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Single crystals of the violet-red L&MO 0 6 r,, violet-blue L&Mo03, and the new blue Li,,04M003 
bronzes have been grown by a temperature gradient flux growth method in evacuated quartz ampoules. 
Optimal growth conditions determined for each of the phases are reported. Li0.9M06017 is monoclinic, 
and a quasi-two-dimensional metallic conductor at room temperature, similar to K0.9M060r7 
Lioo4Mo0, appears to be a new intercalation compound of MOOR. 

Introduction 

Fused salt electrolysis has been the prin- 
cipal means of growing single crystals of 
alkali molybdenum bronzes that are suit- 
able for electrical and magnetic measure- 
ments (I-4). There are no reports of the 
successful use of vapor transport methods 
for molybdenum bronzes and flux growth 
appears to have been applied only to the 
tungsten bronzes (5, 6). Attempts were 
made in this laboratory to grow lithium mo- 
lybdenum bronze crystals by vapor trans- 
port, using iodine as transport agent in the 
hope that LiI, the most covalent of the al- 
kali halides, might successfully transport 
lithium. Although these attempts were un- 
successful in that no bronzes were formed 
by transport, the melts formed under the 
conditions used yielded highly crystalline 
reduced products. This observation has led 
to a more intensive investigation of the flux 
growth of oxide bronzes in the Li-MO-0 
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system, the results of which are reported 
here. 

Experimental 

The L&Mood used in these experiments, 
which was obtained from ROURIC and 
had a stated purity of 98%, was doubly re- 
crystallized before use. Reagent grade 
Mo03, obtained from Baker Chemicals was 
normally dried at 160°C before use but was 
ignited at 450°C if it had a slight bluish 
tinge. MoOz, also obtained from ROURIC, 
stated purity 99.9%, was washed several 
times with alternate portions of hot, dilute 
HCl, water, and ammonia to remove traces 
of molybdenum blue. All reactions were 
run in evacuated, sealed ampoules made 
from quartz tubing (11 mm i.d.) that had 
been soaked for several hours in aqua regia. 
Stoichiometric quantities of reactants were 
weighed out according to the equation 
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nLi2Mo04 + 2(1 - n)MoO3 + nMo02 * 
2Li,Mo03 (0.05 I n 5 0.60), 
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to yield a total charge of 10 g. This was 
mixed thoroughly by grinding in an agate 
mortar and pressed into three 0.375in.-di- 
ameter pellets that were flamed lightly in 
uucuo to remove absorbed moisture before 
sealing off in 15cm-long ampoules at a 
pressure of 2 x 10m2 Ton-. The reactions 
were run in a Mellen two-zone, 2-in.-diame- 
ter tube furnace, with each zone controlled 
by a Eurotherm controller. The tempera- 
ture at any given point in the working zones 
was controlled within *3”C during the 
course of a run. Usually a brace of four 
ampoules was placed in the furnace for a 
given run. The charge, which was 6.5- to 7- 
cm long was placed at the end of the am- 
poule that was to be placed in the hot zone. 

The standard procedure involved an ini- 
tial heating, designed to yield a polycrystal- 
line initial product or mixture of products, 
which was carried out for 3 days (usually) 
at a given setting of the temperatures in the 
two zones, followed by the final or crystalli- 
zation reaction which was carried out at 
somewhat higher (60-90°C) temperatures 
for 7 to 10 days. Runs were terminated by 
allowing the ampoules to cool at a rate of 
approximately 1 .YC/min for about an hour 
before removing them from the furnace. 
Typical reaction parameters are given in 
Table I. 

Phases formed were identified principally 
by X-ray powder diffractometry although 
occasionally photographic methods were 
employed. Filtered copper radiation was 
used throughout. Separated single-phase 
samples were chemically analyzed for lith- 
ium and molybdenum by using atomic ab- 
sorption and plasma emission spectros- 
copy. Typically, reduced phases could be 
separated from the matrix by leaching with 
either hot 5% potassium carbonate or hot 
5% sodium dihydrogen phosphate alter- 
nated with 2 M hydrochloric acid, until the 
solutions obtained were colorless. If neces- 
sary, mechanical separations followed. 
Some attack of the silica ampoule was evi- 

dent where melting had occurred and sili- 
ceous material, if present in the purified 
product, could be removed in most in- 
stances by washing with hot 10% hydro- 
fluoric acid without serious loss of the re- 
duced phase. 

Results for Li,MoOj, 0.05 I n I 0.60 

In the discussion that follows the chemi- 
cal formula Li,Mo03 will refer to nominal 
starting compositions made up from stoi- 
chiometric quantities of lithium molyb- 
date, molybdenum(IV) oxide, and molyb- 
denum(V1) oxide while Li,Mo03 will refer 
to the violet-blue bronzes previously pre- 
pared by Reau et al. (7) that were reported 
to have a range of stoichiometry, with 0.31 
I x I 0.39. Li0.04M003 is used to designate 
a previously unreported reduced oxide. 

The system Li,Mo03 was investigated 
over the range 0.05 d n 5 0.60. The partic- 
ular phases formed depend not only upon 
the value of n but also upon the range of 
temperatures to which various portions of 
the reacting mix were subjected. Growth of 
the phases of interest appeared to be opti- 
mized by preheating the charge several 
days at a temperature well below melting 
(i.e., around 550-580°C; both zones kept at 
the same temperature) followed by addi- 
tional heating in a gradient in which the hot 
end of the ampoule was at approximately 
640°C and the cold end at about 590°C. 
Without preheating, the size and perfection 
of the reduced crystalline phases were gen- 
erally found to have diminished. Higher 
temperatures may also result in degradation 
of crystal quality or the formation of un- 
wanted binary oxides. Cooling of the am- 
poules at the end of a run for about 1 hr 
before removing them from the furnace 
served to prevent their cracking and oxida- 
tion, which sometimes occurred when they 
were quenched from the growth tempera- 
ture. Crystal growth was complete prior to 
this cooling process as observed in some of 
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TABLE I 

SUMMARY OF PHASES FORMED FOR VARIOUS GROWTH CONDITIONS 

TIO Tl5 
Sample n (Z) ti (2) (2) (“C) (“C) tf Reduced product and comment 

II-109 0.05 580 3 637 637 637 637 
II-108 0.10 580 3 637 637 637 637 
II-27 0.15 575 3 641 623 608 588 
II-45 0.20 575 3 641 625 610 588 

III-34 0.23 570 3 644 627 614 595 

I-104 0.26 576 3 644 625 607 588 
II-28 0.26 575 4 643 625 609 590 

III-41 0.26 575 3 668 650 635 620 

10 
10 
7 
7 

7 

7 
10 

10 

No melting; Li,,.MMo03 
No melting; L&.(UMoOs 
No melting; Li,,MMo03 
No melting; L&u,,MoOr in cold end. -y-Mo40n and 

L&.9M06017 in hot end 

III-33 0.26 - - 644 625 610 590 

III-20 0.30 575 3 640 623 610 588 

7 

10 

Partial melting; mainly L&Mo~O,~ in cold end + 
some L&.,Mo03, -y-Mo40u also found in hot end 

As in III-34 but better quality Lio.&lo6017 
As in III-34 but better quality L&.Mo60r7 crystals. 

Many plates 4-7 mm in diameter 
Same phases present as in II-28 but considerably 

poorer quality crystals; more intergrowth. Some 
L&MOOS needles also observed 

No preheat. Same phases as in II-28 but Li,,.sMo60Lr 
crystals smaller and more intergrown 

Phase distribution similar to that of II-28 but with 
more extensive melting. Crystals of L&.sMo6O17 
are 3-5 mm in diameter 

II-26 0.33 575 3 641 623 608 588 7 

III-36 0.36 570 3 644 627 614 595 7 

Crystals of L&,Mo601, and L&.aoOs in colder re- 
gion. LiXMo03, y-ModOil, and Moot crystals in 
hotter regions 

Similar to 11-26. LizMoOr grows as fine needles 
intermixed with Moot. L&Mo60t7 dominant 
phase 

II-106 0.40 565 3 636 620 605 586 10 Melting occurs throughout. Large platelet crystals 
of L&MOOS form which are 1 x 4 x 5 mm in hot 
end. Large prisms of L&Moor crystals 1 X 1 x 
5-7 in 600°C region 

III-42 0.40 575 3 668 650 635 620 

III-9 0.50 575 3 642 625 612 592 

10 

7 

Principal reduced phase is Li,MoOr in form of fine, 
thin purple needles 2-4 mm long 

Dominant reduced phase is LiXMoOs in the form of 
fine needles, some very small Moor crystals CO.5 
mm 

III-13 0.60 575 3 640 624 610 590 7 Moor is only reduced phase observed 

Nore. 4 = the initial temperature used to heat the entire charge. ri,rr = the time in days for the initial and final 
heating conditions, respectively. To, T,, Tlo, Tss are temperatures across the length of the ampoule during tr; 
subscripts represent distances in centimeters measured from the hot end. 

the experiments where the ampoules were 
quenched to room temperature at the termi- 
nation of a run. The results are summarized 
briefly in Table I and the discussion which 
follows refers to the gradient conditions 
outlined above unless otherwise stated. 

For II = 0.05 and 0.10 no signs of melting 
are evident. The pellets are coated with 
blue dendritic flakes while their interior is 

predominantly Moo3 with small blue nee- 
dles mixed in as a minor phase. The interior 
and exterior blue phases have identical X- 
ray powder diffraction patterns. The com- 
position appears to be close to Li0.&o03 
based on analysis of several different sam- 
ples of the dendritic material. The blue nee- 
dles are l-2 mm long on average. 

For 12 = 0.15 again there is no melting, 
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however, in addition to the blue dendritic 
flakes of Li0.01M003, some Li2M04013 is 
also present as shown by the X-ray powder 
diffraction pattern. 

For starting composition Li0.20Mo03, the 
sample has maintained its pelletized shape, 
albeit with considerable shrinkage due to 
sintering and incipient melting. Although 
uniformly blue on the outside, the pellets 
are a mixture of phases in the interior. For 
the portion of the charge in the 625-630°C 
region the principal phase is L&.aMoO3 in 
the form of thin rods 2 to 3 mm long. Li0.s 
MoeOr and ~-Mo~Oii (the high-tempera- 
ture form) are also present as small crystals 
(less than 1 mm in largest dimension) and 
polycrystalline aggregates. The predomi- 
nant reduced phase found in the region 
heated between 630 and 641°C appears to 
be Y-Mo~O,, but Li0.9M06017 and Li0.w 
Moo3 are also present. Li2M040i3 is also 
present throughout the sample. 

When FZ is between 0.23 and 0.33 both 
melting and flow toward the cooler end of 
the ampoule take place, with the amount of 
flow increasing with n. At n = 0.23 the 
melted region contains principally blue 
crystals of L&MM003 intermixed with 
small violet-red platelets of L&MosOi7,2- 
3 mm in largest dimension. For n = 0.26 
flow takes place down to where the temper- 
ature was about 610°C about 2 cm beyond 
the initial position of the charge; for n = 
0.33 the melt extended almost to the end of 
the ampoule where the temperature was 
about 590°C. However, the position of the 
original charge is clearly evident. In the re- 
gion of 595-625°C the reduced phases ob- 
tained are L&.wMoOj and L&.~Mo~O~, with 
the amount of the former decreasing as n 
increases. The growth of L&.9Mo6017 ap- 
pears to be maximized in the region n = 
0.26-0.33 with plates typically in the diam- 
eter region 3-6 mm, and some as large as 8- 
10 mm. For II = 0.26 some fine purple nee- 
dles are also found whose X-ray diffraction 
pattern corresponds to that previously 

found for the monoclinic bronze Li,Mo03 
(0.31 I x I 0.39) (7). Above 630°C the prin- 
cipal reduced phase is again ~-Mod011 but 
for n = 0.33 significant amounts of fine 
Li,Mo03 and polycrystalline Moo2 are 
also found. 

At n = 0.36 a similar regimen exists ex- 
cept that the relative amount of Li0.9M060i7 
and L&,MMo03 is markedly decreased in 
both quality and quantity, while the 
amounts of Li,Mo03 and Moo2 increase. 

At n = 0.40 the sample melts completely 
and flows throughout the ampoule. In the 
coldest regions (586-620°C) the dominant 
phase is now Li,MoO,. In addition to the 
fine needles of this phase previously ob- 
served, several large prisms (5-7 mm in 
length and 1-2 mm thick) are found, princi- 
pally in the 600°C region, and surprisingly 
large platelet crystals (1 X 4 X 5 mm) of 
Li,Mo03 are also found in the 610-620°C 
region. Some MOO* is also evident as very 
small crystals mixed in with the mass of fine 
needles of Li,Mo03. 

At n = 0.50 complete melting of the sam- 
ple and flow throughout the ampoule again 
occurs. The dominant reduced phase is Li, 
Moo3 in the form of fine needles; some 
very small MOO* crystals (co.5 mm) are 
also present. The principal nonreduced 
phase in the melt is L&Mo50r7. A smaller 
quantity of LiZMo40u is also evident. For n 
= 0.60, melting is complete and the position 
of the original charge is no longer evident. 
The only reduced phase is MoOz which 
grows in the form of prisms 2-3 mm long 
that are particularly noteworthy for their 
smooth, highly reflecting, well-formed 
faces (Fig. Id). 

Discussion 

The flux growth technique has been used 
successfully to prepare large single crystal 
specimens of L&.,zMo03, L&.9M06017, and 
Li0.04M003. Figures la-d show typical ex- 
amples of crystal sizes and morphologies 
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FIG. 1. Crystals of (a) L&Mo60,,. (b) L&.MMo03, (c) LixMo03, (d) MOO*. The grid spacings in a-d 
are in millimeters. 

obtained. The optimum starting composi- 
tions of the charge L&Moo3 for the growth 
of Li0.sMo60i7 appear to be in the range 
0.26 % n 5 0.33 while crystals of Li,Mo03 
could be isolated in pure form only for n = 
0.40 and 12 = 0.50. Li0.wMo03 grows best 
for 0.23 5 n 5 0.30. The size and quality of 
the crystals does not appear to be markedly 
dependent upon the cooling rate at the end 
of the run. However, we intend to look at 
this aspect more closely in the future. 

Li0.sMoS0i7 was first prepared by Reau et 
al. using a solid state reaction (7). Its crys- 
tal structure is not known although Gate- 
house et al. did some single crystal X-ray 
diffraction studies which showed that its 
space group is different from that of the Na 
and IS analogs (8). Four probe resistivity 
measurements down to liquid-helium tem- 
peratures show that Li0.9MoS017 displays 
metallic conductivity and that the conduc- 
tance is highly anisotropic. The room-tem- 
perature resistivity, measured in the direc- 
tion parallel to the plate axis, is 9.5 x 10e3 

and 2.47 fi cm perpendicular to that axis. 
Thus the conductivity at room temperature 
1s -250 times greater in the easy direction 
(ab plane) than along the direction parallel 
to the c axis. This highly anisotropic behav- 
ior is similar to that reported for K0.9M~s017 
(9) whose recently determined structure 
(10) is consistent with such two-dimen- 
sional behavior. A more detailed presenta- 
tion of the electrical properties of L& 
MoS0i7 will be given elsewhere (II). 
I(0.9M06017 is trigonal and the strong lines 
of the powder pattern of Li0.9M06017 can be 
indexed on the basis of a similar unit cell 
(7). However, weak but clearly discernible 
lines in the low-angle region of a Debye- 
Scherrer photograph coupled with the split- 
ting of some higher angle lines can only be 
accounted for on the basis of a monoclinic 
unit cell. This observation is in agreement 
with the single crystal patterns of the lith- 
ium compound observed by Gatehouse et 
al. (8). Their lattice parameters differ 
somewhat from those reported by Reau et 
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al. (7). This might be taken as evidence for 
a small range of nonstoichiometry in Li0.9 
Mo60i7. However, our chemical analysis 
of several samples prepared from charges 
covering a wide range of lithium content 
gives values for Li between 0.87 and 0.93 
per Mob017 unit (See Table II). Further, we 
were unable to detect any change in the lat- 
tice parameters for all of the analyzed sam- 
ples. Thus it appears safe to assume that 
any range of nonstoichiometry, if indeed 
one exists, is quite small. Our X-ray data 
yields a considerably better fit for Gate- 
house’s (8) unit cell parameters (a = 9.482 
A, b = 5.521 A, c = 12.737 A, /3 = 90.590) 
and these have been used to index the X- 
ray powder diffraction pattern given in Ta- 
ble III. 

L&Moo3 is a semiconductor (4) whose 
crystal structure is not known. Although 
Li,Mo03 was observed throughout the 
range 0.26 5 n 5 0.50, pure samples of this 
phase were isolated only for n = 0.40 and 

0.50. Interestingly, chemical analysis 
shows that both samples have a composi- 
tion close to L&.32M003 (see Table II). This 
observation coupled with the fact that Stro- 
be1 and Greenblatt (4) found that x = 0.33 
for an electrolytically prepared sample, in- 
dicates that the range of homogeneity of 
this phase is considerably less than that re- 
ported previously (7). Further, we find no 
variation in interplanar spacing for speci- 
mens of this phase prepared from charges 
with 0.26 I n I 0.50. However, the X-ray 
diffraction pattern for each of our two pure 
samples of Li,Mo03 shows the compound 
to have a somewhat larger unit cell than 
that reported by Reau and co-workers (7) 
for a sample of unspecified lithium content. 

The blue phase, Li0.wMo03, has not been 
reported previously. It has not been ob- 
served in the ternary Li,Mo03 products 
prepared by the topotactic reduction of 
Moo3 either with n-butyl lithium or electro- 
chemically (13). The results of chemical 

TABLE II 

RESULTS OF CHEMICAL ANALYSIS 

Sample No. 
Charge 

composition 

III-34B-1 
II-14A 

III-2oc-1 
III-2oc-2 
II-26A- 1 

II-106A-1 
III-9 

III-35B 
III-18B 
11-28-4 

III-IIB-1 
III-20D- 1 
II-107A-1 
II-107A-2 
H-26/104 

III-36B 

Phase type %Li 
isolated (ohs.) 

LimM003 

Lio.c4Mo03 

Li, aMoO3 
&&foo3 

Gm&fo03 

LixMo03 
LixMo03 

0.211 Lb43MoO3" 

0.18 66.6 Lio.037MoO3 

0.210 66.5 L10.043M003 

0.210 Li0.043M003(1 
0.204 66.7 Lio.o42Mo03 

1.52 65.8 Lio.&foO2.~ 
1.53 65.7 Lhdo02.~ 

0.727 67.80 Lio.8&'60,6., 

0.716 L10.88M060,7b 

0.723 Lio.89M06017b 

0.722 Llo.8&060,7b 

0.726 Li0.8&06017b 

0.730 67.4’ k&‘fO&h7.o 
0.754 67.6 Li0.93M06016.8 

0.750 Lio.92M060,7b 

0.740 Lio.d%%* 

%Mo 
(ohs.) 

Calcd. 
formula 

n Chemical formula calculated on the basis of an Moo3 stoichiometry. 
b Chemical formula calculated on basis of Mo60n stoichiometry. 
c Theoretical %Mo for Lir,.&Io60n is 67.4%. 
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TABLE III 

X-RAY POWDER DIFFRACTION PATTERN OF 
L&Mo~O,~; MONOCLINIC INDEXING~ 

7.65 7.64 
5.29 5.29 
4.76 4.76 
4.25 4.25 
3.82 3.82 
3.601 3.597 
3.473 3.461 
3.367 3.365 
3.192 3.181 
3.167 3.162 
3.139 3.136 
3.018 3.018 
2.755 2.758 
2.748 2.738 
2.659 2.654 
2.633 2.636 
2.549 2.548 
2.450 2.454 
2.347 2.345 
2.256 2.253 
2.237 2.236 

2.215 2.214 
2.144 2.147 
2.124 2.123 
2.080 2.081 

2.071 2.068 
2.054 2.053 
1.915 1.912 
1.906 1.904 
1.820 1.821 
1.779 1.781 
1.736 1.737 
1.731 1.731 
1.699 1.701 
1.684 1.684 
1.672 1.672 
1.659 1.659 
1.652 1.653 
1.590 1.591 

1 

2 
3 

100 
3 

1 
3 
5 
5 

<l 
17 
23 
30 
10 
2 
1 
2 
3 

10 

3 

17 
2 
2 

13 
10 
3 

12 
5 
2 
2 
5 

101, 101 
102, 102 
110, 200 
003 
112,202, 112 
210 
2li, 211 
013 
004, 113,203 
113, 300 
203,212, 212 
104,104 
020, 014,215 
213, 310 
204, 114, 120 
114, 204 
303, 005 
105, 105, 122, 122 
22i, 221,404 
304,205, 113, 123 
123, 115, 222, 205, 304, 222, 

402 
402 
4li, 411 
006 
314,_215, 024, 225, 320, 403, 

106.225 
215, 3’14, 106, 412 
412, 321, 321 
224 
224 
502, 216, 031,003 
10~,42~,421, 5li 
132,503, 132, 225, 324, 422 
512,017 
207, I i7,23i, 117 
316,026 
316 
133, 425, 126, 232, 513 
232, 126, 423 
034, 233, 008, 330, 226,406, 

233 

a Indexed using single crystal parameters of Gate- 
house et al. (8) a = 9.482 A, b = 5.521 A, c = 12.737 
A, /3 = 90.59”. 

analysis of Lio.&Io03 indicate that the lith- 
ium content is relatively constant and very 
close to 0.04 (see Table II). The acidity of 
the material is evidenced by the fact that it 
is rapidly decomposed by a hot 5% potas- 
sium carbonate solution which leaves an in- 
homogeneous greyish, amorphous residue. 
The crystals of L&.wMo03 appear to be 
twinned, and we were unable to determine 
the lattice parameters unambigously using 
Weissenberg and precession photography. 
However, the lattice obviously bears a 
close resemblance to that of Moo3 as 
shown by the comparison of the X-ray pow- 
der diffraction patterns of Li0.&Io03 and 
Moo3 given in Table IV. The similarity of 
the patterns is noteworthy. However, there 
are small but significant shifts in the d spac- 
ings, and marked differences in the inten- 
sity data. These are reasonably reproduc- 
ible from sample to sample, indicating that 
the intensity difference is not a preferred 
orientation effect; an observation which is 
confirmed by powder photography. 

These observations suggest that a small 
but reproducible amount of lithium interca- 
lation has taken place under the conditions 
of these experiments. Further, the com- 
pound is a moderately good conductor of 
electricity while Moo3 is an insulator. Four 
probe resistivity measurements at room 
temperature yield a resistivity value of -2 
fl cm. Cooling the sample increases the re- 
sistivity considerably, which indicates 
semiconductivity. A qualitative measure- 
ment of the sign of the Seebeck coefficient 
is consistent with p-type majority carriers. 
More extensive measurements of the trans- 
port properties are planned. 

It is noteworthy that Li2M040i3 is found 
throughout the samples for 0.15 I n 5 0.50 
where bronze formation is observed. Elec- 
trolytic growth of alkali molybdenum 
bronze single crystals on the cathode has 
been successful only in a narrow range of 
melt composition, corresponding to the 
starting phase A2M040i3 (4). Subsequent 
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TABLE IV 

COMPARISONOFTHEX-RAYPOWDERDIFFRACTION 
PATTERNOF L&.042M003 WITHTHATOF Moo3 

Gm4zM003 Mo03(PDF 5-508) 

d obs Ill0 d ohs I& hkl 
- 

6.94 
4.15 
3.84 
3.52 
3.469 
3.342 
3.226 

- 

2.876 
2.836 

- 

2.633 
- 

2.564 
2.335 
2.316 

- 

2.220 
2.196 

- 
- 

1.979 
1.955 
1.867 

- 

1.814 
- 
- 

1.737 
1.729 
1.710 

- 

1.665 
1.654 
1.644 
1.636 
1.608 
1.598 
1.581 
1.569 

58 6.93 
3 - 

1 3.81 
13 - 

100 3.468 
10 - 

10 3.260 
- 3.006 

2 - 
1 - 

- 2.702 
5 2.655 

- 2.607 
1 2.527 
3 2.332 

45 2.309 
- 2.271 

5 - 
3 - 

- 2.131 
- 1.9% 

5 1.982 
1 l.%O 
3 - 

- 1.849 
1 1.821 

- 1.771 
- 1.756 

1 1.733 
1 - 
1 - 

- 1.693 
1 1.663 
2 - 
3 - 

4 1.631 
2 - 

4 1.597 
2 1.587 
4 1.569 

34 0.20 
- - 

82 110 
- - 
61 040 

- - 

100 021 
13 130 

- - 
- - 

19 101 
35 111 

6 140 
12 041 
12 131 
31 060 
18 150 

- - 
- - 

9 141 
4 160 

13 200 
17 061 

- - 

21 002 
11 230 
5 170 
5 161 

17 080 
- - 
- - 

8 221 
13 112 

- - 
- 

13 

- 

042 
- - 

15 171 
6 180 

16 081 

experiments produced LiXMoOj crystals 
throughout the melt by slow cooling of elec- 
trolyzed Li2Mo04-Mo03 melts with bronze 
formation optimized for a starting composi- 

tion close to Li2M040i3 (12). Thus it ap- 
pears that the presence of Li2M040i3 is es- 
sential for bronze formation. It was 
suggested before (4) that the formation of 
bronzes occur due to the presence of the 
edge-sharing molybdenum octahedra in the 
melt as are found m Li2M04013. 

Conclusions 

The temperature gradient flux technique 
has been used successfully to yield large 
crystals of lithium molybdenum bronzes: 
Li0.9Moa0i7, Li0.jzMo03, and Li,-,+,Mo03. 
Stoichiometric mixtures of LizMoO,,- 
Moos-MOO* made up to the nominal start- 
ing composition Li,Mo03 with 0.05 : IZ I 
0.60 were enclosed in evacuated quartz am- 
poules and heated in a two-zone furnace. 
The particular phases formed and the qual- 
ity of crystals depend on the value of IZ and 
the temperature gradient of the reaction 
mixture. The growth of Li0.sMo60i7 is opti- 
mized for n = 0.26-0.33. The largest crys- 
tals of Li0.32M003 have been grown at II = 
0.40 and growth conditions for Li0.wMo03 
are optimal when 0.23 I n 5 0.30. 

Li0.sMo60i7 is monoclinic and is a quasi- 
two-dimensional metallic conductor at 
room temperature, similar to the potassium 
analog &.sMo~Oi7. L&.~MoOs is a p-type 
semiconductor. 

Li2M040i3 appears to be a requisite phase 
in the reaction mixture for formation of the 
bronzes L&Mo60i, and Li,Mo03. In addi- 
tion it significantly promotes crystal growth 
of Li0.04M003. 
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