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termine which planchets were to be combined to form the
various rare earth fractions. No sample of elnate escaped
combination. The identity of the activities obtained, to-
gether with the radiochemical purity, was determiined hy
standard decay and absorption measurements.

Results and Discussion

Mayer and Freiling! have shown that the use of
1 M lactic acid at pH 3 was sufficient to give
complete separation of Eu and Sm in a ressonable
time. The separation of Gd from Eu, and par-
ticularly the detection of minute amounts of Th!é!
activity in the presence of large amounts of Y*!
activity, require even better separations. To
achieve these separations and still hold the time
required for a run down to a reasonable value, use
was made of discontinuous gradation in eluant
strength. The best result of a number of trials
is illustrated by the elution history curve in Fig. 1.
These separations were obtained by eluting with
10 ml. of 0.85 A7 lactic acid, 10 ml. of 0.90 A7,
10 ml. of 0.95 A7, and using 1 1 lactic acid for the
remainder of the run.  The extent of decontamina-
tion of each rare earth from its nearest neighbors
is presented in Table I,

TABLE [

DEcCONTAMINATION OF RARE EARTHS FROM THEIR NEAREST
NEIGHBORS IN THE ELUTION PROCESS

Percentage Percentage
of preceding of following
Planchets Rare earth activity in activity in
combined activity sample sample
11-18 Yot .. n.d.’
19-27 Th1s! 0.15 n.d.
28-34 Gde® n.d. n.d.
35-41 Euls u.d. n.d.
42-56 Sin 15 0.3 n.d.
57-68 Pmls n.d. 0.01
69-98 Ndr? n.d. n.d.
b Priss n.d.

¢n.d. stands for none detected. ? Llluate containing Pr
was received in a beaker.

It is evident from the shape of the Nd peak, and
especially the Sm peak, that the column was over-
loaded under these conditions. The use of wider
columns and proportionately higher flow rates
would be expected, therefore, to give still better
separations in the Pm—-Nd region without increasing
the expenditure of time.

Treatment of duplicate samples has yielded the
results shown in Table II. These data are com-
parable in precision to any radiochemical analytical
results and illustrate the possibility of using this
mecthod to obtain much more accurate values of
rare earth fission yields than those appearing in the
current literature.?

TaBLE 11

CoMPARISON OF RESUTLTS FROM DUPLICATE SAMPLES

Rare earth Cotents per minute per total sample X 103
1 2

activity

Topp ot 0.323 0.330
Sm 183 2.28 2.30
Pnit# 10.00 .03
N 14.2 14.4

The sonrce of the Th and Gd activity found in
these runs s unknown. Neither Th nor Gd
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activity has been discovered among the fission
products. The relative amounts of activity are
such that they could reasonably have been formed
either by fission or by neutron activation of micro-
gram amounts of Gd impurity. We are presently
engaged in the process of attempting to determine
their source.
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The Densities and Thermal Expansion Coefficients
for Cobaltous Chloride Hexahydrate and Ethyl
Todide!

By DwicHT A. HUTCHISON
REcEIVED OCTOBER 21, 1953

Some years back Sampson and Bleakncy? re-
ported the existence of a stable cobalt isotope, Co?7,
to the extent of one part in 600 of Co®. The
later work of Mitchell, Brown and Fowler? showed
that if Co® exists, it could occur to an extent no
greater thau one part i 30,000 of Co®. Intheyears
1940-19406, the writer was concerned with the ex-
perimental determination of precise absolute* and
relative® densities of certain crystals, the relative
densities being used to determine the efficiencies of
electrolytic separations of isotopes. The dual pur-
pose, to detect the existence of Co?® and, if found, to
determine the extent of its electrolytic separation
from Co%, formed the basis for the present experi-
mental work. Although the original purposes were
found untenable because sufficient precision in the
relative density of CoCl;-6H,O could not be at-
tained without a tremendous expenditure of time, a
large amount of the present work was already com-
pleted before such conclusions could be made.

Inasmuch as the experimental results obtained
may be of help to some workers in connection with
other problems, it was felt worthwhile to present
the experimentally determined densities and expan-
sion coefficients for CoCly-6H,O and C,H,I.

The experimental technique of the determination
of the densities of certain snlid compounds has becn
described previously.* The method consists of sus-
pending crystals of the substance, the density of
which is to be determined, in a liquid of proper den-
sity. After a density-temperature determination
of the suspension liquid, the temperature at which
the solid crystal is suspended in the liguid forms the
basis for obtaining the density of the solid.

(1) This paper is a technical report of work done in the Chemistry
Department and the State Engineering [‘xperiment Staticn of the
(‘eorgia Institute of Teclinology, Atlanta, Georgia.

2) M. B. Sampson and \W. Bleakney, Phys. Rer., 50, 732 (1136).

(3) J. ). Mitchell, H & Brown and R. D). Fowler, ibid., 60, 334

(1041).

(4) H. 1. Johnston and D. A. Hutchison, 7hid., 62, 32 {1412},
1. A. Hutchison, §6, 144 (1944).

(5) D. A. Hutchison, J. Chem. Phys., 14, 401 (1846); D). A. Hulchi-
san, $bid., 13, A36 (1045); H. I.. Johnston and D. A, Hutebisoa, ibid,,
10, 469 (1942).
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The literature values for the density of CoCl,:
6H,0 range from 1.84 to 1.924. The latter value®
which, apparently, is the most accurate to date, is
larger than the present result by 0.7%.

Precise data for the density and cubical thermal
expansion coefficient of one of the suspension me-
dia, CoHjl, was also obtained. The values recorded
in the literature for C,H;I are particularly discord-
ant. Previous data” yield pye = 1.924 £ 0.002 g.-
cm. ~% which is larger than that obtained here by
0.7%, and a« = 1.171 = 0.003 X 10—*°C.~! from
0-6;3°, which is larger by 0.29,.

Experimental Description

Purification of Cobaltous Chloride.—The starting mate-
rial employed was Merck and Co., Inc., reagent grade Co-
Cl;:6H,0 which contained about 0.309, alkali and alkaline
earths and about 0.509, of nickel plus small amounts of
other impurities. Approximately one pound of starting
material was dissolved in water to saturation at room tem-
perature and fractionally crystallized by standing overnight.
About the first half of the material crystallized was used to
prepare the solution for the next crystallization. Four
crystallizations were required to effect agreement in density
within the precision attained between different batches of
starting material. As a precantionary measure, six crystal-
lizations were made for all crystals. Crystallizations were
performed in a dry-box through which air was passed which
was filtered with clean glass wool and dried by passage over
calcium chloride.

Pure water employed in the first four crystallizations of
CoCly:6H20 was obtained by double distillation in a fused
silica still from an alkaline permanganate solution and from
an acid dichromate solutionn. For the last two crystalliza-
tions water from a further distillation was emploved. The
latter triply distilled water had a specific conductivity of
less than 107 ohm ~L.

The conditions governing the choice, the methods of
preparation and the density calibration of the suspension
media used in the present work are similar to that used pre-
viously and have been described elsewhere.*

The Suspension Liquids.—The final comipositions of
liquids on which precise density calibrations were made were:
(a) The 19 to 20° liquid: 90 ml. of ethylene dibromide,
14.8 ml. of n-pentyl alcohol and 14.8 of #-hexyl alcohol.
(b) The 25 to 26° liquid: ethyl iodide. (c) The 27 to 28°
liquid: 90 ml. of ethvlene dibromide, 12.1 ml. of n-pentyl
alcohol and 12.1 ml. of n-hexyl alcohol.

The ethyl iodide and ethylene dibromide used in the prepa-
ration of suspension media were prepared from Merck and
Co., Inc., reagent quality C;H;I and C:H,Br;. The n-pentyl
alcohol and n-hexyl alcohol were prepared from Eastman
Kodak Co. practical grade alcohols. The isothermal den-
sities of the suspension media were found to remain constant
within the experimental limits of precision (%5 X 107% g.-
ml. ™) of the density determination for a period of at least
seven days as evidenced by density recalibrations of the
media after a week’s time.

Preparation of Suspension Crystals.—Crystals were
grown from the purified CoCl:-6H,0 (see above) by dissolv-
ing about 25 g. of the material in about 25 ml. of triply
distilled water in a Pyrex container. After standing over-
night in a dry-box a sufficient number of crystals of varying
size had formed such that a number of crystals from 1 to 3
mm. in diameter could be selected which were suitable for
suspension in the three suspension liquids.

Unsuccessful attempts to improve the quality of crystals
with regard to small cracks, occluded liquid, etc., were made
by addition of HC! and C,H;OH to the crystallizing solution.
Hence, all crystal suspension temperatures reported here
were taken on crystals grown from pure water.

Data for Absolute Density.—Twenty-four crystals were
suspended in the three different media to determine the
suspension temperatures of the purified CoCly:6H,O. The
suspension temperatires are summarized in Table I for the

(6) G. L. Clark, A. J. Quick and W. D. Harkins, THIS JOURNAL, 42,
2487 (1920).

(7) *International Critical Tables,” Vol. ITI, McGraw—Hill Book
Co., Ine.,, New York, N. Y., 1028, pp. 27, 28,
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three media. The average suspension temperatiires of the
crystals in the three media (a), (b) and (c) (see above) are
19.878°, 25.702° aud 27.215°, respectively.

By plotting the experimentally determined densities for
the three susperision media against temperature, straight
lines are obtained. The slopes of these plots for liquids
(a), (b) and (c) yield the density-temperature coefficients,
—1.908 X 1073, —2.233 X 107%*and —1.916 X 1072 g.-
ml. "l-deg.™! respectlvely Application of these thermal co-
efficients, to correct the determined densities of the suspen-
sion media to the suspension temperatures of crystals.
yielded the average valnes, 1.91164, 1.90981, 1.90933 g.-
ml. 7! at 19.878°, 25.702° and 27.215°, respectively.

Utilizing the density—-temperature values for the tempera-
ture intervals from 19.878° to 27.215° and from 19.878° to
25.702°, we obtain the values for «, the cubical expansion
coefficient, 1.649 X 10 ~4and 1.645 X 104°C. 1, respectively.
An arithmetic average of these yields, for the thermal
cubical expansion coefficient of cobaltous chloride hexahy-
drate, the value

acocy ¢80 = 1.647 £ 5 X 107¢°C. ! (temp.range, 19.9-27.2°)

Employing the above value to correct the three determined
densities to 25°, we obtain, for the arithmetic average of
these three values, the density

p2so0c® = 1.91009 % 0.00034 g.-cm.™?

In the determination of the above values {for the cubical
expansion coefficient and density of CoCly-6H,0, we have
employed one pure liquid as one of the suspension media,
namely, ethyl iodide. For this liquid the value of the ther-
mal cubical expansion coefficient obtained is &« = 1.1086 =
0.0001 X 1073°C.7! (temp. range, 23.0-26.5°) and the
density at 25.000° is

= 1.91133 £ 0.00003 g.-cm, 3
Discussion

As in previous determinations* the rise and fall of
crystals with temperature of the suspension media
were observed until the temperature interval be
tween rises and falls could be bracketed to 0.004°
and passed over six times with six reversals of the
crystal motion. The temperatures in Table I are
those at the midpoints of the 0.004° intervals. Dif-
fering from previous work, the suspeusion of CoCl,-
6H,0 crystals presented some difficulties, appar-
ently due to an interaction between the suspension
medium and the crystal, and probably to a much
larger extent to crystal inhomogeneities which were
much greater for CoCly6H,O than for NaCl or
K Cl# as shown by the relatively large spread in sus-
pension temperatures given in Table I. The crys-
tal could be bracketed in a 0.004° range, but on the
third to fifth reversal the crystal would begin to

P25.0000°

TABLE 1

SUSPENSION TEMPERATURES OF TWENTY-FOUR CRYSTATS
PURIFIED AND GROWN AS$ DESCRIBED IN TEXT
——-1U.iquid ¢

~——Liquid a

~——Liquid b——

Number Number
Number of Suspension of erys- Suspension of Suspension
crystals temp., tals sus- temp., crystals temp.,
suspended °C. pended °C. suspended °C.
1 19.858 1 25.663 1 27178
1 19.862 1 25.674 2 27.193
2 19.871 1 25.687 1 27.212
5 19.876 1 25.692 3 27.213
6 19.878 2 25.698 3 26.216
4 19.879 4 25.699 5 27.218
3 19.884. 5] 25.704 ) 27.219
1 19.892 4 25.705 3 27.225
1 19.899 3 25.712 1 27.229
1 25.724
1 25.741

Average 10.878 Average 25.702 Average 27.215
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drift to a new 0.004° interval. After 3—4 drifts to
higher or lower temperatures the crystal would set-
tle to a 0.004° interval over which 6-8 reversals
could be obtained. It was this final interval that
determined the suspension temperatures listed in
Table L.

If the CoCly-6H,0 crystals were exposed to the
atmosphere and examined under a low power mi-
croscope, one could observe the formation of the
pink anhvdrous cobaltous chloride on the surface of
the crystal. If a crystal were placed in the suspen-
sion media for about 15 minutes, and then with-
drawn and examined in a humid atmosphere under
the microscope, one observed an initial faint layer
of the anhydrous material which would disappear
within five minutes.

It would appear that a dehydration of CoCly:
6H,0 was occurring during suspensions which would
tend to increase the measured densities. However,
the wide spread in suspension temperatures indi-
cates crystal imperfections such as microscopic
cracks and occlusions of solution which would tend
to decrease measured densities, Differing from
previous work* it is impossible to exclude crystals
with small defects and all suspension temperatures
must be included and given equal weight when ob-
taining the final most probable values of density
and errors in density.

The probable errors of the crystal densities ob-
tained from the individual suspension media are
approximately one hundredth as large as the
probable error computed from the three crystal
densities corrected to 25°. Hence, the latter was
used in stating the final error to the average of the
three densities. Apparently the differences in the
three values of the densities at 25°, 7.e., (a) 1.91080,
(b) 1.90992 and (c) 1.90969, may be explained by
the differences in the interactions of the suspension
media with the CoCly 6H,0.
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Determination of the Basicity of Very Weak Bases

By H. H. JAFFE
RecCEIVED AvcusT 28, 1953

Pratt and Matsuda have recently described a
technique for the determination of the order of ba-
sicities of such weak bases as ketones, esters, ethers
and alcohols.! The basicities were expressed in
terms of the rate constants (&) of the self-etherifica-
tion of benzhydrol in the presence of p-toluenesul-
fonic acid and of the base under a set of rigidly de-
fined conditions. It appears desirable to attempt
to derive, from these rate constants, relative values
of the equilibrium constants (Kgg+) for the reac-
tion BHT =B + H, where B is the base.

Pratt and Draper have examined the self-etheri-
fication of benzhvdrol in the presence of a small
amount of p-toluenesulfonic acid, and have found
the reaction to be of first order in benzhydrol.?
These authors also suggested that the reaction is
first order in the acid, and that the deviations from

(1) L. I Pratt and K. Matsuda, Tiis JorrNat, 78, 3730 (10a3),
(2) I F Pratt and J. O, Draper, had, T1, 2RIG (1019),
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this order, which were observed, are due to salt
effects.” The following arguments are based on the
assumption that the reaction is first order in both al-
cohol and acid. It will further be assumed that all
of the strong acid (HA), which is present in low
concentration, transfers its protons to the base B or
to benzhydrol (C) present in much higher concen-
tration.?

We desire to calculate the acid dissociation con-
stant of the conjugate acid of the base (B)

[(BI[H*]/[BH"]
where the quantities in brackets represent concen-
trations. [HT]is given by
[H*} = Kca+ [CH™]/[C]
where Kcp+ 1s the acid dissociation constant of the
conjugate acid of C. [BHT]is given by
[BH*] = [CH*]* — [CH]

where [CHT]? is the concentration of {CHT] in the
absence ol the base B. The rate law for the self-
etherification is

—d[{Cl/dt = {CH]{C] = #[C]
and hence [CH™") and [BH™] are proportional to &
and (k% — k), respectively, where k° is the rate in
the absence of B, the blank in the notation of Pratt
and Matsuda.! Then

Kpu+ =

(3]
[Cl R =&
Since B and C are present in large concentration
compared to the other quantities involved in the
calculations, [B]/[C] is constant, and equals !/,
under the conditions of reference 1. Thus, Pratt
and Matsuda’s method combined with equation 1
permits evaluation of relative values of the acid
dissociation constants of the conjugate acids of
very weak bases in benzenc solution.

Pratt and Matsuda! have shown that a correla-
tion exists between Hamunett's substituent con-
stants (¢) and the relative basicities of substituted
acetophenones and ethyl benzoates, as expressed by
the rate constants of the self-etherification reaction.
It is of interest to note that the relative values of
K g+ obtained by use of equation 1 are much bet-
ter represented by thie Hammett equation than the
rate constants of reference 1. The reaction con-
stants calculated from the Kpir+values obtained

Kpur = Kcg- (1)

TaBrLe 1

COMPARISON OF LITERATURE VALUES OF RELATIVE AcCID
DissocIATION CONSTANTS WITH VALUES CALCULATED BY
TUsk oF EqguaTtiox 1

K/K¢H,COCH:
Componund From eq. 1 From lit.
p-CH,CsH,COCH, 0.79 0.21°
p-BrC:H,COCH, 1.5 4.93*
C:H:.COOCH, 2.0 18"
C:H;NO, 24° 25,000, 189,000"

* From reference 6. ¢ From reference 7. ¢ Too imuch
significance should not be attached to this value. The de-
nominator in equation 1 is about 3% of £°, and both & and
RO ure known only to =29%,. < From reference 8.

(3) The same conclusions would be reached on the basis of the alter-
fate assumption that all of the acid HAis involved in formation of com-
plexes with the base B and benzhydrol (C), which appears more reasoqa
alle {or sultaiaons in the noe-palpr salvent benzene.



