invited from persons

qualified in accordance with Public
Analyst (Scotland) Regulations 1956 or
the equivalent English qualification, for
the post of Depute City Analyst and
Depute Agricultural Analyst. The post
is permanent and pensionable and
subject to a medical examination by
City's Medical Referee. Salary scale
£2,305 to £2,625 per annum. Assist
ance towards removal expenses will be
paid. Applications giving full personal
particulars, qualifications and experi
ence, with the names and addresses of
three referees, to the Medical Officer of
Health, Johnston Terrace, Edinburgh 1,
within 14 days of this Advertisement.
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G. D. Searle & Co. Ltd.
MAKERS OF ETHICAL PHARMACEUTICALS

have a vacancy for a

Gas
Chromatographer

We invite applications from suitably qualified Chemists for a
new post in the Analytical Development Section of our
Analytical Department. Applicants should have a good basic
knowledge of gas/liquid chromatography and its application
to analytical problems. We will shortly expand our chromoto
graphic facilities and the person appointed will have two
instruments available as a basis for the section.
The work is mainly in the steroid field but a wide range of
other materials need to be studied.
The successful candidate will probably be a graduate but in
assessing applications great importance will be given to
relevant experience. The company has a fine record of
expansion and we can offer good long term prospects to a
suitable person.
Salary, benefits and working conditions are excellent.
Please write, giving brief details of experience, background
and educalion 10:-

The Personnel Manager,
G. D. Searle & Co. Ltd••

Lane End Road,
Hlgh Wycombe, Bucks.

SEARLE
Research in the Service of Medicine

xv

The Development Laboratories of this world-wide organisation have recently been established in a
newly built unit at Moreton, Cheshire. The work of these laboratories covers all research aspects
of pharmaceutical development.

SECTION LEADER-ANALYTICAL CHEMISTRY
A graduate Chemist is required with extensive experience in the stability analysis and quality
control of pharmaceutical materials. A well developed appreciation of the problems of formulation
development is essential. The person appointed must be capable of liaising with other laboratory
groups.
Excellent working conditions. Fringe benefits include non-contributory Pension and Life Assurance
Scheme.

Apply giving brief details to:-
PERSONNEL OFFICER, E. R. SQUIBB & SONS LIMITED,

REEDS LANE, MORETON, WIRRAL, CHESHIRE.
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Senior Development Analyst
up to £2000 per annum

a
ABBOTT

This vacancy which has occurred as the result of internal promotion is
suitable for someone with not less than 2 years' experience in analytical
development, preferably in the pharmaceutical field. Candidates should
possess a good degree in chemistry or pharmacy or be an associate member
of the R.LC. An inventive mind coupled with a keen commercial appre
ciation would be useful attributes.
The person filling the appointment will be more interested in bench work
than in administration and be responsible to the Head of the Technical
Division for the development of stability and control assay procedures on
new and existing products.
The company is a member of an international group of pharmaceutical and
fine chemical manufacturers located on the north Kent coast.
Excellent terms and conditions of employment include a modern pension
scheme and assistance with removal expenses.

Apply in writing giving brief details of qualifications and experience and
quoting reference LA.52 to the
PertlOnDeJ Manager, Abbott Laboratories IJmited, Queenborougb, Kent.

The Research and Development laboratories of the Beecham Group responsible for formulating and
developing a very wide range of toiletry and cosmetic products for world markets seek to engage a

RESEARCH ANALYST
As the senior analytical chemist in a team of seven responsible to the Chief Research Analyst, he

must be technically qualified and have practical analytical experience in industry. He will be expected
to show initial interest in product formulation, and to have the initiative to apply his own ideas to
analytical problems.

The appointment carries non-contributory pension/life assurance and profit participation. Candidates
should apply to the Personnel Manager (Research & Development). Beecham Products (U.K.), Beecham
House, Brentford. Middlesex.

REPRINTS OF REVIEW PAPER from The Analyst-Now available

"Industrial Gas Analysis." by (the late) H. N. Wilson and G. M. S. Duff (December, 1967)
36 pp. Price 7s. 6d. (post frec) l{emittance with order

From The Society for Analytical Chemistry, Book Department, 9/10 Savile Row, London, W.I



March, 1968J THE ANALYST xvii

plug in for "2
ULTRA- PURE HYDROGEN
at the flick of a switch
with the GASPAI<- H
INEXPENSIVE NO CYLINDERS NO PURIFICATION TRAIN
The GASPAK·H is a portable hydrogen SOurce generating low cost, ultra·pure
hydrogen from water electrolytically,
Requires only water and electricity to provide up to 50 litres of hydrogen per
Kw hr with pressures up to 100p.s.i. and controlled flows of up to 150ml.per min
Ideal for laboratory experiments. chromatography, liquefaction, controlled
atmosphere processes. analysis, etc,

The GASPAK·H is:-
compact occupies only one square foot of bench space

safe eliminates danger of large amounts of high pressure stored
convenient connects to mains water supply Or may be run from its own

internal reservoir

METALS RESEARCH LIMITED
Melbourn Royston Herts England tel: Melbourn (Cambs) 611

ACCURATE
filTRATION
If you use filter papers make sure
you are in fact using the best for
your specific needs.

Send for Free Brochure containing
Ifull specifications, and price list.

Write for Price List N.G.43

J. BAReHAM GREEN LTD.
HAYLE MILL. MAIDSTONE. KENT

BUREAU OF ANALYSED
SAMPLES LTD.

suppliers of

BRITISH CHEMICAL & SPECTROGRAPHIC
STANDARD SAMPLES

Offer a range of over 100 Cbemical
Standards, including Carbon and Al10y
Steels, Cast Irons, Ferro-Alloys, Slags,
Ores, Refractories, and a number of
Non-Ferrous Alloys, and High Purity
Metals and also a Thermochemical
Standard of Benzoic Acid.
Spectrographic Standards now available
include a Mild Steel Residual Series, Low
Alloy Steels, Austenitic and Ferritic Stain
less Steels, High-Speed Steels, Nodular
Irons and two steel setting-up samples for
direct reading spectographs.

For full particulars of these samples send
for a copy of List No. 414 (March, 1966)

NEWHAM HALL. NEWBY,
MIDDLESBROUGH. ENGLAND

Telephone: Middl..brourh (S.T.D. OMH2) 372/6
TeJerrams: "Standards Middlesbrough U
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or

PLUS
The LABORATORY
GUIDE, separately bound
and mailed in July. This
publication contains in
formation on laboratory
equipment and services,
chemicals and services
including research chem
icals not yet commercial
ized, and their manufac
turers and suppliers. One
year of ANALYTICAL
CHEMISTRY, inclUding
12 monthly issues, the
Analytical Reviews, and
the Laboratory Guide,
costs only $18.50 in
cluding postage - or
only $7.50 for American
Chemical Society mem
bers. Slightly lower post
age applies for the Pan
American Union, Canada,
and Spain.

W. Hefter & Sons Limited
Booksellers, Cambridge,
England

Send your order to

AMERICAN CHEMICAL
SOCIETY
Dept. AN-·68
1155 Sixteenth St., N.W.
Washington, D. C. 20036,
U. S. A.

MONTHLY These reviews are pre
Scientific papers which pared by authorities and
give original research a~e ~upport~d by detailed
findings in all phases of bibliographies.
measurements on chem-
ical systems. Included
are contributions on such
analytical operations as
sampling, preliminary
chemical reactions, sep
arations, instrumentation,
data collection, and data
processing.

PLUS
1969 ANALYTICAL RE
VIEWS. Issued in April,
the 1969 Review Issue will
present critical reviews of
significant developments
in analytical applications
over the previous two
years. The wide array of
applications covered in
cludes air pollution· clin
ical chemistry· coatings
• essential oils· fertilizers
• food • ferrous and non
ferrous metallurgy· p.esti
cide residues· petroleum
• pharmaceuticals • rub
ber • solid and gaseous
fuels· water analysis.

Special Reports
Critical Book Reviews
Editorial Comments
Information on:

Meetings and technical
courses

Interesting laboratories
Trends in instrumentation
Commercially available

instruments, chemicals,
and laboratory
equipment

The Internationally
RecOgnized

ANALYTICAL
CHEMISTRY
presents lor
1969:
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a distinctive label for a
distinguished range . ..

the new word for ultra-purity
B0 H presents,

for critical applications in research and analysis, the
first items of a new range of chemicals of the most
advanced standards of purity. Specifications show
impurity limits expressed in parts per thousand million.
The following initial range of 'ARISTAR' materials
includes those previously designated electronic grade:

ACETIC ACID . ACETONE' AMMONIA SOLUTION
BROMINE ' ETHANOL ' HYDROCHLORIC ACID
HYDROFLUORIC ACID· METHANOL· NITRIC ACID
PERCHLORIC ACID PROPAN-2-0L
SULPHURIC ACID TRICHLORO-ETHYLENE
XYLENE

Literature showing full specifications will gladly be
supplied on request,

THE BRITISH DRU G HOUSES LTD.
BDH LABORATORY CHEMICALS DIVISION
POOLE DORSET
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Loughborough, Leicestershire. Telephone: 050-93 5781

Only suckers don't fall for
these pipetting systems

(probably because they enjoy an occasional mouthful)

Fisons Scientific Apparatus Limited

With them anyone can do a wet chemical analysis ... to the accuracy of a
Class A pipette ... and in under half the time it normally takes. These are the

Fisons systems for automatic dispensing and diluting which incorporate
the unique Fisons Handset. Being automatic the accuracy doesn't depend on the

time of day or the ski1l of the analyst. It's very much simpler than using
conventional fragile pipettes. The analyst simply presses a button on the end of Ute

'hand set'. for each step and the analysis is performed - using the
right amounts-in sequence. It's impossible to go wrong.

To provide maximum bench area the auto syringe units are mounted ~ •
under the bench. If you're performing any routine analysis, like

blood urea, sodium and potassium and blood glucose, take a look at the
Fisons systems. In fact get in touch right away, tell us the analysis you're doing

and we'll quote you by return of post. A Fisons system isn't expensive
prices start at around £100. In fact it's wen worth while installing

just one dispenser or diluter to make routine operations easier.

~FSA4Mb

SUBSCRIPTION RATES
(other than for Members of the Society)

Subscriptions to The Analyst, including Analytical Abstracts,
should be sent through a Bookseller or direct to

W. HEFFER & SONS LTD., CAMBRIDGE, ENGLAND

Subscription Rates: The Analyst, Analytical Abstracts and indexes,
£15 per annum, post free

The Analyst, with Analytical Abstracts printed on one side of the paper
(without index), £15 ISs. per annum

The Analyst, with Analytical Abstracts printed on one side of the paper
(with index), £17 lOs. per annum

Subscriptions are NOT accepted for The Analyst alone

N.B.-Members send their subscriptions to the Han. Treasurer.

Single copies £ I lOs.
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Normex·
FOR TITRATED SOLUTIONS
FOR. BUFFER SOLUTIONS
The requirements of Modern Analytical technl·
ques have created the need for standardized
and buffer solutions of absolute confldence
and convenl!!nt to use.
The problem has been solved with Carlo Erba
Normex CQncentrated solutions that, diluted
with distilled water, produce standardized so
lutions of high ac.curacy. The rigorous and
technically advanced methods employed In
their preparation guarantee an excellent· sta.
bllity. Packed in sealed glass or pollethylene
ampoules they can keep Indennltely without
deterioration.
The wide range of .. Normex • solutions ena·
bles the scientist to carry out easily the most
widely differing volumetric analyses. Each
pack carries full Instructions on their use.

eCARLO ERDA]
DIVISIONE CHI MICA INDUSTRIALE
Via Carlo Imbonatl 24 - I 20158 Milano
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Does Energy Data InterestYou?
Nearly every operation in industry and in research in
volves an energy change. How many of the tasks in
your field have to do with a change in heat?

A change that may mean you want to measure Heat of
Solution, Heat of Adsorption, Heat of Reaction, Heat
of Combustion, Heat of Vaporization, Heat of Dilution,
Heat of Mixing, Specific Heat of Solutions and so on.
Did you know that you could carry out all these mea
surements with ONE instrument. You can, with

The lKB Precision Calorimetry System
lKB8700
The most versatile instrument available for calorimetric
measurement today. Our research team have incorpo
rated in one system the following calorimeters:

General Purpose and Solution. Titration· Heat of Vap
orization . Closed-Bomb Reaction . An adiabatic con-,
trol unit for the study of slow reactions· Rotati ng Bomb:
for Heat of Combustion.
Whatever your interest in chemical and physical re
search, Government. University, Industry, Space Re
search, National Defence; whatever your end-product
chemicals, oil, rubber, telephones or motor cars, phar
maceuticals or scientific instruments, somewhere along
the line you will find you need the LKB Precision Calori
metry System to provide you with accurate thermo
chemical data.

Write today for full information on this instrument that
brings you instantly a complete range of calorimeters;
just plug in and choose which one will meet the require
ments of the energy change you want to measure.

IIILKB INSTRUMENTS LTD. • LKB HOUSE.
~ 232 Addington Road • S. Croydon, Surrey. CR2 aYD • TEL: SANderstead 01-657-0286

~ HQ LKB-PRODUKTER AB STOCKHOLM, SWEDEN
INTERNATIONAL SUBSIDIARIES: WASHINGTON. THE HAGUE. COPENHAGEN, VIENNA, STOCKHOLM



More and more of the country's leading research and
development laboratories are finding distinct advantages
in using JMM Hydrogen Diffusion Units, for they afford
the simplest and cheapest means of obtaining hydrogen of
the highest possible degree of purity.
Simply by installing one of these units you will never
again need to worry about the effect on your processes of

I
the impurities present in some commercial grades of
hydrogen.
A.I Diffusion Units, producing up to 40 litres per hour of

I
Ultra-pure hydrogen, are ideal for general laboratory work,
including catalytic hydrogenations and gaschromatognphy.

,

The higher output rate of A.5 Diffusion Units, 150 litres
per hour, makes them particularly suitable for use in
small-scale production units in such applications as the
heat treatment of metals and semiconductor materials.

Operation of the units is simple-they only require con
necting to a 220/250 volt a.c. supply, via a power
regulator, and to a hydrogen cylinder. Each unit is 22 in.
(56 cm) high, weighs under 15 Ib (7 kg) and is supplied
on a retort stand.

Write today for full technical information.

M Hydrogen Diffusion Units

ptF 771

JOHNSON MATTHEY METALS
81 Hatton Garden, London, E.C.1 Telephone: 01·405 6989
Vil/oria Street, Birmingham 1 Telephone: 021-236 8004
75 Eyre Street, Sheffield 1 Telephone: 23121

LIMITED
Telex: 21465
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