Table 1. Acid capacity of 1:1 sphingomyelin-sulfatide or 1:1 egg lecithin_sulfatide complexes
in several mixtures after correction for the contribution of the excess component.

Composition of systems (umole)

Acid capacity
(ueq H*/pymole complex)

Sodium Sphing- Egg Choles- pH pH
sulfatide omyelin lecithin terol 7.0-4.0 7.0-3.5

19 32 0.25 0.32

1.6 4.4 .28 .50

19 9.5 30 45

74 8.9 34 .46

44 7.8 28 .39

8.5 8.5 4.2 21 37

8.5 8.8 85 17 24

8.9 93 20 31

Comparison with single lipids (ueq H*/umole lipid)

Sphingomyelin 0.083 0.14
Egg lecithin 044 .058

Sodium sulfatide .085 .16

Phosphatidylinositol 28 37

This frees the phosphate of the choline branes. Within such systems, ionic

lipid, which then may be titrated in a
manner similar to that for a lipid with
an ionizable phosphate, like phospha-
tidylinositol. This reaction takes place
only when the lipids are present in the
same particle, as shown when a dis-
persion of sphingomyelin was mixed
with one of sodium sulfatide. Titration
showed no interaction of the lipids
after 24 hours at 25° or 40°C.

Sphingomyelin-sulfatide systems were
prepared with varying mole ratios of
these lipids. The acid capacity between
pH 7 and 3.5 was determined. Again,
assuming a complex is formed with a
1:1 mole ratio, the capacity of the
excess component was deducted from
the total which was then divided by the
number of moles of complex. These
results may be compared with the in-
dividual components and with the
sodium salt of phosphatidylinositol.
The acid capacity of lecithin-sulfatide
mixtures was slightly less than that of
the sphingomyelin-sulfatide, possibly
because the larger area occupied by egg
lecithin (I0) increases the distances
between ionic groups.

The incorporation of cholesterol or
cerebroside into sphingomyelin or leci-
thin systems did not change the titra-
tion characteristics of these lipids. Chol-
esterol, however, reduces the titration
capacity of sphingomyelin-sulfatide
mixtures. As the mole ratio of choles-
terol is increased, the acid capacity of
the complex decreases (Table 1), an
indication that cholesterol molecules
may be interposed between the sphin-
gomyelin and sulfatide, increasing the
distance between the charged groups.

The choline phospholipids, lecithin
and sphingomyelin, are important con-
stituents in many biological mem-

9 AUGUST 1968

binding between the choline phospho-
lipids and anionic lipids probably oc-
curs, thus adding to the stability of
these membranes.

MoRRris B. ABRAMSON

ROBERT KATZMAN

Saul R. Korey Department of
Neurology, Albert Einstein College
of Medicine, Bronx, New York 10461
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Pyrrhotites: Synthetics Having
Two New Superstructures

Abstract. Synthetic pyrrhotites Fe,_.S,
synthesized at various compositions and
temperatures, show the presence of two
new superstructures based on the hex-
agonal subcell of the NiAs type (axes
A and C): one, in the range 1—x=0.89
to 0.93, has a = 90A and ¢ = 3C; the
other, in the range 1 — x = 0.935 to
0.975, has a = 2A but c irrationally
related to C, varying with composition.

Because of its common occurrence
and unusual magnetic properties, pyr-
rhotite Fe, ,S has been extensively
studied, but many important questions
regarding its phase relations and crys-
tallography remain unanswered. Three
different types of pyrrhotite have been
confirmed as low-temperature stable
phases (I, 2), all of which are super-
structures of the NiAs type of structure,
whose cell dimensions are A4, about
345 A; C, about 5.8 A. They are

Fig. 1. Precession photograph (010)o* of
3C-type pyrrhotite (Feo.90S) quenched
from 300°C; FeKa, n=25 deg, 190 hours.
The a* and c* axes have been indicated
as well as the “a”’-type and “c’-type re-
flections.
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Fig. 2. Reciprocal lattice projected on
(001)* of the 3C type of pyrrhotite (not
to scale). Large solid circles, “a”-type re-
flections; small solid circles, “b”-type re-
flections; open circles, “c”-type reflections
(see text).
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Fig. 3. Precession photograph (010)o* of

nonintegral-type  pyrrhotite  (Feo.96S)
quenched from 250°C; MoKa, u = 20 deg,
69 hours. The a* and c* axes are indi-
cated.

hexagonal 2C-type (triolite, FeS), hex-
agonal 5C-type (FeS-Fe,S;), and
monoclinic 4C-type (Fe,Sg). A hexag-
onal 7C-type was also described (2) as
a high-temperature phase extending
from FeS to Fe, g;;S, although the NiAs
type of structure has been commonly
reported as a high-temperature phase
(3).

We now report study of synthetic
single crystals of pyrrhotite having dif-
ferent chemical compositions; we used
x-ray methods (powder, oscillation, and
precession) at room temperature and
high temperatures (100° to 350°C)
with CoKa, FeKa, and MoKq radia-
tions.

Our specimens were synthesized from
mixtures of sulfur (99.999 percent)
and iron (99.99 percent) ranging from
FeS to Fe, 4S. The mixtures were en-
closed in evacuated silica tubes, kept
for 48 hours at 600°C, and quenched.
After being ground in acetone the prod-
ucts were resealed in new evacuated
silica tubes and kept at 600°C for 1
month. The tubes were then annealed
at 300° or 250°C for 1 month and
quenched to room temperature. The
products consisted of small (0.01 to
0.1 mm) single crystals.

Two new hexagonal types of pyrrho-
tite were found, both being superstruc-
tures of the NiAs type of structure. We
propose to call them “3C type” and
“nonintegral type” on the basis of com-
parison of their c-lengths with that of
the NiAs type of subcell.

First we shall describe the 3C type.
The typical precession photograph
(010),* with the hO!l reflections (Fig.
1) was taken from a crystal of com-
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position Fe, o,S quenched from 300°C.
The reciprocal lattice projected on
(001) * is schematically illustrated (Fig.
2). The observed reflections divide into
these three groups on the basis of the
reciprocal-space coordinates defining
the positions of the reflections:

“a’-type reflections: h, k, 1

1
“b”-type reflections: h + > k, 1

1
h k+—,1
2

1 1
“c”-type reflections: (h + 2—) * --6, k;

9
1)+1
“ 90’

1.1
hy (k+ =) = —; (h +
EFPE 3

, all with

(k + 1)_ !
—) +

2 90

1 1

I+ —andl — —

3 3

where h, k, and [ refer to the NiAs type
of subcell. The subcell measures 4 =
3.43=0.01 Aand C =5.70 = 0.01 A
for the specimen of composition
Fe, 4,S. The “b”- and “c”-type reflec-
tions are much weaker than the “a”
type, but all are sharp. The “a’-type
reflections correspond to the NiAs type
of subcell, and the “b”- and “c”-type
reflections are superstructure reflections.
The “c”-type reflections occur in pairs
close to

1
R4 — k1=
( 2 )

— mln—a

1

gy B
(h, k + > 1 3 )
1
2
from which the members of a pair are
displaced equal distances in opposite
senses along an a* direction (see Fig.
2).

The intensities of the two reflections
forming a pair differ from each other.
The interval between paired “c”-type
reflections is 1/45 of the repeat of the
“a”-type reflections along the a* direc-
tion. The cell dimensions are a = 904
and ¢ = 3C; Z = 48,600(Fe,_,S). The
space group is P6,22 or P6,22, for
which / must be a number 37 for a re-
flection 00! to occur. The calculated
density, for chemical formula Fe, 4,S, is
4.75 g/cm3. This type is called 3C
because its c-length is three times that
of the NiAs type of subcell.

Possibly, however, the complex pat-
terns of the hexagonal superstructure
are produced by three orthorhombic
crystals, having a = A4, b = 45 /34,
and ¢ = 3C, twinned around a common
c-axis. For examination of the possibil-
ity of a domain structure, crystals of
the 3C type were cooled slowly (16°C/
hour) from 350° to 250°C in a mag-
netic field of 15,000 gauss. No change
in the x-ray patterns was observed.

(h+1k 1+1)
2727 T 3

3.0

O O—

«st————— Nonintegral type — = e——— 3C type ————m=

1 | 1 I
0.98 0.96

T 1
0.94 0.92 0.90

atomic ratio (Fe/S)

Fig. 4. Relations between chemical composition and N (N

= 1/8l; see text) for

pyrrhotites of the nonintegral type quenched from 250°C.
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This 3C type was obtained for speci-
mens between Fe,q,,S and Feg g,S
quenched from 300°C, and between
Feyo,S and Fe, oS quenched from
250°C. Crystals of this type (Fe,.40S)
were examined at high temperatures
with the Nonius-Weissenberg camera;
oscillation photographs taken at 290°C
around the c-axis, after heating at the
same temperature for 2 hours, gave the
3C-type patterns described. The super-
structure reflections, however, disap-
peared at 320°C, leaving only “a”-type
reflections. The superstructure reflec-
tions reappeared at 290°C and at room
temperature soon after the heating; thus
the 3C type is not a metastable
quenched product, but a phase with a
range of stability from below the tran-
sition temperature to the high-tempera-
ture phase at about 310°C. This find-
ing confirms the transition (4) at about
315°C of pyrrhotite ~VFe, oS to the
high-temperature NiAs type, and indi-
cates that the 7C type (2) is a phase
produced by quenching.

Now we describe the nonintegral
type. The typical precession photograph
(010),* with the AO! reflections (Fig.
3) was taken from a crystal, of com-
position Fe, oS, quenched from 250°C.
Only two groups of reflections are ob-
served: the “a”’-type reflections have
the same indices here as in the 3C type;
the “b”-type reflections are not ob-
served; the “c”’-type reflections, ob-
served in pairs along the a* direction
in the 3C type, are here isolated and
diffuse along the c* direction. The re-
ciprocal-space coordinates defining the
positions of the intensity maxima of the
“c”-type reflections were obtained from
the specimens quenched from 250°C,
because the “c”’-type reflections are
extremely diffuse for the specimens
quenched from 300°C; they are

1
(h + —, k, 1= 8)
2
1
(h, k + —, 1= 8)
2
11
(h+ — k+— 1= 8
2 2

where 8! is positive and nonintegral.
The value of §! varies continuously
from 14 to 14 with chemical composi-
tion. Because the specimens of this
type are conventionaly expressed by the
values of the apparent c-length (NC,
where N = 1/81 is generally noninte-
gral), this type is called nonintegral.
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The relation between the value of N
and chemical composition is illustrated
for specimens quenched from 250°C
(Fig. 4). The nonintegral type for the
special case N = 3 differs from the 3C
type, although both crystals have the
same ¢ = 3C. The “c”-type reflections
are sharp and appear in pairs giving
a = 904 in the 3C crystals, while they
appear as single reflections with diffuse-
ness along ¢* and give a = 24 in the
nonintegral type of crystals.

The nonintegral type was observed
for specimens between Fe,, .S and
Fe, .S quenched from 300°C, and be-
tween Fe,,,S and Fe, S quenched
from 250°C (Fig. 4). For investigation
of their stability range, crystals of the
nonintegral type were examined at high
temperatures by the precession method.
The “c”-type reflections from crystals
Fe, ;S were very diffuse at 100°C
and completely disappeared at 150°C,
while those from crystals Fe, ,,S com-
pletely disappeared at 200°C. Thus the
transition temperature of the noninte-
gral type to the NiAs type depends on
chemical composition.

The conspicuous variations, of the
intensity maxima of the “c”-type reflec-
tions with composition, in pyrrhotites
of the nonintegral type are quite similar
to those of the “e”- and “f’-type reflec-
tions observed in plagioclase feldspars
(5). Pyrrhotite is the first example of

Bends: Detection of Circulating

sulfides, as far as we know, in which
superstructure reflections of the non-
integral type are confirmed; such re-
flections were also observed in the Cu-S
system (6) and seem to be common in
synthetic sulfides with solid-solution
ranges. All natural pyrrhotites so far
described have superstructures of the
2C, 4C, and 5C types, in which the
cells are multiples of the NiAs type of
subcell. These superstructures can be
called integral types in contradistinction
from the nonintegral type. Pyrrhotites
of the nonintegral type are stable below
the transition to the high-temperature
form, but are considered to change to
the low-temperature forms with super-
structures of integral types.
Nosuo MoRrRIMOTO

HiroMoTO NAKAZAWA
Institute of Scientific and
Industrial Research, Osaka University,
Yamada Kami, Suita, Osaka, Japan
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Gas Emboli with External Sensor

Abstract.

Circulating gas emboli associated with rapid decompression are

detectable in superficial vessels of animals by the use of an ultrasonic Doppler
flowmeter transducer which is applied externally.

Gas embolism of capillary beds re-
sulting from rapid decompression is
believed to be largely responsible for
the symptom complex commonly re-
ferred to as “the bends” (). We dem-
onstrated (2) that a surgically implanted
Doppler ultrasonic blood flowmeter (3)
can detect circulating gas emboli in the
caudal vena cava of swine well before
the first decompression stop recom-
mended for man (¢4). We now describe
an atraumatic, nonsurgical method for
transcutaneous detection of circulating
gas emboli in superficial vessels; our
experience with three animal species
suggests that the technique may have
direct application to the prevention and

treatment of the bends in human divers.

The Doppler flowmeter (3) measures
velocity of blood flow by detecting the
frequency shift incurred by ultrasound
that is scattered from moving blood
cells which produce audio signals whose
amplitude depends on the scattering ef-
ficiency of the cells. Since gas bubbles
are highly efficient scatterers, a gas
embolus passing through the ultrasonic
field produces a marked transient in-
crease in the audio signal amplitude,
with a characteristic sound best de-
scribed as a “chirp.” These artifacts are
easily heard and may be discriminated
electronically (2). Although the flow-
meter was originally designed for chron-
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