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'HEATS OF FORMATION OF SOME AQUEOUS IONS OF AMERICIUM
e - Harold Russell Lohr
' Radiation Laboratory and Department of Chemistry
University of California, Berkeley, California
 ABSTRACT

The heats of formation of Pr'3 (ag.) and La*3 (aq.) have been measured in
1.5M HC1 at 25°C. to be -165.9 ¥ 0.9 kcal/moi and -167.0 ¥ 0.7 kecal/mol, respectively.
The heat of formation of Amf? (aq.) under the same conditions was found to be '
-161.3 ¥ 1.4 keal/mol. The latter value made it possibl. .o calculate the heat of
formation of Am% (aq.) as -112.2 kcal/mol. It was impossible at this time to

determine the heats of formation of Am.02+ (aq.) and AmOzT* (aq.).
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I. INTRODUCTION

A knowledge of the free energies of formation of the agueous ions of an element
may be regarded as basic for the understanding of its chemistry in aqueous solution.
In particular, such knowledge concerning those ions which represent the stable
oxidation states of the element in aqueous solution is of fuhdamental practical
importance.

Americium is known to exist in at least four oxidation states-- the +3 sta@e
investigated by Seaborg, James, and Morgan1 who discovered the element; the +4 spate
discovered by Cunningham;2 the +5 state discovered by Werner and Perlman;3 and the
+6 state discovered by Asprey, Stephaﬁou, and Penneman,h Of these states, at least
three, the +3, +5, and +6, possess sufficient stability in aqueous solution to be
of practical interest.

The most accurate and satisfactory method of investigating the equilibrig
between different oxidation states is by means of a series of potential measurements
in which the various couples behave in a reproducible and reversible manner in a
‘chemical cell.

In the casé of americium, however, such an approach was not expected to yield

satisfactory results, except possibly in the case of the +3 - +4 couple and the

+5 - +6 couple. By analogy with other elements of the actinide series the +5 and

+6 aqueous ions were expected to be of the type Am.02+ and AmOZM9 with covalently
bonded oxygens. It is generally accepted that reactions involving the breaking
or formation of bonds of this type do not yield readily reproducible potentials.,

Attempts to measure the +3 - +4 potential have not thus far been successful,
and this potential was estimated by Eyring5 from measurements of the reaction of
AmO, with 6M nitric acid and an estimate of 4S for the reaction, These data indi-
cate that the potential is approximately -2.6 volts.

The +5 - +6 couple is readily reversible, and potential measurements at Los

Alamos by Asprey, Stephanou, and Penneman6 give a value of -1.63 v; in 0.1M HCtho
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Similar measurements at Berkeley by Jones and Cunningham7 give -1.60 v. in 0.1M

HC10,, ca. 0.05M 50,

L
The present investigation was undertaken for the purpose of securing thermal
data, which, together with estimates of entropies of formation based on analogf‘

.with similar ions of other actinide elements; could be used to caléulate values

for the free energies of formation of the americium ions of major interest-=nctably
the uncomplexed ions of the +3, +i4, +5, and +6 oxidation states which are the stable

ocnes in acid solution.

This method of arriving at values for the free energies of formatioﬁ of these
ions is admitﬁedly subject to some uncertainty. In no case can it be proved
rigorously that the ion concerned is strictly analogous to the reference ion on
which the entropy estimate is based.

In all cases; however, there is strong supporting evidence that this is the
case; and the general chemical resemblance of the ions of the same oxidation statg
for the known elements of atomic number 92 and highér is such as to lend confidence
to this type of extrapolation.

The quantities of americium available for these measurements were severely
limited. It was necessary, therefore;, tc accept considerable loss in the precision
of the calorimetric measurements, since the available apparatus was designed for

the measurement of considerably larger heat effects than could be obtained with

the small samples that had to be used.

II. HEAT OF FORMATION OF Am'> (Ag.)
In order to determine the heat of formation of Am.*3 (aq.), it was necessary
to measure the heat of soclution of americium metal in acid solution:
Am + 30" = Am*3 & 3/2 H,.
Because of the limited amount of americium available for this study, it was decidéd

first to measure the heat of solution of praseocdymium metal under the same conditions,
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Praseodymium was chosen for the initial experiments because its preparation would
be similar to that of americium. Also, there was some question as to the correct

value for its heat of solution in acid solution.

Preparation of Praseodymium Metal

The source of the praseodymium used in all the metal preparations was the
Johnson, Matthey and Co., Ltd. of London. This material, in the form of Pr02, was
further purified in the Radiation Laboratory, University of California, by D. C.
Stewart and R. C. Lilly, using a cation-exchange column separation procedure.
Spectrographic analysis of the material thus prepared showed it to be free from
impurities within the limits of detection. The praseédymium separated in this man-
ner was precipitated as the oxalate, and the latter was ignited in air to form black
Préolln This Préoll was the material used as a source of praseodymium;for all
metal preparations.

A method similar to that used in this study for the preparation of praseodymium
metal has been previously described by Westrum and Robinson8 and also by Eyringls
However, the metal produced earlier in this laboratory failed to give an unamhiguous
value for the heat of solution, probably because of barium and beryllium'impurities
“introduced during the metal production. Several modifications were made in this
investigation, therefore, to insure that the final product was pure metal.

The‘Préoll stock material was converted to Pr203 by reduction at 500°C. in a
hydrogen reduction apparatus (Fig. 1). A tube of uranium hydride was used as a

source of hydrogen and the partial pressure of hydrogen was maintained at 1/3
atmosphere during the reduction. The usevof uranium hydride as a hydrogen soufqe
has been described by Newton,9 It is a very convenient method of obtaining a
desired pressure of hydrogen, because it obeys the following equation over most

of the composition range between uranium hydride and uraniums:

Log Py = - 4500/T + 9.28.
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The praseodymium oxide sample was heated by the use of a molybdenum radiation
shield. Molybdenum was found to be resistant to action by hydrogen at the temper-
atures used for reduction. Temperature was measured by the use of a chromel-alumel
thermocouple welded to the bottom of the platinum sample holder. Prior to reduction;
the entire system was evacuated to remove all traces of adsorbed moisture.

As reported by Eyring,5 reduction at 1/3 atmosphere of hydrogen at a temperature
of 500°C. for 1-1/2 hours gives the yeilow—green oxide, Pr203°

Pr6011 + 2Hy = 3Pr203 + 2H,0.

The Pr203 prepared in this manner was then transferred to a platinum fluorina-
tion line (Fig. 2) for conversion to PrFBO A mixture of approximately equal parts
of HF and H2 was passed over the sample for one hoﬁr at 600°C,

| Pr,0, + 6HF = 2PrF

3 3
The PrF3 thus prepared was then pelleted in a pellet press (Fi_g° 3) to form

+ 3H20,

compact samples for metal production. The crucible assembly used is illustrated
in Fig. 4. A PrFB pellet was placed in the TaC inner. crucible and the latter was
capped with the TaC disk. This crucible and cap were then placed in the Ta outer
crucible., A piece of freshly cut Li metal was added and the .entire assembly was
enclosed by inserting the Ta screw cap. During the reduction period, the assembly
rested in an A1203 insulating shell which fit in a tungsten coil furnace in a
vacuum system (Fig. 5).

The entire system was evacuated to a pressure of 10“7 mm. of Hg before the
reduction was begun. The tungsten coil furnace had been célibrated previously by
applying an alternating potential to the circuit and determining the temperature
of an e§uiva1ent érucible system with an optical pyrometer. All reductions were
carried out at a temperature of 925°C., the temperature being maintained at this
value for from two to two and one-half minutes after the appearance of a Li mirror

on the inner surface of the outer glass bulb.
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This method of reduction was found to produce spectrographically pure pellets
of praseodymium metal, the element being quite malleable .and having a gray metallic
luster. |

These pellets were carefully cleaned under xylene in a dry box to remove any

oxide coating that may have been present. Weighings were made by difference into

' clean glass calorimeter bulbs with a mass of less than twenty milligrams. The

10 was used for these weighings.

Kirk-Craig-Gullberg quartz fiber torsion microbalance
It has a sensitivity of 10-8 gm. and a reproducibility of several hundredths of

one percent on a mass of several hundred micrograms. Each weighed sample was en-
¢losed by placing a glass bead in the neck of the microcalcorimeter bulb and sealing
the bead in place Qith Apiezon Mt wax.

Description of Microcalorimeter Used For
Heat of Solution Measurements

A microcalorimeter was available in this laboratory for cbtaining heat of
solution data on the small quantities of americium that were available for this
investigation. Although the instrument has been described previously in a paper

1 a circuit diagram and several figures are included in this thesis

by Westrum,
for general information (Figs. 6-9).

As previously noted, the calorimeter was originally designed for measurement
of considerably larger heat effects than were possible in the experiments with
americium and its compounds. It was found that fluctuations iﬁ the thermostat
temperature of the order of ].O“=3 degree sométimes cccurred during the critical
portion of the run when solution was taking place. Determinaticn of the thermal
leakage modulus* of the calorimeter gave a value of about 2.5 x 1022 degree per

degree minute., These two factors introduced appreciable errors in the calculation

of the actual heat liberated in any particular measurement.

Y

*
The leakage modulus is defined by the equation d = k¢, where d is the drift
rate; k is the leakage modulus, and % is the thermal head.



-

UCRL-686
Page 10

The calorimeter itself is wound with AWG No. 40 copper wire so that the unit
serves both'as a means for input of electrical energy and as a resistance tﬁermo-
meter. It forms one branch of a simple resistance‘bridge circuit (Fig. 8) and
resistance changes in it can be balanced in another branch of the bridge by manual
manipulation of a Leeds and Northrup decade resistance box on the control panel
of the instrument.

A Leeds and Northrup high sensitivity galvanometer of the moving coil reflect-
ing type, equipped with a telescope and centimeter scale, is connected across the
bridge. Thus, a small resistance change in the resistance thermometer is detected
by a corresponding deflection on the centimeter scale. The bridge sensitivity
(cms. deflection on scale per 100 ohm change on decade box) is determined several
times during the run to facilitate the necessary conversion of scale readings in
centimeters to actual resistance corrections in ohms.

The energy equivalent of the calorimeter can be determined during the run by
electrical energy inputs of known time duration. During these energy inputs, one
measures the potentials across the resist;nce thermometer and across the bridge

with a Rubicon precision potentiemeter. Four or five energy inputs are usually
@?de in each experiment. It is then possible ﬁo calculate the power factor in
calories per minute for the instrument. This power factor is constant over the
period of several runs, although it is calculated separately for each run.

When a run is to be made, the glass bulb containing the sample is sealed to
the end of the stirring shaft with Apiezon "W" wax and the unit is assembled as
shown in Fig. 9. Initially, for exoergic reactions, the calorimeter temperature
is slightly below the thermostat temperature so there will be a heat transfer
from the thermostat to the calorimeter. The scale is read at minute or half-
minute intervals and, during this first portion of the run, bridge sensitivities

are determined and two or three energy inputs are made.
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In order to minimize drift corrections; it is desirable that the thermal head
just before breaking the sample be as nearly as possible the same; with opposite
sign, as the thsrmal'head after solution has occurred.

Scale readings are recorded for several minutes before and after the sample
bulb is broken. After solution is complete;, it is customary to make two or more
energy inputs and additional bridge sensitivity determinations.

By use of the various measured bridge sensitivities, it is possible to convert
galvanometer‘defléctions on ghe centimeter scale to decade resistance box readings
in ohms, corresponding to balance of the resistance bridge for each scale reading
taken during the solution period. These decade resistance box readings are then
plotted agsinst time to give a curve for the heat of solution of the sample. A

representative curve is shown in Fig. 10.

Sample Calculations for Magnesium Metal Run Number One

It was also desirable to calibrate the instrument chemically before proceeding
with the experiments on praseodymium or americium. To do this, it was decided to
measure the heat of solution of magnesium metal, both because pure magnesium metal
was available in this laboratory and because the value for its heat of solution is
known accurately. Shomate and Huffman,l2 operating under similar conditions;
obtained a value of -111.322 b 0.041 kcal/mol for the heat of solution of magnesium
in 1.0M HC1 at 25°C.

Before discussing the chemical calibration and the work which followed, it
may be well to illustrate as briefly as possible the method involved in the cal-
culation of a heat of solution value with this instrument.

Table I contains a portion of the data teken in Run No. 1, a determination
of the heat of solution of magnesium metal in 1.0M HC1 at 250Co These data, with
the accompanying tables and figures, will serve to demonstrate the method of

calculation employed in the experiments which follow,
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Table I
Data Taken in Run No. 1, Mg Metal
1.0M HC1 at 25°C.

1 2 3 b 5 6 7
29.8 1490 14.43 ' ' 4.730
30.0 : 14.52
31.0 (13.15) 14.92
32.0 15.34
33.0 15.75
34.0 1590 11.65
35.0 (13.13) 12.04
36.0 12.41
37.0 12.79
37.8 13.08
38.0 Broke Sample
38.2 1790 13.13
38.73 2060 13.13
38.9 13.60
39.15 13.73
39.47 13.63
40.0 13.50
40.5 o 13.42 L.725
41.0 13.33
42.0 13.11
43.0 12.91
L4 .0 12.67
45.0 12.44
46.0 12.27

.1 12.09
48.0 (13.12) ~  11.90
49.0 2010 ' 13.82
50.0 13.60
51.0 13.40
51.3 (13.13)  13.35
51.5 Electrical energy on 0.90957 1.42012 4.727

for 1.0 minute
53.2 2470 12.18
54.0 - 11.63 -
55.0 (13.13) 10.98
56.0 10.37 L.727
57.0 2350 14.93
58.0 14.36

. Cclumn

Time in minutes from beginning of run

Setting in ohms on decade resistance box

"Check Point" (Scale reading in cms.)

Galvanometer reading (Scale reading in cms.)

Divider potential across resistance thermometer in volts
Divider potential across resistance bridge in volts
Temperature of thermostat in degrees on Beckmann thermometer

- oNUT B W NS
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After the experimental data have been taken, it is first customary to calcu-

late the bridge sensitivities (cms. deflection on scale.per 100 ohm change on
decade resistance box). Referring to Table I, it is noted that the scale reading
is 15.75 cms. (1490 ohms on decade resistance box) at.a time 33.0 minutes after
the beginning of the run. After an interval of one minute, during which period
the decade box was reset at 1590 ohms, the scale reading is 11.65 cms. Observing
the drift on the centimeter scale prior to this latter reading, it is seen that
during the one-minute interval, there would have been a drift upwards of 0.40 cm.
had the decade box not been reset. Using this information, one calculates for the

bridge sensitivity:

Sensitivity = 1275 * 0.40 - 11.65 _ 0450 cms/ohm or
100 .50 cms/100 ohms.,

This sensitivity is then plotted as the ordinate against the average value of the
two decade box settings, 1540 ohms. Fig. 11 gives the complete curve for this
particular run.,

As has been noted previously, several electrical energy inputs of known time
duration are made during the course of the run to determine the energy equivalent
of the calorimeter. Referring again to Table I, it is seen that an electrical
energy input of one-minute duration was made at a time 51.5 minutes after the
beginning of the run. The resistance decade box settings, before and after the
input, were 2010 ohms and 2470 ohms, respectively.

Table I includes s;veral values enclosed in parentheses; these values represent
the so-called "check point,;™ or the centimeter scale reading corresponding to no
current. flow, i.e.; the balance point of the resistance bridge. This wvalue is
impertant in that it serves as a reference point fdr all corrections of the actual
decade resistance box settings to settings which would correspond to balance of
the bridge. In this connection, it i1s important to make an electrical energy input

during the run at such a time that the scale reading on the centimeter scale,
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extrapolated to the time corresponding to the middle of the energy input, will be
as near the "check point™ as possible. In the same fashion; after completion of
the energy input, the new decade box setting should be suéh that extrapolation of
the afterdrift back to the midpoint of the input will give a scale reading close
to the "check point." This practice minimizes the corregtions which héve to be
made in the final calculations.

In Fig. 12, centimeter scale readings prior to and following the energy input
at 51.5 minutes are plofted against the time at which the readings were observed.
It will be noted that both sets of points are extrapolated to the time correspond-
ing to the midpoint of the input. The extrapolated foredrift and afterdrift are
13.22 cms. and 12.99 cms. respectively, whereas the "check point" was observed to
be 13.13 cms.

With this information, it is a simple procedure to calculate the two decade
resistance box readings which would correspond to balance of the resistance bridge
before and after the energy input, these resistance settings being calculated at
the midpoint of the input. It can be shown that the resistance difference, calcu-
lated at the midpoint of the energy input, is the total resistance change equiva-
lent to the electrical energy introduced at a constant rate during the interval.
Table II lists the values calculated forlthe electrical energy input at 51.5 minutes
after the beginning of Run No. 1. An explanation of the values is included in the
table.

Each energy input made during the course of the run is calculated in this
manner. The values of 86/t (column 13) are then plotted against the corresponding
values of © (column 12), giving a straight line relationship (Fig. 13). The

.fact that A6/t is almost a linear function of 8 is demonstféted in Appendix A.

During the interval in which energy is being introduced into the calorimeter,

measurements are made of the potentials across the resistance bridge and across
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Table II

Calculation of Data for Electrical Energy Input at 51.5 Minutes After
Beginning of Mg Metal Run No. 1 in 1.0M HC1 at 25°C.

1 2 3 [ 5 6 7 8
1.0 Iv L.37 13.13 13.22 2010 +2,1 2012.1
4.25 13,13 12.99 2470 -3.3 24,66.7

9 10 11 12 13

35312.1 283189. 3599. 281390 3599.

35766.7 279590.

Column _

1 Time interval in minutes of electrical energy input

2 Chronological order of energy input

3 Bridge sensitivity {cms. deflection on scale per 100 ohm change

_ on decade resistance box--interpolated from Fig. 11)

A "Check point" (scale reading in cms.)

5 Scale reading in cms., extrapolated to mldpclnt of energy input

(Fig. 12)
6 R" = Decade resistance box settings in ohms
7 Correction in ohms to convert decade box settings to settings

corresponding to balance of resistance bridge = (column § -
column 4)(100)/(column 3)

8 R' = Corrected decade box settings in ohms corresponding to
balance of resistance bridge

9 R = (R' + 331,00) ohms

10 1/R ohm™

11 = (67 - 62) ohm™ 1 x 1010 (61 = value before energy input;

62 = value after energy input)
12 8 =1/2 (8) + 65) ohm1l x 1010
13 28/t = (column 12)/(column 1) chm™}/minute x 1040

the resistance thermometer (calorimeter)., These measurements enable one to calcu-
late the power factor, or energy equivalent, of the calorimeter. A sample calcu-
lation of this factor is given in Appendix B.

With the values obtained above, it is now possible to consider the data taken
during the actual solution period. These data are tabulated in Table III. The
values liéted in column 7 are plotted against the corresponding times in column 1

to give the solution curve in Fig. 10. The resistance change between the time of
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breaking the sample and the time at which solution is complete is taken to represent
the heat evolved during reaction. The determination of this resistance change is
complicated, of course;, by the fact that the drift rate is changing as the thermal
head varies. The procedure adopted in these determinations, where solution time
was relatively short, was to make extrapolations of the foredrift and afterdrift
to the time of breaking of the sample bulb., The difference in resistance at this

point, with the slopes of the lines for the foredrift and afterdrift, was used to

Table III

Calculation of Data Taken During Solution Period For Mg Metal
Run No. 1 in 1.0M HCl at 25%C.

1 2 3 kL 2 6 7
35.0 4 .40 13.13 12.04 1590 =24.8 1565.2
36.0 12.41 =16.4 1573.6
37.0 12.79 - 7.7 1582.3
37.8 13.08 - 1.1 1588.9

38.0 Broke Sample

38.2 L.43 13.13 13.13 © 1790 0.0 1790.0

38.73 k.36 13.13 2060 8.0 2060.0

38.9 13.60 + 7.8 2067.8

39.15 13.73 +13.8 2073.8

39.47 13.63 +11.5 2071.5

40.0 , 13.50 + 8.7 2068.7

4L0.5 13.42 + 6.9 2066.9

1.0 13.33 + 4.8 2064 .8

42.0 13.11 = 0.2 2059.8

43.0 12.91 - 4.8 2055.2

44 .0 12.67 -10.3 2049.7

45.0 LR 4l -15.6 2044 .4

46.0 12.27 =19.5 2040.5

47.0 12.09 =23.9 2036.1

4L8.0 11.90 =28.2 2031.8

Column

1 Time in minutes from beginning of run

2 Bridge sensitivity (cms. deflection on scale per 100 ohm change
on decade resistance box--interpolated from Fig. 11)

3 "Check point® (Scale reading in cms.) ’

I Scale reading in cms. at time given in column 1

5 RY% = Decade resistance box setting in chms

6 Correction in ohms tc convert decade box settings to settings
corresponding tc balance of resistance bridge = (column 4=
cclumn 3){100)/{column 2)

7 R! = Corrected decade box setiings in ohms correrondlng

to balance of resistance bridge.
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calculate a value for the thermal leakage modulus. For example, in Fig. 10, the
extrapolated resistances at 38.0 minutes; the time of Breaking of the sample, are
159006 ohms and 2078.4 ohms. The difference is 487.8 ohms. The slopes of the
lines for foredrift and afterdrift are respectively +8.5 ohms/minute and -4.7
ohms/minute. Therefore, if d = kf (d = drift rate, k = leakage modulus, 4 = thermal
head) and if the subscripts 1 and 2 refer respectively to the time before breaking
ghe sample bulb and the time at which solution is complete

d kg, and d, = kg, where ¢, - &, = 487.8 ohms
1 2 2 1 2

1=
+8.5 = kf; and -4.7 = k (yfloas?os)
13.2 = 487.8 k '
k = 0.027 ohms/ohm minute
g, = 314.8 ohms.
This gives a value of 314.8 + 1590.6 = 1905.4 ohms as the decade resistance box
setting corresponding to zero drift.

The périod between the time at which the bulb was broken and the time at which
solution was complete (latter time chosen as the first point to fall on the étraight
| line representing the afterdrift) was divided into tenth-minute intervals. The
difference between the resistance at zero drift (1905.4 ohms in this case) and the
resistance at the midpoint of each tenth-minute interval was taken to represent the
thermal head duriné this interval (each midpoint resistance interpolated on the
straight lines connecting the experimental points). Since k wﬁs alsc known, it
was possible to calculate the drift contributions to the heat rise during each
interval for the entire périod during which- solution was taking place. The algebraic
sum of all these drift contributions was then subtracted algebraiély from the
resistance value at the time where sclution was complete. In the example under

consideration, the sum of the drift contributions was =2.4 ohms, which gives a

corrected value of the resistance reading at the time of complete soclution of



UCRL-686

Page 18
2071,5 - {=2.4) = 2073.9 ohms. Table IV shows how these resistance values are
employed to complete the calculatign of the heat of sclution of magnesium metal

. in 1.0M HC1 at 25°C.

Table IV

Calculation of Data for Determination of Heat of Solution of Mg Metal
For Mg Metal Run No., 1 in 1,0M HC1l at 25°C.

i 2 3 b4 5 6
159C.6 34890.6 286610, 3916. 284652, 3595.
2073.9 | 35373.9 282694 '

Column
1 R! = Decade resistance box values from Fig. 10 (Resistance

difference corresponds to heat rise accompanying solution
of magnesium metal) -
R = {R' + 33,300) ¢hms
3 & = 1/R ohm-1 x 1010
46 = (61 - 92) ohm-1 x 100 (81 = value before breaking sample;

8, = value after solution complete)
5  B=1/2 (8 + 6y) oL x 1010
6 86/t ohml x 1010/min. (interpolated from Fig. 13)

1 Calculation of Heat of Solution of Mg Metal
(08/t)/06 = t = calculated solution time
q = energy equivalent of calorimeter = 0.8557 cal./min., {Appendix B)
gt = heat evolved in calories
m = weight of sample = 203.22 x ZLO-6 gm.

M = gram atomic weight of Mg = 24.32 gms.

AH = heat absorbed in kcal/mol

pH = -1073 gt ¥ = . Q8557 4 3916 5 2k.32 = -111.6 keal/mol
m 103 3595 203,22 x 109

= 111.6 = 0,3 = =111.9 kcal/mol (0.3 kcal/mol is correction for

vaporization of water by H, evolution)
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The result which is calculated in this manner must be corrected for the water
vaporized by evolved hydrogen. Before beginning a run, the 1.0M HCl used as the
calorimeter solutf@n was always saturated with hydrogen. Using 22.9 mm. of Hg13
as the vapor preés;re of water over the solution at 25°C., 10.5 kcal/mol aslb the
heat of vaporization of water, and assuming that the evolved hydrog;n is saturated
with water vapor,'one calculates a correction of -0.3 kcal/mol of evolved hydrogen.
This correction must be added to the value calculated from the experimenfal data.
When pertinent, all values listed in this paper have been corrected for vaporization
of watér by hydrogen evolutioﬁ. Similar corrections have béen_made where necessary
for the vaporization of water by the air cbhtained iq:fhe glass calprimeter bulbs,
assuming a volume of 0.02 milliliter for each bulb,

Several measurements were made of the heat of solution of magnesium metal in

1.0M HC1 at 25°C, The corrected values obtained are listed in Table V.

Table V

Chemical Calibration with Magnesium Metal
1.0M HC1 at 25°C,

Run -No. Weight-Mg. Heat Evolved-Calories -AH (kcal /mol)
1 0.2032 ©0.932 | 111.9
2 0.1583 - 0.734 113.0
3 0.5280 2.410 111.3
L 0.2706 1.210 ) 109.0
5 0.5866 2,673 111.1
6 0.2861 1.309 111.6
111.3 £ 0.8
¥ Heat of Solution of Praseodymium Metal

Table VI gives the corrected values which were obtained for the heat of solu=

tion of praseodymium metal

Pr+ 38 =Pr'3 + 3/2 H,
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Table VI

Heat of Solution of Praseodymium Metal in 1.50M
HC1 at 25°C,

Run No. Weight-Mg.  Heat Evolved-Calories ~BH (kcal/mol)

1 0.2252 0.2634 165.4
2 0.1933 0.2285 167.3
3 0.1809 0.2044 159.9
b 0,617, 0.7210 165.1
164.4 T 2.3
Omitting Pr-3 165.9 * 0.9

The literature value which is generally accepted as most likely for the heat
of solution of praseodymium metal is that measured by Bommer and Hohmannu15 By
an indirect method they obtained a value of -172.9 kcal/mol. In their investigation
of the heats of solution of a number of the rare earth metals, they prepared the
metals by reduction of the corresponding rare earth chlorides with potassium. It
is possible that small amounts of potassium still remained which would have given a
high value. They also note that their metal was prepared in powder form which also

may have led to a higher value by the order of a kilocalorie.

Heat of Solution of Lanthanum Metal

In order to check the method used in this laboratory, it was decided to measure
the heat of solution of lanthanum metal--both in the microcalorimeter and in a
Dewar flask with a Beckmann thermometer. Lanthanum was chosen because .samples
were available from several different sources. This would indicate whether the
metal prepared in this laboratory was different in some respect from metal prepared
elsewhere. Metal samples investigated were from the Atomic Research Institute;
Iowa State College, Ames, Iowa; Johnson, Matthey and Co., Ltd., London; and from
this laboratory. The metal produced in this laboratory was made in the same

manner as was the praseodymium already described.
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Two determinations were made dissolving milligram amounts of lanthanum metal
in 1.50M HC1 in a Dewar flask, observing the temperature rise with a Beckmann thermo-
meter. The heat capacity of the system had been determined previously by measuring

the heat evolved from samples of magnesium.

Table VII

Approximate Heat of Solution of Lanthanum Metal
1.50M HC1l in Dewar Flask

Spie No. Weight-Mg. Source of Metal Purity of Metal -AH (keal/mol)

1 130.3 Johnson; Matthey >99,0% 165.5
2 142.8 TIowa State © >95,0% 164.2

Four more measurements were made in the microcalorimeter at 25°Co

Table VIII

Heat of Solution of ianthanum Metal in Microcalorimeter
1.50M HC1 at 259C.

Splie No., Weight-Mg. Source of Metal Purity of Metal ~AH (kcal/mol)

Bommer and Hohmann

1 0.2428 Iowa State >99.0% 163.5
2 0.8658 Iowa State >99.,0% 165.9
3 0.5486 Berkeley >99.5% 167.8
4 0.6396 Berkeley >99,5% 167.3

166.1 £ 1.4

Omitting La-1 167.0 * 0.7

15 report a value of -176.5 kcal /mol for the heat of solution of

lanthanﬁm metal, which is also considerably higher than the value measured in this
laboratory.

An additional experiment was performed by Broido16 to check the hydrogen
evolution from a sample of the metal obtained from Iowa State College. The observed
volume of gas was the same as the theoretical volume well within the limits of ex-

perimental error. From these data, it was assumed that the heat of solution values
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obtained in these measurements were more nearly correct than the higher ones ob-

15

tained by Bommer and Hohmann.

Preparation of Americium Metal

Americium trifluoride was precipitated from acid solution with aqueous HF.
This product was transferred to the platinum fluorination line (Fig. 2) and treated
with a 50-50 mixture of HF and H2 for approximately one-half hour at 550°C, ‘After
pelleting the resulting AmF3 (Fig. 3), the reduction to the metal was carried out
in the same way, with a few exceptions; as already described for praseodymium metal
production., )

It was found that the use of TaC crucibles failed to give single pellets of
metal ; therefore, the beryllia system shown in Fig. 14 was used. Barium metal was
employed as a reducing agent instead of lithium. The initial temperature at which
reduction occurred was lBOOOC° When a Ba mirror began to form on the inner surface
of the glass bulb (Fig. 5), the temperature was reduced to 1125°C, and maintained
at that level for one and éne—half minutes, -

- This method prodpced single pellets of americium metal which were quite malle-
able and which posségéed a gray luster. X-ray investigation Qf the. samples produced
failed to give good patterns; bgcause the metal was not annealed sufficiently.
Spectrographic analyses were not made on the original metal samples prepared be-
cause the pellets were generally ¥éry small and it was desirable to use them in
their entireties for the calorimeter runs. Therefore, the procedure adopted was
to evaporate down a portion of each calorimeter solution after the completion of
each run, and this solution was submitted for spectrographic analysis. An equal
portion of the 1.50M HCl used as calorimeter solution, also evaporated down; was
submitted as a blank. Naturally, this method resulted in a concentration of
impurities present. At best,; spectrographic analysis is nﬁt accurate to more than

a factor of two or three, so there was some question as to the exact percentages
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of impurities present. The initial samples contained at least 99.0 percent or

more americium, with barium and beryllium present as impurities. Other elements

were not detected.

Heat of Solution of Americium Metal

The values obtained for the heat of solution of americium metal are given in

Table IX.
Table IX
Heat of Sciution of Americium Metal in 1.50M HCI at 25°C.
Sple No. Weight-Mg. Heat Evolved-Calories ~0H {kcal /mol)
1 0.0557 0.0345 146.7F
2 0.3531 0.2347 16009"
3 10.2952 0.1691 138.0°%
L 0.1449 0.0961 160.7
5 0.3425 0.2245 158.7
6 0,7806 0.5248 162.6
7 0.4028 0.2721 163.4
8 0.3604 0.2492 167.4
162.3 + 2.2
Omitting Am-8 161.3 ¥ 1.4

*Sample too small; insufficient heat liberated for reliable calculation

%*Sample did not dissolve immediately; apparently trapped in air bubble

Treatment of Data

The value for the heat of solution of americium metal has not been corrected

to zero hydrochloric acid concentration. It is to be pointed out; however, that

3

the corrections for Am+ and for H' ions are of opposite sign and of nearly equal
magnitude; therefore, the correction would be less than the uncertainty in the
experimental value.

Am + 3% = A3 4 3/2H, oH - -161.3 1.

This value for the heat of reaction; with an estimate of the entropy change

for the reaction, makes it possible to calculate the free energy change. It is
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assumed that the entropy change for the given reaction is the same as that for the
analogous reaction with plutonium
Pu + 3" = Pu’d + 3/2 H, 45 = 3.8 eou.t’

Using these data, one calculates

AF = 8H - T AS

i+

= -161.3 ¥ 1.4 - 298.16(3.8)

[

~161.3 2 1.4 - 1.1 = -162.4 ¥ 1.4 keal/mol

AF _ 162.4 £ 1.4 +
dE = - == = === =% = 2352 0,02 v,
o o T 3x23.01 0 v
III. HEAT OF FORMATION OF Am™* (Aq.)

Eyring5 has measured the heat of solution of Am.O2 in 6.0‘1\_@‘HN03 and 0.1M HBFLp
at 25°C, Using the experimentsl value for this heat, with the value of the heat
of formation of Am+3, one can calculate the heat of formation of Am+h. Consider
the following reactions:

+ s
(1) AmO, + 4H™ = Am ™ + 2H,0 bH,y

(2) Am™ +1/2 H,0 = am*3 + 1/ 0, + H' 0H,

+ 3 .
(3) AuwO, + 3H" = Am” + 1/4 0, + 3/2 H,0 BHy

Reaction (1) representswihe solution of AmO2 in acid to give Am+4, whereas reaction
(2) shows the reduction of Am+4 to Am+3° The sum of the reactions, reaction (3),
indicates the overall reaction which is physically observed when AmOz dissolves in
acid solution; therefore, AHB is the heat calculated from the experimental data
. reported by Eyring.5
Because Amfh does not exist in aqueous sclutions; making it impossible to
actually measure AHl, it was decided to obtain this value by considering reactions
anaiogous to those listed above for U, Npy; and Pu. The heats of formation for
18,19,20,21

the pertinent compounds and ions of these elements are available.

Using these data, one can calculate the heats of reaction for reactions of the type
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Mo, + 4H = M™% + 20,0

where M represents U, Np, or Pu. If one plots these heats of reaction against
the corresponding ionic radii for the plus four ions, a short extrapolation gives
a value for AHl above. These heats are also small, being of the order of twelve
to fourteen kilocalories, so a small error in extrapolation would not be too
significant.

An extrapolation of these values to americium gave a vélue of AHl = ~15.,5 kcal
per mol of AmO2° AH3 had been measured as ~30.4 kecal /mol by Eyringo5 Therefbre,

bHy = 8Hy - OHy |

-30.4 + 15.5 = -14.9 keal/mol.

The heat of formation of Ame has been found to be -161.3 kcal/mol in the present
investigation. The heat of formation of 1/2 H,0 is -34.16 kcal /mol.?? From
reaction (2) above

BH, = -161.3 - BHp(Am*™) + 34,16 = -14.9

BHp(Am™) = -161.3 + 34.16 + 14.9 = -112.2 kcal/mol.
It is now possible to calculate the heat of reaction for |

(4) Am'3 4 B - am™ 4 1/2 1, OH,
OH) = -112.2 + 161.3 = 49.1 kcal/mol.

It was assumed that A5298 for reaction (4) was the same as for the reaction with

plutonium
+3 + otk _ o a 5
Pu”+H =Pu +1/2 H, A8298 = =32.4 e.u.
AFh = AHA - TASA
= 49.1 + 298.16(32.4) = 58.8 kcal/mol,
- - AFy _ _ 58,8 _ _ ,
B, =-S5y v

5

This value is in close agreement with the value of -2.6 v. estimated by Eyring

for the Ame—Amfh potential.
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IV. HEAT OF FORMATION OF AmO,"

It had been observed<> that addition of O,lﬂ Na.2803 to Pu(VI) in 35% K2003
solution resulted in the precipitation of a gray compound which was identified
spectrophotometrically and by x-ray analysis as K2Pu206°xH20° The compound
NazPuzoéoxHZO had also been prepared by adding NaOH to a Pu(VI) nitrate solution
and allowing the latter to stand for a prolonged period of time.

3

Werner and Perlman~ investigated the preparation of the analogous compound of
americium as a method for a rapid separation of americium and curium. They found
that addition of 1% NaOCl to a 30% solution of K2003 containing Ame at about 80°C.
resulted in the precipitation of a gray compound. Werner24 carried out a reduction
experiment by titrating the supposed Am(V) with Fe+2 ion. In an initial reduction
he calculated that one equivalent of Fe+2 ion had_reduced 1.5 equivalents of
americium. Later experiments increased this to 1.9 equivalents of americium per
equivalent of Fe+2 ijon. This evidence indicated that the americium initially had
been in the five state. The‘compound was assumed to be K2Am206.xH20, analogous

to K2Pu206,xH20,

Preparation of NazAmzoéatzo

The oxidation of Ame wa§ carried out as described above by addition of 1%
NaOCl to a 30% solution of Na2003 containing the Am#3. After about a half an hour
at 80°C°, a gray precipitate began forming. When the precipitate had settled, it
was washed several times with O.OLM NaOH and dried at reduced pressﬁre.

The. resulting compound was loaded directly into glass calorimeter bulbs for
heat of solution measurements., The samples were not weighed; but the amount of
aﬁéricium was determined after completion of the runs by assaying aliquots of the
calorimeter solutions in a low-geometry alpha counter. The value 3.6l x 106
‘counts per minute per microgram at 52% geometry was used as the specific activity28

of Am24t,
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Heat of Reaction of NazAm206,XH20

The purpose of the present investigation was to determine the heats of the

following reactions:

(1) Nayhm,Og-xH,0 + LH* = 2Na® + 2am0," + (x+2)H 0 BHy
(2) AmO,* + 4H* + 2Fe™? = Am'3 + 2Fe’3 + 2,0 BH,

It was decided to determine the heap of solution of the americium compound
ini}°5OM HClOA which would give a value for AH,. A subsequent measurement of the
ﬂééﬁ of reaction of Na,Amy0g xH,0 in 1,504 HCth containing 0.01M Fe(Cth)2°6H20
would give a value of AHl + 208Ho. With these data, it would be possible to calcu-
late the heat of formation of Am02+o

Table 10 lists the values obtained for the heat of reaction of the americium

compound with Fe'? ion:

Table X

Heat of Reaction of Na,Am,O4°xHp0 With 0.0LM Fe(C10,),
in 1.50M HC10, at 25°C.

Sple No. Weight Am--Mg. Heat Evolved-Calories -0H (kcal/mol)

1 0.5688 0,044 18.9
2 0.5355 0.0359 16.3
: 17.6 1.3

Treatments of Data

If one considers reactions of the type

+ + +3 |
(3) Mo," + 2H" + Hy = M7 + 2H,0 aH,

for U, Np, and Pu,18919”20 it can be seen that the corresponding reaction for Am
would have an estimated AH3 of about =78 kcal/mol. Using this information with

2 and Fe+3 ion5922 the reaction

the heats of formation of Fe'
-ﬁ:
(2) AmO," + 4H" + oFe'? = am'3 + 2Fe’C + 2H,0 aH,

would have a calculated heat of reaction of about -58 kcal/mol. Therefore,_itvis
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likely from the experimental value of -17.6 kcal/mol that either the proposed
mechanism given for the reaction of Na2Am206°xH20 in acid solution is in error
or the compound measured was not all in the five state initially.

An experiment was therefore carried out to detgrmine the ratio of the weight
of americium in the prepared compound to the weight of the compound. This informa-
tion possibly would give an indication of the formula of the prepared material.

Two separate oxidations of Am.*3 were carried out and one sample of each preparation

10 in a small glass cone. This

was weighed on the Kirk-Craig-Gullberg microbalance
material was then dissolved in acid and an aliquot was counted in the low geometry
alpha counter tc determine the amount of americium present in the sample. The

data obtained are given in Table XI.

Table XI

Results of Weight-Assay Experiment

Sple No. Sple Weight-Mg. Weight Am-Mg. (Wt.Am)/(Wt.Sple)  2Am/Na,Am,Of

1 0.0206 0.0157 0.76 0.77
2 0.0481 0.0348 0,72 0.77

This information is not of much value, however, although it does indicate
that if the compound were indeed NazAm206°xH20, X 13 probably nof greater than
two. It is more reasonable to expect that, at the most, only part of the material
wag in the five state and that the remaining americium had been reduced to the
three state before the calorimeter run was made. For example; if a basic carbonate
such as Am(OH)COB were present; the heat evolved would be much less than the
theoretical value expected from reactions (1) and (2) above. Also, it is of
interest to noté that the ratio Am/Am(OH)CO3 is 0.76.

Since there is a great deal of doubt as to just what the reason is for the

apparent discrepancy in the heat of reaction of the five state; it is impossible
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to give an experimental value for the heat of fcrmétion of Am.OQ+ at this time.

V. HEAT OF FORMATION OF AmC,"" (Ag.)

The existence of the plus six state of americium has recently been discovered
at Los Alamos by Asprey, Stephanou, and Pennemanuh They found that addition of
(NHA)QSQQS to an acid sclution (0.1M HY) of An*3 at about 80°C. results in the slow
appearance of a dark rum-colored solution of Am02++9 identified by spectrophotometric
analysis.

The compound, NaAm02(62H392)39 has also been prepared and has been shown to

be isomcrphous with NaPu02(02H302)3 by crystallographic analysisoh

Preparation of NaAm02(02H302)3

Sodium americyl acetate was chosen as the starting compound for investigation_
. of the heat of fermation of Am02++ﬁ Au™3 was oxidized to the six state at 80°C.
as described above and the resulting solution was made 0.6M in H02H302, C.2M in
NaC_H,0, and 5.0M in NaNO,. This method of preparation is the same as that used

27372 3
2
in the preparation of NaPu02(02H302)3“ 3

After waiting for 1~-1/2 hours, the white
precipitate was centrifuged and washed several times with water, after which timé
it was dried at reduced pressure and lcaded into a glass calorimeter bulb. The
weight of americium was determined later by assay of the calorimeter solution,
using a low geometry alpha counter.

The precipitate cbtained appeared to be only very slightly soluble in the
water used for waéhingo The analogous plutonium compound is reported to be soluble

to the extent of 10 grams per liter of water at 25°C023

Heat of Reaction of NaAmOz(CZHBOQ)B'

The fellowing reactions are of interest in the determination of the heat of

formation of Am02++:
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' ' + +4 -
(1) NaAmOz(CzH = Na’ + AmO, " + 3C.Hq0, AHy

30203
(2) AmO,™* + 3Fe™@ + 4H® = An'> + 3Fe*3 + 2H 0 bH,

It was decided to measure the heat of sclution of NaPqu(CZHBOz)3 in 0.15M
HC10, and use this observed heat as the value for AH, above. A measurement of
the heat of reaction of NaAm02(02H302)3 in 0.15M HC10, and 0.0LM Fe(0104)2°6H20
would give an experimental value for AHy + AHZO These data would permit the
subsequent calculation of the heatlof formation of Am.02+¢o

Unfortunately, however, it was found that only an insignificant amount of
heat was liberated when the supposed NaAm02(02H302)3 dissolved in the calérimetéra

X-ray analysis of a sample of the material prepared showed that it was not
isomorphous with NaPu02(02H302)3 as the Am(VI) compound is reported to be.”* This
information, together with the fact that no heat was evolved upon solution of the
sample; is evidence that the prepared compound was not NaAmO2(02H302)30

Further investigations are being carried out in the laboratory in order to

determine successfully the heat of formation of Am.Ozw°

VI. DISCUSSION

Summary of the Thermodynamic Properties of the Agueous Americium Ions

3
Am + 3 = Am'3 4+ 3/2H,  -161.3 3.8 -162.4 2,35
Am + LH" = Amth o+ oM, ~112,2 -28.2 -103.8 1.12
an*3 o+ Y = An™H e 1/2 W, 49.1 -32.4 58.8  -2.55

*A3298 taken as same as for analogous reactions for Pul7s5,

AF and AH values are in kcal/mol, AS values are in calories per
degree and E values are in volts.

The walues given above for the thermodynamic properties of the aqueous

americium ions depend upon the value for the heat of formation of Am.+3° It is

of interest to note that the heat of formation of Pu+3 is given as -141.9 kcal/}nol,20

~
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Measurements of the heats of vaporization of plutonium and americium meta1325’26’27

indicate that the value for americium is from twenty to thirty kcal/mol more
negative than that for plutonium, The results found in the present investigation

appear consistent with these measurements.

VII. APPENDICES

Appendix A _
Proof That A6/t is Almost a Linear Function of 8

By 1000 ohm resistance
Ro = 33,300 ohm resistance
R3 = decade resistance box (0-9999 ohms)
- X = resistance thermometer (calorimeter)
unprimed resistances are initial
resistances; primed resistances are

new resistances corresponding to
change 8X in X

6 = 1/(Ry + R3)

q = average rate of energy input
t = time

8 =1/2(8+ 8

00 =8 - @'

(1) Rh/fi5 =R/X = R'/X' = constant = k

(2) R = kX

(3) R' = kx'

(4) 1/R = 1/R) + 1/(Ry + R3) = 1/Ry + ©

(5) 1/R" = 1/R; + 1/(Ry + Ry') = 1/Ry + &'

Subtracting Equation (5) from Equation (4) - )

(6) 1/R - 1L/R" =6 - ©' =88 = 1/(kX) —!1/(kX") = (R' - R)/(RR")

Assume the change in resistance of resistance thermometer is proportional to
"~ the input of energy. Then

(7)'Xﬂ - X = X =qut where b is constant of proportionality

From Equations (2) amd (3)

(8) (R' = R)ARR') = (X' - X)/(kxx')
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Combining this result with Equations (6) and (7

36 = (R' - R)/(RR') = (X' - X)/(kxx") = (bqt)/(kxx")

(9) 26/t = (bq)/(kXX')

Adding Equations (4) and (5) and utilizing Equations (2) and (3)

(10) 1/R+1/R' =2/R; +0+ 0 =2/R; +25=(R+R')/(R') = (R + R")/(k2xx')

(11) a8/t = (2bgk)(1/Ry + 8)/(R + R') (by combining Equations (9) and (10))

It can be seen from Equation (ll) that a plot of A8/t vs. 8 should give a straight
line;, because all the other values in the equation are constants except R and R'.
However, over the entire range of the resistance decade box (0-9999 ohms), the
maximuﬁ change the quantity 1/(R + R') can experience ié between the limits.

5,1502 x 10~%4 ohm~l and 5.1328 x 10”4'ohm?19 or a percentage change of only 0.34%.
In practice, the range of the resistance decade box employed in a run is not over
2500 ohms; fherefore, the actual deviation from linearity is smallerrby a factor
of at least four,

Appendix B
Sample Calculation of Energy Equivalent of Microcalorimeter

(Energy Input No, IV, Mg Metal Run No. 1 in 1.0M HCL at 250C,)

hd A 1
o
7
/
~ AV
[=9)
<2

1) n

Eb? = 1.42012 v. (Measured value of potential across resistance bridge)

9

E

0.90957 v. (Measured value of potential across resistance thermometer)

Ey 2000188*EbF = 2.84291 v. (True potential across resistance bridge)

E = 1099882*E' = 1.81807 v. (True potential across resistance thermometer)

¥* . : . - .
Conversion factors to convert measured potentials to true potentials.
Potentials are measured across potential dividers.
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OE = Ey - E = 1.02484 v.

EZ = 3,30538 v.

R, = 2010 ohms (Setting of decade resistance box during energy input)
R = (33,300 + R)(10%)/(34,300 + R_) = 972.46 ohms

i, = 0E/R = 0,001054 amp.

i = BZ/R9 (See circuit diagram, Fig. 8) = 0.034135 amp. (constant for all runs)
i=1; * 1, =0,035189 amp.

Total p = Ei = 0.063976 watt
P, = E2/2000 = 0.001653 watt
Piay = P = P, = 0,062323 watt

1 ' '

i

p/E% = 1/R, = 0,0193551 ohm™

1/(Ry + Ry) = 1/R; = 1/2000 = 0.0188551 ohm™t
Ry + Ry = 53,036 ohms
R, = Resiétance of manganin leads (See C, Fig. 9) plus one-half resistance of

¥ loose ends of calorimeter windings (assumed that one-half of power generated

in loose ends does no useful heating) = 1.944 ohms
th= Resistance of calorimeter = 51.092 ohms

Py, = (Pyay) (Ry)/(Ry ¥ Ry) = 0.060039 watt

Py - 0.00038"% = 0.059659 watt = 0.8557 calorie/minute (Energy equivalent of
calorimeter)

L]

%3 . , . '
Correction for thermometric current.
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Microcalorimeter Parts List for Figure 8

Designation Quantity

.R-1
R2,R3,R4,R6

R6
R7
RS
R9

R-10

R-11

R-12, R27

R-13

R-14

R~15

R-16

R-17,R23,R26,R29
R33

R-18

R-19

R20

R21

R22 N

R25
R28
R30,R31
R32
R34
R35

1

H o= e

MR

N

IR VTN

Specifications

300 ohms, 25 watts, W,W, potentiometer

285 ohms, consisting of 400 ohms, 10
watts T,W, in parallel mth 1000 :
ohms 10 watts, W,W,

8300 ohms s WoW,

+© megohms manganin

50,000 ohms menganin

29,84 ohms (IRC precision menganin,
non~inductively wound on ceramic
core, immersed in oil bath)
"standard resistor"

10,000 ohms manganin

10 ohms mangenin '

0-9999 ohms, L & N decade resistance box

350 ohms manganln

42 ohms mengsnin

12.5 olm potentiometer, W,W,

125 ohm potentiometer, W,W,

1000 ohms mengenin (R26 immersed in
oil bath)

55,0 ohms mangenin (:unmersed in oil be.th)

- 15 ohms, manganin

100 ohms manganin
300 ohms manganin
5 ohms manganin (immersed in oil bath)
~53 ohms at 25°C, copper resistence
thermometer s non-inductively wound
with menganin leads
91,5 ohms, manganin (immersed in oil bath)
33,300 ohms manganin (immersed in oil bath)
500 ohms menganin

" 50 ohms copper damping resistor

150 ohms manganin
3750 ohms manganin -

Note: All manganin resistors are IRC type Wi-4 or
equivalent, Some values are made by paralleling

two or mpre resistors,



Designation

B-1

B2

B3

B4
PB-1,PB2
Lt=1

Lt2

Lt3
Re-1

RE2

Me-l

Me2

s-1, s9
82,853,588
S4,86

85

87

S10
T-1
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Microcalorimeter Parts List for Figure 8

Quentity

1

1
1
1

H DU

e

Specifications

14 volts: 7 heavy duty lead storage
cells

1,0189 voltss Weston standard cell

2 voltss lead storage cell

4 volts: 2 lead storage cells

Push=button contacts, normally open

6 volt pilot light, green

6 volts pilot light, red

110 volt pilot light, green

SPST relay, 115 volts a,c,, normally
closed :

DPDT impulse relay

Advance type 9044, 115 volts a,.c,,
silver contacts

"Rubicon galvanometer, ,006 pa/hm

368 olm coil, cal, 3402 HH

Leeds & Northrup high sensitivity
galvanometer, Sensitivity ,077
wv/mm, C,D,R.X, 28 ohms, coil
resistance 21 ohms, period 8,8
seconds

6~-position, single circuit tep-switch

SPDT copper knife-switch

SFDT toggle~switch

DPST toggle~-switch

SPDT copper knife-switch with pole
added so that R-32 is connected

~ before remainder of ecircuit

SPST SWITCH

Pri, 115V a,c,, Sec, 6,8 v,
1 amp, C, T,
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