In presenting the dissertation as a partial fulfillment of
the requirements for an advanced degree from the Georgia
Institute of Technology, I agree that the Library of the
Institute shall make it available for inspection and
circulation in accordance with its regulations governing
materials of this type. I agree that permission to copy
from, or to publish from, this dissertation may be granted
by the professor under whose direction it was written, or,
in his absence, by the Dean of the Graduate Division when
such copying or publication is solely for scholarly purposes
and does not involve potential financial gain. It is under-
stood that any copying from, or publication of, this dis-
sertation which involves potential financial gain will not
be allowed without written permission.

'/ 0./ 21/
ﬂ i V4

3/17/65
b



AN ISOTHERMAL HEAT OF DILUTION CALORIMETER:
THE HEAT OF DILUTION OF POTASSIUM NITRITE

A THESIS
Presented to
The Faculty of the Graduate Division
by

Fielding Ficklen Harper

In Partial Fulfillment
of the Requirements for the Degree
Doctor of Philosophy

in the School of Chemistry

Georgia Institute of Technology

June 1967



AN TSOTHERMAT, HEAT OF DILUTION CALORIMETER:
THE HEAT OF DILUTION OF POTASSIUM NITRITE

Approved:

.

/4 /‘)/),.A A s
Chairmn ¥ , . . 1 N

x

Date Approved by Chairman: 2?2%14 .?ﬁ /?é?



ACKNOWLEDGMENTS

The author would like to acknowledge the assistance of a
number of people. Dr. James D. Ray suggested the problem which
forms the basis of the research reported in this thesis. He also
guided the design and early construction of the calorimeter.

Dr. George A. Miller graciously agreed to assume the task
of acting as Thesis Advisor to the author, even though this entailed
considerable extra effort on his part.

Dr. William M. Spicer gave continuing encouragement, and also
made financial assistance available for needed equipment.

Mr. Malcolm E. Rucker did much of the machine work, and acted
as a helpful consultant on all steps of the design and construction
of the calorimeter.

Finally the author would like to thank his wife, Carol, for

her encouragement, support and understanding.

il



TABLE OF CONTENTS

ACKNOWL EDGMENTS

LIST OF TABLES . . . . .

LIST OF ILLUSTRATIONS

SUMMARY . & & v s s 5 ¢ ¢ s s o » s & s s o s

CHAPTER
I. INTRODUCTION
IT. CALORIMETER SYSTEM DESIGN PHILOSCPHY . . .
ITII. CALORIMETER SUBSYSTEM .,
Calorimeter Design Details
Calorimeter Design Rationale
IV. DATA HANDLING SUBSYSTEM .
V. RESULTS ON PCTASSIUM NITRITE
VI. EVALUATION AND RECCMMENDATIONS

Evaluation of the Calorimeter System
Recommendations for Future Work

APPENDIX A. CALORIMETER DATA REDUCTION PROGRAM

APPENDIX B. RELATIVE ENTHALPHY CALCULATION PROGRAM

APPENDIX C. NONLINEAR CURVE FITTING PROGRAM .

APPENDIX D. PURIFICATION OF DIPHENYL ETHER

APPENDIX E. PREPARATICN OF KNO, . « + o « & & + &

2

BIBLIOGRAPHY . . & & & & o v ¢ 4 o & & s & o 4 o o

VITA .

- e+ s . - . . = @ . - - . [

iii

Page

ii

vi

12

34

39

61

88

Sl




iv

LIST OF TABLES

Table Page

1. Selected Values of Relative Molal Enthalpy of
Potassium Nitrite Referred to the Temporary Standard . . . . 40

2. Potassium Analysis on "l M" Solution of KNOp . . . . . . . . 87

3. Nitrite Analysis on "1 M" Solution of KNO 87

2 e & o s e = . . L]



LIST OF ILLUSTRATIONS

Figure Page
1. Cross Section of Calorimeter « « « « ¢ ¢« o s+ o « « s s « o« o« 16
2: TSIl of BRITIOT i i % 5 % 4 i R A E # & F P Em B 8§ F oG T
3.  Stirrer Assembly and Finned Cylinder . . « . + + « « & . . . 20

4, Finned Cylinder and Bearing Supports.
Moter Stick for S54Ze ¢ « o & s « s » a5 « s » & @ & a s a & 2

5. Finned Cylinder and Bearing SUPPOTtS « « « o« o o o o o o » o 22
6. Block Diagram of "Plumbing® o« « s o s ©« @ s » o 5 ¢« & 3 » & 29

7. Relative Apparent Molal Enthalpy of KNO2 vs. Square
Root of Molali'ty L] L L L . - . - L L] . . - . - L . . L] - . 41
8. Output of Calorimeter Data Reduction Program for Run 21 . . 60

9. Output of Relative Enthalpy Calculation Program for
m02 . . . . L3 - . . . - . L L . L . . - L . Ll - L . - - L . 62

10.  Vacuum Still for Diphenyl Ether .« «. « + ¢« ¢« ¢« « ¢ ¢ &« « « » 18



vi

SUMMARY

The purpose of the work reported in this thesis may be
summarized in the four objectives listed below.

1. To design and build a solution calorimeter which would
be fast and convenient to use.

2. To write and check out computer programs to reduce the
data from the calorimeter.

3. To demonstrate the usefulness of the system by measur-
ing the enthalpy of dilution of potassium nitrite.

4. To leave an operating system for future use, by anyone,
without the necessity of extensive training.

Partial success was achieved on three out of the four goals,
but one goal had to be abandoned.

The calorimeter was built. 1In use it proved to be fast.
All the data for KNO2 were collected in four weeks, in contrast
to the traditional twelve to eighteen months. The enthalpies
derived from these data are presented in tabular and graphical form.
Unfortunately, the data were not as precise as desired due to an
unfavorable laboratory environment. Calculations indicate that at
least an order of magnitude improvement in the precision would be
expected in a better environment.

Three major programs were written. These reduce the raw
data from the calorimeter to AQ's, calculate the relative apparent

molal enthalpy from the measured 4Q's and solution concentrations,



and perform nonlinear curve fitting. In addition, a number of small
service type programs were written. The major programs worked well,
both on the data from the calorimeter described in this thesis and
on data from other sources.

Usefulness of the system could not be clearly demonstrated
due to the poor precision achieved. The lack of precision was
particularly apparent in the low concentration region, where data
are needed for extrapolation to the infinitely dilute standard state.
Only one point was measured below 0.1 M, and only five below 0.5 M.
These were not sufficient to allow the extrapolation. Even for these
five points the measured energy change was of the same order of mag-
nitude as the uncertainty.

The system was not left in operating condition because of
demands on the laboratory space which it occupied. Since no one
has indicated an immediate interest in using the calorimeter, the
space was released to other workers.

The final design of the calorimeter consisted of an isothermal,
phase change type of solution calorimeter. This design was chosen for
several reasons. The true isothermal nature of the calorimeter
reduces the number of experimental data that must be collected. Also,
the interpretation of the data is more straightforward, as no cor-
rections must be applied to the observed data.

In addition to reducing the experimental work, the design of
the calorimeter simplified construction. As the temperature was fixed,
there was no need to minimize the heat capacity, and therefore mass,

of the calorimeter. It was possible to make the calorimeter
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mechanically strong, with a resulting ease of fabrication.

Another advantage of the isothermal phase change type of
calorimeter is that it does not require extensive instrumentation
for operation. The only instruments required are a balance, a
temperature regulator, and a vacuum gauge.

Diphenyl ether was chosen as the working medium of the
calorimeter because of its convenient melting point (26.9%c), chemi-
cal stability, and known properties. However, it was necessary to
purify the diphenyl ether by several physical means.

Several recommendations are given for future users of this
calorimetric system or similar systems. It is hoped that these

recommendations would lead to better performance from the system.



CHAPTER I

INTRODUCTION

Physical chemists and physicists are interested in the funda-
mental laws of nature so that they may make predictions of the
behavior of matter in situations which have not been subjected to
experimental investigation. One general approach to elucidating these
laws is by means of mathematical models which approximate real systems.

Gases have been treated in this manner, and the Kinetic Theory of
Gases is the result. The original mathematical model was of elastic,
point masses obeying classical laws of motion.

In a similar manner, theories of ionic solids have been developed
based on point charges on lattice sites interacting according to
Coulomb's laws. Naturally there have been extensive additions to the
original theories.

When one tries to deal with liquids, the situation is not as
clear. As yet there are no completely satisfactory theories of liquid

L

behavior. Moelwyn-Hughes™ gives a picturesque description of liquids.

The liquid state of matter is thus an intermediate one.

Like a central party in politics or a moderate denomination

in religion, it is less rigorously defined and more diffi-

cult to understand than either of the extremes that flank it.

Even less well defined are solutions. Added to the imprecision of
knowledge of the liquid state are the various interactions between the

solute and the solvent.

Despite the generally gloomy picture of solution theory, there



are theories which describe certain types of solutions reasonably well.
The classical example is the Debye—Hﬁ'ckel2 theory of electrolyte solutions.

In general terms there are two types of effects that must be
considered by any theory of electrolyte solutions. These are the ideal
mixing effects, and the non-ideal mixing effects. The ideal mixing
effects are those associated with mixing two substances to give a
solution which is ideal from the thermodynamic point of view.

The non-ideal effects are those which give rise to departures
from ideal behavior. In the case of solutions of electrolytes the non-
ideal effects are generally attributed to ion-ion interactions, to ion-
solvent interactions, and to minor effects due to modifications of solvent
properties by the fields associated with ions.

For practical reasons only ion-ion interactions are usually con-
sidered. The ion-ion interactions are electrostatic in nature and involve
much stronger forces than ion-solvent interactions. While it would be
desirable to have a theory which would include the ion-solvent and other
interactions, practical necessity dictates that only ion-ion interactions
be considered.

Debye and Huckel? formulated a theory which considers ion-ion
interactions at relatively long distances. That is, their theory treats
dilute solutions. Interested readers are referred to Debye and Huckel's
original paper for details, or to the translation which appears in The

Collected Papers of Peter J. W. Debye. There are several points which

should be mentioned regarding the Debye-Hﬁckel theory. As mentioned, it
is concerned with ion-ion interactions is dilute solutions. The restric-

tioh to dilute solutions is inherent in several of the assumptions made



in the development of the theory. The major assumption is that the
only electrostatic interaction between ions is between charged spheres
in a uniform medium. Specifically, "contact" between charged spheres
is not considered. 1In fact, a fairly large distance between ions is
implicit in the assumption that the solvent is a uniform medium.
That is to say, the distance between ions must be large enough so that
the molecular structure of the solvent is "averaged out." These
assumptions are valid only at extreme dilution, if at all.

Mathematical approximations also limit the Debye-HGckel theory
to low concentrations. The theory involves the potential experienced by
an ion in a field. The field is described by the Boltzmann-Poisson
equation, which has the form of an exponential. 1In order to express the
electrical free energy of an ion, it is necessary to solve a second order
differential equation involving this potential and appropriate boundary
conditions. This equation does not admit to a solution. Therefore,
Debye and Hickel expanded the exponential in a series, and discarded
all but the first term. This approximation is valid only under
conditions when the ions are widely separated, that is at high dilutions.

The Debye-HGckel theory is usually used to obtain the activity
coefficient of the electrolyte in' dilute solutions. However, Debye and
Huckel used the theory to calculate what they called the electrical free
energy.

By application of the Gibbs-Helmholtz equation to the electrical

free energy,ﬂGe » one obtains an expression for the electrical enthalpy,

1
AHel,of the solution.



g - g2 a(AGel/T)
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where T is the absolute temperature.

Here the electrical enthalpy,ﬂﬂel, is equal to the apparent molal
enthalpy referred to the "infinite dilute" state. Using the notation
of Lewis and Randall® this is:

aH,, = *HO - Phe =

Since 1923, much of the experimental work in the field of elec-
trolyte solutions has been aimed at testing the Debye-Huckel theory.

For example, see Lang and Robinson.4 If consideration is limited to
dilute solutions where the Debye—HGckel theory is expected to be valid,
the theory has been confirmed by all experimental tests. In fact, the
Debye-Hﬁbkel theory can be safely accepted as "proved" by experiments.
Thus, the Debye-HGbkel theory can be used as a guide for extrapolation
of experimental data to the "infinitely dilute" state.

With this background of theory supported by experiment, it would
be hoped that large amounts of experimental data would be available for
use in thermodynamic calculations. Unfortunately, this is not the case.

A major deterrent to the collection of data has been the time
needed to collect and to reduce the data to usable form. Two general
approaches are available. The first is to determine the activity of the
electrolyte as a function of concentration over a range of temperatures.
By straightforward application of thermodynamics, the enthalpy of dilution

can then be obtained. The limiting factors here are the need to make a



large number of measurements and to insure that they are highly
precise.

The second approach is to measure the enthalpy of dilution --
generally called the heat of dilution -- as a function of concentration
directly in a calorimeter. This can be done at some convenient tempera-
ture. Attractive as this approach seems at first sight, the experiments
are not easy to perform.

The calorimeters used in previous work have been of a number of
designs. One feature which they all seem to have in common is that
they are inconvenient to operate. Added to the difficulties of deter-
mining the enthalpy of dilution is the involved data reduction which is
necessary. Lang and Robinson4 describe a typical calorimeter, and
indicate some of the time consuming features it exhibits. Sunner and
Wadso5 undertook the design of a solution calorimeter of a more or less
conventional design. Their paper should be consulted for some of the
problems in calorimeter design. Although most papers do not indicate
how much time is required to make a series of runs, it is possible to
infer that eighteen to thirty-six months are required to determine all
of the data necessary to define the enthalpy of dilution of one salt.
This does not include the time necessary for constructing the calorimeter.
Thus, it is not surprising that not many salts have been investigated.

With this as a background it is now possible to define the goals
of the project reported on in this thesis. There were four goals.

1. To design and build a calorimeter which would be fast and convenient
to use. 2. To write and check out computer programs to reduce the data

from the calorimeter. 3. To demonstrate the system by measuring the



enthalpy of dilution of KNO,. 4. To leave an operating "system" so that
more work could be done in the future.

It was hoped that if such a system were available, graduate stu-
dents would undertake enthalpy of dilution studies in connection with
other more extensive research projects.

This thesis will describe the steps taken to accomplish the above
goals. However, it should be stated that these goals were not completely
met. The calorimeter was constructed according to designs dictated by
the above considerations, and the necessary programs were written.
Unfortunately, the calorimeter did not perform as well as desired due
to an unfavorable laboratory environment. In its present form, the
calorimeter is capable of yielding useful results in a more stable
environment. However, as it was not possible to provide a better
environment at this time, the results of this project are not conclusive.
Nevertheless, the calorimeter should serve as a prototype for other

investigations.



CHAPTER 1II

CALORIMETER SYSTEM DESIGN PHILOSOPHY

The lack of heat of dilution and heat of solution data in the
past may be due in large part to the experimental difficulties in making
such measurements. The calorimeters used were usually of the so-called
mixing type, where the energy effect to be observed was converted into
a change of temperature, which was then measured.

A number of difficulties arise from this method. In the first
place, several measurements had to be made in order to get one value.
These would involve measuring the "heat equivalent" of the reactants in
the calorimeter before mixing, and also the "heat equivalent" of the
system after mixing. Thus up to three separate runs were required to
get one value. Of course, many of the calorimeters used were so
designed that the "after heat equivalent" from one dilution also ser-
ved as the "fore heat equivalent" of the next dilution. Nevertheless,
physical limitations restricted the number of dilutions which could be
conducted in series.

In converting the energy change of interest into a change in
temperature the need for very precise temperature measurements arises.
Of course what is measured is differences in temperatures rather than
absolute temperature. However, this still presents problems. The most
common methods of measuring temperature changes before the advent of

thermistors were resistance thermometers and thermopiles. Resistance



thermometers were generally used in single vessel calorimeters, while
the thermopiles were usually employed in the twin vessel calorimeters,
generally called Joule twin calorimeters. Either type of measurement
gave rise to its own peculiar problems. If a resistance thermometer was
used one was faced with the choice of using a commercially available
coil with some difficulties in thermally coupling the coil to the calori-
meter, or winding the coil in the laboratory. The latter expedient was
usually chosen, however there were still problems associated with
ensuring an unstrained coil, and indeed in uneven temperature distri-
bution over the outer surface of the calorimeter. For example Gunn6
found that when he measured the heat of solution of KCl a "cold spot"
formed on the bottom of the calorimeter, presumably due to the solid

KC1l settling to the bottom before being dissolved.

Another difficulty with both resistance thermometers and thermo-
piles is the matter of calibration. One elther has to accept literature
values or make some attempt to calibrate the thermometer as installed.
This often involves things like establishing "fixed points" e.g., the
ice point, and assuming a specific response between the fixed points.

More recent calorimeters have used thermistors to detect
changes in temperature. For example Swanson’ describes a calorimeter
using two thermistors in series. Due to the much smaller mass of the
thermistors as compared thermopiles or resistance units, the thermistor
shows a more rapid response. Also, in general the thermistor shows a
greater change in properties with temperature than either of the other
systems. This means that it is more sensitive to small changes in

temperature. By using a small temperature change some other undesirable



effects of temperature change calorimeters are minimized.

No matter what device is used to measure the change in tempera-
ture in such a calorimeter, it is necessary to measure the "energy
equivalent” of the calorimeter. The usual technique for doing this is
to include an electrical heater in the calorimeter. Before a run a
known amount of electrical energy is put into the heater and the
resulting temperature change in the calorimeter measured. One has to
exercise care in using the heater, so that the energy change is of the
same order of magnitude as that expected from the reaction of interest.
The measurement of the quantity of electrical energy introduced into
the calorimeter through the heater involves the careful measurement of
current, voltage, and time. These requirements usually result in the
use of rather sophisticated equipment.

In addition to the experimental difficulties mentioned above,
data reduction is a time consuming process. The output from each dilu-
tion experiment, and from each calibration is either a series of time-
temperature points or a time-temperature curve from a recorder. This
has to be manually converted to a temperature change, and that converted
to an energy change through use of calibration data. Once the energy
change for a given dilution is known relative partial molal enthalpies
for one solution can be calculated if that of the other two solutions
involved are known. If two enthalples are not known, one or both must
be obtained by interpolation on a large scale graph of q)L, the relative
partial molal enthalpy, against the square root of the concentration.
In this manner a series of %-_concentration points is obtained.

There are several disadvantages to this method of data reduction.
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In the first place it is time-consuming. As much time is required in
reducing the data as in collecting the data. In the second place some
of the precision of the data is inevitably lost in the graphical manip-
ulation. And in the third place the process becomes somewhat subjective.

The major aim of the research reported in this thesis was to
produce a calorimeter system which would overcome as many as possible
of the objections listed above, and which would be designed so that
rapid collection of the required data would be the normal mode of
operation.

To achieve this aim a number of design features were adopted.

By making the calorimeter truly isothermal, it is possible to eliminate
several of the objectionable features of the older calorimeters. Since
there is no temperature change, there is no need to determine the "heat
equivalent" of the calorimeter before and after each experiment. 1In
addition to reducing the amount of experimental data that has to be
collected this step eliminates the need for the elaborate equipment
needed to measure the electrical energy put into the calorimeter.

The method of making the calorimeter isothermal was to employ a
mixture of solid and liquid diphenyl ether as an energy reservoir. The
diphenyl ether was thoroughly purified, and, since only a very small
portion of the total charge changed phase in any run, it can be said that
the reaction is isothermal. In addition to eliminating the need for the
extra "calibration" runs, the process of data collection was speeded up
by the design of the calorimeter. The ideal which was aimed for was to
make it possible to complete one dilution and be immediately ready to

start the next. This ideal was not achieved, but still it proved
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possible to make a dilution run every sixty to ninety minutes.

The next logical step in simplifying and speeding up the process
of obtaining heat of dilution data was to employ the computational abili-
ties of high speed digital computers in the data reduction. Thus, a
very important part of the calorimeter system consists of the computer
programs which reduce the data to useful form. Again the ideal was
not achieved, as it is necessary for the experimenter to manually
intervene, but most of the computation and decision making is taken
over by the program package.

One great advantage obtained from the choice of calorimeter
design was in the field of instrumentation for control and observation
of the environment of the calorimeter. 1In contrast to the racks of
"electronics" usually associated with a precision calorimeter, the
calorimeter described in this thesis required only a thermostat (home
made) and a vacuum system for operation. Admittedly, the performance
would have been better if more precise control over the temperature

of the room and the thermostat could have been exercised.
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CHAPTER 1II1

CALORIMETER SUBSYSTEM

The design philosophy given above dictated the design of the
calorimeter itself. However, additional constraints were placed on
the design by the availability of materials and of fabrication techniques.
Thus, the shape of t-e reaction vessel of the calorimeter was fixed by
the availability of 6 Inch diameter aluminum rod and by the requirement
that it should contain about one liter of solution. Similar considera-
tions dictated the design of other components of the calorimeter.

Because of the isothermal nature of the calorimeter design, it
was pessible te ceonstruct the components on a more massive scale than
is usual in calorimeter construction. In the conventienal design the
heat capacity of the calorimeter must be kept to a minimum in order to
provide as large a change in temperature for a given energy input as
possible. This requirement in turn dictates that the mass of the
calorimeter be kept to a minimum. In contrast, the phase change type
of calorimeter, the temperature is fixed at the melting point of the
working medium, and therefore the heat capacity of calorimeter components
is immaterial. 1In fact, the requirement that the volume of the diphenyl
ether chamber be fixed demands mechanical rigidity, indicating the use
of massive components for mechanical strength.

As finally constructed, the calorimeter consists of a series of

coaxial vessels. Listed from the outside inwards, the vessels are a
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vacuum jacket, the diphenyl ether chamber, the reaction vessel, and
the pipette.

The distinguishing feature of the calorimeter is the ability to
manipulate the stoppers of the pipette from outside of the calorimeter
proper, and the facility with which the pipette and the reaction vessel
can be filled or emptied. The filling operations can be performed
without dismantling any part of the calorimeter, and the control for
opening the pipette is constructed so that it may be opened, by lifting
a collar above the drive sprocket, without interrupting the stirring of
the contents. These two features contribute to the rapid collection
of data since it is possible, and indeed is the planned mode of
operation, to make a series of "runs" by emptying the pipette at the
end of one run, and then immediately refilling it and starting the

next run.

Calorimeter Design Details

Applying the design philosophy outlined in Chapter II to the actual
design of the calorimeter necessitated a number of compromises. The
calorimeter was constructed out of aluminum with the exception of certain
bearings and tubes. However, in order to present an inert surface to the
solutions undergoing test all surfaces which could contact the solutions
were coated with Teflon, made of Teflon, or, in the case of inlet and
outlet tubes, made of type 316 stainless steel.

Materials for Teflon coating aluminum were kindly supplied by
Dr. W. Mosely and Dr. R. LeBlue of duPont. The instructions which came

with the materials were designed to assist in coating cooking ware, and
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were not directly applicable to the more complex shapes of the calori-
meter parts. Therefore a development program had to be undertaken to
devise methods of applying the Teflon. These finally proved successful,
with one exception. It was not possible to obtain a continuous coating
on the inside of small diameter aluminum tubing. For this reason, type
316 stainless stell was substituted for the aluminum in the tubing. The
stainless steel tubing is part of the removable portion of the calori-
meter, and thus easy to inspect for corrosion. It would not be difficult
to replace the stainless steel tubing if it deteriorated.

Since it was essential that the volumes of the various chambers
remain constant over the life of the calorimeter, and that gooc mechani-
cal seals with no crevices be provided, most of the joints were welded.
Later experience showed that it would have been possible to use gasketed
joints, using Teflon as gasket material. The welded design gave rise to
a number of problems. 1%t was necessary to coat some of the parts with
Teflon before the welding was complete. This in turn made it necessary
to protect the Teflon coating from excessive heat during the welding.
(Teflon coating decomposes above 400°C). Thus some of the parts were
designed so that they could be filled with water during the welding of
adjacent joints.

The final design of the calorimeter consisted of a series of
coaxial cylinders. From the inside out these c¢ylinders or chambers are
called the pipette, the reaction vessel, the diphenyl ether chamber, and
the vacuum jacket.

The pipette (A in Figure 1, also A in Figure 2) is contained

within the stirrer, and therefore rotates with the stirrer. It consists
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of a chamber of 84.03 X 0.05 cm3 volume. At the beginning of a run

the pipette was sealed at the top and bottom with tapered plugs. These
plugs are connected in such a way that they may be opened while the
stirrer is rotating, thus initiating the mixing of the solutions in the
pipette and the reaction vessel. It is possible to fill or empty the
pipette through a 1/4 in. stainless steel tube, which extends to the
top of the calorimeter. The volume of the pipette is fixed by an over-
flow, arranged so that the hydrostatic heads on *both the pipette and
the reaction vessel are approximately equal.

The stirrer (B in Figure 1) is designed so that it will impart
several different types of motion to the solution. The stirrer is
shown in Figure 2, and a photograph of it included in Figure 3. The
lower section of the stirrer is a turbine stirrer which will force solu-
tion from the centerline toward the outer wall of the reaction vessel.
(B in Figure 2, also shown in cross section in Figure 2.) The opening
of the pipette is just above this section of the stirrer, and on the
center line. When the pipette is opened the solution in it (if it is
denser than that in the reaction vessel) tends to settle into the
center of the turbine. Here the solution is thrown to the outside of
the reaction vessel after undergoing shearing type mixing in the
turbine blades. 1In practice it was found that the mixing time for a
lighter solution in the pipette was in the order of three times as
great as the mixing time when the more dense solution was in the
pipette.

Above the turbine section of the stirrer is an Archimedes' screw

designed to raise the denser solution from the bottom of the reaction



Figure 1. Cross Section of Calorimeter.
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vessel to the top, and thus to promote mixing.

The top section of the stirrer is an open cage (C in Figure 2).
When the pipette is open the solution circulates through insuring
thorough mixing.

The stirrer is supported by a Teflon sleeve bearing (C in Figure
1), which also forms the top seal of the reaction vessel. At the top
of the calorimeter the stirring assembly is supported by a precision
ball bearing (D in Figure 2). Also at the top of the calorimeter is a
sprocket for the chain drive to the stirrer. The stirrer is driven at
200 rpm.

Surrounding the stirrer is the reaction vessel (E in Figure 1).
This 1s more or less a cylinder. The top and bottom of the cylinder are
conical so that no bubbles will be trapped when the reaction vessel is
filled and so that all of the solution may be drained through a 1/4 in.
stainless steel tube, which extends down through the stirrer from the
top of the calorimeter. The volume of the reaction vessel with the
stirrer in place is 1071.6 * 4.8 cma. The top of the reaction vessel
is defined by an overflow into the stirrer assembly. This is the same
place that the overflow from the pipette discharges, and it is arranged
so that it may be kept dry by applying suction to a tube that extends
from it to the top of the calorimeter.

The reaction vessel was machined from a piece of 6 in. aluminum
rod. The inner diameter is about 3 in. with most of the remaining wall
thickness taken up with fins which were machined on the outside of the
rod. These fins extend into the diphenyl ether chamber. They serve

both to support the mantle of solid diphenyl ether, and to conduct
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energy into or away from the reaction vessel. A disadvantage of using
diphenyl ether as a working medium in this type of calorimeter is that
diphenyl ether is a very poor heat transfer medium. Therefore, it is
necessary to insure that there is a great deal of aluminum surface in
contact with the diphenyl ether. The fins are 1/16 in. thick, spaced
1/16 in. apart. The finned portion of the diphenyl ether chamber
extends from just below the Teflon bearing to over an inch below the
bottom of the reaction vessel. At the top of the diphenyl ether
chamber, there is a section of aluminum metal about 1 in. thick which
acts as a heat sink for the bearing, conducting the energy liberated
in the bearing into the diphenyl ether. The top bearing of the
stirring assembly, the ball bearing, is isolated from the diphenyl
ether chamber by a 5 in. cylinder of aluminum 3 in. in diameter, with
a wall thickness of 3/8 in. It would be desirable to have a longer
path over thinner material from an energy leak point of view, but

this piece also carries the weight of the finned cylinder, and there-
fore had to be mechanically strong. See Figures 3, 4, 5 for photographs
of the finned cylinder before the Teflon coating was applied.

There are two openings into the diphenyl ether chamber. Centered
in the bottom is a 1/2 in. aluminum tube which leads to the "plumbing"
on the outside of the calorimeter proper. At the top of the chamber is
another 1/2 in. aluminum tube which was used to evacuate the chamber
during the filling process. It is also connected into the external
plumbing through appropriate valves. The diphenyl ether chamber is F
in Figure 1. A block diagram of the "plumbing" is given in Figure 6.

Surrounding the diphenyl ether chamber and extending to the top



Figure 3.
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Stirrer Assembly (L) and Finned Cylinder (R).
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Figure 4, Finned Cylinder and Bearing Supports. Meter Stick for Size.



Figure 5.

Finned Cylinder and Bearing Supports.
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