
low cubic form of silver iodide. The 
intermediate phase which forms slowly 
is then expected to be a phase in 
which the tetrahedral symmetry is less 
disturbed by pressure. 

Observations of the cuprous halides 
and cadmium sulfide under pressure in- 
dicate that a similar series of events 
takes place in these compounds at pres- 
sures in the vicinity of the lowest pres- 
sure transformations. For example, the 
separation of free copper into a bronze 
colored film has been observed in 
cuprous bromide. However, the ther- 
modynamics and kinetics of these re- 
actions appear to be such that each 
material will have to be investigated in- 
dependently. 
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range from about 42.2 to 42.7 kilobars 
at room temperature, has been discov- 
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tered-cubic with a = 5.800 ? 0.007 A 
at 42.5 kb and 27?C. Cesium-IH, which 
exists over the pressure range 23.7 to 
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with a = 5.984 ? 0.011 A at 41 kb 
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with a = 5.984 ? 0.011 A at 41 kb 
and 27?C. An improved resistance- 
pressure curve and x-ray compressibil- 
ity measurements for Cs are also given. 

By displacement and electrical re- 
sistance measurements Bridgman (1) 
discovered several pressure-induced 
transitions in cesium metal. Volume 
transitions were reported to occur at 
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about 23 kb with relative volumes 
v/vt, of 0.6284 and 0.6224 (uncom- 
pressed Cs being 1.0000) and at about 
45 kb with relative volumes of 0.498 
and 0.442. We have obtained the rel- 
ative volumes at 45 kb by interpola- 
tion from Bridgman's data. Bridgman 
gives data as compressions and also as 
volumes (relative volumes). The com- 
pressions at 23 kb given by Bridgman 
have been converted to relative vol- 
umes by subtracting his compression 
values from unity. 

Bridgman found a resistance transi- 
tion at about 23 kb and identified it 
with the corresponding volume transi- 
tion. He also found a sharp resistance 
cusp at about 55 kb. Bridgman pre- 
sented arguments for and against this 
transition's being identified with the 
volume transition at 45 kb without 
coming to any conclusion. Kennedy 
and LaMori (2) proposed that Bridg- 
man's resistance cusp was caused by 
the same transition responsible for the 
large volume decrease at 45 kb and 
that the pressure given for Bridgman's 
resistance transition was 10 kb too 
high. They determined (by piston dis- 
placement) the pressures required to 
obtain the two volume transitions in 
Cs as 22.6 ? 0.6 kb and 41.8 ? 1.0 
kb, respectively. However, volume 
changes occurring at the transitions 
were not reported. 

Kennedy, Jayaraman, and Newton 
(3) determined the fusion curve and 
stability regions for Cs phases to 50 
kb. Bundy (4) measured the electrical 
resistance of Cs in the Belt apparatus 
and, after correcting Bridgman's data 
to the "new" pressure scale, obtained 
essentially the same curve. Stager and 
Drickamer (5) also measured the elec- 
trical resistance of Cs in a supported 
flat anvil device. They discovered a 
new transition starting at about 175 kb 
(sharp resistance rise of about 200 per- 
cent) and observed Bridgman's 45 kb 
cusp to occur at apparent pressures 
ranging from 20 to 70 kb. Hall (6) 
measured the electrical resistance of 
Cs as a function of pressure, using the 
cusp as a pressure calibration point 
for the Belt apparatus, and obtained a 
curve considerably different from the 
other curves that have been reported, 
the sweeping cusp being replaced by 
one resembling a spike. 

A resistance curve has also been de- 
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Table 1. X-ray diffraction data for face- 
centered-cubic Cs II at 27?C and 41 kb. 
Average a (with average deviation from the 
mean) = 5.984 + 0.011 A; v/Vo = 0.455. 
The calculated intensities (I) include multi- 
plicity, structure, and Lorentz polarization 
factors, but do not include absorption or 
temperature factors. 

hkl d a Iexp* lcale 

111 3.456 5.986 318t 100 
200 2.996 5.991 51 51 
220 2.105 5.953 42 41 
311 1.808 5.997 54 55 
222 1.727 5.982 16 16 
400 1.499 5.998 vw4 7 
331 1.375 5.993 22 23 
420 1.335 5.972 16 20 

: Integrated intensity. t The (111) line ex- 
hibited an unusually high intensity. The observed 
relative intensities are based on (200) = 51. 
t Very weak. 

tially flat top, 0.5 kb wide (Fig. 1). 
For comparison, Bridgman's original 
curve is also given. The present deter- 
mination was made by four-lead resist- 
ance measurement techniques on Cs 
metal contained in a polyethylene tube 
(approximately 0.63 cm long X 0.050 
cm inside diameter X 0.076 cm outside 
diameter) embedded in a silver chlo- 
ride slug, which, in turn, was centered 
within a pyrophyllite tetrahedron. The 
temperature was 25?C. Readings were 
taken with increasing pressure for the 
curve shown. The flat-topped spike 
clearly indicates the presence of a for- 
merly unsuspected phase. We will call 
this phase Cs III and, for the present, 
label the phase (or phases) just to the 
right of the spike "Cs IV." A calibra- 
tion (7) for the tetrahedral press with 
the fixed transition points Bi I-II, 25.3 
kb; Tl I-II, 37.0 kb; Ba I-II, 59.0 kb, 
gives the Cs transition points (from 
the resistance curve) as follows: Cs 
I-II, 23.7 kb; Cs II-III, 42.2 kb; Cs 
III-"IV", 42.7 kb. 

An interesting feature was disclosed 
on investigating the resistance curve 
over the temperature range of 24 to 
31 ?C. On cycles of increasing pressure, 
the curve is identical with that shown 
in Fig. 1. Also, on reducing pressure 
the resistance curve faithfully retraces 
the characteristics of the forward curve 
(with attendant hysteresis due to pyro- 
phyllite), clearly showing the spike and 
other features as long as the tempera- 
ture is above 26.0? ? 0.4?C. How- 
ever, at temperatures below 26.0? ? 
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phyllite), clearly showing the spike and 
other features as long as the tempera- 
ture is above 26.0? ? 0.4?C. How- 
ever, at temperatures below 26.0? ? 
0.4?C, on cycles of decreasing pres- 
sure, the Cs III phase is by-passed; 
"Cs IV" apparently transforms di- 
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Table 2. X-ray diffraction data for face- 
centered-cubic Cs lIt at 27?C and 42.5 
kb. Average a (with average deviation from 
the mean) :: 5.800 ? 0.007 A; v/Vo = 
0.414. 

hkl (1 a 2lxp 'caic 

111 3.345 5.804 100 100 

200 2.898 5.796 41 51 
220 2.055 5.81.2 24 41 
311 1.746 5.791 32 55 
222 1.673 5.795 12 16 

rectly to Cs II since the spike is not 
present. 

Bardeen (8) suggested that the 23 kb 
Cs I-11 transition is a change from 
the normal body-centered to a face- 
centered form resulting from the non- 
electrostatic interaction energy of the 
ions. We have examined the Debye- 
Scherrer pattern for Cs II, making use 
of the tetrahedral x-ray diffraction 
press (9), and confirm this hypothesis. 
Data for Cs II at 27?C and 41 kb 
are given in Table 1. The average 
lattice parameter is 5.984 ? 0.011 A av- 
erage deviation from the mean. Bridg- 
man gives a relative volume of about 
0.50 for Cs II at 42 kb compared to 
0.455 found in this study. We observed 
this higher compressibility in several 
separate experiments. 

We have also obtained the Debye- 
Scherrer pattern of Cs III. The elec- 
trical resistance of the Cs sample was 
monitored simultaneously with the tak- 
ing of the various x-ray diffraction 
measurements. This made it possible 
to "sit on top of" the narrow resistance 
spike while the Cs III x-ray diffraction 
pattern was being recorded. These 
simultaneous measurements show that 
the resistance changes accompany the 
various phase changes (in Fig. 1) and 
confirm Kennedy's proposal that Bridg- 
man's "55 kb" resistance transition and 
"45 kb" volume transition are the same 
-except for the complicating factor 
of the additional phase disclosed in 
this work. The Cs III is face-centered- 
cubic with an average lattice parameter 
a = 5.800 ? 0.007 A at 27?C and 
42.5 kb. The relative volume is 0.414; 
the volume decrease at the Cs II-II1 
transition is about 9.0 percent (Table 
2). 

Bridgman realized that there was 
something unusual about the 45 kb vol- 
ume transition, for, in the abstract of 
his paper "New Results at Pressures 
up to 100,000 kg/cm2," he wrote, "The 
most interesting result is a reversible 
volume discontinuity in caesium near 
50,000 of about 12 percent. The ex- 

planation of this is not clear, since 
already, below 50,000, caesium has as- 
sumed the close-packed arrangement. 
It probably means some deep-seated ar- 
rangement within the atom" (10). 
Sternheimer (11) attributed this volume 
discontinuity to a shift of valence elec- 
trons from the 6s band to the empty 
5d band and presented calculations to 
support this explanation. Ham (12), on 
the basis of more recent calculations 
on the band structure of the alkali 
metals, has criticized Sternheimer's 
work. Alekseev and Arkhipov (13) 
have also analyzed this "electronic" 
transition. A face-centered-cubic to 
face-centered-cubic transition is known 
to occur in only one other substance: 
namely, the element cerium (14). The 
transition in cerium takes place at 
about 7 kb at room temperature. 

We have also taken Debye-Scherrer 
patterns of "Cs IV" but have not been 
able to index them satisfactorily. Some 
lines can be indexed as hexagonal with 
a certain c axis repeat distance. Other 
lines can also be indexed as hexagonal 
with the same value of the parameter 
a but with a different c axis repeat. 
There are some lines that could be 
attributed to face-centered-cubic pack- 
ing (the Cs-III pattern, however, has 
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Fig. 1 (left). Relative electrical resistance of cesium metal as a function of pressure, fcc, face-centered-cubic; bcc, body-centered-cubic. 
Fig. 2 (right). The compression of cesium. Lower curve shows x-ray diffraction results. Upper curve gives results obtained by 

Bridgman by volume displacement methods. 
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completely disappeared and no lines 
can be attributed to it). The patterns 
suggest the possibility of stacking fault 
or "double c-axis" structures similar to 
those existing in the rare earths or, 
alternatively, suggest a mixture of 
phases resulting from a "dispropor- 
tionation" of the Cs III. Such a mix- 
ture of phases could conceivably have 
a lower free energy than a single phase. 
Rate considerations might also favor 
the formation of a mixture of solid 
phases rather than a single phase on 
passing from the Cs III to "Cs IV" 
region. Assuming "Cs IV" to be ap- 
proximately close-packed, and consid- 
ering only one diffraction line that 
could be attributed to a face-centered- 
cubic structure, we have calculated 
relative compressions for "Cs IV" at 
pressures between 43 and 55 kb at 
27?C. 

These compressions are included 
in Fig. 2 which gives the compressibil- 
ity of Cs as we have measured it by 
t-ray diffraction techniques. For com- 
parison, the results Bridgman obtained 
by volume displacement methods are 
also shown. With the above assump- 
tion, v/vo for "Cs IV" at the Cs-III- 
"IV" transition is calculated to be 
0.404. This corresponds to a volume 
decrease of about 2.4 percent. This, 
when added to the 9.0 percent de- 
crease occurring at the CsII-III tran- 
sition, gives an overall change of about 
11.4 percent which agrees well with 
the value determined by Bridgman. 

In our most successful procedure 
for preparing these specimens, so diffi- 
cult to handle, for simultaneous dif- 
fraction-resistance measurements, use 
was made of a two-piece polyethylene 
cell. The two mating parts were de- 
signed to form a rectangular cavity 
of dimensions approximately 0.16 X 
0.24 X 0.015 cm. At each end of the 
0.24-cm wide portion of the cell were 
tiny reservoirs for Cs. A fine, pointed, 
copper wire was pushed through the 
polyethylene in each reservoir area to 
make contact with the Cs for the re- 
sistance measurements. Liquid Cs was 
injected into the cell with a small 
hypodermic needle. The outside dimen- 
sions of the polyethylene cell were 
0.48 X 0.24 cm. This cell was centered 
in a 2.54 cm (on edge) tetrahedron 
composed of boron-filled, phenol- 
formaldehyde resin. The corresponding 
triangular anvil faces were 1.90 cm on 
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mary beam of x-rays was directed per- 
pendicularly to the 0.015-cm thick 
Cs specimen. 

We experienced difficulty because of 
the presence of relatively large crystals 
in all the Cs phases. This is unde- 
sirable in powder diffraction work. 
Various schemes, such as cycling 
through the various phase changes, 
were sometimes successful in break- 
ing up the large crystals. In the main, 
however, samples not containing some 
large crystals were only obtained by 
chance. This made it necessary to pre- 
pare and run many samples in order 
to obtain usable patterns. 

The Cs (15) comes in contact with 
polyethylene and with copper during 
the experiments. There seems to be no 
evidence of contamination that would 
affect the results. Diffraction patterns 
taken before and after an experiment, 
both taken at low pressure, give the 
same result. 

H. TRACY HALL 
LEO MERRILL* 

J. DEAN BARNETTt 

Departiments of Chemistry and Physics, 
Brigham Young University, Provo, Utah 

References and Notes 

1. P. W. Bridgman, Proc. Am. Acad. Arts Sci. 
72, 207 (1938); ibid. 76, 55 (1948) (see table 
I, p. 61, and table III, p. 75, for volume and 
compression data); ibid. 81, 165 (1952). 

2. G. C. Kennedy and P. N. LaMori, in Prog- 
ress in Very High Pressure Research, F. P. 
Bundy, W. R. Hibbard, Jr.. H. M. Strong, 
Eds. (John Wiley, New York, 1961), pp. 
304-314. 

3. G. C. Kennedy, A. Jayaraman, R. C. Newton, 
Phys. Rev., 126, 1363 (1962). 

4. F. P. Bundy and H. M. Strong, in Solid State 
Physics, F. Seitz and D. Turnbull, Eds. (Aca- 
demic Press, New York, 1962), vol. 13, pp. 
81-146 (Fig. 14, p. 97). 

5. R. A. Stager and H. G. Drickamer, Phys. 
Rev. Letters 12, 19 (1964). 

6. H. T. Hall, General Electric Research Labo- 
ratory Report RL-1064, March, 1954 [later 
published in Rev. Sci. Instr., 31, 125 (1960), 
see Fig. 15, p. 131]. 

7. H. T. Hall and L. Merrill, Inorg. Chem. 2, 
618 (1963). 

8. J. Bardeen, J. Chenm. Phys. 6, 372 (1938). 
9. J. D. Barnett and H. T. Hall, Rev. Sci. Instr. 

35, 175 (1964). 
10. P. W. Bridgman, Phys. Rev. 72, 533 (1947); 

see also Proc. Am. Acad. Arts Sci. 76, 55 
(1948). 

11. R. Sternheimer, Phys. Rev. 75, 888 (1949); 
ibid. 78, 235 (1950). 

12. F. S. Ham, in Solid State Physics, F. Seitz 
and D. Turnbull, Eds. (Academic Press, 
New York, 1955), vol. 1, pp. 127-192 (see 
p. 142); Phys. Rev. 128, 82 (1962); ibid. 128, 
2524 (1962). 

13. E. S. Alekseev and R. G. Arkipov, Soviet 
Phys. Solid State English Transl. 4, 795 
(1962). 

14. A. W. Lawson and T. Y. Yang, Phys. Rev. 
76, 301 (1949). 

15. M.S.A. Research Corp., Collery, Pa.; purity 
99.9 percent. 

16. Supported by the NSF. 

mary beam of x-rays was directed per- 
pendicularly to the 0.015-cm thick 
Cs specimen. 

We experienced difficulty because of 
the presence of relatively large crystals 
in all the Cs phases. This is unde- 
sirable in powder diffraction work. 
Various schemes, such as cycling 
through the various phase changes, 
were sometimes successful in break- 
ing up the large crystals. In the main, 
however, samples not containing some 
large crystals were only obtained by 
chance. This made it necessary to pre- 
pare and run many samples in order 
to obtain usable patterns. 

The Cs (15) comes in contact with 
polyethylene and with copper during 
the experiments. There seems to be no 
evidence of contamination that would 
affect the results. Diffraction patterns 
taken before and after an experiment, 
both taken at low pressure, give the 
same result. 

H. TRACY HALL 
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Action of Erythromycin on 

"Protoplasts" in vivo 

Abstract. Bacteria may persist in 
"protoplast" form in kidneys after treat- 
ment of experimental enterococcal pye- 
lonephritis with penicillin. Erythromy- 
cin, while inefjective against the bacterial 
form of infection, was able to kill "pro- 
toplasts" in vivo. This finding is con- 
sistent with the hypothesis that intact 
cell wall interferes with the ingress of 
erythromycin into the cellular area in 
which it acts. 

We reported recently that bacteria 
may persist in "protoplast" form (1) 
in kidneys after treatment of experi- 
mental enterococcal pyelonephritis with 
penicillin (2). Our observation has 
prompted speculation concerning the 
possible role of these forms in the patho- 
genesis of chronic pyelonephritis. It is 
possible that protoplasts per se account 
for the chronicity and frequent recur- 
rence of renal infection in man. This 
could explain some of those instances 
of progressive disease characterized by 
the apparent absence of infection as 
indicated by the failure of bacteria 
to grow when urine or tissue biopsy 
were cultured on standard media. Al- 
ternatively, chronicity of pyelonephritis 
might be related to reversion of proto- 
plasts to bacterial forms, secondary to 
changes in host-parasite relationship. 
The animal model described in this re- 
port provides a means of studying host- 
parasite-drug relationships in protoplast 
infection. 

Penicillin has been shown to induce 
protoplast formation in vitro and ac- 
counted for the production of these 
forms in vivo after the treatment of en- 
terococcal pyelonephritis in rats. Since 
penicillin functions by inhibiting cell 
wall synthesis, it would not be expected 
to kill protoplasts. Therefore, an at- 
tempt was made to treat this type of 
renal infection with an antibiotic which 
has a different mode of action. 

Erythromycin, a member of the ma- 
crolide group of antibiotics, was found 
by Brock and Brock to inhibit protein 
synthesis (3). Wolfe and Hahn con- 
firmed this observation and inferred 
that the mechanism involved may be 
an interaction between erythromycin 
and one or several categories of RNA 
that mediate protein synthesis (4). 
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