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The results for both the hafnium dioxide and the
hafnium tetrachloride are regular, no evidence of
any anomaly in the heat capacity being found for
either substance in the temperature range studied.
Measurements for the tetrachloride above 486°K.
were precluded because of excessive swelling of the
capsule at that temperature, probably due to a very
small amount of superficial moisture in the sample.
Hafnium tetrachloride has been reported to de-
velop a sublimation pressure of 1 atm. at about
590°K.5

Even temperature values of the heat contents
above 298.16°K., obtained from smooth curves, are

(5) W. Fischer, R. Gewehr and H. Wingchen, Z. anorg. Chem.,’ 242,
161 (1939).
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listed in Table IT together with matching entropy
incremerits calculated by the method of Kelley.®

The heat content data are represented by the
following equations derived by the method of
Shomate,” the temperature range of validity and the
mean deviation from the data being given in paren-
theses

HfO,: Hr — Hagsis = 1'_7.39T 4+ 1.04 X 1073 T +
3.48 X 105 T—1 — 6445 (298 — 1800°K; 0.3%)
HiCly, Hr — Hawwis = 31477 + 238 X 105 T1
—10,181 (2908 — 485°K.; 0.2%)

(6) K. K. Kelley, U. S. Bur. Mines Bull. 476 (1949),
(7) C. H. Shomate, THIs JoUrRNAL, 66, 928 (1944).
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The Heat Capacity, Heat of Fusion and Heat of Vaporization of Hydrogen Fluoride!

By Jin-HeNe Hu, Davip WHITE AND H. L. JOHNSTON
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The heat vapacity of 99.89, pure hydrogen fluoride has been measured between 15 and 300°K. No transitions were
found, in the solid, as is the case in the other hydrogen halides; this is probably due to the existence of hydrogen bonding in
hydrogen fluoride. The heat of fusion at the melting point, 189.79 = 0.02°K., was found to be 46.93 = 0.04 cal./g. The
heat of vaporization at a pressure of 741.4 mm. and a temperature of 202.61 = 0.1°K. was found to be 89.45 = 0.20 cal./g.
A comparison of the entropy at 741.4 mm. and 292.61 °K, calculated from the heat capacity data and the third law, with that
of the spectroscopic value leads to a discrepancy of 17.53 e.u. This has been accounted for by assuming that gas at this tem-
perature and pressure consists of an equilibrium mixture of the monomer, the dimer, the trimer, and so on, these polymers

being a consequence of the hydrogen bonding.

Introduction

An examination of the literature on thermal data
of hydrogen fluoride leads to the conclusion that a
number of discrepancies exist. The heat capacity
has been measured by Clusius, Hiller and
Vaughan?® and by Dahmlos and Jung.?* Experi-
ments of the former covered the region 15 to 75°K.,
while those of the latter covered the range 98 to
273°K. An examination of these experiments
indicates that the two sets of data are not in agree-
ment, and, in fact, at the point where the two sets
of data should meet, there appears to be evidence of
a transition in the solid. Furthermore, the values
of the heat of fusion and vaporization determined
in these early experiments®:3 are quite uncertain.

By analogy with the other halides one would
expect, in hydrogen fluoride, the existence of what
appears to be second order transitions in the solid,
but this possibility  is remote. Regardless of
whether these transitions are due to rotational
oscillation of the molecules below the transition
temperature to a phase in which the molecules are
freely rotating* or to one of order—disorder,>¢ the
existence of the high degree of hydrogen bonding in
hydrogen fluoride makes such transitions in the
solid improbable.

(1) This work was supported in part by the Office of Naval Research
under contract with The Ohio State University Research Foundation.

(2) (a) K. Clusius, K, Hiller and J. V. Vaughan, Z. physik. Chem.,
BS, 427 (1930); (b) J. Dahmlos and G. Jung, ibid., B31, 317 (1933).

(3) J. H. Simons and J. W. Bouknight, Tuis JourwaLr, b4, 129
{1932),

(4) L. Pauling, Phys. Rev., 86, 430 (1930).

(5) L. Landau, Physik. Z. Sowjetunion, 11, 26, 545 (1937).

(6) N. L. Alpet, Phys. Rev., T8, 398 (1949).

Finally, the correlation of the spectroscopic data
with that of the thermal data has not been settled.
This problem is intimately connected with the
manner in which these hydrogen bonds manifest
themselves in the gas phase, since this ultimately
reflects itself in the heat and entropy of dissociation
to the ideal monomeric state. Two possibilities
have been postulated: one by Hildebrand and
Simons,’? assumed the formation of a six-mem-
bered ring, and the other by Briegleb,® which pos-
tulated the existence of monomer, dimer, trimer,
etc., all being in equilibrium,.

An attempt has been made in this paper to re-
solve these difficulties as well as to determine the
thermodynamic properties which are important in
the reaction: H, + F; — 2HF. The work on ther-
mal properties of fluorine, together with the thermo-
dynamics of the reaction, will be reported in a sub-
sequent paper.

Material.—The anhydrous hydrogen fluoride, having a
purity of 99.89,, was obtained from the Harshaw Chemical
Co. in Cleveland, Ohio. Their analysis indicated the follow-
ing ;npurities: S0., 0.19%,; as H,SO; 0.06%; H,SiF,
0.03%. .

An attempt to further purify the material by distillation
was made before using it in the calorimeter. Redetermina-
tion of the purity by the freezing point method indicated
that the purity had not changed significantly. A descrip-
tion of the freezing point experiments are given in a later
section of the text.

Apparatus.—The apparatus used in this research is shown
schematically in Fig. 1. The calorimeter proper is a cylin-

(7) (a) J. H. Hildebrand, J. Chem. Phys., 18, 225 (1947); (b)
J. Simons and J. H. Hildebrand, THIS JOURNAL, 46, 2183 (1924).

(8) G. Briegleb, Z. physik. Chem., B61, 9 (1941); B62, 368 (1942);
B53, 225 (1943).
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drical container of silver with a volume of 64.6 ml. made by
Baker and Co. It is approximately 6 cm. in length and 3.8
cm. in diameter. Twelve radial fins of silver sheet are sol-
dered inside the calorimeter to aid in establishing thermal
equilibrium. The calorimeter is wound with about 160
ohms of nylon-covered No. 40 (gold -+ 0.15%, silver) wire
which serves as a combination resistance thermometer and
heater. The cryostat and the arrangement of the calor-
imeter in it are similar to another condensed gas calorimeter
system used in this Laboratory and which has been de-
scribed by Johnston and co-workers.! The only difference
between the present calorimeter and the early condensed
gas calorimeter is the use of non-corrosive metals through-
out. This, of course, necessitated avoiding any glass or
grease lubricants. Thus all the tubes in the system are
made of monel and the valves are of needle-type packed with
Teflon, thereby being resistant to hydrofluoric acid. All
junctions are made by silver solder.

To pressure gage

Trap
Valve No. 1

Valve No.2 Valve No, 5

To pump

Valve No, 4

To calorimeter Valve No. 3

Valve No. 6

R Storage
Auxiliary container €

Fig. 1.—Schematic diagram for filling the calorimeter and
measuring the heat of vaporization of anhydrous hydrogen
fluoride.

Experimental Procedures.—A sample of hydrofluoric
acid was first condensed from the storage tank to the auxili-
ary container and then, after careful weighing, from the
auxiliary container to the calorimeter where the measure-
ments were carried out (see Fig. 1). The weight of the
sample was 60.643 g.

The experimental procedure for the determination of the
heat capacity, heat of vaporization and heat of fusion is
identical to that described by Johnston and Kerr® in their
paper on condensed gas calorimetry.

During measurements of the heat of vaporization, the
pressure was controlled by manually adjusting valve No. 1
shown in Fig. 1. The change of pressure was indicated
by the mercury level in a glass U-tube, ‘one end of which
was connected to the calorimeter and the other open to the
atmosphere. The control of pressure was made possible
by observing the mercury level through a telescope mounted
on a cathetometer. Following this procedure, it was pos-
sible to hold the pressure constant to within 1 mm.

Experimental Data

A. The Heat Capacity of Hydrogen Fluoride.—
The experimental data between 15 and 300°K. of
both solid and liquid hydrogen fluoride are given in
Table I. These data are plotted in Fig. 2 along
with those of the previous investigations. The
data of Dahmlos and Jung? are only the smoothed
values reported in their publication.

B. The Determination of the Melting Point and
the Sample Purity.—Determinations of the melting
point of the hydrogen fluoride showed that the
value varied considerably with the amount melted.
From thermodynamic considerations, one would
expect the melting point to vary with the amount

(9) H. L. Johnston and E. C. Kerr, T=Is JOURNAL, T2, 4473 (1950).
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TaBLE I
Hpar CapaciTy oF ANHYDROUS HYDROGEN FLUORIDE
Mean T, Cp, cal./°K./ Mean T, Cp, cal./°K./
°K. mole® °K. moles
Solid Solid
14.79 0.257 127.25 5.584
16.74 .359 134.04 5.796
18.52 .473 140.65 6.013
21.33 .667 147 .24 6.248
23.51 .837 153.79 6.512
25.76 1.028 160.67 6,792
28.36 1.252 175.11 7.591
31.37 1.511 181.66 8.543
35.11 1.828 186.11 13.19
39.36 2.135 Melting point 189.79°K.
44.05 2.414
48.44 2.668 Liquid
53.07 2.951 197.89 10.28
57.98 3.209 204.74 10.35
61.09 3.342 211.88 10.40
66.18 3.518 219.25 10.50
71.07 3.715 225.63 10.58
76.56 3.946 233.87 10.72
83.74 4.207 241.00 10.80
87.65 4.342 248,51 10.98
91.60 4.471 256.48 11.19
95.95 4.597 265.06 11.38
101.42 4.776 273.49 11.64
107.98 4,981 281 .54 11.88
114 .46 5.200 289.09 12.09
120.69 5.411 Boiling point 292.6°K.

@ Cp is for the liquid, calculated from experimental C,
data.

Cp ,CAL.MOLE™ °K?

r | | . ! i |
Q 20 40 &« 80 100 12¢ ‘\40 60 ‘\BO ‘ZCD ‘220 ‘240 260 280 00
TEMPERATURE, °K.
Fig. 2.—Heat capacity of anhydrous hydrogen fluoride:
©, this research; X, Clusius, Hiller and Vaughan; ——,
Dahmlos and Jung (smoothed data).

melted, according to the relationship

rer-EmEs) o

where T and T are the apparent and true melting
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points of the material, respectively; x, the number
of moles of material melted; 7y, the number of
moles of impurity; and AHj, the heat of fusion of
the pure material. This relation holds provided:
(i) the impurities are completely soluble in the
liquid phase; (ii) the solution is sufficiently dilute
to justify the assumption of ideality; (iii) the differ-
ence between the true and apparent melting points
is small compared to the absolute value of the
melting. point. Since the solution is dilute, this
reduces to

T = To — K(y/%) (2)

where K is a constant equal to RT%m/AH;.

In the case of hydrogen fluoride, it was found
that a plot of T ws. ¥/x does not lead to a straight
line from which I'm can be evaluated, but rises
sharply as the material becomes completely melted.
A consideration of the possible cause for this
effect leads to a possibility arising from the high
dielectric constant of hydrogen fluoride.

Since the impurities present are, in general,
electrolytes and since the dielectric constant of
hydrogen fluoride is of the order of that of water,
but of course more acidic than water, all elec-
trolytes in solution are probably weak in nature.
Let y be the number of moles of ions in solution
and 3y, the moles of ions when ionization of the im-
purities is complete. For very low concentrations
we may assume that the ionization is proportional
to the square root of the dilution. Thus

Y= —c/(x)— ... (3)

where ¢ is a constant. Substituting v into the

above equation (2) gives
T =T B0 IR L p gt dafeyn (@)

Using the least square method, the constants for
the equation are elucidated from the data. The
final equation is

T = 80.793 — 0.2214 (1/x) + 0.08616(1/x)"r (5)
giving as the true melting point T, of pure HF the
value 189.79 = 0.02°K. The experimental results

and a comparison with the temperature calculated
from equation (5) are given in Table II.

TaBLE IT

AT(Tobad. —

1/x Tobad., °K. Tesled. °K. Tealed.), °K.
3.110 189.576 189.577 —0.001
2.006 189.598 189.594 -+ .004
1.623 189.612 189.612 .000
1.363 189.623 189.628 — .005
1.175 189.637 189.643 — .006
1.033 189.662 189.655 -+ .007

From the above equation we find: Ky, = 0.2214
and K = 76.30; y = 0.2214/76.30 = 0.29 X 102
Assuming that the average ionic weight of the
impurity is approximately 35, then the weight of
impurity present in the sample (which is 60.64 g.)
is approximately 0.10 g.

The purity of the sample is estimated at 99.8%,
which checks with the original analysis.

C. The Heats of Fusion and Vaporization.—
Two direct determinations of the heat of fusion
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and five of the heat of vaporization were made.
The heats of vaporization were determined at a
pressure of 741.4 mm. The boiling point at this
pressure was found to be 292.61 = 0.1°K. The
experimental results are given in Table 1I1.

TaBLE III

Heat of fusion Heat of vaporization
AHS, Amount v,
Run cal./g. Run vaporized, g. cal./g.
1 46.98 1 20.976 88.51
2 46.88 2 7.154 89.50
Average 46,93+ 0.04 3 7.192 89.46
4 7.190 89.27
3 7.063 90.53

Average 89.45=+0.20

THE CALORIMETRIC VALUE OF THE ENTROPY OF HYDROGEN
FLUORIDE

1, solid 0-14°K. (¢ = 180) 0.072 e.u.
2, solid 14-189.79°K. (Simpson’s rule) 8.069
3, entropy of fusion at 189.79°K. 4.942
4, liquid 189.79-292.61°K. (Simpson’s rule) 4.705
5, entropy of vaporization at 292,16°K. 6.117
Total molar entropy of gaseous hydrogen fluo-

ride at 741 mm. and 292.61°K. 23.90 e.u.

Discussion of Results

(a) Comparison with Spectroscopic Data.—
An examination of the heat capacity data shown in
Fig. 2 indicates that although the data of Clusius,
Hiller and Vaughan?®® are in fair agreement, the
data of Dahmlos and Jung? are much too high.
Furthermore, as is to be expected, there exists no
second order transition in the solid state as is the
case in the other hydrogen halides. The values of
the melting point and heats of fusion and vaporiza-
tion are also considerably lower than those of pre-
vious determinations, the heat of fusion being 46.93
cal./g. as compared to 54.6 cal./g., and the heat of
vaporization being 89.45 cal,/g. as compared to
95 cal./g.

A considerable discrepancy exists between molar
entropies of gaseous hydrogen fluoride determined
calorimetrically and those calculated from spectro-
scopic data. The spectroscopically calculated
values, given by Murphy and Vance!® and Belzer,
Savedoff and Johnston,!! are 41.49 e.u. and 41.51
e.u., respectively, at 298.16°K. Thus there exists
a discrepancy of 17.53 e.u.

It has been well known for a long time from data
of state,»-1213 and dielectric constant measure-
ments!* that gaseous hydrogen fluoride is associ-
ated. One can account for this discrepancy from a
purely thermodynamic argument, regardless of the
manner in which the association due to hydrogen
bonding takes place. If one assumes that at in-
finite attenuation hydrogen fluoride is not associ-
ated, the change in entropy on expanding from
741.4 mm. and 292.61°K. to zero pressure at that
temperature is

(10) G. M. Murphy and J. E. Vance, J. Chem. Phys., T, 806 (1939).

(11) H. L. Johnston, J. Belzer and L. Savedoff, unpublished data.

(12) R. L. Long, J. H. Hildebrand and W. E. Morrell, THI§ JOUR-
NAL, 68, 182 (1943).

(13) K. Friedenhagen, Z. anorg. allgem. Chem., 218, 161 (1934).
(14) R. A, Oriani and C. P. Smyth, THIS JOURNAL, T0, 125 (1948),
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H* — Hp™ fo vdp
Span — Spatwy = ———— — T =
=0 — Stp=r10 Ts 7414 T
AH* — AHp= 0 _fo Ya (o)
Ts 7414 T -

where AH* is heat of vaporization to a vacuum and
AH the heat of vaporization at 741.4 mm. pressure.
The difference between the entropy in the ideal
state at zero pressure and at 1 atmosphere is given
by

741 760R
S%m 1ty — Stp g = — L 4p — Xdp (7
(p = 700 (=0 j; 3 P j;“ 7 p (7)

By adding equations (6) and (7) we get

AH* — AHay T41ydp _
202.61 o T

741R 760 R
2dp — =
j; b 4 .ﬁn Pdp (®)

Friedenhagen!? has measured AH* of hydrogen
fluoride by pumping on the liquid at 292.70°K.
He obtained a value of AH* = 7800 cal. for 20.01
g. Simons and Hildebrand,”™ Friedenhagen,!® and
Long, Hildebrand and Morrell!? have made very
extensive studies on the vapor density of hydrogen
fluoride. From their results, they found that the
equation of state can be represented by pV =
(1/25)RT where z is interpreted as the association
factor. For the purposes of this calculation we may
ignore the phenomena of association, and simply
regard it as an equation of state. Thus we have at

S°(,,_750) - S(p- 741) =

202.61°K.
S°p a0 — Stpatt
7800-1789.89 T4l4 (] 1 760 dp
_ 7800-1789.89 . (_-1)-d —Rf °f
292.61 j; z b4 4 7414 P

= 20.5640 — 1.689 — 0.022 = 18.829 e.us.

Adding this to the calorimetrically determined
entropy one obtains, 42.73 e.u. at 292.61°K., or
S = 7600 = 42.79 at 298.16°K. This value com-
pares favorably with that calculated from spectro-
scopic data, considering the uncertainty of AH*,

(b) Calculation of Entropy of Polymerization in
the Gas Phase.—From the vapor density of gaseous
hydrogen fluoride, Simons and Hildebrand™ and
later Long, Hildebrand and Morrell!? considered
that the gaseous hydrogen fluoride consists mainly
of (HF) and (HF), the latter probably of ring
structure. Their data were explained by assuming
the equilibrium constant between (HF) and
(HF)q to be given by

 RIn K = — 40800

I + 199.74 9

Briegleb, ! on the other hand, assumed that the
gas consists of polymers of an indefinite nutnber of
molecules, and on this assumption he calculated,
using the vapor density data of Fredemhagen,!?
the equilibrium constants &, +1’s for the reaction
(HF) + (HF)y = (HF)n+1, where n = 1, 2, ...
at the temperatures 299 and 311°K. An attempt
will be made to calculate the entropy of polymeriza-
tion based upon these two different models in order
to see which of the two corresponds to the actual
case.

(15) G. Briegleb, Z. physik. Chem., B51, 9 (1941),
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Using equation (9), we calculate AS = —199.74
e.u. for the reaction 6(HF) = (HF)s. Assuming
we start with one mole of hydrogen fluoride in the
form of HF, at equilibrium there will be x moles
of (HF), formed leaving (1 — 6x) moles of HF.
The total number of moles = 1 — 5x = 1/z, where
2 is the association factor. From the data of
Simons and Hildebrand,™ z = 3.168 at 7 = 292.6°
K., therefore x = 0.137. The entropy of the mix-
ture, starting from one mole of monomer, becomes

— 6
S = (1 — 6x)Smr + %S @ms — R[(1 — 6x)In %ng +
%
#ln 1 — 5« (10)

where the latter term corresponds to the entropy
of mixing. Inserting numerical values for each of
the terms in equation (10), we get for the entropy of
polymerization, AS; = Sur — S = 26.93 eu.
This should account for the discrepancy of 17.5
e.u. between the calorimetric and spectroscopic
calculation. Since the calculated value is about
9 e.u. higher than the entropy of polymerization
expected from our calorimetric data, it is evident
that this model cannot explain the discrepancy.
Using the model proposed by Briegleb,! another
calculation of the entropy of polymerization was
made. Since there are reasons to believe that the
data of Long, Hildebrand and Morrell!? are more
accurate than the data used by Briegleb, we have
recalculated the %, ,+1’'s Itisfound, however, that
although the absolute values of k,,+.'s differ 50
to 1009, from Briegleb’s calculation, the tempera-
ture coefficients agree to within the limit of error
set by him. It must be remembered that Breigleb
used only the data of Fredenhagen at 299 and
311°K. Had he used the experiments at the inter-
mediate temperature, his data would differ con-
siderably from our calculations. Our calculations
lead to two equations for the equilibrium constant

~Rln by = — 220 + 8320 (11)
and
—R1In oy = 591?;0 F1280n22  (12)

from which we obtain

AS®,s = S°mEm, — 25°%r = — 83.20 e.u.
for the reaction 2HF = (HF),, and
AS°Ln = AS®12 4+ AS%s + ..... + AS%i—1n =

—83.20 — (»n — 2)(12.80)
= — 57.60 — 12.80n, for n = 2 (13)
for the reaction 2(HF) = (HF),, 3(HF) = (HF),,
etc.
For the entropy, S, of the whole system, starting
from 1 mole of monomer consisting of all these
polymers, we get

1! 2 - kupd _ o b1y P
S—Z[SHF(p)“*‘j;zS(HF)j b R{p 1n1>+

Mlnk-p—’—j}] (14)
j§2 P 1i P

where the last term represents the entropy of mixing,
p1 the partial pressure of monomer, p the total
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pressure. Thus pi/p represents the mole fraction
of the monomer and ki;p1//p the mole fraction of

the polymers. The total pressure, p, is given by
p=p1+ >, kypr! (15)
i=2

Since z represents the ratio of the number of
molecules that exist as a monomer to the number
of molecules in the actual gas, we can write

p2! ad Fhupy? .
=4 izt 16
2= j; » (16)
Substituting equations (13}, (156) and (16) into
equation (14), we get for the entropy of polymeriza-
tion, AS; which is equal to Sur — S

12.80 + § (57.60) — § (70.40)%1 +

R, p1, R bypyt kypy?
P by X 1y 2P 17
anP+zj§2P><nP an)
Since
i
ki = T Ennes (18)
n=1

and k,.+1 for # > 1 all have the same value;
substituting (11) and (12) into the above equation
we obtain

kyy = 1070.45673 (1(0.21007)j (19)

Substituting equation (19) into (15) and sumining
- (0.90)ps* _
P=Pt T 1659 )

For a pressure, p, of 741.4 mm., this leads to a
value of p1 = 0.428 atm. Finally, substituting
values of pi1, p, ki; and 2 into equation (17), one
obtains AS; = 20.2 £ 2 e.u. Adding this to the
calorimetric data, S'gr at 741.4 mm. and 292.61°K.
becomes 44.10 = 2 e.u., or S%»r at 760 mm. and
208.16°K. becomes 44.11 =+ 2 e.u. This large
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uncertainty arises from errors in computing the
equilibrium constants. Nevertheless the value
leads to a reasonable agreement between the
entropy determined calorimetrically and that from
spectroscopic calculations, indicating that this
model is probably correct. It should be mentioned
that using the data of Breigleb, closer agreement
can be attained; however, this is still within the
estimated uncertainty.

This model is further substantiated by measure-
ment by Oriani and Smyth!¢ of the dielectric con-
stant of the gas which shows that its dipole moment
increases with pressure, this being impossible if
the polymier exists solely in the ring form. The
electron diffraction pattern!® also indicates that
the polymer forms a zigzag chain.

(c) Zero Point Entropy.—Finally, it is evident
that the residual zero point entropy due to the
hydrogen bonding cannot be evaluated from the
data, due to the large uncertainty of the entropy of
polymerization. There is, however, evidence that
the fluorine molecule is located centrally between
the hydrogen atoms.!”!® In view of the fact that
the values of the entropy from calorimetric data
and from the polymerization calculation are higher
than the spectroscopic value, even within the
uncertainty limits, this is in agreement with our
calculations.
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New Neptunium Compounds

By IRVING SHEFT AND SHERMAN FRIED
RECEIVED OCTOBER 10, 1952

This paper reports the preparation and identification of several new compounds of neptunium.

In each case the identity

of the compound was established from an analysis of the X-ray diffraction pattern by Prof. W. H. Zachariasen of the Physics

Department of the University of Chicago.

Neptunium Carbides.—Neptunium dicarbide,
NpC,, was prepared by the action of carbon on nep-
tunium oxide at high temperature.

A few milligrams of neptunium oxide, prepared by pre-
cipitation of the hydroxide from solution with subsequent
ignition at 500° was placed in the graphite crucible shown
in Fig. 1. The apparatus was flushed with hydrogen for
half an hour and the crucible heated to 2660-2800° for five
minutes using a high frequency generator. The temperature
was determined by means of an optical pyrometer. The
product formed was a metallic appearing film which was
chipped out of the graphite crucible, freed from adhering
fragments of graphite and submitted for X-ray analysis. It
proved to be neptunium dicarbide, NpC., isomorphous
with the corresponding uranium compound.

The conditions under which neptunium dioxide
can be converted to a recoverable product seem to
be fairly critical. At temperatures below 2500°
no reaction seems to take place while at tempera-
tures much above 2800° the product seems either
to fuse and “‘soak” into the pores of the crucible or
to volatilize away.

Another method of preparing neptunium car-
bides yielded lower valent compounds. In this
case the fluoride of neptunium was treated with
lithium vapor at a high temperature in a graphite
crucible.



