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A method has been worked out for a sensitive and accurate determination of molybdenum in 
rocks in contents of the order of 10- 1 g!L The sample is decomposed with acids and molybdenum 
is separated from practically all other elements by extraction with a-benzoinoxime from solution 
of 1· 5M hydrochloric acid and a·13M tartaric acid into chloroform, and determined in the extract 
by AAS with electrothermal atomization. The quantitativeness of the extraction has been examined 
and the optimum conditions for the deter~ination in a graphite furnace have been established. 
The effects of chloroform and of the graphite atomizer on the signal of molybdenum have been 
investigated, and the accuracy of the method has been tested on GXR geochemical standards. 

Molybdenum in geological samples can be conveniently determinedl - 3 by flame 
AAS. The matrix elements, however, interfere e"en when using the C2 H 2-N20 
flame. A reduction in the interference can be achieved by adding phosphoric or 
sulphosahcylic acid or Al(III) salts. A direct determination of Mo by electrothermal 
atomization is difficult even if a background correction is accomplished4 - 8 , and in 
geology this approach has only been applied to the determination of Mo in sea water 7 • 

Salts of alkali metal and alkaline earth (Ca) elements in higher concentrations, and 
also mineral acids except nitric acid8 - 1o, bring about a depression of the signal. 

In view of the complexity of the matrix, with a high concentration of salts, arising 
from the decomposition of geological samples, molybdenum should be separated 
prior to its determination. Extraction separation is preferred with regard to the fact 
that in this manner the element is not only isolated but also preconcentrated. For the 
purposes of flame AAS, Mo has been separated in complexes with rhodanide, 
8-hydroxyquinoline, dithiocarbamates, and dithiol 11 , and also by using liquid ion 
exchangers12 •13 • The most selective extracting agent for Mo(VI) is apparently 
C(-benzoinoxime, by means of which a separation of molybdenum from a lOS-fold 
excess of un i- to trivalent cations has been achieved in mineral acid solutions; only 
Cr(VJ), W(VI), V(V), Nb(V), Zr(lV), and Pd(Il) are co-extracted14 - 21 • In the pre­
sence of tartaric acid and a Fe(n) salt, only Mo and, in part, Ware extracted into 
chloroform18 •2o • Separation with rx-benzoinoxime has been employed for the flame 
AAS determination of molybdenum I7 •18 , the sample, however, had to be treated 
before to measurement (evaporation of CHCl 3 and decomposition of the chelate). 
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In the determination of Mo in sea water by electrothermal AAS, the element has 
been separated with a selective reagent, viz. ammonium pyrrolidinedithiocarbo­
xylate10 •22 , and with p-aminobenzylcellulose23 (Chitosan). In the analysis of metal 
impurities in silver, extraction with O-isopropyl-N-methylthiocarbamate has been 
appJied24• 

EXPERIMENTAL 

Solutions and Apparatus 

The equipment was as follows: A Varian AA-875 ABQ atomic absorption spectrometer fitted 
with a hollow cathode lamp heated by a 10 rnA current. The measurements were carried out on 
a resonance line at 313'3 nm with the spectral interval of 0·5 nm. A Varian CRA 90 graphite 
atomizer; the following temperature program was applied unless stated otherwise: drying at 
W'C (20 s), decomposition at 700°C (15 s), atomization at 2400°C (3 s); the atomization ramp 
rate was 80'J°C/s. A Varian graphite tube pyrolytically coated. Sheath gas: argon, flow rate 5 I/min. 
Injection: 5 III of chloroform solution using a micropipettor of Scientific Glass Engineering 
(Ringwood, Australia) or a Varian ASO-53 automatic dispenser. The absorbance was evaluated, 
based on the peak heights, on a Philips PM 8131 recorder. 

The standard solution of molybdenum containing 1 mg Mo/ml was prepared by dissolving 
],5000 g of Mo03 in 50 ml of a 2% NaOH solution and diluting to llitre. The working solution 
containing] Ilg Mo/ml was prepared by dilution. Fresh 0·2% solution of a-benzoinoxime in chlo­
roform and 10% solution of Mohr's salt were prepared prior to the extraction. All the chemicals 
lIsed were of reagent grade purity (Lachema, Bmo). 

Procedure 

The sample ground to dp < 0·06 mm (0'5-2 g) is decomposed with hot concentrated HN03 

(20 ml) and concentrated HF (60 ml) in a PTFE beaker, and the solution is evaporated. To the 
residue are added hydrochloric acid 1 : 1 (20 ml) and bromine water (10 ml), and the whole is 
heated to remove excess bromine. The solution obtained is filtered over a dense filter into a ]00 ml 
v(~llmetric flask, and the filter is washed with small portions of hot water so that the volume of 
filtrate does not exceed 60 m\. To the filtrate is added 20% tartaric acid (10 ml), and the solution 
is neutralized with IOM-NaOH and acidified with concentrated HCl (15 ml); a 10% solution of 
Mohr's salt is then added (5 ml), and the solution is diluted to volume. A 10 ml aliquot is extracted 
in a syringe with 5 ml of solution of a-benzoin oxime in chloroform, the organic phase separated 
is evaporated, and the residue is dissolved in exactly 2 ml of chloroform. 

The reference solutions are prepared from the working Mo solutions. 

RESULTS AND DISCUSSION 

Rock samples can become contaminated with molybdenum during the crushing and 
homogenization procedure. Therefore, the effect of crushing in seven crushers con­
taining 0·002 - 0'03% Mo in the steel of the crushing faces was tested on fhe kinds 
of rocks, viz. graywacke, granodiorite, magmatic gneiss, limestone, and quartz. 
A comparison of the analyses for samples treated in the crushers and those handled 

Collection Czechoslovak Chern. Commun. [Vol. 49] [1984] 



372 Koleava, Janacek: 

in an agate equipment revealed contamination by molybdenum in the range of 0·1 
to 0·7 g/t. Also, the stainless steel sieves, containing 1·6% Mo, were found to con­
tribute to the contamination, therefore, bronze sieves are to be used for controlling 
the grain size. Molybdenite containing lubricants (Molyka) must by eliminated from 
the grinding procedure. 

The extraction separation of the Mo chelate with ct-benzoinoxime (HL) into chlo­
roform has been studied extensively'A-1S; the data reported differ somewhat as to 
the concentration of the reagent and the number of repetitions of the extraction. 
We examined the extractability of Mo from a model matrix of Na, Ca, Mg, Cu, Cd, 
Pb, Ni, Fe, AI, Ti, As, Sb, and Cr with a 0'2% solution of HL in CHCI3 • A 100 ml 
volume of the aqueous phase was extracted with three 10 ml portions of the reagent 
solution for 2 min. The dependence of the Mo signal on the number of extractions is 
shown in Fig. 1 for various Mo concentrations. Two 10 ml portions of the HL 
solution were found sufficient for a virtually complete extraction. This classical ex­
traction procedure was applied to the analysis of rock samples so that the two ex­
traction fractions were filtered over a dry filter paper, the paper was washed with 
10 ml of chloroform, and the volume of the organic phase was reduced to about 5 ml 
by evaporation, transferred into a 10 ml volumetric flask, and diluted to the mark. 

FIG. 1 

Dependence of absorbance on the concentra­
tion of Mo in three successive 10 ml extracts; 
wHL = 0·2% in chloroform, Vors/ Vaq = 0·1. 
Extract: 1 1st, 2 2nd, 33rd 

3 2 

OI~==~O~.1===3~~~==~r/ 
,ugMo/ml :.J ... 

FIG. 2 

Dependence of absorbance on the concentra­
tion of Mo in three successive 5 ml extracts 
Obtained by extraction in a syringe. Chloro­
form, wHL = 0'2%, Vors/Vaq = 0·5. Extract: 
1 1st, 2 2nd, 33rd 
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More convenient is extraction in 20 ml polypropylene syringes2S ; the separation 
of the organic phase by means of a capillary is perfect, no chloroform remains on the 
walls, and the organic phase need not be freed from water. A 95% extraction is 
achieved by a single extraction with 5 ml of the 0·2% HL solution in CHCl3 (Fig. 2). 
After evaporation, the sample can be dissolved jn a volume of chloroform at will. 
the smallest volume used by us, in which the excess reagent still dissolved, was 2 ml. 
The Mo02 L2 chelate is extracted into chloroform over a wide Mo concentration 
region, but at concentrations in excess of 10 J.lg MoJml the chelate is sparingly soluble 
in chloroform. For the preparation of the reference solutions, the organic phase is 
conveniently transferred into 10 mt volumetric flasks, where the solutions can be 
stored in cold and darkness for several weeks. 

Molybdenum is among elements that are difficult to atomize (m.p. 2 610°C). Low 
evaporable M02C and MoC carbides (m.p. 2960 and 2965°C, respectively) are 
formed in the graphite atomizer, whereupon an incomplete evaporation of the metal 
and a partial atomization of the carbide (memory effect) take place. This effect can be 
suppressed to an extent by using an atomizer with a pyrolytic coating, but as the 
atomizer is repeatedly used, the pyrolytic coating deteriorates, and consequently 
the absorbance signal decreases gradually and the atomizer memory gets more pro­
nounced. The absorbance is to be evaluated from the peak height, and if the limit 
of detection is approached, from the difference between the signals of the sample 
and of the empty atomizer. 

The optimum atomization temperature, as read from the atomization curve 
(Fig. 3), is 2400°C. Here the memory effect is also lowest. The furnace need not be 
heated-out after each atomization for removing the nonevaporable carbide; for the 
CRA there is a hazard of degradation. The curve of the thermal decomposition of the 
Mo02L2 chelate in CHCI3 differs from the corresponding curve for the aqueous 
solution. The depressive effect of the chlorinated solvent26 - 28 is marked in an aged 
graphite tube at temperatures up to 500°C. Part of the chloroform remains bonded 
in the graphite and brings about a gas phase depression during the atomization. 
The time courses of the AAS signals for the aqueous and the chloroform solutions 
show that the activation energy of evaporation is the same; the atomization of Mo 
is little affected by the halogenated solvent, and the atomizer memory also is not in­
creased appreciably. Thermogravimetric measurements of the Mo02L2 chelate give 
evidence29 that the ultimate product of pyrolysis is Mo03, which is stable over the 
temperature region of 555 - 780°C. The temperature of 700°C was chosen by us as 
the most suitable for the thermal decomposition, although no signal decrease was 
observed up to 1 700°C. 

During the heat treatment of sample in the presence of chloroform, interferences 
are conceivable from volatile chlorides, viz. MoCls (b.p. 268°C) and MoCI4 (b.p. 
322°C), which can decompose thermaIJy to react with Mo03 giving rise to oxide-
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-chlorides30 such as Mo02Cl2 (b.p. 268°C). In the measurements of the absorption 
of the deuterium lamp radiation at 280 and 226 nm (absorption bands of MoCls 
and Mo02 CI2 , respectively), no signals were obtained from an aqueous solution 
containing 1 mg Mo/ml and 5 III CHCI3 • When the Mo02L2 chelate was delivered, 
only a nonselective absorption by the products of its decomposition was observed. 
A portion of the chloroform solution of Mo02L2 was evaporated to dryness and the 
residue was dissolved in the same volume of methyl isobutyl ketone. The signals of 
Mo in the two organic solvents were lower than that of the aqueous solution, which 
is probably associated with the wetting of the surface in the atomizer (Fig. 4). 

The magnitude of the Mo signal is affected markedly by the ageing of the graphite 
furnace. The signal decreases with increasing number of atomizations in such a man­
ner that the plot has the shape of a reverted "S" (Fig. 5). Pyrolytically coated tubes, 
Varian A 7521 - UT6 and A-9220-UT-6 (threaded) and Ringsdorff Werke RWO 
278/PyC and RWO 278/1 PyC (threaded), and CRA tubes of Elektrokarbon, Topol­
cany coated with layers of pyrolytic graphite 9 -12 /lm and 19 /lm (prototype) thick 
were tested. The Varian A-7521-UT-6 atomizer exhibits a rapid drop of sensitivity 

FIG. 3 

Thermal decomposition and Mo atomization 
curves. Solutions: O·lllg Mo/ml, aqueous 
sol ution of 0·1 % HN03 (1, 3). or 0·1 Ilg 
Mo/ml, MOOzLz chelate in CHCl 3 (2, 4). 
Drying at 60°C (20 s), variable decomposi­
tion (15 s). atomization at 2400°C (3 s) 
(curves 2, 4); drying at 60°C (20 s), decompo­
sition at 700°C (15 s); variable atomization 
(3 s) (curves 1, 2) 

15r----,-----,------.-----.. 

3 

}JgMo/ml 
04 

FIG. 4 

Calibration curve of Mo in a graphite ato­
mizer. Temperature program: drying at 
6O-11Oo C (20 s), decomposition at 700°C 
(15 s), atomization at 2400°C (3 s). Atomi­
zer: RWO 278/1 Pyc. 1 aqueous solution 
of 0·1% HN03 , 2 MoOzL 2 chelate in CHC13 , 

3 Mo02L2 chelate in MIBK 
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between the 10th and 30th firings, where the signal decreases nearly to a half of the 
initial value; then the sensitivity remains constant (200 firings tested). With the 
Ringsdorff atomizers the signal drop is less dramatic. The threaded tubes provide 
higher signals than the plain ones. The tubes of Elektrokarbon display a lower initial 
sensitivity and the EKT 219/3-770 type with a pyrolytic coating thickness of 9 -12~m 
has a higher memory, but the SE 233 type with a layer of pyrolytic graphite 19 ~m 

TABLE I 

Content of molybdenum in GXR standards (Geochemical Exploration Samples, U.S. Department 
of the Interior, Geological Survey Denver, Colorado) 

Content of Mo, g/t, in the standard 
Method 

AAS - ETA 
OES - ICP 
Recommended value33 

a Content of W 10 800 g/t. 

02 

o 

FIG. 5 

GXRI GXR2 

1l-6 0·6 
12'0 0·7 
9'9 1·5 

6 

60 

GXR3 GXR5 GXR6 

1·8 34·5 1·7 
2·0 34·5 l-6 

<6a 30 1·7 

n 100 

Dependence of the signal of Mo on the number of atomizations (n). Mo02L2 chelate in CHCI3 , 

llMo = 0·2 ~g/ml, wHL = 0'4%, 5 ~l injected with a Varian ASD 53 automatic proportioner. 
Atomizer: 1 R WO 278/1 PyC, 2 Varian A-9220-UT-6, 3 R WO 278/PyC, 4 EKT SE 233 19 ~m PG, 
5 Varian A-7521-UT-6 PO 3859-I-A; 6 residual signal after a 3 s atomization, virtually identical 
for atomizers 1-5 
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thick gives a relatively constant signal. At the time that the furnace sensitivity drops, 
the measurement cannot be evaluated based on a single calibration plot; the samples 
have to be measured in combination with the reference solutions. Attention must be 
paid to an accurate drawing-up of the 5 ~l volumes of chloroform; injection of the 
liquid through a side opening proved well. No background correction is necessary. 

Tungsten can be partly co-extracted into chloroform during the extraction of 
molybdenum with cx-benzoinoxime and exert a depressive effect on the signal of 
molybdenum; this has been explained31 ,32 in terms of the formation of stable com­
pounds in the Mo-W-C system suppressing the atomization of Mo. The effect of 
WOzLz chelate on Mo02Lz was therefore examined by us. The chelates were dis­
solved in chloroform and mixed in proportions as high as 2·0 ~g W/ml per 0·1 ~g 
Molml (the tungsten chelate is sparingly soluble in chloroform). In fact, no depressive 
effect of tungsten was observed. 

The accuracy of the results was evaluated based in a comparison with the data of 
the emission of Mo measured on a Philips PV 8210 spectrometer with an ICP PV 8490 
source using the Mo II line at 218·6 nm (Table I). 

The detection limit, calculated as three times the standard deviation for 20 blank 
determinations, was 0·0036 ng Mo. The characteristic concentration giving rise to 
a. 1% absorption was 0·0126 ng Mo. The standard deviation for the extraction and 
ETA, calculated from 12 determinations of granite (Cerna Hora) with an average 
content of 0·65 ppm Mo, was 0·03 ppm. 
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