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DETERMINATION OF GOLD BY X-RAY
FLUORESCENCE METHODS

A. CHOW and F. E. BEAMISH
Department of Chemistry, University of Toronto, Toronto 5, Canada

(Received 8 October 1965. Accepted 10 December 1965)

Summary-X-ray fluorescence methods for the determination of gold
in silver beads and in hydrochloric acid solutions are described. These
techniques may be applied to silver containing 0'2-5 %of gold and to
solutions containing 0·004-0·1 % of gOld. Platinum, palladium,
rhodium and iridium do not interfere.

THE use of X-ray fluorescence methods for the determination of metals is well estab­
lished for all but the lightest elements.1 These techniques are rapid, and because the
sample is not destroyed a comparison of accuracy and precision with other methods
can be made. Furthermore, accuracy and precision can be increased by repeated or
prolonged counting intervals.

Although gold has been determined by the complete range ofanalytical techniques,
very little has been reported on its determination by X-ray fluorescence methods.
Strasheim and Wybenga2 determined platinum, gold and iridium in small quantities
in solutions of matte, using a correction factor for platinum and a ratio method for
gold and iridium. Although the results obtained agreed with values obtained by
chemical methods, the latter are not described.

This report describes procedures used for the determination ofgold, and gold in the
presence of platinum metals in hydrochloric acid solutions and of gold in silver assay
beads. The determination of gold in acidic solution provides a rapid and accurate
alternative to spectrophotometric and titrimetric methods and there is the significant
advantage that platinum metals do not interfere appreciably.

The determination of gold in silver beads is of particular interest to those using
fire assay procedures. A common method for determining milligram amounts of gold
in silver beads includes parting with acids, filtration and heating before weighing.
For microgram amounts of gold in silver, dissolution and spectrophotometric deter­
minations are usually required. A necessary condition for the application of X-ray
fluorescence to silver-gold beads is the homogeneous distribution of gold in the silver.
In general, gold-silver alloys are considered to be solid solutions, but because of the
specific conditions required for the preparation of assay beads the homogeneity of
the latter was investigated by irradiating several locations on both surfaces of a few
foils produced by rolling the beads.

EXPERIMENTAL
Apparatus

Philips Universal Vacuum X-ray spectrograph equipped with a tungsten target X-ray tube
Beckman Model B spectrophotometer
William and Wilson 20 KW electric furnace
Cupels supplied by A. P. Green Co. (Weston, Ontario, Canada)
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Determination of gold by X-ray fluorescence methods 541

TABLE I.-DETERMINATION OF GOLD IN SOLUTION

Concentration Aliquot P.H.A. Pt metals added Intensity, Average, At
of gold, ppm used, ml used cps A*

0 2·0 No No 1958
100 2·0 No No 2241 2·83
200 2·0 No No 2513 2'78
300 2·0 No No 2727 2·56
400 2·0 No No 2967 2·52
500 2·0 No No 3255 2'59 2·66 ± 0'12

0 5'0 No No 2685
40 5·0 No No 2799 2-85
80 5·0 No No 2904 2·74

120 5·0 No No 3028 2-86
160 5'0 No No 3149 2'90
200 5·0 No No 3246 2·81 2·83 ± 0·046

0 5·0 No No 2620
200 5·0 No No 3260 3·20
400 5'0 No No 3890 3·18
600 5·0 No No 4495 3·13
800 5·0 No No 5100 3·10

1000 5'0 No No 5695 3·08
2000 5·0 No No 8520 2·95 3·11 ± 0·063

0 5·0 Yes No 1899
40 5·0 Yes No 2026 3·18
80 5·0 Yes No 2135 2'95

120 5'0 Yes No 2259 3·00
160 5·0 Yes No 2382 3'02
200 5'0 Yes No 2488 2·95 3'02 ± 0·064

0 15·0 No No 2371
400 15'0 No No 3371 2·50
400 15·0 No Pt 3369 2·49
400 15·0 No Pd 3341 2·43
400 15'0 No Rh 3356 2-46
400 15·0 No Ir 3316 2·36
400 15·0 No Pt, Pd 3365 2·49 2'45 ± 0·04

Rh,Ir

* A is the difference in count rate between sample and blank, divided by concentration.
t Average value of A ± average deviation.

Gold in silver beads was determined under conditions similar to those used for
gold in solution. The L{JI gold line at (31'19°, 26) (lithium fluoride crystal) W<1~ used
for counting and the same power settings were used. The use of a blank eliminated
changing the goniometer setting for a set of samples, and avoided adjustment errors
and interference from impurities in the reagents.

Gold-silver beads weighing 100, 25, 12 and 8 mg were prepared. For the larger
amounts of gold, gold powder was weighed directly on a microbalance and transferred
to a boat made from 6 X 6 in. lead foil. For smaller amounts of gold, an aliquot of
gold solution was added to the lead boat and the liquid was evaporated in a steam
cabinet. For all samples, silver powder was added and the lead boat carefully folded.
The artificial lead buttons containing gold and silver were cupelled at 9800 on pre­
heated #8 S.A. cupels. Preliminary cupellation tests showed no loss of gold powder
and only insignificant losses for low concentrations of evaporated gold solution.
Silver losses on cupellation were appreciable and varied because of differences in
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TABLE It-DETERMINATION OF GOLD IN SILVER

Determination of gold

Gravi- Liquid
Weight of Weight of Gold, Intensity, Average, metric, Colorimetric, X-ray,
bead, mg gold, mg % cps A* At mg mg mg

1l0·0 0 0 19506
88·3 0·080 0·091 206·8 123~ 0'080

124'1 0·202 0'163 226'0 186:1: 0'195
127·0 0·276 0·217 243·6 221 0·276

82·4 0·412 0·500 310·0 228 0'412
159·0 0·534 0·336 273·4 231 0·504
123·4 0·583 0·472 298·0 217 0·563
117·9 0·711 0·603 327·0 218 0'709
86·6 0·775 0·895 401·4 230 0·770

122·4 0·912 0·745 358·2 218 0'893
107·5 1·070 0'995 433-8 239 1-07 H2 HO
139·7 1·258 0·901 409·0 237 1·25
109'2 1·640 1'50 553·2 238 1·61

95·9 HOO H9 713·6 237 1·88 2·09 1·87
137·7 3·512 2·55 799·2 237 3·41 3·56 3·53

86'9 4·273 4'92 1379·2 241 4·03 4·27 4'15
114·5 5·180 4·52 1239·6 231 4·58 4·71 4·76
158·3 7·444 4'70 1274·4 230 7·44 7-38 7'18
115'1 9·470 8·23 2048·2 225 230 ± 6·5 10·32 9·35 9·63
101'9S 0·740 0·726 370·6 241
109'911 1·020 0·928 417-7 239
11204,,- 0·909 0·809 409·5 264~
103,7** 0·804 0·775 368·2 223 234 ± 8

12·3 0 0 159·8
1l·0 0·021 0·191 176·1 85·3 0·0209
14'1 0·021 0'149 171-3 77'2 0'0233
12·1 0·042 0·347 195·7 103·5 0·0433
13-1 0·042 0·321 185·9 81·3 0·0433
13·8 0·063 0'457 204'8 98·5 0·0625
11·9 0·063 0·529 21l·8 98·3 0·0630
1l·5 0·084 0·730 223'1 86'7 0·0840
1l'5 0·084 0'730 226·4 91',2 0·0830
12·7 0·126 0·992 249·0 89·9 0·123
1l·4 0·126 HI 258'6 89'4 0'122
12·6 0·189 1·50 297-3 91·7 0·181
1l·9 0·189 1·59 300·6 88·6 90·1 ± 5·4 0'179
8·01 0 0 159·5
6·46 0·042 0·650 220·6 94·0 0·0415
8·80 0·084 0·955 255·6 100·6 0·0810
8·72 0·126 1·444 298·6 96·3 97·0 ± 2·4 0·120

29·8 0 0 193·0
25'7 0·042 0'163 234·6 255 0·0402
26·3 0·084 0·319 275·4 258 0·0805
27·3 0·126 0·462 312·0 257 257 ± 1·0 0'126

* A is the difference in count rate between sample and blank, divided by the concentration.
t Average value of A ± average deviation.
+ This value of A not included in average.+
§ Contains 1 mg of Pt.
II Contains 1 mg of Pd., Contains 1 mg of Rh.
** Contains 1 mg of Ir.
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TABLE I.-VISUAL INDICATORS FOR TITRATION OF
mON(III) WITH VANADWM(II)

Vanadium(II), mmoles

Indicator used
Present Found

Neutral Red

Phenosafranine

Safranine-T

0·1998

0·3996

0·4994

0·1998

0·3996

0·4994

0·1998

0·3996

0-4994

0·1989

0·3997

0'4999

0'1989

0·3997

0·4999

0·1989

0·3997

0·4999

u: 0·5

::E
w 0·4

8

01-------------*---------------

0·1

0·3-

131
1.2~f:
1.1__ ~!l:8
1·0

O.9~X_X_X

...x,~
X

0·7

0·6

0·2

-0·1-

-0·2

>

4 6 8 9 10

Vanadium II solution added, ml

A-iron(III)
B-iron(III) + cerium(IV)

FIG. I.-Potentiometric titrations with vanadium(II) solution, using platinum and
calomel electrodes:-

C-iron(III) + chromium(VI)
D-iron(III) + vanadium(V)
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colour. The titre corresponds to the simultaneous reduction of iron(III) and the other oxidising agent
and to a two-electron change in the case of vanadium(II). Take another aliquot of the mixture and
add sulphuric acid (12N) so as to make the overall acidity to about 6N. Now add 2 to 3 drops of N-
phenylanthranilic acid indicator and bubble carbon dioxide through for about 10 min. Titrate the
solution slowly to the green colour. The end-point corresponds to the reduction of cerium(IV),
chromium(VI) or vanadium(V) only and to a two-electron change in the case of vanadium(II). A
few results are given in Table IV. '

TABLE IV.-VISUAL AND POTENTIOMETRIC TITRATIONS OF MIXTURES OF CERlUM(IV)
AND IRON(III), CHROMIUM(VI) AND IRON(III) AND VANADWM(V) AND IRON(III)

WITH vANADlUM(II)

First component, mmoles Second component, mmoles

Mixture Taken Found Taken Found

Potentio- Potentio-
Visually metrically Visually metrically

Cerium(IV) 1·0960 1·0980 1·0890 0·4755 0·4783 0·4750
and (by first

iron(III) break)
1'0920

(by second
break)

Cerium(IY) 0·5545 0'5544 0·5511 0·9510 0·9511 0'9479
and (by first

iron(III) break)
0·5522

(by second
break)

Cerium(IV) 0·5545 0·5544 0·5576 0·4755 0·4783 0·4783
and (by first

iron(III) break
0·5565

(by second
break)

Chromium(VI) 0·0833 0·0833 0·0836 0-4755 0-4760 0·4760
and

iron(III)

Chromium(VI) 0·1666 0·1666 0·1666 0·4755 0·4760 0·4784
and

iron(III)
Yanadium(V) 0·5355 0·5355 0·5331 0·9510 0·9520 0·9570

and
iron(III)

Yanadium(V) 0·5355 0·5355 0·5331 0·4755 0·4760 0·4760
and

iron(III)

Potentiometrically. When the mixture of cerium(IV) and iron(III) was titrated against vana­
dium(II) solution potentiometrically, three potential breaks were obtained, the first corresponding to
the oxidation of vanadium(II) to vanadium(Y) by the cerium(IV) present, the second to the reduction
of vanadium(V) formed to vanadium(IV) and the third to the reduction of iron(III). The potential
break in the first case was about 140 mY, in the second case about 30 mV and in the third case about
80 mV per 0·05 ml of vanadium(II) solution. When the mixtures of chromium(VI) and iron(III) and
vanadium(Y) and iron(III) were titrated, only two breaks were obtained, the first corresponding to
the reduction of chromium(VI) or vanadium(V) and the second to the reduction of iron(lII) and to
the two-electron change in the case of vanadium(II). The potential breaks in the reduction of
chromium(VI) and vanadium(V) were about 30 mV and 50 mV per 0·05 ml of vanadium(II), respec­
tively. It was thus possible to estimate both the components of these binary mixtures with one









Nickel and palladium dimethylglyoximates

CH 3 CH 3

I I /OH
C=O C=N

I +H2NOH------.~ I (I)
-H20

O=C O=C

I I
CH3 CH3

553

CH 3 CH3

I /OH I /OH
C==N C==N

I +H,NOH ------.. I
O=C -H20 N=C

I HO/ I
CH 3 CH 3

(21

FIG. 1.-The precipitation of palladium and nickel dimethylglyoximates
from homogeneous solution-a simplified mechanism.

Because there are two major independent paths by which nickel dimethylglyoximate
is produced, one observes two nucleation bursts. [If one starts with biacetyl monox­
ime instead of biacetyl, i.e., the reaction sequence numbers (6)-{7), one observes
but one nucleation burst because there is only one path by which nickel dimethyl­
glyoximate is formed. The intermediate 12 apparently does not react with nickel so
that the mechanism is simpler in the previous case.]

Analytical methodfor nickel
In devising the analytical method for the PFHS of nickel, Salesin and Gordon2

suggested adding an amount of biacetyl equal to 6 X the weight of nickel (but never
less than 0·12 g of biacetyl) and an amount of hydroxylamine hydrochloride equal to
4 X the weight ofbiacetyl (but never less than 0'5 g ofhydroxylamine hydrochloride).
In addition, the following was specified:

Ni present,
mg

0'5-5
5-50

5a-IOO
lOa-ZOO

Solution volume,
ml

100
zoo
300
400
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Analytical methodfor palladium

Ellefsen's data6 for the investigation of the PFHS of palladium predict that
0-200 mg of palladium can be quantitatively precipitated in 5 hr under appropriate
analytical conditions without free dimethylglyoxime also being precipitated. To
test this prediction, several precipitation reactions were carried out with 200 ml of
solution (pH 0'4) containing 520 mg of biacetyl, 830 mg of hydroxylamine hydro­
chloride, 6·8 ml of concentrated hydrochloric acid and 0-200 mg of palladium. In
this reaction medium, in the absence of palladium, the quantity of dimethylglyoxime
formed is sufficient just to saturate the solution. The solutions were filtered after a
6-hr reaction period, thus allowing one additional hour beyond the 5-hr theoretical
period. Part I of Table III shows the results obtained. They indicate, first of all,
the absence of free dimethylglyoxime. However, some palladium remains in solution
particularly in the case oflarge initial amounts ofpalladium. In an attempt to remedy
this effect, other experiments were performed with suitable alterations as shown in
part II of Table III. A longer reaction time, rather than stirring to relieve super­
saturation, seems necessary to effect quantitative precipitation.

TABLE IlL-WEIGHT OF PALLADIUM FOUND

I. II.
By procedure described in text' By alteration of procedure

Pd taken, Pd found, Pd taken, Pd found,
mg mg difference mg mg difference

1·4 -0,1 207-1 -8'4b

3-4 -0,1 207-1 -7·2c

13'7 -0,3 207-1 -7'3,
-6'9d

34·5 -0-4 207-1 -6·4e

69·0 -0·5 207-1 -6·1f
138·1 -0,9 207-1 -0·3g
207-1 -4'6, 207-1 -O'Sh

-11,7

8 Stirring was not used in any of the experiments.
b 7-hr reaction time without stirring.
c 8-hr reaction time without stirring.
d 5'S-hr reaction time followed by 0·5-hr stirring period.
e 6-hr reaction time with continuous stirring.
r 8-hr reaction time with continuous stirring.
g I4-hr reaction time without stirring.
h I3-hr reaction time with I-hr stirring period.

DISCUSSION

One of the great advantages of PFHS is that it affords a method of controlling
the rate of a precipitation reaction. By obtaining information about the kinetics and
mechanism of the generation reactions, it is possible to design gravimetric methods
on a non-empirical basis. Two possible examples of how this might be done have been
demonstrated: (a) in the case of nickel dimethylglyoximate where the formation of
free dimethylglyoxime by an irreversible process is avoided by utilising kinetic
information about the rate of production of the reagent, and (b) in the case of palla­
dium dimethylglyoximate where the formation offree dimethylglyoxime is avoided by
utilising equilibria information.
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together with the glass envelope, in a plane perpendicular to its axis. Both reference
and counter-electrodes could move along a common axis, the latter intersecting the
middle of the dropping-mercury electrode at maximum drop size. The cell also
contained a mercury pool electrode.

RESULTS

Curve 1 in Fig. 2 is a normal polarogram recorded with two electrodes, a dropping­
mercury electrode and a pool. Curve 2 was taken with three electrodes and symmetri­
cal polarisation, the mercury pool serving as counter-electrode, whereas curve 3
was recorded with asymmetrical polarisation, using the micro-electrode as counter­
electrode. The apparent cell resistances can be estimated from the slopes of the
polarograms.18 On the basis of the equation of the polarographic curve, an approxi­
mate cell resistance of 77·3 kO was calculated for curve 1, while for curves 2 and 3
values of 47·7 ill and 31·4 kO, respectively, were obtained. (For a more precise
resistance determination, the question of reversibility of the electrode reaction should
be taken into consideration; this has been neglected in estimating the above values.)
It is apparent that the decrease in cell resistance brought about by LR compensation
was further enhanced by the use of asymmetrical polarisation. While recording curve
3, both reference- and counter-electrodes were in close proximity to the surface of
the dropping mercury electrode. With increasing distance of the counter-electrode,
the polarograms approximated to curve 2, and became identical to it if the distance
was higher than 7 to 10 mm. On the other hand, the distance of the reference electrode
tip had practically no effect on the curve slope, provided that the counter-electrode
was close to the dropping-mercury electrode.

On the basis of the above considerations, the concept of R i appears in a different
light: it is not an intrinsic property of the dropping-mercury electrode, as is suggested
by the term "internal resistance", but rather the contribution of the small electrode
surface to the total resistance of the system. Any other micro-electrode should behave
in very much the same manner. Thus, in the case of the above-mentioned micro­
electrode, when placed in a solution of specific resistance p = 2·94 X 105 0hm.cm,
and measured against a counter-electrode of large surface area placed near to it, a
resistance value of 3·14 x 104 0 was obtained, while by the use of the Brdicka
equation,15 an "internal resistance" of

p 2·94 X 105
R i = - = = 3'12 x 1Q4Q

7Tr 3·14 X 0·03

was calculated. (The formula p/7Tr instead of p/47Tr was used to account for the fact
that the electrode surface was a circular plane and not a sphere.)

It must be borne in mind that the geometry shown in Fig. 1 prevails only at
maximum drop size. At the earlier stages of drop life, the distance dropping-mercury
electrode--counter-electrode is larger, resulting in a smaller degree of asymmetry in
polarisation and in a lower performance of the compensation circuit. Consequently,
the use of intermittent scanning (tast-polarography) is likely to bring about a further
decrease in the uncompensated cell resistance in controlled potential polarography
with asymmetrically polarised dropping-mercury electrodes.
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ABB. 1 ABB.2

Das Probestiick befindet sich im Reaktionsgefass R. Der Apparat wird tiber den
Hahn H2 evakuiert bis die Quecksilbersiiule im Manometerrohr das als Null ange­
nommene Niveau erreicht. Man bringt das Reaktionsgefiiss durch Eintauchen in ein
Becherglas mit Wasser und das Absorptionsgefass tiber den Ktihler auf Temperatur
konstanz. Druckbestimmend in dem Apparat ist das in ihm verbliebene Gas und der
Gleichgewichtsdruck des Wasserdampfes bei gegebenen Temperatur. Auf die Probe
lasst man Schwefelsiiure aus dem Hahn HI in das Reaktionsgefiiss tropfen. Zur
Yollstandigen Zersetzung der Probe und Vertreibung des in der Losung befindlichen
Kohlendioxyds wird das Reaktionsgefiiss leicht angewiirmt. Nach Abktihlen auf die
Arbeitstemperatur liest man den neuen Stand der Quecksilbersaule abo
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lJeschreibung des Apparates

Der Apparat besteht aus folgenden Hauptteilen (s. Abb. 2): Reaktionsgefass R, Absorptionsgefiiss
mit Wasserkiihlmantel K und Manomcterrohr M. Diese drei Teile des Apparates sind durch Schliffe
miteinander verbunden und auf einen Plexiglasstander montiert.

Das Reaktionsgefass hat eine besondere Form. Sein unterer Teil, in den die zu untersuchende
Probe gebracht und die Reaktio~.mit der Saure ausgefiihrt wird, ist schmaler. Die Saure wird in den
Trichter T gegossen und durch Offnen des Hahns HI tiber das innen angeschmolzene Kapillarrohr
(lichte Weite 1 mm) ins Reaktionsgefass abgelassen.

Das Absorptionsgefass Kist mit kupfersulfatgetranktem Bimsstein gefiillt und hat die Aufgabe,
den evtl. entweichenden Schwefelwasserstoff abzufangen. 1m Mantel des Gefasses zirkuliert Wasser
mit konstanter Temperatur aus einem Thermostaten, oder noch einfacher, aus der Wasserleitung.

Ais Manometerrohr wird eine Kapillare von 1,5 mm Innendurchmesser und 780 mm Lange
verwendet. Ihr unteres Ende ist mit einem kleinen Quecksilberbehalter verbunden. Zur Ablesung
dient eine Millimeterskala.

Der gesamte freie Raum im Reaktions- und im Absorptionsgefass betragt wiihrend der Arbeit
ungefahr 20 cm3 • Er ist so gewahlt, dass bei einer Ausgangsprobe von 0,5 g mit 0,1 % Kohlen­
dioxidgehalt sich der Druck im Apparat urn ungefahr 10 mm Hg andert.

Vorbereiten fur die Inbetriebnahme des Apparates

Die einzelnen Teile des Apparats werden mittels eingefetteter Schlilfe verbunden. Der Behalter
B wird bis zur Halfte mit Quecksilber gefiillt. Der Apparat wird tiber den Hahn H. evakuiert. Es
muss gewissenhaft (mehrere Stunden) kontrolliert werden, ob der Apparat luftdicht ist.

Zu den Vorarbeiten gehort auch das Eichen der Millimeterskala in Gewichtsprozenten entwei­
chendes Kohlendioxid. Diese Eichung ist fUr aile weiteren Bestimmungen giiltig, vorausgesetzt, dass
der freie Raum im Apparat, die Quecksilbermenge und die Arbeitstemperatur in bestimmten, von der
Genauigkeit der Methode geforderten Grenzen, konstant bleiben.

Die Eichung der Skala erfolgt durch 0,1 g Ausgangsprobe mit 1 bis 20% Kohlendioxidgehalt. 1st
der Kohlendioxidgehalt der Probe hoher oder niedriger, dann nimmt man von der Probe 0,5, 0,2
oder 0,05 g und multipliziert die von der Skala abgelesene Zahl mit einem entsprechenden Faktor.

Das Eichen der Skala geschieht am einfachsten mit Natriumcarbonatlosung einer Konzentration,
bei der 1% Kohlendioxid 0,1 ml Losung entspricht. Eine derartige Losung erhalt man durch IOsen
von 2,4100 g wasserfreien Natriumcarbonats in 100 ml Wasser. Wird die Skala fiir Kohlendioxid­
gehaite von 10 bis 20% geeicht, so ist es empfehlenswert, die Konzentration der Losung auf das
Doppelte zu erhohen.

Eine bestimmte Menge der obigen Losungen wird mit einer entsprechenden Pipette in das Reak­
tionsgerass eingemessen, das ein Sttickchen Bimsstein enthalt. Beim Anschliessen des Gefasses an
den Apparat muss darauf geachtet werden, dass der Schliff gut eingefettet ist. Der Apparat wird mit
Hilfe einer Wasserstrahlpumpe evakuiert und auf Tcmperaturkonstanz gebracht, bis sich der Queck­
silberstand in dem Manometerrohr nicht mehr verandert. Dann wird das Quecksilberniveau genau
auf Null eingestellt. Man offnet sodann vorsichtig den Hahn H, und lasst soviel 20-proz. Schwefel­
saure in das Reaktionsgefass eintropfen, bis das Niveau in letzterem bis zum Unterrand des Kapil­
larrohrs gestiegen ist. Die Losung wird vorsichtig erwarmt, damit das darin gelOste Kohlendioxid
entweicht. Nach Einstellung konstanter Temperatur wird das Niveau der Quecksilbersaule abgelesen.

Die Druckanderung im Apparat, die das von 0,1 ml Na.C03 Losung mit obenerwahnter Kon­
zentration freigesetzte Kohlendioxid bewirkt, lasst sich abschatzen, wenn der freie Raum im Apparat
bekannt ist. Da das Volumen des Kohlendioxids bei Normalbedingungen 0,506 em3 und der freie
Raum im Apparat ungefiihr 20 em" betragt, ist die entsprechende Druckanderung etwa 20 mm Hg.

Arbeitsvorschrift und Genauigkeit der Methode

Die Menge der Ausgangsprobe wahlt man je nach ihrem vermutlichen Carbonatgehalt aus fol­
gender Tabelle:

CO.-Gehalt, %

0,1-1
1,0-10
2,0-20

20,0-40

Probe,g

0,5000
0,2000
0,1000
0,0500
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ERRORS OF KINETIC DATA OBTAINED FROM
THERMOGRAVIMETRIC CURVES AT INCREASING

TEMPERATURE*

J. SESTAK
Institute of Solid State Physics, Czechoslovak Academy of Sciences, Prague 6

Cukrovarnicka 10, Czechoslovakia

(Received 30 April 1965. Accepted 21 October 1965)

Summary-Errors of kinetic data obtained from thermogravimetric
curves at increasing temperature are discussed.

INTRODUCTION

THERMOANALYTICAL METHODS,27.28 such as thermogravimetry, differential thermal
analysis, dilatometry and thermovolumetry, are currently being used to investigate the
kinetics of chemical processes at increasing temperature in heterogeneous systems with
some success. These methods measure, in a continuous and usually automatic way, the
changes of some physical property, such as weight, enthalpy, length or volume, of the
investigated system with temperature under a chosen temperature programme. If this
programme is a linear function of time

dT
cit = cjJ, i.e. T= To + cjJt (1)

where T is the temperature, t is the time and cjJ is the heating rate, then one is dealing
with thermographic methods and, in particular, with thermogravimetric weight analysis
at increasing temperature; it is the particular nature of these methods which is the
subject of the present paper.

It was in 1932 that Skramovskyl pointed out the advantages of these methods;
however, the experimental techniques being imperfect in these times, these methods
helped only in the quantitative and qualitative determination37 of substances. Though
remarkable successes were declared, it was only the commercial production of
various modern apparatus (especially thermobalances and temperature regulators)
and last, but not least, the basic theoretical essays of the applicability ofthermogravi­
metric curves for mathematical evaluation of kinetic data by van Krevelen, van
Heerden and Hutjens2and by Freeman and Carroll,3 that proved the main advantages
of this approach, consisting of the determination of kinetic data by a single decompo­
sition curve. Though the development of the above-mentioned method is evident,
preference is given to slow isothermal measurements, which generally are considered
more precise. Satava and Sestak£ obtained by both isothermal and non-isothermal
methods (with the same apparatus and under the same experimental conditions for the
heat decomposition of ()(-CaS04 • O'5H20) kinetic results corresponding to each other,
by which the applicability of the non-isothermal method was confirmed. Of course,
this does concern the accuracy of kinetic data measurement, but does not inform us

* Presented at the Symposium on Thermal Analysis, Northern Polytechnic, London, 13-14 April,
1965.
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TABLE I.-COMPARISON OF THE RESULTS OF KlNETIC A.~ALYSIS (THE CURm FROM FlG. 3) OBTAINED BY DIFFERENT MATHEMATICAL METHODS

Tbe tbeoretical sbape of tbe tbermograms (of the values wjww) was computed by the equation
I I I

( w) ( ZE(I-n)[J]r I ( woo) ZE [J]
1-;: = 1- ~Rm,'-' • og w:-:w =B~R n 1 2

using the arbitrarily cbosen values of E=z.7 x10', Z= 7XlOll, ~ =lI8/60, m, =8,4 x10-1 I (0'333) (0'500) (0'666)
and several values of tbe order of reaction n,

The values of w/woo obtained, through applying the usual experimental procedure from tbe ploUed (Fig. 3) theoretical thermograms, were evaluated
by kinetic analysis using the following methods:

Theoretically computed inflection points according to tbe equation (1 - im) =nlil-. ll-'vn I
0,192 0,250 0·298 0·368 0'500

----
( W)Experimentally obtained inflection points 1-- 0·184 0,237 0'272 0·350 0,515

Woo j

----------
Frequency factor Zobtained by inserting the values wjwoo from the tbermograms into the equation:

~2-JRlog(~) Z
6·98 6·75 7·08 Jol7 HI

_ ¢Rm,'-" [ ( wt"] 'Z=
WOO -w X10" XlO" XlO" XlO" XlO"Z---1-1--

E(l - nJ[J] WOO EUJ
----------

Freeman and Caroll' (graphically) n 0'28 0'46 0'73 1'01 1'90
Differential ------------

method tJ.log (dw{dtl E tJ.I/T
E 26-6 25'6 26·0 276 257tntJ.log (woo - w) 2'3R Ii log (woo - w) X10' x10' xJOl x10' x10'

-----------
RT,'(l - n}(dwjdT), , E= RT,'(dw/dT),

3 E= 28'1 28·1 218 29·2
(woow: w): [1 _ (woow: Wr}oo (woo - W) (w.) E.. -- 2'310g -- Woo x10' x 10' X10' X 10' -

u Woo d Woo - Wa."
" ------------E

(woo - w)' [1- (Woo - T'] Woo (Woo - W) 2,3 log(~) Woo~

S _ Woo a Woo a * _ Woo a Woo IV G,
q(x) - T,(I _ n)(dw/dT), q(x) - T,(dwldT), 265 26'8 266 m

Integral ~ E -
" X10' X10' X10' x10'

methods 0 For the computed values of ~x) tabulated in Doyle's table (q(x) =x,[D~e',)Q
one finds the corresponding x, and computes Eby the equation x, =EIRT,.

--------
Coats and Redfern" ~raphically)

( ( Woo )) [ (Woo - Wr] E 25'5 26'8 26·8 21'6 -
2·3 log w. _w 1- w;- ZR 2R E 1 x10' X 1O' X10' X10'

'log T' = log (l-n)T' =log¢'E[l- eJ-2-JR'T
----------

Horowitz and Metzgerll (graphically)
30,4

E
29,8 29-8 309 -

[ (Woo -Wr] E (Woo - w) BRT,' X10' x 10' X10' X 10'log 1- w;- =log (1 - n)+ 2'JRT;" & 'log log w;- =-10gB +-E-· e

----------
Approximate Van Krevelen, van Heerden and HUljens' (graphically)

methods
( ( Woo ) ) [ (woo - wrJ'log2'310g woo-w = log 1- w;- E 28'5 26·9 28'4 28'8 -

x1O' x10' X10' x10'
[Z (0 368t1RT, I ] (E )

=log ~ r: EIRT, +I +RT, +1 log T

Symbols used:
E= activation energy (cal. mol-I),
n=order of reaction,
Z=freqnency factor (sec-I, moF-'),
R= gas cnnstant (1'987 cal. mnl.-Ideg-I),
X=number nf mnles (mnl)

(respective amnnnt of compnnent,
concentration, etc.)

w = Inss of weight (mol; g: elc.),
Woo = maximal loss of weight (mol; g; elc.),
m. = sample load (mnl; g; etc.),
T = temperature (OK),
~ =(dT/dt) =rate of heating (deg, min-I),

tJ. = difference,

Indexes used:
I = time (sec), j =values of the symbol corresponding to
i(=T- T,J =difference of ~ven temperature point of inflection (to the bighest rate

Tand temperature T, corresponding to of tbe decomposition process),
maximal decomposition rate CK), a= value of tbe symbol for adefined

dw/dt =rate of loss of weight (mnl. sec-I), (usually chosen) point,
• those symbols are valuable only for the order n=1

[J] =Ii:;!' -r:; duj i (x =~), (taken from Akahira's tables). 574
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DETECTION AND DETERMINATION OF CHLOROPHENOLS
AND CHLOROPHENOXYACETIC ACIDS

BY INSTRUMENTAL ANALYSIS

MRS. L. LECHNER, MRS. A. SOMOGYI and MRS. L. BIR6
Research Institute for Heavy Chemical Industries, Veszprem Hungary

(Received 24 May 1965. Accepted 8 November 1965)

Summary-A quantitative method for the determination of chloro­
phenols and chlorophenoxyacetic acids in aqueous solutions is
described. The samples investigated contained 2-chlorophenol,
2,4-dichlorophenol, 2,6-dichlorophenol, 2,4,6-trichiorophenol and their
phenoxyacetic acid derivatives. The total amount of chlorophenols is
determined by spectrophotometry, the ratio of individual chloro­
phenols bygas chromatography and the total quantity of phenoxyacetic
acids by acidimetric titration. The determinations are carried out after
extraction with diethyl ether, carbon tetrachloride and petroleum
ether, respectively.

THE cWorophenoxyacetic acids produced by reacting chlorophenols with monochlo­
roacetic acid are very effective herbicides. Among the isomers of dichlorophenoxy­
acetic acid, 2,4-dichlorophenoxyacetic acid is the most effective, and therefore the
chlorination of the phenol is directed so as to obtain a product consisting mainly of
2,4-dichlorophenol. The proportion of other isomers formed depends on the degree
and conditions of chlorination. Information about the ratio of the isomers formed
is important for the promotion of the desired main reaction. An accurate and rapid
method of analysis, supplying data of this kind, may also provide important help
for the factory management.

For the control of the efficiency of acylation with monochloroacetic acid, knowl­
edge of the chlorophenol content and chlorophenoxyacetic acid content of the product
is required.

For the quick detection of chlorophenols Kanazawa1 has converted the chloro­
phenols into methyl ethers, to be investigated successively by vapour phase
chromatography.

Barry et af.2 have determined the optimum conditions of gas chromatography on a
column packed with three stationary phases [silicone oil, Dow Corning No. 200,
silicone grease for high vacuum and di(2-methylnonyl)phthalate], using helium as the
carrier gas. The results obtained were checked by infrared spectroscopy. Kolloffet al.3

obtained satisfactory results on a Carbowax 20M stationary phase containing phos­
phoric acid in the gas-chromatographic investigation of a mixture containing 2,4­
dichlorophenol, 2,6-dichlorophenol, a-chlorophenol and 2,4,6-tricWorophenol.

Polish authors4 have determined by acidimetry the total quantity of the chloro­
phenols. Faust and AIy5 reported on a colorimetric method using 4-aminoantipyrin
as the reagent.

Aly6 and Faust determined 2,4-dichlorophenoxyacetic acids in aqueous solution
after extraction with ether plus cWoroform and chromotropic acid. Revenue et al.7.8

determined traces ofcWorophenoxyacetic acid in potato and other agricultural produce.
58!
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After extraction with benzene, the extract was investigated at 2000 by gas-chromatog­
raphy on a column packed with silicone grease as the stationary phase. Yip9 deter­
mined 2,4-dichlorophenoxyacetic acid and its esters by gas chromatography at 225°
on silicone grease as the stationary phase, using a micro-coulometric detector. Erne10

employed paper chromatography for the detection of chlorophenoxyacetic acids in
water. The process involves the extraction of the corresponding parts on the paper
chromatogram and the colorimetic determination of the extract of the various
chlorophenoxyacetic acid derivatives with chromotropic acid. An acidimetric method
is reported by Gribovall for the determination of chlorophenoxyacetic acids, using
potentiometric indication. The determination of dichlorophenoxyacetic acids is de­
scribed by Wudzinska and Lefter;4 the determination is carried out titrimetrically in
isopropyl alcohol, with a solution of tetramethylammonium hydroxide in isopropyl
alcohol.

The samples examined by authors contained 2-chlorophenol, 2,4-dichlorophenol,
2,6-dichlorophenol, 2,4,6-trichlorophenol and their phenoxyacetic acid derivatives in
aqueous solution. Depending on the phase of manufacture from which the samples
had been taken, the individual components were present in the form of free phenols
or phenoxyacetic acids or their sodium salts.

The total quantity of the chlorophenols has been determined by spectrophotom­
etry, the amount of the individual chlorophenols by gas-chromatography, in
conjunction with the spectrophotometric results. This combination of methods
proved more rapid and simple than performing the total analysis by gas chromatog­
raphy with the available equipment.

For the determination of the total quantity of phenoxyacetic acids an acidimetric
method has been employed. Before the determination, contaminants, water and
interfering components were removed by extraction.

EXPERIMENTAL
Reagents

Chlorophenols. 2-Chlorophenol, 2,4-dichlorophenol, 2,6-dichlorophenol and 2,4,6-trichloro­
phenol of analytical purity and 2,4-dichlorophenoxyacetic acid, obtained by the acylation of 2,4­
dichlorophenol, were used.

Apparatus
Gas chromatography. Gas-chromatographiC determinations were carried out with a Carlo Erba

Fractovap, Type B apparatus, with detection of the heat conductivity by a thermistor. The results
were registered by a potentiometric line-recorder. Chromatographic peak areas were measured with
an electronic integrator. The column was an acid-proof steel tube of 2 m length and of 6 mm internal
diameter. The packing was Celite carrier, of mesh size 40-60, containing 25 %of Carbowax 1000 and
2 %of phosphoric acid. Tests were carried out at 150°; the temperature of the evaporating zone was
220°. The flow rate of the hydrogen carrier gas was 2 L/hr.

The Celite carrier was dehydrated by drying at 160°. The Carbowax 1000 stationary phase was
dissolved in carbon tetrachloride at about 40°, and after the addition of the concentrated phosphoric
acid was admixed with the carrier. The solvent was evaporated on a water·bath, and the packing
was stabilised in a drying-oven at 160°.

Spectrophotometer. Unicam SP 700.
Automatic titrator. Orion OP 501.

Gas-chromatographic ilWestigations

The gas-chromatographic investigation of aqueous solutions containing chlorophenols, or
chlorophenols and chlorophenoxyacetic acids, cannot be carried out directly. Though the difference
between the boiling points of the investigated components and of water is sufficient to pennit satis­
factory separation, the tailing of the water peak appearing in the chromatograms of the aqueous
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FIG. I.-Gas chromatogram of aqueous chlorophenol solutions :-1; Water;
2: 2-chlorophenol; 3: 2,6-dichlorophenol

4: 2,4-dichlorophenol; 5: 2,4,6-trichlorophenol.

14 12

min

FIG. 2.-Gas chromatogram of chlorophenol solutions in ether:-l: ether;
2: 2-chlorophenol; 3: 2,6-dichlorophenol;

4: 2,4-dichlorophenol; 5: 2,4,6-trichlorophenol.

chlorophenol solutions will interfere considerably with the quantitative determination, and in some
cases, even with the detection of 2-chlorophenol and 2,6-dichlorophenol (Fig. 1).

The chlorophenols are separated from the water by extraction with ether. It has been established
that by extracting the acidified solutions twice, the total quantity of t1;J.e chlorophenols will be trans­
ferred to the solvent phase. The chromatogram was recorded on the ether extract (Fig. 2) on a column
packing containing 25 %of Carbowax 1000 + 2%of phosphoric acid.

The quantitative evaluation was carried out on the basis of the single peak areas and referred to
the total areas of the chlorophenol peaks. In this way, the ratio of the chlorophenols in the sample
was obtained. The total chlorophenol content of the aqueous solutions was determined by
spectrophotometry.

Spectrophotometric investigations

The absorption spectra of 2-chlorophenol, 2,4-dichlorophenol, 2,6-dichlorophenol and 2,4,6­
trichlorophenol were investigated, using carbon tetrachloride as the solvent, in the ultraviolet and the
near infrared range. The absorption spectra show that the individual chlorophenols cannot be deter­
mined simultaneously, because their absorption maxima occur at almost identical wavelengths (Fig. 3).

The molar extinction coefficients of these chlorophenols were determined and were found
to differ slightly from each other. Hence, if it is desired to determine spectrophotometricaIIy
the total amount of the chlorophenols, a chlorophenol mixture, containing the individual chloro­
phenols in a ratio similar to that of the sample to be tested, will be prepared for the plotting of the
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CERATE OXIDIMETRY OF ALPHA-HYDROXY
AND ALPHA-KETO CARBOXYLIC ACIDS IN

ACETIC ACID

JOHN T. GATTO· and KENNETH G. STONE'fi
Chemistry Department, Michigan State University, East Lansing, Michigan, U.S.A.

(Received 7 September 1965. Accepted 9 November 1965)

Summary-Methods for the preparation and use of a solution of
ammonium hexanitratocerate(IV) in acetic acid as a titrant for the
oxidation of alpha-hydroxy and alpha-keto carboxylic acids in acetic
acid are presented. The applicability of this reagent with respect to the
stoichiometry, products and reaction times obtained is discussed.

INTRODUCTION

THE first systematic study of cerium(IV) oxidation of organic compounds in aqueous
solution was presented by Smith and Duke.6 They were able to establish concise rules
for the products and stoichiometry to be expected by using severe conditions, e.g., 4M
perchloric acid, excess oxidant, extended reaction times and often elevated tempera­
tures, to ensure the complete oxidation of the organic molecule to formic acid and
carbon dioxide. Subsequent investigators2•3 have been able to effect cerium(IV)
oxidation of organic compounds under less severe conditions by utilising non-aqueous
solvents. The oxidations previously reported in the literature4 .5 have been of structur­
ally unrelated compounds and of little prognostic value. Consequently, a stuay of
cerium(IV) oxidation of alpha-hydroxy carboxylic acids and some related compounds
in acetic acid was undertaken to ascertain the extent to which knowledge of the
stoichiometry, products and reaction times would be analytically useful.

EXPERIMENTAL
Reagents

Cerium(IV) reagent (0·05M). Nine hundred and fifty m1 of acetic acid, which is 1M in water, are
heated to 60° in a 1-litre round-bottom flask and 26 g of ammonium hexanitratocerate(IV) are added.
The solution, which is constantly stirred and protected from light, is allowed to cool to room tem­
perature, then transferred to an amber bottle for storage;

Sodium oxalate. 4·6904 g of dried sodium oxalate (0'0700N) are dissolved in 1 litre of glacial
acetic acid which is 1M in perchloric acid.

Organic compounds. Glycolic acid, lactic acid and pyruvic acid were used without further purifica­
tion and the purity was established by titration with standard base. Mandelic acid was recrystalIised
twice from benzene. Phenyllacetic acid was recrystallised from benzene and the purity established
by titration with standard base. Reagent-grade citric acid and tartaric acid were used without further
purification. Sodium benzoyl formate was recrystalIised from dioxan-water. Sodium glyoxylate was
recrystallised from acetone-water. Phenylcyclopentylglycolic acid and mesitoylformic acid were
organic research preparations and were used without further purification.

Procedures
Standardisation of cerium reagent. Four ml of concentrated perchloric acid (70:Yo) are added to

50 ml of the cerium reagent and the resultant solution immediately titrated with standard sodium
oxalate either to the disappearance of the yellow colour of cerium(IV) or to a biamperometric end­
po41t using a Sargent "Model III" manual polarograph equipped with platinum-platinum electrodes
at an applied potential of 400 mY.

* Present address: Eli Lilly and Co., Indianapolis, Indiana, U.S.A.
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SHORT COMMUNICATIONS

Determination of free acid in antimony(III) and bismuth(III) solutions

(Received 7 July 1965. Accepted 24 November 1965)

BECAUSE of the great hydrolytic tendency of antimony(lII) and bismuth(III) in aqueous solution it is
necessary to add excess of free acid (up to 2N) to prevent hydrolysis of their stock solutions. In the
course of our investigations on the stability of some complexes of these elements, it was found
necessary to know the free acid content in these solutions. Pavlinova1 used potassium hexacyano­
ferrate(III) as a precipitant for the removal of antimony and bismuth before determining the free acid
titrimetrically.

Antimony(llI) and bismuth(III) form stable complexes with EDTA, a detailed study of which has
already been reported.' It is shown here that this property can be conveniently utilised for determining
the free acid content in the salt solution. The method is simple, convenient and reliable.

EXPERIMENTAL
Stock solutions

Antimony trichloride solution ("""()-4M) was prepared by dissolving the analytical reagent grade
salt in 2M hydrochloric acid. Bismuth perchlorate solution (0'3M) was prepared by dissolving a
known weight of powdered bismuth trioxide in 2M perchloric acid. The antimony solution was
standardised by the bromate method' and for bismuth the oxide was taken as primary standard. In
the case of bismuth, the free acid content was calculated assuming that 3 equivalents of acid were used
in dissolving every gram atom of bismuth. EDTA solution was prepared by dissolving pure Titriplcx
III (E. Merck, metal titration grade) in deionised water and standardised by titration against zinc
sulphate solution using Erio T as indicator.

A mixed indicator was prepared by dissolving 0·1 %w(v of Methyl Orange and 0·05 %w(v of
Bromocresol Green in water.

Procedure
A known amount of the antimony or bismuth solution, containing about 0·5 to 1 x 10-3 mole

of the metal, is added with constant stirring to about 2 % excess over the theoretical amount of
O·OlM disodium EDTA solution and titrated against standard O·IN sodium hydroxide solution.
Potentiometric titrations were carried out with a Beckmann model G pH meter using a glass electrode
and a calomel reference electrode to a pH of 4'5. In the indicator method the end-point is determined
by a colour change from orange to blue-green.

RESULTS AND DISCUSSION
In 2N acid solution, both antimony and bismuth exist as triply charged ions, so that the reaction

with EDTA can be represented by the equation

M3+ + YH.'- '" MY- + 2H+ (1)

In the presence of an equivalent amount or excess of EDTA, the hydrolysis of the bismuth
complex occurs only at pH > 8 and that of the antimony complex at pH > 5. 2 Therefore, the amount
of free acid can be determined by titrating against standard alkali potentiometrically. Some typical
potentiometric titration curves with the complexes, I :1 metal: EDTA solutions, and in the presence
of excess of EDTA, are shown in Fig. 1, from which it is clear that the inflection point observed at
pH ~ 4·5 is not appreciably altered by the presence of excess of disodium EDTA.

The free acid content is obtained by subtracting the acid liberated in reaction (1) (equal to twice
the concentration of the metal ion) from the titre. The results obtained in the presence of various
amounts of metal and free acid, by potentiometric and visual indicator methods, are summarised in
Table I. The values found by the visual indicator method compare favourably with those obtained
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VOLUME OF NoOH SOLUTION ADDED, ml.

FIG. l.-Potentiometric titration curves for Sb- and Bi-EDTA solutions
against NaOH:

(1) 100 ml of 0-OIM Sb·EDTA solution;
(2) 5 ml ofO·IMSbCI. solution in HCI + 5 ml of O·IM EDTA;
(3) 5 ml ofO-lM SbCI. solution in HCI + 7 ml ofO'IMEDTA;
(4) 5 ml ofO-lMSbCI. solution in HCI + 15 ml ofO-lMEDTA;
(5) 10 ml of 0·1M Bi-EDTA solution;
(6) 10 ml of 0-0932M bismuth perchlorate solution in HCIO. + 29-35 ml of 0-lM

EDTA;
(7) 10 ml of O'0932M bismuth perchlorate solution in HClO. + 11·35 ml of 0-IM

EDTA;
(8) 10 ml of O'0932M bismuth perchlorate solution in HClO. + 19'4 ml of 0·1M

EDTA.
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bismuth perchlorate was diluted to an acidity of about 0·1....()·2N. A known amount of this solution
was passed through a cation-exchange resin column (5 g of Dowex-50W for about 1 mequiv of
bismuth) in the hydrogen form, when the bismuth is absorbed as BiO+. The resin was then washed
with acid-free water and the total acid in the effiuent and washings titrated against standard alkali.
The free acid was calculated by subtracting from the titre the acid liberated from the resin due to
absorption of BiO+. In Table 11 are compared some experimental values obtained by this method
with those obtained by the EDTA titration method. The values obtained by the two methods agree
within the limits of experimental error.

The 'true' free acid content of the solution can be accurately determined by the present method
only if the ions are present completely in one form, either M3+ or MO+. When a mixture of M3+ and
MO+ exists in appreciable amounts, the concentrations of each species should be known through
hydrolytic or other data to enable a correct determination of the free acid content.

Acknowledgement-The authors wish to thank Dr. Jagdish Shankar for his interest in the work.

Atomic Energy Establishment, Trombay R. KRISHNA lYER
Chemistry Division T. R. BRAT

Bombay-28, India

Sumrnary-Amethod for the determination offree acid in antimony(III)
and bismuth(III) solutions is given. A solution of the disodium salt of
EDTA, 2-3 % in excess of the stoichiometric amount, is added to the
metal salt solution and titrated with sodium hydroxide solution
potentiometrically or visually using a mixed indicator. The error in the
method is less than O'5 %.

Resume-On donne une methode de dosage de l'acide libre dans des
solutions d'antimoine(III) et de bismuth(III). A la solution de sel
metallique, on ajoute une solution de sel disodique d'EDTA, 2-3 %en
exces par rapport a la quantite stoechiometrique, et titre au moyen
d'une solution de soude par potentiometrie ou visuellement au moyen
d~un indicateur mixte. L'erreur par cette methode est inferieure a0,5 %.

Zusammenfassung-Eine Methode zur BestimnIung freier Saure in
Antimon(III)- und Wismut(III)-Losungen wird angegeben. Eine
Losung des Dinatriumsalzes von EDTA wird in 2-3 %DberschuJ3 tiber
die sWchiometrische Menge zur Metallsalzlosung gegeben und poten­
tiometrisch oder visuell mit einem Mischindikator mit Natriumhydro­
xydlosung titriert. Der Fehler der Methode ist geringer als 0,5 %.

REFERENCES

1 G. N. Pavlinova, Zhur. Anal. Khim., 1949, 4, 46.
2 T. R. Bhat and R. Krishna Iyer, Z .. Anorg. Allgem. Chern., 1965, 335, 331.
2 W. W. Scott, Standard Methods of Chemical Analysis. Van Nostrand. New York. 1939.

<1 R. Schumann, J. Am. Chern. Soc., -1924,46,52.



Short communications

Einige kritische Bemerkungen zur quantitativen ultrarotspektrographischen
Analyse von Metallen liber ihre Chelatverbindungen

(Eingegangen am 29 November 1965. Angenommen am 8 December 1965)

635

ULTRAROTSPEKTROGRAPIDSCHE Messungen sind gelegentlich auch in der anorganiseh-ehemischen
Analyse anwendbar. Neben der qualitativen und quantitativen Auswertung der im Ultrarotgebiet
Iiegenden Eigenschwingungen verschiedener Anionen' -

12 konnen diese bzw. aueh Kationen in Form
geeigneter meist sehwerliislieher metallorganiseher Verbindungen, bei Kationen vorwiegend als
Chelate, bestimmt werden. Aus Messung der UR-Extinktion der Praparate (meist als KBr-Prellling)
lallt sich dann die im Prellling enthaltene Menge des Ions bestimmen}3-17 Aus dem Extinktions­
verhaltnis zweier charakteristiseher Chelatbanden* kann man aueh das Konzentrationsverhaltnis
der Metallionen im Prel3ling und in Verbindung mit einer weiteren ehemischen Bestimmung die
Menge der Einzelkomponenten ermittelnY-20 Einige im wesentlichen zwar bekannte Gesichtspunkte
der UR-Analyse sollen hinsichtlieh ihrer Besonderheiten bei der Analyse von Metallchelaten kurz
aufgefiihrt werden, da sie bislang nieht oder nur ungeniigend hierbei beriieksichtigt wurden.

(1) Die aus Extinktionsmessungen von Chelatpraparaten unmittelbar erhaltenen linearen oder
gekriimmten Eichkurven erlimben die Bestimmung geringer Metallionenmengen, bei Verwendung
von HalbmikropreJ3lingen (ca. 100 mg KEr; '" = 11 mm; Dicke = 0,3 mm) sogar im ,ug-Bereich,
wie Abb. 1 zeigt.
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ABB. l.-Eiehkurve: Yttrium-Oxinat (Analysenbande: 12,21,u; Auswertung:
"basie-line"-Verfahren; Pressverluste gewiehtskorrigiert) (Aufnahme mit Mikro­

pressling, Halterung und Reflektionsansatz des Leitz-UR-Spektrographen)

Diese hohe Empfindliehkeit liiJ3t sich aber nur bei vollstandiger und reproduzierbarer Uberfiihrung
der Niederschlagsmengen vom FallungsgefiiJ3 in den KBr-PreLlling ausnutzen. Deis ist bisher flir
kleine Niedersehlagsmengen nur schlecht moglich. (Zu der bei der ultrarotspektrographisehen
Analyse der Anionen2,3,8 erfolgreich benutzten Gefriertroeknung von Liisungen liegen ebenfalls
keine Erfahrungen vor.) Die Anwendbarkeit derartiger Verfahren in der praktischen Analyse wird
dadureh erheblieh eingeschrankt. Lediglieh die Bestimmung des Misehungsverhiiltnisses ist von
einer quantitativen Oberflihrung des Niederschlages in den PreJ3ling unabhiingig.

(2) Bei der Ermittlung des Mischungsverhaltnisses zweier schwerlosliehen Metallchelate irn
PreLlling zeigte sich als Ergebnis zahlreicher eigener Versuche, duLl die mit synthetischen Gemisehen
und mit Praparaten aus gemeinsamer Ausfiillung erhaltenen Eiehkurven in der Regel nieht iiberein­
stimmen (siehe Abb. 2).

Bei gemeinsamen Ausfiillungcn erhiilt man hiiufig, vor allem bei Neigung zur Mischkristallbildung,
Abweichungen sowohl der Intensitat als auch der Wellenlange von den fUr die einzelnen Chelate
charakteristisehen Banden." Eine Priifung dieser Verhiiltnisse, besonders aueh hinsichtlich des
Einflusses der Fiillungsbedingungen, diirfte daher in der Regel notwendig sein.

(3) Ebenfalls kurz hingewiesen sie auf einige in diesem Zusammenhang interessierende Fehler­
moglichkeiten bei der Herstellung der KBr-PreJ3linge. Fiir quantitative Bestimmungen ist bekannt-

* In Wellenlange und Intensitat vom Metallion abhiingige Bande in einer gleiehartigen Reihe
von Chelatverbindungen (z.E. Oxinate, Anthranilate, etc,).
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PRELIMINARY COMMUNICATION

Automatic scanning of chromatoplates by multi-scaling
using a gamma-ray spectrometer

(ReCeived 13 December 1965. Accepted 13 December 1965)

EXISTING radiochromatogram scanners are generally special equipment designed just for application
to chromatography.l Some of them are based on twin Geiger-Miiller tubes, between which the
chromatographic strips are driven; they require a special attachment for reading a thin layer, and
they are good enough for locating a radioactive spot but insufficient for analysis, especially in the
case of gamma-ray spectrometry. The Packard Model 460 uses a typewriter to transport the actual
chromatogram and to print the data on a sheet of paper which is taped to the chromatogram. Other
scanners move the counter upon the chromatographic plates: the Desaga scanner moves a scintil­
lation detector in connection with a strip chart recorder, but the detector is not satisfactorily shielded.

EXPERIMENTAL

Some new models of gamma-ray spectrometers, such as the 128-channel Nuclear Data ND-110
contain an internal multi-scaling device which permits a study of the variation of the radiation
intensity as a function of time: it was elaborated in order to draw the decay curves of short-lived
radioisotopes. The multi-scaling measure time can be of I msec up to 10 sec per channel.

We have seen that this instrument can be used to locate and analyse a radioactive spot on a thin
chromatographic layer or on a chromatographic paper strip. In fact, when the spectrometer is used
on multi-scaling, impulses can be collected to drive an X-Y plotter. The plotter is placed close to
the detector's shield, with its surface at the level of the lead plate where the window is cut. Two
cotton threads are attached to the extremities of the bar that holds the pen, and to the chromato­
graphic paper. When the recorder is at the zero position, the starting chromatographic mark on the
paper should be on the window: the direction is set by two lead bars.

By turning the "analyse" knob the spectrometer and the recorder are started simUltaneously;
the recorder draws the paper, step by step, synchronously with the multi-scaling measure times,
on the window upon the scintillation detector.

For standard chromatoplates 200 mm long, a window 9 mm long in a 40-mm thick sheet of lead
is used.

The spectrometer can read out the results as 128 numbers on a Teletype, or 128 points on the
graph previously used. This graph locates different radioactive spots in a very precise way.

Moreover, the plate can be driven back to centre the spot on the window, and the spectrometer
set to give a gamma-ray spectrum to identifiy the substance from which the spot originated. Following
the general rules of quantitative analysis by gamma-ray spectrometry, the amount of radioelement can
be estimated by comparison with a standard.

If several chromatographic spots were evaluated on the same plate, it can be manually positioned
on the window at the subsequent point of application by moving the two lead bars.

This technique presents the great advantages over the commercially available scanning devices,
that the detector is constantly shielded and no equipment is needed to read out and to draw the
chromatogram other than the gamma-ray spectrometer itself. The spectrometer, in fact, performs
functions which are unavailable in any other instrument: namely, examining a bidimensional
chromatogram and·presenting digital and tape informations relative to the location, zone shape and
amount of radioactivity thereon, for every radioelement.

This technique will be applied to our future studies of chromatography and the results reported
in due course.

R. A. A. MUZZARELLI
Faculty ofSciences
University ofSherbrooke
Sherbrooke, P.Q., Canada
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640 Preliminary communication

Summary-The location of radioactive tracers on chromatographic
thin layers or papers is realised, together with the qualitative and
quantitative analysis, using only a gamma-ray spectrometer.

Resume-On peut proceder ala localisation des traceurs radioactifs sur
les chromatogrammes en couches minces et sur papier, conjointement
aux analyses qualitative et quantitative, en utilisant seulement un
spectrometre arayons gamma.

Zusammenfassung-Radioaktive Tracer auf Diinnschicht- oder
Papierchromatogrammen werden nue mit Hilfe eines Gamma­
Spektrometers lokalisiert sowie qualitativ und quantitativ analysiert.

REFERENCE
1 E. Stahl, Thin-layer Chromatography: A Laboratory Manual. Academic, New York, 1965.
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NOTICES

DEUTSCH DEMOKRATISCHE REPUBLIK

Der Fachverband analytische Chemie der Chemischen Gesellschaft in der Deutschen Demokra­
tischen Republik veranstaltet am 31. Oktobcr und 1. November 1966 in Leipzig eine Vortragstagung

Adsorption und Verteilung in der analytischen Chemie

Urn die Thematik in iibersehbaren Grenzen zu hallen, sollen im wesentlichen nur die folgenden
Arbeitsgebiete behandelt werden:

Extraktionsverfahren

Papierchromatographie

Diinnschichtchromatographie

Saulenchromatographie

Ionenaustauschverfahren

Interessenten werden gebeten sich mit dem Sekretariat der Chemischen Gesellschaft in der DDR,
.l08 Berlin 8, Clara-Zetkin-StraLle 105 in Verbindung zu setzen.

Vortragsanmeldungen werden bis zum 15. Mai J966 von Herm Prof. Dr. G. Ackermann, 92
Freiberg (Sachs), DDR, Institut flir anorgan. und analyt. Chemie der Bergakademie, Leipziger
StraLle, eotgegen genommen.

FRANCE

Wednesday-Friday 2-4 November 1966: Scientific Symposia on Automation in Analytical Chemistry
1966: Technicon Instruments Co., Ltd. Salon de la Chemie, 27, bis, Rue Saint Dominique, Paris VIle,
France.

UNITED STATES OF AMERICA

Monday-Friday 22-26 August 1966: Gordon Research Conference on Analytical Chemistry. New
Hampton School, New Hampton, New Hampshire.

The programme is as follows:

Monday, 22 August

Mass Transport in Electroanalytical Methods; a Comparative Treatment.
Chronocoulometry: Recent Applications of Current Integration Methods.
Techniques for Elucidation ofOrganic Electrode Processes in Polarography.

Tuesday, 23 August

Computers in Analytical Chemistry, (1) Basic and Special Purpose
Languages (2) System Design Considerations (3) Importance of Time­
Sharing to the Analytical Chemist (4) The Computer and the On-Stream
Analyzer.

Wednesday, 24 August

Analytical Chemistry ofLiving Systems.
Intercorrelations with NMR, Infrared and Mass Spectrometry.
Panel Discussion

Thursday, 25 August

Uses ofPulse Techniques in NMR.
Open session

ERWIN L. HAHN

















SUMMARIES FOR CARD INDEXES

Determination of gold by X-ray fluorescence methods: A. CHOW and
F. E. BEAMISH, Talanta, 1966, 13, 539 (Department of Chemistry,
University of Toronto, Toronto 5, Canada).

Summary-X-ray fluorescence methods for the determination of gold
in silver beads and in hydrochloric acid solutions are described. These
techniques may be applied to silver containing 0·2-5% of gold and to
solutions containing 0·004-0'1 % of gold. Platinum, palladium,
rhodium and iridium do not interfere.

Vanadium compounds in reductimetric titrations--II: Standardisation
of vanadium(Il) sulphate with common oxidising agents and determi­
nation of binary mixtures: K. L. CHAWLA and J. P. TANDON, Talanta,
1966, 13, 545 (Department of Chemistry, University of Rajasthan,
Jaipur, India).

Summary-Methods for the standardisation of vanadium(II) sulphate
are described. With weak oxidising agents, e.g., Fe(III)jFe(II) in
phosphoric acid, vanadium(II) undergoes a one-electron change,
which is satisfactorily indicated by Neutral Red, Phenosafranine or
Safranine T, or by potentiometry. Stronger oxidising agents oxidise
vanadium(II) to vanadium(IV); Variamine Blue, Methylene Blue,
o-dianisidine, cacotheline, ferrain, bis(oc,oc'-bipyridyl)iron(II) and
ammonium molybdate are satisfactory indicators. Binary mixtures of
oxidising agents can be determined.

Precipitation of nickel and palladium dimethylglyoximates from homo­
genous solution: LOUIS GoRDON, P. R. ELLEFSEN, GEORGE WOOD and
ORVILLE E. HILEMAN, JR., Talanta, 1966, 13, 551 (Department of
Chemistry, Case Institute of Technology, Cleveland, Ohio, 44106,
U.S.A.).

Summary-A comparison of the reaction mechanisms by which nickel
or palladium dimethylglyoximate is precipitated from homogeneous
solution by the reactions of biacetyl and hydroxylamine discloses many
differences. Knowledge of the kinetics and mechanism of the reactions
can be used to avoid formation ofexcess dimethylglyoxime, a limitation
of the conventional methods of precipitation.
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OIIPE)];EJIEHIIE 30JIOTA METD)];AMII
PEHTfEHOBCKOfO <l>JIYOPECQEUTHOfO AHAJIII3A:
A. CHow and F. E. BEAMISH, Talanta, 1966, 13, 539.

Pe3IDMe--OnllCaHbI MeToALI peHTreHoBcKoro \f!JIyopec~eHTHoro

aHaJH13a il;JIH OnpeAeJIeHim 30JIOTa B sepHax cepe6pa 11 COJIHHO­
KI1CJILIX pacTBopax. 8TI1MI1 MeTOAaMH MOJRHO nOJIbSOBaTLCH B

aHaJIllSe cepe6pa cOAepJRaIO~erO 0,2-5% SOJIOTa 11 B aHaJIllSe
pacToopoB CO/l;8plRaIO~HX 0,004--0,1% SOJIOTa. IIJIaTHHa,

naJIJIaAllfi, pOAldl: 11 Upl1Al1fi He MeIllaIOT Onp8AeJIeHHIO.

COE)];MHEHH:H BAHA)];H:H B PE)];YKTOMETPII­
qECKH:X TIiTPOBAHIIHX-II: YCTAHOBKA T11TPA

CYJIh<l>ATA BAHA)];IIH(II) C OBhIKHOBEHHhIMH:
ORIICJIH:TEJIHMII II AHAJIlI3 )];BORHbIX CMECEtI:

K. L. CHAWLA and J. P. TANDON, Talanta, 1966,13, 545.

Pe3ID~Ie--OIIucLIBaIOTcH MeTO/l;b1 AJIH yCTaHoBKH TUTpa cy.iIb\f!aTa
BaHMufl(II). B CJlyqae CJIa6LIX ORI1CJI.IITeJI8fi, Ha npHMep

lReJIesa(III)/JR8.iI8sa(II) B \f!OC\f!0PHOKHCJIOM pacTBope, BaHaAuit­
(II) MeHHeT O/l;.IIH aJIeKTpOH; aTa nepeMeHa YAOBJIeTBOpUTeJILHO

HHAll~upoBaHaH8fiTpaALHblM KpacHblM, \f!eHoca\f!paHIiHoM, ca\f!­
PaHliHOM T IiJIH nOTeH~IiOMeTpliqeCRHMMeTO/l;OM. BOJIe CIiJILHble

ORIiCJIIiTeJIH ORIiCJIHIOT BaHal.\lifi(II) iW BaHa/l;IiH(lVj; B RaqeCTBe
HHAIiKaTopa MoryT CJIYlRliTL BapliaMIiHcllHllfi, MeTllJIeHCIiHUfi,

0-AliaHIiSHAIiH, RaROTeJIIiH, \f!eppoIiH, 6HC(a,a-AunHpH/l;IiJI )JReJIeso­
(II) 11 MOJIIi6/l;aT aMMOHIiH. MOlRHO aHaJIHSlipOBaTL ABofiHLle
CMeCIi OKUCJIH~'eJIefi.

OCAiK)];EHH:E )];H:METIIJIfJIIiORCIiMATOB IIH:REJIH
11 IIAJIJIA)];IIH 1I3 fOMOfEHHhlX PACTBOPOB:

LOUIS GORDON, P. R. ELLEFSEN, GEORGE WOOD and ORVILLE E.

HILEMAN, JR., Talanta, 1966, 13, 551.

PesIDllle--CpaBHeHHeM MexaHH8Ma peaR~uu OCaJRAeHHH AHM8TIiJI­
rJIHORCIiMaTa HllK8JIfl HJIll naJIJIa}.\UH IlS rOMoreHHoro pacTBopa

Ha OCHOBaHHH peaH~Hfi Aua~eTlma H rli}.\poKCHJIaMHHa o6Hapy­
lRllBaIOTCH MHorlle paSHH~Ii. CBeAeHII:H 0 HllHeTHHe II MexaH1l8Me
peaHIIHil: MoryT 6LITL UCnOJIL80BaHLI qTo6 Ils6eQL o6pasoBaHlie

1136LITKa AHMeTIiJIrJIHOKCHMa, npeACTaBJIllIO~erO He}.\OCTaTOK

06LIKHoBeHHLlx MeTOAOB OCalRAeHllJI.
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This technical guide has had a
considerable influence on labora­
tory design in Germany since its
publication in 1959. The trans­
lated edition has been specially
revised for the British and
American markets and lists
suppliers in each country. It
provides a background for
collaboration between the client,
the architect and the consultant
engineer in the planning of a
scientific laboratory by illustra­
ting the technical and structural
problems likely to be raised by
the client's requirements.
Modern methods of construction
are described and detailed
information is given on the
materials available. Much atten­
tion is paid to safety precautions,
fire prevention and the hazards
involved in the handling of radio­
active materials. The book is
copiously illustrated and will
prove to be stimulating to all
those involved in the adaptation
of old buildings, or in the
erection of new laboratories in
any of the diverse branches of
science. Science masters will find
suggestions for the arrangement
and organization of laboratories
in schools, and the layman will
receive an insight into the
planning involved in the erection
of modern laboratories.

For sale in the bookshops of
Robert Maxwell & Co Ltd,
4/5 Fitzroy Sq, London WI;
Waynflete BUildings, Oxford;
2/3 Teviot Place, Edinburgh;
2/3 Richmond St, Glasgow;
and all reputable bookshops
throughout the world

distributed in the
Western Hemisphere by
Pergamon Press Inc,
44-01 21st St. Long Island City,
NY 11101

6, Adelaide Street East,
Toronto, Ontario, Canada

Contents
The various types of laboratory;
General planning; General rules
concerning the dimensions and
services of laboratories; Building
land and construction; Service
installations; Other equipment;
Elimination of noise and vibra­
tion; Protection from corrosion
and attack by acids; Fire protec­
tion; Laboratory furniture, .
accessories and their installation;
Standardization of appliances and
equipment; The various rooms
and sections of a laboratory;
Adjoining rooms; The equipment
of animal houses; Examples and
basic rules for the different
types of laboratory equipment;
Bibliography.
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