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Propositions 

1. The vapor pressure and l a t en t he 2_t of evapore,tion of 
t he volatile co nstituent fr om its soluti on m2y be derived 
from elimination curves of t h e t ype discussed by Embree 
in connection with t he molecular still (J. Ind. Eng. 
Chem. 29, 975 (1937) ). The derivation has been ca rried 
out fora particular cese. 

2. The following me che.nism agrees with experimental ob-
servations on t he thermal isomeriza tion of cis and trans 
di chlore t hy lene cs.talyze d by iodine: 

I2~ 2I -
r - c - er -
I - T - TI ,..__ 

TI~ CI 

A guess as to the structure of the intermediates CI end 
TI might be tha t they are t he erythro and three dichlor
iodoethy l free radicals. 

3. fJ{ for the reaction cis-C2H2Cl2 - trans-C2H2c12 is pos
itive. From considerations ~of electrical intera ctions it 
can be a r gued that t he resonance energy of cis c2H2Cl2 ought to be l a r ger th an tha t of the tr2.ns isomer. Thl? t 
there is gre e ter resonence in t hB cis isomer is in agree
ment vi i th t he i nconclusive ob se rvation of Brockwa.y , Be s ch , 
and Pauling tha t t here is greater c1=c double bond che.r
acter in this isomer (J.A.C.S. 57 269 3 (1935) ). 

4. 

5. 

For the photochemica l addi tion of chlorine an d bromine, 
respectively, to the a cetylene dichloride s simila r r eac
tion me chanisms may be proposed. 

A meesuring co nden ser of t he 
was used for dielectric co ns t ant 
quation of t h e form R: A - BCt 

construction shown in Fig. 1 
measurements, and an e-

was 2.ssume d to re 12 te 
B - Ct

t he dielectric c onstan t of t he li qu id t o t he tota l cap
acity, R, of t he condenser. The const ants A, B,C were de
termined by calibration wi t h three st1?nderd fluids. 

The e g_U£.tion s o obta ined will hold for 2.11 values oft 
if the inner and outer boundaries between flui d an d gl ass 
are e ~uipotential surfaces. 

If ea ch elemen t of t he bou.."lda r y ma.y be co ns idere d an 
e q_ui:,oot ential surfe.ce but if some elemen t s differ i n po
t ent i a l from others by a small fr a cti ons l amoun t no t 
gre a te r t hanA,, t }1en vvithin t he c 2-.librati on r Bnge t he 
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mr:xH1u.r.: frect j or.[ 1 d.if:fe:::-ence betnee r:i t ;~ e cq)eci ty YJ}d.cr. 
would. be cc lcu l r t e cl_ o~: t h o obove e '-:.. '-'-P ti on to co1·1·0 s p ond 
to a 0 iven dielectric constrr:.t of t he fiJ.ling :fluid r r:. d. 
tLe r ctual c c: t) f· city of t:n e co n de nser v1hen f i 1 le d r.ri th 2 

fluid of t het dielectric const2nt will b e of t h e order 
of A,,._ . 

Flui d 

Ungro unded e le c trode 

Glass silve r ed o n i ~
si de to here 

Gl2.s s :p l a te d 
on ou t s ide with cop~er 

? i g . l 
treasur ing Ce ll 

0 . Li 01:.t from c1 11urrtz me1· c1.1.ry 2r c doe s not Fffcct t h e rp to 
of r educ ti on of c o_nrer ox:i. cic by :i :.ydrogcn 2.t t emr1er2tur os 
[ 1.r ound 200° C • 

7 . The ev i den cc g i ven b y Tr i c e a.nd Thor}JO in sur,3,ort of 
t h o me c~~niso they repose for t h e thermFl isomor i ze tion 
of ett.;yl nrle Ftc in t1 ,e _nrese n ce o:I:' bromine f"; t ; d ei:thrr- coce 
is too r:102 r:::. re to ez:clud o 2 s i r:1J, ler e:z:i-l 2nr tion ( J . A . C. ~. 
oO, 2839 ( 1938 ) ). -

8 . r.i:i1cro is 2.. met:0:od c.:· .. :roduc~ n; f:r: or:1 en electri c cu r -
re u t co n tcd.ning co rrr1 on0r.ts of vrrions frc lye1 :ci.es 2 1·· 2Jn
:0J. i tud s ti ,o corn, s:1 ·oridi ,;t,' cnr:L·e r ts s5 mil2 r to ec ch ot her 
1': li O. to t i 1C ori1_; i 'i1 [' l c :.r 1·o n t i n tJ :eir r' O rrl> ODO td, fre L~Uc ncie s 
anci a1.1~·l itu des , bu.t ci i:ff e1•in;:.· frorn e r c"i . otLer L1 t1A,t C[CJ-1 

CO f.1} Ol'i01J t j_ n t '.1 8 Oi.1 0 ui :i::f' cr s b,Y c. 90 }_8 s e ElF: J.e fr om t }r e 
corri.:; s:01. dh.,; c o:. i2oner. t i r 'Gl: c ot;wr . 

ri1:1e rnct:i,oG i s i_n s or:c res r,c:,ct ~i Fu; J. o,_;01,.s tc, 2 st2 i d
or0. rao t"i.o d of rc i:; olv:;_x: c:.2~. tic ,."; r1,i. o~:.s i s or.w:rs . 
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It mi ght . fi nd a:-:::1.Jl i.c P. t ion i n s i ngl e - s i de bend r ed io 
tr2.nsmiss i on . 

9 . There is me r it i n r e Ci_uiring t he formul a tion of pro-
positions by candi de t e s for t h e Ph .D. de gr ee in chemistry . 
It is poss ible t hat it would be wo rth while to permit 
students t o r egi s te r spe cifically for units for work on 
t heir propositions--pe r haps to encour age t hem to do so. 

1 0 . Iodine sh ows ar1 anomalous dipole mome nt in benze ne 
and a co nductance in cis-dichlorethylene . In co nne cti on 
with these phenomena and t h eir possible expl a na tion i n 
terms of t he formation of complexes t he f'o llovvi ng mees 
urement s would be of i nterest to make: 

a. Co nduct an ce of I l) i n c2H4Cl?. alo ne and with C6H6 
added . b . Co nductan ce of 12 i n c2H4Cl2 with tran s 
C2H2Cl2 added. c. Di pole momen t of 12 i n trRns- dichlor
oe t hy l ene . d. Di pole moment of 1 2 i n cy clohexane with 
benze ne added . e. Compar at ive behavior of bromi ne . 

11 . The reported va l ues of t he die l e ct r i c const ant s of 
liquids a re gener a lly in very poo r agreeme nt. The pre 
paration of a set of t r us t worthy va lues wou ld be useful . 
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Abstract 

An investigation of the thermal iodine-catalyzed isom
erization of cis- and trans-dichlorethylene was carried out. 
The reaction cisC2H2c12 --.. transc2H2cl2 and its reverse 
were studied in solutions in dichloretfiylene, 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: 

fill =[k K(T) + (C)]' 
dt 

in which equation k is a rate constant depending on iodine 
concentration 

K is the equilibrium constant (cisC2H2ci1) (transC2H2C 2) 
C and Tare respectively cis- and tra.ns
dichlorethylene 

the concentrations are expressed in mol 
fractions 

In 10 mol percent solutions of c2H2 Cl0 in benzene, over 
the temperature range studied (140° to r6o• fork, 150° and 
185° for K) 

K = .617 ~580/T 

when the time is 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: 

I + C ~ ,. CI 

TI ~ T + I 

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. 



IHTRODUCTION 

Kinetic data of cis-tr2ns isomerizEtion rerctions 

are not abundant. This reserrch was underteken in gen

eral to add to these deta, and in particular to extend 

to another pair of isomers the investigation of the me

chanism of iodine-catalyzed cis-trans isomerizations 

begun recently in these labor2,tories by Professor R. G. 

Dickinson and Mr. Harry Lo.tzkar. 

The symmetrical dichlorethylenes were chosen for 

study bece,use they are among the simplest of cis-trans 

isomeric pairs, bece,use their dielectric properties 

offer a convenient means of analyzing their mixtures, 

and because they are readily available. 
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General Discussion 

Cis-trans isomerism exhibited b y substituted ethyl

enes having two different atoms or radicels attached to 

each C8rbon atom involved in the double bond is interpre

ted in terms of restricted r ot a tion about a ca rbon-cerbon 

do1ilile bond. The phenomenon of isomerization represents 

an altere.tion in configura tion of the molecule which mi:w 
0 

be described as a 180 rotation relative to eech other of 

the two double-bonded cinbon otoms, with their subs ti tuents, 

about the double bond. In the ce.se of an unca talyzed thermal 

rearrangement of this kind,isomerization may occur when the 

thermal energy of t he molecule is grea ter than the barrier 

restricting rotation. A substance which would reduce the 

rotation-restricting barrier without becoming :permanently 

attached to the isomer would be expected to catalyze isom

erization. Radiation absorbable by the isomers might also 

promote rearrangement by exciting the molecule to a state 

in which rotation could occur. 

Many examples of isomerization reactions are known (1). 

One is that of t :r1e m2"le ic-fumaric ecid system. Isomerize.

tion in this system has been observed under each of the 

three conditions alluded to a.bove, i.e. therme.l (2}, cata

lytic (3), and ph_otochemical (4). Another example which 

might be mentioned because of its similarity to the reaction 

studied in this research is the conversion of cis-cinnamic 

ecid to t:ri:ms-cinna.mic acid>which reaction is catalyzed by 

iodine ( 5) . 
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It should be IlOinted out that isomerize tion may occur 

by other processes than one re Q.u iring e_ rot~tion about the 

double bond. Such a process is involved in Olson's theory(6) 

of the bromine-catalyzed isomerization of dibromethylene. 

The rearrangement may be pictured a.ccording to t his t heo ry 

as involving a Br- ion which approaches the face of one of 

t he double bonded ca rbon's tetreJ1edra opposite the bromine 

a tom originally attached to this carbon atom. When the ap

proaching bromine ion is close enough , the originelly at

tached bromine atom goes off as a neg2tive ion, t he remain

ing positively-charged carbon atom inverts and forms D bond 

with t he approaching bromine ion. This theory is analogous 

to tha t proposed for some Walden i nversions occurring under 

simile.r cond.i tions. As ar1plied to Wa lden inversions t he 

theory h2s received subst:::ntia,tion through experiments on 

inversions b:!:'ought a.bout by radioactive iodine (7). It is 

a theory which cannot be applied, hov.rever, to rei:wtions 

catalyzed b,v ions other than those corresponding to t he 

substituent groups in the isomerizing molecule, and is 

therefore not applicable to the reaction studied in this 

rese arch. 

Another theory of halogen-cat alyzed isomerizations 

vvhich is applicable to the present cs.se has been suggested 

by Berthoud (8) in connection with a study of the iodine-sen

sitized photochemical isomer ization of cinm,mi c ac id. Ac

cording to t his theory the r eaction catalyst is atomic 

iodine produced by pho tochemica l dissoci~tion of the iodine 

molecules. Presumably an iodine a tom may re2ct nith the 
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acid by bre2 king the double bond en d att2.ch ing itself to 

one of the freed valences. This process supposedly leads 

to the formation of an unst able iodine-cinnamic a cid com

plex with a single bond in pl a ce of the double bond. Be

cause the strong rotatio n-restricting chara cteristics of 

the double bond are no longer present this complex may 

undergo a rota tion before it decomposes, so that when this 

decomposition does take ple.ce either isomer may result de

pending on what configura tion t h e complex happens to have 

at tha t time. This theory is much less restricted in 

scope than the ionic one discussed above, e.nd is thought 

to offer an essentially correct expl2.nation of the isomer

ization studied in this thesis. 

The final product in a thermal isomerization, cat

alyzed or uncat a l yz ed, must obviously be an e quilibrium 

mixture of the isomers. This is not true in the OP.S e of 

a photochemical isomerization. A case in point is that 

of maleic and fumaric a cids. The free energy reletions 

are such tha t at any temperatures suitable for experi-

ments eg_uilibrium corresponds to pr r ctically pure fu.maric 

acid. Thus it is found thet t he rmal cata.lyzed (3) and un

ca talyzed (2) isomerizations ar e capable of converting 

maleic acid entirely into furnar ic e. cid 2,nd ere not cape.ble 

of doing t he reverse. It is possible, however , to convert 

fumsric a cid to me.leic acid by irrs.di et ion with ultraviolet 

ligl1 t ( 4) . The effectiveness of absorbed light in bringing 

about an isomeriza tion, rnd t he composition of t he steady 
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state mixture would be exJ)ected to depend on the e,bsor:ption 

coefficients of the isomers for the radiation used, the 

type of excitation produced in the molecule by the r2dia

tion absorbed, and the behavior to be expected from a mol

ecule thus excited. A theory of r,hotochemic&l isomeriza

tion involving these considerations hEs been proposed by 

Olson( 9) • 

It asserts that a li[£ht absorption effective in isomer

ization produces an electronically excited isomer molecu~. 

A lower rotation-restricting barrier is attributed to the 

excited molecuJ.e th&n to the normal one. .Accordingly, if 

the oscilletiona.l energ,y of the excited molecule is suf

ficient, it ma;y r0_ctually rotete before returning to t h e nor

mal st2te. Now if t ~e potential energy of t t e configuration 

of the exci t c d molecule corresrlonding to one of the isomers 

is different from t}wt corres p onfiing to the other, it is to 

be :presumed th2t t h e velocity of rote tion vJill he slov.: er 

while the molecuJ_e is passing through tLe configurPtion vrit h 

the higher energy. ~L1he time in t his configur2tion v1ill be 

lon;er than in the oth er. If t h e T1robs.biJ.ity t h2t 2n ex

cited r:101ecule will retu:rn to the normal st r:. te is inde :pen

dent of t},e configu1· 2. tion of the exci tea. molecule 2nd if 

t ~e lifetime of a roteting molecule is long com~~red with 

it::i perioC. of rot:::.tion its ~:, ro1Ju"bi1it.Y of returning e s a 

ch--; mole cu1e will be Jn·o:portione,l to t h o fr 2 ct ion of t h e 

rota tionrl pe~io d s p e n t in t ~ e cis co~figure ti on (me e ning 

by cis configurnti on 2ny configur2t ion ~hich on deectivr-
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tion p:rocluces fa rw:cmal cis molecule). ',{},en t]·~e 1·oto,tion is 

slow this fr2ction would be expected to be eithe:r ve:ry small 

or necrly 1 depend: ng on v(nether t}:ce cis o:r tr2ns configur2-

tion reJ}resonts the loner JJotenti2l energy, Pnc1 it ,,·:'01.-:.ld be 

GX],;Octed to aT~crorc}, l t:'S the velocity of :tototion becoraes 

li:"rger. 11ith the mentioned s,SSW11}Jtions t'ne theory is seen 

to :predict t1iat t~~e com1;osition of mixtures of cis-tr2ns 

isomeric pairs corresponding to the photochemicEl ste2dy 

strte would shift with increasing temJerEture tow2rd one of 

half and half. It 2lso explains the feet that it is often 

possible to obtain photochemic2lly from the more st2ble 

isomer mixtures with~ preponderance of the less steble one. 

Olson and Uaroney studied th~ photochemic2l isomeri

zrtion of g2seous dichlorethylene (10). The v2lues they ob

teined for the comJJOSi tior,s of ste2cl:l st2.te mixtures 2t vrr

ious temi-:1er2tures did not differ very mucb. from t:,s v2lues 

for the therrnE 1 e c.1,uili1)ri um mixtures Vj}Lich they rer,orte d. 

ri111is mas be r fortuitous coincio.ence. On t}1e other h2_r,d, 

subsev_Ue!~,t to their GX})Grime1:its evj_dence hE s been broug!·,t 

fort:1 iudicrting thrt chlorine etoms rre rroc,1;,ceci in di

chlorethylene b~ r2ti2tion of the prorer wevelc~gth (11). 

It is possible th~t under the cono.itions of Olson's £nd 

=:2roney's GX})crimonts chlorine rtor::s ·,ere J,ro6,uced Ft:c'i tl,rt 

the isowcrization ~~s 2ctually 2 chlorine-atcm-aatPlysed 

isome1~iz2,tion. This Y:ould exyJlPin tJ,.e simiJ.rd.ty 1rntween 

t1.1e cori1rositions 2,t eq_uilibrium r:1 nc, in t:r,e 

Ste E dy St f:' t G • 
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A l2rse vc:riety of crtrlysts rre effective in different 

(lr~), oxides of nitrogen (15), coJ.loi6r:l suJ.rh-u.r (14), the 

2.lk1: li ne tr ls , l') P llE ct i um, l)lr, t inv1;1 ( 15 ) , se leni urn ( lG) . A··· 

attem})t ha.s beor:1 1111:d.0 to oorrel2te t1~0 efiectj_venoss of t},_ese 

c2trlysts with tLo exister:,ce of un1.1E:j_rod electrons in t:l~em 

or in species in ec~_uilibriUfil 1;:j_th t},em (15). r:Phis c:.ttempt 

wes some~h&t discredited, however, by the fj_nding (17) thet 

the ca.telytic efficiency did not bee.r eny sira_:.le relE tion

ship to the m~snetic moment of the cetalyst. 

The \Luestion mc.y be re.ised as to whether or not in the 

cnse of en isomerization involv:ing rotetion about the double 

bond an inversion is e lso rec1uire d. If the rote· t ion is 

pictured as occurring 2bout one bond when by some me2.ns t:i1e 

other has been broken then, if the oerbon etoms h2ve retained 

their tetrahedrr:i.l oonfigur2tion, an inversion ,-_:iJ.1 certein1y 

be r;ecessrry before the brol:en bond cen be reformed ·..,-;i th tho 

moJ.ecule in the isomerized oonfigurEtion. On the other hand, if 

the tetrehedre.l structure is lost during rote tion the aues tion 

as to Hhe ther or not an inversion accompaniGs tl·le ro tP t :ior, 

is one of definition. ri:he significent in(.:..Uiry would seem to 

be es to v,hetl1er en isomerize.tion rec.:.uires the occurrence of 

two distinct 1-,rocesses which mey be ceJ.led rotetion rnd in

version1the rotation being able to occur ivi thout the ne

cess2ry occurrence of the inversion, or vJhether it involves 

only one inde~endent process. Experimental evidence on this 

point seems to be leaking. 
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Preliminary Discussion of Experimental Results 

It would se em profiteble Pt this ·1;oint t o .L • • .L 
8D ulCl l)E v8 

t he detailed presentr-.tio n of t he dc t a obtained iD t h i s re

search 2nd the discussion of individual series of experi-

ments by a preliminary discussion of the conclusions to 

which these experimental data 1e2.d. This method of presen

tation should facilitate a criticism of the reseErch in that 

it should be easier to bear in mind the compsretively few 

proposed generaliza tions while exemining the experiment al 

det a ils than to remember all these details while examining 

the conclusions )Jroposed to be dre"wn from them. 

The reactions studied were the thermal iodine-cata

lyzed isomerizations 

cisC2H2c12 -+- transC2H2Cl 2 

transC 2H2Cl2~ cisC2H2C12 

These reactions were carried out in t he liquid state in 

systems containing only the two isomers and the catalys t, 

and also in solutions of these substances in benzene and 

in cyclohexane. The reaction temperatures varied from 

140° to 160° in the re,te experiment and were 150° 2.nd 185° 

in e quilibrium experiments. Iodine concentrations varied 

from .014 to .0013 expressed in mol fractions, and ex

periments were also conducted in which no iodine was pre

sent. The dichlorethylene concentr2.tions studied were 

100, 20, 10, and 1 mol percent, the 20% and 1~ solutions 

being represented each by only one experiment. The reason 

that more experiments at different concentrations were not 
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made is that those that were me.de indicBted no a11preciable 

change in behavior with concentration, and that the ana-

lytical method employed wa,s neither precise at low total 

o2H2c12 concentrations nor at any total c2H2c12 concentra

tions for vvhich a saps.rate ca.libration of dielectric con

stant of the solution against its composition in terms of 

ci~and trans-dichlorethylene had not been made. Varia

tions in the reaction time of rate experiments were from 

about seven to about fifty hours. 

The important generalizations of the ex1-,erimental ob

servations that can be made are: 

(1) That the expression for the rate of isomerization 

in solutions of 10 mol % c 2H2c12 in benzene ma,y be repre

sented by the eg_us.tion 

d ( cisC2H2Cl2) : k [ K( tra.nsC 2H2Cl2 ) - ( c is02H2Cl2)] 
dt 

v1here K is the equilibrium constant ( cisC 2H2Cl2) 
(trans02H2Cl 2 ) 

and K 
+580/T 

- . 617 e 

where k ·depends on the iodine .concentra.tion 

B.nd k - 1.30 x 1015 e-15550/T ~) 

where the concentrs.tions are ex:pressed in mol fractions. 

This equation represents the observed results over the com

plete range of conditions studied,with1n the experimental 

accuracy. 

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

its constants are nearly the same for reactions in the other 

solvents, i.e. in cisC2H2012 , transC2H2C12 , and C5H12. 

Any proposed reaction mechanism must be compatible with 
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these generaliz2tions. As possibilities mi ght be considered 

the two theories of halogen c2te lysis of cis-tr8ns isomeriza

tion referred to in the general discussion. As mentioned 

there, the ion catalyzed mecher.iism in the form :rn·oposed by 

Olson (6) is not applicable; however , it would be possible to 

:propose an ion catclyzed mecha.nism which would not be sub,ject 

to the limitations of Olson's scheme. lloreover , such a mech

anism would be ex1lected to involve a h2.lf power dependence 

on iodine concentration as was observed. The alternative 

proposal of an atom-cete.lyzed re2ction (8) would also lead 

to a s quare root dependence of rate on iodine concentra tion. 

This le,tter meche.nism which has been accepted as preferable 

for r easons which will be discussed may be represented as 

involving t he following elementary reactions. 

where 

I2 ~ 21 ( 1) and ( l' ) --
I + C --+-
~ 

CI ( 2) and ( 2 I ) 

CI -TI -c--- ( 3) and ( 3 I ) 

TI __..,.. rri + I ( 4) and ( 4 I ) --- -

CI represents a complex formed by the reaction 

between C and I 

TI represents a complex formed by the reaction 

be tvrn en rr and I 

The usual tree.tmerJt of this reaction scheme assumjng 

t hat the atoms a nd complexes remain at low concentrations 

yields the rate expression 
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This mechanism and rate expression is identic~l in form 

with that suggest ed by Dickinson and Lotzk~r (5) for t he 

iodine ca talyzed cis-cinnemic acid isomerization. The 

experimental results differ from theirs in t h2 t in their 

experiments t he back re a ction, tr2ns--+ cis, was negli

gible, whereas in the present case the velocities of both 

re1::· ct ions are of the same order of ma.gni tude and corJSe

quen tly none of t:i1e constants in the above rate exrression 

is _. zero. 

It may be seen that this derived r2te expression is 

of the same form as the empirical one set forth in the 

first generalization and becomes eq_ue.l to it u non eq_u&ting. 

There are two experimental observations which be&r on 

the question of choosing between an ionic and an atomic me

chanism for the catalysis. One is the second of the above 

generalizations particula.rly the pa.rt with reference to the 

ne ar eCj_uality of the constants in the rate expression for 

the reaction in cisC2H2c12 an d in trens C2H 2c12 or benzene. 

If an ionic mechanism were involved a considerable eff ect 

on the rate might be expected by changes of solvent involv

ing changes in dielectric constant of the solutions. The 

dielectric constant of cisC2H2Cl2 is about 9.25 whereas that 

of benzene and of transC2H2Cl2 is 2.bout 2.25. '11he fact thet 

the observed reaction r0te st13rting with pure cisC2H2c12 
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is almost the same as that sterting with tr~nsC2H2c1 2 or 

that observed in benzene solutions indicGtes that this sol

vent effect was not present. 

The second observation which reinforces this a.r gument 

against an ionic mechanism was m~de rather accidentally. It 

was originally proposed to determine the extent of the re

action in a given experiment by measuring the che.nge in di

electric constant of the solution containing the iodine 

catalyst. In attempting to do this with some of the solutions 

in cisC 2H2c12 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 wa.s guessed th2,t this quenching of 

oscillation was caused by dielectric losses in the solution 

due to conductance. To test this theory qualita.tive conduc

tance meBsurements we1~e made, and it was found th2.t iodine 

solutions in cisC 2H2c1 2 did indeed conduct. The approxi-

mate dataare as follows for conductance measurements mede 

in a cell with reported cell constant k = 0.21 (specific 

conductance of cell filling li quid= k x measured conduc-

ta.nce of cell) . 

Cone. of I 2 
(gms/cc) 

. 005 

.02 

saturated 

.05 

0 

Solvent 

cisC2H2Cl 2 

cisC2HzCl2 

CC1
4 

C6H6 

cisC2H2c12 

Measured resist an ce 
of conductance cell 

(ohms) 

92,000 • 

63,000 

::::,..10 7 

>10 7 
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Those da ta imr lY t ha t in the cisC 2H2Cl2 - I2 solutions 

there is a considerable ionic concentration and tha t this 

is gre a ter by a factor of et le2st 1000 t han t he ionic con-

centration in corresponding C5H6 - I 2 solutions. This ex

periment in connection with the observed solvent indepen

dence of the rate of isomerization spesks r2ther strongly 

against an ionic mechanism for the reaction. 

Concerning t he structural chemistry of the isomeriza

tion, in particula r concerning the structure of the two 

postula ted intermediate iodine-dichlorethylene complexes, 

and the ciuestion as to vlnether these two complexes should 

be considered as remaining for any considerable leng th of 

time a s distinguishable from ea ch other the results of t he 

present research would seem to yield no information. Nor 

does it seem possible on the basis of any existing evidence 

to decide these ques tions. 

Data possibly bearing by analogy on this questio n ere 

t hese concerning the photochlorina tion and photobromination 

of the cis and trans cd chlore thylenes. r11he re ported facts 

are that: 

(a) The rate of the photochlorination may be expressed 

by an e quation of the form (22)(23) 

(b) The initial rates of t he photobrominations 2.re given 

b,y expres::.~ions of the Sf:!me form, al though in this cr .. se the 

will also occur (21)(23). 
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(c) The rat~ of the photochlorin~tionsof the two iso

mers are identical ( 22) ( 23). 

( d) r.rhe rates of the photobromine t ions- of t he t wo iso

mers arediff'erent by a fector of e,bout t r,ro (19)(20). 

(e) The q_usntum yields a re high (21)(22)(23)(24). 

The first and last of these facts have led SchumEche r 

to propose tho following chain reaction 

012-+ 201 1 

Cl+ C2H2c12 --+ CzH2Cl3 2 

C2H 2Cl3 + 012--+- C2H2Cl4 + Cl 3 

2 C2H2Cl3--. C2H 2012 + C2H2Cl4 4 

The rate expres ,3 ion to which such a mecha,nism leads is 

It is seen thst the rate constant of re a ction 2 is not 

involved. 

This reection mechanism seems to be a re asonable one. 

If it is to be accepted, then aside from the possibility of 

a coincidence, the equa l chlorination r 2t es of the cis end 

trans isomers imply that the c 2H2c13 produced in reaction 

2 from tr~ms-dichlorethylene must be the same e.s t he c2H2Cl3 

produced from cis-dichlorethylene. Because of fact (b} 

g_uote d above, it would seem reasorn\ble to assume the srme 

type of mechanism for t he brominations as for t he chlorin

ations. If this is done, fact (d) require s t ha t the inter

mediate, c 2H2c12Br, be differen t for different iso~ers. 

These two re quirements exclude a number of otherwise 



possible structures for the intermedietes. A probable 

structure which t hey do not exclude is the normal free 

radical structure. 

X 
I I 

E - C - C - H 
I I 

Cl Cl 
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A structure of this kind will certainly fulfill the 

re~uirement of yielding identical redicals in the re2ction 

betwBen a chlorine atom and either cis-or trans-dichlor

ethylene. If this structure is correct for t he intermediate 

in the rihotobromina.tion, the interesting implicetion arises 

tha t the erythro e,nd three dichlorobromoethyl free r2.dic2.ls 

are distinct species and retain their distinct configura

tion until they re act . This is bece.use the re.tes of bro

mination of t he two isomers are different, but a ccording to 

the proposed mechanism do not depend on the rete of t he el

ementary reaction involving these isomers, only on the t of 

re a ctions involving the complexes. 

The only rele.t ion between the foregoing argument con

cerning the probability that a free radical of this structure 

is the intermediate in the photobromina tion of dichlorethy

lene and t he questi on of the structure of the intermedia te 

in the iodine Ca.ts.lyzed isomerizetion of dichlorethylene is 

the.t both re r ctions are essumed to })roceed by a halogen etom 

mechanism, and tha t bromine and iodine a toms ar e similar. 

No difficulty is introduced in heving to e.ssume retention 

of configura ti on of t he bromo free r ad ical until re a ction 

with bromine wh ile assuming an isomerization through the 
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iodo free radic~l. In the bromination the free radic~ls 

2.re y;resum2.bly us oci up very r er idl,Y, whcre2.s in the c2se 

of t },e isomeriz2tion t hey exist j_n equilibrhun vd.ti'. t j:.e 

dichlorethylene 2nd iodine. 

By setting t h e expo nent of e in t ~e empiricel ex

pression for t he tempera ture de pendence of K e qual to 

AR\ for t he r eac tion cisC
2
H2Cl

2 
-+ tr2ns c2H2 Cl 2 B. vrlue 

for the q_uentity ,L\.f.: = 1150 cal/mol, mey be obteined 

from t he benzene solution d2t 2 . The value obt a i ne d from 

t he cyclohexen e de ta is identical. The values of 6F in 

cal/mol for the re r. ction 2.t 150° c2lcul2t e d fr om t "i;e evui

libri um consta nts rre 750, 750, 2nd 620 respectively , for 

t he solvents dichlorethylene, benzene, and cyclohexane . 

From these v2.lues a value for L:t.S for the re2ction st 150° 

may be computed to be about 1 021/mol de gree. 



II 

THE EXPERIMENTAL RECORD 

, 
I 
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:U i e l e ct 1· i c Co nst r , -t A irn r r E t us 
- · .,I . 

he tero dyne .. 1e L.oc'. 0f com:qe rir:g ccp: citn1ces. r!1 he essen -

tial parts uf t Le aJp~ r etus e r e (2) t j e rowe r supply, 

(l)) t,;'.0 61.::'Gcctor-o.mplifier, (c) the cr,ystel oscillrto:r, 

(d) t h e oscillator con t a ini ng ~!e measuring ce ll or p r e 

cision condense r jn it s resonrnt circuit, (e) t he li ~uid 

co n taining c rf)e citr:: tor or rnessurjng ceJ.l, (f) t ':'1e :rrcci-

siori condense r. 

( a) r;.1he Pone~c sunpls. .A circuit 6.i 2grcm of tLe r ower 

SU)}: l ,Y is s hov-.m in :t?ig. 4a.. It is i n ge nen 1 of coLvect i onel 

clesif~ll. ~~he be.nk of neon bulbs vrns included i n t~.e circuit 

to i~prove t h e constancy of output voltage. They do not 

seem to be very effective for this purpose; howe ver, es will 

be mentioned later, freedom from relatively slow volt 2ge 

fluctuations is not es s ential. A 0-300 voltmeter mersures 

t }}e out1')ut voltage. By pressing the a];,propriste r,us} ,button 

2. milli c:: mmeter mee.suring up to 50 millie.mr,eres rnc y bo mr de 

to i n ci. ic Pte eit11er t h e totel output current or 

through the neon bulbs. 

.,_ .. 
u.r e curre nt 

~L1he ou t put ( direct current and filament su:p:i1l,Y) is 

connected to e2 ch, of tLree four-pronged female :r J.ugs from 

v1lc icl1 it is t ek:en by s0p e rcte shielded cnbles to t ho t wo 

osciJ.l r tors 2no. t o t1°0 detector. 

(b) rrhe :.Jetector-Arnr,,lifier. r_n iere r re no crj_tice J. 



Fig. 2. • Dielectric constant Apparatus 
(Front) 

Fig. 3. Dielectric Constant Apparatus 
(Back) 

22. 
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Riot a..,Jb 

1Y 
Output' 

I _.__ _ _..__ __ ~+ 
-n•,.._ ____ ..;..,,_ _• _-_-_---!. .... ....,_:-__ 1 

• • I l ' 
l -· --,..: -· --------, I 

X 

20 "r- 2.0 Hy. 

C = ,005 MFD 

Fig. 4a. Power Supply 
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re(.:_uirer:1cuts for tLis rr,rt of t:,e n~:::Jrrrtus. rrhe circuit 

used -vvr'S 6.esc:r-ibed in the Hu:J.io Jiml"teur's Frndbook, 14th 

edition on y;r,':e 119, as f' 11 11 Shielded ~i:wo-Tube ;1eceiver" 

A 6K?G and a 6C5 rrnre use c1 in ple co of tYe tubes s1.1gc;e s to d 

in tho desc1•i11tion. ~L1he power is broug}·,t ir:. b 2. CE1 ble 

at the beck. There ere elso two sm2Jl :;;lu0 s for cou:r,ling 

the osciJ.lator outputs to the detector tunin~ coil by a 

linlc, e.t2d e 1,lug for an er-.rphone or SJJe2ker. 

(c) The Crystal Oscillator is controlled by a ~uartz 

plrte resonBting at l.?5 megacycles. This crystr-1 is 

mounted in e thermosteting unit to increrse frec.,uency 

stability. As a matter of feet greet st2bility of this 

fre~uency against slow drifts is not required, but it wes 

originally thought the.t tlw circuit might be e.rr2 ngo u in e 

we::; thrt would make this desireble. In the power supply 

lee.ds from each of the oscilletors is included a r.f. 

choke coil to 11revent undesired coupling betv:eer: the os

cillators. It ws.s found that this addition to the cir

cuit made possible obtaining beat notes of a feD cycles 

per second, VIheree.s before the chokes were inserted, eudio 

fre~uencies of less than several hundred cycles could not 

be obtaJ_ned because of the locking of the oscillf.:tors. There 

are two controls on the crystal osciJ.lator; one tunes the 

reson2n t circuit,. the other controls the f;_m1Jli tude of 

oscill2tion. 

(d) The Capacity Controlled Oscillator comrrises a 

sim})le inductively cou1iled regerwretive osciJ.letor circuit 

a :psrt of the tuning c2p;:0 cit,y of rvhich is furnishE,d either 



r- - -
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

Prec,sw n 
Co-,, Je"" ser-

Suhst,'twti",,,q 
Swi t d, 

To dete ct or-

• OO Of 
Pl"'j •i?I 

- - 1 
I 
I 
I 
I 

Fig. 4b. Capacity-Controlled Oscillator and 
Measuring Circuit 
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by t he :p:recisiou co r;cLeiiS~) r or by t i:.e rnec.SLrinf_'.; ce11. This 

cape. city is connect e d in JiP:c2lleJ. r:it'n tr10 Vf~ri2ble tun:ing 

co ndensers o.nd v11. t h a })lug-in f lxed cor:densor. By ch2ng

lng the plug-in tunin g coil and tte plug-in tuning conden

ser a l a r ge flexibilit y in fre quency end ce pe city me Psur

ing r a nge is avail2ble. The desirebility of mechPnicrl 

rigidity in this oscillator w2s borne in mind. The un

grounded connection fr om t:r1e oscillator to t he exte r ne.J. 

cape city circuit is shielded and fastened solidly in pl r ce. 

In addition to the tv10 tuning condense:r controls there is 

an amplitude control an d a switch which chan ges the c2.pe,city 

of the resonant circuit by a small, fixed cmount. This 

switch may be usod to check t he bala.n cing of t :( e precisjon 

condenser ag2inst the measuring cell e t a different fre

quency from tha.t 2 t which it was c1o:rried out. Such a check 

is useful inesmuch a s the oscill2tor frequency is a double 

valued function of the beat note :produced. Each oscilla.tor, 

the pov,,rer supply, the detector and t he precision condenser 

are enclosed in electrically shielding boxes. 

(e) The Measuring Cell is shown in Fig. 1. The con

struction with the electrodes outside the gle.ss was chosen 

because it was originally intended to use the cell with 

solutions conte.ining iodine. That procedure was abe.ndoned 

for reasons that will be mentioned. There are, however, cer

tain possible advan tages to the use of such a cell. As 

implied, it ca n be used with metal corroding li quids. It 

can be cle a.ned with less :prece.ution than might be re quired 
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by a condenser with metal i mmersed i n the li c~ uid. It can 

be designed to cover a ran ge of dielectric constt=rnts from 

one to infinity within a finite capacity r ange . The dis

adv2 ntages e re that it is les s sensitive to dielectric 

constant changes, it re quires more li quid for a given cap 

acitance (with any re a s onable sensitivity), its calibre.ti en 

is less straight forward. 

The cell is enclosed in a brass tube with stoppers a t 

the top and bottom arranged to permit the circulation of 

thermostating w2ter. The brass tube is grounded. 

(f) The Precision Condenser is a General RBdio Type 

722-]) Serial No. 420. 

It has two capacity ranges, one from 100 to 1100 mmfd 

and the other from 25 to 110 mmfd. The lower range is used. 

The smallest division on t h e worm dial represents .02 mmfd. 

Usually re adings are make to the nee.rest .01 mmfd. Bec2.use 

of small deviations from linearity of capacity against 

scale reading, it was found desirBble to celibr2te the con

dense1~. The condenser can be set extremely a ccurE,tely by 

ma tching of bee:. t notes, but it was found that these set

tings are not ex8ctly reproducible from day to day. The 

maximum variation observed in precision condenser re a ding 

corresponding to an air-filled mea.suring cell was about 

one small division, i.e. abor t .02 mmfd. It seems probable 

that this small change which corresponds to a, fractional 

change in capacity of less t h an .001 could be attributed to 

a small tempere,ture or humidity coefficient in t he condenser; 
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it was not quartz insul2.ted. 

(g} Circuit and Operati on . The method of cor.1p2rlng 

the Ce.:pE c1ties of the cell and the precision c ondenser is 

essentially a null method in the.t it involves repl2cing tbe 

cell cap8 city by the pre cis j_on condenser capacity in -an os

cillating circuit which is otherwise kept constant. The 

:precision condenser is then adjusted until t h is subs ti tutio n 

causes no alteration in frequency of the oscillation. Since 

the substitution involves. the throwing of a single switch, 

it is very r apid end it wa,s found c_;_u i te s2tisfe.ctory to com

pare the two beat not fc S by memory, i.e. it wes not found 

necessary to have any fixed standard of pitch. rt is be

cause the dielectric constant determination depends only 

on constancy of beat note before and after a r ap id sub

stitution of capecities, thEt slow creep in the fre quency 

of t he oscillators ca.used by gradual voltage or temperature 

fluctuations is not detrimental. 

Some experimentation in selecting a switch for capacity 

substitution w2s necessery. It was found th2t some switches 

would not always come to rest in exactly the sa.me position. 

This would cause e slight change in cepc city and would make 

accurate capacity determinations impossible. The switch 

finally used is a small rotery single-pole double-throw 

type which was slightly modified with stops to assure re

producibility of the rest positions. This switch wes mount

ed directly on the precision condenser near the terminals 

and e.s fer as possible from t 11e oper2. tor. It is oper2,ted 
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by a knob connected to t he switch through a six-inch gl ass 

rod. The grounded sides of t he precision condenser, mees

uring condenser ar:d capeci t y contro1led oscillator are per

manently c onnected toge ther. The ungrounded end of t:1e oscil

lator's resonant circuit is connected to t he center of t he 

substituting switch, e,nd t h e ungrounded sides of t he cell 

and precision condenser are connecte d respe ctively t o t he 

two outside electrodes of t he switch. The parts ere ar-

ranged so as to make these ungrounded le eds es short as 

possible. Shielding wes me de ~s complete as necessery. 

Unless stated to t he co ntrary all meesurements of 

dielectric cons tant vrnre me.de 8t 25°0. To make a mec1sure

ment the liquid is drewn into the mer,suring cell by suck-

ing through a CaC1 2 tube. The pump for circulf'cting ther

mostat water is turned on. The substituting switch is turn

ed to t he cell position and t hen any suitable audio be nt 

note is produced in the ea r phone of the detector by tuning 

the var i able condensers in the capacity controlled oscil

le.tor. (Theoretically, the lower the beat note, t} ie more 

precise me..y be the capacity mctchjng). The substituting 

switch is now throvm to the precision conde:user }:osition 

and the precision condenser adjusted until a beat note is 

obtained vvhich is not altered by throwing the substituting 

switch. The osci1la tor tuning condenser me.y now be slight]y 

change d to give a different beet note and t hen if on throw

ing the substituting switch no change in t one is produced, 

it may be assumed that the capacities of the two circuits 
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are e~ual. After the measurement the liquid is rinsed 

out of the cell with a volatile solvent which is then ev

aporc:c ted by blowing air through the cell with an e,tomizer 

bulb. 
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Calibration of the Precision Condenser 

'l'he m2.ke rs gu..<:>.r en tee the precision condenser read

ings on the lower range (25-110 micromicrofarads) to be 

accurate to vvithin * 0.2 mmfd. Since it wes desired to 

measure small differences in capacity with an error con

siderably less than this fi gure a calibration was neces

ss.ry. This was mc1.de in the following way~ 

.A second variable condenser, which hapJ)ened in this 

case to be an older General Radio Precision Condenser 

Type 222 No. 482, was connected into the dielectric con

stant apparatus in parallel with the condens e r to be cal

ibra ted. By means of a switch it was poss ible to connect 

in ps r allel with these two condensers a third small fixed 

condenser, or to disconnect it. The procedure wes to 

stBrt v;i th one of the precision condensers 2.t minimum cap

acity and the other et high capaci t~r setting. The sm2ll 

fixed capacity would be out of the circuit e t t his point. 

The totel capacity of the par2llel condensers wes now 

matched with a st~ndard crpa city which st end~rd wes then 

unchange d t hroughout t he cel ibration end served, therefore, 

as a me e ns of bri ng ing t he total cc. p2. ci t y of the r a.r2.llel 

precision condenser circuit beck to its initial v2lue while 

v2rying t he vnlues of t h e individual precision condensers. 

The re ad ings of the precision condensers were recorded. 

The switch wes now t h ro Ym to E-.dd to t r, e sum of t :c!e c2.pcci

ties of t he precision condense rs t h at of t he smell fixed 
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conde nse r. now th e total c2,eci ty of t he prr2llel c i rcuit 

would not ec1.uel tha t of t he strnderd. To re g 2in the e(_;_u2l

ity one of t he precisi on condensers r.Ts chE,nf ed. The t Yw 

precision condenser re pdings ~e~e ~g r in recorded . The 

switch w2.s novJ turned b£tcl: to remov e t 11e smal l fixed c2 p -

1J.Ci ty gnd the :pE rEtllel Cr-J)r ci tics r e turned to t}1 e st c:n d2rd 

v a lue by v r :rying t he othe:r .:·recisio n co ndense r se tticg . 

Af te r recording t he r e2d i ngs t ~e fixed capr city switch is 

ag2in t },rown r Ld t ;•:e ]:jrocess r e:rie c:: t e d. 

Th is s tepwis e procedure of v2rying the t wo prec is io n 

conder;.ser s , one from a lor: to a high e.n d t11e ot} ,e r f:rom e 

high to e low cepe city, ~hile keeping the totrl orpeoity 

con s t en t is the bas is of t h e ca libra tion . The difference 

be tv✓ e en a n} tv,ro co r;s o cu ti ve different ro e di t'.f s o:::· e i t L) :c 

of' t t, e precision condensers should be t}'.e S8mo ar,c. e 1.:: u2.l 

to the vrlue of t <c small a.dded ( or subtracted) :f :1.xe6 

carsc5 ty. By dividing the tot2l capacity chanee iudicfted 

by t }~e precision co ndenser by t h e number of steps j_n br5.n0 -

i ng ab out this ch2.nge a v c:. lue for t :· e c r,pe ci ty of t :ne s mall 

fixed condenser may be obtained whic:t should not be i n error 

by 8. g re2 ter :percent2ge than the perce :it error in t 1: e me e.s

ured total c 2:1 )r,ci t y chan ge. If t:iie ~r recision coriden se r is 

3000. and t:Le tot2l chc..nge is a f2.irl,y l l". r ge fr2ction of 

it s total capacity , t h is l a tter error s h oul d bo very smell. 

Calling t he t hus determined v::,l ue of t L.e c2 yi2.ci t y of 

the little fixed condenser x it should be r ossible to con

struct a set of v :c lues Ex - C which would reJ)resont the 



t:cue ve.l ue s of t:;_~c cq;., o city cor1·e si :, ouclirig to conse 011t i ve 

rerdings of tl~ precision condenser obteined in the cal

ibr2-tion experiment. F 2.ssumes consecutive i r::tegr2l 
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values and C is a co nstant . The value of IT for t ~e first 

reading and t he approximete value of Care to be chosen 

so t het t he differen ces between t he values of TTx - C and 

the recorded condenser ro8dincs ere as smell as pos s ible 

t hroughout the series. If nov1 t he vnlue Ex - C is sub

tra cted in every cese from the correspond ing co ndenser 

reading , a set of v alues will be obteined the irregular

ities of which 'Nill correspond. arproximHtely to c1ev i et ions 

from e linear relationship between condenser reading and 

cape. city. 

After t2.bul2ti ng the values of Hx - C, the conden-

ser readings R, and the differences between these two ~uan

tities, it raight be observed t h2 t by re ad justing tte velues 

of C and x the 2..ver2"ges of the absolute values of the dif

ferences would be decreased. One should t hen make t h is re

adjustment. That this step is justified may be seen by 

considering its implic2. tions. The re2djustment of x to 

give sma,ller velues of R - lJx - C merns the t t he originel 

volue e.ssumed for x was obtaj_ned by using e somewhrt in

correct v2lue for t h e total ca.pe city chenge. Tbis i ncor

rect v c. lue could hs.ve arisen becn1se of t he :f2ct t he.t the 

error in caJ)ec i ty indica ted by the initial rea ding vves not 

the seme as t hat of the capacity of t he final re eding . 

Then by readjusting x et the present stage one is ass en-
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tially using a n 3Verege vrlue rat~er t han r V8lue obt ein 

ed from the difference of but t wo re 2d ings. Thot C should 

be re ad justed to give as smell devi a tions es poss ible i s only 

to SEW that t :ne most yJ rob2.ble ever· ege deviati on over t he 

whole rc1ng e is zero. 

Assuming thst the deviB.tions of the capa.ci ty from the 

condenser re 8c1 ing could be s.ttributed to a periodic devia

tion due to irregulerities in the driving worm su1,erirr1J::- osed 

on ex1 irregul c,ri t,y in the worm ge2r or condenser pl 2 tes, c1. 

separate calibra tion w2s mede for t h e wo rm correction an d 

for t he other correction. 

The worm ce.libration wcs carried out es described above. 

The computed deviations were plotted against t he readings of 

the worm dia l. ~rhe curves obtained appeared ap:proxim2.tely 

sinusoidal, and it was assumed t h at t he periodic error in 

the worm could best be approximated bye sine function a nd 

that t he deformation in t h e curves obta.ined experimentally 

we,s l a rgely due to the superim1,osi tion of errors in the 

worm gear 2nd condenser pl2tes. Accordingly, a true sine 

curve was plotted with amplitude ax1d phase corresponding 

aprlroximc,tely to the aversges of these q_uanti ties indice ted 

in the experimental curves. Worm corrections determi ned 

from this idealized cirrve were then added to the devi e tions 

observed in the long-ra nge calibretion. This should make 

the resulting long-ra nge devi e.tions independent of the }Jer

iodic worm errors. This treatment made plotting much eas

ier since the long-range correction curve was thus m2de 
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compe ratively smooth . 

It might be well a t this point to recap itul2te the 

significance of C[,.paci ty values obtained from :precision 

condenser readings with the use of these correction plots. 

Since the ca libration was made without any capacity stan

dard but the condenser being calibrated itself, it cannot 

be expected to have given curves from which absolute val

ues ma,y be obtained. What it should be possible to obtain 

by correcting the condenser readings by the values shown 

on the calibration curves is a quantity which varies lin

early with the capa city and which never differs from it by 

more than the maximum error in the ce.pacity reed from the 

condenser. Actually, the maximun1 error in the corrected 

values of cap2ci ty should be considerably less th8,n the 

maximum inaccurEtcy of the precision condenser, more ne2rly 

equal to the average ina ccura.cy. For any use to which the 

precision condenser in the dielectric apparatus has been 

put, the absolute capacity values are of no consequence, 

only linearity of capacity with corrected reB.ding being es

sential. 

The experimental calibration desta are given on the fol

lowing pages. The worm calibration data a~e first. The first 

column gives the precision condenser reeding, R, at each 

step of the calibration. The second column gives the dif

ference between consecutive re adings. The third column is 

N and the fourth R - Nx - C where the significance of these 

quantities is that already discussed. The last column con-
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tains the actual re s.d ing on the worm dial. (One rovo1uti on 

of t he dia l corresponds to a change in reading of 5. 00 mmfd.) 

The lo ng-range calibration d2 t a are include d in t he 

next t able. Column 1 gives t he conse cutive reEdings of the 

die le ctri c constant app2cre, tus pre cision co ndense r. Column 

2 contains the readings of t he other condenser. These read

ings are irrelevant to the calibration of the first conden

ser but a re included in t he data since from t hem could be 

obta ined a ca libration of the other condenser if tha t should 

ever be desired. In t he third column 2..n x indic2te s th2t 

the small fixed condenser was in the circuit and an o t h2 t 

it was disconnected. Column 4 is N, column 5 2 prelimi-

nary value of Hx. Column 6 is t he worm correction for the 

given re ad ing. The next column is the condenser reao.ing 

corrected for the worm error. The eighth column is 

R - Hx - f(Q) - C and the l as t column is the s2me thing 

where x and C have been readjust e d ( see discussion). The 

calibration plot is a plot of the values in t h is lest col

umn aga inst the v2.lues of R jn the first column. In t h is 

plot t he axis corresponding too correction has be en 

placed so thet the curve fa.lls about el]_u2lly above end be

low it. 

The experiment2.l wo rm fluct112tion da.te. ( column 4 vs 

column 5) are plotted in Pig . 5. r:L'he fallowing two gr 2phs 

are respe ctively the ide alized worm correction plot 2nd tbe 

long-renge correction plot. To correct a condenser reading 

both the correction indicated by Fig. 5a, and that indicated 

by Fig. 6, should be added to the reading. 
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Table 1 

Worm Calibration Data 

l 2. 3 4 5 

55.000 0 .0000 o.oo 
.218 

55.218 1 -.0004 2:.18 
.219 

55.437 2: +.0002 4.37 
.219 

55.656 3 •• 0008 6.56 
.221 

55.877 4 +.0034 8.77 
.222 

56.099 5 +.0070 10.99 
.220 

56.319 6 +.0086 13.19 
.219 

56.538 7 +.0092- 15.38 
.219 

56.757 8 +.0098 17.57 
.222 

56.979 9 +.0134 19.79 
.. 219 

57.198 10 +.0140 21.98 
.218 

57.416 11 +.0136 24.16 
.219 

57.635 12 +.0142 26.35 
.218 

57.853 13 +.0138 28.53 
.217 

58.070 14 +.0124 30.70 
.214 

58 .. 284 15 +.0080 32.84 
.216 

58.500 16 +.0056 35.00 
.214 

58.714 17 .... 0012 37.14 
.213 

58.927 18 -.0042 39.27 
.215 

59.142 19 -.0076 41.42 
.217 

59.359 20 -.0090 43.59 
.216 

59.575 2] -.0114 45.75 
.215 

59.790 22 -.0148 47.90 
.217 
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Table 1 (continued) 

l 2 3 4 5 

60.007 23 -.0162 0.07 
.. 217 

60$224 24 - .0176 2 .. 24 
.219 

60.443 25 -.0170 4.43 
.221 

60.664 26 -.0144 6.64 
.223 

60. 887 27 -.0098 8.87 
.221 

61.108 28 - .0072 11.08 
.219 

61.327 29 -.0066 1;;.27 
.225 

61.552 30 -.0000 15.52 
.221 

61.773 31 +.0026 17.73 
.221 

61.994 32 +.0052 19.94 
.219 

62.213 33 +.0058 22.13 
.221 

62.434 34 +.0084 24.34 
.222 

62.656 35 +.0120 26.56 
.217 

62.873 36 +.0106 28.73 
. 220 

63.093 37 +.0122 30.93 
.218 

63.311 38 +.0118 33.11 
.215 

63.526 39 +.0084 35.26 
.214 

63.740 40 +.0040 37.40 
.217 

63.957 41 +-. 0026 39.57 
.215 

64.172 42 - .0008 41.72 
.215 

64.387 43 -.0042 43.87 
.214 

64.601 44 -.0086 46.0l 
.217 

64.818 45 -.0100 48.18 
.217 

65.035 46 - . 011,1 0.35 
.219 
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Table 1 (continued) 

lL 2 3 4 5 

65.254 47 -.0108 2.54 
.219 

65.473 48 -.0102 4.73 
.222 

65.695 49 -.0066 6.95 
.221 

65.916 50 -.0040 9.16 
.222 

66.138 51 -.0004 11.38 
.222 

66.360 52 t.0032 13.60 
.220 

66.580 53 +.0048 15.80 
.223 

66.803 54 +.0094 19.03 
.221 

67.024 55 +.0120 20.24 
.221 

67.245 56 +.0146 22.45 
.220 

67.465 57 +.0162 24.65 
.222 

67.687 58 +.0198 26.87 
.220 

67.907 59 +.0214 29.07 
.218 

68.125 60 +.0210 31.25 
.218 

68.343 61 +.0206 33.43 
.216 

68.559 62 +.0182 35.59 
.215 

68.774 63 +.0148 37.74 
.216 

68.990 64 +.0124 39.90 
.214 

69.204 65 +.0080 42.04 
.216 

69.420 66 +.0056 44.20 
.215 

69.635 67 +.0022 46.35 
.218 

69.853 68 +.0018 48.53 
.216 

70.069 69 -.0006 0.69 
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Table 2a 

Precision Condenser Calibration Data 
First Run 

l . 2. 3 4 5 6 7 8 9 

121.340 o.oo 0 51 120.717 +.005 121.345 .372 .427 
119.035 o.oo X 118.350 -.003 119.032 .318 .368 
119.035 7.40 0 50 
116. 735 7.40 X 115.983 .ooo 116. 735 .248 .293 
116.735 9.15 0 49 
114-.420 X 113.616 +.005 114.425 .191 .231 

10.20 0 48 
112.110 X 111.249 -.008 112.102 .147 . 182 

11.00 0.· 47 
109.770 X 108.882 +.009 109.779 .104 .134 

n .. 67 0 46 
107.455 X 106.515 -.012 107.443 .072 .097 

12.30 0 45 
105.095 X 104.148 +.013 105.108 .040 .060 

12.89 0 44 
102.760 X 101.781 -.015 102.745 .036 .051 

13 .. 43 0 43 
100.395 X 42 99.414 +.015 100.410 .004 .014 

13.97 0 
98.-045 :x 4] 97.047 -.015 98.030 .. 017 .. 022 

14.50 0 
95.660 X 40 94.680 +.013 95.673 .001 .007 

15.01 0 
93.300 X 39 92.313 -.012 93.288 .025 .020 

15 .. 52 0 
90.885 X 38 89.946 +.010 90.895 .051 .041 

16.02 0 
88.520 X 37 87.579 -.010 88.510 .069 .054 

16.50 0 
86.110 X 36 85.212 +.008 86.118 .094 .074 

16.98 0 
83.725 X 35 82.845 -.008 83.717 .128 .103 

17.44 0 
81 .. 335 X 34 80.478 +.005 81.340 .138 .108 

17 •. 90 0 
78.955 X 33 78.111 -.003 78.952 .159 .124 

18.34 0 
76.570 X 32 75.744 +.001 76.571 .. 173 .133 

18.78 0 
74.185 X 31 73.377 +.001 74.186 .191 .146 

19.22 0 
71.815 X 30 71.010 -.003 71.812 .198 .148 

19 .. 64 0 
69.425 X 29 68.643 +.005 69.430 .. 213 .158 

20.07 0 
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Table 2a (continued) 

l 2 3 4 5 6 7 8 9 

67.055 X 28 66 .. 276 -.006 67.049 .. 2'27 .. 167 
20.49 0 

64.660 X 27 63.909 +.009 64.669 .240 .175 
20.90 0 

62.315 X 26 61.542: -.011 62.304 .238 .168 
21.32 0 

59.910 X 25 59.175 ;..013 59.923 .252 .177 
21.72 0 

57.570 X 24 56.808 .... 013 57.558 .250 .170 
22 .. 13 0 

55.175 X 23 54.441 +.014 55.189 .252, .167 
22.54 0 

52.835 X 22 52:.074 -.015 52 .. 820 .254 .164 
22.96 0 

50.190 X 21 49.707 +.014 50.204 .503 
23.39 0 

47.945 X 20 47.340 -.015 47.930 .410 .150 
23.,80 0 

45.560 X 19 44.973 +.014 45.574 .399 .. 134 
24.2] 0 

43.220 X 18 42 .. 606 -.013 43.207 .399 .129 
24.62 0 

40.840 X 17 40.239 +.011 40.851 .388 .113 
25.03 0 

38.500 X 16 37.872 -.010 38.490 .382 .102 
25.45 0 

36.120 X 15 35.505 +.008 36.128 .. 377 .092 
2.5.87 0 

33.760 X 14 33.138 -.006 33.754 .384 .094 
26.2:9 0 

31.390 X 13 30.771 +.004 31.394 .377 .082 
26.70 0 

29.015 X 12 28.404 -.003 29.012 .392 .092 
27.10 0 

26.610 X 11 26.037 +.001 26.611 .426 .121 
27.50 0 

24.035 X 10 23.670 -.003 24.032 .638 .328 
27.90 0 

18.445 X 9 21 .. 303 -.012 18.433 3.870 3.555 
28.30 0 
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Table 2b 

Precision Condenser Calibration Data 
Second Run 

1 2 3 4 5 6 7 8 9 

10.000 27.94 X 9 21.177 +.012 11 .. 574 
23.560 0 10, 23.530 -.009 .,389 

27.56 X 

26.170 0 11 25.883 +.007 .117 
27.16 X 

28.580 0 12 28.236 - .. 009 .077 
26.76 X 

30.925 0 13 30.589 +-.013 .064 
26.34 X 

33 .. 295 0 14 32.942 -.012 .073 
25.94 X 

35.610 0 15 35.295 +.014 .086 
25.52 X 

37.975 0 16 37.648 -.015 .104 
25.11 X 

40.295 0 17 40.001 +.015 .108 
24.71 X 

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 2-0 47.060 -.on .141 
23.49 X 

49.670 0 21 49.413 +.009 . 155 
23.08 X 

52.030 0 22 51.766 -.007 .165 
22 .. 68 X 

54.370 0 23 54.119 .... 005 .167 
22.27 X 

56.730 0 24 56.472 -.001 .167 
21.87 X 

59.075 0 25 58.825 -.001 . 176 
21.47 X 

61.425 0 26 61.178 +.004 .175 
21.04 X 

63.785 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 .176 
29.81 X 

70.850 0 30 70.590 +.011 .159 
19.39 X 

73.235 0 31 72.943 -.013 .152 
18.96 X 

75.570 0 32 75.296 +.014 .144 
18.52 X 
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Table 2b (continued) 

l 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 
17.19 X 

85.040 0 36 84.708 +.012 .092 
16. 71 X 

87.430 0 37 87.061 -.012 .080 
16.23 X 

89.780 0 38 89.414 +-.010 .062 
15.74 X 

92.175 0 39 91.767 -.010 .041 
15.24 X 

94.530 0 40 94.120 + .. 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 
13 .. 16 X 

103. 930 0 44 103.532 -.oos . 051 
12.60 X 

106.255 0 45 105.885 +.005 .070 
12.01 X 

108.590 0 46 108.238 -.009 .103 
11.37 X 

110.880 0 47 110.59]! "-·011 .147 
10.63 X 

113.205 0 48 112.944 -.013 .200 
9.76 X 

115.490 0 49 115.297 +.015 .241 
8.50 X 

117 . 810 0 50 117 .650 -.014 .304 
5.96 X 

120.060 0 51 120.003 +.015 .379 
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Calibrati on of t he Hea.suring Cell 

Figure 1 is a die,gram of t he me a suring cell. rt h es 

already been partially described on pa ge 26. The liquid

containing part of it was about 20 cm long end 3 cm in 

diameter. In making mea.surements it was filled completely 

which re ~uired about 13cc of fluid. The silvering on the 

outside,which wa s reinforced by a he evy co e ting of electric

ally plated coppe~ covered the condenser completely extend

ing a dist2.nce on the fluid inlet and outlet tubes. The 

silvering on the inside extende d only partly up t he cell a s 

indiceted in t he diagram and wa s electrically connected to 

the circuit by a rod extending t hrough 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 coat of cle a r laquer. The cell was rig

idly fastened in the apparatus and neither it nor it s con

necting wires were ever changed in position. 

The el1uation thet was assumed to rela te the electric2.l 

capacity, R, of t he cell as me asured on the pre cision con

denser to the dielectric constant,£, of the fluid in it is 

R = A - BCE. 
B - Ct. 

\ihere R is t h e ca.p cwi ty as me asure d by the precision con

denser, [is the dielectric constant of the fluid and A, B, 

and Care cons tants which were determined by calibration 

with fluids of known dielectric constant. This equation 

represents the capacity of a circuit containing three con

densers, two of wh ich ~re in series, the third being in 
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pa r allel with the series circuit. The capacity of t he third 

condenser is A, that of t h e first and second being Band C[ 

respectively. In appl y ing this equation to t he cell A is 

t he leed ce.ps.city, B is the capacity of a hy potheticrl con

denser co nt Rining only glass as dielectric, and Cl is t he 

capacity of a hypothetic2l condenser containing only a fluid 

of dielectric constant~, these two hypothetice.l condensers 

being in series. The approximation involved in assuming the 

validity of the above equation for exriressing the ca1)2ci ty 

of the measuring cell is that the inner and outer boundaries 

between glass and fluid in the cell are each equi potential 

surfaces. This approximation seems reasonable because the 

thickness of glass and li quid layers is c1ui te uniform and 

small compared to their length. In any case, this e~uation 

is probably the best simple equation t hat could ·b e us ed for 

interpolating between celibration points. Actually, for t he 

purposes of t he research dealt with in this t hesis no known 

relationship between dielectric constant and cell capacity 

is required. It is only necess~ry that the capacity v~ry 

smoothly with t he dielectric constant, a conditi on hard to 

be avoided. This is true because empirical curves were 

drawn relating the comi;osition of the different solutions 

directly to the corrected precision condenser reading when 

the cell was filled with these solutions. 

However, it seemed desirable to ca librate the cell in 

terms of the dielectric constant of t he filling fluid becEuse 

by so doing it would be r ossible to obtain from t r e r e corded 

solution data dielectric constants for the ,olutions~ which will 
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mete jt poss ible to use the data with e different cell or 

measuring apparatus. 

To determine the constants in the capacity equation 

it is evident the.t at least three calibrating fluids of known 

dielectric constant are necessary. By determining the pre

cision condenser reading when the me2suring cell is filled 

with each of these fluids three simultaneous equations in 

terms of A, B, and C mey be set up, end values for these 

parameters may be obtained. Preliminary evaluations of A, 

B, and C were ma de in this way. The three c2li brat ing 

fluids used were air, benzene, end chlorobenzene. (Care 

was taken, of course, to purify and dry the li ({Uids). 

After these preliminery values had been derived they were 

used in the equation to calculrte the dielectric constant 

of other liquids that had been meesured in the cell, and 

then by comparing these celculatcd £1 s with the best v2lues 

obtainable from the litersture, the pe.rameters A, B, and C 

were slightly adjusted to distribute the deviations over all 

the reliable liquids. 

Actually, since the dielectric constant is the c1u2.n

ti ty desi:red to be calculated, an e (1uivalent of t he above 

e g_ua,tion in the form 

~= L(R - 1'.i) 
1 - H(R - J',:r} 

vvas the one for which t he parameters were determined in the 

way described. The finally acce ~ted values were L = 0.02506, 

n - 3.090, D - 0.006890. The following tabulation exhibits 

I t 11e fluid, II the experimental v2J.ue of (R - 3.0~10), i.e. 

(R - TT), III the dielctric constant of t he fluid crlculated 
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using the so accei)te d VB lues of L. LI, and IT. IV the reJlorte d 

~' V the literatm~e reference from v:hich these velues r:ere 

obtained. 

I II III IV V 

air 31.311 1.0004 1.0006 25 

CCl4 55.100 2.225 2.227 26 

C5H5Cl 88.021 5,605 5.612 27 

C2H5Br 104.275 9,281 9.21 28 

C2H
4

c12 107.440 10.36 10.36 29 

C5H5 55.795 2.271 2.272 30 

To facilit a te dielectric constant determinations the 

values oft corresponding to corrected condenser re a dings 

was cs lculated at a number of points along the complete rs.nge 

of the precision condenser, and through these points an~ 

vs R graph was plotted. By the same procedure a magni fied 

portion of this curve was plotted for a short range of~ 

values in the region in which the common non-polar liquids 

lie. These two graphs are reproduced in Fig.8aand Fig.8b. 
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Ma.terials 

The cis and trans dichlorethylenes were prepared by 

fractional distillation of a mixture of the isomers obtain

ed from Eastman Kodak Company. It was found desirable to 

carry out t he distillation under CO 2 to avoid oxida tion by 

air. Pure trans dichlorethylene ~ as noticeably subject to 

air oxida tion. The fractional distillations Wf)re carried 

out with a five foot column filled with glass helices, • 
• 

and it was found possible to obtain large fractions boil-

ing at a constant temperature and hsving identica.l diel

ectric constants at the beginning and end of the fraction. 

After purification the liquids were stored under CO 2 in 

flasks having delivery tubes se aled with mercury to pre

vent access to air. The same method of storage was applied 

to the stock solutions of dichlorethylene in the solvents, 

benzene e.nd cyclohexane. Liquid for use was forced out by 

CO 2 . The liquids thus stored we r e found to retain their 

original dielectric constant throughout the series of ex

periments (several months). 

Thiophene-free benzene was fractionally crystallized, 

dried, and distilled. 

Eastman Practical cyclohexane was shaken with fuming 

sulfuric acid, washed 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 a desiccator 
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Procedures 

The considera ti ons which should underlie choices of 

expe rimental procedures in any kinetic studies of t h is 

kind are (1) t he physical and chemica l characteristics 

of t he re a ctants, (2) t he ava ilable apparatus, (3 ) t he 

degree of pr e cision re quired, (4) t he interdependence of 

t he proposed procedures. In t he present rese arch t he 

primary procedure-determining f a ctors were t he analytical 

method and t h e re action tempera ture an d pressure. 

At the outset a metho d of analysis base d on dielectric 

constan t me a surement was chosen . The chemica l pro perties 

of cis-trans isomeric pairs are usually so similar t ha t 

estima ti on methods ba s e d on differences in physi ca l pro

perties are of ten to be preferred. The difference betwe en 

t he dielectric co nstants of cis- and trans-dichlorethylene 

is l a r ge and offers convenient ana l y tical method. This 

method re q_uires a calibra ti on of t he composi ti on of t he 

dichlorethylene solutions wi t h respe ct to t heir dielectric 

cons tants. It will only be pos sible to determine com

positions in this manner in t wo-component li quids, e. g . 

solutions of t he dichlorethylenes in ea ch other, or in 

more-compo ne nt systems i n which t he con cen tra tions of all 

bu t t wo of t he c omponents e_re known on other grounds, e . g . 

soluti ons of the dichlorethylenes in which t he total 

c2H2Cl2 concentrati on is known. I n t his l e tt e r ca se t he 

complete cal ibrat i on gr aph would be a surfa ce in n dime n

si onal space where n is t he number of components. A cal-
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ib rat io n of t h is k ind for a th ree component sys tem would 

be inconvenient t o carry out and was avoided in t hese ex

perimen ts by mak ing a wh ole s eri es of experiments -J ith 

so l utions hav ing nea r ly const 2.nt total di chlorethylene 

concent rat ions . 

Calibrat i ons were made by mi xing in vari 001s propor

ti ons t wo solutions , one of a known concentrat io n of 

cisC2H2c12 in t he solvent, an d t he other of ne arly t he 

s ame co ncentration of tran sC2H2 Cl 2 in t he solvent . The 

correc te d readings of t he precisi on condenser when fil l ed 

with t hese mi x tur es was det ermi ned and t hese re o_dings 

plotted aga i ns t com:posi tion , as a rule , agains t t he mol ;& 

cisC2H2c1 2 present . These s ame t vo c2librating s olutions were 

t hen use d in the sub s e quent re a ctio n experiments . The 

r eason for plot t ing t he da t a in t erms of t he mo l f r a ction 

cisC2H2c1
2 

prese nt i s t hat i f t he t wo ca librati ng st andard 

soluti ons we re of ne arl y but not ex1:::_ctly t he same c2H2Cl 2 

concen tra tio n , mixtures re sult ing fr om t he isome rization 

of t he di chlorethylene i n one of t he s t andard so l utio ns 

wi l l be of near l y but no t exa ctly t he same tot al C..,H') Cl 2 c:, ,., 

con centration as t ha t of mi xtures so obtained from t he 

other sto ck soluti on , and t hese co ncent r a t i ons will be 

ne arl,Y but no t exactly t 11e seme a.s t he total c2H2Cl 2 

present in any of t he ca1 ibra ti ng mixtures . Howe ver , 

be cause of t he near e quality of t he di ele ctri c const an t 

of trons 02H2 Cl 2 and t hat of benzene or cy clohexane , 

( d E ) V✓ i l l be smal l and as an approx ima-
d( transC2H 2 □ 1 2 ) cisC,11,.c11 

tion may be negle cted . I f t hi s is done t ne plot of conden -
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ser re a ding v s mol per cent cisC2H2Cl2 will be vtlid for 

isomerized mixtures obtained from either stock solution. 

The ca libration dat a for t he dichlorethylene, benzene, 

and cyclohexD.ne solutions is given in t he following pages 

in t abule"r an d graphic form. Originally the composition 

vs condenser reading ds,ta was plotted directly on a large 

scale graph. In order to reduce the plots to a size con

venient to be included in this thesis without sacrificing 

accuracy, the data was here plotted as deviation from lin

earity between cell ce,p1::.city and composition. Date for 

solutions of dichlorethylene in CCl4 and in dibutyl 

phthalate is also set forth. These datawere obtained in 

contemplation of isomerization studies in these solvents. 

These studies were abandoned, however, in the case of 

dibutyl phthalate because a reaction between this substance 

and iodine appeared to occur at 150° , and in t he ca se of 

the CCl4 because an as yet unexplained reaction occurred 

in cc14-C2H2Cl2 in the absence of 12• This reaction seemed 

not to be a simple isomerization since the expected equi

librium for that case seemed not to be ob.tained. 

The isomerizations were carried on in thick glass am

poules. As a rule the stock solutions were transferred t o 

the ampoules from vvhich the air had been dispelled by a 

stream of co 2 . This was not always done, however, since no 

appreciable difference in rate of re 2ction wes ob'served 

between expe riments from which air had presumably been ex

cluded by considerable boiling and sea ling off under CO2, 
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and t hose i n wh ich steps were ta.ken onl y to kee p t he pa rtial 

pressure of a ir low. This latter precaution was alway s ob

serve d except in preliminary qualitative experime nts. 

Iodine wa s introduced in weighed amounts in weighed 

glass capsules which were broken into the ampoules. The 

compositions were determined by weighing t he ampoules empty 

and after t hey were filled and sealed off. Sealing off was 

done in the experiments in C2H2Cl2 solutions under CO 2 , and 

in the solvent experiments wac done while the ampoules, cool

ed in CO 2 snow, were being pumped on to 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 

because it was known that tra ces of wa ter were very effective 

in altering t he dielectric constants. 

The sealed ampoules were preheated in boiling liquids 

(usually cyclohexanol) for a time estimated to bring their 

temperature to approxima tely the rea.ction temperature. They 

were quickly tra nsferred from the preheating baths to the 

thermo s tat. In the case of the rate experiments conducted 
0 a t 160 t he thermostat was a cyclohexanol vapor bath and in 

these cases no separate preheating step was involved. At 

other temperatures the thermostat was an electric tubular 

furna ce controlled by a mercury regula tor. Because of lag 

the average temperature control was probably not better than 
0 

0.1 ; short time fluctuations considerably gre ater than this 

were observed. 
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The reason for using the boiling cyclohexanol vapor 

bath at 160° was to reduce the uncert a inty in time re quired 

for the ampoules to be brought to temperature, this being 

more important in these experiments where the rates were 

fast and re action times correspondingly short. 

After the reaction had run for the desired length of 

time the ampoules were removed from the thermostat, cobled 

quickly. The stems were broken open, and cle ened, dried 

helical copper coils were inserted into the solutions to 

remove the iodine. (The probable validity 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 remain 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 indicated.) 

When the iodine color was gone the wires were removed, 

the solutions drawn into the dielectric mea suring cell, the 

precision condenser adjusted and read, and. then the compo

sition of the reaction mixture deduced with the aid of t he 

condenser correction graphs and t he calibration 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 small increase in 

cisC2H2Cl2 in a solution of it in benzene, in tre a ting 

regular experiments in these solutions .02 we.s always sub

tracted from the final precision condenser re a ding before 
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t he corresponding composition was read fr om the C8libra tion 

curve. 

Having obt aine d t he fr a cti onal isomerization, x, the 

r ste constant, k, we s obte ined from the integrat e d form of 

the r a t e expression discussed in the Preliminary Discussion 

on page 12. This form is, for experiments st2rted from t he 

cis side of equilibrium, 

k - -ln {1 -(1 - K)x} 
Kif"' 

and for ex1)e riment s starting from t he tr ans side, 

1 
.k: -ln £1 -(1 -x)x) 

K~ 



Table 3. 

Com oosition Condenser 
( ·.· ~ cisC2H2Cl2) Reading i_; {; 

( corTecteci) 
C R (R r ,• 8')) i -DO• ,., d 

100.0 107.11 50.29 0 

86.4 102.96 46.14 5.:05 

75.4 a C\ " ,; 
.; ~ • C:,.Q 42 .41 8 0'-'' . - .:) 

59.G 93.00 S6.18 12.14 

i±3.? 85 .08 28.56 l:::.i.09 

0 56.U2 0 0 

dis t i.Le deviftion f:rom linerrit.Y cna is d e:t' L ;o c, ty 
',.; }1e e c::.Uc, tion: 

C = 1.989 (R - 56.82) - d 

62 



/ I ' :i 
I 

' : : :~ i,:j1 

~~f:-: ,~; 

I I 
-I 

#tl ?1 ::) :; 
.. • ~U1±±7f: 

'F: :fu 
'ttl :, i:i.i •. 

I 

~ 
:f 
1 

j" J 

60 70 80 9 0 100 
Corrected Precision Condenser Reading 

Fig. 9. D1chlorethylene Solutions 

(See Table 3) 

63 

13 

12 

11 

10 

9 

8 

II d" 
7 

r 

6 

5 

4 

3 

2 

1 

0 
110 



Table 4. 

Calibra tion Data for Benzene Solutions 
of Cis a nd Trans Dichlorethylene 

Composition Condenser 
(% cisC2H2c12 ) Reading 

(corrected}. 
C R (R-58. tffi) d 

0 58.65 0 0 

2.301 60.21 1.56 .115 

4.288 61.53 2.88 .169 

4.243 61.50 2.85 .167 

6.017 62.64 3.99 .158 

7.659 63.67 5.02 .108 

9.890 65.04 6 PQ .D~ 0 

C = 1.548 (R - 58.65) - d 
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These are three component solutions. They contain 
cisC2H 2c12 , transC2H2Cl2 and benzene. They are made by 
mixing in various proportions a stock solution containing 
10.00 mol percent transC2H2Cl2 in benzene with a stock 
solution containing 9.89 mol percent cisC2H2Cl 2 in benzene. 



Table 5. 

Calibrati on Ds.ta for Cyclohex2,ne Solutions 
of Cis e.nd Tre.ns DichJ.orethylene 

Compositi on Condenser 
(j~ cisC 2H2Cl2 ) Reading 

( corrected) 
C R (R-54. 88 ) d 

0 54.88 0 0 

3.52 56.85 1.97 .04 

5.37 57.88 3.00 .05 

4.73 57.52 2.64 .04 

6.93 58.73 3.85 .02 

10.02 60.43 5.55 0 

C = 1.807 (R - 54. 88 ) - d 

65 

These are three component solutions. They conta in 
cisC 2H2Clz, transC 2H2c12 , and cyclohexa,ne. They are made 
by mixing in various proportions a stock solution co n
taining 9.99 mol percent tran sC 2H2Cl 2 in cyclohexane with 
a stock solution containing 10.02 mol percent cisCnH2c12 
in cyclohexane. R for the cyclohexane used in the~e 
solutions is 54.79. 
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Corrected Precision Condenser Reading 

Fig. 10. Benzene Solutions 

( See Table 4.) 
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Fig. 11. Cyclohexane Solutions 

(See Table 5.) 
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Table 6. 

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

composition Condenser 
(Fraction CisC2H2Cl2 Reading 
of Total c2H2Cl2) (corrected) 

(R-58.06) d C R 

0 58.06 0 0 

.1709 59.03 0.97 .0039 

.296.9 59.73 1.67 .0040 

.4456 60.58 2.52 .0089 

.4104 60.38 2.32 .0078 

.5649 61.24 3.18 .0086 

.7908 62.48 4.42 .0057 

1.0000 63.61 5.55 0 

C = .1802 (R - 58.06) - d 

These are three component solutions. They contain 
CisC2H2Cl2, TransC2H2Cl2 , and CCl~. They are made by mix
ing in various proportions . a stocK solution containing 
9.25 mol percent cisC2H2c12 in CCl4 with a stock solution 
containing 9.25 mol percent transc2H2c12 in CCl4• 



Table 7. 

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

composition condenser 
(% cisC2H2Cl2) Reading 

(corrected) 
C R (R-95.27) 

0 95.27 0 

2.50 95.75 .48 

4.56 96.12 .85 

7.50 96.63 1.36 

9.98 97.04 1.77 

C = 5.64 (R - 95.27) _;: d 
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d 

0 

.20 

.23 

.16 

0 

These are three component solutions. They contain 
cisC2H2c12 , transc2H2c12 , and benzene. They are made by 
mixing in various proportions a stock solution containing 
9.98 mol percent cisC2H2Cl2 in dibutyl phthalate with a stock 
solution containing 9.89 mol percent transc2H2Cl2 in dibutyl 
phthalate. R for the dibutyl phthalate usea rn these sol
utions is 96.00. 
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Discussion of I ndividua l Exper iments 

1. Experiments in Dichlorethylene 

The experiments through } 26 wore me.de with solutions 
in the dichlorethylenes without any other solvent. 

(a) # 6, # 25 are blanks containing no iodine. over t he 
compar a tively long he2ting periods (115 hours and 67 hours) 
the observed che,nge in dielectric conste nt v,as very small. 
On the basis of these experiments it vvas concluded th2 t ne
glect of possible unca talyzed isomerj_zation would not intro
duce any serious error into the treatment of rete experime nts 
on the catalyzed isomeriza tion. 

(b) # 7, #8, #24 are equilibrium experiments. #7 and #8 
'L started with cisCC)H 2Cl 2 , ·it24 with transC 2E2 Cl.,. The e QUi-

librium conste,nts/'..,a,re in good ag1~eement. 'l'he'Jvalue 2.43 for 
K was used in calcula tions of rate constants for t he r a te ex
periments in Table 8. 

{c) #9, # 10, #11, J l2 are rate experiments st arting with 
cisC.,H 2c12 solutions of iodine. The apparent increase in t he 
valu§'s of"k/(rf"'if shown in Column XI for these experiments is 
probably not significant. This seems likely because of the 
lack of corresponding observed trends in other sets of exper
iments. The trend could be due to having prehe2ted t he am
poules to a temperature higher than the ree,ction tempe r 8ture. 
If this had occurred, it would be expected thEt the largest 
error would be in the shortest run, and the error wo ~ld cor
respond to a too-high rate constant. 

(d) i~l9, 1fo23, -#26 are ra.te exper·iments starting with 
tra nsC2H2Cl 2 • The values in Column XI for this set a re in 
very good agreement. They are slightly lower than the set 
for the experiments st arting with cisC2H2Cl ,, , but this dj_ f 
ference, too, seems of doubtful signifj_canc~. It could be 
exJ)lained by the sa_me assumption as was suggested for ex
pl~ining t he trend in set (c~ 

2. Experiments in Benzene 
I 

Table 9 includes the equilibrium and blenk ex1Jeriments 
conducted with benzene solutions of cis- and trans-C 0 H2Cl0 . 

• _, h, 

( ) J~ r •4 ./!.40 1~4 7 • ..'!.40 • bl~ k -· • t .'.~'7 4 ./J.40 a ,ro , 1r , ,r .:J, -;r ~ a.re en ex_perimon s. :ro -, 'ft , 

J 43 are experiments on benzene solutions of dichlorethylene which 
contained no iodine. All these experiments s howed an appare nt 
incre ase in ci s CzH2c12 , although an ,actua l incre as e i n cis
C2R2Clz is obviously impossible in J 40 which be g2n with cis
C2H2c1 2 . It seems probable that t he small change in dielec-
tric const2.nt wa:3 due to some change in the benzene or i n some 
contamine.nt in it. ,J49 is a bl2.nk which conta i ned benzene 
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and i od i ne but no di chlo r e t hyl ene . It i s noted t het he r e , 
t oo , a n i ncrea se i n di e l e ct ri c constant oc cur r e d. # 49 was 
made fr om t he same benzene as t he solution of ffe46, and i n 

!~ " , comput i ng k fr om ~46 t he change observe d in ~49 wa s suo-
t racted from t ha t ob serve d i n #46. 

(b) ·7f41, ':'?42 a re e c1uiJ.ibrium experiments in benze ne 
soluti ons a t 150°. The K' s are i n goo d agreemen t and here , 
as in l (b) t he ave r age value 2 .43 was a ccep te d f or purposes 
of ca lculation of t he r a t e da ta. 

(c) 4:~50, #51, =/f- 55, :ff,57 1, f/: 58 a r e e (rnilibri:um exJ)e rime nts 
a t 185°. All the se exce pt / 51 a re in good agreeme nt. The 
caus e of ] 51's deviation was not determined . The value a c
cep te d was 2.19 . For K' s be t ween 140° and 185 ° linear i n
terpola tions or exterpola tions wer e used. 

3. Experiments in Benzene 

TRble 10 is ma de up of the r a te experiment s in be nze ne 
solutions. 

( a) f=35 is a prelimine,ry expe riment ma de before the st an
dard c2H2012 solutions were prepared. Since it is an odd con
centra tion a t which no ca libra tion of comJ)OSi tion vs dielec
tric co nst ant was made, no exact va lue can be pu t i n Colu.mn I V. 

(b) 1}44, J 45, } 46, if-47, ~~48 are r a te expe riments a t 150°. 
The devia tion between t he lowes t and highest ve lue i n Column 
XI, t he 150° va lues of k/~, is about 3}S. They ar e ve r y 
s i mila r to t he corre s ponding va l ues in Table 8, the diffe r en ce 
between the ave :cage s of these t wo t ables being 2 or 3 percent. 
Since t h e K's for Table 8 and Table 10 are t l1e same , t he cor
r es ponding va lues in Column XII I will agr ee as we ll a s t h ose 
in Column XI. 

( ) "5 2 r ~6 t • t c".t 14·0. 5 ~. c ff , ~ o a re r a e expe ~1men s n 

( ) 
,, 'L d ff 53 , t 54 are r a t e exper i ments 

The plot of 1/T vs l n k , (Fig . 12) f or 
zone s olutions shows all thes e dat a to 
str a i ght line. 

4 . Experiments in Cyclohexane 

t 1 ,.. 8 q O , J.5 0 ,.. o a o • _ ana _ . o . 
the r a t e dat a i n ben
f all ~uit e wel l on a 

Table 11 exhibits t he cy clohexa ne s ol uti on dat a . 

(a) ] 64 , # 65 , #6 6 ar e blanks without io di ne . Apparently 
some t h i ng wen t awry i n J 65. 11ho change s in f/0 64 e,nd f 66 a re 
h i gher t han t hose in t he ben zene seri e s, but not very serious. 

(b) ] 60 , :}61, :/f- 67, # 68, t he 150 ° e q_uilibr i urn da ta , an d 
/fa 71, J 72 , t he 185° e g_uilibrium da t a a r e defi ni t el y differen t 
f rom t he corresponding da t a in Table s B and 9 . However, t h e 
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Ali's from the temperature coefficie nts of t t e 1:'s in Tsbles 
J and 11 are the same, es can be seen by compering Pigs . 12 
and lj. The difference in the K's in Tables 8 and 9 and 
those in Table 11 must be c: ttributed to differences in t he 
vapor pressure-composition relations of at leas t one of t he 
isomers in the different solvents. 

( ) 
ff~ ,, If , , • 0 

c ff02, ff63, ff 69, ff70 are the rate experiments a t 150 
in cyclohexane. It is to be observed that the values of 
k/f{I 2 ) i n Col1~n XI are noticeably higher than the corres
ponding ones in Tables 8 and 10. It will also be observed, 
however, tl:u:~t the values of Kk/'/TT'iiJ in Column XIII are very 
similar to the corresponding values in Tables 8 e.nd 10. From 
these feats it might be conclude d t ha t the cisC

2
H2Cl has 

different vapor pressure-composition relations 1n cy§lohexane 
than in be nzene or C::;,H2C1 0 , whereas these rele tions of tre ns
C0 H2012 are about the sam~ in the different solvents. Cis
c2H2012 being a pola.r liquid might be expected to beh2ve less 
re gularly than transC 2H2Cl 2 , but why this difference should 
occur in going from C5H6 to c6H12 is not clear. The average 
velues in Column XIII for Table 8, 10, and 11 respe ctively 
are the same to within about 2i. . 
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Explanation of Experime nt Tables 

On t he foll ow i ng p2.ge s 1;.re t rJJul r: ted t h e individual 

experiments. Table 8 contains the experiments done with t he 

pure li quids cis- and trans-C2H201 2 . Table 9 is a list of 

t he blank and equilibrium expe riments done Vii th benzene sol

utions of c2H201 2 . '.i1able 10 contains r2te experiments done 

with benze ne solutio ns . Table 11 li s ts t he exper iments us

ing cyclohexane as a solvent. 

r_phe de..ta tabula ted in the various columns is es follows : 

I. 'l'he ex:perimeD t number. 

II. The isomer originally present in the re a ction sol-
ution. No exper iments are liste a which began wi th a 
mixture of isomers. Expe riment#9 conta ined no C0H 2Cl0, 

,. G ..J :..J 

only benzene. 

III. The tota l mol percent c2H2Cl 2 before a dding I 2 . 
This column is omitted from 1rablo 8 in wh ich t he com
pos i tion wa.s 13 l vv':~y s 1oo;j c2H2 Cl 2 , and from T1:1ble 11 
in which the concentra tion wfs a l w2ys 10 . 02 ~ol pe rce nt 
C0H

9
Cl

2 
i n t he cis- solutions a nd 9 .99 mol percen t 

C~H~Cln in t he trans solutions. .. ( . (_, 

IV. The comrosi tion in mol pe r cent cis-C 2H201 2 found 
at t he end of the expe rime nt by diele ctric constan t 
analysis. In case of t he blank (iodineless) expe r
iments t ~e values are usually g iven in terms of the 
appare nt increase in mo~ percen~ cis-C2H2 Cl2 ■ In e
quilibriwn experiments t71 and +72 the me asure d value 
has been corrected by an amount calculPted to corres
pond to the distance those solutions would h Pve been 
from e c1uilibriwn after the seven hour heating period. 
For experiments #34 and #35 since t he se were done with 
tot a l CzH 2Cl2 concentra tions E> t wh ich e. 0 2 li brP.t i on of 
mol percent cisC 2H201 2 vs condenser re e ding hPd not 
been made, no exact v1:11ue could be put in t his column. 

V. Temperature of the experiment, 0 c. 
VI. 

VII. 

VIII. 

Dur2. tion of experiment in hours,r. 

Mol fraction I2 x 103 . 

Squa,re root of mol fre cti on I 2 x 102, i . e • 100 vrr;T. 
(_, 
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IX. ri1he re te cons t2 n t, k, calculated fTom this exper

iment as de s cribed on p2 ~e~I. ~t the tempereture of 
the experiment. In Tables 8 abd 11 these values ere 
multiplied by 103. 

X. k/~. 

XI. The value of column X celculr-:ted to the stand2rd 
temperature b;; me2ns of the rate constant temper8 ture 
coefficient data. The standard temperature for experi
ments done at about 150° was 150° . For those 2t about 
160° was taken as 159°. At t h e lowest temperature it 
was 140.5°. 

XII. The equilibrium constant, K, at the tempereture of 
the experiment. 

XIII. For experiments at 150°. The 150° equilibrium con
stant times the ve.lues in Column XI. The values in 
Column XIII represent 150° rate constants for the re-
action transC 2H2c12 ---,,.. cisC2H2Cl2. 

XIV. The uncorrected precision condenser reeding corres
ponding to the reaction mixture at the end of the ex
periment. 

The precision condenser readings corresponding to the 

li quids from which the various reection solutions were ma de 

up are as f ollovvs: 

cisC 2H2Cl2 

transC2H2Cl;2 

Benzene 

Cyclohexane 

9. 897~ cisC2H2c1 2 
in benzene 

~0.00% transC 2H2c1 2 
1n benzene 

10.02% cisC2H2Cl2 
in cyclohexane 

9.99% transc2H2c12 
in cyclohexane 

Uncorrecte d Precision 
Condenser Reading 

107.20 

56.01 

58.81 

64.97 

58.60 

60.36 

54.82 
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Expt. 
No. 

44 

45 

48 

47 

52 

56 

53 

54 

Table 12. 

Rate Experiments in Benzene Solutions 
Temperature coefficient Data 

78 

k/~) T °C 1/T °K log k//"f"½) 2.303 log k/~) 

.148 149.5 .0023658 1.17026 -1.912 

.147 149-5 .0023658 1.16732 -1.918 

.149 150.0 .0023629 I.17319 -1.905 

.153 150.0 .0023629 I.18469 -1.877 

.0645 140.5 .0024171 2.80956 -2.741 

.0650 140.5 .0024171 2.81291 -2.735 

.324 158.9 .0023144 I.51055 -1.128 

.339 159.5 .0023110 I.53020 -1.082 

See Fig. 12. 
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Expt . k//"("½) 
No. 

62 . 187 

63 .189 

69 . 179 

70 .186 

73 . 383 

74 . 388 

Table 13. 

Rat e Experi ments in Cyclohexane 
Temperature Co ef f i c i ent Data 

T °C 1/T °K l og k//Z½ ) 

150. 7 . 0023591 I. 27184 

150. 7 . 0023591 1 . 27646 

150 . 0 . 0023630 I. 25285 

150 . 0 . 0023630 1 . 26951 

159 . 2 . 0023126 I. 58320 

159. 2 . 0023126 1 . 58883 

See Fi g . 13. 

80 

2. 303 l og k/~) 

-1 . 678 

-1 . 667 

-1 . 721 

-1 . 682 

-0 . 960 

-0 . 947 
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Fig. 13. Cyclohexane Solutions 

236 

Rate-constant temperature coefficient 

81 
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Average values 

In the following table (Table 14) are presented the 

average values of rate and equilibrium constants found for 

the studied isomerization referred to 150°. In all compu

t~tions have been expressed in mol fractions. Thia 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 

transC2H2Cl2--,.. cisc2H2Cl2 (Column 4) expressed for concen

trations in terms of mol fractions to corresponding values 

(Column 7) expressed for concentrations in terms of mole per 

cubic centimeter. The factor 1/3600 has also been applied, so 

that rates calculated using the values in Column 7 together 

with concentrations expressed in mole per cubic centimeter 

should have the conventional units, mole cc-1 sec-1• 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 iodine concentration, and 

(c) using empirical density-temperature equations for C2H2Cl2 

(31), C6H6 and C6H12 (32). A similar translation of the 

values in Column 3 to those in Column 6 has been made. 

Next to the very close agreement of the values in Column 4, 

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 



1 2 3 4 5 

Solvent k /l(I2) K Kk //T"½) ~ V 

C2H2Cl2 

C6H6 

C6H12 

.156 2.43 

.153 2.43 

.179 2.10 

.379 92.5 

.372 102.0 

.376 122.0 

6 

/'I k x 104 
lffyr 

Table 14--Average Values at 150° 

7 

./V Kk 
/(r2) 

10.1 

10.4 

11.5 

83 

from each other more than those in Column 2. However, be

cause of the smallness of the differences between values of 

IV' for the three solutions, and because of the approxima

tions involved in arriving 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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