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Introduction

Ethyl hypochlorite, first preperei by :endemeyer (1) in

1885, is convenlently ma&e in an anwarstus like the one
deseribed by him (2). The substance is highly unsteble, decon-
nosing at room.temperature; In direct sunlight the heat of

.

degomnosition is suffieient to cause vigerouvs boiling, soon
followed by explosion of the vepors. In dilnte carbontetra-~
chloried solution at room temperature, ethyl hypochlorite is
reletively steble, since efter two to three days, less than
ten ver cent has decomposed. This decomposition is auto-
catalytic, since after five days 80 per cent or more of the
substance has disappeared (3).
Ilo thorousgh study has been made of the decomposition of
2lkyl hypoehlorites. Chettawey and Backeberg (4) report that
the @riméry decomposition produets of 2lkyl hypochlorites are
the corresponding allichyles or “etones, end “CL or alkyl chlorides.
;hese resctions mey be rerresented by the following ecustions:
RZ;CH—OCI — Ry-C0 + HCL
Rz=-C=0C1 —= R,-C0 + R-Cl
Chattaway end Bsckeberg (5), investigeting the chlorination of
alcohol, find thet ethyl hyvochlorite is formed but quickly
brea s down in the presence of excess alcohol to Pive scetaldehyde
and T0Ll. Teylor, laclmnllin and Gemmsl (3) report good yields

of ethyl ecetate obtained from the decomposition of ethyl

hypochlorite. The reactions vnronosed by them are the followine:
. ¥y ’On
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4=0¥ ;=001 — CH,CFO + 01

HZ-CHO + CHE—CHEOCI" —_ CHSOOOCZH5 + Hg
Durand and Iaves (6) point out thet chlorine is also & vroduct
of this decomnosition, and suggest the following ecuetion for
its formetion:

Cﬂchg—OCl + HCl1 Cﬁwcu OH + Clp

The‘present work wes undertelren with & view to determining
the mechenism of the ¢ ecomﬂositlon of this extremely interesting
svbstance. Preliminery tests showed that dilute solutions
of ethyl hypoechlorite (0.1 to 0.2 mols wer Liter) in dry
carbon tetrachloried are qguite stable for several hours, if not
for several days, at room temnerature. Jhen dry ZCL gas is
dissolved in the carbon tetrachloride, the decomnosition takes
nlece at 2 messurable rate at 40 or 50°C. The nhotochemical
resction wes not investigated; all the work referred to in this
neer Jes done in the dark, or in the presence of week artificisl
light. The dets obtained in the measurement of the fate of
decomposition are given in the experimentel part, and in the

discussion ~hich follows the attempt is mede to »iecture &

mechenism in egreement with the observed facts.



Bxvnerimental Part

Zrenaration of lLaterisls:

The ethyl hypochlorite used in these experiments was
prepared by Sendemeyer's method (2) whieh is briefly the
following. Ethyl alcohol is mixed with 50% HaCH in the
proportion, 1 mol =lcohol to 2 mols IIaOH, cnd enough water
is added to nroduce & clear homogeneous solution. This
solution ig pleced in an inelined glass tube, jacketed with
ice water, and closed at its lower end by & stop-cock. Then
the solution has become cold, chlorine is zdmitted at a
moderate rate until it is no longer rapidly sbsorbed. This
usguelly requires 20 or 30 minutes, during which time a
greenish-yellow layer of the hypochlorite collects above the
equeous phese. The chlorine current is then stopred znd +he
arueous phase run off through the stopncoek. The hypochlorite
Phase is ceught in & separstory funnel contzining ice-cold
helf saturated sodium bicarbonate solution. .Lfter gentle
agitation for = few seconds the hypochlorite »hase is 2llowed to
gink to tne bottom, snd is immediately drawm off into an ice-cold

o

flask conteining a few mranuleo of enhydrous celeium chloried.
after gentle egitation for 50 or 40 seconds to remove the water
_that unevoidably ascompanies the hypochlorite, it is pivetted
&irectly into a glass stoppered flask containing the carbon
tetrechloried solvent for thet run. The volatility of the

substance and temperature incertainties made it undesirable to

attempt o use the volume ss sn sceurate measvre of the amount
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- of meterial added. Ti tratlon of & sample of the solution
immediately after mis iné'serve& to establish the initiel
~concentration of the hypochlorite.

Cerbon tetrachloride wes prepared for these runs by drying
the commerciel COL, over Po05 for several hours with mechanical
‘stirring, decanting the clear licuid into a dry distilling
flagk snd distilling. The middle portion of the distillat
Wasvstdre& in a glass sfoppered bottle until.required.

Dry hydrogen chloride was dissolved in the carbon tetra-
chloride for most of the runs. It was prepared according to
the conventional method, namely, by running concentrated c. P.
hydrochloric acid into the bottom of a tall bottle conteining
concentrated sulfuric acid. The gas delivered from the bottle
wes led through a sulfurie 2cid wash bottle into the carbon
tetrechloride to be used for a particular run. About 30 minutes
is reguired to obtain a concentretion of sbout 0.1 mols HC1

per liter of solution.
1etnoa of Following Rete:

about 150 c.ce 0f carbolw ftetrachloride wes nlaced in a

Tlagk conneeted with the HCl generator and =Cl weas passed throuch

Hy

-

it until spproximetely the desired concentrction wes reeched.

this solution wes kept in a glass stonpered flasik daring the

o

prevaration of ethyl hypochlorite. As soon &8 thisg had been
added to the flask, the contents were thoroughly mixed. Tuo -

. >

10 c.c. samples were pipetted into iodine fle .8ks containin

(”Q

an

-

excess of ¥I and & known quentity of stenderd acid. The
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fémain&er of the solutidn‘was pipetted into thin wailed test
tubes, pfeviously drevm out preparatory to sealing. In all
excenpt one run, 10 G.G. were placed in each tube. ALfter
being seazled off, the tubes were placed in & wire rack and
lowered into an oilfba h which was keot at & constent teumperature
'by means of & mercury regulator. The menipulations Lfrom the
addition of the hypoohlorite to the carbon tetraschloried, to
the plécing of the sesléd tubes in the thermostat requirea
about fiffeen minutes. Preliminsry triels indicsted that the
rete of decomposition st 25° is slow enough to Justify
the seleection of the time of plecing the tubes in the thermo-
stet as zero time for that rum. 4t reguler intervels one of the
semples wes withdrawn sand enalysed.

Analyses were mede according to the following proceedure.
Stendard acid ‘or distilled water if the zeidity of the wample
to be analyzed was known to be sufficient) was pipetted into
2 500 c.q. conicel flask containing a few crystals of'KI.
A sample tube was then removed from the thermostat, quickly washed
with alcohol, placed in the flask and broken with a glass
stirring rod. The flasgk wes then stoppered and sheken vigerously
for at least 30 seconds. This shaking is necessary to provide
sufficient contact between the two phases to complete the
liberation of the iodine. The iodine set free was then titratfed
to & sterch end point with 11/10 thiosulfate solution. Then
a few drops of phenolghthalein indicator were added and the conte-
contents of the flask titrsted to neutiality with stendard alkali.

Since hydrogen ion does not ehter into the thiosulfate
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reaction, this alkali titration is a measure of the excess acid

in the flask after the liberation of iodine from the XI.
" Datsa:

The following twelve tables summarize the data obtained
from twelve runs under different conditions. The first colﬁmn
gives'the‘time in minutes from the instent of placing the
sealéd samples in the fhermdstat. The uncertainty in the time
recorded (due to variation in the menipuletions, &s washing,
cooling, brealzing tube in flagk, ete.) is not greater then one
minute. The second column gives the millimoles of iodine set
free, computed from the thiosulfate titration. It should be
noted that one mol of hypochlorite or one mol of chlorine
sets free one mol of iodine: |

BtOCl + 2I 7 + H' — ItOH + I, + CL

Cly + 2 —= I, + 2017
The third columm records tiie millimols of TalH required to titrate
the sample to neutrality following the thiosulfate titration.

One must, of course, subtrect the number of milliequivelents

of acid edded initielly in order to obtain this velue.

In other words, since the liberetion of iodine from ¥I takes

i}

place cuantitetively only in acid solution, end since one
usuelly is required to add acid to the titration flesk before
“’breaking the sample tube in it in order to insure sufficient
aci&ity-for this decomposition, one must svbtract this scid
from‘the Ie0H titration to obtain the velue of the ™et Ja0r™".

\,
v

In the first of the two equations above, hydrogen ion is
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ﬁéed up in the reaction. 'Assuming that ethyl hypoehlorite is
the only'substancé present in the solution which will liberate
iodine (see discussion belqw) one must add to this "net IlaOH"
the number of millimbles of iodine set free (i.e. the number

of millimoles of Bt0C1l in the sample) in order to obtain values
for the guentity of "Cl present in the semple at the time of
analysis. Thesge values are given in ¢olumn four, and sre in
effedt}the algebreic sum of the values in column two and three.

The data from these tables eare presented grenhicelly in

figures 1 to 12, where the concentration of ZtCCL and of IClL,

expressed in rols per liter, cre nlotted zgeinst time.



. Téblev I.

Gonditions of Rum fls Thermostat temperature  50°C.
Volume of szmples 10.00 c.ce
Time “illimoles I, Lilliequiv's Iillimols 10
’ set free 'met faCHY in semple

0 2.179 -0.549 1.630
0 2;177 -0.55"7 1.62
45 : L.661 0.367 2.028
75 1.549 0.b78 2.127
105 1.454 0.764 2.218
135 1.401 0.872 24273
165 1.219 0+0299 2518
195 | 1.282 1.073 2+355
228 1.20b 1.152 2587

285 1.160 1.257 2397



Teble 2.

‘Con&itions of Run #2: Tempercture of thermostot 50°¢a.
| Volume of samples 10.02 c.c.
(No 701l added to carbon tetraohloride)

Ti@e 1iillimols I, nilliequiv's illimols EC1
gset free "net NaQH" in sample
0 2.298 -2.331 -0.033
0 2.294 ~2.338 -0.044
120 £.283 -2.181 0.102
360 2.279 -2.319 =0.040
1440 2.260 ~2.285 ~0.025
3020 - 2.184 -2.079 0.105
4410 2.027 -1.7356 0.292
5870 0.53835 ——— ——
5300 0.4612 1.059 1.5620

5220 0.4886 1.023 1.512
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‘Conditions of Run #3: Temperature of thermostat 50°C.
| | | Volume of samples ' 10.00 c.c.
Time Killimols I Lillieguiv's Ilillimols HCY

sef free . "net llaCH" in sample
0] 1.976 - =%.264 O.712
0 1.967 ~-1.281 0.686
30 1.258 : 0.187 1.440
60 1.142 0.361 1.5032
90 1.094 0.408 1.500
120 1.038 0.517 : 1.555
150 - 1.006 0.556 1.562
180 | 0.978 0.592 1.570
270 0.900 0.689 1.589
’500 0.887 0.705 1.592
330 0.868 , 0.787 1.605
560 | 0.856 0.730 1.586

e 890 0.820 - 0.751 1L.581
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Table 4.
‘Gonditions of Run 4: Temperature of thermostat 50°¢.
| | Volume of samples 10.00 c.c.
Time Lillimols I Iiilliequiv's  Lillimols ECL
set free - "met HaQH" in sample
0 0.882 -0.147 0.735
0 0.895 -0.162 0.733
30 0.772 -0.069 04702
60 0757 0.003 0.760
90 0.753 0.029 0.782
120 0.753 0.045 0.798
180  0.748 0.081 0.829
240 0.724 0.110 0.834
200 0.721 0,136 0.857
360 0.709 0.159 0.868
390 0.703 0.162 0.872

420 0.699 0.180 0.879
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Table 5.
Conditions of Run ib: memperature of thermostat 50°¢G.
Volume of samples 5.00 ceCo
Time Lillimols I, nilliequiv's  Lillimols HC1
| set free "met faQH" _4in .sample
0 3.569 -1.478 2.111
o) 5.578 ~1.462 2.116
30 1.537 0.452 1.989
50 1.471 0.463 1.934
70 1.3%5 0.b32 1.907
85 1.308 0ib84 1.892
100 1.257 0.640 1.897
115 . | 1.286 0.649 1.935
130 1.267 0.647 1.914
145 _ 1.200 0.689 1.889
160 1.174 0.724 1.898
175 1.182 0.732 1.814
130 1.111 ' 0.726 1.837

205 1.138 0.745 1.883



Teble 6.
kConditioné of Run %6: | Témperatﬁre ~f thermostat 40°¢.,
Volume of samples 10.00 a.c.
Time illimols 12 .hilliequiv's 1.illimols HCL
set free '"net TaCH" in sample
0 1.971 -0.848 1.123
15 1.721 ~0.499 .222
30 1.502 -0.011 1.491
45 ' 1.420 0.157 1.577
60 1.404 4 0.208 1.612
75 1.375 0.271 1.646
110 | 1.319 0.566 1.685
140 1.290 0+482 1.742
170 1.253 0.505 1.758
200 L.223 0.553 1.776
260 1.168 0.646 1.814
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’Conditioné of Run FV: v Témperatﬁre of thermostet 40°¢.
Volume of samnples 10.00 c.c.
Time Lillimole I, Lillieguiv's Lillimols HOl
cet free - "met IlaCH" in sample
0 2341 -1.731 0.610
15 1.991 -1.465 0.526
30 2197 -1.5563 0.644
45 2.088 -1.2287 C.831
60 1.627 -0.297 1.330
75 1.320 0.338 1.658
90  1.267 0.425 1.692
108 mmme= smemem— mmmee
120 l.249 0.404 1.653
150 1.221 C.447 1.668

180 1.201 : 0.489 1.690



Ta«bl e 8 .

‘gonditions of Tun ;}’18: Temperature of thermostat 40°¢.
Volume of semples 10.00 c.c.
Time illimols T, williequiv'e 1illimels TC1
set free - "net IaCH" in secmple

0 1.006 0.2568 L.264
15 0.911 04506 1.217
30 0923 0.251 1.174
45 0.228 0.270 1.198
75 0.920 0.211 1.131
155 0.892 0,230 1.222
195 © 0.892 0.385 1.277
545 0.844 C.570 1.414
%60 0843 0.496 1.299
545 0.792 0.587 1.279
560 0.787 0.586 1.373



conditions of Run #9: Temperature of thermostat 40°¢.,
Volume of semples 10.00 c.C.
(o ethyl hywvochlorite added; chlorine dissolved in CClé to

e congentration of 0.10 mols wer liter; ethyl =lecohol sddel to &

goncentration of 0.20 mole per liter).

Tinme illimols I2 ¥illiequiv's illirols HC
gset free "net Ta0H" in zemple

0 1.033 0.2792 1.412

15 0.210 0.405 1.31b

30 0.8%70 0.429 1.300

45 - 0.881 0.bl2 1.293
185 - 0.757 0.763 1.520
195 0.687 0.902 1.589
225 Q.624 0.993 1.617
270 0.616 1.019 1.635

285 0.603 1.047 1.656



1
Teble 10.

Conditions of Run #10: Temperature of thermostat 400¢.

Volume of samples 10.00 c.c.

(Added ethyl aleohol to usval reaction mixture to = concentration

0L 0.17 moles per liter).

Timé hillimolslIE illiequiv'es  Iillimols LT
set frees "met ifaCH" in sample
0 1.826 ~1.599 C.227

15 1.786 ~1.313 0.473

30 0.939 - -

45 0.845 0.358 1.203

50 0.821 -—— -—

75 0.798 0.512 1.311
120 0.680 0.037 1.317
135 0.649 0.671 1.320
165 0.591 0.756 1.247
195 0.558 0.505 1.563

205 0.477 0.905 1.382
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© Teble 11.

Conditions of Run #11: Temperature of thermostat 40°¢G.
Volume of semples 10.00 c.c.

(o ethyl hypochlori%e added; chlorine digsolved to & conecentretion
" 0f 0,181 mols per liter; ethyl alcohol «dd:d to & concentration

of 0.40 mols ner literd.

Time Lillimols 12 dlldiequiv's Lillimols ©C1L
set free et HaCH" in ssmple
0 1.810 C.271 2.081
10 1.533 0.721 2.254
30 1347 1.069 2416
45 1,243 1.235 2478
60  1.153 1.380 2.533
20 0.298 1.610 2608
120 0.884 1.764 2.648
155 0.817 1.817 2.624
150 0.766 - -

175 0.694 1.956 24630



Conditions of Run #l2: Temnerature of thermostet 40°% .
'"Voluwe of samples 10.00 c.c.
Time:: Lillimols Iz Lilliequiv's illimoks IC1
get Iree et raQE" in sample
0 1.598 ~0 474 l.124
15 1.532 -0.296 L.136
30 1,462 -0.258 L.214
45 1.349 -0.050 1.299
60 1.290 0.083 13553
75 1.185 - -
20 1.254 0.144 1.378
106 L.177 0.170 1.347
120 1.193 0.209 1.402
168 1,141 0.30Q0 1441
210 1.062 Q.3b3 1.415
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Discussion

‘The recctions teking plcce in this system are by no means

epparent. Preliminery experiments at 259C. showed that the

i

rate of discunpearence of oxidizing substences from the carbon

tetr cnlor de solution is more rapid in the presence of dissolved
HC1. ﬁ comparison of Run #2 with say Run #1 shows this difference.
The work of other investigetors on dthyl hypochlorite and related
substances indicate thet in wmey uvndergo decomposition in several
weys. e will consider in the following persgraphs some of the res
reactions thet may take place.

Chattawey and Backeberg (4) have prepared e series of alkyl
hypochlorites. They find th at the n-propyl, i-propyl, n-butyl
end i-butyl hypochlorites ars very unstable, and keep only a
short time even at ice temperetures. The tert-butyl and tert-
emyl hypochlorites ere reletiyely stable, and cen be kept at

room temperature in the dark. The »reperetion of & hynochlorite
from benzyl eloohol was attempted, but epscrently the substance

. . e
isg ®so unste

ble thet it decomposes elmost as fast as it is formed,

~?

to give benzzaldehyde. The chief decomposition productes of the oth.
other hypochlorites are indiceted by the following ecuations:
r-CiIg 061l —— R-CHC + ICl
Ro-CHOCL —> R,-CO + HC1
R.-00CL — R.-C0 + ER-C1
eylor, Laclvllin, and Gamnal (3) report 80 to 90% yields
of ethyl scetate, obteined from the decomposition of ethyl

hypochlorite, for which they »
& ViL £ _LOS't'llla,te 't-l'\e foll s
O\Jlng reao,t.
| : ions.



1. mtool —- GLSCHO + 701
2. AHCHO +  2t0C1 ~¥>- Zt0Ae + ¥C1

Durand end I'sves (6) point out that ethyl hypochlorite
reaéts with HCL to regenerate the alecohol end chlorine. This
reagction, under the proper conditions, can be violent.

3. ZtOCl + HClL —> It0H + Clg

The evidence of Chattawsy and Backeberg (5) indicates that the
reverse of this action takes plece when chlorine is passed
into aleohol.

Tone of the above rezctions have been reported es taking
place in & system stricfly analogous to the one under considera-~
tion, namely, ih dilute carbon tetrschloride solution.

The purpose of the present paper is to set up = tentative
mechanism whieh accounts in & cualitative if not in & quantitative
way for the dats obtained. This mechanism will then form a
oonvenient point of departure for additional experimentesl work.

In attempting to work out & meshanism accovnting for the observeé
facts, it is more satisfyiné to consider only those reastions

1
Il

Tnown to take place than to set up a series of hypothetical

reaetioné for which there is no evidence. 3Such a tentative

mechanism is developed in the following peges. Thile its

cuentitative agreement leavos much to be desired, it Les the

recommendstion thet the deviations can to some extent be

explaiued, end no new hypothetical reactions nad to be introduced.
In 211 the rgactions considered above, one mol of ?“l is

nroduce’l for every mol of Bt0Cl decomposed. Iiven if sreaction 3

above takes nleee to completion, the subsenuvent disanpearance
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of 012 would be e*ﬂnctel fo liberate an equivalent guantity of
ZCle. 4 casval 1nspection of the tables or surves will show

«that this smount of HCL wes seldom found. In the case of most

of the runs, the discrepancy is not large enough to become of
major imrortance. In the case of Run #5, where the initial

Bt0CL concentration is about Live times thet of most of the
other'runs, there is little or no #C1l formed in the decomposition.
Apyarently, <o invesﬁigéte the reactions by which Lt0OCl disappears
without forming eguivalent amounts of HCl, it will be necessary

to work en nigh It0CLl concentrations.

e

Recetion Rate Constents

In the expression for the rate of reaction

z P(e,d)

]

-de/at

[N

¢ the concentration of oxidizing substances and d that of

e
0L et the time t, as determined by titration. In order to
determine the wey in which the reaction rate depends'upon the
two veriables ¢ and d, we can cgsume various funetions and
eveluete the expression, solving for k. The constancy of k
ith varying velues of ¢ end d (i.e. from run to run) is the
tegt that whould select the proper Lorm of the funetion of the
reaction. The constant k can be evaluated from the aboﬁe
equation in the form of the definite integrel, using the
zperimental date for any pair of points in & run. Fowever,

the formetion of the integral necessarily involves the stoi-~

chiometric relationship between ¢ and d. is was mentioned
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ébove, the increase in d is not identical with the decrease

in e, aa& appareﬁtly their relationships vary from run to run.
«4 better way of testing the constaney of k involves ti:e
zraphical determination of the slope of the curve. With
ressonsble care its value can be obtained with less that 107
error. The values of ¢ and d to substitute in the function are
read bffvthe curves at the point where the tangent is talken.

in this wey , different'functions of ¢ and 4 of the form cldf

eiven the

<

were tried. m end n were varied separately, being
values 1/2, 1, 3/2, 2, ete. Of sixteen formes tried, seven of
the functions gave about the same constoncey in k; for the other
nine, k varied over a much wider reanze.

Another method of atftack is the following. If between
eny two runs at the scme temwerature, the value of either ¢ or 4
is the same while the value 0f the other variable is different
in the two runs, one can determine roughly from a consideration
of the concentraetions and retes involved the menner in which
the rate chenges with one of the verisbles. However, the
results of these comparisons were not decisive, partly =t lesst

becsuge enough really comperzble rune were not aveilable.
liechenism:

The following set of equations represents the mos
satisfectory mechanism that hes been worlked ovt up to the oresent
time.

I. Dto¢l + HCL  —% Tt0H o+ C1
II. Et0Cl + EtOH —» CHZCHO + LtOH + HCIL.
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':III. utOCl + CHEzCHO — 5t0se + HCL

In Runig we see thet RtOCl elone does not react at an
éppreoiable rete, but that the prodvets of some slow reaction
serve to zcsellerate the decomposition. According to tre
eguilibrium reaction (I.) BECl is necessary to the formation
'of LcQ£ which in turn is necesseary for the further decom;osition
of BtCCl. Also, the presence of excess elcohol or zldehyde
should tgpeed the reaction. o runs were nade with aldehyde

.

added. Runs 9,10, and 11 &ll contain excess alcohol. .s
inspection of thre curves shows, the slopes are apprecisebly
grester than runs et the same temperature and comparsble
concentrations not conteining any sdded aleohol. (Compare 9
énd #8, or 710 =nd i12)

Up to thes point, no assum-tions regarding the above
series of reactions other than those implied in simply writing
_them out have been mede. Teaction I. can have any ressonable
yolue for its equilibrivm constent, and the equilibrium nay
be otteined slowly or repidly. The reletive rates of resctions II
ITI. and III. are of no immediate importance to the abowe
considerations.

Refore specific rcaction rete constants can be celeuleted
it is necessary to meke essumntions regarding the above
recctions. Firsf, we will assume thet readtion I. is rspid
ond reversible. Thig asssumntion implies that reesctions II.
and ITI. are the rete controling fectors. TFor their rates, we

gcen vwrite the expresgions:

-dc/dt = k,(EtOCL)(EtOH) # Ik (Lt0Cl)(CH;CHC)
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In the sbsence of ldate on the concentretion of aldehyde,
we cennot celeulatc ky. However, if we assume that cfter the
initiael steges of the reaction are over, & more or less

steady stete with respect to sldehyde concentration is

attained,
kg(EtOCl)(atOH) = kB(EtOOl)(OH5CHO)

and

-de/dt = 2k (Zt0CL)(LtoH)

[
4 3

Substituting for (2t0C1l) its velue in the equilibrium
exiression

(2tod) (Cl.) _
TETosLI(A6L) = - ’

"he rate erpression vecones

-dc/at = 2¢g , (ZtoH)®(01,)
X (ECL)

or
/2 2 .

-de/dt = k(ILtOH)“(Clg,) / (HCL)
In the rune in which the sterting materisl wes Zt0CL, with
no added alsohol, the velue of the Cl, concentration egualis the
concentration of alcohol. £Since the iodine titration cannot
distinguish between 012 and Et0CL, the curve plotted represents
actually the sum of = OClkan& 012. A Turther assumption must
be made before it is vossible to use the analyticel data for
tlie purpose of calculating rate conctants, nemely, that the
eguilibrium in reaction I is so far to the right that the

consideration of the iodine titration as & measure of the ¢ 5

concentration introduces no appreciable error. The accompanying

table shows the ealeulaetion of the rote conctants vhder the ghove

<L



¢ble of Rezetion Rete Conetonts:

Run Dime (rmin) Zlove (s}  “ome HCL (d) Cone. Cig o”x 10°  Cone tod L (= sd/f ton) %o )
-—- ——— ———— z 10° wole Liter (o) (n/l)  —meee = 10
1 &0 GeB 0.1827 3.1160 156 e 574
i 228 30 240 G.l152 0.1855 108 ¢ 7.5
1. 1z8 & z2.0 ¢.0072 C.1401 %5 e 8.97
Z 260 50 5.75 0.0730 C.0856 5845 e 4.58
3 2170 50 6.3 0.0669 0.0200 72D a 5.49
51 150 50 12.5 0.0558¢ C.1006 102 & 6.81
4 240 50 1.50 0.C110 0.0724 38.0 c £y
& 120 50 25.0 0.1452 1100 ° 5,30
5 145 50 5046 0.1278 0.2400 138 e 5.07
5 585 50 50.5 0.1168 0.2616 1780 c .31

5 260 40 10.8 0.0846

C.1l168 269 c L4
5 140 40 11.5 0.0452

0.1290 214 [ 2.38
[ 80 40 21.0 0.0206

0.1404 276 ¢ L.58
7 180 4£0 7.0 0.0489

0.1201 173 ¢ 1.98
3 o456 <0 2.00 0.0E87

0.0792 43.8 a 2.56
9 27¢C 40 .0 0.1019

0.0616 25.4 0.1l816 0.655
10 125 40 192.0 0.08%0

0.06439 274 0.2349 0.356
11 175 40 al.6 0.1956

0.06924 3.4 0.25884 1.05
11 20 40 ti.B 0.1610

0.0998 99.5 0.3188 0.706
11 45 40 [ Q.13

0.1l24C 193 0.34L5 0.530
1z 165 40 a3 0-0300

0.1141 148 o 1.27
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sassumptions. The slopes of the curves given in the table were
obtained graphicelly. The agreement is not very satisfasctory.

nd 11 are 11

(:\'\

For exemple, the rate constents of Runs #9, 10,
somevwheat low. However, the v&riatiohs in the conditions of the
different runs erc considerable, and one csn expect tﬁat Tactors
negligible in one run will exert en apprecieble influence im &
another. | .

Thile it is possible to account for the lerger deviations
observed by consi ering the changees in the conditione of th

es to have

Ul

runs, and the effect one would expect these chan;

UO

on the relation between the velocities in reactions II and III,
or in the position of the ecuilibrium in reaction I, speculation
of this sort has no special gignificance for the present
purpose. It is clear that there are too many inter-relsted
reactions to »nermit a sound quentitative treatment of this
system without further informetion. The most profitable line
for aaditional work on this problem seems to be the senerate
study of recctions © and 3. This might yield deta that would

be guite useful in clarifying not only this problem, bHut also

the more general one of the mechenism of cehlorine substitution.
Temperature Coefficient:

The tempe ure goefficient of re actlons are usually
revorted as the retio of the reaction rate comgtants at T 10
and T °C:

; 1

g«'.lO = }Lt +lo /  b"t

Temperature coefficients hizve been found to very for different
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chlorine.
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