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I Genergl Study of Perowskite Type Compound

In view of the fret thet many ternary oxides of the fermula-type ABO3 and
the perowskite structure are now known, an attempt has been mede to find some
general relatienships among them,

The ideal perowskite structure is cubiec, with an A-cation, twelve-coordinated
to oxygen, at the body center of the cubey B-catiocns, six-coordinsted to oxygen,
ot the cube corners; and oxygens in the edge-centers, Both geometriczl factors,
as described in the Goldschmidt(l) equetion, and valences must be satisfied in
order for this structure to exist.

To obtain products with the L{deal perowskite formula, #.BOa, if A = an
alkaline earth cation, the transaition metal shoulc be tetravalent, and, if
A = lanthanum, the transition metul shiould be trivalent, This necessitates
unusual valence states for several of the transition elements, That these
unusual valence states exdist hes been shown beyond doubt, but they are frequently
not fully attained, so that varisble valenc;, uviygern or i-cation deficiency,
and peculiar conduchtance phenoriena ave found in many of the products. In the
alkaline earth series, the defizienclies found soc far, with the possible exception
of strontium-vanadium and strontium-iron-axides(2), have been oxygen deficiencies,
The syntheses of the barium, strontium, caleiuvmy and lanthanum oxides of the
first period trensition melals from vanadium to copper has been tried to complete
this series of compounds.,

Table 1 shows the alkaline earth and lanthanum series in which products
have been obtained. Since the degree of oxygen deficiency zeens to be dependent
on the temperature and duration of heating, and, possibly, in scae cases, on the
reactants used, these data are included for the materials prepared (not necessarily
originslly) in this laboratory. Ideal fonmulee are used except where others have

besn eztablished.
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Table 1
Products Containing Alkaline Barth or Lenthanum, & First Period Transitj:~ Métal,
and Oxygen
: Struec-
Product Reactants Coler Temperature Atmosphere ture
BaT104(3) Wnite ¢ -90°C air H
»-90°C,<-5°C 0
»-5°,<120°C T
>120°C c
BaV04? Ba(NO3) 2+V203 Black 1000°C Hp ?
BaCrCy? BaCrO, Brown 1050°C Hp ?
BaCrO 3'? BaCrO, Black 1600°C air ?
BaHnOB BaCOa+MnO, Black g90ct, 1000°C air DP
BagFeql, . (&) Black g00°C air LP
BaFeOp 72  Ba(NO3) ;+Fe(NO3) 3.9H20 Black 700°C air  DP
BaFeCB? Ba(NO3) ;~Fe(NO3) 3.9H,0 Amber 1200°C air 7
BaCoOp_72(5) Black 650°C air P
BaCoOp,gg  Ba(N03) z+Co(NO3) 2.6H;0 Black 700°C air  DP
BaCoOz; 31(5) Black 900°C air ?
BaCo0y.53(5) Black 1300°C air P
Balo0, Ba{03) 2+Co(NQ3) . 6H 0 Black 1200°C" air  DP
BaNi04(6) Black 700°¢C 02 H
BaNiO, ;o Ba(NQ3) »+Ni{NO3) 5. &H.D Black 7C0°C air LP
BaliC, Ba(NO3) ;+N1(NO3) 5. 6H,C Black 900°C air 7
BaI‘.'iO3 Ba(NO3) o+Ni(NO3) 2. 6H20 Decomposed {1200°C air ?
BaCu0_7 Ba{NC.) z+Cu(NO3) 5. 3H,0 I 7C0--900°C air ?
>
S51Ti0 3( 7) e
SrCr0 7 " N3) 2+Cry0;3 Yellow-grasn £70°C air M
S1 CrOB? SrCr0, . Dark green or 1200°¢ air or ?
Note: Xey follows table. black vacuum

vy
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Product
gryﬂOQ( R‘

Ler8C,
SrFe0,
SrFe03?
SrFsQ;
SrCo0j
SrCo0j3
SrliNi0;
Sr¥i0,

Srlulj?

CaCr03?
Calin03(8)
CaCo03?
CaNiC37

CaNi03?

'LaT103(11)

1aFe03(9)

1»8-':-00.3(13)

LaNio 3

~ar

Resctants Table 1 (co%iiizgd)
Sr(NO..} 5+MnO, Black
Sr(Ne .} ;+Pe(%0;) 3,9H0 Black
Sr(NO3) 2+Fe;03 Black

Sr(NO3) »+Fe03
SrC0O3+Fe 03

Sr{NO,) ,+CoC0,

Sr(NO3) 2+Co(NO3) 2. 6H20
Sr(NO3) +Ni(NO3) 2. 6H0

SrC03+NiCO3

S!‘(NOg) 20 3H20#CU.(NO3) 2 3H20

CaCrO;,
Ca(NO;,‘ 2 IJ{20+Mn02

~n_1fas o
‘-‘c"““33: z.w20+00003

Ca(NCy. z. 4H20+N1(NO3) 2. 6HZ0

CaC03711(NO3) 5, 6H L

La 203#'1‘.‘1203

L&gU;-'rVgO;g

Lago:._«i"i‘.'!{\..o_‘,) 2

L:{NO3} 3. 6H,04+ Fe(NO3) 3.9H20 Yellow-brown

La(NO;,) 3- 6H20+CO(NC3) 20

Temperature
1000*C

700°, 900° , 1100°C
650°,900°, 1200°C

Liver-colored 1260°C

I

Black
Black
Black

Black

—

1200°C
900° ¢

690* , 700°, 900°,
1000°C

690°, 700°,900°,
1000°C

820°, 900°, 1260°C

900°C

Dark green or 1100°,1200°C

black
Black

Black

-

Black
Black
Green

Black

H,0 Black

La(M03) 3. 6H 0+ N3.(NC3) 2. 6H,0 Biack

i
DI .

1000°C
5002-900°C
550°C
00°C

1200°C
1200°¢C
900° 2

[aYaYal )
5CC°C

900°C

900°C

800°C

air,
vacuum
air
air
air

air

DP
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Table 1 (continued)
Key to Table 1

hexagonal deformation of perowskite-structure
ortherhicmbic deformation of perowskite-structure
tetragonal deformation of nerowskite-structure
rhombohedral deformation of perowskite-structure
uncertain

esgentially simnle perowskite

DP = deformed perowskite

IP =

I=

multiple-celled perowskite

inhomogenous vroduct
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I. 1 The Barium 8eries

Earlier work, done on this project and elsewhere, (8),(4),(5),{6) has shown

-
*
25

the exisztence of ternary oxides, of the type ABOj, in the systems barium-manganese-

oxygen, barium-iron-oxygen, barium-cobalt-oxygen, and barium-nickel-oxygen., These

el

are perowskite-like or pseudo-perowskite-~like phases., With the possible exception
of the manganese member, which has not yet been analyzed, they all exhibit oxygen-
deficient lat ices. In no case save that of nickel(6) has the ideal formula

been observed.

Reactions have taken place, also, when attempts were made to produce BaVOj3
and BaCr03, but the products are not recognizable as perowskite-like or near
perowskite-like. There seems to be no geometrical reason for this, so it is
nossible that, if prorsr conditions could be found, these two compounds might be
made.

Single crystals, of hexagonal habit, have been obtained for the low-temperature
iron, cobalt, and nickel members, and single crystal x-ray analysis is in procese |
on the barium iron oxide.

I. 2. The Strontium Series

The systems under consideration in this series are strontium-msnganese-oxygen,
strontium-iron-oxygen, strontium-cobalt-oxygen, strontium-nickel-oxygen, and
strontium-copper-oxygen., They were prepared in tha same way as the members of
the barium series, by heating mixtures of carbonates, nitrates, or oxideg of
the desired A- znd B-cetions in such proportions as to give an A to B ratio cof
cne, Table 2 contains x-ray diffraction cate for several of the products, No +
homogeneous products were obtained with copper. :

The strontium-iron phases are simplest., and have deformed perowskite-~like
structures, 2¢ shown in Table VIII, page 13, in our Eleventh Quarterly Rsport.

In this system the fsct has been ncted that. if strontium carkonatae and forrie
oxlde be used as reactants, the degrez of departure from cubic symmetry is much

less than if nitrates be used as starting materials (Tabl= 3). This may bo
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caused by a greater oxygen deficiency in the former case, where the reactants
themselves are less strung oxidizing agents than the njtrates., Study of reactions
in a pressure-controlled oxygen bomb might iesolve this problem,
The manganese, ccbalt, and nickel phases are quite similar to each other in

structure, and bear some resemblance to the iron phase, but are considerably

more complicated., The strong lines of cobaliious oxide and nickel oxide can be
found in the apnronriate difiraction patterms, The iren, cobalt, and nickel

products show qualitative evidence of valences greater than three, two, and two, £

respectively.

Valence determinations by the method of Struthers({14) give formulae SrNiOz'za
for the product obtained by the rsaction of nitrates at 700°C and brNiO-am for
that cbitained at 1000°C, This is in line with the valence decrease with tempera-
ture fourd in “he barium-cobalt-oxygen(5} and barium-nickel-oxygen(

Table 3 contains x-ray data for the strontium-iron-oxygen phases prerared ;
from nitrates at 700°C, 90C°C, 1000%C, 11.00°C and in the range 1150-1260°C, and

also for phases made at 900°C and 1200°C starting with strontium carbonate and

- . -
ferric oxide,

The product prepared in the range 1150-1260°C is a ruby-red to amber-colored

~
material, apparently fcrmed from a melt, It shows hexagonal asterism, and is

highly magnetic, In these respects it paraliels the barium-iron-oxygen product i

made at temperatures above 1160°C., In both cases, the x-r.y powder diffrection

patterns were very poor.

Comparison of the dats for strontium iron oxide with those for the lanthanum =

series, in psiticular LaNiQB, in Table 4, snows that the strontium-ivon phases

have a much closer structural resemblance to the lsnitnanum transiticn nctal
oxides than %o the other heuoers of the strontium-transition metal-oxygen series,
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Table 2

A Comparison of the X-ray Diffraction Data of the Strontium-Transition Metal-
Oxygen Series

SrinO
1000°C
I

We

W+

W=

d/n

3.29
3.12

2.94 .

2.75
2,58

2.2%
.21
2.101
2.060

1.993
1.862
1.773
1.682
1.650
1,619

SrFeOx

900°C

I

W4

W+

W+

W+

S+

W+

d/n

5.12

3.81
3.37
3.09
3.05
2.81
2.74

2,13

2.016

1935

,-l

—
o~
o
o

SrCo0x
800°C
I

\

W=

W+

s-

nme=

2,22
2.13
2.053

1.945
1..893
1.815
1.6863
1. 642

1.615

SrNi0y
800°C

W=

S~

W+
mn+

n+

(=]
-q
()

=~

1,635




SrMnCx

Mg

¢

1000°C

T
L3

W+

BeeREa s

W+

A
-

b R e
.

LRy e

-

d/n

1.577
1.540
1.501
1.442
1,409
1.380
1.245

1.277

SrFeOx
Q00° 0
I

m+

m+

me~

W+

W+

Table 2 (

1.591
1. 583
1542
1.485
1.437
1.396

1..66
1.270

1.224

[
8 =

continued)

SrColy
800°0
I

m

W

Wee-

1.583
1.557

[ €e)
o J

-3

1,50

1.371

1.320
1.277
1.253
1,193
1.169
1.141
1.091
1.064
1,052
1.037
0. 950

STNAO,
800°C

W+

w+

W~

1.57¢

1.518
1.477
1.380
1.368

1.134

1.049
1.039
0.957

adhé
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Table 3
Effect of Temperature and Reactants on Structure in the System Strontium
Iron-Oxygen
T 8rc0, T T Tercoa
. 2a%0, FO;O;
T00C 900°C : c 1000*C 110G*C 1200°C } 1150-1260°C
L A4 i - e S S
1 dn 'I d4n I d/n |I a/n I d/m II é&/n Ti d]n'“
we 5.12
we 3.8 w 3.82
i w 3.53 | w 3.70
w 3038 o 3037 W= 3037 w 30” '
Wee 3.2“
w 3,13
- (s o 2.0
b ‘we  3.09
! B of 2.7
( .
n 2,96
La 2.79 s+ 2.81% w 2.1 (s 2.7 (s 2,61 3a 2.7
8 2.73 is 2.7 (s 2.7 |8 2.73 (s8¢ 2.7% |8 2.75
o 'w 2.63 o N a 2,63
u w 2.52 | we 2.53
T T m 2.43
4 P
| w 2.40
| w 2037
w 2.3 Tw TYT w 2.9
R .._.‘.JL..,__... —”“-.ﬁ [ s o e o e - -
w 2,22 |w 2,24 m 2,23 |m- 2,23 |w- 2,23 jwe 2,24 jwe 2.22
w 212 In 213 To- 2212 |a 2.4 | jw 204
e e T (e Y . —— g - e
we 2,031
] m- 2,020
}. o 2'.016
w 2,013
e

—_ . e—— — Y e = = —s

o SRR it e R S Pt
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S w.._.j_..siéggble3¢.cogtigu34’)__--.-.- U sido, R —
Fet0s I Fe303
| 700°C 900°C | 900°C  [1000°C | 1100°C 1260°C 1150-12607C
I d/n I d/n I d/n I d/n ‘I d../P.,. I d/_{‘q_d}____f_l_{_‘?__
m- 2.010
w- 1,957
s 1.933 |m+ 1.933|s 1.933 |8 1.936 |m 1.936
me 1,924
w- 1,915
- e 1.752 |
w-- 1,729 B
w- 1.682 |w  1.685 T Toeeo [T T
w  1.660 v 1.669 |w- 1,662 - 1.66[L"
i ‘;';:- 1.653
w 1.617 |m- 1.623 | To- L.617 |m  1.62% m 1625
. w 1,602
me L5910 | e~ 1.594
e -
m 1.579 {m+ 1.583 .m+ 1.579 m+ 1,579
oY I E .......... J
w  1.485 T w- 1,186 T
rw 1.477 m 1,472
w- 1.L,371 ‘-w— 1,430 {w 1.435
w 1,395 |m- 1.3961i m- 1.390 Im 1,393 w+  1.386
me 1.362 jm- 1.366 |m  1.366 |me 1.364 |m  1.368 |m  1.369
m- 1.300
w  1.268 |w+ 1,270 we 1,265 {?2w- 271,263
m o 1220 jme- 1224 lm- 1.222 |m- 1220 jm  1.225 lw 1.226 | g
w- 1.16% 1 e e | '____ B
fwe 1,146 jw+ 1,148 W 1,146 {w 1.1&8‘ ‘
w1130 [m- 1,132 m-- 1,129 |w 1,133 | , ‘
i ; | 1
| | o

8




-

.

g L R i el i o

Table ;(gm’;inued)
STC04 §330,
Fe30, Fe30;
700°C 205°C 900°C 1000°C 1100°C 1200°C 1150-1260°
I d/n |1 d/n I dn I d/n I d/n |I d/n |I d/n
w- 1,111 w 1l.116{w 1.113 w 1.117
1. 104
[ l.OEs’j
w 1,059 w 1,058 |w 1,062
w 1,045 w+ 1.043 |w 1,047
ws 1,032 |m-- 1,036 |m~ 1.033 |m 1.032 |w+ 1.037 |we 1,034
w- 0.991 fw 0.990 w 0.987 |w 0,990
w-  0.977 |w+ 0.979 w+ 0.976 |w+ C.979
wse 0.967 lw- 0,966 lws 0,964 'w 0,987 |w-- 0.568
w- 0,927 w 0,926 {w- 0.929
ws 0,908 |w+ 0,912 lwe 0,911 |m~ 0.911 |m- 0.913 |we 0,910
w- 0,886 w-- 0,887
w+ 0,878 w 0.877 |[w 0.878 w 0.884
w+ 0,871 w 0,870 jw 0,872
we 0.862 fw+ 0.864 [w+ 0,805 ja- 0.863 |we 0.864
w+ 0,803 w—e? 0,843
w 0,876 v 0,836 |w- 0.836
w 0,828 w 0.327 |w 0,828 jw-- 0,825
w U,823 w-~ 0.822
n- 0.793 (w 0.789 |m- 0.794 |ws 0.795 |w 0,789
w 0,787

.~

-

o o

-

bt




- 12 -
Table £

X-ray Powder Diffraction Data Showing Similarity in Structure of LaCoO?(lB) .and

—

l‘:'?:ﬁwn—‘-.'m‘, —

g

.‘,....

LaNi0a |
Guble Tndexing: LaCo013) LaNi0s {
hk 1l n2xe12 1 d/n I d/n
100 1 m 3.82 we 3.86
110 2 v 2.721 8+ 2.73
vs 2.681 i
111 3 m 2,213 w 2.23
2.178 W-- 2.19
200 L s 1.911 m 1.921
210 5 vV 1.71¢ w 1.716
VW 1.701
211 6 5 1. 568 m 1.579
m 1,545 w- 1.552
n 1,360 ws 1.365
220 8 m 1.3%3  w 1.351 ’
300, 221 9 v 1.275 v- 1.280 3
310 10 m 1.213 w 1.215 {
m 1.204
311 1 w 1.154 we 1.158 '
W 1.143
222 12 W 1.108 w- 1.112
v 1.091 1
320 13 VW 1.068
vvw 1.055
321 A n 1.027 W 1.029
w 1.021
w 1,013 w- 1,016 3
400 16 W 0.956 w- 0.959

#LaC003(13) has been better indexed as riiombohedral, with an interaxial angleaf9(7l,é,'. '
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It has been suggested by W, Ridorii and B. Reuter{2) that a strontium iron
oxide with an x-ray diffraction pattern very much like those produced here has

the formula Sr0.67Fe , and contains one fourth of its iron in the positions

1.33%2.67
usually assigned to the A-cation. Such a formula, however, would imply that all
of the iron is trivalent, whereas the oxide made in this laboratory has been
shown to ccntain some iron in & higher oxidation state.

4ds in the case of strontium iron oxide, the main x-ray diffraction lines do
not vary greatly for products obtained at various temperstures in the strontium-
cobalt and strontiun-manganese series., This is not true of the data for the

st rontium-nickel-oxygen system, but the nickel-ccntaining products in this system

are less stable than the others with respect to time and to increase in temperature

¢f orepars i
I. 3 The Calcium Series
No further work has been done on this series in the current quarter, As

indicated irn cur Eleventh Qusrterly Report, Table XIV, page 20, a substznce of

probable formula CaMnOsj exists, and is apparently a simple perowskite., X-ray
diffraction by this material causes much darkening of the film, which may possibly
have obscured any fine-line structure,

CaV03(10) has been reported ss simple cubic.,

No phase of composition approximating the formla CaFe(; has been obtained,
and no evidence has been found for the existence of a calcium-iron-oxygen compound
in which iron attains a valence greaster than three.

In the cases of cobalt and nickel, products have been obtained which libarate
chlorine readily from dilute hydrochloric acid, indicating that the valences of
the trensition metals are in excess of two, but homogeneous pheses have not been

prepared, and the products are toc reactive to be washed free of contaminants,

even with dilute acetic acid,
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I. 4 The lanthagum Series
Prior to this report, the compounds LaTi03(11), LaV02(12), LaCr03(9j, LaMn03(8)

L2Fe03(9,16), and LsCo03(13) had been reported, A detailed summairy of the study
of LaTi0O3 appears at the end of this section of the report.

Attemzts in this laboratory to prepare LaNiOs had hitherto ylelded products
highly contaminated with lanthanum cxide. (This difficulty was also encountered
in the preparation of LaCoQ3(13)). It has been found, however, that if the con-
taminated product be wzshed quickly with alterneste portions of water and very
dilutc acetic acid, very little nickel dissolvee in the solutica and all of the
lanthanum oxide is removed, The powder paitern o
for which d/n values are given in Table 4, is very nearly identical to that of
LaCo03(13) prepared st the same temperature, $00°C. The nickel compound ssems
to be slightly less distorted from simple cubic than tne cobalt one., LaCo0j is
rhombohedral(13), with an interaxial angle of 90° 42!,

Lanthanum manganese oxide(2) was prepared by G. H. Jonker gnd J. H. van Santen
at 1200°-1400°C, and found to have strong ferrocmagnetic properties due to variable
valence of the manganese ion, Lanthanum manganese oxide has been made in this
labo. atory at 900°C, The compound prepared at 1200°-1400°C{8) was characterized
as a deformed perowskite, That prepared here, at 900°C, in air, from lanthanum
oxide and 80% manganous nitrate soiution, can be indexed as simple cubic except
for one weak line which does not appear to be assoclated with the pattern, 'Data
are given-in Table 5,

In the case of lanthanum iron oxide, reported as simple cubic by I. Narary-
Szabo(9) and also by C. Guiot-Guillain(lb), e series of well-defined, evenly
spaced; additional lines was found in the product which was prepared in this lab-
oratory at 900°C from lanthanum end ferric nitrates. These iines can be indexed
on the basis of a doubled cubic celi, The material prepared by Guiot-Guillain

wss made at 10C0°C, and thet by Naray-Szabe at a yet higher temperature,
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Table 5

X-ray Data Showing Lanthanum Manganeée Oxide Prepared at $00°C,

Simple Perowskite

il nPac241? Iobs.
100 1 W+
110 2 3
111 3 m-
200 4 m
210 5 w
Wem
211 6 m+
220 2] W+
300, 221 5 w-
310 10 W+
311 11 w-
22 12 We—
321 i4 w+
411 18 w
420 20 w
332 22 W

d/ngpsg,
3.90
2.76
2.24
1.939
1.742
1.685
1,589
1,373
1.29¢6
1,229
1.172
1.123
1.042
0.916
0.867

0.829

Indexed as a

.

d/“calc'd.
3,886

2.748 |
2.244 1
1.943 :
1.738

1.586
1.374

1,295
1.229 |
1.172
1.122
1.039
0.916
0.871
0.829
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Several methods had been used in an attempt to prepare a homegenecus product
in the lanthanum-titanium(III)-oxygen system. The reducing agents employed
were hydrogen gus, mctallic lanthanum, metallic titanium, and the hydrides of
lanthanum and titanium,

None of these methods resulted in a homegeneous product,

The method that ultimately produced a homogeneous sample in this system was
prior reduction of titanium dioxide to titanium sesquioxide, which was used as

a starting material with lanthanum oxide,

Titanium sesquioxide was prepared using the methed of Friedel and Guerin(19).

A stream of very dry deoxygenated hydrogen wes saturated with titanium tetra-

chloride. This was passed over titanium dioxide, heated to 750°C, for forty-

EanRcunes AR lly how ¥ anium ceaquioxide prepared in this manner

A ot
AR

1
{
"
I

to be of 99+% purity.

The titanium tetrachloride used was not a commercial product, but was
prepared imaediately prior to being used by heating a very dry mixture of
lampblack and titanium dioxide to a red heat while passing chlorine gas through
the vycor tube containing the reactants(20),

All glass apparatus was used to prevent any contamination of the titanium
tetrachloride.

The titanium tetrachloride collection bottle was immersed in an ice bath.

The collected titanium tetrachloride was then distilled in sn all glass distilling

apparatus., The portion that was collected near 136°C was placed in & glass

stoppered cottle and left overnight with a few copper turnings which wers nlaced

in the bottle. The almost clear titanium tetrachloride was then used immediate«ly

in the preparation of titanium sesquioxide,
St.oichiometric amounts of titanium sesquioxide and ignited lanthanum cxide
accordéing to the eouation
Ti,03+i2;03 —. __> 2LaTiO;

were ground thoroughly in an agate mortar and pressed into pellet form.
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The sample was then heated in an evacuated sealed silice capsule at
1180°C for twenty-four hours. The capsule wes removed from the furnace and
cooled in air, The silica capsule was then broken and the pellet removed.

The surface of the pellet was cleaned and the product exzmined. Visual exam-
instion showed this product to be neterogeneous. ZX-ray data showed the rsactants
to be present together with a new phase (or rhases). The samnle was then treated
as before but at 1220°C,

This preparation was regrcund and rcheated a second time for forty-eight
hours,

The product obtained in this manner appeared homogeneous to the naked eye.
The only phase that was observed in this product by microscopic investigation
was a black, slightly iridescent one.

To be certain that all the titanium sesquicxide had been consumed in the
reaction, a second preparation was made using a slight excess of lanthanum
axide, The same procedure was then repeated,

The product was remcved from the silica capsule and ground in an agate
mortar. The excess lanthanum oxide wes removed Ly treatment with ZN hydrochloric
acid. The black product wes obtained in =ix successful experiments using titanium
sesquioxide and lanthanum oxide as the starting materials.

The exact length of time required for the hesting process at 1220°C might be
very short, but two twenty-{our hour periods were used as a precautionary measure.
It was found that the method of MacCardle and Scheffer(2l) could be used in
dztermining the composition of the lower axide of titenium which was prepared

following the procedure of Friedel and Guerin.

A weighod sample was placed in & platinum dish. A known amount of vanadium(V)
solution was added to the sample., It is nocsssary that a sufficient quantity

of vanadium(V) be added, not only to bring about complete oxidation of titanium(IIL,

2%

but also to leave enough vanzdium(V) to make the final titration with Mchr's salt
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solution feasible,

To this sample thirty ml of 5% sulfuric acid was added slowly. The rdxture
was heated cauntiously to boiling. After allowing che sample to cool, ten ml
of hydrofluoric acid was added, and the mixture heated until the sample dissolved.
On cooling, the solution was placed in a besker containing three hundred ml of
water and ten ml of concentrated phcsphoric acid.

Five drops of barium diphenylemine-p-sulfonate indicetor was added and the

solution was then titrated with standasdized Mohr's salt solution to a blue green

end voint.
Equation:

Fe+2:2V¢5,7i+3

D 2Vl TitheFe+3

The per cent composition of titaniwm(III) wzs found to be 66,62 using

(44

his
method of anslysis, as compared to the theoretical value of 66,86,
Anelysis of Black Product.

A gravimetric analysis of the black product showed the total titanium centent
of the compound to be 15.75% and the lanthanum content to be 58.95%, Assuming
the product to be LaTiO3 the calculated per cent compositiors of titanium and
lanthanum are 20,40 and 59.16 respectively.

It cen be secn that within experimental error the lanthanum to titanium ratio
is one in the blsck product obtained,

Analysis of Black Product for Titanium(III) Content

A portion of the black product was ignited in air. The reaciion that occurred

was thought to be the followling:
12LaTi03+30; uu::T§>LLaaTi309+2La203

The increase in weight would indi;;te that 211 of the titanium in the black
product is in the trivalent state.

This precedure showsd the titanium(III) content to be 98.49% of the total

titanium eontent.

A second method that was used to dctermmine the valence of titanium was a

) - ———— = —— >
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veriation of the method of MacCardle and Scheffer{21). The sample was heated in
a platinum dish with fifty ml of 18N sulfuric acid and a known concentration of
vanadium(V) scluticn. The original procedure could not be followed as a pre-
cipitate was formed when hydrofiuoric acid was added to the sample. It was
found that the remainder of the procedurc of Mncfierdle and Scheffer could be
used and would give quantitative results if care was tanen to avoid spasttering
end air oxidaticn. The excess vansdium(V) was titrated with standardized Mchr's
sclt solution.

Equation:

2V+5,Fe*2,Ti*3

~) 2vthiFe*3.Tith
The experimental per cent composition cf titanium(III) was found to be 20.57%

This agrees very well with the total titanium content found theoretically to be

The evidence of all the anulyses performed, indicete the product to be LaTiOj,
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lack product was calaulated from x-ray diffraction

data and was found to b

¥
%
O
2

The density determined pycnometrically is 6.26 g/ml. The calculated density
for LaTiO; is 6,34 g/ml. This result shows that within experimentdi ern&?‘each
unit cell contrins on: molecule of LaTiOj,

I,5 The Employment of Mixed A-cations

To determine the ¢ffect of the presence of two A-cations on structure, a few

samples were preparca. X-ray d;ta for them are tabulatcd in the Elcventh Guarterly
Report of this vroject. No analyses were made, and the formulae are based on the
ratios ol the reactants.

The products were all deformed perowskite-like substances. They are listed
in the following tablie, Table 7, with cell sizes given on the basis of cubic

indices.

Sy
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Table 6

X-ray Data for Lenthenum Titanium(IIX) Oxide

1 d(n hkl
w* L.19%*

W+ 3.92 100
w 3,18%

e 2.99%

S+ .78 11C
v/ 2.75%

. 2. 65%

L — 2. 62%

Weeo 2.3

w-- 2,32%

e 2.27 m
X 2.19%

W 2,09%

) 1.967 200
w 1.906¢

W~ 1,8,2%

w- 1.784%

W 1.756 210
w 1.676*

" 1, 645%

s 1. 603 211
W 1.435%

m 1.388 220
W=~ 1. 309 300
m 1.241 310
W 1.183 311
w 1.134 222
W 1.132%

n- 1,040 321
W 0.979 L00
We- 0.948 322, 410
m+ diffuss 0.921 411
m- diffuse 0.873 331
m- diffuse 0.833 332

*-denotes lines attributed to oxidized product,
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Table §
Phase Temperature of Preparation Approximate Cell Size i
Ba g, 5570, 5703 900°C 3,911 i
EEC.SLAO.EF°03 900°C 3.944
#Bag, sCag, 5Fe0; 10676 » 05: I.,
SrO.SCao.sFeOB 10C0°C 3.85A
579, 33020, 67703 9co°c 5,674

¥Product not entirely homogeneous !
Among the products were several with guite simple structures. Sro.5Cao.SF303
prepared from strontivm nitrate, celciwur cerbonsie snd ferric oxide, has a simpler
structure then the strontium-iron-oxygen phase prepzred from nitrates at a corres-
ponding temperature, and agrssing cicsely with that of the strontium iron oxide
prepared et 900°C from strontium cerbonete and ferric oxide  fable 3).
Bao.SLao.5Fe03 has an x-ray powder pattern containing fewer fine lines than
the barium iron oxide prepared in this laborat.ory et S00°C, or the materiai

designated BegFe 022, produced at a slightly lower temperature by M, Erchak,

8
I, Fankuchen, and R. Wasrd and considered to be a large, oxygen-deficient cube
containing eight simple perowskite units defective in oxygen. srb.BBLaQ 67Cr03
seems to he a cubic, perowskite-like phase nearly identical in structure with
LaCr03. If it is actually a single, stoichiometric phase, the valence of a third
of the chromium shculd be four., Since the substance is nonmagnetic, the more
probable explanation is that a small oxygen deficiency is present and the chromium

is 21l in the trivalent state. This would seem, however, to be worth further

investigation.

———— e
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Table 8

Summary of Percwskite-like Oxides of the Alkaline Earths or Lanthanum and a Fourth
Period Transition Metasl

L Ia Ba Sr Ca’ B
r: ‘T;Zfl;* i HP, OP, TP, P( 3} P(7) . oP(17) »
v__ Iop DP(2)% DP(10)
Cr {9} or DP
¥n P or DP(8) DP DP? P or DP(8)
Fe |LP or P(16,9) HP, TP, (18) bor LP{4¥P or DP(z);;.
Co |[RP(13) P(5) or HF?
Ni {DP HP(6)

Tha formulae type suggested was Sr0.67M1.3302-67

, Key:

2 .MM

P= essentially simpie perovckite

HP=

hexagonally daformed porowskite

orthorhoubic deformation of perowskite

\

tetragonal deformstion of perowskite

deformed perowskite

douMEe eclled percwskite

rhombohedral defcrmation of perowskite

?= designation somewhat unccrtain

et B, M e
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II Defect Feyowskite-liks Ccmpounds of the Tungsten Bronze Typa

IL1 Strontium-Niobjum-System

An investigation of a series of mixed cxides of strmnitium and niobium
(Table 9) has led to the discovery of a region of variable composition which is
characterized by direct relationships among the sticnivium content, the total
niobium content, and the apparent valence state of the niobium, The apparent
niobium vslence state, which 1s regarded as an average of the proportions of
niobiumin the pentavalent and the tetravalent states, decreases as the strontium
percentsge increases and as the total niobium percentage decreases, These gradual
changes in composition are accampanied by gradual changes in some of the physical

roparties., such as the color and the lattice dimensions,

Betweon the approximate composition limits s’G.?GNb°3 and S’C.?BNb°3‘ the
crystal structure is cubic or pseudo-cubic, the lattice constant increasing with
increwsing strontium content from 3.981;9.0011 to 4.02b10.001;. A plot of the
lattice constants versus the strontium to total niobium ratio (Figure I} shows
that a nearly linear relationship exists between the composition and the lattice
dimensions, The scatter of the points about a straight line is rather wide and
it is not possible to deteci any departure from Vegard's law.

The relative intensities of the x-ray diffraction lines of all the cubic
structure phases are comparable to those of perowskite, cslcium titanate. The
unit cell of all such phases is probsbly a cubic ¢ell with niobium at the corners
and oxygen at the edge centers with the ratio of one niobium to three oxygens
maintalinsd, as in perowskite. The body-z=iitsr poesitions are probably randcmly
and incompletely occupied by gtrontium. It is not possible from any clata obtained
for this system to state whether the niotium exists in both pentavalent and tebra-

valent formsor all in the ventavalent form with the extra electrons being assumed

v the la
CTATRO

1'?

tice a3 s whole, s£n in a metal., Studies (22.23) of the sodium-tuwgsten
bronze series showed that the only satisfactory explanation of tiie magnetic data

was the assumption that all the tungsten is hexavalent and that the sodium

ot A b s
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elactrons are contributed to the conduction band of the crystal. The metallic
conductivity of the sodium-tungeten bronzes is in agrcement with this view,
The strontium-niobium oroducts have not been critically examined for paramagnetism,
but no evidence. of it was found on testing with a small magnet. GQualitative
estimation of the conductivity of one sample with composition near SrQ'eoNbO3
{estimated, not analyzed) showed & specific conducivity of the order of
0.6 ohmflcm-l. These measurements were made on a powdered sample lightly compressed
into a pellet with a small laboratory hand press,

Two essentially different methods were used in attempts to prepare the
products of this series. The first of these was the heating of mixtures of
strontium carbonate and niobium(V) oxide in a stream of hydrogen at 1150-1200°C
for twenty-four to thirty-six hours. With the reactants in amcunts such that the
ratio of strontium to niobium was cne, the result was a blue-black crystalline
product which yielded a very complex x-ray powder diffraction patitern gener:lly
similar to that of Product B (Sr0.59Nb03,0)' #hen a greater amount of strontium
carbonate was used (Sr:Nb = 3:2), the product is a mixture of blue, white, purple,
red, and brass-color phases. Regrinding and reheating this product in hydrogen
yielded a uniform black sample with no traces of the colored phases. The second
method was to wrap the pclleted reactants in tsntalur foil and haat them in - .-
evacuated sealed silica capsules,

In view of the results of analyses of the colored products obtained by the
first method, it appears that strontium in some form was volatilized from the
samples during heating. This may have been one of the factors which made dif-
ficult the prsparation of semples of high strontium content in the cubic st
range and wnich was partially brought under control by the use of tantalum foil.
The anslyses of the products all showed from 2% to 5% less strontium than was
used in prevnaring the mixtures, Volatilizstion of strontium in some form may
have been responsible in part ftor this discrepancy. The sodium-tungsten bronzes

show & tendency to volatilize sodium metal(24) and this property may appear also
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with the strootium-niobium series. If this be the case, the behavior of the samples
deseribed above would not be unexpected,

Product H (Sr0.82Nb°3’ Table §! was the only one of the analyzed products
which wes prepared using tantalum foil and may contain additional niobium(IV)
arising from reduction of a portion of the niobium(V) by the tantalum. It is
also possible that the tantalum foil has acted to absorb any traces of coxygen
which might have leaked into the capsules and partially oxidized the niobium
samples. This might have been the case with the other products. The use of
tantalum foil may also have influenced the volatilization of strontium during the
evacuation and sealing of the capsules. Some measure of the effect of the tantalum
foil can be seen by comparison of data from Product E with that of Product G and
the data of Product F with that of Product H (Table 9), since these two psirs of
product s were preparec by heating mixtures of the same initial compositions,

Srp, goNb05 and er.BSNbO3 respectively. Use of the foil appears, in effact,
to result in a slight increase in the proportions of strontium and niobium(IV)
and a slight decrzase in the proportion of oxygen. In both cases the latitice -
constant is slightly larger when the foil was used and the intensities of the
extra lines are somewhat reduced.

X-ray data are included in Tables 10-17, and these tables alsc’include the
data for three other products (Products G, J, and K) which were non-uniform and
which were prepared using tantalum foil. If Vegard's law is assumed tc hold here,
the compositions of the phases of cublc structure present in these three products
can be derived from Figure 1 as approximately SYO.SONb°3’ Sro.89Nb93, and
Sr0.93Nb03, using the respective lattice constants 3.999& , 4.015% , and 4.024d.
These camples were nol analyzed becsuse none was completely homogsneous under the
microscope. The initial average compositions of ths mixtures used in the prepar-
ation of these thres products were respectively SrC.SONDO3' srb.QSNbog, and
Sr1,00Nb03. The phase of cubic structure in the first product (G) agrees in the

lattice dimensions, and provably also in composition with Product F (Sro'glﬁbcj}
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which was prepared from a mixture with the average camposition Sro.gsNbOB. The

latter products (J and K} are probably contaminated with a phase richer in

strontium than any of the cubic structure phases, since the x-ray diagram of these

product s shows additional weak lines coincident with those of a phase obtained by

heating a mixture with the initial average composition Srl 15NbO A prelim-

3.45°
inary study of the x-ray data of this last product indicated that the structure
may have tetragonal symmetry,
In addition to the lines of the cubic structure, a number of other lines of

tramely weak to weak intensity appear in the x-ray powder diffraction patierns
of ail producte with compositions lying within the cubic range. The source of
these cannot be definitely established, Many of the extra lines appear to be
related in some manner to the cubic cell and alsuv appear to shift with the lines
of the cubic cell as the composition changes. Since only the weakest of the
extra lines appear at the higher angle positions where the measured values are
most accurate and the shifb of the lines is most evident, these relationships

arc not at all certain.

The group of products with approximate comj.ositions Sr0.75Nb03 (D),
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Sro.eoNbO3 (E), and SrO.BsNbO3 (F) and the group with the approximate compositions

St golb04 (6), S’b.esNb03 (H), and Sro.95Nb03 (J) show some consistency among the

extra lines within each group, but this consistensy does not extend from one group

to the other. The letters D, E, F, G, H, and J designate products listed in
Table 9, For the latter group of three products the samples were enclosed in
tantalum foil envelopes during the preparation. This variation obviated somewnat
the difficulty experienced in the preparation of samples relatively rich in
niobium(IV), buit could not be applied to the preparaticn of samples low in

niobium(IV) Lecause of attack on the tantalum,
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The products from which all tabular data of this section are taken were
prepared from mixtures of strontium oxide, niobium(IV) oxide, end niobium(V) oxide.
Some preparations were also made using ignited strontium carbonate-niobium(V)
oxide mixtures with niocbium metal. X-ray diffracticn patterns of products from
both series of preparaetion mixtures agree closely in regard to the positions
of the lines, but avpreciable inconsistencies in the intensities of the lines
not derived from the simple cubic unit cell were evident.

The diffraction lines unaccounted for on the basis of the simple cubic cell
must arise either from the presence of impurities or from the existence of a
non-cubic atomic arrangement within the crystal, None of the lines could be
attributed to strontium oxide, hydroxide or carbonate, to any niobium oxide as
reported by Brauer (25} or to the compound Sro.5Nb03. In view of the poor agree-
ment between the diagrams of the various products in regard to these unassignsd
woesker lines, it is very unlikely that they arise entirely from any single impurity
in the semples or from impurities in the materials used in the preparations,

since these were taken from the same container in nearly every case.

Some success was attained in attempts to index the diagrams of products with
the approximate compositions Sr0.68Nb03, er.SONbO3 and Sro.ggl\lbo3 on the basis
cf a tetragonal cell with e, four times and ce twice the length of the cell edga
of the simple cubic cell, The large size of this cell, however, renders the
agreement between the calculated and measured values rather guestiocnsble,

Any complex or multiple cell derived which yields 2z satisfactory index of
the diagrams must maintain the strontium and niobium atoms in the same relative
positions as in the cubic cell since none of the lines of the cubic rhase are
shifted or split. Any factors, therefore, which cause the symetry tc deviate
from cublic must be associated with the coxygen stoms or with a non-random arrange-

ment of the strontium or of tantelum atoms which are present as impurity.
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The limits of the region of variable composition were not definitely estab-
lished. The product of cubic structure with the highest strontium content,
designated as Product K, appears to contain a small amount of a phase which was
prepared from a mixture of the initisl average composition Sr1'15Nb03.h5. The
cubic phase of Product K was estimated to have a composition near Sr0.93Nb03.
Only one product was prepared between the lower limit of the cubic structure

rarnge, Sr0.7oNb03, and the compound Sro.sNbO This produzt was obtained fronm

3°
a preparation mixture with an initial average composition of Sro.65Nb03 and was
analyzed as Sro.59Nb03.0. The x~ray powder diffraction pattern of this product
(Product B8) is rather complsex ané shows a large number of strong lines. The

lines of a cubic cell with a lattice constant of about 3.9812 can be found within
this pattern. This may indicate the presence of a cubic phase in this product,

in addition to a complex structure vhase. The possibility still exists that the

product belongs to the variable composition range but possesses a perowskite-like

structure, distorted from cubic symmetry.
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-~ Table 10
i"' Lines of X-ray Powder Diffraction Pattern of Product C
Assigned to a Cubic Cell a.w=3,581:0.0014
' Cu Ko Radiation, 30 kva, 17 ma , 50 Hrs., Camera Radius 107.6 mm
i. " Eetimeted |  a@
4 i  Intensity 2 2.2
Observed h™s+k™+1 Observed Calculated

: e T T T e T T T T aem
j | vs 2 2.815 2,815

| w 3 2,30, 2,298
L s+ 4 1.993 1.990

: m 5 1.783 1.780
P s 1627 1.625
| . s | 8 1.410 1. 407
L wa 9 1.329 1.327
?‘ A . 10 1.261 1.259
: ; -- 1 ! - 1.200
( ‘ n ! 12 1.150 1.149

e 23 1.105 1.104
é : s 1 1.066 1064
,-F L om- 16 C.9964, 0.9953 !
e 17 0.966, 1 09656 |
B 18 0.939, 0.9383
L - 19 e 0.9133
: L e 20 | 0.896 0.8902
E ' " ow 21 0.8692 0.8687
m 22 | 0.8490 0. 8488
@, ! o | 2 : 0.8127 0.8126
F - 25 | 0.79% 0.7962

8 | 26 | 0.7808 | 0.7808
| i
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iIntensity
'Observed
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Lines of X-ray Powder Diffraction Pattern of P

m«+
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w-

8+

m=-

S+

-
>

W

o=
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Table 11

duct D

Assigned to a Cubic Cell a.,=3.985+0.001A.

!
|
|
d
1]
et
!
?

+k2+l

(o G U - " I . B

n

10
11

13
4
16
17

18

25

26

Dple 5.21 gns /cc (Pycnometric)

Density calculated for Srg 573Nb0g=5.39gm /cc

H
1
i

1

|
|
I
!
|
|

%
|
|

—_— - m—

Observed

e e e e e

3.99
2,82
2.30
1.993
1.784
1,628
1. 409
1.329
1.260
1.201
1.151
1.106
1.065
0.997,
0.9674

O.9h03

0.8920
0.8704
0. 8502
€. 6139

0.7674

0.7818

d (R)

-————— e

Cu Ko Radiation, 30 kva, 17 ma , 56 Hrs.,, Camera Radius 107.6 mm

a
_Seloutatod
3.985 %
2.818 |
2,301 E
1.993
1.782
1.627
1. 409
1.328
1.260
1.202
1,150
1.105
1.065
0.9963
0.9665
0.9393
0.9142
0.8911
0.8696
0. 3496
0.8134 |
0.7970 -

i
]
H
0.7815 |
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Table 12
Lines of X-ray Powder Diffraction Pattern cf Prgduct &
Assigned to a Gudie Ceéll anw=3,993+0.0014A,

e oiaidan 35 ko, 17 0y e
32222323y h2+k2+12 ‘ baerved Calculated
me 1 4.00 3.993
vs 2 2.83, 2.823
w 3 2.313 2.305
8+ L | 2.002 1.996
m- 5 ! 1.789 1.786
o 6 } 1.634 1.630
s- 8 2 1.415 1.412
w 9 ! 1.334 1.331
s 10 ; 1.265 1.263
- 11 ; ———— 1.204
. m- 12 E 1.155 1.153
_— 13 L1109 1.107
| s 1L i 1.067 1,067
' m- 16 : 0.998, 0.9982
v 17 i 0.969, 0.9685
s 18 ; 0.941, 0.9412
.- 19 e 0.9161
E 6 20 i 0.8929 0.8929
| w 21 ; 0.8716 0.8714
i m 22 | o.es1 0.8513
E .- 24 | o.e151 0.8151
E W 25 % 0.7985 0.7986
V8 26 % 0.7829 0.7831
t |

e U S AN e
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Table 13

Lines of X-ray Powder Diffraction Pattern of Product F
Assigned to a Cubic Cell ac=32,999:+0.0014,

.Cu Ka . Badiatijon, 35 kva, 17 ma .&Mmerg_%?mwhﬁm.

e L e SRR

Estimated
Intensity h2.+k2+82 Observed Calculated
! Obasrved - ]
L o 1 .01 3.999 {
i# | Vs 2 2.829 2,828 i
g ‘ : w- 3 2.313 2,309
: i 8+ 4 2.061‘ 2.000 .
i : we 5 1.792 1.788
j s 6 1.635 1.633 j
- 8 1.416 1.414 E |
. | 9 1.336 1333 |
£ . 10 1.267 1,265 ;
b I |
; , Ww- 1 1,206 1,206 !
‘ - 12 1.156 1.154 ~
t vvwe 13 1.111 1.109 |
§ s L, 1,070 | 1.069 | ;T
:;{; W } 16 L o0 0.999 |
vw l 17 0.979, 0.9699 !
m+ | 18 0.942+ 0.942 ,
- ; 19 - 0.927, ‘
m+ | 20 0. 894, 0.8942 i
- ' 2 0.8726 0.8727 i
n | 22 0.8528 0.8526 | |
m | 2, o.e165 | 0.8163 ;
V- % 25 0.7558 | 0.7998 1
s : 26 0. 7844 0.783 |
' b ]
;
K




Table 14
Lines of X-ray Powder Diffractior. Pattern of Product G
Assigned to a Cubic Cell &,=3.999+0.001A,
Cu Ka_ Radiation, 40 kvs, 17 ma , €0 Hrs., Camera Radius 107.6 mm
l 1
Estimated 5.2 .2 | d (%)
Intensity h™ak +1 i Observed Calculated
__Observed | L
o b1 | 402 3.999
vs 2 2.827 2.828
w- 3 2.31, 2.309
i;,.
8 4 2.003 2.000
£ m- 5 1.791 1,788
8 b 1,634 1,633
3
: m+ 8 ! 1.416 1.414
£ v+ 9 1,335 1.333
4 m 10 L 1.267 1.265 |
28 :
¢ . 11 e 1.206 |
F [
. wa 12 1.156 1.154 |
3
k me 1 1,070 1.069
i v 17 0.971 0.969¢
;‘ 0+ 18 0,943, 0.942¢ |
{ - 19 —— 0.917
E me 20 0.8951 0. 8942
g w- 21 0.£733 0.8727
g 7Y 22 0.8533 0.8526
i m 24 0.8168 C.R163 |
& ;
X w- 25 0.8002 0.7998 |
i
B s 28 0.7845 0.7843

DzluS. 43 gas /ec (Pycnometric)

Density calculated for Srg, gplNeCy=5.4

! S - S B — o e o - e N A PPN L A —_— o
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Table 15

Lines of X-ray Powder Diffraction Pattern cf Ppoduct H
Assigned to a Cubic Cell aew=4.00940,0014, ,
60 Hrs,, Camera Radius 107.6 nm

Cu Kq Radiation, 30 kva, 17 ma ,

Betinated T aw I
Intensity h2+k2+12 Observed Calculated
Observed i
n- 1 L.04 4.009 !
vs 2 2.85, 2.835
w 3 2,32 2,315
S+ I 2,01,7 2.005
W 5 1.801 1.793
s+ 6 1.642 1.637
s 8 1.422 1.417
VW4 9 1.340 1.336 |
s 10 1.271 1,268
-- 1 -——-- 1.209
m- 12 1.160 1.157
VW 13 1.115 L1
s 1A 1.074 1,071
| W4 i 16 1.003 1.002 |
L - ' 17 0.973, o.9723}
s 18 0.9455 0.9445 i
-- 19 -—-- 0.9197 i
| &- 20 0. 8970 0.8965 !
i fra- 2l 0.8753 0.8748!
L 22 0.8550 o.asav{
- 2, 0.8186 0.8183 .
, VW4 | 25 0.8019 0,8018
: B+ 24 0.7864 G. 7862

v VI SR
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Tabies 16

Lines of X-ray Powder Diffractica Pattern of Pyoduct J
Assigned to a Cubic Cell a,=4,.015+0,0014,
Cu Ku Radiation, 30 kva, 17 ma , 68 Hrs., Camera Radius 107.6 mm

! Estima?sd
e AR Observed
m 1 4.03 i
vs+ 2 2.849
w 3 2.32)
vs 4 2.012
m- 5 1.800
vs 6 1.642
s+ 8 1.422
w- 9 1,340
8+ ! 10 1.271
- 11 S
m 12 1.161
W 13 1,115
54 ! 14 1.075
m ; 16 1.005
w- % 17 0.975q
I

s 5 18 0.9474
N g
s- g 20 0.8985
w- ; 21 0.8768
T+ ; 22 0.8566

| s- : 24 0.8200

i vw { 25 0.8034
vs i 26 L 0.7877

d ()

Calculated

!
|
Z
|
|
1
E

4.015
2.839
2.318
2,007
1.796
1.639
1,420
1.338
1.270
1.211
1.159
1.114

0.7874

e
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Lines of X-ray Powder Diffraction Pattern cf Pyoduct K
Assigned to a Cubic Cell me=4.024+0.001A,
Cu Ko Radiation, 35 kva, 17 ma., 16 Hrs,, Camera Radius 57.7 mm.
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Table 17

?ﬁ:::ii:g h2+k2+12
Observed
m- 1
vg 2
W+ 3
8+ I 4
we ; 5
S+ 5 )
s i 8
w- ' 9
8- : Ity
vvw- ! 11
m ? 12
- b1
s é 1,
W+ i 16
VW % 17
m+ i iz
- | 19
m 20
VW= ; 21
m- ; 22
m % 2L
VW 2 25
s+ E 26

| [——

Observed

a ()

4.02

2.84;
2.32,

2.01,
1,801
1.643
1,424
1.342

1372

-~ (s

1.215
1,162

S0 e it @ ettt S i ”

Calculated R
4.024
2.845

=
L]
o]
~3
N
b e et | e’ Al

e




e guay o

NS W rg

Tee
o,

o

- 39 -
II. 2 Sodium-Tungsten-Molvybdenum-Oxypgen-System

During the past year work has been centered on the analysis of the black

T

oot e, IR ii

scdium tungeten-molybdenum oxides whose preparation and properties have been

described in previous reports(26,27,28). The resulis of the chemical analysis of

e s e 0

representative samples and a brief description of some of their physical and
chemical properties are givsn here.

The black oxides are best prepered by the electrolytic reduction of fused
mixtures of sodium tungstate or molybdate, tungsten(VI) oxide, and moiybdenum(VI)
oxide. The details of this and other preparations are given in the Sixth and

Ninth Quarterly B;ports(zé,ze);of-bhis project.

The range of fcrmestion cf black products, based on the mole ratio of starting

aterisls dis Nz/%=0.4-0.8 (i.e. sodium to tungsten plus molybdenum equals
0.t to 0.8) and W/Mo=0.17-5.0 (tungsten to molybdenum equals 0.17 to 5.0). X-ray
povder diffraction patterns show that this range may be subdivided into three
smaller ranges., A very complicated pattern(I) is obtained for producis having
starting ratios of Na/M=0.4-0.5 and W/Mo=1.5, This pattern cdoes not correspond {
to that of any known compound of tungsten or molybdenumi Pattern (II), obtained ]
in the range Na/M=0.5-0.8 and W/Mo=0.17-5.0, is similar&;ub not identical with (I), f
The powder pattern obtained at Na/M=0.40 and W/Mo=0.67 is that of an expanded |
WOa lattice. All powder patterns are very complex and have not been indexed. A
summary of the methods of preparation and the x-ray pattern types of the productsis
giver in Table 18. The powder pattern data appear in Tables 21, 22, and 23,

The vlack products are generzlly inert to the action of acids and are insoluble
in hot alkali and carbonate solution of concent:ration less than LN. They are
brought into solution by fusion with alkali carbenate or persulfete, The attack
by bases is more noticable for products with low W/Mo retios. The best yields
were obtained at Na/M=0,6, W/Mo=1.0-2.0. The products of decocmposition are
tungsten(VI) oxides, and sodium tungstate and molybdate. All black products are

hard and brittle, with nardness apparently decreasing as the ratio of W/Mo is
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lowered. Nocnez of the products shows appreciable elsctrical conductivity., All
products are highly crystalline snd quite lustrous,

Chemical analysis of four representative samples, having x-ray pattern(II),
showed & wide range of interchange between tungsten and molybdenum with the
amount of tungsten increasing as the starting ratio of W/Mo is increased,
Analytical data justify the general emperical fermula Nag, 33-0,35 (W,Mo)Os.

The results of the analysis and the empericsl fcrmulae assigned are given in
Tables 19 and 20, The structure type in eack of these cases is that designated
as (II),

_—_ e e— - — -
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# 0.01 meles of NasMoQO. used in addition.
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Table 18

Sumnary of Preparation

Moles of Starting Materials

Na 2WO 4

0.02

0.0l
0.015
0,01 *
0,075 +
0.0175
0.01
0.01
0.020
0.01
0.015
0.015
0.022
0.010
0.022

0.014
0.010
0.020
0.020

0.01

W04 MaOs3
- 0,02
0.02 0.02
0.015 V.03
- 0.05
0.0025 0.0325
-- 0.0525
-- 0.025
-- 0.02
0.0022 0.044
0.01 0.02
0.C15 C.02
0.015 0.02
0.020 0.021
0.010 0.008
C.02525 0.01575
0.018 0.008
0.015 0.005
0.005 0.025
0.01 0.20
0.01 0.03

Na/X

0.70
0.71

0.70
0.67
C.80
0.80
0.40

C.009 moles of NazMoO, used in addition.

- e—— =

W/ Mo

L5
1.5
0..17
0.24
0.33
0. 40
0. 50
0.50
1.0
1.0
1.5
2.0
2.5
3.0
4.0
5.0
1.C
1.5
0.67

X-ray type

no black
product,

I
I

II
11
II
II
II
11

-

}
4
{
|

R

—— s Sl s
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Table 19
_ { t Analysis of Representative Products Obtained in Na-W-Mo~O System.
% Starting ¥le Ratics
é Na/H W/No % Na 2w % Mo % 0
0.5 0.33 3.56 54.80 17.62 24.02
¢ 0.7 0.5 3.75 61.94 11.95 22.36
| 0.6 1.5 3.58 67.20 7.98 21.24
0.7 3.0 3.59 70.77 4.12 21.52
Table 20
Emperical Formulas Based on Results Given in Table 19.
Starting Mole Ekatics
Na/M W/Ho Formulae Assigned
' : 0.5 0.33 Nag, 31%. 60", 37°3
: C 0.7 0, 50 Nag, 350,720, 270,
C.H 1.5 Nag, 35%0, 82400 1903
0.7 3.0 Neo. 35%0.87%°0, 1073
i Jt will be noted that some of the values ziven in Table 13 differ from thoss
rk given in a previous report(29)., This may be due to the formetion of molybdenum(IV)
; oxide as a side product in the electrolytic preparation., It was found that the
: * percentage of molytdenum in a product electrclyzed for 1 hour was 7.98% while the
‘ f percentage cf molybdenum in ancther product having the seme starting mole ratios
! ’ electrolyzed for 2 hours was 6, 37%.
' E
E §
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Table 21

X-ray Powder Pattern Type 1

d/n

4,65
3.87
3.66
3.50

314
2.6¢

2,62

2.51

2.47

2,36

2,17

2.045
2.021
1,974
1.924
1.865
1,815
1.716
1,646
1.577
1,557
1,524
1.490
L. 459

1.362

IR

VVW

d/n

1.352
1.313
1,297
1.250
1.229
1.194
1.169
1.144

1.128

(1lines not read further)

Note: (P) = broad

(?) = line reading uncertain
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Tahle 22
X-ray Powder Diffraction Pattern Type II

(1ines present in Pattern I sre underlined, those possibly present ----)

I d/n I d/n I d/n

m 5.14 vvw 1,518 vw 1.032

8 4,65 v 1,499 w 1.019

W 4.26 W 1.472 w 1.0190

W _3.83 _ w (B) 1,453 W 1.003

vs 3,69 _ vw (B) 1.430 v 0.977

W 3,48 w 1.369 W 0.962

vs 2.1 w {B) 1,348 W 0.952

W 3.03 VW 1,328 vw 0.942

m 2.76 w 1,308 W 0.929

nms 2,52 v 1.297 W 0.°13

ms 2,45 VW 1.282 w 0.907

W 2.32 W 1,26/ w 0.897

VAL 2,23 vw 1.239 Vv 0,890

X

n 2.11 w 1.222 vw 0.884

m 2,038 v 1,206 vw 0,877

W 1.905 ms 1,191 m 0.871

s 1,815 W 1.168 v 0.863

vvw 1.778 W 1.150 w 0.850

w 1.774 ms 1,140 W 0.&3H

W 1,723 vw 1,131 v 0.830

vvw 1,682 W 1.105 X All products listed es
having pattern II show

vvw 1.664 vvw 1.093 21l the listed lines to
w 1.222, Past this point

m 1,631 VW 1.081 some products give patterns
in which some of the vvw

m 1,617 nr 1.070 lines appear to be absent
or shifted slightly.

m 1,575 w 1.052
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.E Table 23
\ r Comparison of Pattern Type III and That of Tungsten(VI) Oxide
| Type III W03 Type III W03
I 4/n 1 a/n I d/n 1 d/n
w 4,11 m 1.664 n 1,666
8 3,87 vvs 3.79 W 1.598 vvw 1.583
) 3.71 s 3.63 W 1.557 w 1.557 3
w 3.35 m 3.34 v{B 1,525 m (B  1.533 ?
n 3.13 m 3.09 W 1.493 m(B)  1.495 :
F w 2.98 v 1466 W 1. 466 !
‘, w 2.8 w L4l W 1.407 i
E W 2.79 vow 2,81 W 1.389 W 1,362 i
L s 2.68 8 2,68 vw (B) 1.346 w 1.335
§ 0 n 2.63 s 262 ww 1313 n 1.308 .
P w 2. 54 w 2.52 vw 1,287 vvw 1.299
! vww (B) 2,40  vvw 1.283 W 1.284
: vvw (B) 2.27 vw (B) 2,25 m(B) 1.252 w 1.257
;‘, n 2.16 m 2,15 W 1.229 s . 1.237
* o 2.090 W 2.097 w 1.215%
: w 2.034 vvw 1.186 W 1.195
! m 2,013 w 2,006 v 1.17) m 1.175
9] w 1.967 W 1.162
: w 1,931 = 1921 w 1,156 m 1.154
k w 1.881 m 1.877 w 1,141
m 1.817 m 1.822 w 1.130 m 1,127
: m 1.801 W 1, liS m 1,112
', y VW 1.770 W 1.752 vVw 1.100 w 1.101
- W 1.720 m 1,731 ww (B) L.089  ww 1.082
m 1.692 v (B} 1,065 w 1.07C
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II1 Exploitation of New Structural Types
At present three new structural types are being studied. The results of
preliminary investigstions appear under this heading,

b

II7.1 Thases {ith Possible Uefect Fluorite 3tructure

Certium zirconiuvm oxide, C326r207(30). has been prepared and showed to fora
a defect fluorite type structure. In order to index all of ths lines of the
x-ray diffraction pattern of this phase, the dimensions of the unit cell had
to be doubled. This larger unit cell, whirch still retains its face-centered
cublc srrangement must therefore have an ordered deficiency in oxygen.
Lanthanum zirconium oxide, La22r207(30,31) is structurally very similar to
CeyZr,0 20ne
The general formula for this type preduct would be MQIIIM2IVO

In the Eleventh quarterly Report of this project(32), several unsuccessful

substitutions were made for cerium and zirconium,

The next group of substitutions that were made for the M;V cation were
uranium, cerium and thorium, The starting materials empicysd throughout these
investigations were uranyl nitrate, cerium(III) oxalate and thorium nitrate,
respactively.

In the first group of experiments lenthanum was used as the MIII

cation.

In this and in all further work reported here, the following procedure was
maintained.

Stoichiometric quantities of reactants, az govermed hy the general formula
Mé**IMz Oy were thoroughly ground in an agate mertar. The sample was then
heated alowly to 900°C in air in zirconium silicate combustion boats. After
the gaseous preductae were evolved completely, the preparations were heated at

1200°C in air for twenty-four hours., The products were then cooled and prerared

for x-ray analysis,
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The lanthanum-thorium, lanthanum-cerium, and lanthanum-uranium products
exhibit a face-centered cubic arrangement.
The following reactants were then substituted for the MUIT cation:
MOz (or Mn(NOj3)z); Ya03; Cr(N0j).
Feo03 CoCO3
In all cf the products except three, there were present phases that could
be indexed as face-centered cubic. The excsptions were tne shases obtained
using uranium as MIv and cobalt, chromium, and iron as M;II.
In these instances the structures of the products obtained have not besn
determined.
The extent of similarity of the phases that were obitained in these trial
A i

— 24 _— 4 2 2v7 i w2 ; ; -
ascertained. The x-ray patterns of these new phases have nct teen minutely

baerwv
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substitutions to the phase

o]

[

examined for the presence of weak lines, which might mean that the unit cell
reported in Table 24 should be doubled. This work is still in progress as are

T Y Tr
new substitutions for M**” and M " cations,
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Expected Product

Data Obtained by Substitutions in the System CeZZrZQI

+a3Tho0n
FezTh207
CrzTh207
CozTh207
anThZO7
YzTh207

MU0,
Y, U0,

F.C.C. » face-centered cubic

Comment s

the sterting materialis that were used.

The formula for the expected product is based on the quantities of

- L8 =
Table 24

Basic Structure
¥.C.C.
F,C.C.
F.C.C.
F.C.C.
F.C.C.
F.C.C.

FOC. C.
F.C.C.
F.C.C,

*x

. C.C.
F.C.C.
?
?
?
F.C.C,
F.C.C.

? = not known

intense 1ines of the x-ray patterns,

Unit Cell Size +0.C24

5. 643
5, 60A
5, 584
5,594
5, 59
5, 554
5. 56A
5. 414
5,424

5,284

(-]
5. 36i

The structures are based on the nore

ey |
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III.2 Phages of the General Type h20r6016

A preliminary investigation of alkali metal compounds of the type M2c?6°16
has been started and isomorphous suhetitution attempted,

A #ories of compounds of the type MéCr6016 (M= 14, Na, X, Rb, Cs) has been
synthesized by heating the appropriate 2lkali metal dichromate with chromium
trioxide at 350°C(33).

-

MéCf207 + Z;CrO3 = M Cr6916 + 3/202
All of the black products, save the lithium compound which is corthorhombic, have
monoclinic symmetry and are believed to crntain two trivalent and four hexavalent
chromiuwn atoms in the unit cell, As a starting reint the lithium, sodium and
votassium compounds have been prepared and their x-ray diffraction patterns
obtained.

Several mathods of producing isomorphous substitution in the formula
lecerIICrAVI016 have been attempted. Hexavalent molybdenum ., in the form of
sodium molybdatc dihydrate, was mixed with chromium trioxide in a molar ratio
of 1 to 2 and heated for two hcurs at 350°C, The materials which did not undergo
reaction were extracted with water. This ylelded a product which had an x-ray
pattern remarkably similar to that of N320r6016 and gave gualitative tests for
sodium, chromium, and mciybdenum,

Yhen hexavalent turngsten, in the form of sodium tungstate dihydrate, was
mixed with chromium trioxide the water insolutle products appeared to be a
heterogensous mixture which showed only indistinct diffraction patterns.

Substitution for the trivalent chromium has alsc been attempted. KFeCré0§
has been vrepared by the method of Weiniand and Mergenthaler(3.) and the substance
annealed at 350°C. This type of substitution has also been attempted by a direct

veaction between ferric nitrate and pctassium dichromaf.e in the solid state, at

350°C. Both substances give rise to the same product, as shown by identical
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Zx-ray diffraction patterns. The patterns are reicarksbly similar to those e.f
ferric oxide but the products gave qualitative tests for chromium, iron and
potassium., The possibility of solid soliutions of chromic oxide in ferric
oxide has been considered but the x-ray diffraction patterns do not shift over
a range of compositions from Fe:Crel:1l, 1:2 &nd 1:5, Attempts to prepare a
molytdenum compound with a similar pattern have thus far failed.

Other substitutions are under consideration,

II1.3 Freliminary Studies in the System Barium-Plstinum-Oxygen

In a thesis by I. Hegyi(35) on the preparation of bariwp-platinum-cxygen

compounds, a product thought to be BaZPtOx was discussed. It was gbtained by

the s0lid rhase reaction between platinic oxide and barium peroxide in the moler

ratio of 1:2 at 100C°C, This sample gave inconsistent an
formula cculd not be deduced.

Similar samnles hzove been prepared using starting ratios of barium to
platinum of threc or greater. The resulting products are homogeneous. X-ray
diffraction matterns indicate that the rroducts are the same in all cases. snd

none of the lines can be atcributed to impurities,

This preparstion will be¢ analyzed in an attemot to assign a definite foraula,

If this meets with success, structural investigations of this system will be

initiated.

Salpdd:
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