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cuss such minor bond-length variations. 28 The VpOs 
group in CsV308 is only slightly distorted from the ideal 
form shown in Figure 3b. If a plane is passed through 
the outer oxygen atoms numbered 2, 5',  5", and 2' 
(Figure 4), the central oxygen atoms 3 and 3 '  are dis- 
placed from the plane 0.15 A. The V p  atoms lie 0.52 A 
from this plane, and the bonds Trz-04  make an angle of 
87.5' with the plane. 

The double V p O s  group illustrated in Figure 3b now 
appears to be a characteristic feature of many oxo- 
vanadium(V) structures. It can be clearly discerned 
in LiV308,21 V205r22 and Ka3V601j.23 Its  discrete char- 
acter is strikingly emphasized by its appearance in 
isolated form (but linked through UOZ2+ groups into a 
sheet structure) in the crystal structure of the carnotite 
analog Csp(COz)V20s,aG h binucleate ion HVz073- 
has been identified by Ingri and  brit^^;^ in alkaline 
vanadate solutions. This ion may be formulated 
H3V,0s3-, but of course it is not possible a t  this time to 
say w-hether it corresponds to the VzOy group in the 
solid compounds. The VzO8 group is wholly lacking 
in the Vlo02sG- ion.2G It is possible that the slon- 
formation of KV30s from solutions of V l 0 0 p 8 ~ -  may be a 
result of some complex intermediate reactions in lyhich 
the creation of the V20s group is involved. 

A final detail worth noting is the close approach of 
(86) 11. E, Appleman and H. T. Evans. Jr., A m  ;Mi i fera logis t ,  SO, 82.5 

' 1965). 

Notes 

the bridging oxygen atoms in the VzOa group, namely, 
2.30 i 0.02 A in CsV308. This is fairly consistent 
with the distance of 2.35 =t 0.05 A fourid for the corre- 
sponding pair of atoms in Csz(U0JTT208r5G 2.42 + 0.04 A 
found in LiV308,21 2.388 + 0.003 A in \ r 2 0 5 , 2 2  and 2.45 
+ 0.05 A in Ka3V6015.z3 A pair of bridging oxygen 
atoms betn-een two highly charged cations is frequently 
drawn quite close together. Between octahedrally 
coordinated aluminum in aluminosilicates, for example, 
this distance often lies bet\!-een 2.4 and 2.5 A4. The dis- 
tances found in the Vz08 groups seem to be unusually 
short. Nevertheless, the shortest distance of this type 
that has been reported so far was found by Burnham 
and Buergd7 in andalusite (A12Si06) for a pair of oxygen 
atoms bridging two aluminum atoms in fivefold co- 
ordination, namely, 2.247 =t 0.007 -4. 
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Solid solutions of yttrium trifluoride in calcium 
fluoride have been knonn since 191cLz and have recently 
been definitely characterized by Short and Roy.3 Up 
to 55 mole yo YFa enters the fluorite lattice, the extra 
F- of YFa entering the octahedral holes of CaF2 until 
these are filled at  a nominal 50yc. The crystallographic 
analogy of hydride ion in saline hydrides to  fluoride 
ion suggested the investigation of corresponding 
calcium-rare earth-hydrogen systems. Lanthanum 
and yttrium were chosen for first investigation by virtue 

(1) National Science Foundation Summer lieseasch Pal-ticipation F e l l o y  
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( 2 )  T. T'ogt, Xeucs J n h i b .  M z i i e i n l . .  7, 9 ( lUl4) .  
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of differing ionic size; the ZachariasenJ ionic radii 
are: Ca2+, 0.94 9; La3+, 1.04 A ;  IT3+] 0.SS il. 
CaH2 is orthorhombic ;B lanthanum forms an fcc fluorite 
phase from (approximately) LaHz through LaHB ifi 
YH2 is fcc fluorite and YHs is hexagonal.' *I!l of these 
are nonstoichiometric to  some extent. 

Experimental Section 
The calcium metal was obtained from Dominion Magnesium, 

Ltd., Toronto, Canada, 99.97,. Lanthanum mas obtained froin 
Cerium Metals Division of Ronson Metals, Inc., Newark, S. J . ,  
99+yo0. Yttrium was obtained from United RIineral and 
Chemical Co., S e w  York, S.  Y., 99+ yo. 

The metals were weighed out into molybdenum boats in an 
argon glove box and allowed to react with catalytically purified 
liydrogeii a t  elevated temperatures. The amount of liydro~en 
taken up was dctermined by I-'- V- T measurements. Each 
sample was ground to powder in an agate mortar in the argon 
drybox, and a sample was withdrawn for X-ray powder crystal- 
lography. The bulk of the sample was returncd to the liydrogen 
reaction system, where it r a s  further exposed to measui-cci hy- 

(4) W, T. Zachariasen in "The $ctinide Elements," G. 'I. Seahr rg  and 
J. J ,  Katz ,  Ed., SIcGraw-Hill Book Co., Inc., New York, N. Y . ,  1954, Chap 
ter 18. 
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drogen with the same time-temperature cycle as the first treat- 
ment. After regrinding, a second X-ray sample was taken. 
In all cases, only small changes were produced by the second 
hydrogen treatment, 

The X-ray powder patterns were taken in part with a General 
Electric XRD-4 unit and 143.2-mm camera and in part with a 
Norelco diffractometer, Type 12045, and 114.6-mm camera. 
Cu Ka radiation with a Ni filter and 0.3-0.5-mm glass capillaries 
were used. The amounts 
of the phases present were based on visual judgment of the in- 
tensities of certain characteristic lines, as compared with the in- 
tensities of the same lines for CaH1.88 and LaHz.66. Lattice 
constants of the fcc phases were determined by Nelson-Riley 
extrapolations to 6 = go', except in one case (see Table I) where 
the lines of higher indices were so diffuse that reliable extrapola- 
tion was not possible. 

(a) of attempted limiting 
over-all composition CazR1_,H3-, and (b) of attempted compo- 
sition Ca,RI-,Hz. In (a), after reacting at temperatures up 
to 700", the samples were kept a t  400" for La and 300" for Y for 
1 hr, followed by slow cooling in contact with hydrogen to room 
temperature. In (b), after treatment at 700" for 1 hr, the 
samples were cooled rapidly, with the stopcock between sample 
bomb and system closed to minimize further hydrogen uptake. 

Standard film exposure time was 5 hr. 

Two types of sample were prepared: 

Results 
Lanthanum.-The results for lanthanum are shown 

in Table I. The lines of orthorhombic CaHz are missing 
or weak in the samples containing 40 and 60% Ca, 
and relatively weak a t  higher calcium contents. The 
lines of the face-centered-cubic phase persist a t  rela- 
tively high intensities up to the highest Ca contents. 

TABLE I 
CALCIUM-LANTHANUM-HYDROGEN RESULTS" 

Face- 
Ortho- centered- 

composition phase phase ao, A,  fcc 
Sample I-hombic cubic Lattice const, 

Equilibration a t  400'; Slow Cooling to  25' 
LaHz.66 . . .  S 5.623 f 0.004 
Cao .&ao .60Hg. 30 vvw S 5.600 f 0.004 
Cao.61Lao.&1.84 None ms 5.61931 0.004 
Ca0.70La0.30Hz.17 mw m Diffuse 
Cao .82La0. I& .15 ms m 5.629 i 0.004 
Can. OOL~O.IOHI 4 6  In m 5 .638r t0 .004  
CaH1.88 S . . .  . . .  

Equilibration a t  700'; Rapid Cooling in Isolation from H2 
LaH2.18 . . .  S 5.672 rt 0.004 
C a o . 4 ~ L a ~ . ~ o H ~ . ~ s  w ms 5 . 6 2 6 i  0.002 
ca0.61La0.39H1.90 w ms 5.616 + 0.002 
Cao .7oLao. 30H2 .OS m w m 5.64 f 0.01 
Caa .szLao, l8Hl . i o  m in 5.639 f 0.004 
CaH1.88 S . . .  . . .  
a s, strong; m, medium; w, weak. 

The control of the hydrogen content by thermal 
treatment was not as effective as planned. The second 
series, equilibrated a t  700", contained only a little 
less hydrogen than the first 400" series, and the dif- 
ference was irregular. Thus, the amounts and com- 
positions of the phases present are probably not equi- 
librium values. 

The lattice constants of the orthorhombic phase 
shown in Table I1 were calculated from data for five 
of the Ca-La-H samples as well as from one pure 
CaH2 pattern. There was no correlation with com- 

TABLE I1 
CALCIUM HYDRIDE LATTICE CONSTANTS, A 

uo bo GO 

Samples with La 
(this research) 5 93 i 0.01  3 604 C 0.005 6 .82  f 0.03  

Pure CaHg (this 
research) 6.00 3.615 6 .85  

Pure CaH2 (ref 5) 5.936 3.600 6.838 

position, but the values from the La-containing samples 
averaged lower than those for the pure CaHz samples. 

Control 
of the hydrogen content was successful here. The 
orthorhombic CaHz phase was present with stronger 
line intensities than in the La samples of corresponding 
composition. The fcc YHz phase predominated in the 
low-hydrogen series, and the hexagonal YH3 phase 
predominated in the high-hydrogen series. The 
amounts of hexagonal phase in the low-hydrogen 
series were anomalously high. No trend of lattice con- 
stants with composition was observed. 

Yttrium.-These results are in Table 111. 

TABLE I11 
CALCIUM-YTTRIUM-HYDROGEN RESULTS 

Sample Orthoi-hombic Hexagonal Fcc 
compositions phase phase phase 

Equilibration a t  300"; Slow Cooling in Hg 
Cao. 30Y0.70H2.45 vvw ms vvw 
Ca0.45Yo.sjH2.3~ w ms V w 

m ms . .  Cao.6oYo.aoHz.16 

Equilibration a t  750"; Rapid Cooling in Isolation from Hg 
Can.aoYo.7oH1. 96 v w W vs 
Cao.46Y0.66H1.97 VU' m S 

C ~ O . ~ O Y O . ~ O H I .  95 m mw S 

Lattice Constants 
~ U O  = 3.68 f 0.01 A, co = 6.61 i. 0.01 A (this research) 
\UO = 3.674 A, GO = 6.599 A (ref 7 )  

la0 = 5.201 A (ref 7) 

Hexagonal 

F C C J a ~  = 5.210 A 0.005 A (this research) 

Discussion 
In the yttrium samples, the phases present were 

those to be expected in a mechanical mixture of the 
same over-all composition and assuming no interaction, 
with the exception that the hexagonal YHa phase was 
found in the low-hydrogen samples. The hysteresis 
in the formation and decomposition of YHz8 might be 
related to the persistence of this phase. 

In the lanthanum samples, the lattice constants cor- 
relate with the mole percentages of calcium in the 
metallic portions of the preparations, as shown in 
Figure 1, with one anomalous point. In both series, 
increasing amounts of Ca result in increasing lattice 
constants. In both series, the lattice constants do not 
extrapolate to the appropriate values for LaHz and 
LaH3. This would suggest that the fcc phase is dif- 
ferent from ordinary fcc LaH,, the presence of e a 2 +  
perhaps producing a different defect array so that  the 
lattice constant depends more on the amount of e a 2 +  
than on the amount of hydrogen present. 

(8) L. N. Yannopoulos, R. K. Edwards, and P. G. Wahlbeck, J .  Phys.  
Chem., 69, 2510 (1965). 
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Figure 1.-Lattice constant us. mole per cent calcium in 
metallic content, Ca-La-H samples: 0. series equilibrated a t  
400"; 3, series equilibrated a t  700". 

Warf and Hardcastleg have demonstrated the exist- 
ence of two face-centered-cubic forms of ytterbium hy- 
dride, prepared by allowing metal to react with Hs 
at pressures above 1 atm. One of these has a compo- 
sition of approximately YbH2.j. The other, prepared 
by thermal decomposition of the first, is metastable at  
ordinary pressure and temperature in a sample of as 
lorn- a hydrogen content as YbH2.04. 

In  the process of adding hydrogen to YbHs, conduc- 
tion electrons mould be released, and some Yb2+ would 
be changed to Yb37. The addition of lanthanum 
hydride to  CaHz would produce La3+ and conduction 
electrons which might achieve the same effect. It 
should be noted that i t  is precisely the tlvo rare earth 
dihydrides with few conduction electrons-YbH2 and 
EuH2-which are orthorhombic, while all others are 
cubic. The formation of the higher hydride of ytter- 
bium indicates that  the energy difference between the 
two structures may not be large, so that the conduc- 
tion electrons or the additional lattice energy from the 
R3f might produce the change. 

It should be noted that CaH? undergoes a transition 
on heating a t  780°,10)11 to a phase of undetermined 
structure, possibly fcc. 

Since the samples are not equilibrium samples, the 
possibility of no interaction must be examined. This 
would require that  the observed fcc lattice constant 
would indicate how much of the total hydrogen was 
combined with La, the rest being combined with Ca. 
If this is done, using the closely agreeing lattice con- 
stants of Korst and Warf12 and Goon,13 the calculated 
compositions give the difficulty that, in most of the 
samples of Table I with less than two atoms of H per atom 
of La, there would be insufficient hydrogen to react with 
all of the Ca. There is no indication of uncombined 

Ca in the X-ray patterns, but again the amounts might 
be too small to detect. 

Another assumption, in accord with the free energies 
of formation of CaHzll  and LaH2,I2 would be that on 
combination hydrogen Ti-ould first form LaH2, then 
CaH2. If any remained, i t  would react further with 
LaH2. The number of gram-atoms of H combined 
with 1 g-atom of La, calculated in this way for each 
sample, does not correlate with the lattice constants 
of the fcc phase. There is a scattering of points, 
rather than the linear relationship of the literature 

in the absence of Ca. A lattice constant 
independent of the H to La ratio would again indicate 
a structural change in LaH, caused by the presence of 
Ca. 

KO conclusions about the nature of the fcc phase in 
the Ca-La-H system may be drawn from this research, 
but interaction to form a novel phase is probable. 
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In  a previous study involving copper(I1) chelates 
of N-substituted thiopicolinamides, the anomalous 
melting behavior of bis-(N-benzylthiopico1inamidato)- 
copper(I1) (1) was observed.' This effect has now been 
more fully studied and found to involve the thermal 
reduction of the copper(I1) chelate in part to the cor- 
responding copper(1) chelate. 

Experimental Section2 
Thermal Decomposition of Bis-(N-benzylthiopico1inamidato)- 

copper(II).-Bis-(S-benzylthiopicolinamidato)copper(II) (0.211 
g ,  0.407 mmole, red-brown needles, mp 161" dec, I / .  = 1.83 B M )  
was heated at 150" (0.2 mm) for 5 hr to yield a condensate of 
pure S-benzylthiopicolinamide (0.092 g, 0.403 mmole), identi- 
fied by mixture melting point, infrared spectrum, and proton 
nmr spectrum, and a diamagnetic rust-colored residue (0.117 
g, 99y0 of the residue expected, based on the loss of one molecule 
of X-benzylthiopicolinamide). Comparable results were ob- 
served for disproportionations carried out for varying times at 
temperature as IOU- as 120°, although the residue obtained varied 
slightly from condition to condition. Anal. Calcd for CIPHIO- 
CUT&: C,  53.87; H, 3.48; N, 9.67. Found: C,  53.85; H, 
3.72; x, 9.70. 

Prolonged (2 days) shaking of the residue in 6 iY hydrochloric 
acid in the presence of air gave an insoluble green product which 

(9) J. C. Warf and K .  Hardcastle, Final Report ,  Pa r t  2,  Contract  S o n r  

(10) D. T. Peterson a n d v .  G. Fat tore ,  J .  Phys.  Chenz., 65, 2062 (1961). 
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(12) W. L, Korst and J. C. Warf, private communication. 
(13) E. J. Goon, J .  Phys.  Chem., 63, 2018 (1959). 

228(15), University of Southern California, Aug 1961. 
(1) R. W. Kluiber, Inora.  Chem.,  4, 829 (1965). T h e  melting point re- 

corded for this complex is higher than tha t  found in the present work and is 
a t t r ibuted t o  the  presence of two crystalline modifications. 

S m r  resonances are in ppm rela- 
tive t o  tetramethglsilane as an internal standard, downfield being considered 
the negative direction. 

(2) All temperatures are uncorrected. 


