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1.

Propositions

The vawnor pressure and latent heat of evaporation of
the volatile constituent from its solution mey be derived
from eliminetion curves of the type discussed by Embree
in connection with the moleculer still (J. Ind. Bng.
Chem, 22, 975 (1937) ). The derivation hes been carried
out for a particular case.

The following mechenism agrees with experimental ob-
servations on the thermel isomerization of cis and trans
dichlorethylene cetalyzed by iodine:

Ioo 21

I -C—CI

[ —

I -7 —1TI

-
LK ;; CI

A guess as to the structure of the intermedietes CI and
TI might be thet they are the erythro and three dichlor-
iodoethyl free redicels.

AE for the reaction cis—02EJC12 — trans-CoH,Cl, is pos-
itive. TFrom considerations of electricel interactions it
can be argued that the resonance energy of cis CgHgClg
ought to be larger than that of the trens isomer. Thet
there is grester resonence in the cis isomer is in agree-
ment with the inconclusive observation of Brockwsy, Beach,
and Pauling that there is grester CL=C double bond cher-
acter in this isomer (J.A.C.S. 57 2695 (1935) ).

For the photochemical addition of chlorine and bromine,
respectively, to the acetylene dichlorides similer reec-
tion mechanisms may be proposed.

A meesuring condenser of the construction shown in Fig.
was used for dielectric constant measurements, and an e-
guation of the form R Z A - BCEL wes assumed to releste

' B - Ct
the dielectric constant of the liguid to the totel cap-
acity, R, of the condenser. The constents A,B,C were de-
termined by calibration with three stenderd fluids.

The equation so obteined will hold for 211 values of £
if the inner and outer boundaries between fluid snd gless
are eyuipotential surfeces.

If each element of the boundary mey be considered an
eguipotential surfece but if some elements differ in po-
tential from others by a small fraectionel emount not
greater thana, then within the calibration renge the

ii
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10.

It might find avplicetion in single-sidebend readio
trensmission.

There is merit in requiring the formulation of pro-

positions by cendidetes for the Ph.D. degree in chemistry.

It is possible that it would be worth while to permit
students to register specificelly for units for work on
their propositions--perhaps to encoursege them to do so.

Todine shows an anomelous dipole moment in benzene
and a conductance in cis-dichlorethylene. In connection
with these phenomene and their possible explenation in
terms of the formation of complexes the following mees-
urements would be of interest to meke:

2. Conductance of I_ in C H401§ alone.and with CgHg
added. b. Conductence 6f I, In CpHyClp with trens
CoHpClg added. c¢. Dipole moment of Is in trens-dichlor-
oethylene. d. Dipole moment of Io in cyclohexane with
benzene added. e. Compsrative behavior of bromine.

The reported velues of the dielectric constents of

liguids sre generally in very poor agreement. The pre-
paration of a set of trustworthy velues would be useful.

iv
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Abstract

An investigation of the thermal iodine-catalyzed isom-
erization of cis- and trans-dichlorethylene was carried out.
The reaction c1sCoHoCly, —™ transCoH,oCl, and its reverse
were studied in solutgong in dichlorethylene, benzene, and
cyclohexane, at different temperatures, and with different
concentrations of iodine and dichlorethylene.

The following differential rate expression is in accord
with the kinetic data for all the solutions studied:

a(c) =[k x(1) + (c)]
dat |

in which equation k 18 a rate constant depending on lodine
concentration

K is the equilibrium constant {(C18CoH2Clo)

(transCpoH2Clp)
C and T are respectively cis- and trans-
dichlorethylene

the concentrations are expressed in mol
fractions

In 10 mol percent solutions of CoH Cle in benzene, over
the temperature range studied (140° t6 160 for k, 150° and
185° for K)

k= 1.30 x 102 ¢-15650/T K = .617 e580/T
/(12)

wheﬁ the time 1s expressed in hours.

In the other solvents the values of the numerical con-
stants in these expressions were only slightly changed.

The mechanism following is proposed as probable for the

reaction:
12 e 21 I +CZZ CI

CI =X 171 TI =T+ 1

For the estimation of the composition of the solutions
containing the two dichlorethylene isomers a dielectric-con-
stant measuring apparatus was built. With this apparatus
curves relating dielectric constant to composition were ob-
tained for several liquid systems.



THTRODUCTION

Kinetic deate of cis-~-trens isomerizetion recctions
are not sbundent. This reseerch wes undertasken in gen-
erel to add to these dete, and in prerticular to extend
to another peir of isomers the investigetion of the me-
chanism of iodine-catalyzed cis-trans isomerizestions
begun recently in these laboretories by Professor R. G.
Dickinson and Mr. Harry Lotzkar.

The symmetrical dichlorethylenes were chosen for
study becsuse they are among %the simplest of cis-trens
isomeric peirs, beceuse their dielectric properties
offer a convenient meens of anelyzing their mixtures,

and because they are resdily aveileble.
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General Discussion

Cis~trans isomerism exhibited by substituted ethyl-
enes having two different stoms or redicels attached to
each cerbon etom involved in the double bond is interpre-
ted in terms of restricted rotetion ebout & cerbon-cerbon
double bond. The phenomenon of isomerization represents
an alterestion in configurstion of the molecule which may
be described as & 180 rotation reletive to esch other of
the two double-bonded cerbon stoms,with their substituents,
about the double bond. In the cese of an uncatelyzed thermal
rearrangement of this kind,isomerizetion mesy occur when the
thermal energy of the molecule is grester than the barrier
restricting rotation. A substance which would reduce the
rotation-restricting barrier without becoming permenently
attaeched to the isomer would be expected to cateslyze isom-
erization. Radiation absorbable by the isomers might also
promote rearrangement by exciting the molecule to a state
in which rotation could occur.

Meny examples of isomerization reactions are known (1).
Que is that of the meleic-fumaric acid system. Isomeriza-
tion in this system has been observed under each of the
three conditions alluded to ebove, i.e. thermal (2), cata-
lytic (3), and photochemical (4). Another example which
might be mentioned becesuse of its similarity to the resction
studied inthis research is the conversion of cis-cinnamic
acid to trans-cinnamic acid,which reection is catalyzed by

iodine (5).



It should be wnointed out that isomerizestion may occur
by other processes than one recuiring e rotetion esbout the
double bond. Such a process is involved in Olson's theory(6)
of the bromine-catalyzed isomerization of dibromethylene.

The rearrsngement mey be pictured eccording to this theory

as involving s Br ion which approaches the face of one of

the double bonded cerbon's tetrahedra oprosite the bromine

atom originally attached to this cerbon etom. When the ap-
proaching bromine ion is close enough, the originelly at-

]

[=h

tached bromine atom goes off as a neg

[2u}

ve ion, the remein-
ing positively-charged cerbon atom inverts and forms & bond
with the approaching bromine ion. This theory is enalogous
to that proposed for some Walden inversions occurring under
similer conditions. As applied to Vielden inversions the
theory hes received substentistion through experiments on
inversions brought about by redioactive iodine (7). It is
a theory which cennot be applied, however, to resctions
cetalyzed by ions other then those corresponding to the
gsubstituent groups in the isomerizing molecule, and is
therefore not appliceble to the reaction studied in this
research.,

Another theory of healogen-catelyzed isomerizations
which is appliceble to the present case has been suggested
by Berthoud (8) in connection with a study of the iodine-sen-
sitized photochemical isomerization of cinnemic scid. Ac-
cording to this theory the reaction catalyst is estomic
iodine produced by photochemical dissocistion of the iodine

molecules. Presumably an iodine stom may resct with the



acid by breeking the double bond end attaching itself to
one of the freed valences., This process supposedly leads
to the formation of an unsteble iodine-cinnemic ecid com-
plex with a single bond in plsce of the double bond. Be=-
cause the strong rotetion~restricting cherscteristics of
the double bond are no longer present this complex may
undergo a rotation before it decomnoses, so that when this
decomposition does take place either isomer may result de-
pending on what configuretion the complex happens to have
at that time. This theory is much less restricted in
scope than the ionic one discussed above, and is thought
to offer an essentially correct explenation of the isomer-
ization studied in this thesis.

The final product in & thermel isomerizetion, cat-
alyzed or uncatalyzed, must obviously be an eguilibrium
mixture of the isomers. This is not true in the case of
a photochemical isomerization. A cese in point is thet
of maleic and fumeric ecids. The free energy reletions
are such that at any temperatures suitable for experi-
ments equilibrium corresponds to precticelly pure fumeric
acidese Thus it is found thet thermal catelyzed (3) and un-
cetalyzed (2) isomerizetions ere cepsble of converting
maeleic acid entirely into fumeric acid end ere not capeble
of doing the reverse. 1I%t is possible, however, to convert
fumeric acid to meleic ecid by irrsdietion with ultreviolet
light (4). The effectiveness of absorbed light in bringing

e

eabout en isomerizetion, and the composition of the steedy
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state mixture would be exnected to depend on the absorption
coefficients of the isomers for the rediation used, the
type of excitation produced in the molecule by the redie-
tion absorbed, end the behavior to be expected from a mol-
ecule thus excited. A theory of photochemicsl isomeriza-
tion involving these considerations hes been proposed by
Olson(9).

It asserts that a light absorption effective in isomer-
izetion produces an electronically excited isomer molecule .
A lower rotetion-restricting barrier is ettributed to the
excited molecule then to the normal one. Accordingly, if
the oscilletionel energy of the execited molecule is suf-
ficient, it mey sctually rotete before returning to the nor-
mel stete. DNow if the potentiel energy of tre configuration
of the excited molecule corresponding to one of the isomers
ig different from that corresyonaing to the other, it is %o

b

o

presumed thet the velocity of rotetion will be slower
while the molecule is peassing through the configuretion with
the higher energy. The time in this configuretion will be
longer than in the other., If the »robebility thet en ex-

cited molecule will retTGrn %o the normel stete is indeven-

o

dent of the configuretion of the excited molecule end if
trre lifetime of a roteting molecule is long compered with
its period of rotetion its w»robsbility of returning s a
cis molecule will be proportionel to the frection of the

rotetionel period svent in the cis configureticn (meening

by cis configuration eny configuretion which on deactive-



tion produces & normal cis molecule). When the rotation is
.

slow this frection would bz expected to be either very smell

or necrly 1 dependiny on wnether the ¢is or trens configure-

tion represcnts the lower notentiel cnergy, erd it would be
expected to aprrosch % £s the velocity of rotation becomes

xy

lerger. ith the mentioned essumptions the theory is seen
t0 predict that tue composition of mixtures of cis-trens
isomeric pairs corresponding to the photochemicel stesdy

tete would shift with increasing temyersiture towerd oune of

02

helf end helf. It 2lso expleins the fect that it is often

+y

possible to obtein photochemicelly from the more steble
isomer mixtures with & preponderence of the less steble one.
Olson end learoney studied the photochemicel igomeri-
zebion of geseous dichlorethylene (10). The velues they ob-
teined for the compositicns of steedy stete mixtures et ver-
ious temperetures did not differ very much from tre velues
for the tnermsl ecuilibrium mixtures which they remorted.
This may be & fortuitous coincidence. 0On the other hend,
subsevuent to their exnerimeuls evidence hes becen brought
forth indiceting thet chilorine etoms sre produced in di-

chiorethylene b redistion of the prover wavelewngth {(11).

e
i
s

It is possible thiet under the conditions of Clson's ¢

tleroney's exveriments chlorine ctoms viere vrodauced snd thet

;‘
A
5}
)
&
s
o
0
i
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"
4
v

the isomerizeti crhlorine-atom=catelyoed
isomerizetion. This would explein the similerity between
the compositions &t eguilibriwm e#nd in tre pholochenmicel

steedy stete.
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5 lerge veriety of cotelysts sre effective in different

isomerizations. Anong them sre helozens, nyarogen helides

—_—

12), oxides of nitrogen (13), colloidsl sulrhur (14), the
elkeli metels, pelledium, nistinum (15), selenium {16). An
attembt has becn mede o correlete the effectiveness of these
cefalysts with tie existeﬁcebof wnpeired electrons in them

or in species in ecuilibriwn with them (15). This sttempt
wes somewhet discredited, however, by the Tinding (17) thet
the catelytic efficiency did not beer eny simile reletion-
ship to the megnetic moment of the cetelyst.

The juestion msy be resised as to whether or not in the
cagse of en isomerization involving rotetion about the double
bond en inversion is elso required. If the rotetion is
pictured as occurring ebout one bond wher by some mesns the
other nes been broken then, if the cerbon stoms heve retsined
their tetrahedral coufiguretion, en inversion will certeinly
be recesscry before the broken bond ceun be reformed with the
molecule in the isomerized configuretion. On the other hand, if
the tetrehedrel structure is lost during rotetion the guestion
as to whether or not ean inversion eccompsnies tne rotation
is one of definition. The significent incuiry would seem to
be s to whether en isomerizetion reyuires the occurrence of
two distincet processes whnich mey be celled rotetion end in-
version’the rotation being eble to occur without the ne-
cessery occurrence of the inversion, or whether it involves
only one indevnendent process. Experimental evidence opn this

noint seems %o be lacking.
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Freliminery Discussion of Ixperimental Results

It would secm profiteble &t this woint to enticipete

the deteiled presentetion of the dete obtained in this re-

]

search end the discussion of individuel series of experi-
ments by a preliminary discussion of the conclusions to
which these experimentel dete lead. This method of presen-
tetion should facilitate a criticism of the resesrch in thet
it should be eesier to beesr in mind the comperetively few
proposed generslizations while exemining the experimentel
details then to remember all these details while examining
the conclusions proposed to be drawn from them.

The reactions studied were the thermal iodine-cata-
lyzed isomerizations

cisCgHoCly — transCpHpCly
transCgHoClo—> cisCgHoCle

These reections were carried out in the liquid stete in
systems containing only the two isomers and the catalyst,
and also in solutions of these substances in benzene and
in cyclohexene. The reaction temperstures varied from
140° to 160° in the rete experiment and were 150° and 185°
in equilibrium experiments. TIodine concentrations varied
from .014 to 0013 expressed in mol fractions, and ex-
reriments were also conducted in which no iodine was pre-
sent. The dichlorethylene concentretions studied were
100, 20, 10, end 1 mol percent, the 20% and 14 solutions
being represented each by only one experiment. The reeson

that more experiments et different concentrations were not
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made is that those that were mede indicated no zppreciable
change in behavior with concentration, and that the ana-
lytical method employed wag neither precise at low total
02H2012 concentrations nor at any total 02H2012 concentra-
tions for which a separete calibration of dielectric con-
stent of the solution ageinst its composition in terms of
cig~and trans-dichlorethylene had not been mede. Varia-
tions in the reaction time of rete exveriments were from
about seven to ebout fifty hours.

The important generalizations of the experimental ob-
servations thet can be mede are:

(1) That the expression for the rate of isomerizetion
in solutions of 10 mol % CollsCls in benzene may be repre-

gented by the equetion

d(cisCoH,Cls) = k [ K(trensCaHoCls) ~ (cisCoHoClp)]
at

where ¥ is the equilibrium constant (cisCsHsCls)
(transCyoHoCls)

+580/T
617 e

and X
where k depends on the iodine concentration

end k = 1.30 x 1019 ¢-15550/T VTTE)

where the concentrations sre expressed in mol fractions.
This eguation represents the observed results over the com-
plete range of conditions studied,within the experimental
accuracy .

(2) That the rate expression is identicel in form and

its constants ere nearly the same for reections in the other

solvents, i.e. in cisCpHpoCls, transCgHpCls, snd CgHlg.

Any proposed reaction mechasnism must be competible with
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these generalizetions. As possibilities might be considered
the two theories of halogen cetelysis of cis-trans isomeriza-
tion referred to in the general discussion. As mentioned
there, the ion catalyzed mecheanism in the form proposed by
Olson (6) is not aprliceble; however, it would be possible to
propose en ion catelyzed mechanism which would not be subject
to the limitations of Olson's scheme. lloreover, such a mech-
anism would be expected to involve & helf power dependence
on iodine concentration as was observed. The alternative
proposal of an atom-catalyzed resction (8) would slso leed
to a sguare root dependence of rate on iodine concentretion.
This laetter mechenism which hes been accepted a2s preferable
for reasons which will be discussed may be represented as
involving the following elementary reactions.

Ig —= 21 (1) and (1'")
I +C—>CI (2) and (2')
CI =TI (3) and (3')
T — T 4+ I (4) and (4')
where  C represents cisCplsCly
T represents transCoHoCls
CI represents a complex formed by the reaction
between C and I
TI represents a complex formed by the resction
between T and I
The usual treetment of this reaction scheme assuming
thet the atoms and complexes remein &t low concentrstions

yields the rete expression

-d(c) = I/_ic_l {Tp) kokoka(C) e korkuik,(T)
dt Kl' kZ'kS' + k2|k4 + ngé
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This mechanism and rete expression is idernticel in form
with that suggested by Dickinson and Lotzker (5) for the
iodine cetalyzed cise-cinnemic acid isomerization. The
experimental results differ from theirs in thet in their
cxperiments the back rezction, trens —> cis, was negli-
gible, whereas in the present csse the velocities of both
resctions are of the seme order of megnitude and conse-
quently none of the constants in the sbove rate expression
is . zero.

It may be seen that this derived rete expression is
of the same form as the empiricel one set forth in the

first generalization and becomes eguel to it uvon equeting.

k_ = |k kokaky
U(I{?) ki, [Kélk.z' + korky + k5k4]

and K = kotkz'ky!
kokgky

There sre two experimental observations which beer on
the guestion of choosing between an ionic and an atomic me-
chanism for the catalysis. One is the second of the above
generalizations perticularly the pert with reference to the
near equality of the constants in the rate expression for
the reaction in cisCgoHsCly and in trensCpHoCls or benzene.
If an ionic mechanism were involved a considereble efiect
on the rate might be expected by changes of solvent involv-
ing changes in dielectric constant of the solutions. The
dielectric constant of cisCpHpoClp is about 9.25 whereas that
of benzene and of transCoHsCl, is ebout 2.25. The fact thet

the observed reaction rste sterting with pure cisCpHyCl,



15

is almost the seme as that starting with trensCpHosCls or
thet observed in benzene solutions indicetes thet this sol-
vent effect was not present.

The second observation which reinforces this argument
ageinst an ionic mechanism was mpde rather accidentelly. 1I%
was originally proposed to determine the extent of the re-
action in a given experiment by meesuring the chenge in di-
electfic constant of the solution containing the iodine
catalyst. In attempting to do this with some of the solutions
in cisch2C12 the electric oscillations in the dielectric
constant apparatus were feeble and with the more concentrat-
ed iodine solutions it was impossible to set the circuit
into oscillation. It wes guessed thet this cuenching of
oscilletion was caused by dielectric losses in the solution
due to conductance. To test this theory qualitastive conduc-
tence messurements were made, and it wes found thet iodine
solutions in cisC2H2012 did indeed conduct. The approxi-
mate dateare as follows for conducteance measurements made
in a cell with reported cell constent k = 0.21 (specific
conductance of cell filling liguid = k x measured conduc-

tance of cell).

Conc. of Ip Solvent Measured resistence
(gms/ce) of conductance cell
(ohms)
.005  cisCgHglly 92,000
02 ¢isCoHo01, 63,000
saturated ce1, =107
J 7

- cisCoHoCly 6 x 10°
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These date imply thet in the cisC HpCl, - Ig solutions

2
there is a considerable ionic concentretion and thet this
is grester by a fasctor of et leest 1000 thean the ionic con-
centration in corresgonding C6H6 - I, solutions. This ex-
veriment in connection with the observed solvent indepen-
dence of the rate of isomerization spesks rether strongly
against an ionic mechenism for the reaction.

Concerning the structural chemistry of the isomerize-
tion, in perticular concerning the structure of the two
postulated intermediete iodine-dichlorethylene complexes,
and the cuestion as to whether these two complexes should
be considered es remaining for any considerable length of
time as distinguishable from escr other the results of the
present research would seem to yield no informetion. Ilor
does it seem possible on the basis of any existing evidence
to decide these questions.

Date possibly bearing by enalogy on this qguestion ere
these concerning the photochlorinestion and photobrominstion
of the cis eand trans dichlorethylenes. The reported facts
are that:

(a) The rate of the photochlorineation may be expressed

by an equetion of the form (22)(23)

-d CoHoCls = k(Clg)VT abs
at

(b) The initial retes of the photobrominations ere given
by expressions of the seme form, although in this ccse the
reverse reection, i.e. the photo decomposition of OBHzclgBrz,

will also occur (21)(23).
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(c) The rates of the photochlorinetionsof the two iso-
mers are identical (22)(23).

(d) The rates of the photobrominetions of the two iso-
mers are different by a factor of sbout two (12)(20).

(e) The guentum yields are high (21)(22)(23)(24).

The first and last of these facts heve led Schume cher

to propose the following chain reaction

Cl, —> 2C1 1
C1l + CgHoOly —> CgHolly 2
CoHoCly + Clg —= CgHsCly 4 C1 3

2 02H2C15 — CEHZC:LZ + 021‘12014

o

The rate expression to which such s mechanism leads is

- d{CoHsCL -k
( 9d%’ 2) 'QE%'(012)VT abs

It is seen that the rate constant of resction 2 is not
involved.

This reaction mechanism seems to be & reasonable one.
If it is to be accepted, then aside from the possibility of
a coincidence, the egual chlorination retes of the cis end
trans isomers imply thet the 02H2015 rroduced in reection
2 from trens-dichlorethylene must be the seme as the 02H2013
produced from cis-dichlorethylene. Because of fect (D)
guoted above, it would seem reasonsble to asgssume the seme
type of mechanism.for the brominations es for the chlorin-
ations. If this is done, fact (d) requires thet the inter-
mediate, C HoCloBr, be different for different isomers.

&

These two reguirements exclude a number of otherwise
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possible structures for the intermediates. A probable
structure which they do not exclude is the normel free
radical structure. |

X

P

H-C-C-H

{ !

Cl Cl

A structure of this kind will certeinly fulfill the
requirement of yielding identicel redicsls in the resction
between a chlorine atom end either cis-or trans-dichlor-
ethylene. TIf this structure is correct for the intermediate
in the photobrominetion, the interesting implicetion arises
thet the erythro end threo dichlorobromoethyl free redicels
are distinct species and retein their distinet configura-
tion until they react. This is becesuse the rates of bro-
mination of the two isomers ere different, but according to
the proposed mechanism do not depend on the rate of the el-
ementary reaction involving these isomers, only on thet of
reactions involving the complexes.

The only reletion between the foregoing argument con-
cerning the probesbility that a free radicel of this structure
is the intermediate in the photobromination of dichlorethy-
lene and the guestion of the structure of the intermediate
in the iodine cetelyzed isomerizetion of dichlorethylene is
thet both reections are assumed to proceed by a halogen stom
mechnanism, and that bromine end iodine etoms ere similer.

No difficulty is introduced in heving to essume retention
of configuration of the bromo free radical until resction

with bromine while assuming an isomerization through the
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iodo free radicel. In the bromination the free radicels
ere presumebly uscd wp very repldly, wherees in the cese
of the isomerizetion they exist in equilibrium with the
dichlorethylene and iodine.

By setting the exponent of e in the empiricel ex-
pression for the tempereture dependence of ¥ eguel to
%%_for the reaction ci802H2012 e GTEBE C2H2C12 8 velue
for the cuantity,a¥ = 1150 cel/mol, mey be obteined
from the benzene solution dete. The velue obtained from
the cyclonexene dete is identicel. The velues of AF in
cal/mol for the resction at 150° celculeted from the ecui-
librium constants ere 750, 750, znd 620 respectively, for
the solvents dichlorethylene, benzene, end cyclohexene.

°

From these velues a velue for AS for the resction st 150

may be computed to be sbout 1 cel/mol degree.
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Gt 4.

gtructed in connection vith tnis resecrche Tt enm
heterodyne .aetiocc of‘comperimw
tizl perts of the evperetus ere {a) the vower supely,

(L) tie detector-amplifier, (c) the crystel oscilistor,

(d) the oscillator conteining the messuring cell or nre-
cision condenssr in its resonsnt circuit, (e) the licuid
containing cepecitetor or messuring cell, (f) the rreci-
sion condenser.

(o) "'he Power 3Suvply. 4 circuit disgrem of the rpower
surly is shown in Pig. 4a. It is in generel of conventionsl
design. The benk of neon bulbs was ipncluded in tie circuit
to iaprove the constency of output voltage. They do not
scem t0 be very effective for this purpose; however, es will
be mentioned later, freedom from relatively slow voltage
fluctuetions is not essential. A 0-500 volimeter messures
the output voltege. By pressing the appropriste pushbutton
2 milliesnmeter meesuring up to 50 milliamperes mey be mede
to inalcete eithner the'total output current or tre current
thirough the neon bulbs.

T"he output (direct current and filement suprly) is
connected to eesch of fthree four-pronged female plugs from
whicn it is teken by senerste shielded cebles to the two
ogscillstors and to the detector.

(b) "he Detector-Amplifier. There tcre no criticel
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Fig. 2. Dielectric Constant Apparatus
(Front)

Fig. 3. Dielectric Constant Apparatus
(Back)
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Fig. 4a. Power Supply
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recuirencnts for this pert of the grversetus. The circuit
used wes described in the Redio Ameteur's Hendbook, 14th
edition on nrze 119, as & "A Snielded Mwo-Tube Receiver"
A BK7% and a 605 were used in plece of the tubes suggested

in the description. The power is brought in by a casble

14v]
ot
&F
&
14
[0
jAy]
Q
S
3

There ere elso two smell plugs for coupling
the oscillator outpruts to the detector tuning coil by e
link, and & »nlug for en esrphone or speaker.

(¢c) The Crystel Oscillator is controlled by & cuertz
plete resonsting 2t 1.75 megecycles. ™his crystel is
mounted in & thermosteting wnit to increese frequerncy
stebllity. As & metter of fect greet stebility of this

frequenecy ageinst slow drifts is not recuired, dbut it wes

™M

originelly thought thet the circuit might be arrenged in
wey thet would meke this desireble. In the power supprly
leeds from each of the oscilletors is included a r.f.
choke coil to prevent undesired coupling vetweer the os-
cillstors. It wes found fThet this sddition to the cir-
cult made possible obtzining best notes of a few cycles
ver second, wherees before the chokes were inserted, esudio
frequencies of less than severel hundred cycles could not
be obtained because of the locking of the oscillestors. There
ere two controls on the crystal oscillator; one tunes the
resonent circuit,. the other ccntrols the emplitude of
oscilletion.

(a) The Cepacity Controlled Cscillstor comrrises &
gimvle inductively couwnled regenerstive oscilletor circuit

e pert of the tuning cepecity of which is furnished either
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b

e

the precision condenser or by the messuring cell. This
capecity is connected in perellel with two verieble tuning

condensers end with & »lug-in fixed cordenser. By cheng-

ing thie plug-in tuning coil end the plug-in tuning conden-

o}

ser a lerge flexibility in frecuency end cepecity meessvr-

ol

&

ing renge is aveileble. The desirebility of mechenicel
rigidity in this oscillator wes borne in mind. The un-
grounded connection from the oscillator to the externel

capecity circuit is shielded eand fastened solidly in plece.
In addition to the two tuning condenser controls there is

an amplitude control and e switch which changes the cepecity
of the resonant circuit by a smell, fixed emount. This
switech may be uscd to check the balencing of tre precision
condenser sgeinst the measuring cell et a different fre-
guency from thet 2t which it was carried out. Such a check
is useful inesmuch as the oscilletor freguency is a double
velued function of the beat note produced. Zach oscillestor,
the power supply, the detector and the precision condenser
are enclosed in electricelly shielding boxes.

(e) The ileasuring Cell is shown in Fig. 1. The con-
struction with the electrodes outside the gless was chosen
because it was originally intended to use the cell with
solutions containing iodine. That procedure was sbandoned
for reesons that will be mentioned. There are, however, cer-
tain possible adventages to the use of such a cell. As

implied, it can be used with metal corroding liguids. Tt

cen be cleaned with less precaution than might be reguired
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by & condenser with metal immersed in the licuid. Tt can
be designed to cover a renge of dielectric constents from
one to infinity within a finite cepecity range. The dis-
adventages zre thet it is less sensitive to dielectric
constant changes, it reguires more liguid for a given cep-
acitance (with any reasonable sensitivity), its calibretim
is less straight forward.

The cell is enclosed in a brass tube with stoppers at
the top and bottom arranged to permit the circulation of
thermostating weter. The brass tube is grounded.

(f) The Precision Condenser is a General Radio Type
722-D Serial No. 420.

It has two cepescity ranges, one from 100 to 1100 mmfad
end the other from 25 to 110 mmfd. The lower renge is used.
The smallest division on the worm dial represents .02 mmfd.
Usually readings ere meke to the neerest .01 mmfd. Becsesuse
of small deviations from lineerity of ceapacity ageinst
gcale reading, it was found desirable to celibrete the con-
denser. The condenser cen be set extremely accuretely by
metching of beet notes, but it was found thet these set-
tings are not exactly reproducible from dey to dey. The
meximum varistion observed in precision condenser reeding
corresponding to en air-filled meesuring cell wes sbout
one small division, i.e. abouvt .02 mmfd. It seems probeble
that this smell change which corresponds to a frectional
change in cepecity of less than .001 could be attributed to

a small temperature or humidity coefficient in the condenser;



28

it was not guertz insuleted.

(g) Circuit end Operation. The method of comparing
the cespecities of the cell and the precision condenser is
essentially a null method in thet it involves repleacing the
cell capscity by the precision condenser cepacity in an os-
cilleting circuit which is otherwise kept constent. The
precision condenser is then adjusted until this substitution
causes no alterstion in frequency of the oscilletion. Since
the substitution involves the throwing of a2 single switch,
it is very rapid end it wes found quite setisfectory to com-
pare the two beat notes by memory, i.e. it wes not found
necessary to have eny fixed standard of pitch. It is be-
cause the dielectric constent determination depends only
on constency of beat note before end sfter a rapid sub-
stitution of capecities, thet slow creep in the freguency
of the oscillators ceused by graduel voltege or tempereture
fluctuations is not detrimental.

Some experimentation in selecting a switceh for cepacity
substitution wes necessery. It was found thet some switches
would not alweys come to rest in exactly the same position.
This would cause & slight change in cepecity and would make
accurate capecity determinetions impossible. The switch
finslly used is & smell rotery single-pole double-throw
type which wes slightly modified with stors to assure re-
producibility of the rest positions. This switch was mount-
ed directly on the precision condenser near the terminals

and es fer as possible from the operetor. It is operated
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by a knob connected to the switch through a six-inch gless
rod. The grounded sides of the precision condenser, meess-
uring condenser and capecity controliled oscillator ere per-
manently connected together. The ungrounded end of the oscil-
lator's resonant circuit is connected to the center of the
gubstituting switch, end the ungrounded sideg of the cell
and precision condenser are connected respecetively to the
two outgide electrodes of the switch. The perts sre ar-
ranged so as to make these ungrounded leeds &s short es
possible. Shielding wes mede es complete as necessary.
Unless stated to the contrary ell meesuvurements of
dielectric constant were mede et 25°C. To make a measure-
ment the 1liguid is drewn into the messuring cell by suck-
ing through a CaCly tube. The pump for circulaeting ther-
mostet water is turned on. The substituting switch is turn-
ed to the cell position end then any suiteble audio beat
note is produced in the earrhone of the detector by tuning
the variable condensers in the capscity controlled oscil-
letor. (Theoretically, the lower the beet note, the more
precise mey be the capacity metching). The substituting
switch is now thrown to the precision condenser position
and the precision condenser adjusted until a beet note is
obtained which is not altered by throwing the substituting
switch., The oscillator tuning condenser may now be slightly
changed %o give a different beat note and then if on throw-
ing the substituting switch no change in tone is produced,

it mey be assumed thst the capacities of the two circuits
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are eyual. After the measurement the liguid is rinsed
out of the cell with a volatile solvent which is then ev-
aporeted by blowing air through the cell with an stomizer

bulb.
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Calibration of the Precision Condenser

The mekers guarentee the precision condenser reed-
ings on the lower range (25-110 micromicrofarads) to be
accurate to within # 0.2 mmfd. Since it wes desired to
measure small differences in cavecity with an error con-
siderably less than this figure e calibretion wes neces-
sary. This was made in the following way:

A second veriable condenser, which hapnened in this
cagse to be an older General Redio Precision Condenser
Type 222 No. 482, was connected into the dielectric con-
stant apperatus in parellel with the condernser %o be cel-
ibreted. By means of a switch it was possible to connect
in perellel with these two condensers a third smell fixed
condenser, or to disconnect it. The procedure wes 1o
start with one of the precision condensers ot minimum cap-
acity and the other =2t high cepscity setting. The small
fixed capacity would be out of the circuit et this point.

.

The totel capacity of the verellel condensers wes now
metched with a stendasrd cepecity which stenderd wes then
unchanged throughout the celibretion srd served, therefore,
as a meens of bringing the total cepecity of the rarellel

precision condenser circuit beck to its initiel velue while

verying the values of tire individual precision condensers.

[o]]
[¢:]
Qs

MThe readings of the precision condensers were recor
The switch wes now thrown to zdd to the sum of trne cepesci-

ties of the vrecision condensers that of the smell fixed
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condenscr., HTow the totel cemecity of the perellel circuit
would not eguel thet of the stenderd. To regein the ecusl-
ity one of the precision condensers wes changed. The two

precision condernser

H

ecdings were agein reccorded, The
switch wes now turned becii to remove the small fixed cep-
acity and the perellel cepecities returned to the stenderd
value by verying the other rrecision condenser setting.
After recording the resdings tre fixed cepscity switch is
agein tirrown snd tiie process renested.

This stepwise procedure of verying the two precision
condensers, one from & low 1o a high end tue other from e
nigh to e low cepecity, while keemning the totel csvacity
coustant is the basis of the celibretion. The difference
between any two consecutive different resdings of eitler

of the wnrecision condernsers should be the seme andé ecuel

%

e

to the velue of tre small asdded (or subtracted) Tixed
cepscity. By dividing the totel capacity chenge indicsted
by the precision condenser by the number of steps in bring-
ing about this chenge a velue for tre cespecity of thne small
fixed condenser may be obtained which should not be in error
by & greeter percentage than the percent error in the ness-
ured total cenzcity change. If the vrecision condenser is
good and the totel change is a feirly lerge freaction of

its total cenacity, this latter error should be very small.
E

Celling the thus determined value of the cepescity

(@]

the little fixed condenser x it should be mossible to con-

T ~

struct a set of velues I'x - C which would represent the
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true values of the cepacity corresvonding to consecutliv

(49

res@ings of tune precision condenser obtzined in the cal-
ibration experiment. ¥ essumes consecutive inftegrel
values and C is & constant. The value of I for the first
reading and the approximete velve of C are to be chosen
so thet the differences between the velues of Ilx - C and
the recorded condenser resdings sre 2s smell as possible
throughout the series. If now the velue I'x - C is sub-
tracted in every cese from the corresronding condenser
reading, a set of velues will be obteined the irreguler-
ities of which will correspond erproximetely Lo devietions
from e lineer reletionshnip between condenser resding and
capecity.

After tebuleting the velues of Iix - C, the conden-
ser readings R, and the differences between these two cuen-
tities, it might be observed thet by readjusting the velues
of C and x the averages of the absolute velues of the dif-
ferences would be decreased. One should then meke this re-
adjustment. That this step is Jjustified may be seen by
considering its implications. The resdjustment of x to
give smaller velues of R - lix - C meens thet the originel
velue assumed for x wag obtained by using 2 somewhst in-
correct velue for the total cepecity chenge. This incor-
rect veluve could have arisen becesuse of the fect that the
error in capecity indicated by the initial reesding wes not
the seme as that of the capacity of the finel resding.

Then by reesdjusting x et the present stage one is essen-
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tielly using en averege velue rethner thapn ¢ value obtein-

- N e

ed from the difference of but two resdings. Thet C should

be readjusted to give as smell devietions &8 possible is only
to sey that the most probeble everege devietion over the
whole range is zero.

Assuming that the deviations of the capacity from the
condenser reeding could be attributed to o periodic devia-
tion due to irregulerities in the driving worm superimposed
on an irregulerity irn the worm gesr or condeunser pletes, &
separste calibration wes mesde for the worm correction and
for the other correction.

The worm celibratior wes carried out es described above.
The computed deviations were plotted egeinst the reasdings of
the worm diel. The curves obteined appeared approximetely
sinusoidal, and it wes assumed that the periodic error in
the worm could best be approximated by e sine function and
that the deformation in‘the curves obteirned experimentally
wes largely due to the superimposition of errors in the
worm gear end condenser pletes. Accordingly, a true sine
curve wWas plotted with amplitude end phase corresponding
approximately to the sverasges of these cuentities indicated
in the experimental curves. Worm corrections determined
from this idealized curve were then added to the deviestions
observed in the long-range calibretion. This should make
the resulting long-range devietions independent of the per-
iodic worm errors. This trestment mede plotting much ees-

ier since the long-renge correction curve waes thus mede
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comreratively smooth.

It might be well at this point to recepitulete the
significance of capecity values obtained from wprecision
condenser readings with the use of these correction plots.
Since the calibretion was made without any capscity stan-
dard but the condenser being celibrated itself, it cennot
be expected to have given curves from which absolute val-
ves mey be obtained. Whet it should be possible to obteain
by correcting the condenser readings by the velues shown
on the celibration curves is a quantity which veries lin-
early with the cepacity end which never differs from it by
more than the maximum error in the cepacity reed from the
condenser. Actually, the meximum error in the corrected
values of capescity should be considerably less then the
maximum inaccuracy of the precision condenser, more nesrly
equal to the average inaccurecy. For any use to which the
precision condenser in the dielectric apparatus has been
put, the absolute capacity velues are of no conseqguence,
only linearity of capacity with corrected reeding being es-
sential.

The experimental calibration datasasre given on the fol-
lowing pages. The worm calibration dataare first. The first
column gives the precision condenser reesding, R, at each
step of the calibration. The second column gives the dif-
ference between consecutive resdings. The third column is
¥ and the fourth R - Nx - C where the significence of these

guantities is that already discussed. The last column con-
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tains the actusl reading on the worm dial. (One revolution
of the dial corresponds to & chenge in reeding of 5.00 mmfd.)

The long-range celibration dete ere included in the
next table. Column 1 gives the consecutive reedings of the
dielectric constant apperetus precision condenser. Column
2 contains the readings of the other condenser. These read-
ings are irrelevant to the celibrstion of the first conden-
ser but are included in the dete since from them could be
obteined a celibration of the other condenser if thet should
ever be desired. In the third column en x indicztes thot
the smell fixed condenser was in the circuit end an o thet
it wes disconnected. Column 4 is N, column 5 & prelimi-
nary value of IIx. Column 6 is the worm correction for the
given reading. The next column is the condenser resding
corrected for the worm error. The eighth column is
R - lix - £(0) - C and the last column is the seme thing
where x and C have been readjusted (see discussion). The
celibration plot is a plot of the values in this lest col-
unn against the velues of R in the first column. In this
plot the axis corresponding to o correction has been
placed so that the curve falls ebout equelly above ené be-
low it.

The experimentel worm fluctuetion dete (column 4 vs
colunn 5) are plotted in Fig. 5. The following two grephs
are respectively the ideslized worm correction plot end the
long-renge correction plot. To correct a condenser readling
both the correction indicated by Fig. 5a , and that indicated
by Fig. 6, should be added to the reading.
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Fig. 5a. Idealized Worm Correction Curve
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1
55,000
55,218
55,437
55.656
55.877
56,099
56.319
56,538
56,757
56.979
57.198
57.416
57,635
57.853
58,070
58.284
58.500
58,714
58.927
59.142
59.359
59,875

59.790

0218
«219
«219
«221
«222
«220
«219
«219
0222
«219
«218
«219
«218
o217
«214
«216
214
<213
«215
<217
<216
«215

<217

Table 1

Worm Calibration Data

10
11
12
13
14
15
16
17
18
19

20

22

4
0000
=+,0004
+.,0002
+.0008
+.0034
+,0070

+.0086

+ 00092

+.0098
+.,0134
+,0140
+.0136
+.0142
+.0138
+.0124
+40080
+.0056
+,0012
-.0042
-.0076
-.0090
-.0114

-.0148

0.00

2.18

4,37

6.56

8477
10,99
13,19
15,38
17,87
19.79
21.98
24.16
26435
28453
30.70
32.84
35,00
37.14
39,27
41.42
43459
45,75

47,90

42



p!
60,007
60,224
60,443
60.664
60.887
61.108
61,327
61.552
61.773
81.994
62,213
62,434
62,656
62,873
63.,093
63,311
63,526
63,740
63,957
64,172
64,387
64,601
64.818

65,035

0217
0219
0221
0223
0221
«219
6225
«221
0221
0219
0221
0222
0217
«220
«218
6215
0214
«217
«215
#2156
214
0217
0217

«219

Table 1 (continued)

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

4
=,0162
=,0176
=,0170
=,0144
=,0098
-,0072
-,0066
-,0000
+.,0026
+:0052
+,0058
+,0084
+,0120
+,0106
+.0122
+.0118
+,0084
+,0040
+.0026
-40008
=.0042
=,0086
=,0100

=,0114

17.73
19,94
22,13
24,34
26.56

28,73

37 .40

39,57

41.72

43.87

46,01

48.18

035
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1
65.254
650473
65.695
65,916
66,138
66.360
66.580
66.803
67.024
67.245
67.465
67.687
67.907
68.125
68,343
68,559
68,774
68,990
69,204
69,420
69.635
69,853

70.069

Table 1 (continued)

47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

69

4
-.,0108
-.,0102
-,0066
-+0040
-,0004
+.0032
+.0048
+.,0094
+.,0120
+.,0146
+.0162
+.,0198
+.0214
+.0210
+.0206
+,0182
+.0148
+.0124
+.0080
+.0056
+.0022
+.0018

-0006

2.54

4,73

6,95

9.16
11.38
13,60
15.80
19,03
20.24
22.45
24.65
26.87
29.07
31.25
33443
35.59
37.74
39.90
42,04
44,20
46,35
48,53

0.69

44



1
121.340
119.035
119,035
116.735
116,735
114.420
112.110
109,770
107.455
1056.095
102,760
100,395

98,045
95,660
93,300
90,885
88,520
866110
83.725
81335
78,955
76,570
74,185
71.815

69,425

13.43
13,97
14,50
15.01
15.52
16,02
16,50
16.98
17.44
17.90
18,34
18.78
19.22
19.64

20,07

Table 2a

Precision Condenser Calibration Datsa

(4}

OROKNR OKOKOKR ONONONONONOKRONOMHMOKOMNON ONNONKONKOMONONKO

51

50

49

48

47

46

45

44

43
42

41

40

39

38

37

36

35

34

33

32

31

30

29

First Run

5

120,717
118,350

116,983
113.616
111.249
108.882
106.515
104,148
101,781
99.414
97,047
94.680
92.313
89,946
87,579
85,212
82,845
80,478
78.111
76744
736377
71,010

68,643

4,005
"0003

.000
+.005
=4,008
+,009
-.012
+.013
-,015
+015
=+015
+,013
=.012
+,010
~+010
+.008
-,008
+,005
-+003
+,001
+,001
=+003

+,005

7

121,345
119.032

116,735
114.425
112.102
109.779
107.443
105,108
102,745
100,410
98,030
95,673
93,288
90,895
88,6510
86,118
83,717
81,340
780952
76.571
74,186
71.812

69,430

«372
318

«248
«191
«147
«104
072
«040
»036
.004
«017
007
+025
051
069
094
128
138
«159
«173
<191
«198

«213

45

427
« 368

.293
.231
.182
134
097
060
.051
014
.022
007
020
041
054
074
.103
108
.124
133
.146
148

«158
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Teble 2e (continued)

1 2 3 4 5 6 7 8 9

67,055 x 28 66,276 =006 67,049 «227 167
20,49 0

64,660 X 27 63,909 +.009 64,669 «240 <175
20.90 0

62,315 x 26 6l.542 =011 62.304 0238 «168
21.32 0

59,910 b d 25 59.175 +.013 59,923 «252 o177
2l.72 0

57,570 X 24 56,808 «,013 57,558 «250 «170
22,13 0

55,175 p. 23 54,441 +.014 55,189 «252 0167
22,54 0

52,835 X 22 52.074 -+015 52,820 e 254 164
22,96 0

50,190 X 21 49.707 +0014 50,204 «9503
23,39 0

47,945 b d 20 47,340 =018 47,930 0410 «150
2380 0

45,860 X 19 44,973 +,014 45,574 «399 «134
24421 0

43,220 X 18 42,606 =.013 43,207 0399 0129
24,62 0

40.840 b'd 17 40,239 +.011 40,851 + 388 <113
25403 0

38500 x 16 37.872 =.010 38,490 « 382 0102
25.45 0

360120 x 15 35,500 +008 36,128 377 092
25.87 0

33,760 x 14 33.138 =006 330754 0384 094
26429 0

31,390 % 13 30,771 +,004 31,394 o 377 082
26,70 0

29,015 X 12 28,404 =,003 29,012 «392 .092
27,10 0

26,610 x 1 26,037 +.001 26,611 «426 0121
2750 0

24,035 x 10 23,670 =,003 24,032 «638 0328
2790 0

18,445 X 9 21.303 =012 18,433 3.870 3,855
28630 0



47

Table 2b
Precision Condenser Calibration Data
Second Run
1 2 3 4 5 6 7 8 9

10,000 2794 x 9 21,177 +,012 11.574

23,560 0 10 23530 -,009 «389
27.56 b d

26,170 0 11 25.883 +.007 «117
27,16 x

28,580 0 12 28,236 =-009 «077
26.76 b4

30,225 0} 13 30,589 +.013 -064
26,34 x

33,295 0 14 32,942 -.,012 073
25.94 >

35,610 0 15 35.295 +014 086
25052 p.3

37,975 0 16 37 648 =015 104
25.11 x

40,295 0 17 40,001 +.015 «108
24,71 b4

42,660 0 18 42,354 =014 126
24,60 X

44,975 0 19 44,707 +.012 «139
23.89 x

47,350 0 20 47.060 =,011 0141
23049 b 4

49,670 0 21 49,413 +.008 155
23,08 b'd

52,030 0 22 51,766 -.007 165
22.68 x

54,370 0 23 54,119 +.0056 « 167
22,27 bd

56,730 0 24 56,472 -,001 +167
21.87 b4

59,075 0 25 58,825 =,001 «176
21,47 b 4

61,425 0 26 61.178 +.004 175
21.04 x

636785 0 27 63,531 =,006 +179
20.63 X

66,135 0 28 65,884 +.008 169
20.22 X

68,500 0 29 68,237 =-,010 0176
29.81 X :

70,850 0 30 70,590 +4011 «159
19,39 x

73.235 0 31 T24943 -.013 «152
18,26 x

754570 0 32 75.296 +.014 «144
18.52 b4



48

Table 2b (continued)

1 2 3 4 5] 6 7 8 9

77.955 0 33 77.649 =,015 «142
18,09 x

80,300 0 34 80,002 +.015 «121
17,63 X

82.695 0 35 82,355 -,014 »109
17019 X

85,040 0 36 84,708 +.012 .092
16.71 b'd

87430 0 37 87,061 =o,012 .080
16,23 p g

89,780 0 38 89.414 +,010 062
15.74 x

92.175 0 39 91,767 =,010 «041
15024 X

94,530 0 40 94,120 4,007 023
14,74 x

96,900 0 41 96,473 =005 019
14,23 X

99.250 0 42 98.826 +,002 016
13.70 x

101.595 0 43 101.179 +,001 026
13416 X

103,930 0 44 103,532 -+005 051
12.60 x

106,255 0 45 105.885 ++005 070
12.01 x

108,590 0 46 108,238 -,009 0103
11.37 X

110.880 0 47 110.591 +.011 147
10.63 x

113.205 0 48 112,944 =,013 «200
9,76 b4

115,490 0 49 115,297 +,015 241
8450 b'd

117.810 0 50 117,650 =,014 304
5,96 X

120,060 0 51 120.003 +.015 «379
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Calibration of the lleasuring Cell

Figure 1 is a diagrem of the measuring cell. It hes
already been partially described on page 26. The liquid-
containing part of it wes about 20 cm long end 3 cm in
diameter. In meking measurements it wes filled completely
which recguired about 1l3cc of fluid. The silvering on the
outside, which was reinforced by a hesvy coeting of electric-
ally pleted copper, covered the condenser commnletely extend-
ing a distence on the fluid inlet and outlet tubes. The
silvering on the inside extended only yertly ur the cell as
indiceted in the disgram and wes electricelly connected %o
the circuit by a rod extending through the top center tube
and connected through a length of flexible wire to the sil-
vering by low melting solder. The silvering on the inside
was protected by a cost of cleer laguer. The cell wes rig-
idly fastened in the apperstus and neither it nor its con-
necting wires were ever chenged in position.

The eguation thet was sssumed to relate the electricel
capecity, R, of the cell as measured on the precision con-
denser to the dielectric constant,g, of the fluid in it is

R=-A- BCE
B - Ct

iihere R is the cepecity as measured by the precision con-
denser, § is the dielectric constant of the fluid and A, B,
and C are constents which were determined by celibrestion
with fluids of known dielectric constant. This eqgustion
represents the cepacity of a circuit containing three con-

densers, two of which are in series, the third being in
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vrerellel with the series circuit. The oapedity of the third
condenser is A, thet of the first and second being B end CE
respectively. In applying this equetion to the cell A is
the lesd cepecity, B is the caepacity of a hypotheticel con-
denser conteining only glass as dielectric, and CE& is the
capacity of e hypotheticel condenser containing only a fluid
of dielectric constant ¢, these two hypotheticel condensers
being in series. The approximation involved in assuming the
velidity of the above equation for expressing the capescity
of the measuring cell is that the inner and outer boundaries
between glass and fluid in the cell are each equipotential
surfaces. This approximation seems reasonable beceause the
thickness of glass and liguid layers is quite uniform and
smell compared to their length. In any case, this equation
is probebly the best simple eguation that could be used for
interpolating between celibration roints. Actually, for the
purposes of the research deslt with in this thesis no known
reletionship between dielectric constant and cell capacity
is required. It is only necessery that the capscity very
smoothly with the dielectric constant, a condition hard to
be avoided. This is ftruve because empirical curves were
drawn relating the comvosition of the different solutions
directly to the corrected precision condenser resding when
the cell was filled with these solutions.

However, it seemed desirable to calibrete the cell in
terms of the dielectric constant of the filling fluid becsuse
by so doing it wouvld be possible to obtain from tre recorded

solution data dielectric constants for the solutions, which will
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meke it possible to use the dete with e different cell or
measuring apparatus.

To determine the comstants in the cepacity equation
it is evident thet at least three calibreting fluids of known
dielectric constant are necessary. By determining the pre-
cision condenser reading when the messuring cell is filled
with each of these fluids three simulteneous egustions in
terms of A, B, and C mey be set up, end values for these
parameters may be obtained. Preliminary evsluations of A,
B, and C were made in this way. The three calibrating
fluids used were air, benzene, end chlorobenzene. (Care
was taken, of course, to purify and dry the licuids).
After these preliminery velues hed been derived they were
used in the eqguation to calculste the dielectric constant
of other liguids that hed been meesured in the cell, and
then by compering these cslculeted &£'s with the best velues
obtainable from the litersture, the perameters A, B, and C
were slightly adjusted to distribute the devistions over all
the reliable liguids.

Actually, since the dielectric constant is the quen-
tity desired to be caslculated, sn ewuivalent of the above
eguation in the form

2'-' L(R - I
1 - (R -~ M)

was the one for which the paremeters were determined in the
wey described. The finally accepted velues were L = 0,02506,
= 3.020, I = 0,006890. The following tabulation exhibits
T the fluid, II the experimental velue of (R - 3.090), i.e.

(R - 1), III the dielctric constant of the fluid celculated
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using these accented values of I, 1I, and ¥, IV the reported

b

¢, V the literature reference from which these velues were

obtained.

I LI ITT IV v

air 51.011 1.0004 1.0006 25
CCls 55.100 2225 24227 26
CeHgCl 88.021 5,605 5.612 27
02H5Br 104.275 9.281 P.EL 28
02H4012 107 .440 10.36 10.36 29
O6H6 358,795 2.271 2.272 30

To facilitate dielectric constant determinations the
values of ¢ corresponding to corrected condenser resdings
was celculated at a number of points along the complete renge
of the precision condenser, and through these points an ¢
vs R grayh was plotted. By the same procedure a megnified
portion of this curve was plotted for a short range of €
values in the region in which the common non-polar liguids

lie. These two grephs are reproduced in Fig. 8asand Fig. 8b.
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Meterials

The cis and trans dichlorethylenes were prepared by
frectional distillstion of a mixture of the isomers obtein-
ed from Eastmen Xodek Compeny. It wes found desirable to
cerry out the distillation under COp to avoid oxidetion by
air. Pure trans dichlorethylene Wwas noticeably subject to
air oxidation. The fractional distillations wgre cerried
out with a five foot column filled with glass helices, ,
and it wes found possible to obtain larée fractions boil-
ing at a constant temperature end heving identicel diel-
ectric constents at the beginning and end of the fraction.
After purificetion the liquids were stored under COg in
flasks heving delivery tubes seeled with mercury to pre-
vent access to air. The same method of storege wes applied
to the stock solutions of dichlorethylene in the solvents,
benzene and cyclohexane. ILiquid for use was forced out by
COso. The liquids thus stored were found to retein their
original dielectric constant throughout the series of ex-
periments (several months).

Thiophene-free benzene was fractionally crystallized,
dried, and distilled.

Eastman Practical cyclohexeane was shaken with fuming
sulfuric acid, weshed with sodium hydroxide solution, then
with water, dried, and distilled.

The iodine used in these experiments was sublimed
from potassium iodide-iodine mixture, resublimed, powdered,

and then stored in s desiccator
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Procedures

The considerations which should underlie choices of
experimental procedures in any kinetic studies of this
kind are (1) the physical and chemical characteristics
of the reasctants, (2) the available apparatus, (3) the
degree of precision required, (4) the interdependence of
the proposed procedures. In the vresent resesrch the
primary procedure-determining factors were the analyticel
method and the reaction temperature and pressure.

At the outset a method of analysis based on dielectric
constant measurement weas chosen. The chemicel properties
of cis-trans isomeric pairs are usvally so similar thet
estimation methods based on differences in physicel pro-
perties are often to be preferred. The difference between
the dielectric coustents of cis- and trens-dichlorethylene
is lerge and offers convenient analytical method. This
method reguires s celibration of the composition of the
dichlorethylene solutions with respect to their dielectric
constants. It will only be possible to determine com-
positions in this manner in two-component liguids, e.g.
solutions of the dichlorethylenes in each other, or in
more-component systems in which the concentretions of all
but two of the components are known on other grounds, e.g.
solutions of the dichlorethylenes in which the total
ColoClp concentration is known. In this letter cese the
complete celibration graph would be a surface in n dimen-

sional space where n is the number of components. A cal-
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ibration of this kind for & three compnonent system would
be inconvenient to cerry out and was evoided in these ex-
periments by meking a whole series of experiments with
solutions heving neerly constent total dichlorethylene
concentrations.

Calibrations were msde by mixing in veriocus propor-
tions two solutions, one of a known concentration of
cisCEH2012 in the solvent, end the other of nearly the
same concentration of transCgHpCls in the solvent. The
corrected readings of the precision condenser when filled
with these mixtures was determined and these reedings
plotted agesinst comrosition, eas a rule, ageinst the mol e
cisCgH,Cly present. These seme two celibrating solutions wer
then used in the subsequent reesction experiments. The
reason for plotting the data in terms of the mol frection
cisCEHECIZ present is thet if the two celibrating stendard
solutions were of nearly but not exectly the same 02H2012
concentration, mixtures resulting from the isomerizetion
of the dichlorethylene in one of the standard solutions
will be of nearly but not excectly the same total C?H2012
concentration as thet of mixtures so obtained from the
other stock soluticon, and these concentretions will be

nearly but not exectly the seme as the total CZH Cl2

£
present in any of the celibreting mixtures. However,

because of the neer eguality of the dielectric constant

of trensCsHsCls and that of benzene or cyclohexene,

J &

( will be small and as an approxima-
a(tran302H2012)cuc;mq1

tion may be neglected. If this is done the »lot of conden-
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ser reading vs mol percent cisCoHsClg will be velid for
isomerized mixtures obtained from either stock solution.

The celibraetion data for the dichlorethylene, benzene,
and cyclohexane solutions is given in the following pages
in tabuler and graphic form. Originally the composition
vs condenser reading data was plotted directly on a large
scale graph. In order to reducevthe plots to a size con-
venient to be included in this thesis without secrificing
accuracy, the datae wes here plotted as deviation from lin-
earity between cell cepecity and composiﬁion. Data for
solutions of dichlorethylene in CCly and in dibutyl
phthelate is also set forth. These datewere obtained in
contemplation of isomerization studies in these solvents.
These studies were abendoned, however, in the cese of
dibutyl phthalate because a reaction between this substance
and iodine appeared to occur at 150° , end in the case of
the CCly because an as yet unexplained reaction occurred
in CCly-CpgHpCly in the absence of Ig. This reaction seemed
not to be a simple isomerization since the expected ecui--
librium for that cese seemed not to be obtained.

The isomerizetions were carried on in thick glass am-
poules. As e rule the stock solutions were transferred to
the ampoules from which the air had been dispelled by a
stream of COs. This was not always done, however, since no
appreciable difference in rate of rezction wes observed
between experiments from which air hed presumebly been ex-

cluded by considersble boiling and seeling off under COs .
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end those in which steps were taken only to keep the partial
pressure of air low. This latter precaution wes always ob-
served except in preliminary qgualitative experiments.

Todine was introduced in weighed amounts in weighed
glass capsules Which were broken into the ampoules. The
compositions were determined by weighing the ampoules empty
and after they were filled and seeled off. Sealing off was
done in the experiments in CpHpoClg solutions under COg, and
in the solvent experiments wa® done while the ampoules, cool-
ed in COp snow, were being pumped on %o remove air. Blank
experiments were made to prove that the fractional distil-
lation of the components of these frozen solutions did not
appreciably alter their compositions. In all manipulations
care was exercised to keep moisture from the solutions
becsuse it was known that traeces of weater were very effective
in altering the dielectric constants.

The sezled ampoules were preheated in boiling liguids
(usually cyclohexanol) for a time estimated to bring their
temperature to approximetely the reaction temperature. They
were quickly trensferred from the preheating baths to the
thermostat. In the case of the rate experiments conducted
at 160° the thermostat was 2 cyclohexenol vapor beth and in
these cases no separate preheating step was involved. At
other temperatures the thermostat was an electric tubular
furnece controlled by a mercury reguletor. Because of lag
the average temperature control was probably not better than
O.l° ;Hshort time fluctuations considerably greater than this

were observed.
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The reason for using the boiling cyclohexanol vapor
bath at 160° was to reduce the uncerteinty in time required
for the ampoules to be brought to temperature, this being
more important in these experiments where the rates were
fast and reaction times correspondingly short.

After the reaction hed run for the desired length of
time the ampoules were removed from the thermostat, coeled
quickly. The stems were broken open, and cleened, dried
helical copper coils were inserted into the solutions to
remove the iodine. (The probable velidity of this method
is shown by experiments in which to a standard dichlorethyl-
ene solution of known composition iodine was added and al-
lowed to remein in the room light at room temperatures for
periods longer than would be the case in actual experiments.
The iodine then was removed by a copper wire, and by di-
electric constant analysis no change in composition from
that of the original solution was indiceted.)

When the iodine color was gone the wires were removed,
the solutions drawn into the dielectric measuring cell, the
precision condenser adjusted and read, and then the compo-
gsition of the reaction mixture deduced with the aid of the
condenser correction grephs eand the celibration graph for the
solution involved. Since a blank run (#49) with benzene
containing no dichlorethylene showed a change in dielectric
constant which would correspond to a smell increese in
cisCpHoCly in a solution of it in benzene, in treasting
regular experiments in these solutions .02 wes always sub-

tracted from the final precision condenser reading before
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the corresnronding comnosition was reed from the celibration
curve.

Having obteined the fractional igomerizetion, x, the
r=te constant, k, wes obteined from the integreted form of
the rete expression discussed in the Preliminery Discussion
on page 1l2. This form is, for experiments sterted from the
cis side of equilibrium,

k= =1n {1 -(1 - £)x}
X7 ¢

eand for experiments starting from the trans side,

« =dn {3 ={1 ~i)x}
X+

=




Table 3.

Calibretion Data for CisCgHgCl--TransColHoCls Solutions

Composition Condenser
(15 cisCgHyeClp) Reeding
(corrected)
¢ R (R-56.82) d
100« & 107.11 50.28 0
86 .4 102 .96 46.14 B8
75 4 98 .25 42441 8498
59,8 9a 00 06,18 12.14
4O 85«58 28 .56 1& W08
0 56 .62 0] 0]

4

& is tne devietion from linerrity end is defiued by
she eguation:

C = 1.989 (R - 96.82) - 4

62
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Composition
(% cisCgHo01y)

C
O.
2.301
4,288
4,243
6.017
7.659

9,890

These are three component solutions.
cisCoHoCly, transCpHpoCly and benzene.

Calibretion Data for Benzene Solutions

Table 4.

of Cis and Trans Dichlorethylene

Condenser
Reading

(corrected)

R
58.65
60 .21
61.53
61.50
62.64

C = 1.548 (R - 58.65) - d

(R"'580 65)

0

1.56
2.88
2.85
.99

5.02

(o3}
.

[eX
O

«115
«169
<167
.158
.108

They contain
They are made by

64

mixing in various proportions a stock solution containing

10.00 mol percent transCoHoCle

in benzene with a stock

solution containing 9.89 mol percent cisCoHoCls in benzene.
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Table 5.

Calibration Deta for Cyclohexene Solutions
of Cis and Trans Dichlorethylene

Comp081tlon Condenser
(5 cisCoHoCls) Reading
. (corrected)
¢ R (R-54.88) d
0 54,88 0 0
3.52 56,85 X BT .04
5.37 b7 .88 3.00 .05
4.73 J% b2 2.64 04
6.23 58.73 3,88 5)
1008 60.43 5,55 0

C = 1.807 (R - 54.88) - d

These are three component solutions. They contain
01302H2015, tranSUnh Cl2 and cyclohexene. They are made
by mixing in verious proportlons a stock solution con-
taining 9.99 mol percent transCoH Cl¢ in cyclohexane with
a stock solution containing 10. 88 mol percent cisCoHoCly
in cyclohexene. R for the cyclohexarne used in those
solutions is 54.79.
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Table 6.

Calibration Data for Carbon Tetrachloride
Solutions of Cis-= and Trans-Dichlorethylene

Composition Condenser

(Fractlon CisCoHoClp Reading
of Total CoH2Clg) (corrected)
C R (R=58.06) da

. 58,06 Q 0
«1709 52,03 0.97 0039
.2969 59.73 1.67  .0040
4456 60.58 2.52  .0089
4104 60.38 222 . 0078
. 5649 61.24 3.18  .0086
7908 62.48 b2 L0057

1.0000 63.61 5.55 0

¢ = .1802 (R - 58.06) - d

These are three component solutions. They contaln
CisCoHoClp, TransCpHoCl,, and CClye. They are made by mix-
ing %n various proportidns.a stock solution containing
2.25 mol percent cisc H Cl, in CCly with a stock solution
containing 9.25 mol percen% transCpoHoCl,y in CClye.
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Table 7.

Celibration Data for Dibutyl Phthalate
Solution of Cis- and Trans-Dichlorethylene

Composition Condenser
Foresitia)  Cerectea)
c R (R=95.27) a
0 95.27 0] 0
2.50 95.75 <48 « 20
4,56 96.12 «85 P
7+50 96.63 1.36 .16
9.98 97.04 1.77 0

These are three component solutions. They contain
cisCQH2612, transCaH2c12, and benzene. They are made by
mixing in various proportions a stock solution containing
9.98 mol percent cisCoHsCl, in dibutyl phthalate with a stock
solution containing 9.85 gl percent transCoH,Cl, in dibutyl
phthalate. R for the dibutyl phthalste used on
utions 1is 96.00.

hese sol-
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Discussion of Individuel Experiments

1. ZExperiments in Dichlorethylene

The experiments through #26 were made with solutions
in the dichlorethylenes W1thout any other solvent.

(a) #6, ;725 are blanks containing no iodine. O0Over the
comparetively long heeting periods (115 hours and 67 hours)
the observed chenge in dielectric constent wes very smell.

On the basis of these experiments it was concluded thet ne-
glect of possible uncatalyzed isomerization would not intro-
duce any serious error into the trestment of rete experiments
on the cetalyzed isomerizetion.

(b) #7, #8, #24 are equilibrium experiments. #7 and #8
started wlth 0130 HgClg #24 with Lf?HSCaL Clq. The equi-
librium constents®are In good agreement. ne“value 2.43 for
¥ wes used in celculations of rate constants for the rete ex-
periments in Table 8.

(e) #9, #10, #11, #12 are rete experiments sterting with
cisC.H Cl? solutions of iodine. The eapverent increese in the
valués of“k/V(Iz) shown in Column XI for these experiments is
probably not significent. This seems likely becesuse of the
lack of corresponding observed trends in other sets of exper-
iments. The trend could be due to having prehecsted the am-
poules to a temperature higher then the reactlon tempereture.
If this had occurred, it would be expected that the lergest
error would be in the shortest run, and the error wouvld cor-
respond to a2 too-high rate constant.

(a) #19, 23, #26 are rate experiments starting with
trgnscgﬁgcl The values in Column XI for this set ere in
very good agfeemept They are slightly lower then the set
for the experiments starting with 01302H2010, but this dif-
ference, too, seemgs of doubtful significenc&. It could be
explained by the same assumption as was suggested for ex-
pleining the trend in set (c)

2. Ixperiments in Benzene
Teble 9 includes the equilibrium and blenk experiments
conducted with benzene solutions of cis- and trans-CoHpCls.
[

P (2) #34, #40, #43, #49 are blenk experiments. 54, {40,

=43 are experiments on benzene solutions of dichlorethylene which
contained no iodine. All these experiments showed an apperent
increase in c¢isCgH,Cly, although an actual incresse in cis-
Cgp2012 is obv1ously 1mp0881b1e in #40 which oeT?n with cis-
ColloClo. It seems probable that the smell chenge in dielec-

tr:c constent wes due to some change in the benzene or in some
contaminent in it. 749 is & blank which conteined benzene
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and iodine but no dichlorethylene. It is noted tﬁ?t here,
too, an increese in dielectric constant occurrod £49 was
made from the seame benzene as the soluticn of 46 end in
computing k from 246 the change observed in r49 wes sub-
trected from thet observed in 746,

(b) 7 41 #42 are equilibrium experiments in benzene
solutions at 150° The X's are in good agreement and here,
as 1in 1(b); the aversge velue 2.43 wes accepted for purposes
of calculation of the rste data.

(c) #50, #51, #55, #57, #58 are equilibrium experiments
at 185°, All these except f5l are in good agreement. The
cause of :b51's dev1atlon was not determlned The value ac-
cepted wes 2.19. Por K's between 140° and 185° lineer in-
terpolations or exterpolations were used.

5. Experiments in Benzene

Table 10 is made up of the rate experiments in benzene
solutions.

(a) #35 is a preliminary experiment mede before the stan-
dard CgHoCl, solutions were prepared. Since it is an o0dd con-
centration £t which no calibration of composition vs dielec-
tric constant was maede, no exact value can be put in Column IV.

(b) #44, #45, 46, 747, #48 are rate experiments at 150°
The deviation between the lowest and highest velue in Column
XI, the 150° values of k/V(Ip), is sbout 55, They are very
31m11ar to the corresoondlng values in Teble 8, the difference
between the averages of these two taebles being 2 or 4 percent.
Since the K's for Table 8 and Table 10 are the same, the cor-
responding velues in Column XIIT will agree as well s those
in Column XI.

” ' " - 0
(c) #52, #56 are rate exveriments at 140.5

(a) #55, 454 are rate experiments at 158.9° &nd 159.5°.
The plot of 1/T vs 1ln k, (Fig. 12) for the reste date in ben-
zene solutions shows all these data to fall cuite well on a
straight line.

4, Bxperiments in Cyclohexane

Table 11 exhibits the cyclohexane solution datae.

(a) 764, #65, 66 are blanks without iodine. Apparently
something went awry in 465, The changes in 64 end 766 are
higher then those in the benzene series, but not very serious.

(b) #60, #61, #67, #68, the 150° equilibrium dets, and

#71, 72, the 185° equilibrium data are definitely different
from the corresponding data in Tebles 8 and 9. Fowever, the
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AE's from the tempersture coefficients of the K's in Tsbles
J and 1l are the same, &3 cesn be seen by compering Figs. 12
and 1lo. The difference in the K's in Tebles 8 and 9 and
those in Teble 11 must be ettributed to differences in the
vauor pressure-composition relations of et leest one of the
isomers in the different solvents.

(c) #62, #63, #69, #70 are the rate experiments et 150°
in cyclohexene. It is to be observed that the values of
K/?ilzi in Coluwmn XI are noticeably higher then the corres-
ponding ones in Tebles 8 and 10. It will also be observed,
however, thet the values of KK/V1125 in Column XIII are very
similer to the corresponding velues in Tables 8 and 10. From
these fects it might be concluded thet the cisC H201 hes
different vapor pressure-composition relations In cyélohexane
then in benzene or C_HoCl,, whereas these reletions of trens-
02H2012 are about thé Semé in the different solvents. Cis-
02H Clg being a polar licuid might be expected to beheve less
regularly than transCgHoCl,, but why this difference should
oceur in going from CgHg té CgHqo 1s not clear. The average
velues in Column XIII for Table é, 10, and 11 respectively
are the same to within about 2%.
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xplanation of Experiment Tables

On the following veges esre tebuleted the individual
experiments. Teable 8 conteins the experiments done with the
pure liquids cis- end trans-CpoHoCls. Table 2 is a list of
the blenk end eguilibrium exveriments done with benzene sol-
utions of CoHoCl,. Table 10 contains rete experiments done
with benzene solutions. Teble 11 lists the experiments us-
ing ecyelohexene as & solvent.

The deta tabulated in the various columns is &s follows:

1 s The exvneriment number.

IT. The isomer originally present in the reesction sol-
ution. No experiments are listed which begen with a
mixture of isomers. Experiment 49 conteined no CollsClo,
only benzene.

v 8 The totsl mol percent CoHo,Clo before addiny Io.
This column is omitted from“ P5Eblé 8 in which the Gom-
position was alwrys 1005 CoH: Cld and from Teble 11
in which the concentretion wes alweys 10.02 mol percent
CoH, Cl2 in the cis- solutions snd 2.99 mol percent
CmH“Cl in the trans solutions.

IV. The com1081tlon in mol percent cis-CoEoCly found
at the end of the experiment by dielectric constent
analysis. In cese of the blenk (iodineless) exper-
iments the values are usuelly given in terms of the
apparent increase in mol pcroent cis-CpHoClp. In e-
gquilibrium experiments #71 and #72 the mé = sured velue
has been corrected by an amount calculsted to corres-
pond to the distance those solutions would heve been
from eguilibrium”after the seven hour heating period.
®or experiments #34 and #35 since these were done with
total CoHoClo comoentrrtlons 2t which & celibration of
mol percent olsC oHo vs condenser reeding hed not
been made, no exact vn%ue could be put in this column.

V. Temperature of the experiment, °C.
VI Duretion of experiment in hours,T,
VII. Mol fraction Is x 10°.

VIII. Squere root of mol frection I, x 102, i.e. 100(T,7.
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IX. ‘"he rate constent, k, calculated from this exper-
iment as described on perebl, &t the temperesture of
the experiment. _Ir Tables 8 anhd 11 these values ere
multiplied by 10¢.

X. k/\(Isg7.

Kl The value of column X celculeted to the standerd
temperature by meens of the rate constant tempersture
coefficient data. The standerd temperature for experi-
ments done 2% 2bout 150° was 150° . For those et sbout
160° was taken as 159°. At the lowest tempersture it
was 140.5°.

XII. The eguilibrium coustent, K, 2t the tempereture of
the experiment.

XIITI. Por experiments et 150°, The 150° equilibrium con-
stant times the velues in Column XI. The vealues in
Column XIII represent 150° rate constents for the re-
action transCoHpCly, ——= cisCpHpClez.

XIV. The uncorrected precision condenser resding corres-
ponding to the resction mixture at the end of the ex-
veriment.

The precision condenser readings corresponding to the
liguids from which the verious resction solutions were made

up are as follows:

Liguid Uncorrected Precisio
Condenser Reading

cisCBHZCIE 107 .20
transCoHoCle 56.81
Benzene 58.81
Cyclohexane 54 .74
9.897% clsCgH Cly

in benzene 64,97
10.00% transC H,Cl,

in benzene 58,60

10.02% cisCgHgCly
in cyclohexane 60.56

9.99% transCoH,Cly

in cyclohexane b4 .82
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Table 12.
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Rate Experiments in Benzene Solutions

Expt. k//{I5)

No.
44
45
48
47
he
56
85
54

.148
<147
.149
«153
. 0645
. 0650
324
ok

Temperature Coefficient Data

T °C

149.5
149.5
150.0
150.0
140.5
140.5
158.9
159.5

1/7 °K

.0023658
.0023658
.0023629
.0023629
0024171
.0024171
0023144
.0023110

log k//(1Ip)

See Figo 12.

2.303 log k//(Io)

-1.912
-1.918
-1.905
-1.877
-2.741
-2.735
-1.128
-1.082
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Expt. k//(1p)

No.
62
63
69
70
73
T4

.187
.189
-179
.186
«383
.388

Rate Experiments in Cyclohexane
Temperature Coefficient Data

P °g

150.7
150.7
150.0
150.0
159.2
159.2

Table 13,

1/7 °K

.0023591
0023591
« 0023630
« 0023630
0023126

.0023126

log k//T1I2)

See FPig. 13.

80

2.303 log k//(1p)

-1.678
-1.667
-1l.721
-1.682
-0.960
-0.947
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Average Vvalues

In the following table (Table 14) are presented the
average values of rate and equilibrium constants found for
the studied isomerization referred to 150°. 1In all compu-
tations have been expressed in mol fractions. This has been
primarily because data concerning the densities of the solu-
tions at the temperatures of the experiments have not been
available. In Table 14 an attempt has been made to translate,
approximately, the rate constants for the reaction
transCpoH2oClp —> cisCpHaCl, (Column 4) expressed for concen-
trations in terms of mol fractions to corresponding values
(Column 7) expressed for concentrations in terms of mols per
cublic centimeter. The factor 1/3600 has also been applied, so
that rates calculated using the wvalues in Column 7 together
with concentrations expressed in mols per cublc centimeter
should have the conventional units, mols ce~l sec-l. The
bases for these translations are the values of the molal vol=-
umes at 150° shown in Column 5, and these, in turn, represent
approximate values obtained (a) assuming volume additivity in
the solutions, (b) neglecting the lodine concentration, and
(c) using empirical density-temperature equations for CgHoClp
(31), CgHg and CgH1z (32). A similar translation of the
values in Column 3 to those in Column 6 has been made.

Next to the #ery close agreement of the values 1in Column
already referred to, probably the most striking exhibit in the
table is the fact that the agreement of the values in Column 7

is considerably poorer. The values in Column 6 also deviate

4,



1 2 3 4 5 6 7
solvent k //{Tz) K kk /I, ¥ /M kx10* Axx
: : e Ty I2)
CoHpClp  -156  2.43 379 92.5 4.15 10.1
Cellg \153  2.43 372 102.0 4,30 10.4
CgHio .179  2.10 .376 122.0 5.50 115

Table l4--Average Values at 150°

from each other more than those in Column 2. However, be-
cause of the smallness of the differences between values of
/7’ for the three solutions, and because of the approxima-
tions involved in arriviné at these values, it would seem

well to defer the drawing of conclusions based on a comparison
of Column 4 with Column 7 or Column 3 with Column 6 until ex-
periments have been done in a solution with a considerably

different V. Such experiments are contemplated.
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