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QUANTUM EFFECTS IN COMPRESSED LIQUID
HYDROGEN
Sir:

Johnston, Keller and Friedman! recently have
published measurements of the compressibility of
liquid hydrogen and shown that there is a marked
discrepancy between their experimental results and
the classical Lennard-Jones and Devonshire? (LTD)
isotherms. They ascribed this disagreement to
the lack of sphericity of the hydrogen molecules
and to quantum effects. The purpose of this note
is to show that the second factor is probably the
more important of the two.

Quantwn corrections to the LJD theory were
worked out by de Boer and Lunbeck?® and by the
present author,* and it has been shown® that they
adequately explain the failure of the classical LJD
theory for compressed gaseous hydrogen and deu-
terium. It is not difficult to carry out similar
calculations for liquid hydrogen and derive the
pressure corrections listed in Table T.

In Table I, T is the absolute temperature, P is
the pressure and 1 is the molar volume of the gas;
k is Boltzmann’s constant and R is the gas constant.
Vo (= No®) and e are quantities characteristic of
the potential field between hydrogen molecules:
they have been taken from the tables of de Boer
and Lunbeck.? The quantum correction was
derived from equations (6), (5) and (2) of reference
1, the series (2) being summed numerically.

Figure 1 compares the classical and quantal
isotherms with the experimental results of John-
ston, Keller and Friedman.! It is apparent that
the quantum correction removes much of the dis-
crepancy between the predictions of the LJD
theory and the actual behavior of liquid hydrogen.
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Fig. 1.—Isotherms of liquid hydrogen at 32.58° K.

3] 4

(1) H.L. Johnston, K. E. Keller and A. S. Friedmun, Ti1s JOURNAL,
76, 1482 (1954).

(2) J. E. Lennard-Junes and A, ¥. Devonslire, Proc. Roy. Soc.
(London), A163, 53 (1937).
(3) J.de Boer and R. J. Lunbeck, Physica, 14, 520 (1948).
(4) S.D.Hamann, Trans. Faraday Soc., 48, 303 (1952).
(5) H.G. David and S. D. Hamann, #bid., 49, 711 (1953).

COMMUNICATIONS TO THE EDITOR

Vol. 76

TABLE 1

THEORETICAL PRESSURE OF L1Quip HYDROGEN AT 32.58°K.
Reduced temperature k7/e = (.88

— Reduced pressure PVy/RT————
Reduced volume, Classical Quantum
V/Vo LD theory“ correction Total
1.2728 —1.34 +5.52 +4.18
1.4142 —1.20 +3.16 +1.96
1.5556 —0.93 +1.93 +1.00
1.7678 — .57 +1.19 +0.62
1.9799 — .34 +0.80 + .46
2.4749 — 094 + 425 + .331
3.5355 + .041 - .186 + .227
+1.2426 + .066 + .125 + 191

¢ From tle tables of Wentorf, Buehler, Hirschfelder and
Curtiss.®
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CRYSTALLIZATION AND PROPERTIES OF A GLYCO-
PROTEIN ISOLATED FROM HUMAN PLASMA
Sir:

A glycoprotein has been isolated and crystallized
from Fraction III-O! of pooled normal human
plasma. This is thought to be one of the lipid-
poor euglobulins described by Oncley, Scatchard
and Brown.? Freshly prepared Fr III-O paste
is dialyzed at —5° for 24 hours against thirty
volumes of a solution of 1.65 M sodium chloride
and 0.004 M phosphate buffer at pH 7.0. The
dialysis is continued for an additional 24 hours
against fresh solution. This procedure removes
the alcohol and brings the paste into solution at a
solvent density of 1.06. To sediment the glyco-
protein, the III-O solution is ultracentrifuged for
18 hours at 97,720 G. The floating lipoproteins
are sliced from the top of the tube by means of a
sharp blade in a rigid holder and the material in
solution is discarded.

The glycoprotein pellet thus obtained is about
85% homogeneous electrophoretically. The ma-
terial precipitating between 30 and 409, saturation
with ammonium sulfate solution is 929, pure.
Dissolving the pellet in a solvent of density 1.21
(1.64 mole of sodium chloride and 1.79 mole of
potassium bromide in one liter of distilled water),
ultracentrifuging as previously, produces a pellet
979, homogeneous electrophoretically and about
809, ultracentrifugally. The glycoprotein can be
crystallized at this point. Repeating the procedure
twice yields material essentially homogeneous iin
the ultracentrifuge.

Crystallization method: a 5%, solution in 0.012
M acetate buffer, pH 5.4 is filtered through a
medium sintered glass filter and dialyzed at 0°
against a solution of 0.15 M sodium chloride and of
0.00012 M acetate buffer at pH 5.4. Water is
added gradually to the dialyzate for two weeks.
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