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Reduction of aqueous K100, with aqueous KBl at ambient temperatures has been investigated systematically

to obtain lower valent molybdenum oxides. Several lower valent oxides such ag MaogD;;, Ko 2dM00O;3 (red

bronze), k 3dVioOs (blue bronze), and KsgVlosO17 are formed during the reduction process; however, only MoO

has been obtained as single-phase product. The nature of the product formed is strongly influenced by the reducing
power of KBH,. The reducing power increases with decreasing pH or increasing concentration and volume of
KBH4. The as-prepared samples are amorphous as revealed by X-ray diffraction and transmission electron
microscopy. They crystallize sharply at around 3500 °C as revealed by differential scanning calorimetry.

Since the products formed are amorphous in nature, they may become particularly attractive for battery electrodes
and catalysis.

Introduction then the neutral oxide. For example, the condensation process

Complex inorganic solids are generally synthesized by in the case of Al is given as

repeated grinding and firing at elevated temperatures of the 3+ o

reactants. The higher firing temperature is essential in order to [AI(H ,0)e] ™ — [AI(H 0)s(OH)]"" —

overcome the larger diffusion distance associated with the [Al 13Q4(o|_|)24]7+_>A|2C)3 1)
micrometer size patrticles of the reactants. The high-temperature

procedure leads sometimes not only to larger particle size andgp, the other hand, the oxo ions condense progressively with
inhomogeneity but also to an inaccessibility of metastable Dhasesdecreasing pH to give polyanions first and then the neutral

that may have unusual valence states or atomic arrangementspyige3 For example, the condensation process in the case of
These difficulties have prompted solid state chemists in recentyy s given as

years to develop new synthetic routes that can bring down the
reaction temperaturés. WO .12~ — [WO.(OH) — TW..O.1% —WO. (2

A sol-gel approach has been investigdtedtensively to WO [WOL(OH)] = W10, s ()
obtain simple as well as complex metal oxides at lower
temperatures. The sol-gel process is based on hydroxylation

and condensation of molecular precursors. The aqueous )
: . : TaOs, M0Os, WO;, ZrO,, Fes0s, Al,Os, etc., as well as mixed-
chemistry of the process is, however, quite complex due to the metal oxides. Although the higher valent oxides could be

numerous molecular species that can exist depending on thereadil obtained by these sol-gel methods. little was known
oxidation state, pH, and concentration. While metal ions with y y 9 ’

charge<4+ tend to exist as aquo ions in aqueous solutions, about obtaining lower valent oxides of transition metals in

those with charge 4+ tend to exist as oxo ions. For example, Eg;]:hoﬁidsgziust:fcnhsésVlillgalgﬁgtllggﬂh rce;rfggyu;zzta?';?fléc?féal
ions like AR and F&" form [M(H,0)s]*" in aqueous solutions. Y

- reducing agents in aqueous solutions to obtain reduced transition
On the other hand, group V, VI, and VIl metals readily form .
metalates (MQ™ such a8 (VQ*, (Cro)z, (MoOw)2- and | metal oxides such as MaDVO, NaWo; etcts The
(MnQOy4)~ in aqueous solutions. The difference arises to maintain Eo&?gyggd; lon_hydrolyzes in aqueous solutions to give
a lower net charge on the ions. The aquo ions condense ydrog
progressively with increasing pH to give polycations first and

The above type of condensation reactions have been utilized
to obtain a number of simple metal oxides such g@3yNb,Os,

BH, + 2H,0—BO, + 4H, ®)
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of the influence of the reaction conditions on the products
obtained in the reduction of aqueous\NoO,4 by KBHa. (a)

Experimental Section

KBH, solutions with two different concentrations (0.25 and 2.5 M)
were prepared by dissolving required quantities of kBiilute KOH
solution having a pH of 1312. The higher pH of 1312 was
necessary to suppress the hydrolysis of borohydride (reaction 3) and
prevent a rapid loss of hydrogen and of the reducing power of
borohydride. KMoO, solution with a concentration of 0.25 M was
prepared by dissolving the required quantity aM0QO, in deionized
water. Reduction reactions were carried out at various pH values with
50 mL of 0.25 M KMoO, and varying amounts of both 0.25 and 2.5
M KBH, solutions. An experiment at a given pH was carried out by
adding a fixed quantity of the borohydride solution from a buret to the
molybdate solution that was kept at the predetermined pH under
constant stirring on a magnetic stirrer. Since the pH tends to increase
due to the formation of the metaborate ion BGs the borohydride
solution is added, concentrated HCI was added carefully to keep the
pH constant. For reductions at pH10, the borohydride solution was
added directly to the molybdate solution since the change in pH is
negligible and the reaction is slow.

Addition of borohydride to the molybdate solution results in a Cu Kg 26 (degrees)
formation of a colored precipitate. The color change indicates the
reduction of M@™. After the complete addition of a specific amount
of borohydride, the precipitate formed was filtered or centrifuged. In
the case of reactions at pH 10, the reduction was so slow that the
reaction mixture was left for 310 days to obtain precipitates.
Centrifuging was preferred in cases where the solid formed was so . .

fine that it might pass through the ceramic filter funnel. The precipitate 500 i
was washed several times with water to remove other reaction products
such as KCI or boric acid. The solid was then dried either in vacuum

or in an air oven at 100C before characterization. X-ray powder 400

diffraction patterns were recorded with a Philips diffractometer.
Differential scanning calorimetric (DSC) plots were recorded with a
Perkin-Elmer Series 7 thermal analysis system in a flowing N
atmosphere at a heating rate of AW/min.

(b)
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Figure 1. X-ray powder diffraction patterns of the product obtained
by reducing 50 mL of 0.25 M KMoO, with 30 mL of 2.5 M KBH,:

(a) as-prepared sample and (b) after crystallization in DSC. The peaks
in (b) refer to crystalline Mo@

300 .

Heat Flow (mW)

200 L ﬁ

Results and Discussion 100} J

X-ray powder diffraction shows that the as-prepared samples o ) A .
obtained by reducing #1004 with KBH,4 are all amorphous 50 150 250 850
as indicated by the absence of any discernible reflections (Figure Temperature (°C)

1). Therefore, the as-prepared samples were all heated in a N rigyre 2. DSC plot recorded in a Natmosphere with a heating rate
atmosphere in DSC or in evacuated sealed silica tubes in orderof 10 °C/min for the as-prepared sample in Figure 1.

to crystallize them; the crystallized products were characterized

by X-ray diffraction. DSC plots generally show a sharp crystallization in DSC are given in Table 1 and Figure 4. As
exothermic peak corresponding to crystallization in the tem- we see, the major product is Me@t 1 < pH < 8, and no
perature range 356600 °C (Figure 2), confirming the amor-  precipitate is formed at pk 11. Although MoQ is the major
phous nature of the as-prepared samples; the products obtaine@roduct, the secondary product varies depending on the pH. At
after the crystallization peak in DSC showed sharp X-ray pH < 4, the blue molybdenum bror%¥ Ko sMoOjz is formed
diffraction peaks. Even though the crystallized product is found as the secondary product. As the pH increases above 4, the
to contain more than one phase in many cases (see later), onljunreduced phase ;K001 begins to form as the secondary

a single exotherm was observed in DSC. This is because aproduct, and the blue bronze is completely suppressed at pH
strong exothermic process associated with the crystallization 6. Also, the relative amount of the major product MoO
releases locally an enormous amount of heat, which leads to adecreases with increasing pH.

crystallization of the entire sample at approximately the same  The above results can be understood by considering the
temperature once the crystallization process is initiated. The variation of the reducing power of borohydride with pH. It is
amorphous nature of the as-prepared samples was also conknowrf that the extent of hydrolysis of borohydride to give
firmed by the absence of diffraction spots or ring patterns in a hydrogen (eq 3) decreases with increasing pH. Therefore, the
transmission electron microscopy (TEM) study. The TEM amount of MoQ decreases with increasing pH, and no reduction
photograph revealing the morphology of an as-prepared sampleproduct is formed at a high enough pH of 11. The decreasing

that was obtained by reducing 50 mL of 0.25 M\0O, with reducing power with increasing pH is also reflected in the
250 mL of 2.5 M KBH, is shown in Figure 3. This sample
was found to be Mo@after crystallization (see later). (9) Stephenson, N. C.; Wadsley, A. Bcta Crystallogr.1965 18, 241.

Influence of pH on the Reduction Products. First, a series (10) Hagenmuller, P. IrlComprehensie Inorganic ChemistryBailar, J.
of experiments were carried out at various pH values by reducing - 6tal, Eds.; Pergamon Press: Oxiord, 1973, Vol. 4, p 541. Banks,

. E.; Wold, A. Preparative Inorganic ReactionsJolly, W. L., Ed.;

50 mL of 0.25 M K2MoO4 with a constant amount (150 mL) Interscience: New York, 1968; p 237. Greenblatt, ®hem. Re.

of 0.25 M KBH,. The results of the products obtained after 1988 88, 31.
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Figure 3. Transmission electron micrograph of the as-prepared sample (c) ° MoO,
obtained by reducing 50 mL of 0.25 MKIoO, with 250 mL of 2.5
M KBH, at pH= 4 (see Table 3).
Table 1. Reduction of 50 mL of 0.25 M BMoO, (12.5 mmol of
KoMoO,) with 150 mL of 0.25 M KBH, (37.5 mmol of KBH,) at
Various pH Values .
% products formetl e
KZMO§+010 Ko.zf\gggs . 10 20 30 40 50 60
H Mo Mo> MoO, (Mo**
P ( ) ( ) 2 ( ) Cu K_,26(degrees)
1 13 87
4 17 83 Figure 4. X-ray powder diffraction patterns recorded after crystal-
6 17 83 lization in DSC of the products obtained with 50 mL of 0.25 M
8 20 80 KoM00O, and 150 mL of 0.25 M KBH at various pH values: (a) pH
11 no precipitate =1, (b) pH= 4, and (c) pH= 8.

2The average oxidation state of Mo is given for each phase in 1pie 2. Reduction of 50 mL of 0.25 M ¥MoO, (12.5 mmol of
parentheses. K2MoO,) with 50 mL of 2.5 M KBH, (125 mmol of KBH,) at
Various pH Values

suppression of the secondary reduction produgiMoO; and

% products formed
an appearance of the unreduced phagddgO;o. 0 produ

Influence of KBH,4 Concentration on the Reduction H K(ZI'\‘A"gggw %’)ﬂ?ei()} (m%?f)
Products. In order to understand the influence of the concen- P
tration of borohydride, reduction experiments were also carried i 1g8
out at various pH values with a constant amount (50 mL) of a 7 7 93
higher concentration (2.5 M) KBH The results of the products 11 9 91

obtained after crystallization in DSC are given in Table 2 and

Figure 5. A higher reducing power arising from a 10-fold aThe average oxidation state of Mo is given for each phase in

increase in the concentration of KBtads exclusively to the parentheses.

formation of the more reduced phase Mo@ pH < 4 and  increases to about 15 mL, the reduced phases begin to form
eliminates completely the less reduced phaggVoOz com- due to an increase in the reducing power. The amount of
pared to the I’eSU|tS Of Table 1 and Flgure 4, The appearanc%nreduced phase2M03010 decreases W|th increasing KBH

of trace amounts of the unreduced phase#l#O. and and it vanishes completely at around 50 mL of KBH

K2Mo20O7 at pH = 7 is a result of a decreasing reducing power  Although Mo, is the major reduction product as found in
with increasing pH. As the pH increases from 7, the unreduced the data of Table 1, the secondary reduction products do reveal
phase changes fromKlo3;0,0 having a condensation of three  the effect of the KBH amount. At lower amounts (36125
MoQ; units to KkM0,0; having a condensation of two MQO mL) of KBHy, the less reduced red bron%é! Ky ,dMloO; is
units. This is due to a progressively increasing condensation fgrmed along with Mo@. In this volume range, the relative

of MoOq units with decreasing pF. _ amount of the red bronze increases initially with increasing
Influence of KBH4 Amount on the Reduction Products. amount of KBH, reaches a maximum at about 50 mL, and then
In order to understand the influence of the amount of KBH decreases. At about 150 mL of KBHhe red bronze vanishes

the products, reduction experiments were carried out at acompletely and the slightly more reduced blue bronzg\toOs
constant pH with varying quantities of KBHsolution. The  begins to form. The blue bronze prevails as a secondary phase
results obtained at pH= 4 with varying amounts of 0.25 M throughout the volume range 15350 mL. In this volume
KBH,4 are given in Table 3. The product identification was range, the relative amount of blue bronze increases initially with
carried out after crystallization in DSC as in the previous increasing amount of KBl reaches a maximum at around 250
experiments. No precipitate is formed up to an addition of about mL, and then decreases. When the amount of blue bronze
5 mL of KBH4. At 5.3 mL of KBH,, only the unreduced phase
KoMo3Oypis formed in small quantity. As the amount of KBH  (11) Graham, J.; Wadsley, A. DActa Crystallogr.1966 20, 93.
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T T r ; Table 3 for unreduced molybdate ions by adding barium chloride
(a) solution; the unreduced molybdate ions are expected to combine
with Ba2* to give a white precipitate of BaMaQ It was found
that no molybdate ions exist in the filtrate in all cases excepting
the first experiment with 5.3 mL of KBiin Table 3. This
suggests that for KBlvolumes>15 mL, all the molybdenum
is present in the precipitate either as all reduced phases or as a
mixture of reduced and unreduced phases. Since the experi-
ments are carried out by a slow addition of KBtbm a buret
over several minutes, these results also suggest that the solid
phases formed initially undergo changes in composition with
increasing amount of KBi That is, beyond about 15 mL of
KBH4, further reduction with increasing KBfbccurs mainly
in the solid phase, but with a participation of kons in solution.

Experiments were also carried out with varying amounts of
25 M KBH; at pH = 4, and the results obtained after
crystallization of the products in DSC are given in Table 4.
Although MoG; is the major phase at all volumes, the secondary
phases do again follow a systematic trend. The oxidation state
of Mo in the secondary phase decreases with increasing reducing
power resulting from an increasing borohydride amount. A 10-
fold increase in KBH concentration compared to that in Table
3 results in the exclusive formation of Mg@t a much lower
volume (50 mL) of KBH,.

Reduction reactions were carried out with varying amounts
of both 0.25 and 2.5 M KBklat pH = 1 also. The results
obtained after crystallization in DSC are given in Tables 5 and
6. The data obtained with 0.25 M KBHn Table 5 indicate
that the amount of the secondary reduced phageMidO3
decreases and the amount of Mol@creases with increasing
KBH4 volume in the range 56250 mL due to an increasing
reducing power. However, comparison of the data with that
obtained at pH= 4 in Table 3 reveals that for the same volume
of KBH,4, the secondary phases are more reduced atpH
than at pH= 4. For example, at 50 mL of KBkIthe secondary
10 20 30 40 50 60 reduced phase is the relatively more reduced\oO; at pH

=1 and the relatively less reduced MoO3z at pH= 4. This

Cu Kot 20 (degrees) difference is due to an increasing reducing pO\F/)ver of KBkth
Figure 5. X-ray powder diffraction patterns recorded after crystal- decreasing pH.
lization in DSC of the products obtaingd with 50 mL of 0.25 M The data obtained with 2.5 M KBHat pH= 1 in Table 6
K MoO, and 50 mL of 2.5 M KBH at various pH values: (a) pH reveal that the secondary reduced phasg@{pdecreases with
1, (b) pH= 4, (c) pH= 7, and (d) pH= 11. increasing KBH and vanishes completely at 30 mL of KBH
due to an increasing reducing power. Also, no ternary phases
containing potassium are formed at pH1 with 2.5 M KBH,
compared to that at pH 4 in Table 4; only binary oxides are
formed at pH= 1. The differences between the data obtained
at pH= 1 (Table 6) and pH= 4 (Table 4) can be understood
by considering the nature of (MOy)"~ species existing at
different pH values. It is knowhthat the MoQ?  units
condense progressively with decreasing pH to give polyanions
first and finally the neutral oxide Mo§Xeq 2). For example,
the polyanion paramolybdate (MD,4)%~ exists around pH=
4, and neutral Mo@begins to form close to pH 1. Reduction
of the polymolybdate KMo070,4 in solution at pH= 4 facilitates
the formation of the potassium molybdenum bronzgg\oO3
r Ko.aMoOs, while the reduction of the more condensed species
ontaining little or no K at pH= 1 leads to an exclusive
ormation of the binary oxides without any potassium.

Influence of Methods of Mixing on the Reduction Prod-
p-ucts. Since MoQ is formed easily compared to other reduced

products in all the experiments, changes in the method of mixing
¢ of KzMoO, and KBH; were pursued. Two experiments were

first carried out with 50 mL each of 0.25 M KBtand 0.25 M

(12) Reau, J.-M.; Fouassier, C.; Hagenmullex] FSolid State Cheri97q K2MoO,. In both the experiments, the initial pH values of
1, 326. K2MoO, and KBH, were maintained, respectively, at 4 and 11.

Intensity (arbitrary unit)

® o

begins to decrease at around 300 mL, another relatively more
reduced bronZ812K ggM0e0;7 begins to form. I§sMoeO17
is formed only for a narrow range (300 mL) of KBKolume.
Even at 300 mL of KBH, the relative amount of KggM0gO17
varies sensitively from one experiment to another. As the KBH
amount increases to 750 mL, the binary oxide;Mq is formed
as the major reduction product with some Mo#&hd traces of
the blue bronze as the secondary products. As the volume of
KBH4 increases further to 1000 mL, the more reduced binary
oxide MoG is formed exclusively as single-phase product.
The data of Table 3 clearly reveal that the reducing power
increases with increasing amount of KBHs indicated by a
decreasing oxidation state of molybdenum in the secondary
phase. However, a question arises as to why the more reduce
MoO is formed as a major phase at almost all volumes of KBH f
in Table 3. We believe that it is partly because of the way in
which the reductions are carried out. The addition of KBH
causes an instantaneous local reduction of some of the moly
date units to Mo@ Furthermore, the filtrates obtained after
filtering the precipitate were tested in all the experiments o
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Table 3. Reduction of 50 mL of 0.25 M BMoO, (12.5 mmol of kMoO,) with Varying Amounts of 0.25 M KBH at pH= 4
amount of KBH % products formetl
mL mmol KoMo03019 (M06+) Ko.2dMl003 (MOS‘WH) Ko.3M00O3 (M05‘7+) Ko.89VI06017 (MOS'SH) Mo401; (MOS'H) MoO, (MO4+)
5.3 1.33 100
15 3.75 46 54
30 7.50 15 20 65
45 11.3 10 30 60
50 12.5 43 57
75 18.8 35 65
125 31.3 28 72
150 375 7 93
200 50.0 23 77
250 62.5 29 71
300 75.0 10 15 75
300 75.0 4 47 49
400 100 10 90
450 113 7 93
600 150 7 93
700 175 11 89
750 188 12 56 32
800 200 5 95
1000 250 100

aThe average oxidation state of Mo is given for each phase in parentheses.

Table 4. Reduction of 50 mL of 0.25 M BMoO, (12.5 mmol of
K,MoOQ,) with Varying Amounts of 2.5 M KBH at pH= 4

Table 7. Reduction of 50 mL of 0.25 M EMoO, (12.5 mmol of
K2:MoO,) by Adding at Once Varying Amounts of 0.25 M KBH

% products formedl

amount of KBH, Ko.2dMloO3 Ko.sMoO3 MoO,
mL mmol (Mo574%) (Mo>™) (Mo**)
10 25 26 74
20 50 34 22 44
30 75 35 65
50 125 100

aThe average oxidation state of Mo is given for each phase in
parentheses.

Table 5. Reduction of 50 mL of 0.25 M ¥MoO, (12.5 mmol of
K2MoO,) with Varying Amounts of 0.25 M KBH at pH=1

amount of KBH,

% products formed

mL mmol Ko.sM0O3 (Mo5 ™) MoO; (Mo**)
50 12.5 26 74
100 25.0 16 84
150 375 13 87
250 62.5 9 91

2The average oxidation state of Mo is given for each phase in
parentheses.

Table 6. Reduction of 50 mL of 0.25 M KMoO, (12.5 mmol of
K>Mo00O,) with Varying Amounts of 2.5 M KBH at pH=1

amount of KBH,

% products formed

mL mmol M04011 (M0>5) MoO; (Mo*")
10 25.0 23 77
20 50.0 7 93
30 75.0 100
50 125 100

aThe average oxidation state of Mo is given for each phase in
parentheses.

In one experiment, the entire,MloO, solution was added at
once to the KBH solution and in the other experiment the
K2MoO;, solution was added from a buret to the KBsblution.

In both experiments, the final pH was monitored to be 8.5. The

amount of KBH, % products formed

mL mmol final pH  KoM03010(M0®T)  MoO,(Mo*)

10 25 6.0 40 60

20 5.0 7.9 23 77

50 12.5 8.5 17 83
100 25.0 8.5 23 77
200 50.0 8.5 13 87

2The average oxidation state of Mo is given for each phase in
parentheses.

Table 8. Reduction of 50 mL of 0.25 M EMoO, (12.5 mmol of
K2M0O,) by Adding at Once Varying Amounts of 0.25 M KBH
Followed by Reducing the pH to 4

% products formeti

amount of KBH, K,M03010 Ko 2dVI0O3 MoO,
mL mmol finalpH  (Mo®) (Mo%74)  (Mo*")

75 18.8 4.0 22 24 54
150 37.5 4.0 21 28 51

2The average oxidation state of Mo is given for each phase in
parentheses.

found to contain about 60% of the reduced phase Matd
40% of the unreduced phaseMoz0o.

Further experiments were also carried out by adding at once
50 mL of 0.25 M KMoO, maintained at pH= 4 to varying
amounts of 0.25 M KBH maintained at pH= 12. The final
reaction pH as well as the products obtained after crystallization
in DSC is given in Table 7. The final pH increases from 6 to
8.5 on increasing the KBHvolume from 10 to 50 mL and
remains constant at around 8.5 thereafter. The filtrates in all
cases showed the presence of molybdate ions, indicating
incomplete reduction. The reaction products were found to
consist of both the reduced phase Ma&®nd the unreduced phase
KoMo304 for all volumes of KBH,. However, the amount of
the unreduced phase decreases with increasing amount of KBH
due to an increasing reducing power.

Since the final pH rises invariably to about 8.5 in most of

filtrates in both cases contained unreduced molybdate ions, ashese experiments, a few further experiments were carried out

indicated by the formation of white precipitate with barium
chloride. This indicates an incomplete reduction of the mo-
lybdate ion due to a lower reducing power at a higher final pH
of 8.5. The reaction product after crystallization in DSC was

in which the final pH after the addition of 100, was brought
down to 4 by adding dilute HCI. The products obtained with
75 and 150 mL of KBH after crystallization in DSC are given

in Table 8. The results suggest that the lowering of pH leads
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to the formation of some red bronze ggMoOs in addition to the reducing power increases with both increasing concentration

the already present Matand KoMo3010. and volume of KBH.
Experiments were also carried out by adding at once 0.25M 4. Only MoQ, has been obtained as a single-phase product.
KBH4 solution maintained at pH= 12 to 0.25 M KkMoO, All other reduced phases are formed as secondary phases with

solution maintained at pk 4. With 150 mL of KBH,and 50 Mo0, being present as the primary product. This difficulty
mL of KzMoQ,, the final pH was found to be 8 and the filtrate  geems to be due to an instantaneous local reduction of the

consisted of unreduced molybdate. The reaction product after jgypdate ions to the more stable MgaOAIso, the relative
crystallization in DSC was found to consist of about 65% MoO  goupilities in aqueous solutions of other phases compared to
and 35% KMozO10. In an |d(_ent|cal experiment, the final pH 00, may play a role. Our attempts of changing the method
was lowered to 1 by adding dilute HCI. In this case, the product qf aqditions or reaction conditions were unsuccessful in obtain-
after heating in DSC to 508C was found to be single-phase g the other phases as single-phase products. Careful choice
MoO,. This is due to an increasing reducing power with o giher solvents instead of water might help in this respect,
decreasing pH. and such experiments are currently being pursued.
Conclusions 5. The technique offers amorphous products with high
surface area, which are particularly attractive for catalysis and

_Reduction of aqueous#100, with aqueous KBhas been 501 electrodes. For example, the amorphous MiiEained
investigated systematically at various pH values, concentrations, g currently being pursued as an anode material for lithium
and amounts of the reactants. We arrive at the following batteries

conclusions: . .
1. The as-prepared samples are amorphous and crystallize 6. Although borohydrides have been well exploited over the
at around 356500 °C years by organic chemists, they remained to be explored for

2. Lower valent molybdenum oxides such as Moi@0,011, the synthe_sis of inorganic ma_terial_s. _This stt_de dem_onstrates
Ko.2M003, Ko3M0Os, and Ko gVlogO17 are formed during the the poten_tla_l use of borohydrldes in inorganic matgnals syn-
reduction process. d%gVloOs and Ko 3MoOs could previously Fhe5|s. Similar syn'the5|s approaphes are currently in progress
be obtained only by electrochemical reduction under controlled N 0ur laboratory with other transition metals.
conditions.

3. The nature of the products formed is strongly influenced
by reaction pH, as well as the concentration and volume of
KBH4. For a given concentration and volume of KBHhe
reducing power increases with decreasing pH. At a given pH, IC950955W
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