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May 9, 1895.-

The LORD KELVIN, D.C.L., LL.D., President, in the Chair.

A List of the Presents received was laid on the table, and thanks
ordered for them.

The Bakerian Lecture was delivered as follows :—~—

BAKERIAN LEGTURE.——~“On the Laws Of Connexion between
the Conditions of Chemical Change and its Amount.” By
A. VERNON HARGOURT, M.A., F.R.S., Student of Christ

Church, and Lee’s Reader in.Chemistry, and WILLIAM
ESSON, M.A., F.R.S., Fellow of Merton College, and

Deputy Savilian Professor of Geometry iii the University
of Oxford. “ HI. Further Researches 011 the Reaction of
Hydrogen Dioxide and Hydrogen Iodide.” Received
March 15, 1895.

(Abstract)

In this paper are considered the effect upon the reaction of (1)

substances not directly participating in it, (2) temperature.
A short description is given of the manner in Which the observations

were made.

The equation Which expresses the result of a single set of observa-
tions was shown in a, previous paper to be

yl : y03'_a(t1"to),

Where y0‘(H202+2HIr—= 12+2H20),

and y1(H202+2HI= I2+2H20i),

are the amounts of potential change at the times t0, 751 respectively.
Each set of observations gives a mean value of a, Which is taken to

be the value of the rate of change under the conditions of the set.
The effect of the variation of the conditions upon the value of a is

considered to be a measure of their efiect upon the course of the
reaction.

Variation of Hydmgen Sulphate.

It is shown from the results of three sets of experiments at tem-
peratures of 160, 200,‘and 300, that the increment in the value of the
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rate of change per unit of sulphate per unit of iodide is constant
when an unit volume contains quantities of sulphate ranging from 45

to 515 112804.15 This increment is again constant for the range 515
to 7621512804, but has a higher value. For quantities of sulphate
greater than 762 HZSO‘L this increment, which again becomes con-
stant, is further increased in value. The explanation given of this
discontinuity in the successive values of the increment, is that the
gradual addition of the sulphate to the water gives rise to the gradual
formation of one hydrate at the expense of another, and the increment
per unit of sulphate is the resultant of the increment per unit of each
of the hydrates. ~
For the range 515 to 762 $12804 the hydrate which is decreasing,

is H2SO4, 106 H20, and the hydrate which is increasing, is H2804,

71 H20.
At a temperature of 300 the values of a in a solution containing in

l 0.0. 1 HI, 31-12804 are

(1) from s = 45 to s :: 515,

06 = (1230+18'1 s)10"6;

(2) from s = 515 to s z: 762,

a = {1230 +18'1 x 515 +22'4(8-- 515) }10*6;

(3) from s = 762 to s :2: 1140,

a = {1230+18'1 x 515 +22'4(762—-—515)+26'5(s —— 762)}1O“’6.

Theoretically the rate 1230 X 10"6 is the rate with water and
hydrogen iodide only, present in amounts per cubic centimetre
55400 H20, 1H1. The increments per unit of hydrogen sulphate
are in the three cases 131, 224, and 265 inillionths.

'. When the medium consists of water, hydrogen iodide, and hydro-
gen sulphate, and the ratio of the numbers of- [1213'04 and HI falls
below 20, the rate with unit of III has a value different from. 1230 X

10"“, but the value of the increment per unit of sulphate is the same

for the Iange of numbers of H2804 from 45 to 515.

sz’atz’on of Hydwogen Chloride.

It is shown from the results of one set of experiments at a tem-
perature of 300 that the increment in the value of the iate of change
per unit of ch101ide per unit of iodlde is constant when a cubic
centimetre contains 14 HI, and quantities of chloride rano1nd f1om 70
to 280 HOZ, the value of the increment being 16'8 X 10‘6. bAnDexamina—
tion of four sets of observations made in the course of the experiments

i“ As in our former papers, we use H to represent one-millionth of a gram of

hydrogen, and other symbols italicized for the corresponding proportions of other
elements. Thus H21804 is 98 millionths of a gram of hydrogen sulphate.
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upon temperature, and 0f the experiments recorded. in a previous
paper, made to determine the law of variation of the rate of change
With iodide, shows that When the ratio of the numbers of HOZ and HI

is higher than it is in the set quoted above, the value of the increment

per unit of ch10ride per unit of iodide falls to 162 X 10‘s. This lower
value is the same for va111es 0f the number of H01, ranging from 190
to 54:7, and for values of the ratio of the numbers of H01 and HI,
ranging from 20 to 210.

The feimulee for a in these two cases in a solution containing111
1 0.0. 1 HI and 0 Hal are at a temperature of 30°,

(1.) a :2: (1345+16‘80)10“6,

(2.) a: (1230+1620)10“6.

VM‘iat-z'on 0f Iodide.

It was shown in a previous paper that When quantities of iodide

are introduced into the medium sufficiently sma11 in amount, in com-
parison With other substances not participating directly in the ,
reaction, the rate of chemical change varied directly with the amount
of iodide. It was conjectured that When the amount of iodide is
large enough to modify considerably the character of the medium, it
would have the same kind of effect upon the reaction as hydrogen

sulphate and hydrogen chloride. It is now shown that the increment
of the rate per unit of hydrogen iodide per unit of iodide is 19°41 X 10‘“6
at a temperature of 300, the rate With 1 HI at the same temperature
being 1210 X 10"“. The formula for the rate With iHI is

a =i{1210+19-4(xz:-—1)}10”6.

It will he obseived that the actual rate with unit of hydrogen

iodide in a medium consisting of water and hydrogen iodide is
approximately the same as the theoxetical rate With unit of iodide111

a medium consisting of water, hydrogen iodide, and either hydrogen
s111phate or hydrogen chloride When the ratio of the numbers of
H2804 and HI and 0f the numbers of HOZ and III exceeds 20. It

has been shown above that this rate is 1230 X 10‘6.

Vaflat’ion of Sodium Hydmgen Oarbonate.

In a medium consisting mainly of water and sodium hydrogen
carbonate the increment of. the rate per unit of NaHCO3 per unit of ,
iodide is 40 X 10‘6 at a temperature of 150, the formula for the rate

With 8'59 Na1 and quantities of the carbonate ranging from 25 NaHC'03
to 227 NaHCOg, being at this temperature

a 2: 8'59 {132+ 4029 }10*'6.
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The rate With 1 Na1 and hNaHOO3 is

a. = (155 +40b)10"6,

so that the theoretical rate With 1 N01 only, in this medium, is 155 x 10“6
at a temperature of 150. At the same temperature the actual rate
With 1 HI in a medium consisting of water and hydrogen iodide is
356 x 10"“, a rate more than twice as great as the corresponding rate
With the neutral iodide. The increment of the rate per unit of
carbonate per unit of iodide is more that four times the highest

increment per unit of sulphate per unit of iodide at the temperature
of 15°.

Variation of Potasstmn Iodide, Sodium Iodide, and ‘Soaltum Ohloa'ta‘le, in

a medium consisting mainly of IVater and Sodium Hydmgen

Carbonate.

In this medium at a temperature of 150, the increments of the rate
per unit of these substances per unit of iodide are (1) for the range
10 KI to 30 KI, 4‘15x10“6; (2) for the range 10 N01 to 30 N(LI,
4'84: X104; (3) for-the range 1 NaOl to 142 NaCl, 27'7 x 10““. In this
medium sodium chloride has a considerable effect on the rate, but in

a medium consisting of water and hydrogen chloride its effect is
almost nil.

General Conclusion as to the efl‘ect 0f the Medium upon the o‘ecwtz'on.

Each constituent of the medium produces an effect on‘ the rate of
change of unit peroxide and unit iodide? preportional t0 the mass;
and varying With the nature of the constituent. The increment of
this rate per unit mass of each constituent is constant so long as the
quantity of the predOminant constituent present in the medium is
sufficiently large, in comparison With the other. constituents of the
medium, to render the media in successive experiments practically

homogeneous. For example, When the ratio of the numbers of H28O4
and HI in the medium exceeds 20 the formula for the rate at agiven

temperature is
a = i{a+b(e§—-1)+ds},

a being the theoretical rate With unit of HI, I) the increment per unit
of hydrogen iodide per unit of iodide, and d the increment per Unit of
hydrogen sulphate per unit of iodide. If the ratio falls below 20 the
formula is

a. = t{a+b'(t-—1)+d’s},

in which 13’ and d' depend upon the relative masses of sulphate and

iodide present in the medium.
VOL. LVIII. K
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Variation 0f Tempemtzwe.

The discussion of the numerous experiments made at temperatures
ranging from O0 to 50°, in media in Which the quantities of iodide
range from 3'64: HI, to 23 HI, the‘quantities of hydrogen sulphate

from 445 HZSO4 to 4:68 H2804, and the quantities of hydrogen chloride
from 70 H05 to 54:7 HOZ, leads to the following law of connexion
between chemical change and temperature.

If an is the rate of chemical change at a temperature he in a homo-
geneous medium consisting of given constituents per unit volume,
and a2 is the rate at a temperature tgo in the same medium, the ratio

of an to 0:2 is {(273+t1)/(273+t2) }m. m being a constant depending

upon the character of the constituents of the medium. When the
temperatures are measured from the absolute zero —‘2.730, and are
denoted by T1, T2, the formula assumes the simpler- form,

al/a2=(T1/T2)m.

The constancy of the value of m for a particular medium is secured
When the quantity of the predominant constituent of the medium is
sufficiently large in comparison with the quantities of the other con-
stituents to make the medium practically homogeneous. When this
is not the case an has some value intermediate to the values Which it
has When one or other of the constituents is sufficiently predominant
to secure a constant value. '

In media in Which hydrogen sulphate is sufficiently predominant,
the value of m is 2038 ; similarly for hydrogen chloride the value of
m is 2117. When the medium consists of water and hydrogen
iodide, the value of m is 241. The introduction of sodium sulphate
in large quantity into a medium otherwise consisting mainly of
hydrogen sulphate reduces the value of m from 20538 to 181. In
a medium in Which the main ingredient is sodium hydrogen carbo-
nate, the value of m is approximately 10.

A further confirmation of the law of connexion between chemical
change and temperature is obtained from the discussion of experi-
ments on the'rate of change of hydrogen chlorate and potassium
iodide madefihy W. H. Pendlehury and M. Seward. The value of m
is in the case of this chemical change 405.

It follows from the law enunciated above that at the temperature
of absolute zero no chemical change can take place.

If the smallest value of m, viz., 10, is taken, a chemical change

Which is completed in one minute at a' temperature zero, would
require for its completion at a temperature of ~2000 a little more
than a year. If 20 is taken as the value of m, the minute would be
increased to more than half a million of years by the same reduction
of temperature.
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The law enunciated above may also he stated in the foilowing
form. 7

The increment of each unit of chemical change due to a, rise of
temperature varies as the increment of each unit of absolute tempe-
rature.

This law is expressed by the formula

Da/a = ImDT/T.

Chemical Equilibrium.

A ease of equilibrium between the reactions

H202+2HI = 2H20+I2,

2320+I2 —._— H202+2HL

Reads to a discussion of the general equations of chemical equilibrium
which is given in an appendix to the paper. These equations are
employed to interpret the results of experiments published by Dr.
Gladstone in the Transactions of the Royal Society (‘ Phil. Trans, ’
vol. 145). They had been previously applied to the case of chemical
equilibrium inveStigated by Professor Dixon in a paper published in
vol. 175 of the Transactions of the Royal Society, the reactions in

that case being
H2O + CO = H2+ 002,

1124—002 ..——_ memo.

The following Papers were also read :--

1. “ On the new Gas Obtained from Uraniuite. Second Note.”

By J. NORMAN LOOKYER, C.B., F.R.S. Received May 8,
1895.

Since my communication on the gas obtained from uraninite
a(brbggerite) was sent into the Society, on the 25th ultimo, I have
been employing the method I there referred to in several directions,
among them to determine whether the spectrum of the gas indicates

a simple or a complex origin.
I was led to make this special inquiry on account of the difference

611 the frequency of the appearance of D3 and the other lines to which
I referred in the previous communication in the solar chromosphere,
For instance, if we take the lines D3, 4471, and. 4302, the frequencies

are as follows, according to Young* :——-—

’1“ See ‘Solar Physics,’ Locikyer, p. 612.


