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THE RATE OF THE REACTION HETWEEN IODIC

AND HYDRIODIC ACIDS

BY SAUL DUSHMAN

In 1888 the rate of reaction between io<Hc and liydrioclic

acids was made the snbject of a research by O. Hurchard," who

endeavored to discover a relation between the rate and the con-

centrations of these two reagents. His results, however, were

nnsatisfactory, and the anthor conclndes his paper with the

words, " In spite of all attempts, I have not succeeded in rtpresent-

ing the rate of the reaction by a general differential ecpiation ".

In light of the electrolytic dissociation theory introduceil

by Arrhenius just at the time of Burchard's publication, it now

seems advisable to represent hydrogen iodide in solution as con-

f —
.

.

sisting almost entirely of hydr.on (H) and iodion (I); simi-

+

larly a solution of iodic acid contains hydrion (H) and iodation

(lO ), while brown "iodine" solution contains tri-iodion (I^).

Thus, in place of Burchard's equation.

5HI + HIO,

it seems bette. 'u write

3I, + 3H,0. (O

6H -f 81 + 10, = 3I. t 3H,0. ( 7

)

and in consequence, I have studied the effect of the roncentra-

tions of H, I, 10 and I^ on the rate, instead of adopting the

variables chosen by Burchard.

In planning the experiments, I adopted a method which

was originally employed by Harcourt and Esson in their classi-

cal research, "On the Observation of the Course of Chemical

Change", in 1866," but which had, apparently been completely

forgotten by 1888. Tlie principle of the method is very sim-

» Zeit. phy». Chem. a, 796 (1888).

• Jour. Cbem. Soc. ao, 476 (1867).

i

1
'4

a!
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pie, and consists in keeping the concentrations of all tlic re-

agents but one constant, or almost constant, dnring the pnigrcss

of the reaction ; any change in the rate nuisl then l)e ascribed

to changes in the concentration of that one substance only. In

Burchard*s work on the other hand, the concentrations of all

the reagents changed during every experiment, and he was un-

able to discover the effect due to each.

In the investigations of Harcourt and Essen, and in those

carried on in this laboratory by Messrs. Bray,' Hell,' RoebtJck.J

DeUiry,* Forster.'and Mi.ss Benson," the concentrations of all the

reagents except one were held constant by employing relatively

high concentrations of the reagents in question. It. my prelimi-

nary experiments I made up the solutions on the same plan,

using a small amount of jjotassium iodate (iodation), and large

excesses of potassium iodide (iodion) and hydrochloric acid

(hydrion). I soon found, however, that the solutions had to be

much diluted in order to make the rate of the reaction slow

enough to measure, and that in these very dilute solutions accu-

rate analytical determination of the iodine liberated was im-

possible.

Finally I replaced th. exce..s of hydrochloric acid by ex-

cess of acetic acid and sodium acetate, thus obtaining solutions

in which the concentration of the hydrion, though lower than

those 0/ the iodation and iodion, remained unaltered throughout

the experiment. In the acetic acid solutions the rate was much

slower than in those containing hydrochloric acid, great dilution

was not necessary, and the analytical difficulties referred to above

were avoided.

Experiments in which the concentrations of the reagents

were systematically varied led to very simple results, namely,

that the rate of the reaction between hydriodic and iodic acids

»
Jour. Phy«. Chem. 7. 9» ( '903)-

•Ibid. 7. 6l (I903)-

•Ibid. 6,365 (190a).

«Ibid. 7. 239 ('903) •

•Ibid. 71640 (1903).

•lUd. 7. I ('903)-
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is proportional to t1i concentration of the iudation, to the

square of the c- 'entr tioii of the hydrion, and to the i.8th or

1.9th iM>wer of .hat . the iinUon, while the tri-iodion exerts

an accelerating inflnencc which was studied in detail. Hy

•ican.s of the differential equation enibodyin these relations,

I was able to predict the course of the reaction in solutions con-

taining hydriodic and iodic acids only.

The results, apart fiom their intrinsic interest, arc. of value

as showiufj the jx)wer oj Harcourt and Rss«Mt's method in the

study of Chemical Kinetics. As recently as 1898, in a paper on

"The Reduction of Hromic Acid and tin. I.^w of Mass Action",'

the authors, Messrs. Juds(m a»"» Walker, e.xj^ cssed themselves

as follows :
" It is evident, thert. re, that the 'on of hydriodic

acid on the oxyjjen acids of the haloj'viis is too intricate a

nature to give any satisfactory nui;\erie.»l csults". The rate of

this "intricate react'on " is now knovu its a simple function of

the concentrations of the ! 'ij.enls invi \^A.

METHOD OF WORKING
Precautions taken to exclude air

As the unsatisfactory outcome of Burchard's investigation

has been ascribed in part to the action of atmospheric oxygen on

his solutions, I took special precautions to exclude air during

the work. Pairs of experiments, however, in one of which the

air was excluded, while in the other it was allowed access,

seemed to show that the error arising from this source was

negligible.

All the solutions used in the .xperiments were prepared

free from air by lioiling and cooling in vacuo, and were kept

under carbonic acid gas, which was purified by passing through

water, solutions of sulphuric acid, ferrous sulphate, and perman-

ganate of potassium, and through a long tube filled with cotton

wool.

Before removing a solution from one of the stoppered flasks

clamped in the thermostat (see below), the pipettes were filled

' Jour. Chetn. Soc. 73, 41 1 ( 1898).
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with carbon dioxide, and a current of the gas was passed into the

flask as long as the stopper was out.

Description of an experiment

The main stock of the sohitions of potassium iodide, potas-

sium iodate, acetic acid and sodium acetate was kept in bottles

under carbon dioxide, as already stated ; and before each series

of experiments about 200 cc of each were brought to 0° C in stop-

pered flasks (clamped in the thermostat) from which the air had

been removed by a current of carbon dioxide. The thermostat

was also provided with a large test-tube (100 cc capacity) and a

500 cc beaker with stirring rod.

Each measurement contained in the following tables in-

volved the preparation of a new reacting mixture, as follows

:

Into the test-tube was first pipetted air-free water in quantity

sufficient (together with that of the reagents subsequently added)

to make up the total volume to 100 cc ; measured quantities of

sodium acetate, acetic acid and potassium iodide solutions were

then added. The potassium iodate was measured into the

beaker and the stirrer set in motion, the contents of the test-

tube were then thrown in, and at the same instant the catch of

a stop-watch was released by means of a pedal. Experiments

with colored solutions showed that a homogeneous mixture was

attained in from one-fifth to one-half second. When it was de-

sired to interrupt the reaction, the contents of the beaker were

again stirred rapidly, about 10 cc of ammonium bicarbonate

solution thrown in from a test-tube and the watch stopped. The

iodine liberated was then determined with centinormal sodium

arsenite and iodine solutions, using starch as an indicator.'

Duplicate experiments gave results agreeing within 0.10 cc of

the volumetric arsenite solution, while duplicate analyses of the

same mixture agreed within 0.05 cc.

All pipettes and burettes used in these measurenjents were

freshly calibrated, the pipettes by weighing the distilled water

discharged at 4° C, and the burettes as described in Ostwald's

' For the method of analysis of the mixture in presence of excess of

iodine, sec page 468.
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" Hand- und Hilfsbuch," page 103. In using the pipettes 45

seconds were allowed for draining.

Solutions employed

Water.— All the water used in these experiments was freed

from air, and kept under carbon dioxide.

Potassium iodate.— 0.009 18-F,' and 0.00100-F KIO^, pre-

pared by dissolving weighed quantities of the salt, and standard-

ized by decomposing a measured volume with excess of potas-

sium iodide and hydrochloric acid, adding excess of ammonium

bicarbonate, and titrating with o.oio49-« sodium arsenite.

Sodiumau te.—o.ioo35-F,C,HjO^Na, prepared bydissolv-

ing 13.6 grams of Merck's crystallized sodium acetate to one

liter ; a few crystals of menthol »t » added to prevent the

growth of moulds. To standardise . a measured volume was

evaporated in a tared crucible at 100° C, the crucible and salt

were then heated to iio°-i20° for four hours, allowed to cool

in a desiccator, and the anhydrous sodium acetate weighed.

Acetic acid.— 1.147-F, C,H^O,, prepared by diluting Merck's

" pure glacial acetic acid, 99.5 percent acid ", and titrating against

standard potash.

Hydriodic acid.— 0.1128-F and 0.001 132-F HI; prepared

by diluting a stock solution made from water, iodine, and red

phosphorus ; titrated against the standard potash. These solu-

tions contained a little free iodine, which was determined by

sodium arsenite (20 cc of the 0.1128-F HI took 0.42 cc of

0.0105-M arsenite), and in each mea.surement in which hydriodic

acid was used, the small correction for the free iodine was tnade

at the time of the analysis.

Iodic acid. — o.oo^']6-¥ and 0.00100-F HIO^. Large, col-

orless crystals of iodic acid, free from sulphuric acid (prepared

by oxidizing iodine with nitric acid, sp. gr. 1.53) were dissolved,

and the solutions standardized by sodium arsenite (see under

Potassium iodate).

Iodine and potassium iodide.— Twenty-five cc was equiva-

Formula-weighls per liter.
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lent to 21.77 cc O.I049-W arsenite, hence 0.04567-F tri-iodion, I^.

After boiling off the free iodine, 50 cc with silver nitrate gave

1-1387 g Agl, hence 0.0970-F KI. Since each mol of iodine (I,)

reacts with one of potassium iodide (iodion, I) to form one of

potassium tri-iodide (tri-iodion, g the formation of 0.04567

mol I per liter has used up 0.04567 mol iodion, leaving 0.0970 —

0.04567 = 0.05133 mol iodion (1) per liter.

Iodine and hydriodic rtr/V/.— The 0.1128-F hydriodic acid

was saturated with iodine, and the "free iodine" (tri-iodion)

determined by sodium arsenite and found to be 0.0415-F I^.

Subtracting 0.0415 from 0.1128 there remains the concentration

of the iodion, 0,07 13-F, while the hydrion is 0.1128-F H.

Volumetricsodium arsenite.— 0.01049-normal ; standardized

with dry, freshly sublimed iodine. The volumetric iodine solu-

tions were compared daily with the arsenite ; and the volumetric

sodium thiosuiphate was standardized against the iodine solu-

tions.

The half saturated ammonium bicarbonate sohition was kept

under CO,. A distinct blue coloration was obtained when one

drop of ceutinormal iodine was added to a mixture of 100 cc

water, 10 cc ammonium bicarbonate solution, 2 cc starch solu-

tion, and a few drops of normal potas.sium iodide.

RESULTS OF THE EXPERIMENTS

Explanation of the Tables (Series I and II)

At the head of each ta1)le is given the initial composition of

the reacting mixture. The numbers following each formula de-

note the number of gram-fornmla-weightsof that reagent in 100

cc of reacting mixture. Thus lO^, 0.000025 ; I, 0.00177 ;
HAc,

0.00585 ; NaAc, 0.0015 (at the head of Table i) means that 25

ccof o.ooio-F KIOj, 20 cc of 0.0885-F KI, 5 cc of 1.17-F HAc,

15 cc of F/io NaAc were made up to a volume of 100 cc.

From the numbers after HAc and NaAc, was calculated the

quantity of hydrion, H, in the mixture, assuming the dissocia-
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tion constant of acetic acid to be 0.000018," and the sodium

acetate to be totally dissociated ; thus for HAc 0.00585, and

NaAc 0.0015 (V 0.1 liter).

ATCHAc) =H X Ac

0.000018 X o. I X 0.00585 = H X (H + 0.0015),

whence H ^ 0.000007

Under " / " is entered the time in minutes during which

the mixture was allowed to react, and under "-As" the number

of cc of the volumetric sodium arsenite equivalent to the iodine

liberated. In the third column are entered the values *, or k^.

log,„
10.

••(I)

.(II)

10^ - x'

*'"
/ \/ J l)

To obtain x, the number of mols of lO^ reduced for each cc of

As, the burette readings must be multiplied by 0.00000175.

(1 cc yjj = 0.00001049 equivalent; i mol lO^ gives 6 equiva-

lents of iodine.) _
To obtain y, the number of mo'.s of I corresponding to i

cc of As in the titration, the burette readings must be multi-

plied by 0.00001398. (From equation (2)

8 KI yields 3 KI, =- 6 equivalents of iodine,

or for each mol of KI destroyed, 3/8 mol of KI^ is formed,

that i.s, 3/4 equivalent of As is used in titration. Hence, i cc

As --
/^l2, ^ i/iooo X 0.01049 = 0.00001398 mol KI.)

SERIES I. ACETIC ACID SOLUTIONS, POTASSIUM lODATE

PRESENT IN SMALL QUANTITY

Effect of lodation

The constancy of /t, in each of the tables of this series

shows th£ t the rate is proportional to the concentration of the

potassium iodate (iodation) in the reacting mixture. This con-

clusion is confirmed by the fact that doubling the concentration

' From the data and formulas of Arrlieiiius' paper (Zeit. phys. Chem. 4,

K*) it appears that at 0° C the dis.sociatioii onstant of acetic acid is below

o.cx)OOl7. The hydrion concentrations given at the heads of Tables 1-J7 are

tlierefore all somewhat ion high. See, however, page 474.
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of the iodate does not affect *, (Tables 2 and i). The slight

falling off of >fe. in Table 2 is to be expected, as the concentra-

tion of the iodide is in iclatively small excess.

Effect of HydrioB

From a comparison of Tables i and 3, and i and 4, it is ap-

parent that the rate is proportional to the square of the concen-

tration of the hydrion. In the first pair, the concentration of the

hydrion was changed by doubling the concentration of the

acetic acid, and in the second pair by doubling that of thesodinm

acetate. In Table 5 the concentration of both acid and .salt is

double that in Table 1, but the rate remains the same, thus

affording a striking confirmation of the view that it is the con-

centration of hydrion that is effective.

Effect of lodion

The effect of the concentration of iodion is not quite so

simple. From Tables i and 6, 7 and 4, it is .seen that doubling

the concentration of the potassium iodide (lodion) multiplies the

rate by 2-*' or 2'-9. From Tables 9 and 10 we see that varying

the concentration of iodion from 0.00886 to 0.000886 mol per

liter, does not cause any variation in the exponent. It can,

however, be seen from Table 10, and it will be more apparent

from Series II, that the lower the concentration of iodion, the

nearer the proportionality is between the rate and the square of

its concentration. The other tables ot this series show that the

effects of the acid, acetate, and iodide are each independent of

the others as well as ot the iodate. ^

Table i

IO„ 0.000025 ; I, 0.00177 ; HAc, 0.00585 ; NaAc, 0.0015 ;

H, 0.0000070

2

4
6
8
10

As AiXio*

i>3
2.24

315
415
4.87

179
18.5

j8.o

18.6

18.

b

Av. 18.3
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Tablr 2

IO„ 0.000050 ; I, 0.00177 ; HAc, 0.00585 ; NaAc, 0.0015 ;

H, 0.000007

/ As

2

a

2.20
2.26

4
6
8

404
6.09

7*4

»7-4

17.9
16.8

»7-3
15-8

Av. 17.3

Table 3

IO„ 0.000025 ; I, 0.00177 ; HAc, 0.01 17 ; NaAc, 0.0015 ;

H, 0.000014

/ As A.XiC

t 2.30 76.2

2 4.17 750
2 4.14 74-4

2.5 4.78 71.0

4 6.87 71.2

6 8.7b 68.7

Av. 72.6

Table 4

IO„ 0.000025 ; I, 0.00177 ; HAc, 0.00585 ; NaAc, 0.0030 ;

H, 0.0000035

i As *, Xio»

2 0.34 5-3

4 0.62 4.8

6 0.89 4-7

8.5 1.22 4.6

10 '54 4-9

Av. 4.8
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Table 5

I0„ 0.000025 : I. 0.00177 : HAc, 0.0117 ;
NaAc, 0.0030 ;

H, 0.000007

2

4
6
8

As

1.22

2.27

4-35

19.4
18.8

18.4

19.7

Av. 19-

1

Tabi^ 6

I0„ 0.000025 ; I, 0.00354 ; HAc. 0.00585 ;
NaAc, 0.0015 ;

H, 0.000007

/ As *, Xio"

2 3.86 68.4

3
4

5.16

6.50

64.8

659
6 8.18 61.5

8 9.62 60.7

Av. 64.3

Table 7

IO„ 0.000025 ; I. 0.00354 ; HAc, 0.00585 ;
NaAc, 0.0030 ;

H, 0.0000035

3

4
6
8
10

As

1. 17
2.19

3.20

3-93

4.78

*,Xio»

18.5

18.I

18.3

17-5

17.6

Av. 18.0
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Table 8

IO„ 0.000025; I, 00354; HAc, 0.0117; NaAc, 0.0015;

H, 0.000014

I

»-75
a

At

6.03

7.96
8.89

9-54

*,Xio^

2360
2358
241 -5

239.0

Av. 238.2

Tablb 9

IO„ 0.000025 ; I, 0.00885 ; HAc. 0.00585 ; NaAc, 0.0015 ;

H, 0.000007

I

1-25

1.50

»-75

As

8.64
9.66
10.46

It. 24

*,XioC

403.2

3915
381.2

383-4

Av. 389.8

Table 10

IO„ 0.000025 ; I, 0.000885 ; HAc, 0.00585 ; NaAc, 0.0015

I

H, 0.000007

/ Ai A.Xio"

2 0.32 4-9

4 0.57 4-4

6 0.96 50
8 '•25 50
10 1-45 4.6

Av. 4.8
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ACITIC ACID SOLUnOHS, POTASSIUM lODIDl

pRXSurr nr shall qvamtitt

Xfleetof lodioa

The constancy of k, in each of the tables of this series

shows that the effect of iodion varies as the square of its concen-

tration when it is present in small quantity relatively to the

iodate. In confirmation of this conclusion, we find that Table

12, in which the concentration of the iodide (iodion) is doubled,

gives approximately the same constant as Table 1 1.

Kffact of lodatloii

Table 13 shows that doubling the concentration of the

potassium iodate (iodation) multiplies the rate by 2 ;
hence, as

in Series I, the rate varies with the first power of the concen-

tration of the iodation.

Elhct of Hydrton

Tables II and 14. and 11 and 15, show that halving or

doubling the concentration of the hydrion multiplies the rate

bv V. or 4 respectively. Tables 1 1 and 16 show that .f the con-

centtation of both acid and acetate be doubled, the rate remains

unchanged. Hence, as in Series I, the rate is proportional to

the second power of the concentration of the hydnon.

Table n

10,. 0.000225 : I. 0.00018 ; HAc. 0.01 17 ;
NaAc, 0.0015

H, 0.000014

/
As

4
1.06

6 1.46

8 1.84

12 2.69

15 307

*.

Av.

"5
I30
ti6
122

116

120
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Tablb 13

IO„ 0.000335 ; I, 0.00036 ; HAc, o 0117 ; NaAc, 0.0015 !

H, 0.000014

/ As *.

I 1.04 119

a 1.86 109

3 a.73 liO

4 346 108

Av 112

Tablb 13

IO„ 0.00045 ; I. 0.00018; HAc, 00117 ; NaAc. 0.0015 ;

H, 0.000014

/ As *.

a 0.99 a3a

3 1-44 a33

4 1.9a 341

6 a.6o 334

8 3.»4 aa7

Av. 235

Table 14

I0„ 0.000225 ; I, 0.00018 ; HAc, 0.01 17 ; NaAc. 0.0030 ;

H, 0.000007

/ As *.

t6

«4

I.IO

1.45

33
29

Av. 31

I©-
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Tabuc 15

10.. 0.000225 : I. 0.000.8 ; HAc. 0.0234 :
NaAc. 0.00.5 ;

H. o.ooooaS

9

3
4

As

1.64

2.43

305

*.

406
45a
43a

Av. 44>

Table i6

10,. 0.000225: 1.0.000.8; HAc, 0.0234: NaAc. 0.0030;

H, 0.000007

1..0

1.45

1-73
2.58

4
6
8
13

*.

.30

.20
108

.13

Av. .17

Repretenution of the re.ult. by a dllfcrtntUl equaUon

The results of the .neasnrenients of Series I and II may

thus be stated in the following words : .... .

''The rate of the reaction between iodat.on, lod.on, and

"hydrion, is proportional to the first power of the concentra-

uL of the iodation, to the 1.85th to second power of hat

"Of "he iodion, and to the second power of the concentrat.on

" of the hydrion." . , ^•

Or, expressed in the form of a differential equation,

-..(^^)('-/ni^y- •(A)

where v = 8;r, and V is the volume in liters.

From the definitions of *. and k, on page 19, tt follows that

K=2.mk.v%ir*(Hr (B)

K= k,y!(./o,)(//y (c)
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The fullowing table contains the vahie of K for each of the

foregoing tables, calculated by means of equations (B) and (C).

Its constancy is a measure of the accuracy of equation (A),

Physically interpreted, K represent? the calculated numlier of

mols of iodate that should be reduced in one minute when i

mol of potassium iodide, i mol iodate, and i mol hydrion were

present in a volume of i liter.

Tablb 17

No. /O.Xie' /Xio^ //Xlc

t as 7.0

3 50 7.0

3 as 14.0

4 as 3 5

5 as 7.0

6 ^b 354 7.0

7 as 354 3-5
8 -'S 354 14.0

9 ^b 885 7.0

10 35 89 7.0

II 335 18 14.0

13 335 36 14.0

>3 4SO 18 14.0

14 22s 18 7.0

»5 335 18 38.0

16 235 18 14.0

A" » io-'«

2-47

3.30
3.46

2-59

3.59
a-34

2.59
3.13 .

a.47

a-59
a.73

3.s6
3.70
3.83

a.SS
3.68

Av. 2.54

SERIES lU. ACETIC ACID SOLUTIONS, IODINE (TRI-IODIOV)

PRESENT IN EXCESS

It is obvious, that owing to the excess of iodine put into

the reacting mixture, it was not possible to make up solutions

in which the quantity of potassium iodide was relatively small.

Consequently in all the experiments of the present series the

potassium iodate was selected as the substance to be present in

small uantity.

In the measurements of this series a measured voKiu of

decinormal iodine solution was mixed with the potassium iodate

in the beaker (see " Description of an experiment," p. 456), and

»3"3 *i *.

4a —
39

—
167 —
II —
44

—
138 —
41 —
548 —
896 —
II —
— 120— I>2— 335— 31— 442— 117
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water was added to bring the total volume up to loo cc. Owing

to the fact that the iodine liberated during the reaction wan very

small in amount compared with that initially present, the

progress of the reaction was followed by estimating the residual

potassium iodate instead of by trying to determine the small in-

crease in the free iodine. The method has been worked out by

Mr. Forster.'

Mttlwd of Aaalyato

The reaction was stopped by throwing in the ammonium

bicarbonate, as before; sodium arsenite solution (a 1049-'') was

run in from a burette, and then a little starch solution to deter-

mine the eud-point. Thrice normal hydrochloric acid was next

added in quantity sufficient to neutralize the sodium aceUte,

the ammonium bicarbonate, and the volumetric sodium arsenite,

and to leave an excess of 2 cc of the yn hydrochloric acd. In

solutions of this degree of acidity the potassium iodate was im-

mediately reduced with liberation of an equivalent quantity of

iodine, which was then determined by o.oio54-'« sodium thio-

sulphate.

Blank experiments showed that the results are accurate

within o 10 cc (two drops of the volumetric sodium thiosulphate

solution), but it is necessary to complete the titration within

five minutes or iodine will be liberated by the action of the ar-

senic acid formed from the volumetric arsenite.

Ez^aoatloB of the TaUaa

The symbols lO . H Ac, NaAc, H, I, /, *." have the mean-

ings assigned on page 458. After KI i5 given the number of mols

of potassium iodide, and after "lod" the number of cc of the

iodine solution added in making up the reacting mixture. In

the brackets are given the number of mols iodion (I) and tri-

iodion (I ) contained in the iodine solution. The total quantity

of iodion present in the reacting mixture is thus the sum of the

» Tour. PhT«. Chem. 7. 640-
. . j » a . ji..!„

» In the Uble. of thU .erie. *.' h«. been written .n.te«l of *.. to distin-

guish the tables of this aeries from tho«^ of Serte* I.
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ntiinbers after KI and I. Under "Th " is jjiven the number of

cc of O.OIU54-M Kxlinm thiuNulpliatt. itulntion equivalent tu the

iodine liberated from the residual potassinni todatv. In or<ler to

obtain lO - x, used in culculating *,', these burette readings

must be multiplied by o.ocxxx)i 744.

BfMt of lodattoB

From the constancy of */ in each of the tables of this

series and by comparing Tables ao and 23 (I.i the latter of which

the concentration of the potassium iodate was double that in the

former) it is apparent that the rate is proportional to the first

power of the concentration of the iodation, and that the law ac-

cording to which the iodation affects the rate is not modified by

the presence of tri-iodion.

XflKt of B ' 4rloB

By comparing Tables 20, 22 and 25 it is cilent that the

rate is proportional to the square of the concentration of the

hydrion. Thus the law according to which the hydrion affects

the rate is not modified by the presence of tri-iodion.

BffMt of Tr" :-41on and of lodton

The effect of tri-iodion might have been determined by

comparing the experiments of this scries with others in which

the composition of the reacting mixture was the same except as

regards the tri-iodion. Instead of undertaking a new series of

measurements for this purpose, however, I have utilized those

of Series I, making a correction for the small difference in the

concentration of the iodion by assuiaing that k^ is proportional

to the 1.9th power of the concentration of the iodion (see page

460). In Table 18 are entered the compositions of the solutions

of Tables 19 to 27, and the values of */ ; also under *, the con-

stants from the corresponding tables of Series I, corrected as de-

scribed. The difference *,' — * , which expresses the effect of

tri-iodion on the rate, is roughly proportional to the concentra-

tion of the tri-iodion, to somewhat more than the second power

of that of the hydrion, and to slightly less than the first power

of the iodion.
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Table i8

No.

19
20

21

22

23

24

25
26

27

/0»Xio(» /Xi</

2053

A/Xio" /,Xio»

25 7.0 183.0

25 I9II 7.0 9«-5

25 I84I 7.0 45-7

25 I9II 14.0 915
50 I9II 7.0 915
25 3682 7.0 91-5

25 I9II 3-5 915
25 361

1

7.0 45-7

25 3820 7.0 183.0

VXio*

38-6

27.6

23.6
121.4
29.1

79-5
7-3

72.1

97.2

*,' *, A.'XiC
No. *,Xio»

243

X .a^

14-3

Q calc. Diff.

19 7.8 37-3 - 3-4 1c

20 20.8 6.8 7-9 27-3 — I.I

21 19.8 3-8 9.0 22.9 — 1-7

22 82.8 38.6 (12.5) 108.8 — lO.O

23 19.7 9-4 (10.9) 26.2 — lO.O

24 693 10.2 6.2 1
81.8 + 4-0

25 5-5 1.8 7.8 71 - 30
26 66.7 5-4 6.7 72.8 + I.O

27 74-3 22.9 6.7 100.3 + 3-0

Av. 7.4

The quotient,

(/t/-'fe,)t'*Xio-^

is thus approximately constant, the average value being 7.4.

Using this value, I calculate k^ for each of the Tables 19 to 27.

/fe,'calc= -t, + 7.4X (/,)X (//yx(/)X 10" (D)

The difference between the calculated and observed values of */

expressed as percent of the latter, is entered under "Diff."

With the exception of Tables 22 and 23, the greatest discrep-

ancy is 4 percent, well within the experimental errors. In the

cast Tables 22 and 23 the difference amounts to 10 percent

;

k^ for Table 22 is, however, very uncertain (page 472), and if

the average of */ for Tables 23 and 20 be entered instead of k'

for each of them, the discrepancy between observed and calcu-

lated values of */ is reduced to 6 percent.
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Repreaentation of the results by a differential equation

dx\dt '--^ /-/(lO,)/ V X 2.303 (p. 469)
' /-, I- 7.4 X io» V (IJ X (I) X (H)':< i/F*.(D,p. 470)

, A'Xi'-"v(H)"

2.303 X y •(B, p. 466J

Let i? - 7.4 X io»X 2.303 (E)

Then tlie general differential equation may be written

*-^-{'v-')r/)'-("^)*

+'rr')r/)(^)r.)' <)

or more simply

dx (io,).(i).(H.)'-j A-ciy-H-^cij j.

where
dt

(G)

K^ 2.54 X io'»

R^ 1.70 X 10'"
(p. 467)

(E)

Table 19

IO„ 0.000025 ; lod, 40 cc
; (I„ 0.00183 I I. 0002053);

HAc, 0.0058 ; NaAc, 0.0015 ; H, 0.000007

3

4
6

Th

11.85

10.04

8.75

-t,' X lo*

41-3
38.6

36.0

Av. 38.6

Table 20

IO„ 0.000025 ; lod, 20 cc ; (I,. 0.000915 ; I, 0.0010265);
I, 0.000885 ; HAc, 0.0058 ; NaAc, 0.0015 ; H, 0.000007

/ Tk *,'Xirf

2 12.60
1

i

27.9

4 11.24
! 26.4

6 9.72 1 28.1
8 8.60

! 27.7

Av. 27.6
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TablB 21

IO„ 0.000025; lod, 10 cc; (I, 0.000457; I. 0.0005133);

1,0.001328 ; HAc, 0.0058 ; NaAc, 0.0015 ; H, 0.000007

/ Tk VXJo"

2 12.97 21.7

4 11.66 23-4

6 10.20 24.6

8 9.05 24.9

Av. 23.6

Table 22

IO„ 0.000025 ; led, 20 cc ;
(I„ 0.000915 ; I, 0.0010265);

I, 0.000885 ; HAc, 0.0117 ; NaAc, 0.0015 ; H, 0.000014

/ Th VXio*

I

1.5

3

11.09

9-35
7.90

III.

3

123.6

129-3

Av. 121.

4

Table 23

IO„ 0.000050 ; lod, 20 cc
;
(I„ 0.000915 ; I, 0.0010265);

I, 0.000885 ; HAc, 0.0058 ; NaAc, 0.0015 I H, 0.000007

/ Tk VXio*

I

2

3
4

26.58

24.51

23-94
22.20 1

31-3
32.8

(24.7)

27-7

Av. 29.

1
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Tablb 24

I0„ 0.000025 ; led, 20 cc ; (I„ 0.000915 ; I, 0.0010265);

I, 0.003655 ; HAc, 0.0058 ; NaAc, 0.0015 ; H, 0.000007

I

1-5

2

3

Th

12.99

10.70
10.00

8.17

Vxirf

73.8

(84.5)
78.1

81.5

Av. 79.5

Tablb 25

I0„ 0.000025 ; lod, 20 cc; (I„ 0.000915 ; I, 0.0010265);

I, 0.000885 ; HAc, 0.0058 ; NaAc, 0.0030 ; H, 0.0000035

8

16

Th

12.56

10.88

VXio'

71
7-4

Av. 7.3

Table 26

IO„ 0.000025 ; lod. 10 cc; I„ 0.000457 ; I, 0.0005133);
I, 0.0030975^ HAc, 0.0058; NaAc, 0.0015 ; H, 0.000007

/ Tk VXio*

I 12.24 68.5
2 10.09 76.2

3 8.62 73-5
4 7-5' 70.2

Av. 72.1

Tablb 27

IO„ 0.000025 ; lod. 40 cc ; (I,. 0.00183 : I. 0.002053);
I, 0.00177 ; HAc, 0.0058 ; NaAc, 0.0015 : H, 0.000007

Tk i ,'X lo*

9.16 97 2
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SERIES IV. SOLUTIONS OF HYDRIODIC AND IODIC ACIDS

Having determined the rates in solutions in which the com-

ponents hydrion, iodion, and iodation, could each be controlled

separately, it remained to carry out a few measurements with the

acids themselves.

The results of these experiments are given in Tables 28 to

34, where the symbols u.sed have the significance explained on

page 458. The concentrations are given on the assumption that

hydriodic and iodic acids are completely dissociated into their

ions. In order to keep the rate within measurable limits only

small quantities of each reagent could be used ; the experimental

errors in this .series are therefore much larger than in the pre-

vious tables ; but nevertl jss the constants are very fair.

Before performing the experiments with the pure acids, the

measurements of Series I to III were connected with those of

the following series, by several determinations in solutions con-

taining (i) acetic acid, sodium acetate, potassium iodate, hydri-

odic acid, and (ii) acetic acid, sodium acetate, potassium iodide,

iodic acid, respectively. The results were in good agreement

with the requirements of equation (A) page 466, and demon-

strated the absence of catalyzers in the hydriodic and iodic acid

solutions.

In Tables 28 to 31 the hydriodic acid was present in ex-

cess ; in Tables 32 to 34 the iodic acid. The values of A' (page

466) for all these experiments are collected in Table 35 ; with the

exception of fC for Table 33, they show fair agreement. The

laws which have been di.scovered in the .sy.stematic experiments

of the previous series thus hold also for solutions containing

hydriodic and iodic acids only. The average value of K how-

ever (0.84) is much lower than that found with acetic acid solu-

tions (2.54).

A small part of this difference may be ascribed to the as-

sumption of total di.ssociation of the acid.s made in the calcula-

tion. Experiments in which sodium chloride was added to the

acid solution (Table 36), without effect on the rate, show that

the difference cannot be ascribed to acceleration bv the .sodium
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ions introduced with the sodium acetate in the previous series.

If it be assumed that the rate is strictly proportional to the

square of the concentration of the hydrogen-ion, there remains

only the hypothesis that the calculation of the dissociation of

acetic acid is faulty. If in Table 17 H be set, not 0.000007 ^"^

o.ooooi 2, the agreement is good ; this corresponds to a value

0.00003 ^°^ ^''^ dissociation constant of acetic acid, however,

which is entirely out of the question (^•ee page 459). This is not

the first time Jthat the calculation of dissociation from conduc-

tivity measurements has given imsatisfactory results.

Table 28

IO„ 0.000005 ; I, 0.000564 ; H, 0.000569 ; Vol, 0.31 liter

' As *,Xio»

2 0.74 65.0

4 t.28 64.4

5 1.44 61.0

7 1.70 56.0

Av. 61.6

Table 29

IO„ o.ooooio ; I, 0.000564 ; H, 0.000574 ; Vol, 0.31 liter

2

3
4

As

2.06

2-33

*,Xio»

67-3

655
57-5

Av. 63.4

Tab^K 30

.0,, o.ooooQf ,

' 0.001128 ; H, 0.001133 ; Vol, 0.31 liter

/ As

0.25

0.5
I.O

1.66

2.30

2.58

*, X io»

(1568.7)
1216.4
1010.0

Av. 1 1 13.

2
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Table 31

I0„ 0.000005 ; I, 0.000564 ; H, 0.000569 ; Vol, 0.39 liter

4
8

As

0.81

1-37

*,Xio'

36-

>

330

Av. 34.6

Tablb 32

IO„ 0.0000488 ; I, 0.0000566 ; H, 0.0001054 ; Vol, o. i liter

4
8

As

0.45
0.84

*.

540
578

Av. 559

Table 33

I0„ 1.0000976 ; I, 0.0000556 ; H, 0.0001542 ; Vol, o.i liter

As

2

3
4

1.02

1-35
1.60

2984
2956
2899

Av. 2946

Table 34

I0„ 0.0000488 ; !, 0.0001132 ; H, 0.0001620; Vol, o.i liter

/ . As *.

2 1.60 1 100

3 2.28 1114

4 2.56

Av.

1064

1093
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Tabu 35

477

No. V /c?,xioc

5.0

/Xio' HXiff

28 0.31 564.0 569.0
29 0.31 lO.O 564.0 574.0
30 0.31 5.0 1 128.0 "330
31 039 50 564.0 569.0
32 O.IO 48.8 56.6 105.4

33 O.IO 97-6 56.6 J 54-

2

34 O.IO 48.8 113.2 162.0

No.

28

29
30
31

32

33
34

*iXio»

61.6

634
II13.2

34-6

*.

559.0
2946.0
1093.0

^Xi

0.6a

0.64
0.82

0.70
1.00
1.25

0.83

Av. 0.84

TABI.B 36

5 cc F/io NaCl ; IO„ 0.000005 ; I, 0.000564 ; H, 0.000569 ;

Vol, 0.31 liter

/ As *,Xirf

3

4
5

0.75
1.22

1-43

66.0

60.4
60.2

Av. 62.2

Table 37
10 cc F/io NaCI ; IO„ 0.000005 ; I. 0.000564 ; H, 0.000569 ;

Vol, 0.31 liter «

/ As *,Xirf

2

4
5

0.70
1. 21

•45

61.0
60.0

61.4

Av. 60.8
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SERIES V. HYDRIODIC AITD IODIC ACIDS, lODIHE (TRMODIOF)

PRESENT IN EXCESS

Tables 39 to 41 give the results of measurements with the

solutions of hydriodic and iodic acids to which an excess of

iodine was added in the form of hydrogen tri-iodide (HI^). As

the results of this series are in full agreement with those of

Series III, I shall merely add the following table (38) to show

that the effect of tri-iodion on the rate between the pure acids is

governed by the same laws as its effect when in presence of neu-

tral salts (sodium acetate and potassium salts in Series \\i).

The meanings of the symbols are the same as in the tables of

Series III. In order to facilitate comparison of Series V with

Series IV, I have recalculated the corresponding values of *, in

the former series for the same concentration of iodion as in

Tables 39 to 41 (assuming that the rate is proportional to the

.square of the concentration of the iodion). These numbers are

entered under k,.

Table 38

No.

39
40
4«

No.

lO'Xif^
i

/X«of ATXirt* /.XJrf

5
lO

5

*,' X 10^'

356
356
712

569

574
"33

208
208

416

*, Xio" |(*,'-*,)Xia"

1

42.0

34-2

4390

5
1

39
40
41

67.0

.S9-5

882.0

25.0

253
4430

1-7

'•4

1.2

Av. 1.4

The con.stancy of the quotient,

•(H)
(I,)X(H)'X(I)

shows that the rate, in the presence of an excess of iodine, is

proportional to the square of the concentration of the hydrion,

to the first power of that of the iodion and to the first power of

that of the tri-iodion.
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The results of Series IV and V may thus be represented

by the differential equations (F) and (G), of page 471, which

served for Series I-III ; the numerical values of K and R how-

ever, are different.

A'= o.84 X 10"" (instead of 2.54 X 10", page 471)

R — 0.32 X 10" (instead of 1.70 X 10'", page 471 ).

Table 39

IO„ 0.00005; I. 0.00005; I,. 0.000308; H, 0.000569; Vol, 0.31

/ Tk -»,' X irf

a.37 81.7
a. 15 6a.o

».5 1.90 71.0
1.33 66.5
i.ao 540

Av. 67.0

Table 40

IO„ o.ooooio ; I, 0.000356 ; I„ 0.000208 ; H, 0.000574 ; Vol, 0.31

/ Tk *,'Xio»

a

3
4-35
4.00

59-5
(520)

Av. 59.5

Table 41

IO„ 0.000005; !• 0.000712 ; I„ 0.000416 ; H, 0.001133 ; Vol, 0.31

/ Th
1

VXio*

0.5

0.75
I.O

1.13 ' 807
0.59 9*4
0.34 925

Av. 882

I
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y. TIMPERATUKI COBmCIXlTT

The measurements of Table i (at o° C) were repeated at

a temperature of 37° C, and one measurement was made at

14° C. The results are jjiven in Table 42.

Table 43

IO„ 0.000025; I. 0.00177 ; HAc, 0.00585 ; NaAc. 0.0015 :

H, 0.000007

Temp.

3

As

2.68

*,Xiol' ATX lor

37" c. 44.0 —
•<

4 463 430 ^~

«i 6 6.18 41.0
Av. 43.6 590

14° c. 4 3 23 28.0 390
o^C. — 18.3 2.54

i J

The rate rises almost linearly with the temperature, a rise

fro;.; zero to 10° C multiplying the rate by about 1.4. This is

one of the lowest temperature coefficients on record.'

VI. EFFECT OF UOHT AND OF CATALYZERS

Experiments with solutions of hydriodic and iodic acids in

which, by means of a concave mirror, direct sunlight was con-

centrated on the reacting mixture in the beaker, gave the .same

results as those carried out in the diffuse light of the laboratory.

By means of a few measurements it was found that potas-

sium bichromate does not affect the rate and that ferrous sul-

phate accelerates only moderately.

VII. MOLECULAR INTERPRETATION OF THE RESULTS

The form of the differential ccjuation found above suggests

the simultaneous occurrence of two reactions in solutions con-

'SeeDeLun-. Jonr, Phys. Chetn. 7. 251 (1903)-
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•

taining ioclidc, i- date, acid and free io<line, correspond ini; to the
chemical equations

(i) 2f-f2H4fo,--

« or 2HI
I K\-^

(ii) I f I, + 2H -f 10. ^

or HI I HI,+ IO.-

in which the indices of the differential equations serve as coeffi-

cients.

The right-hand member of equation (ij may Ix; filled in

conjccturally thus,

2HI + io. =- 2HOI 4 io.

giving HOI and its ion OI as the oxidation product of HI and

retluction product of lO^ respectively. This a.ssuniption is in

accordance with Roebuck's work on the reaction l)etwcen

arsenious acid and hydrogen iodide,' and with the current views
on oxidation in organic chemistry, where the series of oxidation

products of methyl alcohol, for instance, are repardeil as derived

from CH^ by successive introduction of O between H and the

electronegative element.

It is more difficult to invent a right-hand member for equa-

tion (ii) ; the following, however, might serve if it be supposed
that the substance I,OH (invented ad hoc) straightway decom-
poses into I, and lOH.

HI + HI, + io, - HOI -f HOI, + io.

My thanks are due to Prof. W. Lash Miller, at wliose sug-

gestion this research was undertaken, and under whose super-

vision it has been carried out.

The University of Toronto,

June, 1904.

'Jour. Phys. Chem. 6, 365 (1902).
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TABLR OP CONTRNTS

Itilrocluction,
.--••'

McUkmIoI working,
-"•"*"

Solutions twcd, .•--"
i<;xpUnatioii of the t«hle«,

* * ' '
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