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The Heat of Fusion of Iodine and the Use of
Liquid Iodine as a Solvent in Determining

Molecular Welghts.

The following thesis i1s a record of attempts
made to determine the molecular welght of potassium
iodide when dissolved in 1liquid iodine by examining
the resulting freezing point lowering; as well as an
accurate determination of the latent heat of fusion
of iodine itself. This work is closely connected with
that of Dr. G.N.Lewis on the conductivity of potassium
iodide in liquid iodine and his work may be summarized

in the following interesting plot.

(Note. This plot may be found at the end of this thesjs.)



It is evident that the conductivity changes with a
change in the concentration of the potassium iodide and
so a study of the condition of the potassium iodide
in liqiid iodine by an entirely different method such

as that of freezing poinf determinations might lead

to interesting results in the 1light of Dr.Lewis's work .

The subject had a further interest for me because of
its novelty and generality.
The first problem to be taken up is naturally that of
purification of the iodine and the followlng methods
have been considered:
a.) Rotatiﬁg the i1odine with conductivity water
in a thermostat until a constant conductance is
reached.
b.) Simple sublimation from potassium iodide.
c.) Stas method.

d.) A modified Stas method.



Ojection to (a) was that of the difficuly of
drying the resulting iodine and the fact that only
water soluble impurities would be removed.

(v) is good as far as it goes ,but is inadequate.

(c)The method which Stas employed in the puri-
fication of iodine for his atomic weight work consists
in dissolving the i1odine in a saturated aqueous potas-
sium iodide solution,precipitating out the d1odine by
dilutior with excess water;and the subsequent steam
distillation of the filtered iodine énd its filtration
and drying.This process is rather long and is open
to the same objection as that for (a).

(d) The method adopted was the precipitation of
the relatively pure iodine from a potassium jodide
solution as in (c) and then after filtering and drying

with an air blast and over calcium chloride and phos-



phorus pentoxide,the iodine was put in a boat in a2 3!
glass tube,sealed at one end and connected to a good
vacuum pump at the other,and the fodine was distilled
in steps up the tube by careful electric heating.
This vacuum distillation yielded perféctly dry and
besutifully crystalline flakes of a very pure 1odine
and could be conducted on a relatively large scale.
(that is 10 -~ 15 gms. at a time.)

The purity of the i1odine was tested by determin-
ing its melting point in the apparatus which will be
described later. The following point was obtained by
means of a Beckman thermometer — 1/3°%4 C.

Over a 100 gms. of iodine were obtained by this
method and this was used 1n the determinations of the
freezing point lowerings.

The principal work,as the title suggests,may be



divided in two parts (A) the Heat of Fusion of Io-
dine. (B) the Use of Liquid Iodine as a Solvent and

these two subjects will now be separately considered.



A- The Heat of Fusion of Iodine.
Previous Work.

The specific heats of iodine and its latent heat
have not been redetermined since the researches of
Fauvretgnd sibvermann in 1850. Their work was highly
inaccurate as the following sketch and description of

their apparatus and method will show.

t)ﬁmrcury resevoir or calorimeter.
mz muffle where hot substance cools off.

1x pipette ,from which a weighed amount of the

substance is introduced.

1.)Ann.de Ch#mie et de Phys. 37,465,1853.



t-t® capillary tube into which the mercury i1s forced
by the heat .The length of the thread 18 read with
a telescope énd the temperature corresponding is deter-
mined from the calibration of the capillary.

0z plunger to vary the initial velume of the
mercury.

The method of operation for the heat of evapora-

—Pou{t

tion for example was to heat the pipette to boiling, of
the liquid under consideration and introduce the tip
Into the muffle and distill over 2 or 3 gms. of the
liquid. As the vepor liquified inside the mercury cal-
orimeter the heat gilven off drove the mercury out into
the capillary and the amount of heat libefated was
thus determined.

Evidently as the mercury 1s under pressure it
cannot be stirred and neither can the liquid itself.

The rate of cooling is indefinite and variable and

loss of heat very likely. Thus the method,although quite



ingenious 1s not scientific,nor accurate .His value
for the heat of fusion is 11.71 calories;and sp.heat
of so0lid iodine is .05412.

1)

Victor Regnault derives a formula for the specific
heat of 1odine by applying Newton's law to the rate of cooling
of some water,first alone and then with a glass bomb
with warmed iodine in it. As the work of Fapvre and
Silpermann was intended to correct his wvalues,little
more need be sald about Regnault's results except to
give the numerical values he obtained,namely .0541 (*.0001)
for the specific heat of solid iodine.

The values given above are those still found in the
most recent edition of Landolt and Bornstein,although

1t seems rather strange that such important physical

constants have not been redetermined more recently.

l.) Ann. de Chim. et de Phys. LXX111 ,p.5,and Pogg.

Annalen; (44) 21,228, (1840).
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The present calorimetric,was performed with a new
calorimeter of Dr.'Keyes désign in which the usual losses
and corrections were reduced or eliminated as far as possible.
The method in brief i1s the usual one depending on the ex-
change of heat between the hot body and & definite amount
of water in a calorimeter,but 2 exactly similar bombs are
used with which parallel runs are made in a precisely
similar manner,the only difference being thag one bomb
holds the iodine and the other is filled with that quantity
of water which will give the same rise in temperature when
dropped into the calorimeter.

The bomb with its charge is heated to the desired
temperature in a constant temperature bath from which it is
released and drops in a Dewar bulb or calorimeter proper,
where the rise of temperature 1s noted with a Beckmann
thermometer. As the following runs with the water bomb
start at exactly the same temperature and are adjusted to give

the same rise of temperature in the calorimeter,the specific

10.
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heats of the-iodine and the water are inversely as the am-
ounts of these two substances used.

The description of the apparatus itself 1s naturally
somewhat detailed and for the sake of clearness will be
divided 3n 4cparts as follows:-

1). The upper constant temperature bath or thermostat.

2). Mechanism for dropping the bomb.

3). Calorimeter itself.

4). The bombs.

1). The upper constant temperature bath consists
of the ususl metal cylinder,well lagged on sides and bottom
and heated electically by a resistance coil of 16 ohms.

011 is used as the circulating fluid and its temperature is
maintained within £0%.02 ¢ of the desired temperature by

means of a mercury regulator,which actuates a circuit break-
er in the main heating line. A simplified diagram of the elec-

trical connections shows this -
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where R, and Rz'are variable resistances
B zcircuit breaker actuated by magnet M through the rise of
mercury in the capillary of the regulator R,q
A= ammeter and H= Heater in the o1l bath.

By using two adjustable rheostats as indicated the
amount of current through the heater may be fixed so that just
enough current flows through the bath to heat it about OﬁOOI C
per minute and when the shunt circuit is closed ﬁhe effective
heating Js dropped to that value which will allow cooiﬁng
at the rate of about'O?OOI C per minute. In this way super-
heating or supercooling is avoided and the bath is kept at a
constant temperature in spite of the viscosity of the oil

and the consequent slower stirring.
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2). Within the bath is a vertical brass cylinder
opening outside of the bath at the bottom and terminating
in a small open pipe at the top. It is‘within this cylinder that
the bomb is heated while suspended by a fish line through
the narrow pipe. The other end of the line is fastened to a trig-
ger and 18 released at the start of the run. The lower end
of the cylinder i1s closed by a cork,which is also pulled
out at the commencement of the run. To ensure an equaliza-
tion of temperature within the cylinder a slow current
of dry air,first passing through coils in the thermostat,
finally enters the base of the cylinder and passes up and
out at the top.

Below theebéth iﬂa glass tube to gulde the dropping
bomb into the opening in the Dewar bulb and this guide tube
swings in and out of position to allow the cork to snap out.
The entire operation is controlled by one lever which causes
things to happen in the following order; a slight downward

movement snaps the cork out of the bottom of the hot cylin-
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der,a continuation. of this movement releases the guide
tube which is pulled into position and in so doing releases
the bomb which drops down into the calorimeter. A final
upward movement of the lewer closes the cover of the cal-
orimeter which had been opened just previously and the
whole operation can be done in one fifth of a second. The bomb
is partially arrested in its fall by a system of springs
and releases which bring it almost to a stop just before
slipping into the calorimeter and thus avoids splashing the
water or breaking the bomb.

3). The calorimeter is a Dewar bulb holding 500 cc.
of water With the bomb and stirrer and thermometer. It is
closed on top with a hard rubber cover and is surrounded
by a water bath. The temperature of this is‘regulated by hand
to a hundredth of a degree with the help of an electric
heating coll and water cooling pipes . Its temperature is

kept at some point within the range of the rise insilde
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the Dewar flask. It is stirred of coursq)by,a small motor
as are the other-tWo stirrers.

4). The first bombs used were made of silver dimes,
welghing about 90 gms. and fitted with heavy Ag plugs that screw.
ed into the necks. Before filling,the bombs were made to
weighvexactly alike and then one was fillled with 1odine
and made tight by using a small gold washer under the plug.
For the water bomb a 1little rubber washer was uded. These
two bombs worked nicely at 50° until a leak developed
in the iodine bomb at the joints which were poorly sol-
dered. A glass bomb was tried next but cracked on account
of some strain in the glass. Two similar bombs were next
made out of "HH" glass and thoroughly annealed by heat-
ing to 530° and letting cool down in the furnace for 20
hours. These bombs withstood the sudden temperature fall
of 100° to 20° ¢ and the shock of the drop in the calori-

meter successfully. All the bombs were of a size sufficient

to hold easily 100 gms. of solid iodine.
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Actual experimentation beganﬁwith the adjustmenf
of the thermostat to 50° and determination of the prop-
er heating and cooling values of the current through the
heater, The thermometers were also compared with the
standard; a Gerhardt graduated in 8.1 and read to 0101 ¢
with the following results; the zero of the Beckmann corres-
ponds to 18ﬁ19 C ,the thermometer in the lower water jack-
et has a cowmection of+ 0,09 ,the Gotze thermometer used in
9 o
the upper oil bath has at 50.00 a correction of - 0.11 C.
Runs were next made with the silver bomb filled with
lodine and heated to 50100 for ffom 1.5 to 4 hours.
The corrected rise for 3 runs was 0.680; 0.718; and 0,730
as taken from plots‘of Beckmann teadings vers time. It
can be shown that the maximum rise would not exceed 01753
which is within the experimental error,but this value was

not realized because the leak developed before the bomb

could be heated more than 4 hours.



o
Runs were made with the silver water bomb at 50.00

which was o
heated t1ll the rise checked to within 0.003 C

or better. One hour was found to be long enough. As the weight
of the water could not be at first adjusted to give the

exact rise found with the iodine,the amount of water was
varied to glve values on either side of this temperature

rise and the correct weight of the water found from s plot

of temperature rise versus weight of water.

0
The results of the runs at 50 may be summarized by

these figures; the weight of iodine =109.84 gms.

the Weig'r\t of waler = 8. 911

The data for the determination of this weight of
water 1s as follows.

#Run; Time of Heating Rise Wt. of Water.

#8 2 hours 0.693 8.647 gms.
79 17 hours 0.6S0 8.650
#11 1.1 hrs. 0.823 9.539
#12 0.83 0.821 9.534

The variations in the weights of water may be due to the




difficulty in weighing a bomb with a large surface with-
out a suitable coﬁnterpoise. it is evident that the rub-
ber gasket was tight and also that the time was sufficient
in every instance.

From the values the'plotted value for the weilght of
water necessary for a rise of 0.7%0 was found to be 3.9/l
gms. and therefore

Wt. of water _ Sbp. heat iodine

-

Wt. of iodine sp.heat of water

or §qy_ X
109.84 1

X = 0.0813 calovies Qer Q.

The temperature of the upper bath was next shifted
[}
to 100 and the current readjusted to give the desired
constancy. Runs were then made in the same manner as

Previously indicated,starting with the iodine bomh as

beforee.

1%,



The results are briefly as follows:

#Run; Time of Heating. Rise, Wt. of lodine.

13 4 2.431 91.81/Bomb broke in
calorimeter.

14 42 1.779 105.53

16 15 Irregular on account of poor stirring.

17 21 1l.652 105.53

18 70 1719 v

A lack of time prevented the complete results from
being entered in this thesis,but there ds sufficient data to
enable one to obtain an idea of the precision of the
method.

The weight of the bombszand their charges was
known to withint0.05 gms. in 100 gms or 0.05%

The weight of the water added to the calorimeter was
constant withint0.05 in 500 gms. or .01%

The temperature drop varied in the different runs

e ()
P088iblyiQ.1.1A%30.0 or 0.3%
o
but could be corrected to 20.03 C or 0.1%

The temperature rise in the Beckmann was probably with
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£65002 G in 0.700 or 0.3%
and much greater precision with larger rises.

It is probable therefore that the resulting calcula-
tions are insilde of £0.5% and could be bettered by ap-
plying corrections which could be calculated from existing
data. The error due to the lag of the Beckmann thermom-
eter behind thé true temperature rise 1s important, but
has not been determined here. Such an error could be el-
Iminated by the use of a platinum resistance thermometer
which has practically no lag. It has also been assumed that
the stirring was constant and hence the heat put into the
calorimeter by the stirrer was constant. However,the heat
capacity of the contents of the calorimeter 1s changed
when the bomb drops in,but the change im heating from the
Stirrer due to this effect is small and cancels out al-
most when the water bomb 1§:§§ed compared with the iodine

bomb. Similarly ,if exactly the same rise were obtained
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on the Beckmann with both bombs there could be no error
due tovvariation in the bore of the Beckmann capillary.
This exact parallelism of rise was closely enough attained
to exclude this error however. Errors due to change in the
rate of radiation were also negligible as the radiation
loss ﬁas-very small and the temperature of the water bath was
kepy constant to withint0°01 C.

The results of the calorimeter work are uﬁsatisfac-
tory in one respect,namely that the value of the heat of
fusion was not obtained ,but there was obtained evidence
of something more important than the rest of the thesis
put together and that result is an indication of an allotropic
form of iodine. As Dr.Keyes suggested,the high value of the
specific heat as determined at 50,indicatesd that there
1s being liverated heat due to some tran8formation of an
unstable to a stable phase at a temperature between 56>and

0
20 ¢,



Even if this heat of reaction is distributed over
o
the range of temperature from 90— 98 as was done in Reg-
nault's determination,the resulting value is still much

higher than that of .0505 demanded by Dulong and Petit's
law.,

Further evidence of this is found in the long time

required for the bomb to come to a thermal equilibrium,

Jus't

thus ,42 hours heating at 100 was sufficient to give

A

a constant value for the rise of the Beckmann, or in other
function

words the apparent specific heat seems to be a

of the temperature. It is inconcelvable that the con-

ductivity of the solid iodine 18 low enough to explain this,

for if such were the case it would be a far superior heat

insulator to any now known. Therefore it seems evident that

some allotropic form of iodine is formed in these experiments.



B.-The Use of Iodine as a Solvent.

Until very recently but little work has heen done
on the use of liquid iodine as a solvent in molecular
weight determinations. An Italian,F.0liveir,found the val-
ue of the moldl freezing point lowering constant,or égg;s-
sium to be 213 by dissolving the following lodides in
an iodine melting at 113.4 C.;-As X, ,PbI,,Snl, and Hgly .
He also used as solutes various organic substances that
did not react with molten jodine and got normal molecu-
lar weights in general. He found ,however,that sulpher
formed S in a solution of iodine;while Se 1s present as
Sey and tellurium as Tel, .

Furthermore;with potassium iodide the molecular
weight is near the normal value but 1t first Increases
and then decreases with increasing concentration. Owing

to the great hygroscopic power of Cal, and SiI, no satis-

1.) Chem.Zentralblatt,I,408;1910.

2,) H 11,136,1910.

22,
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factory results were obtained.

Beckmanny;orking on the same subject found a value
of the constant K to be 210; while Timmermanygot a value
of 253.5. These results indicate that they took for their
heat of fusion that of one gram-atom and not that for one

gram-molecule,as is done in the following mathematical
treatment.

If we assume no association nor dissociation
of the solute in the solution we can derive an enuation
which is exact,depending only on Raoult's law & the Gas
law.This may be done in the following manner:-

If to a mixture of a solid in equilbrium with
its 1iquid a solute be added which dissolves in the liquid

but not in the solid,the temperature of the mixture will

3) Zeit. fur Anorg. Chem. 63,63; (.11 789.1909.

4) Journ. de Chim. Physique 4,170;C 11 197.1906.
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fall & the vapor pressures p,&p of solid & liquid respec-
tively will be lowered. This lowering is due to two
causes,(1)the effect of the solute& (2) the lowering of
the temperature;or mathematically:-
dp= (dp/5N)aN + (3p/oT )ar 3
where N is the mol-fration of the solute or n/nn’ .
The change in the vapor pressure of the solid is
dp = (dp/>T) az 2)
but the solid & the solution are in equilibrium &
dp=dny 3)
By combining (1) & (2) & (3).
dp=dp=(>1/>T )aT=(>p /3 NN + €p />T)ar

or @g@Tk—(bm@ﬂf(bmhﬁ&g 4)
daT

but the influence of temperature on the vaporpres-

S
sure of a liquid or solid can be shown to be:-

5) Lewis,Proc.Amer. Acad.,37.53(1901)



(dm/>T), = /T & ©p/>T), = 1/Vr

where Is & L are respectively the molecular heats of vap-
orization of the liquid & solid under constant pressure,
and V is the volume of the vapor at the temperature T.

By subtraction of one of these equations from the

other}we obtain:-

S QT)/— T .’—'L—L .'—..-.-A—H—-
(OpaT), - bp/oT), S AL

where aH is the molecular heat &f fusion into the solution

at the temperature T.

by substitution in 4) we get; -~
(c)p/aN)r Vli 5)

Now, from Raoult's law we know that

P =_mn_=N or p=p (1-0VN)
p‘ n‘+n

Differrentiating this last with respect to N

i

SphN=-p=_"P _
1. N 6)



and by substituting 6) in5)

AN = _ag (1-N)
4aT pVvT

Simplifying, by introducing the Gas law,RT=PV ;& replac-
ing T by T, + t,where T,is the freezing point of the sol-

vent(absolute scale) we obtain;-

daN = _aAH(1 - N)
dat R(T, + t)*

In order to integrate this expression it is only necessary
to express OH as a function of the temperature.Thus if
AH, is the molecular heat of fusion of Llat its melting
point & 4G, the difference between the molecular heat ca-
pacities of the solid I, & the solution;then

AH = aH, + Act

We can thus obtain the final differential equation:

dN = -(AH,+ac,t)(1 - N)
at R(T, + t)™

This can be integrated in the usual way,noting that when

t=o0 yN=0;as t corresponds to -at,the freezing point lowering

26.
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with the following result:-

1n(1-N)=4041 n(T + (AH - AQT)t
RT(T,+ t)

This is perfectly exact & general and only involves those
two assumptions that have been mentioned.For dilute solu-
I'4
tions where N is small we can get a more usefull form by

expanding into a series,since when N = o,t = 0 & obtain

N=AH Wt - 1/2‘AH. + A_c,__g’mj
RT,* RT H T

whereat is written for —t)as has been indicated.

Using the following values for the constants:

AH=(11.7%254) = 2975 calories per gram-mol.
R = 1.99 calories per degree
T = 113 + 273 = 386

¢ small & undetermined so neglect.

we obtain N = 2975  \t - (01002 —.00518)A t.:{
1.99%386)

N = o0.0l002(at — 0.002424at)

& for small values of ot

/




In the plot of results at the end of this thesis will
be found this value of N plotted against assumed values of
At,glving the straight theoretical line for dilute solutions.

In calculating and plotting the results from the exper-
iments it wés assumed that only an infinitesimal portion of
the solid separated out when the freezing point was taken as
otherwise the actual concentration would not be known.
Evidently as the theoretical 1line is based on the assumption
that no disassociatlon or associlation took place we can find
the smount of this change by comparing the theoretical and

experimental results.

R
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The present work undertaken consisted in merely
adding to a pure liquid iodine solution,whose melting
point was known on the Beckmann,known amounts of potas-
sium iodide in the form of little pills and then deter-
mining the freezing point of the resulting solution.

The apperatus used for these determinations was of
the customary Beckmann type,consisting of a sort of
large glass test-tube about 3.5 ¢w imdiam. b em l°“9
fitted with a ground glass joint at the top for the cover,
which was also & glass bulb but had two openings: a large
central one for the Beckmann thermometer and a smaller
one at the side for a platinum wire stirrer. The whole
was supported by a woodeh frame and fitted within an
etectrically heated thermostat,which also had pipes for
water cooling. The current at 220 volts or 110 volts could

be adjusted by a hand operated rheostat and was also



supplied to the motor which drove a stirrer within the bath.
As the temperature was around 11400,an oi%:§§;; was used
as the clirculating fluid and its viscosity was small at this
temperature. The method of procedure was in general like
this; the bath was brought up to a little above the melting
point of the 1odine solution and kept there until the i1odine
was completely melted,~ in about an hour;then the temperature
of the outside bath was quickly dropped a degree ot two
by the cautious use of the cooling water pipes and the grad-
ual drop of the Beckmann noted every 30 seconds while stir-
ring the interior contents of the tube with the platinum
stirrer. After the freezing point was reached as indicated
by a halt or even a rise of the Beckmann,the current was
turned into the thermostat again and the process res
peated till three consecutive concordant readings were ob-

tained.

30
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The preliminary experimental work consisted in
the standardization of the Beckmann thermometer.This
was done by direct comparison of the Beckmann with

which

a good glass scale thermometer,#976@ﬁyas first tested

. (]
for its ice and steam point and a correction of 0.1 C

(2]
was found at 100.C. Then in the o0il bath in a series
of eight trials,the zero reading of the Beckmann wes
found to correspond to 108.0 ¢ (# 0.1 corrected) on the
standard.
The freezing point of the pure i1odine was next deter-
mined as previously indicated,both with stirring and
without,and the following Beckmann teadings obtained
5400;5.397; 5.391; 5.389 corresponding to a melting

[
point of the pure iodine of 113.4 C.
e

The work was azbout a month and one half now con-

sisted of adding the potassium iodide pills and getting

the freezing points of the solutions.The potassium iodide

itselr was Kahlbaum's,testeé.for purity by conductivity
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measurements and carefully dried 1n vacuum and kept

in a desiccator. These pills could he added to the liquid

iodine by 1lifting out the Beckmann slightly and dropping

them in. As the iodine vapor is heavy little of it was lost

while adding the pills. In general the freezing point

was attempted soon after dropping in the pills,which of

course dissolved quickly but it was found the freezing point

suffered considerable variation,rising after a pill was

added to a maximum and then gradually sinking to a lower

constant value,which was taken as the true temperature

between the solid solvent and the solution. This variation

in the freezing point was rather troublesome,but could

not be avoided. At times it seemed to qiend on the length
of time the lodine was heated and at other times

on the amount of superheating,both of these tending to

to give high and variable freezing points. This was es-

Pecially noticeable in the first runs each morning when
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both of these factors would be at a maximum. However,
the most gautious heating and the most rapid determin-
ations that could be made,4 or 5 in an hour,failed to
eliminate these variations. On the other hand,overheating
the iodine and rapid supercooling woﬁld sometimes yield
excellent check results with other methods. The stirring
had a slight influence if any,as it became almost me-
chanical and constant from long practice. It is also
inconcelvable that the Beckmann changed either by a dis-
tillation of the mercury up into the resevoir or by a
gradual change in the volume of the glass bulb. Evidently
1f the glass took a few hours to expand fully,this would
cause the temperature readings to fall off from a high
value to a lower constant one. To eliminate this possible
error,the thermometer was immersed in a steam bath when
not in the hot iodine solution,but no difference insthe

Phenomena was noticed as a result of this treatment.



The only other explanation was that of a chemical

reaction between the potassium iodide and the iodine

and some evidence of this was found in the more con-
centrated solutions,for on cooling them there was a marked a
and rapld rise before the gradual fall that immediately
preceeded the freezing point. This rise was of much larger
proportions than that which is due to a slight supercooling
at the freezing point.

Another difficulty,which was however easily overcome,
was the accurate weighing of the iodine. Evidently the
welght of solvent taken right before a series of runs will
not remain constant during them on account of the constant
distillatjoh of the 1odine from the solution to the upper
cooler portion of the bulbs. By weighing the top and bot-
tom portions of the apparatus separately,the weight of the
subliméd iodine could be foun@ and for a short period this
loss was assumed proportional to the time of heating and by
making this allowance,the true weight of available iodine

that could act as a solvent was determined.

34




The experimental results,including over 200 separate
detefminations,are briefly summarized in the data sheet
following and in the plot of results. The data is arranged
in three columns,each line across representing the average
best values for a single point. At the left 1s the freezing
point lowering as read off the Beckmann,and following it is
the concentration of the potassium jodide per 100 gms. of the
liquid iodine,and also as mol.fractions of solute, It will
be noticed that the molecular weight of i1odine is used through-
out and not the atomic.

In plotting this data a break in the curve will be no-
ticed which 40 runs failed to smooth out. The only difference

| one
between that point and thehpreceeding is that the first large
Potassium iodide plll was added there. From the plot,which
is on a very greatly reduced scale,it is evident that in very
dilute &olutions the potassiwm iodide behaves normally,-i.e.

follows the theoretical straight line,-but as the concentra-

tion increcases the lowering of the temperature 1s not as large

35.



3b.

as would be expected,or in other words the potassium iodide
is associated. As a matter of interest the percentage of as-
sociation has been’calculated.at the following values of ot &
Nl

at Mol.fraction KI added  Percent association.

0.1 .001 0%
0.5 .0064 21%
1.0 .017 35%
1.5 .0235 42%

.These values are not very accurate but indicate the

trend of the association.
weight of The W

The can bhe determineé to
within .0002 gms. in .0200 or more or about 1%

The weight of the,iodiné was determined to within 0.1
gms.: in 100 or about 0.1%

The Beckmann reading was not excepted unless 3 readings
checked with .002 or ahout 1%

So that the resultant precision was never better than

one pereent and may have been worse.



3.

Summary.

To conclude,the results of this work are ! —
1). That potassium lodide exists in liquid iodine in the
normal state in very dilute solutions,but that association
sets 1n as the concentratiton is increased.
2).A precise general equation has been developed and inte-
grated for the theoretical relation between the concentration
of the solute and the freezing point lowering.
3) .The calorimeter work shows an abnormally high specific
heat for the solid iodine as well as a very slow approach to6
thermal equilibrium conditions,from which it is concluded that
a possible alletropic form of jodine exists within the range

of temperature investigated.



The following is a table of experimental

for final plot of results.

At

+ 050

.060
.138
« 239
« 303
379
.489
629
579
.669
.889
1.289
1.519
1.488
1.686

2.155

Where N =

7

n
n,+ n’

Gms. KI
lo0 Gm. 1

.0276
« 0463
0971
+1680
2327
3016
«413
511
.651
841
l.102
1.572
1.820
1.764
1.784

2.380

Gms.KI/166

n‘+ loo/254

data as prepared

. 000422

» 000708
.001488
.002564
+ 00355
00459
. 006285
+00775
.00988
.0127
01659
02356
«0272
.0263

. 0266

+0352

3%.



(V. ]

Y na

Q

HBa




v GOV AR CIME1TE0d

ALY

LIBa_y_h

IcH




‘The Photographs.

The accompanyling photographs give a clearer idea of the
calorimeter than any written description can. In them, can be
clearéy seen the constant temperature bath with its stirrer
and 2 thermometers above,and below the water bath surrounding
the Dewar flask. Between the two are the guide tube,thermom-
eters,stop-watch,stirrers etc. ,and at the left the lever

that operates the whole.

i#l.
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