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I. INTRODUCTION



A, Historical

l, Knowles' method and modifications

¥hile working with «-benzoin oxime to determine
the interferences in its use as a precipltant for
copper, Knowles (10) discovered that in acid solution
the reagent would quantitatively precipitate hexavalent
molybdenum. From this he developed a gravimetrie
method for the determination of molybdenum,

The structure of the analytical reagent a-benzoin
oxime 1s as follows:

? —
-t }
WL OH NOH -

Its molecular weight is 227.3 and it melts at 149-51°C,
The oxime itself is insoluble in water, but soluble in
alecohol, acetone and ether. The general reagent
solution 1is composed of a one to two per cent solution
in 95% ethanol., It selectively precipitates copper fram
an ammoniacal solution, and molybdate and tungstate

from acid solution.

Knowles' method for molybdenum involves the
precipitation of the complei from acid solution
followed by ignition to molybdenum trioxide in a muffle
furnace at 500-525°C, He states that the best acidity

i1s approximately 5% sulfuric acid by volume, but up to






20%4 acid concentration 1s permissible. Hydrochloric
or nitric acld may also be used when the use of
sulfuric acid is inadvisable,

The method also calls for precipitation from a
cold solution and eddition of enough bromine to tinge
the solution yellow, Both of these steps are to avold
reduction of hexavalent molybdenum by the reagent,

Two to five times the theoretical amount of reagent is
required for complete precipitation in this method.
The theoretical amount according to Knowles is deter-
mined by the relationship of one molybdenum ion to
three -bengzoin oxime molecules. However, no data or
theoretical evidence i1s given to subatantiate the
postulation of this three to one complex.

Knowles also discovered that the precipitate can
be filtered immediately or allowed to stand for ten
minutes before filtration, If the precipitate is
allowed to stend in contact with the solution for
one-half hour or longer, low results are obtained.

The most favorable wash solution 13 reported to be a
1£ sulfuric seid solution containing a small amount of
«=benzoin oxime,

Elements which cause difficulty in this precipi-
tation from acid solution are columbiumr, silicon,
palladium, tantalum and tungsten. Vanadium(V) and

chromium(VI) also interfere if not reduced with






sulfurous acid before precipitation (9). Ferrous
ammonium sulfate has also been suggested to reduce
the vanadic and chromic acids (11).

Yazoda and Fales (17) applied the method to the
determination of tungsten and molybdenum, Due to the
difficulty of filtration of the complex formed, they
urisuccessfully sought & substitute for q-benzoln oxime.
They separated the molybdenum and tungsten by means of
hydrogen sulfide. Since in the case of samples having
& low molybdenum concentration the weight of the oxide
was so small, they found a more sultable weiching form
was thallous molybdate or thallous tungscate.

Taylor-Austin (16) used the methiod with a few
modifications for the determination of molybdenum in
cast iron, He states that three timnes the theoretical
anount of reagent 13 used as determined by the relation
that one molybdenum ion is equivalent to three
q=benzoin oxime molecules, but also gives no basis for
the fcrrulation of such a complex, However this work
shows that complex formation 18 incomplete in the
presence of tartaric acid, and also that acetons may be
successfully substlituted as the resgent solvent.

S. ¥, Cravens et.al. (4) Lave daveloped the method
to bte used for the determination of molybdenum in
steels in the presence of tungsten, After the precipi-

tation of the molybdenum and tungsten with y-benzoin
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oxime the molybdenum is determined by the formation of
the thiomolybdate in alkaline solution, followed by
decomposition with dilute acid to the sulfide, and
final ignition to the oxide,.

Sterling end Spuhr (15) have also devised a
method for molybdenum with certain modifications. The
precipitated molybdenum~ @-benzoin oxime complex is
dissolved in ammonium hydroxide and hydrogen peroxide.
The molybdenum is then reprecipitated fror a lead
acetate buffer mixture as lead molybdate, It has the
advantage of providing a heavier welghing form than
the oxide.

Arrington and Kice (1) ignite the complex to the
oxide, dissolve the oxide in sulfuric acid, reduce the
molybdenum in a Jones reductor, and titrate with
standard oxidant.

A good review of most of these methods may be

found in Flagg's, Organic Reagents, (6) and Blanco (3)

has also published a review article on the determi-
nations of molybdenum with aq=-benzoin oxime,

In all of these determlinations an excess of two to
five times the theoretical amount of Q-bengzoin oxime
is added on the basis of a three to one complex.
However, there has been no work done to establish that
the complex 1s actually three to one, and no theo-

retical basis for the postulation of such a complex

Lhas been offered,



2. DMolybdenum species presert in acid solution.

It 18 also interesting to note that it has not
been definitely established what molytdenum species 1is
present in 5 to 20% acid solution. Both molybdenum
and tungsten are reported to form 1sopoly acids of
various complexities depending upon the pH of the
solution (12)., However molybdenyl sulfate, 005504,
can be prepared by dissolving molybdenum trioxide in
hot concentrated sulfuric acid and cooling the
solution until the sulfate precipitates (8,14). The
sulfate 1s very hysroscopic and 1s reduced by dust in
the air to form a blue colored material, a molybdenum
blue. hiolybdenyl sulfate 13 reduced to a deep blue
color when heated with pure metsallic molybdenum,
Lkicholls, Saenger, and Wardlaw (13) have also shown
the existence of molybdenyl sulfate in sulfuric acid
solution,

The precipitate formed by molybdenum wilth
8-quinolinol in slightly aclid solution has leen
definitely established and 1s employed as a sultable
weighing form, The complex is bis(8-quinolinolo)-
dioxomolybdenum(VI).(2).

This complex of molybtdenum with 8-quinolinol 1is
dried at 130°C, e&nd weighed, whlle all the work done
on the g-benzoin oxime complex indicates that 1t 1is

incapuble of being dried and weighed as such., In fact
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Dupuis and Vuval (5) ran thermal studles oa the complex
and found that it formed no stable material until the
temperature reached about $50°C. where ths complex was
all converted to the oxide. This they determirned to
be stable to approximately 780° when sublimation began,
They prepared the complex for these determinations

exactly as outlined by Knowles,

B. Statement of Problem

l, Attempted volumetric mecthod

The method of Knowles (10) for the determination
of molybdenum with o-benzoin oxime is a gravimetric
method involving ignition to the oxide which haa an
unfavorable gravimetric factor. The development of a
volumetric method using the same reagent seemed quite
desirable, and an attempt was made to develop an
amperometric method using a small applied potential
across a pair of platinum electrodes.

In acid media, from which molybdenum is quanti-
tatively preclpitated by o-benzoin oxime, the oxime
was found to be quite active at a pair of platinum
electrodes at a potential of 400 millivolts. This end
point seemed to present a definite possibllity for the
development of a volumetric method using the

"dead-stop" technique,






At this point, a review of the literature
revealed that no actual determinatlion of the compo-
sition of the couplex had been carried out, Thsrefore
¥Knowles original assumption of a three to one complex
was followed, and solutlons of molyblenum in 5%
sulfurie acid, and -benzoin oxime 1in 507 ethanol
were made up accoriinzly, That is, a 0.0052 M
molybdenum solution and a 0.0156 M «~benzoln oxime
solution were made so that one ml. of each solution
would be equivalent,

Vhen twenty ml, of the molybdenum solutlon vwere
diluted with 57 sulfuric acid end the o(~benzoin oxime
solution was added dropwise from a buret the results
were very erratlie, The first drop or two gave a large
galvanometer deflection., The results after this were
dependdat upon the rate of addition of reagent, When
the reagent was added rapidly the deflection increased,
and with slow addition 1t decreased graijually.

An attempt to estimate the end-point by controlled
rate of addition of the reagent to twenty ml, of the
molybdenum solution was unsuccesaful, The results of
plotting ml, added against the galvanometer deflection
(Figure 1) incicated a break at about fourteen ml, At
tne time, the resulis were inconclusive; however, they
indicated the complex might be two to one 1instead of

three to one as Knovwles origlinally assumeci,
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2. Froposed modificaticn cf gravimoiric method

At thils point, the most losical approach appeared
to be a study of the composition of the complex formed,
As no tasis could be found for the postulation of a
tlree to onse complex 1t was hoped that the determl-
natlon of the actual composition would lead to a
simplified gravinetric metnod. A method in which the
complex could be drlied and weished as such would also
have a imuch more favorable gravimastric factor than the

oxlde which 1is approximately two-thirds molybdenun,
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A, DTeterulnatlor of Compousition of Complex

1. Determiration of ¥ ¥o

In order to revise the existing gravirnetric method
for the determination of molybdenum 1t was first
necessary to estahlish the composition of the complex.

Tiie method which was first attempted involved the
preciritation of the complex according to bnowles
method, drying and welghing the complex and then
1gnlting the complex to molybdenum trioxide and
rewslghing, The first attempts at drying the complex
in a 1059C, oven resulted in fellure as the white
preciprltate turned to a black tarry mass, A melilng
point determination o some of the dried materlial
ylelded the follow!l'.g results, At 85°C,., it turned
yellow; at 95°, blue; at 100°, it melted to a pale
yellow 1liquid; and at 104°C. 1t decomposed into a
black tarry mass.

Since upon raduction No(VI) is reported (8) to
form a material, molybdenum blue, of partlally reduced
rmolycdenum, 1t apreared that one of the steps in the
melting process involved a reduction, As Knowles
reported that the rearent will reduce some of the Xo(VI)
at room temperature when no bromine is added, the
preceding method was modifiled,

In order to avo!d reduction by excess q-benzoin

oxime, only one-half as much reagent was added as was
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theoretically necessary for complete precipitation.
This could be done since the main purpose was recovery
of pure complex and not quantitative precipitatlion.
Also, the méthod of drying the complex nad to be
altered, so it was dried in a vacuum desiccator over
concentrated sulfuric acid.

The following procedure was used., Forty ul, of
0.0052 ¥ molybdenum solution in 5% sulfuric acid were
cooled in beakers in an ice bath and then 20 ml. of
0.0156 M q=benzoin oxime solution were added dropwise
to the beakers with constant stirring. The precip-
ftates were allowed to stand for one hour in solution
and then filtered through filter paper and washed with
water, Some of the precipitate was then transferred
to previously weighed silica crucibles. The precip-
itates were next dried to oconstant welght in a vacuum
desiccator over concentrated sulfuric acid and finally
ignited to the oxide and weighed. See Teble I-A.

In all three cases the precipitates turned a
spotty blue color during the drying process, and in
sample 2 the blue coloration was quite intenss.

Six more samples were preclpitated exactly as
before, the only difference being the fact that the
precipitates were first allowed to dry overnight in
the alr btefore drying over concentrated sulfﬁric acid.

Also, samples 4, 5 and 6 were treated with enough
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TAZLE I

ATILEPT3S TO ESTABLISH COMPOSITICOR OF CONTLEX

Sample G, of Complex G, of BMoO3 € ¥oO3
A, Original attempts

1 .0712 .01456 20,51
2 .06E3 .0032 13.98
3 0771 .0158 20,42

Bs Effects of air drying and bromline addition
1 .0602 .0135 22.43
2 «0631 .0145 22,98
3 .0751 0172 22,90
4 .0560 .0125 22,32
5 .0732 »0180 22,73
6 .0516 .0112 21,71

C. Further tests on the effects of air drying
1 .0537 .0126 21.39
2 .0662 .0154 23.35
3 .0550 .0130 23.64
4 .0480 .0109 22,71
6 .0662 .0158 24,17
6 07686 .0185 25,56
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bromine water to turn the solutions pale yellow, Ses
Table I-B,

The precipltates after drying in air were still
white, however after dryirng over the concentrated
sulfuriec acid they turned pale blue., This blue color
faded during weighing,

In order to test the effect of air drying upon the
results, six more samples were precipltated as before.
Samples 1 and 2 were transferred immedlately to the
desliccator containing the concentrated sulfuric acid,
samples 3 and 4 were first dried in the alr for twelve
hours, and samples 5 and 8 for seventeen hours before
placing in the desiccator over sulfuric acid., They
were all brought to constant weight and then 1gnited to
the oxide. See Table I-C,

The results were so erratic on these determi-
nations with each group ylelding different results it
began to appear that little could be done to obtain
consistent results. The one remarksble feature being
that in almost every case the preciritates acquired a
blue coloration of varying intensity. ihls indicated
the presence of excess reagent which was actively
reducing the molybdenum.

In order to remsve all of the oxims whilch might be
present in the complex, the precipitation was carried

out as before, the precipitates were allowed to stand
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for fifteen minutes, filtered and washed twics with
five ml, portions of 95% ethanol, The precipitates
were dried tc constant weight in a 70°C, oven before
ignition to the oxide., In this case there was no
reduction of the molybdenum as no blue coloration
aprpeared in the precipitate., See Table II-A,

A new melting point on some of this complex from
which all excess reasent had been removed revealed that
the complex itself was quite stable and melted sharply
at 153-3°C,

Three more samples were run as above except that

this time the complex was dried in a 105°C, oven to
constant weight, See Table II-B,

TABLE I
DETERWINATICN OF &£ Mo IN COMPLEX

G. of Complex Ge. of XoOg 4 Yo

A. Drying at 70°C.

«0783 0193 16,65
0713 «0174 16.23
« 0733 .0l82 16.42

B. Drying at 105°C,

«07€4 .01e3 16,490
0710 .0176 16,52
«0799 .0195 16.45
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2. Fostulation of a structure for complex

3ince the preceding results were reproducible
and the complex formed appeared to be fairly pure, the
originel assumption of a three to one complex (10)
appeared impossible, Therefore a new structure for
the complex had to be postulated. There has been
evidence given for the exlstence of an .‘:5002*+ ion in
acid Qolution (2,13,14) which is especially supported
by ths prscipltation of molybdenyl sulfate from cold
concentrated acid solution.

The ft’aoi)g++ ion has also been definitely estab-
lished as the species which precipitates with
8~quinolinol from acid solutlion (2). This lead to
the theory that thse complex formed with o-benzoin
oxime 1s actually bis( o(-banzoinoximo)dioxomolybdenum-
(VI). See Figure 2,

The perecentage of molybdenum 1in thls complex is
16,514, Thersefore it seems quite probable that this
is the actual structure of the precipltate.

The fact that Dupuils and Duval (5) stated that
the complex was completely unstable untll 1t had been
completely isnited to the oxide 1s quite uuderstandable,
They prepared the complex according to the method
postulated by Knowles which leaves a large amount of
unreacted oxime in the preclpltiate. 7ihis excess

reagent reduces the molybdenum in the complex and






BIS (cc-BENZOINOXIMO) DIOXOMOLYBDENUM(VI)

0
H—C——0——Mo 0 C-H
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FIGURE 2.



17
renders 1t unstable to heat. Thierefore in order to
obtaln a stable welghing form the excess rearent must

be entirely removed,
B. Development of Gravimetric ilethod

1, Solubilitles in acetone and ethanol

Up to this point ethanol had bean uszd as the
solvent for the oxime and also for washing the
golutlon., Acetone has been recomiended as & better
solvent (16) and solubility tests, Table III, showed
that 1t would te desiradble to change to acetone as a
solvent., TIhsse ajzproximate flgures showed thet while
there was no siynificant difference In oxlne
solubilitles at 25% concentratlions, the greater
solubility of the oxime in 507 acetons would make
"this a more useful wash solution, The figures on the
8olubllity of the complex in Table III may bhe slipghtly
high, as the complex after evaporation of the solvent
turned s8li;htly blue indicating the possibility of a
small amount of reagent in the complex., lowever the
results indlceted that acetone would be guite sultable

for the reagcent solvent and as a wash solution.
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TABLE IIX

ATTROXIMA E SCLUBILITILI OF RLACGENT AYD CILMFLEX
(GRAXS3 ¥zl 100 L. O¥ SOLUTICN)
% ethanol
Substance _ 25 50 75
«-benzoln oxlinme 70.2z 0.3 1.25g,
% acetons
25 50 100
A~-benzoin oxime 0.2g. 1.9¢. 13430
nolybdenum complex .004g, .006¢ ., .0l4;3.,

2, Precipitation with 10% excess reagent

The following solutions were then prepared to be
used in the development of a gravimetric method using
the comylex as the weighing form. (1) A 3.7507¢.
sample of lsrck Reayent Grade X003, assay minimum
99,87 Xolz, was dissolved in a small amount of dilute
sodium hydroxide solution, It was then neutralized
with sulfuric acid and d1luted with water to one llter,
The resulting solution was 0.02€1 i, or contalned
0.0500g. of molybdenum per 20 ml, of solution.

(2) Crude «-benzoin oxime from the Paragon Testing
Laboratories was recrystalliged twice from ethanol, and
5.9234g. of this purified, cdried materlal were
dissolved in one liter of 50% acetone. The resulting
solution was 0,0261 ¥, or two ml., of ~x~benzoin oxime

solution were equal to one ml., of molybdenum solutlon,
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It was hoped that by adding only a 107 excess of
reagent and washing with small portluns of 503 acetone,
complete precipitation could be effected and any
excess oxime could be successfully removed, This
would permit a simple welghing of the complex after
drying in a 105°C, oven., The major sdvantages which
would result from this method would be (1) a large
decrease in the amount of reagent required, (2; elial-
nation of the necessity of ignition to the oxide in a
muffle furnsce, and (3) a weighiing form with & very
favorable gravimetric factor, as molybdenum is only
16.51% of the total weighf of the complex as compared
to 66,657 when weighed as the oxide.

iwo samples contalning 20 ml. of the standard
molybdenum solution (&0 mgf. of No) were pipetied into
a bteaker and one ml, of concentrated sulfurlc acid was
added to each., Forty-four ml. of the X-benzoin oxime
in 507 acetone were added dropwise from a buret with
constant stirring. This would be a 107 excess of
oxime, The precipitates were filtersd with suction on
previously welghed sintered glass cruclbles, being
quantitatively transferred with water,

They were tiien washed twice with: 5§ ml, portlons of
505 acetone and finally with a small amount of watsr,
The precipitates were finally dried to constant welght

in a 1059C., oven, 1Ine only difference in the two
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precipitaclons was that sample one was filtered
immediately while sample two was allowed to stand over=-
night before fliltration, See Table IV-A,

T"hese results 1rndicated the method mirht be quite
successful as good resulis were obtained wilth the sample
vhich was flltered imrediately, and FKnowles states that
with his method low results are obtained if the
precipitate 1s allowed to stand in contact with the
solution for thirty minutes or mors,

Six more sarples containing 10 =1, of the
molyodenum solution (25 mg. of ¥o) and 10 =1, of water
plus one ml, of concentrated sulfuric acid wers
preciritated by the addition of 22 ml. of the a=benzoin
oxime solution dropwise from a buret. The precipitates
were filtered imnedlately with suctlon on sintered
glass crucibles and washed twice with five ml, portions
of S50Y acetone and ther a small amount of water., The
precipitates were again ¢ried to constant weight in a
105°C, oven., See Table IV-B,

The above procedure was repecated using larger
samples, 1.,8., 20 ml, of the molytdenum solution (50 mg.
of Mo) werse precipitated by the dronwise addition of
44 ml, of the o=benzoln oxime solutlion. Three
smaller samples were also run using five ml., of the
molybdenum solution (12,5 mg. of Mo) and 11 ml. of the

oxime solution. In both cases the amount of reagent



TADLE IV

QUAYTITATIVE FRLCIFITATION OF MO
WITH A 10% EXCESS OF REAGENT

————— —_— -
G. of Conmplex G. of Mo
Theor. Found Error, g£.
A. Original attempt
0.3032 0.0500 0.0501 +,0001
0.2948 " 0.0487 -,0013

B. Further attempts on smaller samples

0.1518 0.0250  0.0250  .0000
0.1513 " 0.0250 .0000
0.1518 " 0.0251 +.0001
0.1516 " 0.0250 .0000
0.1514 " 0.0250 .0000
0.1516 " 0.0250 .0000

C. Larger and smeller molybdenum samples

0.2991 0.0500 0,0494 - .0006
0,3002 " 0.0426 -,0004
0.2092 " 0.04C4 -.0006
0.0756 0.0125 0.0125 0000
0.0761 " 0.0126 +,0001

0.0758 ? 0.0125 0000
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added was an excess of 107 over the theoretical amount.
See iable IV-C,

The results of these determinations indicated that
it might not be sample size, but the concentration of
acetone in the solution which caused low results with

the larger samples,

3. Effects of varying acetone concentration

In order to determine the effect of varying the
acetone concentration on the accuracy of the method, the
following experiments were c;rried out. In all of the
following determinations five ml; of the standard
molybdenum solution were treated with 11 ml. of the
«=bengoin oxime solution. The major difference belng
the amount of water added which altsred the acetone
concentration, The precipitations were all accomplished
by the drop-wise addition of the reagent followed by
immediate filltration. The preciplitetes were all
carefully washed with two 5 ml. portions of 507 acetone
and dried to constant weight in a 103°C. oven. See
Table V,

These results indicate that the best results are
obtained 1f the acetone concentration in the precip-
itating solution is limited to 15-20% acetone, Higher
acetone concentrations tend to dissolve some of the

complex and yleld low results.
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TABLZ V
STZCTS 0K PRECITITATION OF VARYING
TiE ACLTONE CChChhl?AIILL
ml,Ho0 ml.HoSO4 7% Acetone G. of G. of .Mo. . Error,g.
added addeg in final Coxplex Theon, TFound o
solution ;
o 0.5 33 .0740 .0125 .01l22 -,0003
o] 0.5 - 33 0733 " .0121 =~.0004
5 0.5 25 0742 " .0123 -,0002
5 0.5 25 .0744 " 0123 -,0002
10 1.0 20 .0751 " .0124 -,0001
10 1.0 20 .0760 " .0125 .0000
20 1.5 15 0759 " .0128  ,0000
20 1.5 15 .0764 n .0126 +,0001

4., Effects of varyinz reagent excess

Since it is almost Impossible to declde when a
slight excess of reagent has been added, the effect of
the addition of a large excess of reagent had to be
determined before this method could be applied to
aémplas of unknown molyidenum content,

In the followlng determinations five ml, of the
molybdenum solutlion (12.5 ng. of Mo) were used in each
case., The oxime solutlon was added dropwise and the
precipitate was filtered immediately. The preclpltates
were washed and drled as before. The only differencs

in each pair of samples was the amount of reagsnt that
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was added, Since varylry the amount of reagent added
would elso change the acetone conceuntration, the amount
of water had to te altered to keep the acetone concen-
tration of the resulting solution constant, The amount
of sulfuric acid sdded wes also varied to maintain a

constant acid concentration. See Table VI,

TABLE VI

EFFECTS OF EXCESS REAGEXT ON FRECIPITATION

ml, of oxime % Excess Go of Mo Error, g.

soln, added of oxime Theor, Found
11 10 0125 L0124 -,0001
11 10 0123 -.0002
12,8 25 " .0128 +,0001
12.5 ( 25 " .0125 »0200
15 50 " .0124 -,0001
15 . 50 " .0123 -,0002
20 100 " .0124 -,0001
20 100 " 0124 -,0001

Since these results indicated that a 100% excess of
reagent could be tolerated without any aprreciable effect
on the results 1t seemed feasible to use a more concen=
trated oxime solution. This would allow a smaller
volume of reagent to be used and aid in reducing the

acetone concentratlion in the precipitating solution.,



5. Lffects of Fe(TITT), Cri{VT) and V(V)

Aftor the allowable ace’one ccricentration had been
established and the fact thst large excesces of reagent
hed no effcet had been determined, the next sten in
devising a gravirmetric procedure was to study the effects
of the presence of other lons.

The materials which have been reported to cause
difficulty in this determination of molybdenum (9) are
coluwbium, silicon, palladium, tantalum, tungsten(VI),
vanadium{V) and chromium(VI). The silicon may be
filtered out before precipitation, but tungsten 1is
quantitatively precipltated by the reagent. If tungsten
is present, only tlie total molybdenum and tungsten
content may be determined with o~bernzoin oxime,
Columbium, palladium, and tantalum are only occasionally
found in significant gquantities to cause difficulty.
However, chromium and vanadiun qulte commonly occur in
alloys with molybdenum, DBoth are reported to causse no
difficulty 1f first reduced with freshly prepared
saulfurous acid followed by boiling to eliminate the
excess SO, () or if rsduced with ferrous ammonium
sulfate,

It was therefore desiratle to determine the effects
of fron(III) as well as chromium and varadiua in the
preclpitation of molyo>denum £ollowed by dryirng of the

complex formed,



]
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Before a study of .he &ffacts of other ions was
started, a new o=tenzoin oxime solatinn was prepared
by dlssolving 5.32747. of the purified, drled res-ant
in 500 ml., of E0% acetone, 7The resulting solution
wes ,0522 M, or one nl, of A-benzoln oxime solution
was equivalent to one rl, cf molybdenum solution, This
new solution made it possitle to minimize the acetone
ceoncenbtration durfng the precipitations,

iror. 13 reported to give no difficulty in the
original method as ocutlined by Knowles and 1t was hoped
that such would be the case here, 12 10 rl., of the
molybdenum solution (25 mz, of XMo) was adled 25 ml, of
water cortalning 2.55. of snalytlcal grade Fe2(504)5°xH20
and 1.5 ml, of concentrated sulfuric acild. Twelve ml,
of the new o(-benzoin oxime solution were then addod
dropwise to precipltate the complex., he resulting
Freclpitates wer:= filtsred as before through sintered
glass crucitles employing suction. Tie resulting
precipitates were then washed with two 5 ml, portions
of 50% acetone containling five drops of concentraced
sulfvric acid, Tiie acld was used in the wash solution
because the preclpitatas had a slight brown tiage
irdicating the presence of somne ferric hydroxide after
the quantitative transfer of the precipitate with water,
The precipitates were finally dried to constant weight

in a 105000 oven.
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The results obtained were very erratic and all
quite high. However the high results were expected
since all of the precipitates turned quite blue., This
indicated reduction of molybdenum by the presence of
some &-benzoln oxime which was not removed by the
washing process, It was assumed at this point that the
presence of the acid in the wash solution might cause
incomplete removal of the excess reagent due to the
reduced solubllity of oxime in acid solution.

The washing procedure was then altered so the
precipitates were first washed with a few ml, of 1%
gsulfuric acid, then a small samount of water, and finally
two 5 ml. portions of 50% acetone. This method rave
quite favorable results and indicated no interference
by the iron. See Table VII,

To test the effects of chromium and vanadlun,
solutions of chromium trioxide and vanadlum pentoxide
were prepared by dissolving 0.2¢g, of chromium trioxide
in 100 ml. of water and 0.8g. of Vg0Og5in 200 ml, of
dilute sodium hydroxide followed by neutralization with
sulfuric acid, TIen ml, of each of these solutions were
added to ten ml, of the standard molysdenum solutlion
followed by enough sulfuric acid to give the proper acid
concentration, Sufficlent freshly prepared sulfurous
acid was then added to reduce the chromlum or wvanadium

present., The solutlons were heated to drive off the






TABLE VII

EFTECTS OF Fe, Cr, AND V ON FF

ECIPTTATION

G. T6004-XH20  G. Cr0z  G. V205
added added added

G-

-
W

Theor. Found

LPPOr, B

0.75

.02

.04

0.75 .02

" " .008

0.0250

"
L

0250
0259
.,0253
.0249
.0248
0249
.0248
.0252
«0253
.0248
.0256
.0281
.0261
0283
.02562
.0254
.0248
0247
.0248
0254
.0249
.0250

.0200
+,0002
+.0003
-.,0001
-,0002
-.0001
-,0002
+,0002
+,0003
-,0002
+.0006
t+,0001
+,0001
+,0003
+,0002
+.0004
-,.0002
-,0003
-,0002
+.0004
-,0001
.0000
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excess sulfur dloxlide, cooled to room temperature, and
precipitsted by dropwise addition of the o=-benzoin
oxime solution. The rreclpltates were filtercd on
sintered glass crucitles and washed with two 5 =nl,
rortions of 50% acetone before drying in a 105°C, oven,
The results indicated that chromium and venadium sliould
cause little difficulty if properly reduced, Ses
Table VII.

Further teats were run in the same manner testing
the effects of iron and chromium together, and the
presence of all three. These results also indicated
that 1ittle difficulty would be afforded by the presence
of these three elesments. See Table VII,

C. Application of Method to Steel Samples

l. General procedure

The results of all of these preceding experiments
indlicated that the development of & gravimetric method
for the determination of molybdenum in non-tungsten
steels would be quite feasible, Since tungsten is also
quantitatively precipitated, the method was devised for
the detsrmination of molybdenum in the absence of
tungsten,

The following method was employed in the analysis
of molybdenum in several non-tungsten, Mational Bureau

of Standards steel samples,
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The reagent so>lution used for the precipitations
In every case was prepared by dissolving 5.3g. of puri-
fi1ed a-benzoin oxime Irn 500 ml. of &0 acetone,
glving approximately a .05 K soluticn, Cne ml, of
this solutlon was sufficlent to precipltate approx-
Inately 2.5 mg. of molybdenum,

The welght of steel sample taken in each case was
determined by the amount of molybdenum present. Each
sample was selected to contaln between 8 and 20 me,., of
molybdenum. In every case, this gave a sample size
between 2 and 5g.

The samples wera dissolved in 100 ml., of hot 1:5
sulfuric acid and dilute nitric acid was carefully
added dropwise to the hot solutions to ox1dfze the
molybdenum and dissolve the carﬁon present, The
golutions were then bolled to remove the oxides of
nitrogen and filtered to remove any insoluble material,
Two different methods were used with equal success to
reduce any chromium or vanadium which had been oxidized.
The first consisted of the addition of freshly prepared
sulfurous acld followed by boiling to remove the excess
sulfur dioxide. The second involved the addition of
enough ferrous ammnonium sulfate to reduce the chiromium
and vanadium present. While both methods proved equslly
satisfactory, the use of ferrous ammonium sulfate was

probably the easler of the two.
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After the solutions had completely cooled to room
temperature the o-benzoin oxime solution was added
dropwise with constant stirring. A 30 to 409 excess of
reagent wes added in each case, Althougrh early
experiments indicated that up to 160% excess of reagent
could be tolerated, 1t was discovered that the larger
volumes required in analysis of steels required longer
for filtration and a large excess of reagent precipie-
tated along with the complex. The difficulty of complete
removal of all this oxime necessitated the use of
smaller excesses of reagent.

The precipitates were then filtered on sintered
glass crucibles., These filtrations and subsequent
washings were found po require some practice in order
to obtain successful results. It was necessary to keep
as large a iolume of solution in the crucibles as
possible, This prevented the precipitate from settling
to the bottom and forming a mat which would greatly
reduce the rate of filtration., The quantitative transfer
was accomplished with water, the amount of which had no
apparent effect on the ressults.

Rashing of the preclpitates was accomplislied with
two 5 ml, portions of 50% acetone, which also required
some practice., The wash solutions had to be carefully
poured down the sides of the cruclbles to completely

wash away any reagent which was adhering to the slides,



The first portion also had to be added Just bvelore
the final amount of watsr was filtered off. If this
wasn't done ths preclilitztod mat in tho bottos of the
crucible devalopsd large cracws. 7The wash soluuion
then filtered rapidly through these cracks aflecting
an incomplete removal of reagent and ylelding high
results, Uhe sanples which were incompletely washned
were easlly detected as thcy turned quiite blue during
the drying process.

The samples were drled to constant wsight in a
105°C., oven, One-half hour was long enough to dry the
- smaller samples to constant welght, however slightly
longer periods were required for the larger samples.
The usual procedure followed was to éry the samples
for one hour, welgh, and then éontinue drying for half
hour periods until they reached constant weight. This
procedure was followed as the complex exhiblited a
tendency to lose welght if allowed to dry for
excessively long periods.of time, The molybdenum was

calculated as 16.515 of the complex,

2, Determinations on N.B.S. samples

The results of the determinations on the National
Bureau of Standards samples are listed in Table VIII,
It will be noted that in most cases there 13 qulte good
agreement with tne accepted gravimetric determination

for molybdenum.



Ta3LE VIII
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N.B;g; 3aaple Sample,g. Com;T:i,g. % o fA:::
Ko, 7 Y0 Rance
1¢6 0.164 0,155-0.174 5,020 0.0437 0.162
5,0063 0.0432 0.163
4,3334 0.0422 0.153
5.05786 0.04¢67 0.152
5,0000 0.0430 0.162

Ave, C.180%

133 0.178 0,172-0.130 ©5.0135 0.0547 0.130
5.0688 0.0865 0.182

5.1995 0.0573 0.124

5.1462 0.0842 0.172

5.1638 0,0543 0.175

Ave, 0.178

111A 0.222 0.216-0.229 1,0307 0,0143 0.218
5.0256 0.,0662 0.224

5.0343 0.0683 0.224

5.4211 0.0723 0.220

5.,0123 0.0640 0.212

Ave, 0,220



TABLZ VIII (CONT'D.,)

N;B.S. Sample

No.

% Xo.

Range
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Sample,g. Complex,g. % lo found

72b 0.222 0,216-0.228 5.1053

153 0.414 0.405-0.420

135 0.575 0,560-0.582

35

1.01

1,00-1.03

S.1581
5.0527
4.2376
5.0910

3.3352
4,1585
3.9821
4.1141
4.0131

2.9945
35.0437
3.0413
3.5101

2.,1062
2.1318
2.1213
1.3974
2.0570

0.0648
0,0672
0.0633
0.0635
0,0719

0.1007
0.1020
0.0996
0.1043
0.1024

0.1024
0.1067
0.,1085
0.1243

0.1256
0.1335
0.1230
0.1217
0.12756

Ave,

Ave,

Ave,

Ave,

0.209
0.215
0.207
0.210
0.233
0.215

0.416
0.405
0.412
0.420
0.421
0.415

0.568
0.579
0.573
0.534
0.575

0,936
1,014
1.004
1,006

1.024
1.006







ITII, SUMMARY
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Through the results of studles on the composition
of the complex of molybdenum with o/-~benzoin oxime, the
structure of the complex was established as
bis( <-benzolin-oximo)dioxomolybdenum(VI),

Although this complex whose structure was heretofore
unknown was reported to be unstable when heated, it was
found that when all excess reagent was removed the
complex could be dried to constant weizht at 105°C.
and welghed, When the complex is weighed as such it
contains 16.51% molybdenum as compared to €66.65% when
weighed as molybdenum trioxide;

It was also shown that large excesses of reagent
were not necessary, but that a 104 excess of the oxime
was sufficient to quantitatively precipitate molybdenum
for a 5 to 204 acid solution. This made possible the
complete removal of excess reagent which was necessary
to obtaln the complex as a stable weighing form,

The quantitative precipitation was shown to be
successful in the presence of iron(III), chromium(VI)
and vanadium(V) when the chromium(VI) and vanadium(V)
were first reduced with sulfurous acid or ferrous
ammonium sulfate,

On this basis a method for the determlination of
molybdenum in non-tungsten steels was developed, This
me thod was applied with considerable success to seven
non-tungsten steels from the Natlonal Bureau of

Standards.
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