
nated. In addition, with an attached 
barometer and a system for evacuation 
and supplying gas, an experiment can 
be conducted at either a standard pres? 
sure or at a pressure which may be 
chosen in order to simplify calculations. 

Manometers constructed of glass are 

necessarily fragile, and are likely to 
be somewhat variable. More important, 
it is not convenient to provide defi- 
nite stops for the valves at the off and 
on positions, nor is it convenient to 

provide strong spring-loading of the 
valves to prevent leakage. It appeared 
that Lexan, a clear and extremely tough 
plastic, would be a good choice for the 

body of a manometer, and that Delrin 
would be a good material for the stop- 
cock inserts. The manometer shown 
was machined from block Lexan, but 

will be injection-molded in the future. 
The valves are spring-loaded, and have 
definite stops. An additional valve is 

provided to disconnect individual ma- 
nometers from the manifold (Fig. 2). 

In the operation of a respirometer, 
simultaneous opening and closing of 
the operating valves offers a great con? 
venience. The construction mentioned 
above makes it possible to perform this 
function simply. Pressure on one lever 
will close all of these valves, and pres? 
sure on another will open all of them. 
The valves may also be operated in- 

dividually. 
In order to utilize more fully the 

possibilities inherent in a constant pres? 
sure system, a respirometer was con- 
structed with stationary micrometric 
manometers (volumometers) (Fig. 3). 

Fig. 3. Differential respirometer. 
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These volumometers are each connect- 
ed by means of a flexible plastic tube 
to a Warburg-type flask of whatever 

variety is needed for the experiment in 

progress. Shaking of the flasks is con- 

tinuously variable in rate from 75 to 
150 per minute, and in extent from 0 
to 5 cm. 

The respirometer constructed has a 
number of advantages for nondifferen- 
tial as well as for differential respirom- 
etry: (i) a digital reading is obtained 

directly in microliters; (ii) calibration 
of the glassware is not necessary; (iii) 
the manometers are stationary, and eas? 

ily read; (iv) all manometers are simul- 

taneously visible; (v) spring-loaded 
valves have definite stops for off and on 

positions; (vi) valves may be simul- 

taneously operated by levers for open- 
ing and closing; and (vii) a very solid 
construction can readily be employed. 

The most significant improvement in 

technology in this apparatus is provided 
by a combination of the above-named 

advantages, with the immunity to 

changes in temperature and barometric 

pressure inherent in the differential con- 
nection. In comparison with the con? 
ventional nondifferential Warburg ap? 
paratus, the several-fold increase in 

accuracy and reproducibility of results 
of a differential system is achieved with? 
out the added bulk or complexity of 

multiple reference flasks. 
W. E. Gilson 

Gilson Medical Electronics, 
Middleton, Wisconsin, and 

Department of Neurology, University 
of Wisconsin Medical School, Madison 
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Geometry of the Perxenate Ion 

Abstract. A three-dimensional x-ray 
analysis of .a crystalline solid of Xe+* 

formed by the reaction of XeFe with 
sodium hydroxide solution indicates 
that it is sodium perxenate octahydrate, 
NatXeOe ? 8H*0. The perxenate ion, 
XeOe'*, has approximately a regular 
octahedral configuration with a mean 

xenon-oxygen bond length of 1.875 A. 

The reaction of XeFe with sodium 

hydroxide has been shown by Malm 
et al. (1) to produce compounds which 
contain octavalent xenon and which, on 
the basis of chemical analyses, prob- 
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ably contain the XeOe"4 ion, These 

salts were described as relatively stable, 
with a tendency to change hydration 
number. The formula Na*XeO? ? 5HsO 
was given to the product which first 

separates from NaOH solution. Siegel 
(2) ascribes to this compound an ortho- 
rhombic unit cell, with constants 
a = 10.36, b = 10.45, c = 11.87 A. 

Because of the paucity of informa? 
tion concerning the geometry of xenon 
coordination in the higher valence 

states, we decided to investigate the 

crystal structure of one of these salts. 
In addition to providing information 
about the geometry of this unique ion, 
the crystal-structure determination pro? 
vides a powerful method of determining 
the formula of the compound, 

Our material was prepared by adding 
about 1 ml of \M NaOH to several 

milligrams of XeFe containing some 
XeF* at 77?K. A yellow color which 

appeared in the frozen mixture disap- 
peared as the mixture melted. After 
several minutes, colorless well-devel- 

oped crystals with dimensions ranging 
up to several tenths of a millimeter be- 

gan to separate out on the walls of the 
test tube. Several of these crystals were 
selected for x-ray photography and 
mounted in thin-walled glass capillaries 
to reduce dehydration or possible de- 

composition to a minimum. 
All photographs were taken with 

MoKa x-rays on plate-like crystals 
measuring approximately 0.2 X 0.2 X 
0.05 mm. The linear absorption co? 
efficient calculated for the formula 
Na*Xe06 ? 8HsO is 29 cm"1, so that ab? 
sorption errors should not seriously 
affect the intensity measurements. 

The crystals investigated are ortho- 
rhombic with cell constants a= 11.87, 
b = 10.47, c = 10.39 A (all dz 0.02 
A). On the basis of the agreement be? 
tween these cell constants and those of 

Siegel (2) (after a redefinition of 

axes), it is clear that the same material 
was prepared here as was analyzed for 
Xe oxidation number and ratio of Na 
to Xe by the Argonne workers. The 
observed extinctions (M0, h + k odd; 
hOl, l odd; 0H, * odd) indicate that 
the space group is Dm1* - Pbcn (3). 
The density, as measured by flotation 
in mixtures of methylene dibromide and 
carbon tetrachloride, is 2.33 ?0.05 g 
cm-3. 

Although this is in poor agree? 
ment with four formula weights of the 

pentahydrate in the unit cell (pcaic = 
2.10 g cm"8), it is in excellent agree? 
ment with the formula NaiXeOe ? 8H2O 

(pcaic = 2.38 g cm"3) which was de- 
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Table 1. Parameters for the Na4XetV8H20 structure. B is the isotropic thermal parameter. 

Atom x y z B (A2) _____ 

1.8 ?0.4 

1.9 ?0.2 

1,9 ?0.2 

duced from the structure determina- 
tion. 

Data suitable for structure analysis 
were collected at room temperature by 
multiple-film Weissenberg photography 
of the reciprocal lattice nets hkl, with 
h = 0, 1, . . . , 13. All independent 
intensities strong enough to be ob? 
served that were accessible within the 

scattering angle of 26? for the MoKa 
source were estimated visually. The 718 
observed intensities were corrected for 
Lorentz and polarization effects and 
converted to structure amplitudes. A 
final set of photographs of the (Okl) 
nets was taken at the end of the experi? 
ment. These were identical with the 
initial photographs and thus they pro? 
vide good evidence for the stability of 
the material during the 72 hours of 

photography. 
As the multiplicity of the general 

positions in Pbcn is 8, the four Xe 
atoms must lie in special positions. It 
was clear from the examination of the 
intensities of several reflections that Xe 
must be placed on the twofold axis in 
the special positions (3) 

c) ? (0, y, V4; Vi, V2 + y, Va) 

with y approximately equal to 0.20. 
Examination of the Patterson function 
confirmed this assignment and indicated 

clearly the positions of the six atoms 
bonded to Xe. Two of these were 

placed in two sets of special positions 
on the twofold axis, and four were 

placed in two sets of general positions. 
Successive least-squares refinements 
and difference electron-density syn- 
theses led to the placement of six more 
atoms in general positions in the asym- 
metric unit. From their coordination 
and peak heights in the electron-density 
maps, two of the atoms were identified 
as sodium, and the four remaining were 

assigned as oxygen, presumably in 
water molecules. A final series of least- 

squares refinements on the present data 
led to the parameters listed in Table 1. 
A final difference electron-density syn- 

thesis contains no peaks higher than 
2.0 electrons A"3, while the peaks for 
the atoms identified in earlier difference 

syntheses have heights which range 
from 10 electrons A"3 for water to 17 
electrons A~3 for sodium. The final 

agreement factor 

_ 2| |Fobs|-|Fe! 
K = ? 

2 I Fobs | 

is 0.10 for all the 718 observed reflec? 
tions and is 0.16 for the generally 
weaker 123 reflections with h + k odd 
to which the Xe, Oi, and Oa on the two? 
fold axis do not contribute. 

It would be impossible to distinguish 
between hydroxyl groups and water 
molecules by the x-ray diffraction ex? 

periment. The presence of hydroxyl 
groups would, however, be hard to ex- 
plain in view of the clear stereochemi- 
cal evidence that there are four sodium 
atoms per molecule and also the re? 
ported oxidation number of + 8 for 
Xe. 

Chemical analyses on our sample 
confirm this oxidation number of Xe 
and indicate that the material is flu- 
oride free. Furthermore, there are 
a number of O . . . O distances in the 

range 2.65 to 3.0 A which can be inter? 

preted in terms of a very reasonable 
overall hydrogen-bonding scheme for 
water molecules and XeOe"4 ions. From 
these arguments, and from the reason- 
ableness of the molecular packing, we 
conclude that the material studied here 
is NaiXeOe ? 8HsO. The volume per oxy- 

Table 2. Geometry of the Xe06~4 octahedron. 
The ? indicates estimated standard deviation. 
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gen atom is thus 23.1 A8, a typical 
value for hydrates. 

Some interatomic distances and an- 

gles are listed in Table 2. The per? 
xenate ion, XeOe"4, has approximately 
the form of a regular octahedron of 

oxygen atoms surrounding the central 
Xe. The O-Xe-O bond angles do not 
differ significantly from 90?. Although 
the Xe-O bond lengths do differ slightly, 
and might be expected to because of 
the different ways in which the four 

independent oxygen atoms appear to 

hydrogen-bond, the hypothesis, "the 
four independent Xe-O bond lengths 
are equal," cannot be rejected at the 
5 percent significance level by a x2 test. 
The ion is required by its position in 
the unit cell to have a twofold axis 

passing through Xe, Oi, and O2, and 
our results indicate that the symmetry 
of the ion may not be significantly 
different from Oh. The mean bond 

length is 1.875 A with a standard devi- 

ation of the mean of 0.021 A. This 
is 0.12 A longer than the average Xe-O 

distance of XeOs (4). This compares 
well with the increase of 0.11 A in the 

I-O distances in the isoelectronic iodine- 

containing ions. The I-O bond length 
in a typical iodate ion is 1.82 A (5), 
while in the IO?"5 ion in (NHO2H3IO6 
itis 1.93 A (6). 

Each of the two independent sodium 
ions is coordinated to six oxygen atoms 
in a distorted octahedral arrangement, 
with Na-O distances ranging from 2.39 

to 2.70 A. In the complex hydrogen- 
bonding scheme postulated for the 

structure, each of the oxygens of an 
XeOe"4 octahedron is involved in hydro? 
gen bonding to water. This hydrogen 
bonding and the linking of the sodium 

octahedra by the sharing of edges and 
corners appear to determine the overall 
structure of the crystal (7). 

Walter C. Hamilton 
James A. Ibers 

DONALD R. MACKENZIE 
Brookhaven National Laboratory 
Upton, Long Island, New York 
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High Pressure X-ray Diffraction 

Studies on Barium 

Abstract. Simultaneous x-ray diffrac? 
tion and electrical resistance measure? 
ments on barium establish, with cer? 

tainty, that Bridgman* s 78-kb resistance 
transition is identical with his 59-kb 
volume transition. During this transi? 

tion, the body-centered cubic structure 

changes to hexagonal-close packed. 
Lattice parameters for the latter struc? 
ture at 62 kb (volume scale) are: a = 

3.90 A, c = 6.15 A, and c/a = 1.58. 

Compression (AV/V*) at 62 kb is 0.359 

?z 0.005 compared to 0.345 previously 

reported by Bridgman. Below the tran? 

sition, at 49 kb, compression is 0.300 

zfc 0.005 compared to Bridgman's 
0.288. Bridgman*s 17-kb volume tran? 

sition was not detected by x-ray diffrac? 
tion. 

In addition to the intrinsic interest 

of determining the crystallographic na? 

ture of pressure-induced phase changes 

previously reported to occur in barium 

(by displacement and electrical resist? 

ance measurements), x-ray measure? 

ments are important because the 59-kb 

transition is used as a fixed-pressure 
calibration point. In 1942, Bridgman 
published compressions of Ba to 100 

kb and reported two volume discon- 

tinuities (1). The first of these was 
said to occur at 17 kb with compres? 
sions (AF/F>) of 0.135 and 0.141. 

The second was reported to occur at 
59 kb with compressions of 0.318 and 

0.337. 
In 1952, Bridgman published a curve 

of the relative electrical resistance of 

Ba to 100 kb (2). There was a sharp 
resistance discontinuity occurring at 78 

kb (which Bridgman suggested might 
be associated with the 59-kb volume 

discontinuity observed 10 years earlier). 
He also reported evidence of a small 

electrical resistance discontinuity related 
to the 17-kb volume change. 

During the early development of 

ultra-high pressure, high-temperature 
apparatus, researchers assumed 78 kb 
to be the correct value for the Ba resist? 

ance transition and used it as a fixed- 

pressure reference point. This was 
comfortable because this value, along 
with Bridgman's values for electrical 
resistance transitions in Tl (44 kb) 
and Cs (54 kb), gave a straight-line 
relationship between applied load and 

chamber pressure. This "old" pressure 
scale was unquestioned until Kennedy 
(3) suggested that Bridgman's resist- 

ance transitions in Tl, Cs, and Ba were 
all too high and that these transitions 
were actually identical with Bridgman's 
volume transitions reported to occur at 
about 25-percent lower pressure. Very 
shortly thereafter, researchers generally 
accepted the identity of the resistance 
and volume transitions, and adopted a 
"new" pressure scale which accepted 
pressure values based on the volume 
transitions (37, 42, and 59 kb in Tl, 
Cs, and Ba, respectively). 

We have now been able to establish 
with certainty the fact that Bridgman's 
78-kb electrical resistance transition 
and his 59-kb volume transition occur 
at the same pressure. This has been 
made possible by the development of a 

tetrahedral, x-ray diffraction, high-pres? 
sure, high-temperature press at Brigham 
Young University. This apparatus is 

equipped with a modified x-ray diffrac- 
tometer and both strip-chart and print- 
out recording devices. With this equip? 
ment, the electrical resistance of Ba 
foil was monitored (at room tempera? 
ture) simultaneously with the monitor- 

ing of its Debye-Scherrer diffraction 

pattern as pressure was slowly in? 
creased. A new diffraction pattern ap? 
peared simultaneously with the crossing 
of the resistance discontinuity. This 
was observed in five separate and inde? 

pendent experiments. The new pattern 
indicates transformation to a hexagonal 
close-packed structure. Diffraction data 
at 62 kb (new scale) for the new struc? 
ture are presented in Table 1. At 62 kb 
the values for the lattice parameters a 
and c are 3.90 A and 6.15 A, respec? 
tively. The c/a ratio is 1.58 which is 
within the normal range for hexagonal 
close-packed metals. 

Table 1. Diffraction data for Ba with hex? 
agonal close-packed structure at 62 kb. 

* Calculated for a = 3.901 A and c = 6.154 A; 
c/a = 1.578. f Integrated intensity. $ In- 
completely resolved lines. 
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