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The iodine~catalyzed thermal conversion of cis-
cinnanic acid to trans-cinnamic acid.

In this investigation a siudy wes made of the
kinetics and the mism sugzested by the kinetics of the
jodine~catalyged thermal conversion of cis-cinnamic acid to
trans-cinnamic acid. Berthoud and Urechu) studied the kinetics
of the iodine-sensitized photowchemical conversion of cis~
cinnemic acid to trens-cinmamic acid and proposed a mechanism
for 1%, They found that the reaction rate is given by

%g‘ = kf% (I.)%l

They suggested the following mechanism for the photoebamical
conversions

I, + hv— 21
¢ «+ 1 — CX
o~ 1
20— % » 3
2 — I

where O and T denote cis-cinnamic acid and trans-cinnemic acid,

respe.
Structurally, the conversion is represented as follows:

W~ ~coom H-C-cooH H-C-cOOH H~C — CooH

: | I
H..g..c"ﬁr *I > H"?“C‘Hg— K CJL;—(‘;*: H = C(.H;C —H
o

+ L
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Experimental

PREPARATION OF HATEAIALS

The cis-cinnamic ;cid was prepared by the
hydregen-reductioen of phenyiprapielic acid by a methed
essentially due te Paal andiﬂartmann(a). The precedures
for making phenylprepislic ;cid, described in Velume XII
of Orgaﬁic Syntheses (Wiley’and Sens), were used. Brief-
ly, ethyl cinnamate was bre@insted and the ethyl «,6 5
~dibreme~ 3 - phenylpropienate sbtained was refluxed with.
alceholic potush in which reaction petassium phenylprepi-
elate was produced. On liberating the acid freom its
galt with dilute é@iphuric acid, crude phenylprepielic
acid was ebtained which was purefied by recrystallizatien
frem carbon tetrachleride. The yields fer these prepar-
atiens reported in Organic Syntheses were obtained.

(3)

The celleidal palladium used in the reductien
ef the phenylprepielic acid was prepared by adding 2.5 gr.
of palladiim chleride, disselved in 150 ml. of water cen-
taining just ensugh hydrechleric acid te disselve the
palladium chleride, to a 150 ml. selutien eof 1.5 gr.

(4) snd of a3 quantity eof sodium hydreoxide

sedium pretalbinate
slightly mere than that equnivalent te the palladium chleride.
The palladium chleride selution was added slewly with stir-
ring s that the palladium hydroxide fermed went inte =2
colloidal state in the pr@séncc of the protalbinate ien

which acts as a pretective celleid. This selutien was

heated for two hours en a water bath at 60°C. during which
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time hydresen was bubbled threugh it. The celleidal
golutien @s such was used in the subsequent reductien ef
phenylprepiolic acid.

Since the methed used in the preraratien eof
the sedium protalbinate was a medificatien ef the methed
by Paal(4), a detailed descriptien ef the preparatien is
ziven. 50 gr. of ezg-albumen, added in small pertiens,
was shaken with & selutien ef 7.5 gr. ef sedium hydrexide
in 250 ml. of waster in a 500 ml. flask. The mixture was
heated en a water bath for ene hour until all but a small
residue was disselved. The solution was coeled and fil-
tered. Dilute acetic acid was added te the selutien in
8 large evaperatineg disgh until precipitatien of the pre-
talbinic acid was complete. Care must be taken lest mere
acetic acid than is reqiired for the precipitatioen is
2dded becanse the protslbinic scid redissolves. After
the mixture was allewed te stand fer 10 heurs se that the
hydrozen sulphide was evelved, the mixture was centri-
fuged in 250 ml. bettles. The liocuid was poured eff and
the protalbinic acid packed on the bettom sf the bettles
wag stirred up with 250 ml. pertiens of water and centri-
fuged again. This process was repeated until the acid
was free from salts. The protalbinic acid was dried by
sucking air threusgh it on a filter paper. Abeut 30%
yield was realized. In préparing the celleidal pslladium

selutien, described above, 1.5 gr. protalbinic acid was
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added te 150 ml. ef water and disselved by the additien
of sedium hydrexide.
Te effect the reductien of phenylrrepielic acigd,
20 ml. of the colleidal palladium selutien was added te
20 ml. of sedium phenylprepislate selutien prepared by
disselving 5 gr. of phenylprepielic acid in an equivalent
ameunt of sedium hydrexide selutien. The selutien cen-
tained in a 200 ml. flask, was shaken as hydregen, measured
with 28 gas burette, was added. When the calculated amount
ef hydreren necessary fer the half-reductien ef the
phenylprepielic acid had been added the reaction was
interrupted. Abeut &0 minutes was required for the process.
The selutien was transferred to a beaker and
semewhat mere than the equivalent smoant of cold dilute
gulpharic acid was added slowly with stirring. The cis-
cinnamic acid liberated frem its salt separated ss an eil
which was extracted with ether. To separate the cis-
cinnamic acid from the nen-pelar impurities produced in
the reductien proecess the ether solution was shaken with
sedium carbon:te selutien in 8 separatery funnel. Te
the agueeus layer celd dilnte sulphuric acid was added
and the cis-cinnamic acid liberated from its salt again
geparated 25 an il which wes extracted with ether.
The first preparatien of crystalline cis-cin-
namic acid was prepared by evaperatinz off the ether and
by cenvertineg the oily cis-cinnamic acid te the crystal-

line aniline salt(ﬁ)- The cis-cinnamic acid was liberated
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from its salt by adding cold dilute hydrschloric acid te
the aniline salt suaspended in a little water. The
mixture was filtered snd the cis-cinnamic acid was re-
crystallized from water. The melting-point ef the cis-
cinnamic 4id net correspond te any one of the thres
cig~-cinnamic acids but extegdci over a range from 48° C.
to 53°C. The yield fer thi; preparatien wasg lew se in
preparihg a gecand qugntityAGf cig~cinnamic acid the
methed was modified. In this case the oil of cis-cinna-
mic acid was frozen with saiid carbon diexide and then
wag allewed te melt. On reieatinq this precess several
times partial crystmllizati;n of tha'oil was effected.
The cis-cinnamic acid was pﬁréfiad by twe recrystalliza-
tions frem het water. Frem‘lo gr. of phenylprepielic
gscid 3.2 gr. ot cis-cinnamié acid, which had been twice
recrystallized frem 100 ml.-pertiens ef water, was ob-
tained. The melting point éf this preparatien was net
gsharp but extended freom 58'6. te 65°C.

Seme interesting ebservations were made in the
crystallizatien of the e¢ily cis~cinnamic acid. When the
01l was disselved in het water te preduce a saturated
solutien and the selutien céelad, an emalsien of the eil
in water was formed. However, the minute particles
cealesced after some twenty minutes of stirring and set-
tled te the bettom of the béaker. Vihen a large quantity
‘of cfystallihe cig-cinnamic acid was added teo the emulsien,

coemplete crystallizatien ef the oil particles was effected.
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An altegether different phenenmenon was obL-erved in the case
where the oil was partially crystaliized as a censequence
of the freezing process described abeve. When warm water
(45°%.) was added te the mixture of crystals and eil, the
whole mass reverted te oil but on ceoling the selutien,
saturated with the cis-cinnamic acid, an emulsion was
formed frem which cemplete crystallization of the acid

followed.

The trans-cinnamic acid used was Fastman's which

had been recrystallized from het water.

Thiephene free benzene was used. The residue,
from 20 mi. ef benzene, disselved in 100 ml. of water,
changed the specific conductivity ef the water frem
1.0 x 1079 mhes te 1.5 x 10~% mhes.

The water used was commercial distilled water

whiech had been redistilied from slkaline permanganate. The

specific conductivity eI the water at 26%. was 1.0 x 10"6
nhes.

Iedine selutioens were prepared from Merch's
isdine.

ANALYTICAL METHOD
Te determine the compositien ef a mixture ef cis-

and trans-cinnamic acids sdvantage was taken ef the fact
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that cis-ciananic acid is about four times as strong an
acid as trans-cinnamic acid.

A graph ef the srecific cenductivities a2t 25%C.
of mixtures of the twe acids veryine frem 100% cis-cinnamic
acid te 100% trans-cinnamic acid was censtructed frem ex-
perimental data. These values were checked theeretically.

The specific ceonductivity ef a mixture of cis-

and trans-cinnamic acids was calculated as follews:

I = the specific cenductance of a mixture of the
twe acids.

Clz normal concentratien ef cis-cinnemic acid.

ng nermal cencentratien of trans-cinnamic acid.

&, = degree of ionizatien of cis-cinnamic acid.
&§= degrse ef ionizatien of trans-cinnamic acid.

sz equivalent conductance of cis-cinnamic acid
at infinite dilutien.

AF equivalent conductance ef trans-cinnamic acid
at infinite dilutien.

From the mass actien law, fer each acid

(£)(X;) (61,0°%
()(X,) (Coel,)® |
T - K ? =Kp (2)

Ha designates cim-cinnamic acid
Haa desicnates trans-cinnamic acid

Kl ig the ienization censtant fer cis-cinnamic acid

Ka igs the ienization censtant fer trans-cinnamic acid
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Frem the mass actien law fer a nmixture of the twe acids

(31061'*' Czocg)c1(7(p, » (5)
(Cl = c]_c’(’;) 1

(clif), + 02“62_)02001’

=K (4)
(Cy = Cgoty) e
On dividing (3) by (4)
O(u i l;o(;z_ = Kl
=L, Ly K,
whence
K L2 Kz _ K
Ly = Ko (- or Ay = W l=)
O TR K (=)

On substituting the abeve value ef <«{ in (3)

Ko Ly | |
Col, + cz[x, fl=<C) e = K,
Kz o, n
‘ +—RT.7_—ﬁ[—aC, | ‘7(1:
Let £ _ %
|-,
= Rax
C,(l_:;) + Cz .__.‘SL—————- x = Kl
|+_‘<_&_:( i
K,
whence

X K K
5 2. \v3 2. 2
== 0 + 7—ColX +(\,+C-—K>X - (B, + K, )X
(...Al 1 K]_?) Ky -2 1 2 1 2

— Ky = 0 (5)
By a similar substitutien eof the abeve value of o in

equation (4), the squatien

—

K K K ‘ .
falcla”fg'cz)?s % (K%Cﬂcz ’Kl)yz - K+ Kply - Kp =0

is ebtained
where y has been substituted fer _ %2

("‘(g
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In selving equations (5) and (6) the fellewing

values have been used:

(C;+63) = 0.003
K, = 1.41 x 107°
K, = .68 x 107°

Frem the values ef X and y ebtained in selving equations
(6) and (6) values for o{, and <, are ebtained, which, when

substituted in the equatien

1 = .C_I"i)%%i N %gggﬁi permit L to be found.
A=A, =37F

In table I are shewn the ebserved and calculated
specific cenductivities ef mixtures ef cis- and trans-
cinnamic acids at 25%. and at a tetal cencentratien ef

0.003R. and the cerresponding values of oc,anm.aca

TABLE I
gliﬁczg?%;'c A, | Ly 1=i0®(cALe)) =10%(oBs.)
100.0 0.1945 0.2206 0.2200

90.0 0.2006 0.05874 0.2114 0.2108
80.0 0.2083 | 0.06418 0.2035 0.2025
70.0 0.2157 0.06568 | 0.1936 0.1934
60.0 0.2248 0.07011 0.1848 0.1838
50.0 0.2343 0.07365 . 0.1746 0.1743
40.0 0.2453 0.07817 0.1645 0.1641
30.0 0.2574 0.08299 0.1537 0.1537
20.0 0.2726 0.08900 0.1424 0.1421
10.0 0.2893 | 0.09600 0.1308 0.1307
0.0 0.1048 0.1188 . 0.1188




‘Ne cerrection was made for the specific conductivity ef the
water because carbenic acid which is the chief impurity in

the water is a wesker acid than the cinnamic acids.

THE CONDUCTIVITY CELL

The cell censtant:was ebtained by measuring the
conductances of selationérkél extending from 0.01;?:;?“;5°C.
The values fer the specific conductivities ef the XC1l selu-
tiens used were ebtained frem data by Shodlevsky(s). The

gpecific conductivity of the water used was 0.8 x 10-% mhes.

TABLE II

Cenc.ef XC1 Specific cenductivity Resistance Cell
of KC1 plus that (ehms) censtant
of the selvent

0.01X. 0.001414 114.1 0.1608

0.005N. 0.0007190 223.5 0.1607
0.002N. 0.0002924 548.1 0.1603
0.001X. 0.0001477 1083 0.1600

Since the resistance of the selutieons of the cinnsmic acids

was arpund 1000 ehms, the cell constant used was 0.1600.



PRELIMIWARY EXPERIMENTS

Cenditiens:

(é) All cenductivites were measured at 25€C.

(b) The tetal concentratien of the cinnamic acidy
whogse conductivity was te be measured was
0.003N%.

(¢) The Watcreuscd had a specific cenductivity of

(d) %u(.) s}éu}rqgns mve:kse.msmkab AT25°C.

20 ml. of benzene were placed in a 250 ml. velu-

metric flask and the benzene was pumped eoff. 100

ml. of water was added to the flask and was shaken

thereughly. The specific conductivity ef the water

changed from i.o x 1078 mhes.T§lem*mma

The same was repeated for 20 ml. of benzene which

wagz0.001N. in Ip. Likowiso the specific conduc-

tivity chenged from 1.0 x 10-% te 1.2 x 10-% mhes.

In 8 third experiment 20 ml. eof benzene 2+0.003N.

in I,, were sealed off in an ampule which was then

heated for four heurs at 130°C. The centents were

transferred to the velumetric flask and the benzene
and iedine were pumped off. ,ifter the residue was
shaken with 100 ml. of water., the conductivity ef
the water changed from l.O\x 10-6 to 1.3 x 10~% mhes.

0.4438 gr. of cig-cinnamic acid were disselved in

50 ml. of b.nzcﬂffig'a calibrated velumetric flask

te give a 0.06N. selutien. A 5 ml. pertion was

pipetted eut and transferred to a velumetric flask

te which 5 ml. ef benzene ,z=0.003N. in 12, were added.
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The benzene and iadine were pumped off and the acid
was disselved in 100 ml. of water. The specific
conductivity ef thc:solution was 0.0002191 which
checks fairly well with the specific conductivity
ef an aqueous selution ef cis-cinnamic acid at =
concentratien ef 0.003NW.

Therefore, the precedure in handling the
cigs~cinnamic acid from the point where it's selu-
tien in benzene is prepared te the final analysis
is satisfactery.

Before the thermal experiments with cis-cinnamic
acid were made, the possibility ef a trans-éis
isemerization was considered. 0.4438 gr. eof
trans-cinnamic acid were dissolved in 50 ml. eof
benzcn:rﬁgd 5 ml. portions of it were pipetted out
and transferred te ampules approximately 15 ml. in
velume. In order te check the precisien with which
the selutien was prepsred, the conductivity of the
acid contained in 5 ml. ef the benzene selutien
wag measured as described abeve. Te each of feur
ampules, centaining 6 ml. of the selutien ef the
acid in benzene, was added 5 ml. of benzenez2~0.003%.
in Io. The smpules were sealed off and were heated
for different lengths ef time at 99.49C. in s light
tight vaper chamber. The coentents were analysed as
described previeusly. The results are summarized

in table III.
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TABLE III
Peried Specific cenductivity Cempesitioen
of of the 0.003N. squesus (% trans-cinnamic acid)
Heati soeln. of cinnamic acid
(Haur§§
0 0.0001196 99.1
5 0.0001199 98.9
10 0.0001203 98.5
47 0.0001192 99.4

91 0.0001195 99.1



THERMAL BAPEIIMERTS OH CIS-CIHNAMIC ACID

1. Starting with the additien of iedime selutien te the

cis-cinnamic acid gselution all eperations were car-
ried eut in the dark er in red light except in sealing
9ff the ampules in a blue oxygen-zas flame. Hewever,
expesure te these licht sources was avoided as much

as poessible.

The water used had a specific cenductivity ef 1.0 x 10-6
mhes.

All aqueeus selutions of the cinnamic acids were 0.003N.

and the cenductivity measurements were made at 259C.

After the contents of the ampules were transferved te
the velumetric flask and the iedine and benzene were
pumped off, the acids were redisselved in benzene if
they were discelored with iedine, and the benzene
pumped off again. ‘This was repeated until the acids

were perfectly white.

The experimental precedure is identical with that

described under "Preliminary experiments”.

The heating apparatus was a large test tube containing
the congtant beiling-peint liquid. Inserted in a
larze rabber stepper which fitted in the meuth of the
test tube were a calilibrated thermometer, a reflux

condenser, and a brass tube in which the amﬁhle wag
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placed. 4Ye insure thermel equilibrium between the
vaper i the beilinz ligquid and the centents of the
eppule, the brass tube was filled with mineral eil.
Water was used fer the censtant tewmperature "bath”
for these reactiens at 99.49% . and methyl cellosolve
for those between 122.29C. and 122.9%C. The variatien
in temperature is due te twe reasons; firstly, twe
diffcrent fractiens of the methyl cellesolve were used,
and secondly, the beiling temperature of the cellesolve
varied from one experiment to the next but remained
constant ever the course of any ene experiment.
7. Table I¥ is a summary ef the results fer which ne
correction was made fer the benzene residue while
table V contains these results with the applied ben-
zene residue correction. From the temperature co-
efficient of the eversll specific reactien rate
constant the overall specific reactien rate censtants
for the resctions between 128.89C. and 122.99C. were
converted te 122.5°C. and are tabulated in column
VII of tables IV and V. 1In calculating the eoverall
gpecific reactien rate constant, it was assumed that
the cis-trans isomerizatien preceeds first eorder with

respect to the cis-cinnsmic acid cencentratien.

. ALL SOLUTIONS WERE PREPARED AT 25°C.
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PABLE IV
o el o) M (e | | R R/
o] o (Hoors) |cmmame | T sy |angel t

0 0.0 .
lo.03 | 0.0015 | 99.4 | 24 | 12.4| 0.00240 0.0620
0.03 | 0.0015 | 99.4 | 50 | 25.1 | 0.00261 0.0649
0.03 | 0.0015 | 99.4 |100 | 42.8 | 0.00243 0.0628
0.09 | 0.024 | 99.4 | 24 | 40.1| 0.00927 0.0598
0.03 | 0.0016 | 122.2 | 10 | 31.8| 0.0166 | 0.0170 | 0.439
0.03 | 0.0016 | 122.2 | 26 | 74.3 | 0.0169 | 0.01753 | 0.447
0.03 | 0.0015 [122.8 | 19 | 58.7 [ 0.0176 | 0.0172 | 0.444
.03 | 0.002 |122.9 | 16 | 56.0 | 0.0238 | 0.0231 | 0.422
0.0% | 0.006 |122.2 | 11 | 56.2 | 0.0326 | 0.0234 | 0.431
0.03 | 0.012 [122.9 | 5 | 43.7|0.499 | 0.0484 | 0.440
0.03 | 0.012 |122.9 | 8 |59.5|0.0491 | 0.0476 0.433
0.0% | 0.024 |122.6 | 6.5 63.2 | 0.0668 | 0.0663 | 0.428
0.09 | 0.0015 |122.7 | 8 | 25.8|0.0166 | 0.0163 | 0.421
0.09 | 0.006 |122.8 | 10 | 52.3|0.0321 | 0.0313 | 0.404
0.09 | 0,024 1122.4 | 6.5 60.010.0612 | 0.0617 | 0.398

I II 111 Iv v VI VII  VIII
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TABIE V
:'EZ%? xz%fma""” TEMR(°C) |amE fﬁg:}?: k. k. J TV
| 1osine CHovms) |R00" | Zses dasr et |
0 0.0 sy
0.03| 0.0016| 99.4 | 24 | 13.0{0.00251 0.0649
0.03 | 0.0015| 99.4 | 50 | 25.7 |0.00258 0.0667
0.03 | 0,0015| 99.4 |100 | 43.3 |0.00246 0.0636
0.09 | 0.024 | 99.4 | 24 | 40.4 |0.00937 0.0604
0.03| 0.0015 | 122.2 | 10 | 32.% [0.0169 {0.0173 | 0.447
0.03| 0.0015 | 122.2 | 356 | 74.8 | 0.0171 | 0.0175 | 0.452
0.0 | 0.0015 | 122.8 | 19 | 54.1 | 0.0178 |0.0174 | 0.450
0.03| 0.003 | 122.9 | 156 | 56.5 |0.0241 |0.0234 | 0.427
0.03 | 0,006 | 122.2 | 11 | 56.6 | 0.0220 | 0.0338 | 0.4%6
0.03]0.012 | 122.9 | 5 |44.0|0.0804 |0.0488 | 0.444
0.03 | 0.012 | 122.9 8§ |59.8|0.0495 |0.0480 | 0.426
0.03 | 0.024 |122.6 | 6.5|63.8 |0.0679 |0.0674 | 0.435
0.09 | 0.0015 | 122.7 | & |=26.7|0.0169 |0.0166 | 0.429
0.09 | 0.006 | 122.8 | 10 | 52.5|0.0823 |0.0%15 | 0.406
0.09 | 0,024 | 122.4 | 6.5 60.110.0614 10.0619 | 0.399
I II  III Iv v VI VII VIII




wl P
Experiment numbers 1,2,%,5, and 6, and the cenductivity curve
were obtained from the first preparatien ef cis-cinnamic
acid and the rest were obtained from the secend preparatien.
The azreement between the results ebtained from the twe
preparations shoews seme indicatien there is ne impurity in
the cis-cinnamic acid which might aifect the kinetics ef

the isemerizatien.

INTERPRETATION OF THE RESULTS

Coelumn 7 of tavles IV and V preves that the as-
sumptien, that the rate of isemerizatien eof cis-cinnamic
acid is first erder with respect te the concentration of
¢is-cinnamic acid when the conceantration of the acid is the
enly variable, is cerrect. Celumn 8 of these tables shews

that the rate is half-erder with respect te the iodine

cencentration.
. _dc _ p where C is the concentratien
« & T ) = k ffg@. of the cis-cinnamic acid

The decrease in k’ with the larger concentratien ef cis-
cinnamic acid and iedine might coenceivably be Jus te the
formation ef«, # —diiede~ f — phenylpropionic ascid.

The temperature ceefficient of the specific reactien
rate for 109C. between 99.4%C. and 122.5%C. is calculated
as follows; where X is the temperature ceefficient fer
10%., 0.441 is k¥’ at 122.5%., and 0.0651 is k' at 99.4°C.

0.441 _ .2.31
0.0651

whence X = 2.29
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The kinetics of the isemerization can be explained
oen the basis of the follewinz mechanism:

) C+I—>CI where C and T denete
cig-cinnamic acid and

(3] CI— 21 trans-cinnamic acid,
resp.

(4) TI— 7 4+ 1
‘5) 2 — 12

Reactiens 2,3, and 4 can be represented struct-

arally as follows:

u-tI:-cooH H-C-COOH H-C-COOH H- 'cl‘- COOH
! +I — | | —> + I
H-C ~C H, H-C-CHe CHC—H CH-C—H

I I

When the statienary state for the atomic iedine
and the intermediate compounds is set up the following

equatiens avre valid:

- 2 - :
%% = Ky (I,) - Eu(C)(I) + Kg(PI) - kglI)® = 0 (4)

o
<

L8l = (o)1) - Eg(cI) (B)

UTL) = gy001) - k,(TI) = 0 (c)

On adding these three equations

k,(I,) - kg(1)2 2 0

° e el el \F - %
1= K la) = (X (1,

where K‘is the ecquilibrium constant fer the reactien

Iz'zfi 21
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The rate at which the cis-cinnawic acid disap-
pears is csiven by

—-§§%1 = ko(C)(I)

and by replscinz (I) by f_K—(Iz)%, the reactien rate ex-

pressien is sbtained, °1Pre§§ffj:

...ﬁi-é-%!- = kg I—f(lz)%(()) = kl(Iz)%(C) | (D)

Hewever, if reactien (2) is reversible, thea

-éé%l = k,(C)(I) - kg (CI) (£)

WHERE h?: 1S THE SPECIFIC REACTION RATE CONSTANT FOR THE REVERSE RERCTION.
and equatien (B) becomes

a(%xz = k5(C)(I) - kg(CI) - kg(CI) = g
k,(CH(I)

whence (CI) = -=
(kg + kg)

On substituting this value ef (CI) in equation (E),

S ) 2
“‘%%‘= kz(;g"f?;;j(G)(l) ==h;(k;+k3>{7((11 0) (F)

Fer the phetechemical reaction the mechanism is
as follews:
{1) I,4+ bY — 21
(2) C+I—>CI
(8) CiI—>7I
(4) TI—T+1I
(6} 2I—>1Ip
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and as was done for the thermal resctions,

al . Vi1 oY ) 2
"—.E' - kiixolz d ka(Cl‘Ii + k4(LII - ks(I) = 0 (Al )

&BL) = xp(c)(1) - kzi61) = O (8")

UL = gh(e1) - Eg(PI) = 0 (¢’

whence, on adding (a'), (B'). and (C'),

g 2
kilgly = kg(I)® =0

or (I) = kil J____

For the phetechemical reactien (2)

el RURIE3

at

On replacing (1) by ’ kyiloplp
k
5

a(c k,il
“'-%ffl =k J e f——k» (D )

By cerrelating the phetechemical and thermal
rates of the cig-trans- isemerizatien the encrgy of acti-
vatien of reactien (5) and the heat of reactien ef reactien
Io == 2I can be sbtained.

Fer the rheotechemical cis-trans- isemerizatien
(szf—_-)zsoc
(ko/V Kg)

17
o .13 - 1.31 (cf. equation D )
2b ¢

assuming that the reactiem Ip+hY —> 2I hae no temperature

coefficient; and fer the thermsl cis-trans- isemerizatien
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\
(kzlii)lzz‘ﬁ'c‘ = LA - g gy (cf. equatien D)
(kg | ) . 0.0651 . © e
99.4°C.
Assume
(1) allnk) By where Q, is the energy
" RP? T ep of activation of reactien
(2) and is assumed te be
constant with respect te
temperature.
(1L) d(lnks) Qg 1 where Q. is theemergy
a7 " w2 ‘T op of activation of reactien
R’T (6) and is assumed te be
censtant with respect te
temperature.
(III) a(1n¥X) _ AH where H is the heat of
T ar RTE reaction for the reactien
I 21 and is assumed

to be coenstant with res-
pect teo temperature.

On subtracting (II) frem (I)

din(k,/ [Eg) 1. % 5
arp RTa b Fe 4T

and on integratien

e
L (ka/[Eeyry (% - 22

3

Tg_Tl o1 2
. _~___—_®-r—ln‘—'
(ko /Y kg)Ty R 7.7, 4 T,

For T, = 298.1%, and T, = 308.1%

Qg
(0p - 2) = 2.303 x 1. 96813 298.1 X 3081 (100 1.5 _
1 308.1
A3
2 1% 505 1)

= 4,780 cal.

On adding (II) and (IIIL)



dln(k, [X)
ar Ly i

]

3
15
o
av]

3
)

-+
fav
5|

and on integratien
- o
(LgJK)T 7, P
Zl.n"“““""““;1 = “( Qo + "‘“)(-"-I‘-_T-_) + %111?@‘4‘7
(kg K)p al4

For Tz = 372.5% and 7, = 295.6%

(QB *’AEH) - 2,303 x 1.982511572.5 x 395.6 (log 6.77 —
leg%%g-g)

= 23,890 cal.

Q
Therefore, Qo - E? = 4,780 cal.
and Qg - é%E = 23,890 cal.

If Qg is assumed to be zere (the validity ef

this essumption is shewn inthe fellewing paragrarph)

then Qg = 4,780 cal.
and AH = 38,220 cal.
The spectrescepic value for AH at 0% 1is 35,200 cal.

If Qg = 0, with every cellisien of iedine ateoms
a molecule of iodine is produced:

2I— Ip

Accordinz to the xinetic theory, the number of collisions
of iodine atoms at 0°. expressed in mols per litre per

second is 102%-2922 (112 5*° [273.1  ghere 0 is the

126.92
collision diameter of iodine atoms.
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Phe rate at which iodine atoms combine to form iodine

molecules 1is _alr
at

reaction rate constant when the concentrations are in

= o'(I)z, where G is the specific

mols per litre and the time is in seconds.

y a(I 2 [omz.1
. “"‘d’i‘)“ = g’(1)2 = 10%5-2922 ()2 o Jigg.éz

s . 26.2922 _=2[273.1
or G’ 30 7 \1z6.92

(7)
According to van Vleck's potential curves of the iodine

molecule 0 can be agsigned the value 6 x 10-8 cms.

* ’ 25.2922 —8 2 2’?3-1
e ¢ =10 x(5 x 107%) 126.92 = 7.2 x 1010

Rabinowitz and Woéd(e) found experimentally that ¢/ =
10.3 x 1010 (. 1.73 x 10710 when the concentrations are
in molecules per cubic centimeter) for the reaction
21—> Iy in hexane. It is assumed that the solvent
molecules have no serious influence on the rate of colli-
sion of the iodine atoms. At least, the reaction rate
for 2I1—>15 is of the same order of magnitude in hexsane
and in carbon tetrachloride in which soiutions the ex-
periments were performed by Rabinowitz and Wood. The
probably value of Mg is zero and the possible value is
not greater than several hundred calories.

According to the kinetic theory, the number of
collisions at temperature T, expressed in mols per cubiec

centimeter per second, between unlike molecules is

4 R
== 1028.44270102 o TH;+ Mo
l 1¥p
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where the concentraticns Cland 02 are expressed in mols

per cubic centimeter, U_. the collision diameter, is
expressed in cen#ﬁmeters, and H1 and M, are the masses
expressed in ordinary molecular weights. In applying

this formula to reaction (2),

Cis+ I — Cis I,
& .
the rate k”(12)201a, expressed in mols per cubic centimeter

Q
per second, is equal to _gq jgnghere S5 ig an "orientation

S
ge
and steric factor™.

0
¢ oo ol 28. 4427 2 | MyrMoig §’§'
o k'(I,)%is = 8 x 10°°° (1) (eis)q, | T—= oe”

. Mi¥eis
Since (I2 _
T = K
2
Sd,;‘z' - k "2
My + B _Sm
[E x 10284427 |q hIa cis , o-R
Iﬂcis

When the rate is expressed in mols per litre per
nour, the specific reaction rate constant k' = 0.441 at 122.5°%.
When the rate is expressed in mols per cubic centimeter per
second, the specific reaction rate constant k"' = 0.00387.

JK is obtained from the value of AF° for the reacmon
I,(g)—> 2I(g). TFor the purpose of this calculation A PO
at 26°C. is used. It is assumed that the free enerxzy change
is the same in benzene.

"« K (at 25°C.) = 2.98 x 10715
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K (at 122.5°.) is obtained from the van't Hoff
equation, 1,5_2 . AH Tg - Tq

K1 - RV 2R

X . &5 97.5
. 122.5%., _ 55, 200 )
x v 108 K550 z 550% = 1.566 |Z9B.T ¥ 395.6) - 6.856

. Ki122.5%.

6
.. = 2.27 x 10
Ko5%.

= (2.98 = 10°1%)(2.27 x 10%) = 6.77 x 10-°

or K155 5%,

When the concentrations are expressed in mols
per cubic centimeter, the equilibrium constant, K, is

(@]
equal to 6.77 x 107" - . 13 .. -
82.06 x 395.6 2.09 x 10 which is the

value to be substituted for K in the equation for SQEA

78

CoJE = 4,87 x 1077

° Ol O
AR 00387

: -7 28.4427 - 126.92 148.06
4.57 x 10 395.6
x x 10 \126.92 % 146.00

1 \

Z. 780 ﬁ)
- ¢ " \.988 x 295.6

5.52 x 10-89

If the collision diameter is assumed to be :LO"7 cms

., then
the "steric and orientation factor™, S, is eqgual to

5.53 x 1077,
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SUMMARY

The kinetics of the cis-trans isomerization of cinnamic
acid was studied and the;reaction was found to be first
order with respect to th; cig-cinnamic acid concentra-
tion and half order with respect to the iodine concen-

: . 8e o L iE
tration: ic Sk 1

With a large increase in the product of the cis-cinnamic
acid concentration and the i1odine concentration the
gpecific reaction rate constant decreased.

AT IR2.5°C.
The specific reaction rate constant ieg equal to 0.441,

where the concentrations are expressed in mols per
litre and the time in hours (= 0.00387, where the
concentrations are expressed in mols per cubic centi-

meter and the tive in seconds.)

The temrerature coefficient of the specific reaction
rate constant between 99.4°C. and 122.5°%. is 2.29 for
10%.

From the photochemicsal a;d thermal kinetic data of the
cig-trans isomerization of cinnanic acid the heat of
reaction for the reaction Cis + I —Cis I wasg found
to be 4,780 calories and the heat of reaction for the

reaction 12'22 2I wags found to be 38,220 calories.

From the kinetic theory éollision rate expression the
value of Sd:f , where 5 is the "steric and orientation
factor" and 0, is the mesn collision diameter of cig-

cinnsmic acid and iodine, was found to be 5.53 x 10‘230ma.
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