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THE ACTION OF BASES ON FORMALDEHYDE.

PART 1.

THE FORMATION OF SALTS OF FORMIC ACID FROM

FORMALDEHYDE,

Formaldehyde in alkaline solution undergoes two
distincet transformations - on the one hand, condens-

-ation to sugars, and on the other, conversion to

| formates.'The latter is the more general reaction,

| and its study forms the subject of this peper.

When formaldehyde comes into contact with strong

| bases at higher temperatures formates and methyl
| I]
| alcohol are elways produced , and even at)ordinary
| 2
| temperatures this change can be detected. The similar

| reaction with benzaldehyde is perhaps the best para-
| 3) 4)

| =1lel. HE. and A. Euler appear to be the only invest-
|

| ~igators who have studied in detail the formastion of

| formates from formeldehyde. These authors draw the

:following conclusions from their work:

1) Formete formation is a simple cleavage process
without oxidation, since the reaction takes place
as quickly in an atmosphere of hydrogen, &s 1in

o0Xygen.

n
—

Formeldehyde /

Loew, Ber., (1888), 21, 270.
Delépine, Bull. 30¢. chim., (1897), 17, 939.
Ponmeranz, Monatsh., (1900), 21, 389.

Ber., (1905), 38, 2551; Ber., (1906), 39, 36.
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'aceuracy. The present research was undertaken, in the |

2.

|
|
|

2) Formaldehyde behaves as a weak acid, its dissoci- ‘
“ation cpnetant being ebent 1,4 7072 ot 6%, Tt
forms salts with bases.

3) Formates ars probably formed from these salts of
formaldehyds.

4) BEven when no sugar formation takes place, the '
dissolved bases possess & specific formate produc-
-ing power. Sodium hydroxide and barium hydroxide
behave very similarly. Calcium hydroxide, with
regard to both the speed and method of action,
exhibits an irregular behaviour which leads one to
suspect the formation of an "active" caleium
formeldehyde complex.

Some of these conclusions are of doubtful

First place, to show whether or not the various beases

act in the same way, and, secondly, to elucidate, if |
possible, the method of action of the various bases. i
To compare the action of the bases, experiments were
performed to find the rate at which they brought about
the treansformation of formaldehyde into formates. Fro@
a study of the velocity constants obtained with vary~|
-ing base and formaldehyde concentrations, attempts
were made to settle the mode of action of the differ-

-ent bases.
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ECTION 1, (Experimentsl).

Preparation of pure, methyl-alecohol-free Formaldehyde |

Solutions. r
Jeveral methods are known for the preparation of
formaldehyde solutions free from methyl alcohollz and
Saltszz Those used in the present research were pre-
-pared by a new method, which was found to be both
rapid and efficient. The commercial 40% solution,
diluted with about half its volume of water, was put
into a steam distillation spparatus, and mede distinect
-ly alkaline with caustic soda. After being heated up,|
it was subjected to steam distillstion. The alcoh$1
came over first, end was followed by polymerised

aldehyde, which solidifisd on the sides of the con-

~-denser. When about 250cec. of distillate hasd been

rejected, practically no more polymer &ppeared, and |
the aldehyde solution was collected. This always
showed & very slight acid reaction. An attempt to
obtain & nsutral distillate by keeping the solution
in the distilling flask slightly alkaline by the slow

addition of Sodium hydroxide failed, since, as long

a5 alkali wes added, polymerised aldehyde came over.

|
Estimation of the Formaldehyde Content of the Solutioqs.

|
Many methods have been suggested for the estim- |

-ation of formaldehyde in solution. Fresenius/

1) J. Chem. Soe., (1925), 187, 26.
2) Arb.a.d.Rais.Gesundheitsamte, (1905), 22, 584.
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1) :
Fresenlus and Griinhut have critically tested several

of these, énd ha%g shown ths accuracy of Romijn's
iodometric methodgz Smithzjin & comparative study of
methods of determining formaldshyde,ceme to the con-
-~clusion that Romijn's method gives good results for
dilute solutions. Auerbaeh4}favoured the sodium
sulphite method for oonceﬁtrated solutions, but &ad-
~vVised Romijn's method for very dilute solutions,or
smell quantitieg of moderately concentrsted solutions.
Romijn's lodometric method was selected for use

in the present research. Various precautions must he

a

o

obsarved in its use befors sccurate recults can be
obtained. These pre caut;onsi?rp given by Auerbach in
the paper already ment%oned‘.

E. and A. }Buler5 adopted the cryoscopic method
for the ansalysis of their solutions, and later stated6

that results of anslysis performed by Romijn's‘msthodl
and the cryoscopic method agreed to within ones per j
cent. To obtain such results their solutions must havé
been free from methyl alcohol, and - in order that

they might have very little polymer - must either have

been dilute or have been enslysed very soom indeed

after preparation. In the latter csse/

1) Z. anal. Chem., (1905), 44, 13.
2) Z. anal. Chem., (1897), 36, 18.
3) 3, Amer. Chsm. Soe., (1903), 25, 1028.
{Includss & bi ETlogrcﬂ y) e
L e

y)
ante, (1905), 22

Arb.a.d.Xaig.Gesundhe i 22, 584,
Ber., (1905}, 38, 255l.

Ber., (1906}, 39, 36

lexfie) 1=S
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case the solution, preparsed from simple formaldehyde,
(CH30), molecules, would not heve had time to become

transformed to any extent into bolymar,in process of
attaining equilibriuom,.

In thieg research, after analysis by Romijn's
nethod ths solutii?s wore frequently anelysed by the
cryoscopic method . The results obtained in the latten
analyses were always lower than those obtained by the
first method. The second method is only of use for
determining the molecular compiexity of a formaldaehyde
solution. In performing an apalysis with this end in
view,it must be borne in mind that the egquilibrium in
a solution changes on dilution. The dilution necessary
must therefore be done quickly, and the determination
of the freezing point made as socon afterwards as poss-
-ible.

As an example of the calculation involved in the

two methods, the snalyses figures for one of the
formaldehyde solutions used, are given.

Romijn's liethod: -

Two ces. of the solution, 1) 135.3cc. N/10 Iodine.
weighing £.056 gms. used up 2) 134.7cc. N/10 Iodine.
Average used up 135 .0CC .

Now 1 ce. N/10 Iodine corresponds to .C0l5 gms. HCHO.
s 135 ce " " " " 2025 gms. HCHO.

l.@. 2025 gms. HCEO present in 2.056 gms. solution.

|
| - 9.85 gms. HCHO per 100 gms. solution.

1) Auverbach, Arb.s.d.Kais.Gesundheitsamte, (1905), 22,
' 584,




Cryoscopic llethod: -
|

To 10 cc. of formeldehyde solution, weighing 10.28 gms.,

were added 10 cc. water, and the freszing voint was

determined.

Freezing point of solution 4.9049,
Freezing point of water
s, Lowering , A, 5.056°0C

(o
b=
g2}
Lo}
Ls]

Number of grem molecules of HCHO per 1000 gms. HBO

is A | B«035 iy ‘
Ti86 -~ o 1EEY 0 T lstoss
i.e. 1.632 x 30 = 48,96 gms. HCHO per 1000 gms. HEo0.

i.e. 48.96 gms. HCHO per 1049 gms. solution.

Now 10 ce. HCHO solution + 10 cc. H,0 together weighed
20.28 gnms. :
. Weight of HCHO per 20.28 gms. solution is

20.28 , 48.96 gms. i.es 49465 pgus. _
1049 i _ !

|
| But this weight of HCHO was present in the 10 cc. of
" |the original solution. Therefore, the original solution

|contained .9465 gms. HCHO per 10.28 gms. solution. |

|1.6. 9.21 gms. HCHO per 100 gms. solution.

|lethod of performing the Experiments.

| The method employed was, in outline, &s follows:

& solution of the base, at the chosen temperature, was|
|

irapidly nizxed with a formaldehyde solution, &t the
|

same tempersture, in such proportions that the result-

-ing solution/
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solution waes of a definite concentration with respect
to both the base and the aldehyde. In some cases &
sample was immediately withdrawn, with a pipette, for |

analysis; in others, a short interval elapsed between

{ tThe time of mixing and the time of withdrawel of the

first sample. The unuged base was titreted with acid,

phenolphthalein being used as indicstor.

Temperature Limits:-

liost of the experiments were performed in &
i
thermostat regulated to 50 * ,05°C. by a 300 cc. CCl,

filled regu%ator, fitted to two lMurray ges pressure
1

| regulators connected in paraellel, eir stirring being|

used. The experiments at 19.91°C. were carried out in
8 thermostat fitted with a paddle stirrer, and having
& 600 cc. CHCl5 regulator, connected with two llurray
gas pressure regulators, and giving an accuracy of

T.,019C, (Onby expoiments at 50%. inclucted in theats).

Apparatus uged:=-

The avpparatus finally used is shown in outline
in the sketch on the following pege. The formaldehyde
solution was pleced in the boiling tube A, which was

fitted with & syphon tube leading to the bottom of

| the similar tube B, and alsc with an inlet tube

through which CO, - free alr could be passed to force |
[+ . |

the 1liguid in A into the tube B. Zach of the tubes

. was provided/

1) J. Chem. Soo., (1924), 125, 461.




8.

provided with & heavy metel collar C, so that it would

not float in the thermostat as the liguid was removed.

CO,-FREE AR — { = |
zjk/ 5 % | i

| The solution of the base wes placed in B, and while

|the apparatus wes coming to the temperature of the

| thermostat, a plug of cotton wool in the mouth of the |
| tube protected the bass from more CO, than was con-

-tained in the eir gbove the liquid. Experiment showed

that this amount of.coz capsed & negligible error.

After the formaldehyde solution hed been forced
into the tube B, and ﬁhen the two solutions hsd been
thoroughly mixed by the current of 002— free air, tube
|

|4 was withdrawn from the thermostat, and tube B closed

with an ordinary cork.

liethod of Analysis:=-

i It was assumed that sll the base which is used
:UP goes to formate, and accordingly, to obtein s
\msé&sure of the quantity of formate produced, one hed
;only to measure the fall in concentration of the base.

From the literature/
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literature on the subject, and from & study of the

reaction itself, this assumption seemed to be quite

justifiable, within the limits of concentrations used%
Accordingly, at & noted time from the time of mixing, |
a definite volume, usually 10 cc., was withdrawn withi
a8 pipette, the tube being freely opened for the ;
purpose, but kept open for as short a time as poesiblﬁ
Experiment proved that errors caused by the introduct-
-ion of 002 during these short periods when the tube
was open could bs mneglected. The sample for analysis
was at once poured into excessg of cold distilled

water to stop the reaction, phenolphthalein added, and
the base remaining titrated with .02N HCl. Other

indicators, such as methyl red, were used according to

the nature of the base, but phenolphthalein was the

most generelly useful.

Posgible Errors:-

&) Acidity of Formaldehyde Solution:-

|
|
The pure formaldehyde solutions prepared by i
steam distillation of the commercial 40% solution i
always showed an acid resction to indicators. It was
possible that the amount of base neutralised by this
acid in one of the resction velocity experiments

might csuse & considerable error, especlielly in those
cases where the initisl concentrstion of base was

small. Zxperiments to test this voint showed the errox

to be negligible. An example is as follows:-

5 ece. of ECHO solution/ '



5 cc. of HCHO solution, (approx. 16%), required .28 ce
of .02N. NaOH. |
A simple calculation shows that a solution i

prepared from this HCHO and supposed to be .02N. with |
|

respect to the base, will, on account of the scidity |

in guestion, really be of the following concentrations:

HCHO, Base .
E,C IGIué}}-.
4% +0197N.,
2% .0199X.

It will be found that the errors introduced here are
well within the limits of experimental error, when it
is shown how the velocity constant varies with the
base concentration over the range commonly used in

the experiments.

B} Carbonate Formation:-

|

When the base used was barium, strontiuvm or |

calcium hydroxide, & precipitate of the insolubls ‘

carbonate was formed as the reaction procesded. To |
find out whether this caused an asppreciable error,

the following experiments were verformed.

| 1) Barium Hydroxide:- (.04N.)

60 cc. of a solution of barium hydroxide (.04N.)
were placed in the thermostat at 50°C. Portions
were withdrewn, in the seme way as in the reaction

velocity experiments, and were titrated with scid. |

Time. Vol. of 02K HCl required.
O mins. 19.14 cc.
65 = 19.05
18 = 19.20
313 n 19.15 «

565 1 19-00 W |
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2) Barium Hydroxide:~ (.02N.)

Procedure as above.

|

Time . Vol of .02N HCL required. |
0 ming. 9.35 cec. i
44 1 Q.27 |
79 " 9,37 n |
153 n 9.31 |

These figures show that no appreciable error is in-

~troduced from this source.

C) Volatilisation of Formaldehyde:-

It might be objected that the practice of
stirring vp the mixture oflbase and aldehyde with a
stream of 002~ free air, previous to analysis, is
not without its drawbacks. A proportion of the

aldehyde might be volatilised in the process, and thus

considerably alter the concentration of the solution.

This objection is easily answered. Little alr was |
blown through the mixture, and further, as has been i
shown by Auerbachl)and recently by Blair and Leui“nur;y'z}i
the partisl vapour pressure of the dissolved formaldel

-hyde is very smell. It would be practically imposs- ‘
-ible to detect any change in the formeldehyde con- |
5 |

|

-centration due to this cause.

| D) Change in Bguilibrium of Formsldehyde Solution on

Dilution by Base:-

It has previously been stated that the equi-~

~librium in & formaldehyds/

: %% Arb.a.d.Xais.Gesundhe itsamte, (1905), 22, 584.

J« Chem. Soc., (1925), 127, 26.



| effects of concentration and molecular complexity of

12.

formaldehyde solution alters on dilution. This change
takes & considerable time to complete, and it is just
possible that a solution which analysed a&s 4% under

certain conditions of equilibrium, might appear to be

of another concentration when the equilibrium had

changed. All exyerimenfs were performed in the same
menner, only the time between the moments of mixing . |
and the withdrawel of the first sample for analysis

varying. Regular results, however, were obtained no

matter how the experiments varied, so that this does |
not seem to be & serious source of error. In addition,|
at 50°C., eguilibrium would soon be established again,
and the error would appear as an "initial disturbancel
No serious initiel disturbance was noted. Standardis—;

-ation of the formaldehyde solutions by reaction

velocity, (See page 20), would estimate the united

the aldehyde .

Attempt to apply Conductivity Methods to the Deter-

1)
Professor Talker hes determined the velocity

|

_ |
-mination of the Velocity of Reaction. i
|

of saponification of methyl acetate under the in-
~fluence of caustic soda, by an espplication of the
conduetivity method. He found the method, even withouﬁ

|
special apparatus,/ !

1) Proec. Roy. Soc., Series A, Vol. 78, 157; see also
J. Chem. Soc., (1897), 71, 489.



| in solution at the beginning of the reaction - in '
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|

apparatus, to be at least as accurate as the titratio%
method carried out under specially favourable cir- !
-cumstances. It wag thought that 1f this method could?
be epplied to the present experimeﬁts increased !
accuracy might be obtained, and possibly also ease ini
execution. - [
The chief conditions for the convenient applic- |

~-ation of the method are, in his own words," first j
that there should be & considerable difference in
conductivity between the initial and finsl systems,
anﬁlsacond, that the change in conductivity should be
proportional to the progress of the reaction". Are
those reguirements satisfied by the reaction under
consideration? That the second condition is fulflilled
can be shown as follows, where the sction of caustic
soda on formeldehyde 1g taken as an example.

At the beginning of the resasction the solution
containg sodium gnd hydroxyl ions from the fres caustie
soda. There are, however, other ions present. As
formeldehyde is a weak acid it forms & salt with the

base, and thils in torn is hydrolysed to & certain

extent. The degree of hydrolysis is unknown owing to
the uncertainty as regards the dissociation constant
of formaeldehyde 28 an scid, but on an average it may
be taken as 50% hydrolysed when the concentration of
formaldehyde is .67N. That part of the salt which is

not hydrolysed is highly ionised, and thus thers are

addition/
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addition to the sodium and hydroxyl ions.from the freé
caustic soda - sodium and complex methylene~-glycol .
ions, E;:C::g%. At the end of the resaction, provided |
there is an excess of formaeldehyde, all the base will

have been transformed, so there will be no hydroxyl

ions, and no methylsne-glycol ions. There will, how-

-gver, be sodium and formate ions from the sodium
formate produced. It is unlikely that the amount of
methyl aleohol simultaneously formed will cause any '
appreciably difference in the conductivity, and
accordingly it may be neglected.

As far ag the sodiuvm ions are concerned, since
the caustic soda, sodium formate and sodium salt of
the formaldehyde are spproximately equally ionissd
under the seme conditions, the ionisation in dilute
solution remains practically the same throughout the
experiment . Accordingly the sodium ions need not be
considsered in connection with the change in conduct-
-ivity.

Owing . to the high velocity of the hydroxyl ions

conpared with those of the ssglt anions present, i.e.

|the formate and methylene-glycol ions, the initisal
conduetivity is in large measure due to the former,
end the fall due to their disappeerance.

It now remains to show that the resultant fall

in conductivity due to theixr disappearance of hydroxyl
and methylene-glycol ions, and to the appearance of
| formate ions is at every stage directly proportional

'to the progress/
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|

|

B |
|

progress of the reaction. ;
Supposing for the present that formaldehyde is ;

not an acid, and that therefore no methylene-glyecol |

ions are formed, & diagram such as the following can |

be drawn. P

A

Let AD represent the initisl conductivity due to the

hydroxyl ionsg,

BC the final conductivity due to the formate ions
|
alone, |

AB will then represent the course of the reaction.

In the diagram it does not include the time

factor.

% DC shows the fall in conductivity, not the rate of
| fall in conductivity.

It is only justifiable to join D and C by a straight
line on the following assumptions:

Il) That either no intermediate compound is formed
between the aldehyde and the hydroxyl ions, or slse
that this compound, if formed, is always present in
such quentity that its concentration vears a con-
-stant ratio to that of the hydroxyl ions. (Such-a
case will be discussed in s later paragraph. It has|

throughout/
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throughout this discussion been esssumed that no
unionised compound of the aldehyde and base is
formed .)

2) That for every fall in concentration of hydroxyl

ions, there is & gimultaneous and corresponding rise

in the concentration of formate ions, the con-
-cantration of the latter reaching & maximum value

immediately on the disappearance of the base.

There seems to be no resson why both should

not be ‘assumed in the present case.

Then the reaction has gone half way, i.e.
et the point F,(=AB/2), it can be seen that the fall
in conductivity (DK} is one half of the difference
between the initial and final conductivities, i.e.
one half of the total fall in conductivity (DE). The
progress of the reaction is, therefore, proportional
to the fall in conductivity.

Tow take into considerstion the acidice

| property of the formaldehyde. Part of the hydroxyl

ions are replaced by methylene-glycol ions. The

hydrolysis squation is

i OH H OH
b s o v Hy0 s==> "6 & NalH,
H 0ba BT OH
| and accordingly
lCEo(om) dwaoH]l _ & _ 0
T TT T ) .
{cH, (0H) (ova)] k,

| "hen the formaldehyde is taken in excess, as is

assumed /
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e |

assunmed here, the equilibrium takes the form

[e. OH) o 3
| m]] Constant . |

Owing to the approximately equal ionisation of the
caustic soda, and the aldehyde salt, at the dilutions

used |

[CH"] oL
[mm:] = Constant .

The concentration of methylene-glycol ions is, there-
| -fore, always & constant proportion of the concentrat-

-ion of hydroxyl ions, and accordingly the conductivity

throughout will be & certsin fraction of what the

conduetivity would have been had all the hydroxyl ions;

been free. In the previous diagram it is only necessary
to choose & point P such that AP represents the initial

conductivity of the solution when hydroxyl are part- |
: |
|—ially replaced by methylene-glycol ions. '

D

A B -

The prévious proof that the reaction is pro-
-portionel to the fall in conductivity cen be epplied
’here with the same result, and therefore the avpplication
of the conductivity method to the determination of the
iveloeit:,r of resction in this case is at least valid,
and the felationship & simple one.
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Having settlsd that the method couvld with jus’ci«I

-fication be applied to the reasction considered, =
series of experiments were performed with various
sizes and kinds of elesctrodes, The results were,

however, extremely unsatisfactory. It was in every

case found that a few millimetres change on the bridge

wire was the best that could be obtained, while the
corresponding drop in an acid titration of the base
would be about 12 cc. There was thus no possibility
of increasing the accuracy of the experiments by
substituting conductivity for titrimetric analysis.
The reason suggested for the failure to obtain
measurable differences of conduetivity is thet a

large proportion of the hydroxyl ions had been re-

| =placed by slow-moving methylene-glycol ions. The

reduced the initial conduetivity to & value not far
| removed from that due to the formate ions present at

'the,end of the reacticn.

Calculation of Results.

In most of the experiments such & large excess
of formaldehyde was used that its concentration
throughout an experiment could be taken as constent,
end the only change to be considered was that of the
base. Assuming the ordinsrily accepted equation

ZHCHO + ©NaCH = ECOONa + CH,CH

5}
the reaction/

number of these complex ions and their speed must havJ
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resaction then reduces to one of the first order. The

results have therefore in most cases been calculated

from the fornmuls

I

whence

k 1/t.log afe - x.

Constants have occasionally been obtained by the
use of bimolecular or termolecular equations,but these

were for the proof of some special point, and the

formula employed is given.
, & in the above formula was the concentration of

base at the time chosen as t

t,, measured by the volume

of acid required in the titraetion. The various volumes

| of acid required et the subseduent times of analysis
gave the values of (& - x) for the different values

of t.(Values were calculated, except when otherwise

:stated, using decadic logarithms.)

Accuracy of Results.

As a strict mathematicel deduction of the
accuracy of the results from the theory of errors,
in the present case presented difficulties, an idea
of the magnitude wés obtained by comparing the results
of experiments which should have given identicel vel-
' =0city constants. 4 few examples are given on the next
‘page. Zach pair of values consiste of the average
velocity constants obtained in two separate, but
exactly similar experiments. The two values ought not

!
. \to have differed.



a) 338 b) 344 c) 334 d) 340
355 840 334 335
Difference. 5 _4 0 COE
g) 342 £) 377 g) 309 h} 314

342 380 306 310 ;
Difference. kL - 309 313
3 4

——

From these figures it is seen that, od the average,

| the error is not more than one per cent.

-

Standardisation of Formaldehyde Solutions by Reaction

| Velocity lethods.

Two solutions of formaeldehyde were prepared as
already described, and, on analysis by Romijn's Iodo-
-metric Method and the cryoscopic method, gave the
following results.

Solution. Romijn. Crzoseogic. % Polg%ar.;
Ao 085,0 L] (4} |

B. 15.06% 13.61% 14.40% |

As would be expected, the cryoscopic method
gave lower results than the iodine method, and the

percentage of polymer increased with increasing con- !

- -centration. This was proof that the results were

comparatively accurate, and,accordingly, those
solutions were employed for the determination of
velocity constants with the bases, caustic soda and
caustic potash.

The values of the velocity comstant correspond-
-ing to the various concentrations of base and

aldehyde were &s follows. (lionomoleculsr - k.10°)



VELOCITY CONSTHNT.

2%, 4% % 81 o

'CONCENTRATION OF FORMALDEHYDE.
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Solution A.

| Conc. of Conc. of NaCH. Conc. of KOH.
| T HCHO. 02N . 04N . 08N .02N

2% (.67N) 205 199 g0y 202
| 4% (1.33N) 335 325 226 338

8% (2.67N) 443 433 438 433

Solution B.

Conc. of Cone. of KOH.
HCHO. . 04N 08N
2.68% ( .90N) 258 267
5.36% (1.80N) 38% 39%
10.72% (3.60N) 460 462

Since the values for the velocity constant, !
obtained with solution A were themselves regular, it |

was assumed that they were correct, and, using those ‘

values, & curve was drawn from which the concentration
of a formaldehjde solution could be determined, when !
its velocity constant with a certsin concentration of

base, was known. In choosing values of the constants 1
| from.which to plot the curve, it was assumed that these
did not vary within the limits of base concentrstion |

used. Later work has justified this assumption. The

mean values used were: -

HCHO 2% oo se e 203
HOHO 49 ns s awss & s 334
HOHO B% wosio s sinnies oaie 437

Proof of the accuracy of the curve drawn wes
obtained when the values given by solution B were
plotted. The points in each case lay either omn, or
very close, to the curve.

This then was evidently one way of determining

the strength of s pure formaldehyde solution. Since

the research/
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research was expected to be in large measure a com-
-parison of the velocity constants obtained with
formeldehyde solutions under varying conditions as
regards the bases, it was considered that the resction
velocity method was the best for estimating the
strength of the aldehyde solution, as it would
eliminate small errors due to the presence of traces
of impurities which would not be recorded by the
icdine method, but would influence the velocity of
reaction. This method was accordingly adopted, and
all solutions used in the following experiments were
estimated, usuvally by determining their velocity of
reaction with .04N sodium or potassium hydroxide, and
approximately 4% formaldehyde. The concentration of
the aldehyde solution was first found spproximetely

by the iodine method.
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THE ACTION OF SODIUM HYDROXIDE ON FORMALDEHYDE.

1)
Loew has shown that when formaldehyde and

sodium hydroxide are mixed at higher temperatures
sodium formate and methyl alcohol are produced.
IDelépinez}has proved that the transformation takes
place even at ordinary temperatures. Nef5)a1so studied
the reaction, and found the same two substances to be
formed. It is, however, quite possible, by varying
the conditions, to get other substances formed elong
with these mentioned. In the course of this research
it was found that, at 50°C. a very low concentration
of the base, say .0ClN, acting on & moderately con~-
-centrated (1N) formaeldehyde solution, brought about
some other transformetion, resulting in the production
of a yellow solution. (Calcium hydroxide was used in
this experiment in ordef to reduce the time reguired,
but there is reasson to believe that sodium hydroxide
would act in exactly the same msnner.) Also, at the
same temperature, when sodium hydroxide of 4N con~-
-centration, acted on a 4N formaldehyde solution a
similar colouration was soon formed, the smell of
aldehyde having diseppeared.

It is thus evident that the concentretion of the

base and aldehyde,and,as has also been proved/

1) Ber. (1887), 20, 144; Ber. (1888}, 21, 270.
2) Bull. Soc. chim., (1897), 17, 939.
8) Annalen, (1904), 335, 195.



24 .

proved, temperature, determine what reaction will take
place. In neither of the cases mentioned, did the
'yellow solution smell of caramel. This suggests thet
;the new reaction is not suger formation. In one case,
with strong solutions of caustic soda and aldehyde,
8 slight reduction of Benedict's solution was obtained,
but the amount of suger in no way corresponded with
Ithe intensity of the colour.

Loewl)has made & generalisation in connection
with formate and sugar formation. He says that, as a
‘rule, the more concentrated the formaldehyde solution,
and the stronger the base, the larger the quantity of
formie acid produced, and consequently the smaller the
quantity of sugar. LOb in his paper - " Zur Kenntnis
der Zuckerspaltung, 1,“2;efers to this point. He
believes that the two reactions, sugar formation and
methyl alecohol - formie acid production, take place
quite independently of each other, and with different
velocities. While at low tempersatures end small alksli
concentrations the first reaction is the more prom-
-inent, higher temperatures and alkali concentrations
favour the second, apparently to such an extent that
sugar formation and asccompanying resctions are
practically completely absent. If the temperature,and
concentration of alkeli are further raised, the
opt imum/

1) Ber., (1889), 22, 471.
2) Biochem. Z., (I%08), 12, 8.
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optimum for the methyl alcohol - formic acid change
is pgg?fhand sugar synthesis again becomes noticeable.
L0b admits that the presence of sugar in his experi-
-ments could not be detected, but considers it
‘probable that first of all sugar formation takes place,
and that this sugar is extrsordinarily guickly and
completely decomposed to give the stable polyhydroxy
acids found. It is doubtless these scids, - which Ldb
considers to be di- and tri- hydroxybutyric scids, -
‘which caused the formation of the yellow colour,
already mentioned in connection with the present
research. It should be noticed that this colour only
eppears when the formaldehyde has been completely used
up, and an excess of base remeins. In a paper on the
" Synthesis of Sugars from Formeldehyde," Ewart
supports the view that the nature of the products
obtained depends chiefly on the concentration of the
solutions and the temperature.

When the temperature is 509C., the concentration
of the formaldehyde .67N - 2.67N, and that of the
base .02N - .08N, methyl slcohol end formie acid slons
seem to be produced. Accordingly, these limits of
concentration and the temperature 5000.,were chosen
for the greater number of the experiments in this
Tesearch. A few experiments were performed at other

concentrations, but in none of these from which results

are quoted/

1) Proc.Roy.Soc.Vietoria, 31, (N.S.),Pt.2, (1919), 379.
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Iquoted was any other chenge noticed than the production
Iof methyl alcohol and formic acid.

Although the literature already mentioned, and
'the general appearance of the experiments gave ground
for belief in the equation

2HCHO + DNaOE = HCOONa. + CH_OH

3
fas representing the change completely, difficulty in
the interpretation of the figures obtained made a
!closer study of the reaction & necessity.

Two different sets of analyses were performed.
In the first set an attempt was made to estimste the
formic acid and methyl alcohol produced, in the second,
to determine the simultaneous fall in the concentrstion

0f the formaldehyde end sodium hydroxide.

Gstimation of Formic Acid and Methyl Alcohol.

This method of analysis was not much used. The aleohol
was estimated from the specific gravity of its aqueous
solution, and by actual isolation and weighing. The
formic acid was determined by oxidation with potassium
Permanganatelz The results only gave a general ides
that the main course of the reaction is as indicated
by the equation

2HCHO + NaQH HCOONa. + CH_,OH

)

I

Second Method of Analysis.

The object of this estimetion was to settle whether

the ratio of the fall in concentration of the form-

~&ldehyde /

1) E.C.Jones, Amer.Chem.J.,(1895), 17, 539.
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formeldehyde to that of the caustic soda had the value
‘two, as was necessary if the accepted equation rep~-
;—resents the resultant change which takes place.

The method of procedure was as follows. At &
noted time & quantity of the solution was withdrawn
jand cooled in a flask immersed in ice water. At leisure,
‘accurately measured portions were taken, and'analysed,
‘the sodium hydroxide being estimated by titration with

acid, and the formaldehyde by Romijn's method.

Modifications of Romijn's liethod necegsary.

To be of value the measurements of fell in cencentration
0f the base and aldehyde had to be accurate to at

leagt one per cent. This precision was possible in

the titration of the base with acid, but in the case

of the formaldehyde, the solutions and methods used in
its estimation under ordinary conditions were useless.
To obtain an accurate value of the fell in concentrstion
the solutions had to be .OLN or less. The iodine taken
was of this concentration, and the thiosulphste .005N,~
both being accurately stendardised.

For some time consistent resuvults could not be
obtained when these solutions were used with the very
dilute formeldehyde employed. As an example, readings
of from 6 to 12 cc. of .OLN iodine were obtained when
12 cc. was the correct volume corresponding to the
formaldehyde present.The cause of the trouble was

found to lie in the time sllowed for the alkaline
hypoiodite solution/
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:solution to oxidise the aldehyde. Auerbach said that
one minute appeared to be sufficient, and that acid
could then be added and the unuséd iodine estimated.

- The following experiments were performed, the time

|dur1ng which the mixture remeined alkaline snd acid

being varied.

Exper. Time slkaline. Time acid. Vol.IEused.
15 1 min. 3 mins. 5.9 cee.
2. 3 mins. 2 'ming. 9.4 cc.
3 3 mins. 6 mins. 9.6 cC.
4, 4 mins. 3 mins. 10.0 cc.
Dis 6 mins. 3 mins. Tl 0o .
6. 12 mins. 3 mins. 11l:6 cc.

The following curve gives & better ides of the effect
of the time of oxidation. The time of acidification

may be neglected.
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From the figures snd curve it is seen that the
time during which the formaldehyde solution should be
left in contact with the alkaline oxidising agent is

of great importance, whereas the time which elapses

betwesn acidification/
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acidification and titration with the thiosulphate is
of 1ittle consequence, as long as sufficient time be
'given for decomposition of the iodide, iodate and
_hypoiodite. In the experiment about to be described
itha time of oxldation was in all cases about twelve
minutes, and the period of acidification three minutes.
;Consistent results were then obtained.

Experiment showed that the sodium formate and
imethyl alcohol,produced in the reaction, introduced
no error through absorption of iodine.

:Results of the Analysis:~

In the second column are given the volumes of iodine
required in two separate determinations; the third
gives the volumes of acid required to neutralise the

unused alkali.

Time. Vol.Isused. Vol.02N HCl. Conc.of Conc.of

(mins.) (ce) (cc.) HCHO . NaCH.
0 61.42:61 .53 8 B L6141 «287HN

67 42.99:43,.04 49.25 ‘ 429N 19710
173 31 .43:31.59 34,50 «B1AN 138N

| BOE 19.46:19.58 £20.40 1941 082N
1587 T sal= 16N 10.8Y 21141 L0421

Ratio, Mols. HCHO used / Mols. NaOH used:-
Between times. Foil in conc. Fall in conc. Mols.HCHO.

of HCEO. 0of NaOH. Tols.laCH,.
0 & 67 .1851 .090N 2.06
0 & 173 +300N .149X 2.01
0 & 502 420N «205N 2 .05
0 & 1587 .500N 245N 2.04
67 & 173 +115N 059N 1.95
67 & 502 +235N 115N 2.04
67 & 1587 +3151 +1561 2.03
173 & 502 120N .056X 2.14
173 & 1587 «200N 096X 2.08
502 & 1587 .080N . 0408 2.00

Average 2.04
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These figures prove conclusively thét for every
molecule of sodium hydroxide used up, two molecules
| 0of formsldehyde are removed. This is the case at every
stage of the reaction, and is not the resultant effect
;of several different changes procesding at different
irates, and therefore only true at the end of the
iraaction.
; To sum up from the literature and analyses, it
iSeems probable that at the concentrations used, form-
:-aldehyde and sodium hydroxide react to give sodium |
Iformate and methyl alcohol as the only final products.
Intermediate substances may be formed, and the course
of the reaction may not be correctly represented by
‘the equation i

2HCHO + NaOH = HCOONa + CHzOH

although this does give & true account of the final
' result of the change. Whatever be the steges in the
Ereaction, they must be such thet, during any interval,
the amount of formaldehyde used up is twice the

quantity of sodium hydroxide removed.

Course of the Reaction.

Assuming that the reaction consists in.the production
of methyl alcohol and sodium formate alone, or
alternatively that, if there be enother sction, it
takes place to such & small extent that its effect is
nﬂgligible, - what 1s the course of the change? Does

the reaction consist of & single termolecular process,
or does/
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'does it take place in stages, each of lower order than
ithe third? There ere various methods by which the
|change might be supposed to take place. A few of thesé
will now be given, and the evidence, in favour or
|otherwise, discussed.
1) First of all there is the method indicated in
‘the ordinary equation

2HCHO + NaOH = HCOONa + CHBOH
‘the reaction being of the third order.
2) The reaction might conceivably follow the

course represented by the equations

_ HCHO + NaOH = HCOONa + 2H

| HCHO + 2H ~— CH.OH

‘Evidence in fav?ur of thi? assumption is obtained in
- 1 2

papers by Loew , and Nef who found that sodium
hydroxide and formaldehyde in presence of cuprous
oxide, give sodium formate and liberste hydrogen. No
inwthyl alcohol is formed, and this is ascribed to the
:catalytic action of the oxide causing the hydrogen atoms
to become inactive by transformstion into the molecular
form. They are no longer able to reduce & molecule of
formaldehyde, and so methyl alcohél is not formed.

The total change would be the result of two
consecutive reactions, one bimolecular and the other
termolecular. The observed order of the reasction would

depend on the relative speeds of the two stages.

-, (1887), 20, 144.

1) Ber
2) Annalen, (19047, 355, 1956,

[
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1)
3) There is good reason to believe that in an

‘aqueous solution of formaldehyde, by far the greater
'part of the unpolymerised aldehyde is present in the
hydrated form, i.e. as methylene-glycol, CHE(OH)B.
:hs it has two hydroxyl groups attached to the same
carbon atom, the compound is unstaeble and cannot be
isolated. This is, however, no reason for maintaining
that it does not have any real existence; ammonium
:hydroxide is accepted as being present in an aqueous
:solution of ammonia.

It is possible that one molecule of simple
formaldehyde might react with one molecule of the
hydrated, methylene-glycol form, to give methyl alcohol
and formic acid. The latter would be immedistely
naufralised by the base present.

HCHO + CH2(GH)2 = HCOOH + CHEOH

HCOOH + DNaOH = HCOONa + H,0
Assuming the second reaction to be instantaneous,the
observed veloecity would be that of the first change,
and should obey & bimolecular equation.
4) The course of the reaction can be pictured in
Several different ways, each essuming the formation of
sodium methyl peroxide. This is quite a stable compohnﬂ,
in aqueous solution, and acts as an oxidising agent of
moderate power?)The methods are as follows.

(a) HCHO + NaCH

CHz-0-0-Ne. + HOH
H -0-0-Ne + HCHO

GHB-\PQ""O— e
CHSOH + H-0-O-Na

" HCOONa + H20

%% Arb.a.d.Kais.Gesundheitsamte, (1905), 22, 584.
Ber., (1901), 34, 738. i



CH,~0=-0-Na

(b) HCHO + NaOH .
CHZOH + HCOONa + NaOH

2CHz~0-0-Na

I

(c) HCHO + NaOH
CHyz-0-0-Ne + HCHO

CH=0-0-Na
CHzOH + HCOONa

(N

| In each case the reaction reduces to

! 2HCHO + NaOH

CHzOH + HCOONa
' They are accordingly valid interpretations of what
!happens in solution, as far as the fall in concentrat-
-ions of the two reasctants can show.
The first objection to this scheme is that a
considerable amount of energy will be required for
the production of sodium methyl peroxide. It must be
admitted as unlikely that such a compound would be
formed under the conditions of the experiments.
However, supposing for the present, that a trace of the
onidising agent does result from the interaction of

sodium hydroxide and formeldehyde, consider the above

courses in turnm.

(a) Sodium methyl peroxide is quite stable in
presence of water, except in so far as it is the salt
of & weak acid, and, therefore, undergoes considersble
hydrolysis. It is rather unlikely that changes such
&s these shown would be necessary to bring about the
oxidation. They are quite possible in presence of the
reducing agent formaldehyde, but are not so probable
&s the other two methods.

() In these decompositions it is quite just-

~1fiable to consider the fres acid, methyl hydrogen
Peroxide/
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peroxide, as the active agent, instead of its sodium
salt. Methyl hydrogen peroxide is an acid of strength
comparable with that of phenol, and,consequently, its
sodium salt will be largely hydrolysed in solution.
Methyl hydrogen peroxide is not known to decompose
spontaneously, as the equation suggests, but the
corresponding ethyl hydrogen paroxide%]in presence of
'metallic silver as catalyst, decomposes to yleld

ethyl aleohol, acetaldehyde, and acetic acid. Silver
oxide gradually dissolves in a dilute solution of
ethyl hydrogen peroxide,probably as the acetate. These
facts support the vossible decomposition (b), in which
cagse the base would play the part of the silver metal
or oxide.

(e) If sodium methyl peroxide is formed &s an
intermediate step in the transformation, then this
course of action is the most probable of the three.

It seems reasonable to suppose that the oxidising

agent would attack a molecule of formaldehyde directly,
rather than procead by some more or less devious path
8s indicated in (a) and (b). Of course, it is quite
likely that the second step would take place in two
stages,

CH5—O—0-H + HCHO
HCOOH + NaOQH

HECOOH + CH-OH
HCOON=, + Hzg

which, however, on account of the speed with which
the neutralisation takes place, would reduce to a

Simple bimolecular resction.

1) Ber., (1901), 34, 737.
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As to the order of the reaction in these three
!casea, assuming no large excess of any reactant, (b)
and (e) would each appear as two consecutive bimolec-
~-ular resctions, while (a) would consist of three
such. The apparent order of the whole change would -
!depend on the relative speeds of each of the consec-

‘-utive reactions.
|

Form of Equations used.

To obtain information which might enable & choice to
'be made between the possible courses, the experimental
|data were inserted in eguations correspending to the
‘various cases. In the following tables, velocity
constants are given in columns headed A to E. The
formulae employed, and the equations to which they
refer are as follows.
A When a large excess of formaldehyde is present,
its concentration does not change apprecisbly during
&n experiment, and the reaction
RECHO + NaOH = ECOONs + CHZOH

would thus appear as one of the first order. The figures
in column 4 are the constants caloulated from the
monomolecular equation
dx/dt = k.(a - x)

E = 1/t.log a/(a-x)

whencse

In those cases where the aldehyde and base were present

in more nearly equivalent proportions, it was, of

course, impossible to obtain s monomolecular constent.
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|
|
| B. If the course of the reaction be &s represent-
|
| -ed by the equations,

HCEO + CH (0}1)2 — CH;0H + HCOOH
ECOCH + Ta HCBONa + E,0

‘and it be supposed that the second stage is infinitely
| fast, then the observed rate of reaction will be
:brmolecalar, - neither reactant being in large excess.

‘ In all the experiments the concentration measured
| was that of the sodium hydroxide. The quentity of
formaldehyde which had disappeared was calculated from
»ithis, using the equation under exsmination. Accordingly
| in 811 the equations given x is taken as being the
;fall in concentration of the base. Since,in the above
case ,the concentretion of the formaldehyde falls at

ltwice the rate of that of the sodium hydroxide,the

:differential equation ig:~

dx/dt - k.(Total cgnec.HCHO - 2x)%
, 4k.(af2 -~ x)
 whence
k¥ = x/4tb(b-x)
'where b - a/2
€. If reaction 2,(page 31), occurs, i.e.

HCHO + NaOH = HCOONa + 2H
HCHO + QH = CHEGH

end if it ﬁe assumed that the second stage takes
place much more quickly than the first, then the
8pparent veloeity of the reaction should be bimolecular.
The differentisl equation takes the form,

dx/dt = k.(a - x)(b - 2x)

b = total conc. of HCHO.

in which {a = total conc. of NaOH.
X = fall in conc. of NMaOH in time t.
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The second term of the equation is (b-2%), as the
gffective concentration of the formaldehyde in the

first stage of the reaction, i.e.

| HCEHO + NaOH = HCOONa + RH
?is the total concentration, and this falls twice as
| fast as does that of the caustic soda, although only |
one molecule takes part in this.change.
This differential squation reduces to the form

|
|
! dxfdt = 2k.(a~-x)(c~x)
!where b=2c¢. On integration

A - 1 .q0p ofe=x)
Pla-c)t ~°8 afc-x)
D. A series of constants have been calculated

assuming that the apparent velocity of the reaction
Iis proportional to the concentrations of the aldehydei

‘and base, and thet the fall in each is the same.

| HCHO + NaOH = etc.
|whence dx/dt = k.(a-x)(b-x)
and rd o) 1 b(a-x)
£ = Ta=b)t ‘198 (b-x)

| This is directly opposed to the experimental fact that
the fall in concentrstion of the formeldehyde is at
any time twice that of the sodium hydroxide. 4s,
however, better constants are given by this equation
then by some of the others, the values are included

In the paper. What these figures mean is as yet

unexpleined.

2. &ccording to the ordinarily accepted eguation

2HCHO + NaOH = HCOONe + CHzOH

the reaction/ |
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nsty

reaction ought to be of the third order. The differ-
|-ential equation employed in these calculations is
dx/dit = k.(a-x)(b-2x)2
total conc. of NaOH.

| where a =

I b = total conc. of HCHO.

‘ = fall in conc. of NaOH in time t.
|

On integrstion

| X 1 (a-c)x a(e=x)

= ZEfa-c)® \ele—x1 * logcta—x)
!where b = 2¢c.
The reasons for using this formule, which is
different from thet usually employsd, are given in a
(separate section at the end of this paper. (P 132).

‘Pables of Constants.

Table 1 shows how the monomoleculer velocity constant
depends on the concentrations of formaldehyde and
sodium hydroxide.
.Table 2 gives the constants obtained when the con-
j--cen.tra‘tion of base remains constant, sand that of
formaldehyde increases.
Table 3 indicates how the velocity constant varies
with simultaneous increase in the concentrations of
eldehyde and base.
Iable 4 shows the varistion of the monomolecular
velocity constant with change in concentration of base,
thaet of formaldehyde remaining unaltered.

All the experiments were perforﬁed at 50°C.,and
in the calculation of the constants decadic logarithms

have been used, except/
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Pomihecy

except in evaluation from the termolecular formula,-
'page 38. As the volume of solution taken for each
|titration, aﬁd the normelity of the acid used affect
the megnitude of the constant in the bi- and ter-
molecular formulae, these have &ll been calculated
for a volume of 10 cc. and 02N acid.

Throughout the thesis,summaries only of the

| results have been given. The figures from which these
|
' have been calculated are collected at the end of the

paper. ('Pa%&, 107).

TABIE 1.

lonomoleculer velocity constants, (k.10°).

Conc. of Conc. of HNaQOH.

T HCEO. .02N 04T .08N
( .67%) 205 199 207
(1.33N) 235 325 336

(2.67X%) 442 433 438
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TABLE 2.

Values of ¥k.107.

[To.0of Cone. Conc.

‘Exper. TeOH. HCHO. 4. B. G D.
(1) .08N .04N = 109 22 22
' 111 21 19
| 114 20 17
| 113 18 15
19 13
|

| (B) .08N .08N - © 85 35 33
| 93 25 30
91 31 25
94 29 21
100 27 17
i (106) 25 15
(3) .08 .lé6N - 63 55 51
58 50 42
| 54 47 36
. 50 44 31
50 43 29
47 41 26
45 29 22

44 38

(41) (36)

(41) (36)
(4) 08N .67 21300 17 67 66
21300 17 68 67
. 20500 15 67 65
19800 13 66 63
(5) «08N 1.33N 34500 6.8 55 55
34400 6.3 55 55
33200 5.0 54 . 53
%2100 4.3 53 52
(6) «08N 2.67N 44700 1.9 36 36
43600 1.5 36 35
43000 1.2 35 35
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No.of Conc.
| Exper. NeOH. HCHO.

(1)

(2)

(5)

08N .16

+16N .32N

+32N .64X%

«64N 1.28N

1.28N 2.56N

Conec .

41.

TABLE 3.

Values of k.

168
161
154
152
147
145

107,

126
116
108
100
100

94

20

(82)
(82)

216
208
200
194
194
190
192
156

276
274
264
258
250
244
240

532
316
308

- 300

296
286
276

836
322
308
304
294
290

51
42
36
31
29

22
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TABLE 4,

Cone. of Conc. of Monomolr.
HCHO. ~ NaOH. k.10
1.33N 008N 396

« 00BN 3562
01N 336
.02 336
« 04N 325
.08N 236
32N 4% 6
67N .002N 270
+ 005 2256
02N 205
«04N 199
.08 207
20N 219

The figures in tables 2 and 3 are given in

graphic form on page 44, fhese in table 4 on page 86.|

| Graph 1, giving the results of table 2, shows how
 the velocity constant varies when the concentretion
| of base remains constant, and that of formaldehyde

| ineresges,

Graph 2, drawn from the dats in table 3, indicates

how the velocity constant varies with simultaneous

inerease in the concentrations of aldehyde and base.
As the figures in an& one experiment in tables

2 and 3 shov/



No.of

Exper. A
1.
2.
3.
4, 22000
5. 35500
Gl 46000

No.of

Egpe 5 B.
1 66
2, 115
3 142
4. 175
S 180

[£

TABLE

time. These data are given below.

G

23 .2
56.0
58 l6
69.0
£6.5
3646

TABLE

132
230
284
350
860

gshow & continuous rise or fall, values for drawing

the curves were obtained by extrapolation to zero

227 285
39.0 2050
58.4 1.95

68.4 .50

56.1 204

36,7 .067
D. e
58.4 1.95
102 1.52
119 .99
146 .66
140 .36

Very little information can, at the present

stage, be drawn from *thess curves.
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ORDER OF THE RBEACTION.

From the figures in tables 2, and 3,it would !
. |
appear that the reaction follows no, simple course. It |

| is neither purely bimolecular nor termolecular. This
.13 found in seversl ways. In the first place, when

the experimental date are substituted in the express-
i-ion for the particular type of reaction, a constant
ivalue for k is only occasionally obtained. The satis—l
| =factory constants in experiments 4,5 and 6 of columns
EQJQ and E of table 2, have little real significeance,
!on account of the large excess of formaldehyde presan@.
| In the second place, the velocity constant
ishould be independent of the concentration of the
;reactants over wide ranges. The constents in tables

2 and 3 are marked by their dependence on this faetor{
‘Whether or not this variation in the value of k can be

jexplained in a satisfactory manner, otherwise than by

‘a complication of the resction will now be considered.

™
Imffect of Increage in Concentration of Reactants on

the Velocity Constant.

The rate at which a substance 4 decomposes is,
&ccording to the mass action law, always proportional
Yo its active mass, and,if this be taken as its con-

~¢eéntration, measured in gram molecules per litre,
then,
Rete -~ k,(Cone. of A)

From thig equation, it would be expected that if the

eoncentration/

E—— |
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concentration of A were doubled, the rate of trans-
%nfbrmation would be doubled, - k remaining constant.
| In practice, however, it is frequently found that if
ithe concentration of the reasctant be doubled, - if
Itha solutions be of moderate concentration, -~ k
inecreases, which means that the rate has more then

' doubled.

This extra increase in the rate may be explaine%
by teking into consideration & factor which is
!neglected in the deduction of the mass action law,
Ei.e. the volume occupied by the dissolved molecules.
| The actual free space in which the reaction takss
place is always less than the total volume,of the
 solution. Teking the concentration of A as & gram
Inmlacules per litre, and supposing that the actual
‘volume of the molecules of A per litre of solution is:
V2 » the free space in which the resction may take :
Iplace, is (1-v,) litres per litre of solution. i
| Now double the concentration of 4, i.e. it
(becomes 28 grem molecules per litre. At the seme time,
the free space in which the particles move is decreased.
It becomes (1-v,,) litres per litre of solution, i.e,
(1-2v,) litres per litre of solution,- essuming that
ithe volume of & dissolved substence does not change
00 alteration of the amount of solvent present.

Assuming, - which is probably correct, ~- that,if
:the volume in which a reaction takes place is doubled,
then the rate is halved, the rate is

1) proportional to the number of particles present.

2) inversely proportional to the free space.
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In the two examples given, therefore, the rates should

Rate, = k.&.m = {k. -—Ja = k,a

Rate, = k.28,

1-2v, 1-2v,
| where
1l L
‘ kEy = ke g 5 Ka- kg5

The constants E(-?‘z’j‘e a function of the concentration,

and inerease with increasing concentration.

This represents the state of affairs frequently
| |

found in practice. When the concentration of the

' reactant is doubled, the second rate is more then
| twice the first, and the value of k increases.
i If this be the explanation of the increase of |

i‘tha velocity constants in any series of experiments,

5inv01ving & single reactant, then the following

relation should hold.

|
|
‘ k] k.l/(l-—'\fa,] = l"'n'Va_

SRR 2 7 TP ) D =

When there are several reactants, the concentrat-
~ions of both being increased in the same ratio each

time, as for instance in the action

A & PZBL L= etec.
:Where & = conc. of A ; and b = conc. of B.
Rate, - k.a.b.1/(1-v,) _ k,ab® |

l

Rete, = k.(na)(nb)2.1/(1-nv,) k. (ne) (nb)?

i . l=nv
s e ey
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When there are several reactents but the con-
-centration of one only is varied, equations of the
following type are obtained.

TR+ yB = etec.
When the conc of A is &, and that of B is b, then

Rate, = k.(8%.b¥). ——
a b

Suppose that the concentration of B is incressed to
nb,

= L] X- y . ---—*-J—"—-——-—-
Rate, k.(a%.(nb)¥) T ooy

| These may be written,
Rate, = I (a%.09)
Rate, = Xk (a%.(nb)?)

" whers

n= k.1/(1-v3-nv, )

k, = kd1/(Q=v,-v,) ; k
Therefore, !
1-va -nv,

W
B -

1.9.

M -nv, (where M=1-~v,)
= =ub
Ll -V;,

W P
Il

B

4pplication of thess Principles to the Figures in

| Tables 2 and 3.

Table 2.

Only the constants in column A, and of exper-
~iments 1 - 4 in columns C and D need Dbe considered.
In the other cases the values of k decrease with
; Inereasing concentration of the reactants. The values

0f the vVelocity constents uvsed in calculating the

rétios were in 211 ceses those obtzined by graphic

| ®Xtrapolation for t — 0.
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!'.I'ha ratlos of constants are:-

Ratio. Ao Co D.
/e L S
| Y ks - .34 <33
| kg /% +62 - =
| 4/ %5
| ké/ke l4‘8 ~ =l
|

| It hes been proved that for the values in table 2,

where the concentrstion of one reactant only varies,

Xy . M- nv
B - =R

'Where n is kmown, if the experimentsl value of the
ira'.t-io ky [k, be eccepted, & value of ¥; can be obtained
iin terms of M. When this value of vy is substituted
Iin the equation, the ratio of velocity constants for
some other value of n can be calculated. This ratio
‘mey be compared with the experimentsl value and thus
& means is available of testing the spplicability of
the explanation proposed. Apply this to the figures
in column 4 in the above table of ratios, and if

.k4/k5 = 62,

62 . MeBvy

M- vy

N = « 2750
Therefore, Vs = 2x.276M = 55U
Vg = 4 » 275 = 1.10M

(The subseript figures, 6. V here refer to the

4’
Dumber of the experiment in table 2.)
The ratio k4/k6 ean be calculated by making use

of the value for 26 thus obtained.

K, _ M -4 x,278M 5
A e S
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The ratio k4/k6 obtained from the experimental values

is, however, * 48, which proves that the explangtion
|

' offered is inadequate to cover the facts.

The results obtained by applying this method of

is employed to determine v

1 o
Column C.
Ratio. Bxper. Calcd.
| k, /k .64 -
B At A0 =,08
| 1{1/3?‘:4 » 34 -4 A1

Ianalysis to the first four experiments in columns C

and D, of table 2, are given below. The ratio kl/k2

Column D.
Exper. Calcd.

158 -

a59 -‘.26

« 33 -5.31

!No agreement is obtained even when other ratios are

used to give a value for the volume. Once again,

therefore, the explanstion is seen to be insufficient.

Table 3.
|

Only columns B,C and D need be considered; the

constents in column E show a continuous decrease. That

the foregoing considerations are not the correct ex-

-planation of the variations observed is quite evident

from & comparison of the calculated and experimental

‘ratios of the constants.

Columns B & C.

Ratio. dxper. Calcd.
k, /k

1 I5? -

Iy [k 46 -.29
%1/1!4 38 -2 .00

Column D.
Exper. Celecd.
Lok -
49 ~-e29
40 -2.00
42 =543

It is, therefore, clear that allowance for the

'VOlumaf
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volume occupied by the molecules of the reactants is

not sufficient to explain the irregularities in the
i_consta.nts, and thus make possible any settlement of
| the order of reaction. This doubtless plays its part,
ihut it is not the only, and probably by no means the

| chief cause of the variations in the constants.

| Number of Molecules of &diumﬂydroxide taking part

| in the Reaction.
|
| As the methyl alcohol and sodiur formate,
iproducad in the reaction between sodium hydroxide and
formaldehyde, affect the velocity of the change, the
method about to be described has certain sdvantages
 for the determination of the number of moleculss of
gsodium hydroxide taking part in the reaction, &as
Ivaluas of the rate are employed which belong to the
_ini‘tial stages of the reaction when the products of the
iehang-e have not accumulated. There are, however, dis-
'-advantages associated with this method. The error in
measuring small chenges in concentration may be con-
-Siderable,and, in the second vplace, the preliminary
Stages of the reaction maey be liable to " initial
disturbances". Consider the resction

Bl n; B — etc.
Pexrform two experiments with different concentrations

Of 4, but the same concentration of B, and the follow-

~1ng equationg i g

el £

~t
o
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' gquations are obtained,

| |

| dcyfdt = k.[a] P[E]*
‘ dCyfdt = k. [Az] 0g n

|pDivide the first by the second and take logarithms of

both sides, %
log YA = 1log [Al]—n
acy/at B
Therefore,
D wm log dCy/dt - log dCo/dt

log [Al] - log [Az]

!When applisd to various experiments in which the con-
~centration of formaldehyde was the constant term, the
ifollowing values for the number of molecules of sodium

‘hydroxide reacting were obtained.

Cage 1:- Bxper.l. Exper.2.
Ta0H 02N 08N
HCHO + 6K BTN

;(The experimental dats are to be found at the end of
!the paper,page 109).

To evaluate dC/dt & very smell fall in concentration
‘at the beginning of the experiment was divided by the
short intervel of time in which it took place. For the
Concentration of the reactant, the mean value of that
fat Zero time and at the end of the interval mentioned,

(was taken,

GC1/dt = 1.20/30 = .04 ; dCp/dt = 5.31/30 = .177

Bl = (e.248)/2 8.6 ; [4g] = (38.8 +33.5)/2
= 36.14
Therefore,
n = log.04 =~ logZ.l77

log 8.6 - 1log 36.14
=  1.036
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The results of the various experiments are given in

the table below.

Conc. of Conc. of
EEHG ° ﬂaOH ° E.
US?H OOBN
T «08N 14036
1 .35K 02N
i : 08N 1.031
2..67N 02N
% 04N «995
BTN 02N
e +C4N 10018

|
|
In spite of the disturbing influences and errors to !
which this method of enalysis is liable, the results
leave little room for doubt as to the number of

molecules of sodium hydroxide perticipating. |

*

Further informetion as to the number of molecule

[}

raérticipating in & reaction may be obtained in the
following manner. The time taken to decompose & certain

frection of the original substance veries in the d4if-

-ferent orders. For the simple equations

1

1 a
Eo = f—.J.c:f.g; s
TR Lo X :
T a{a=-x) :
Tz o) PR YN L :
5 {(a—}:]z = 5_'2} etc

|
: |
¥here there ig either only one substance present, or |

°lse all are init ially present in eguivalent quant itieé,

1t 15 readily shown that

t?a OC g%.-':l |

Wherg /
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whera :t_?,a ig the time required for the transfomationi
of the same fractionzsl part of the origingl substa.nce,_@
and n is the order of the reaction.

This function may be used for the determination
of the order of the reaetion, but in so employing it
severel assumptions are made. In the first place, k
must be tai:en as independent of the concentration of
the reacting substances during & given reaction, and,
secondly, it is assumed that the resection is in all

cagses affected by the same disturbing influencss. 4

similarl expression is obtained when two reactants are
not initially present in equivalent gquantities, but |
the one is always, at the beginning, a constant 1.
multiple of the other. The correct method of proving i

this would be to integrate en equation such as
dx/dt = k.(a-n,x)? (m,a—nax)n"

and,in the integral obtained, to substitute =x =Qa.

Such & procedure is difficult, and the desired end

¢&n be obtained by considering one or two simple cases
For a bimolecular resction, in which the origing

toncentrationsof the reactants sre ‘g and b,

b(a=-x)

S 1
ER= ey 1o ety

If b - ma, then when x =a/g,
el ey m
{ m-1 log 2m- }

1.0 2}
t?a S e

‘t‘2 =

o [+
el

.

1
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gimilarly, the integrated termolecular equation

1 x(c-a) c(a-x)

1l
L N e {a—r——'a—x} i m)}

when ¢ = ma, &and X = &a/2, gives
O e T L olog I
5 a%'k {m—l e Bt

1
i.e. t‘ra c{ Eﬁ"l |

This can be continvued for reactions of higher order,

gnd in a2ll cases it will be found that

1
Y <L F71

It should be noticed, that in the above examples

b and ¢ must either be taken in & known sufficiency,
or else, instead of taking x = &/2, a much smaller

fraction of a must be considered. If this were not

When k 1s assumed to be independent of the

|‘
i
done, the reaction would never reach the stage desired[.

concentration, and the disturbing influences to be
Similar during the part of the reaction considered,

the expression given above cen be put into the form

%@a. = gzn-l
98s 1
whence,
n e iy log t‘?a‘ ~ log t‘Pa'z

log 8o - log a4

| ™his expression will now be applied to the following
SXperiments, on the assumpt ion, that the value of the

| Y1001ty constant when derived from ths correct
®quation/
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gquation does not change with varying concentretion of

the reactants.

er., Conec .NaOH. Conc .HCHO. t

15 08N «16N 1130mins.
e « 16N + 32N 385 n

3 +B2N « 64N 126

4, +B4AN 1.28% 55

5. 1.28N 2 .56 28

When these values are substituted in the above equation,

the following results are obtained. |

Fronm, n - 2.80 |
2.5 |
2.45 |
2.33 '
2 .37 |

2-28

2.18

2.20

2.09

1.97

oSN IS I v I VI S Sl S
PR B E0 R R R0CR e
oo

This would seem to show that the reasction is,in low
concentrations,termolecular, snd at hi_g'her concentrat-!-
~ions bimolecular. Evidence for and against this is :
obtained from a study of the constants given in 'tablesl
2 and 3+ In table 4 the bimolecular constants in expezr-
~lments 4 ang S agree very well with each other, Whileé
those from lower concentrations show great variations|
in Pa&ssing from one experiment to the other. An

| ObJection to thig s, that at high concentrations, as |
‘R eXperiments 4 ang 5, such good agreement between the
Constents of two experiments is herdly to be expectﬁd.
&n ®Xamination of table 2 shows that, in the first

| thrae '
SXperiments, bimolecular constents are very much

' 3ependent /
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dependent on the concentration of the reactants,
whereas those of the third order, in column E, have
gpproximately the same mean velue. This evidence |
appears to be somewhat misleading as, slthough the |
mean values of the first three experiments, in column
B,are the seme, yet the initisl values, extrapolated
for zero time, show & continucus fall with increasing
concentration, and these initial values seem to be
quite correct as they lie on & smooth curve, &s is
shown on page 44.. The bimolecular constants mostly
fall during a single experiment, whereas the ter-
-molecular values rise. This might be taken as |
indicating that the reaction takes place in seversl ‘
stages, - one part perhaps being termolecular and ‘
| another bimolecular. The last three experiments in |
table 2 are useless for the purpose in hand, as, on ‘
dccount of the great excess of formaldehyde, their |
behaviour cannot be cheracteristic of a bi- or ter- |
molecular resction.,

The assumption that the resection is, in low |
| ¢oncentrat ions,termolecular can be tested in = way |
| Fhich will now be described. In the following table
&re given the times required for one fifth decom-

. “Position at the concentrations mentioned.

DA

°T.  Conc.NeOH. Cone .ECHO. te I
1. T »
> 08N L04X 5000 nins. |
5 - 08T 08N 940 '
- .08y 16T 250

148

| If the . _
' reaction be supposed to conform to a particular



|
order, expressions can be obteined for ecach case !
giving the value of ty. The ratios of these calculated
times ought to agree with the values obtained from thga
figures in the above table, if the reaction really |
belongs tc the order selected.

There is good reason for believing thet if the
reaction 1s termolecular, it proceeds according to !
the equation

2HCHO + NaOH = HCOONe + CE,OH.
The equations for t, are then as follows.

L)' HOHO = 04N (= 1)
Ww0H = 08N (=¢)

=

dx/dt = k. (b-2x)%(c~x) |
= 4k.(a=x)%(c-x) where b= 22}.
Yow b =.04n, ¢ = .08N. Therefore & =~ c¢/4, and I

t s Z 3x 15 —4x ,
9edk{(c/4wx)+ ge -X I
Vhen X=0/5
4
ty = @'ci’fl'c' {12+ logel/{r}

(2)  HcHO 08N (
= , =h)

dx/dt = k. (b-2x)2(c-x)
= 4k.(a- x)2(c-x) where b=22a.,
: |

Tov
OF Db=~.08N, ¢=.08N, Therefore & =c/2, and

B czk{(c/dx)—rlogch}.

Man x—o/s,

{2/3 + 1og¢5/¢ﬂ_~} .

o
I




dx/dt = k.(b-2x)%(c-x)
= 4k, (a- x)%(c-x) where b=2a.
Now b=.l16N8, ¢ =.08N., Therefore & = ¢, and .
1 1 1 |
e e 62} |
fhen x = ¢/5,

tl/ = l .--g-—-

: c?k 128, |

The results obtained are given in the following table.|

Ixperiments Ratios of tu i
taken, Calculated. Observed.
1l and 2 12.4 BB |
1l and 3 67l 20.0 -
2 and 3 5.4 Bl

While the calculated and observed values rise and fall
together, the agreement is not such as would prove thei
reaction to be a simple termolecular change. ‘
Another method for investigating the mechanism

of & reaction is to measure the velocity under
conditions such that the concentration of only one ofj
the reactants changes appreciably. The order of
feection,determined under these condit ions,gives the
Numbey ¢of molscules of the substance of variable

| Concentration participating. In the reaction studied
this

| leads to the conclusion that the resction is
f Lonomolecylay =

L

ith respect to the sodium hydroxide. |

Th
8Ye. 1y, however, some disturbing influence at work

| Whi
| Maloh f
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which causes & slight but continuous fall in the
constents in any one experiment. This is probably due |
to the production of a " negative catalyst," —possibly}
the methyl slcohol,- but the variation is not of such |
magnitude as to leave doubt as to the main order of

reaction. It is very doubtful if this method could be |

applied to determine the number of molecules of
formaldehyde reacting.

The evidence so far seems to prove that one
molecule of sodium hydroxide takes part in the change,
but, as to the complete reaction, it appears to be |
meither purely bimolecular nor termolecular. The
disturbance might be caused by side, opposing or

consecutive reactions, but the last seems to be the

most probable.

It is frequently possible to elucidate the
mechanism of a reaction from & study of the velocity
constants obtained under varying conditions. An

sttempt will be made to do this in the present instance.
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MECHANISM OF THE REACTION.

When lithium, sodium, potassium and tetramethyl-
-ammonium hydroxides-act on a2 large excess of form-
-aldehyde the reaction which takes place gives satis-
-factory constants as one of the first order. The
following table gives the average valuss of k.10° fo‘r

the concentrations indicated.(Temperature 50°¢C.)

Basge | Conc.of Conc. of base.
used. “HCHO. 02N LOLN 08N |
Li0H, 67N 225 215 223
1.330 333 3%6 345
| 2.67N 435 435 438
; Na.OH . 67N 205 199 207
1.33N 335 325 336
2.67N 442 433 438
KOH. 67N 202 204 207
| 1.33Y4 338 334 342
| 2.67N 433 436 437
(CH,) , ;. 0x, 67N 203 205 206
: 1.33% 334 333 339
‘ 2.67N 424 421 430

4s, owing to the constancy of the values of k
10 any one ©xperiment, the reaction asppears to be
imonomoleoular with respect to the sodium hydroxide,
Fhen the formeldehyde is present in excess, the veloc-
=1ty constant would not be expected to very with in-
“Creasing bage concentretion, provided that the con-
“Centration of formaldehyde remained unaltered. This
Is foung to be the cass. An explanation is, however,

rsquire )
d for the Observed inerease in the constants

with
inereag ing concentration of formeldehyde . Vhen
the Concent rgt ion/
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concentration of formaldehyde is doubled, the constant
obtained is not twice its former value.

The differential equation for the interaction
of these two substances may be written in general
form as follows:

Rete = k. [EcHO}Y [maoH]®
As the reaction appears to be monomolecular with
respect to the base, when the formeldehyde is in large
excess, this may be written
Rate = X. [aoH]

where K = k.[HCHO]Y,- a practically constant term, as|
long as the concentration of formaldehyde is not
altered. The variation of the velocity constant with
increasing formeldehyde concentration might be ex-
-plained by y being an integer other than unity.

The value of y can be obtained from the relation

k. [acEa] o
k. ECHO)Y T X,
vhence
7 - log iy e log Ko

log [HCHO], - log [HCHQ],

I

!Substltut ing the valuss given for sodium hydroxide in
'the table on page 61,

¥ (From 205 & 335)

.708
Y (From 335 & 442)

400

| Apg,
Pert from not approximating to & whole number other
ths
then unity, the velues of y obtained do not even
agre
e, and, gccordingly, the variation in the constants

Gann
ot be explained in this simple way.

The diffe rence/



63

The difference in the values of y might in-
-dicete that the total formaldehyde is not active, but
that, as the total concentration increasses, the
" getive " fraction decreases. Quite & number of
explanations on similar lines can be advanced. The
" getive " formaldehyde might be gimple (CHzo), or
ﬁolmaric (CHzo)n molecules, hydrated simple or
hydrated polymeric molecules: and again the actual

substance taking part in the change might be some Fform

of the sodium formaldehyde salt, i.e. unionised
‘molecules of the salt or methylene-glycol ions. As
regards the caustic soda, the concentration to be
:considered when the base actually takes part in the
!change, will not be the total concentration of the
fsodium hydroxide. The weak acid formaldehyde neutral-
-1ses the base added, and it is only by the hydrolysis
of the salt formed that any free sodium hydroxide is
Present. The concentrations of the ionised and un-
-lonised portions of this free base are the quantities
to be considered.

It hes up t111 the present been assumed that
the reaction is monomolecular with respect to the
Sodiun hydroxide. This is not necessarily the case.
If 1t be supposed thet the methylene-glycol ions are
the ' gotive n form whioh is be ing used up monomolec-
~ularly, then the hydroxyl ions will also be removed

at 8
rete which 8ives a constant of the first order.

Th
s followg from the hydrolysis equation

CH, (0H) (0Na) Ho,O = CHy;(O0H); + NaOH.
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The salt and base are approximately equally lonised
at the dilutions considered, and therefore

| e R
[CE,TOHJOT = [CHpTOHT]

= & constant for a given
conc. of HCHO.

The sodium hydroxide merely supplies the methylene-

glycol ions, arnd does not enter into the maein rsaction,

- fhe production of the formate ion and methyl alcohol.
Another possibility is that formic acid and

methyl aleohol result from & true or pseudo- monomoleg-

l--ular reaction which does not involve the sodium

i
\hydroxide in any form. The &cid produced neutralises

(the base, the disappearsnce of which gives a constant

|
iof the first order.
! There are thus two possibilities since a mono-

-molecular constant 1is obtained when the formaldehyde

'1s present in large excess.

(1) The sodium hydroxide is taking part in the reaction

-monomolecul&rly. the other resctant or resctants,-

;some form or forms of formaldehyde ,~ being in great

- %
|
9Xcess, and so not entering into the equation.

(2) Some reactant, not sodium hydroxide, acts mono-
~olecularly. The sodium hydroxide does not take part

in
the actual change, and is removed in some secondary

wa -
J 88 indicated sbove. Any other reasctants must be

Present in large excessa.'.6

%
| Any othery reactants
nust be in o

large 8Xcess
not

-énts, not present in great excess,
quilibrium with some substencs in

ey » 80 that their concentration will
fl8&nge appreciably.)
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Attempted Explanations of the Variation of the Constants

pbased on different " sctive " Forms of Formaldehyde.

An endeavour was made to settle whether the
formaldehyde entering into reaction required to be
in some special form such as simple or polymeric
molecules, either in the anhydrous or hydrated forms,
or whether all forms were equally active. The exper-
-iment, which was performed with two pure formaldehyde

solutions of different concentration, was as follows.

A day or two after its preparstion, the solution was |

| énalysed simultaneously by the iodometric, freezing
ipolnt, and reaction velocity methods. The total amoun‘!é:-

of formaldehyde as estimated by Romijn's method would |

be expected not to very, but polymerisation or de-

| “Polymerisation might go on slowly for e considerable

T |
time, and this would be shown by the freezing point |

_determinations. It was scoordingly expected that a
|00mparison of.the freezing point and velocity of
ireaction' figures would settle whether the simple,
}polymuised or total formaldehyde is the " active " |
iform. This expectation was not realised, as the resulfs

|
| 0f the experiments show.

SOLUTION 1.

e NumbeT 0T days after preparation.
ihﬂé_f’i- 3. 6. 13. 19. 55. |
Ro:

| antdn, 15.9%  15.86% 15.89% 15.86% 16.037

freezing pt lign A %
e . +76% 12.86% 12.62% 12.71% 12.56%|
| "980tlon Vel. 14,00% 14.15% 13.80% 13.70% 13.97%)

SOLUTION 2.
' Rom L. 3. 8. 33,
'Freii‘;;l 197467 19749% 197497 19.46%
|Remotigs Lir 16.28% 15.93% 15.95% 16.11% |
| 2 Vel. 15.62% 15.35% 15.047 15.627 |
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These figures show that the equilibrium in & formalde-
-hyde solution does not alter after the first day.
They might, however, be taken as indicating that the

1 gotive " form is not the total aldehyde, but & form!
which is present in smallsr percentage the more con-
-centrated the solution, i.e., as Auerbachl)has shown,
the simple molecules, anhydrous or hydrsted. This is
seen by comparing the iodine and reaction velocity

figures in the two experiments.

Since the experiments were performed,reasons

| have appeared for believing that the change in equil-

' =ibrium on dilution does not take very long to complete

at 5000., and would be reached in the early stages
of an ordinary experiment. This means that these test
oxperiments could not under any circumstaences have
glven the desired informetion in the manner expec‘ted.?
However, it makes possible the application to the
pPresent research of values for the concentrations of |

» 1)
Simpls and polymeric molecules, determined by Auerbach.

 He considers that the equilibrium in a formsldehyde

Solution ig essentislly one between hydrated simple

&nd trimeric molecules, and that, as regerds the

Simple molecules st least, probably very few exist in :
the anhydrous form. Accepting his figures, there woulﬁ
% 8pproximately the following concentrations of

hy ; : ﬁ
virateg simple and trimeric molecules in the solutions

Usad in this research.

l) f -
ATb. a.d. kals. Gesundhe itsamte, (1905), 22, 584.



Total Hydrated Hydrated
HCHO. 31 mpIa 3 Trimeric.
A +66N 201N
153N 1.25N 08N
2.6TN 2.16N «51N

( It is impossible to estimate the concentrations of
anhydrous simple and trimeric molecules; it must be
agsumed, as has beenl done by Auerbech in his calcul-
-ations, that all the formaldehyde is hydrated.)

An examination of these values leads to the
conclusion that it is highly improbable that the
hydrated trimeric molecules take any part whatever in
the chenge. Their concentration is so variable that |

|
they could neither be the reactant which is being used

Up monomolecularly, nor yet could they possibly enter
into the constant term, as being & reactant-of which
the concentration did not alter apprecisbly. This
agrees with the suggestion alreedy made on two occas-
-ions (pp.63 snd 66) in support of simple molecules,
&8 being the form in which thé aldehyde takes pert In |
the resction. Teking everything into consideration,
It would seem that Simple molecules have more in their
favour than polymeric molecules, but as to whether the
Slmple molecules must be hydrated or not cannot be |
settled now.It is only the hydrated form which can be
Studied, and thig by using the figures given by
Averbach. The Points raised here will be tested later.
There is still another modification of the alde~

-h ﬂ .
78 in solution, - the sodium formeldehyde selt,

T
§ivest dccording to the equation



produced according to the equation

CH, (0H)g + NaOH = CHp(OH)(ONa) + Hy0
Boing & salt this will be highly ionised, and the act-
~ive form may be either the unionised molecules, or
the methylene-glycol ions. It is necessary to. deter-
-mine the concentrations of these in the various
solutions employed. Sinee it is the salt of a weak
acid it is hydrolysed to & considerable extent, which

can be calculated from the equilibrium

4
1

[cEo (0H)g] [FaoEH]

=
=

b
|
Sl s

o8, (0E) (ora )]

The dissociation constant of water is epproximately
6.5x10"% at 50°C., but that of formeldehyde, eoting
&s en acid, is only known at 0°C., and even then with
no great certainty. The velue given by Buler, and

calculated from cryoscopic data, is 1.4x10714, From a |
|
study of the dissocistion constants of glucose, '

fructose, seaccharcse, water, phenol and hydrocyanic
acid at various temperatures, a probable valus for
forneldehyde at 50°C. is considered to be 13s10-1%,

Bro
m these figures

" 6.5x10"14

I
m?‘?' I:gf“;

]

I

o

o

13 x10-14

Th
@ valus of h having been obteined, the concentrations

of unhv
thydrolysed salt, free ecid, and free base can be

det .
€rmined. For instance, in 2 solution originally
67N
with respect to formeldehyde, and .04N as renrards

the
Sodium hydroxide, 1f & be the normality of the
b&sa/ - |
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base produced by hydrolysis,

(167 — 064'—& ).8.
(.0d=2&) = h = .50

& = 00174’}:.

Theoretically, it is only the concentrations of
hydrated simple formaldehyde molecules which should
gnter into these equations. These concentrations are
not known with accuracy, and, for the present, the
total concentrations of formaldehyde have been used.
This will be referred to again later. (page 79).

The following table gives, opposite the original
guentities of formeldehyde and sodium hydroxide, the

concentrations of free base, and of unhydrolysed salt.

Original Original Free Unhydrolyssd
0, NaeOH . TaOH. Salt.
67X 02N - <0086 .0114X 5
L.33N «O2N +0055N «O145N
.67 +02N «00321 " «0168N

It i1s extremely difficult to obtain an accurate
ldea of the ionisation of the salt in & dilute solution
Such as this, and in presence of other electrolytes
having en ion in common. This point will be discussed
later, and, after suitable formulse ‘have been developed
&n attempt will be made to show whether or not any

form of the salt is an active medium in the change.

Ho reactant of which the concentration changes apprec-i
|

-iably during an experiment can have its concentrat ion!

inoluded in the constant, and, since the reaction

|
|

&ppears to be monomolecular, there/
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there cen only be one resctant present in wariable
guentity. As the formaldehyde salt is present in
and variable

smallconcentration, if it takes part in the resction |

st 811, it must be the reactant which is acting

monomolecularly.

Different " active " Forms of Sodium Hydroxide. |

As hes been indicated previously, it isg certain that
the concentration of sodium hydroxide to be inserted
in the equation is not simply the total concentrastion

of base. Part of the hydroxide is present ag aldehyde

palt, and, while this keeps up a concentration of free

base, which may be ective, the salt itself cannot, fox%
the purpose of determining the velocity of reaction,
get as if it were an equivalent concentration of [
godium hydroxide. It would act just as free base in |
titration with an acid stronger than formaldehyde, but|
it cannot take the place of free sodium hydroxide &s |
the driving force in & chemical reaction. Accordingly ,;

1f the sodium hydroxide is an actual medium of change ,|

| the concentration to be used is that of free base,

fonised or unionised.

Development of Equations.

Supposing for the present that the reaction takes
place between formaldehyde end the total free sodium

hydroxide, the general differential equation is

Rate -  I.[HCHO|Y [Free NacH]?Z |
If the/ |
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If the formeldehyde be taken in great excess its

concentration remains practically constant, and

|therafore [HCH.O]y is a constent. The egquation then

becomes Baisl {k. [HCHO] J } [Frea Na.OH] ?

From the hydrolysis equation

[Free NaoOH] h

SeidE T TeeEd
Therefore

[Free NaOH h

[salt]+[Free NaOH] 3 [HCHO) +n

L.

[Free FaoH] h S

[rotal NacH [HCHO] + 1
Therefore

[Free NaOH] - -  c.[Total NeoH]

for & given concentration of formeldehyde .

The original equation then becomes

Rate  ~ {k. [Houo] V) c? [rotal weom]?Z

{x.c® [HCHO] ¥} [Total WeoH]Z
Now the resection is found to be monomolecular in
Presence of excess formaldehyde, and, therefore, if
the free sodium hydroxide is the reactant, z = 1

2

énd the equation simplifies to

Rets: . {k.c.[HGHO]y}[Total Ne.OH]

Introducing the value of ¢,

k.h
Rate - {[ﬁm * [2cEO] y}[Total Na.OH]

Thig /
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This holds for any concentration of formeldehyde. For
g definite concentration of this, the constents will
not very with varying base concentration. They will,
ihowever, vary with change in that of the aldehyde.
But it will be either the hydroxyl ions, the
sodium ions, or the unionised sodium hydroxide molesc-

~ules which are the active sgents. The above formula

|w111 then take the following forms.

Hydroxyl Ions act ive:-;

Irf m be the fraction of the free sodium hydroxide

\which is ionised,

‘Therefore [08] = m.[Free NaoH]
| i
Rate - {k.[HCHO] ¥} ou)

{k. [Ecao] V)m. [Pree WaoH]
(kz.h.m. [HCHO] ¥
[HCHO] +h

} [Totel NaoH]

For & definite concentration of formaldehyde, the
constants will decrease with increasing base concen-
tration. They will vary with change in concentration

of formeldehyde on sccount of 1) varying HCHO
2) varying m.

Unioniseg Molecules of Sodium Hydroxide active:-

];?h : -
°Te m is the frsction of the sodium hydroxide which
is i :
lonised, (1-m) is the part unionised, and, therefore,
[Unionised WaoH] = (1-um) [Free Nack]
Tharefore,

Rate & {k.[HcHo]V} [Unionised INeoH]



fore i
B . - {&. [zcaq] 5’} (1-m) [Free NeoOH]

{(1—m).k. [HCHO]y}[Frae Na.OH]

k.h. (1-m) [HCEO] Y
[ECHO] + 1

|
|
}[Total Ne.OH] \
|
The constants ought to rise slightly with increasing |

|
bage concentration, that of formaldehyde being kept i
constant . They ought to vary with varying formaldehyde

|

concentration for two reasons, 1) varying ECHO
2) varying m

Sodivm Ic-:ns active;-

Assuming that no unionised complex containing the base
ig formed, - and this is practically certain,- the
goncentration of sodium ions remains nearly constant |
throughout an experiment. Accordingly, they need not |
bé further considered here. There is reason to baliev%
that they act catalytically, and this will be referred
to later. (¢f. pages 92 znd 99). |

|
Sodium Formaldehyde Selt active:- |

It can be shown that similar formulae to the above, |
hold for the cases when the reaction is monomolecular!

|
with respect to the sodium Fformaldehyde salt, ionised|

and unionised.

(&) Methylene-glycol ions:-

Any other reactant must be present in large excess,
&nd can therefore only be water or formeldehyde. A
Similar change has been shown to take place when

reraformaldehyde is heated with 50% (vol) sulphuric
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1)
sulphuric acid , and thus formaldehyde is doubtless

the only other reactant.
The equation is

Rate = {k. [ECHO] ;,} [cB, (0m) 0]

{k.m. [Eceo] ¥

[HCHO]+h

+1
} [Total YeoH]

| (b) Unionised Salt lolecules:=

T

Rate = {&. [HCEO] ,,} [cx, (or) (ova))]

k. (1-m) [EcEo] ¥+
[Total NeoH]

[ECHO] +1

Degree of Dissociation of Salt and Base:-

The great difficulty in the application of these
formulae lies in deciding what is the degree of dis~-
=Sociation . It would not be difficult to assign a
Velue to m were the selt or base alone. The trouble
8rises when en attempt is maede to settle the apparent

da $nt i £
Issociation constant of the one in presence of the

| other, Tt ig impossible to ssy exactly to what extent

the sodium formegldehyde salt, and the fres base, will
bs lonised. Ag the reaction proceeds sodium formate
*Ppears, and this has also to be taken into account.
42 applicat ion of the theory of isohydric solutions,

bag
1 on the assumption that ven't Hoff's dilution
law /

1) Hemmiclr and. Basres

Dunlop, 30 2 Shwilie 00, (1922), 121,2738.

hem. Soc., (1914), 105,1155.
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lew holds for these strong electrolytes, leads to the
conclugion that the degree of ionisetion of the

| aldehyde salt end free base will both be diminished.
Bxperiment has, however, on more then one occasion

shown an increase when the theory predicted the opposite.
In addition to the uncertsinty thus introduced, there

are other sources of error which make it quite useless

to calculate the concentration of the unionised salt

'end base. The degrees of ionisation of the sodium .

hydroxide and aldehyde salt are not known with asccur-

 -acy, especially after calculation to 50°C., they are
.1&1'8‘9 and do not veary much over the range of concen-
I-‘crations used. Accordingly, any error in these is
!magﬂified greatly in the calculation of the small
concentration of unionised substance. Moreover, the
concentrations of the salt and base, on which the
iwhole calculation rests, are deduced from the hydroly-

|
=818 equation and therefore depend on the value of h

‘¥hich may vary considerably from the correct figure,

oving to the uncertainty of the dissociation constant
0f formaldehyde at 50°C, Further, the concentration
°f fornaldehyde to be substituted in the hydrolysis
tQuation ghoula be that of hydrated simple molecules,
and nothing really definite is known of this.

This criticism applies only in part to the con-
“eentrations of total and ionised salt and free base.
Their total

concentrations are uncertain to an extent,

but
| 8ccepting these as the most probable figures, the
Oaleulated/
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calculated concentrations of hydroxyl and methylene-

glycol ions cannot be very far from the correct values.
The following table gives the figures obtained

by the application of van't Hoff's formula to the

free sodium hydroxide, on the assumption that the

degree of ionisation of the salts present is not

| greatly affected by the presence of the sodium ions

from the base. The base itself gives & constant with

this dilution formula. The concentrations of unionised

sodium hydroxide. although liable to serious error,

8re included to give an idea of the various magnitudes.

Teble of Concentrations.

Number of experiment.

Concentration of formaldehyde .

Concentration of sodium hydroxide, ~from qty. added.
Concentration of free sodium hydroxide,-hydrolysis.
Concentration of formaldehyde salt.

Degree of ionisation of free sodium hydroxide .
Average ionisation of salts and base present.
Concentration of hydroxyl ions, from free base,-
neglecting influence of salts.

Concentration of unionised free base,-neglecting
influence of salts.

Fall in conc. of OH', and rise in conc. of undiss.
free base, due to influence of selts, and calecd.
from van't Hoff's ailution law.

(clonc. of OE',-allowing for total conc. Na',

omc. undiss. free base,- allowing for total [NMa’].

o w4 op omon

e

]
]

I
"

[ F=t
"

3 5 B, 3. 4. 5.

e 87N BN 1,330 24B7N

5 °ggh 04N . 08N 02N 02N

5 -OI§6H 0174 +0355N  ,0055N .00318N

T -9664N 02261 (04450  .01451 016821

A S .952 <933 972 979

1 e R 91 94 93

1, :Ogogégy 0L66N +0331N  .00535N  .00311lK

. .000pzey |00084T  .00238Y .000153N .000067N
L -Ooeovmh -000643N ,00175N .0C0227N .000178N
B Sooe b, +0159% .0314N  ,00512N  .00293N

= 27N .00148N  .00413N .00038N  .000245N
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Applicatior of Formulze Derived.

iﬂydroxyl Ions active.

'The formuls derived on the assumption that the

éhyrlrox:‘,rl ions from the free base are the only part of
'the sodium hydroxide thet enters into the reaction,
iwlll now be applied to the figures of experiments 1,
ig end 5 , page 76. For m the following ratio will be

used,
| [oEY] - allowing for excess Ne'

0 -
|Total free NaUH]

The degree of ionisation of the sodium hydroxide
_does not remain constant during an experiment, but
|this does not invalidete the proposed calculation.
The veriation will not be considerable, and, moreover,
the figures used are comparasble as they are all cal-
-culeted for the concentrations present at the
beginning of an experiment. There is no doubt as to

the values of X to be chosen, - they are constant

Vithin any experiment. The formula may be written,

Where. Rate . X. [Total NaOH]
k.h.m. [ECHO] Y }
K =
[ECHO] +1

For two different concentretions of formeldehyde, but

t
Be same concentration of sodium hydroxide, this can

% put' in tne form; -

}'Iz 1081%_-10ng+ log{m2 ([HCHO,] + h)} -log{ml ([ECHO,] +h)}

e ————

log [ECHO;] -log[HCHO]

When/
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When the concentrations of total formaldehyde, (p.67),
are substituted in the equation , and Kl and Kz have
the values

1.37

(205 and 335) v
y 1.21

(335 and 442)

n

If the concentrations of hydrated simple formaldehyde

molecules be used, then when Kl and Kz have the values

1.43
1.29

(205 and 335) v
(335 end 442) v

hn

These results show that the resction doss not
| take place between hydroxyl ions and formaldehyde,
either as hydrated simple molecules, or,acting as a

Iwl:mlaa. The value of y must be an integer, and it would
‘require & considersble varistion in the quantities
:eoneerned to meke it such. The use of the totasl con-
i-centra‘cion of formaldehyde is justifiable as we have
!no proof thet the concentrations of hydrated simple

' molecules are correct, and also several forms of
formaldehyde may be equally sctive in the resetion

With the hydroxyl ions.

Unionigeq Sodium Hydroxide liclecules:~

Owing toithe relat ively large error to which the con-
=Centrations of unionigsed sodium hydroxide molecules
#%¢ llable, it is useless to carry out any calculations
'volving them. If this is the form in which the base
“CtS, then the constants ought to rise slightly witb

incresas ,
°8sing base concentration. There is reason to

be
lieve that they do increase steadily, &nd this
Doint/



point will bé considered later.

1 Methylene-glycol Ions:-

If the values of m occurring in the above example be
compared, they will be found to vary very little

indeed, and, if they be omitted from the egquation,

the results obtained do not differ appreciably from
these already given. Accordingly, to get an idea of
the valve of y, the variation in m may be neglected,

and it will cancel out, as k was found to do,(p.77).

| This observation, based on values obtainsd by sub-
\-stituting the total concentration of formeldshyde in
the hydrolysis equation, (p.69), Ishows that it is
useless to attempt to obtain inecreased accuracy by
Using the concentrations of hydrated simple molecules

In thet equation. The values of (l-m) thus derived,

%ould even then be too uncertsin for use, &nd, &s heas
\been shown, the value of m has too little effect to

‘make the calculation, which would at best be doubtful,
vorth while,

4pply this to the sodium formeldehyde selt, and,
8 the presence of the sodium ions from the free bese
I'Sicses not affect its ionisetion to any extent, and &as
this doss not vary much over the range of concentrats:

-io
008 considered, m may here also be cancelled out.

m
The equation 5

% .m. [HcEol ¥+1
e { m. [HCEO]

s J[Tot&l Ne.OH]
Ll + .

thug 31’768,/
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thus gives,

[Eczo] ¥* «( [ECEO,]+ 1) 5

( [cud], + n)=[HCHE,] I+1 Ko

whence ,
|

logK; ~1ogK, + log( [HCHO] +h)-1log ([HCEO,] +1)
V=

=X,
log[HCHO, =~ log[HCHO,]

When the concentrations of total formaldehyde &are

isubstituted in the equation, and X, and X, have the

| i “2
values
(205 and 335) ¥ ol wnitB
(335 and 442) QR R |

If the concentrations of hydrated simple formaldehyde

1

| (205 and 335) A
| (335 and 442) ¥ = W27

%I'E 1s therefore evident that it is not the methylene-

molecules be used, then when ¥, and Kz have the values

8lyeol ions that sre act ing monomolecularly.

Unionised Formaldehyde Salt Molecules:-

iWhat Wes said with regard to the concentration of
“nlonised sodium hydroxide molecules holds for these
_alSO- They will, therefore, not be considered further,
émept to point out that if this is the form in which
8ither the base or aldehyde act monomolecularly, then
the constants ought to rise slightly with increasing
%836 concent ration. As has already been indicated,

th
°T8 1s reason to believe thet they do sO.

It would thus sppesr that no simple explanetion

is ¢
0 be foung a@long the lines studied, unless it be
thet
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thet either the unionised molecules of the base or
gldehyde salt are the key to the problem. lore
informat ion on this point may be obtained when the
pxperiments with other bases are considered. Another
suggestion is that a wrong value has been chosen for
the hydrolysis constant h, but calculation shows that
this cannot be the regson. The fact that the sodium
fornste and methyl alcohol produced are positive and

negative catalysts,respectively,for the reaction,

ioffers no explanation of the variation of constants
from one experiment to another. Some light mey be
thrown on the mechanism of the resction by a study of
‘the constants obtained with other bases. Barium,

;s‘crontium and calcium hydroxides will be considered
ifirst.
|

Barium, Strontium, and Calcium Hydroxides.

In the case of barium, strontium, and cslcium
hydroxides it is found that the constants increass
both witn inerease in concentration of aldehyde and

°f ase. The constants obtained are as follows.

¢ Constants. Mex.Deviations.
 Base, ong . Cone. of Bage. Conc. of Base.
"~  KEHO .02Y .p4N .o8n .02F .04% .08%
' Bg
(%B)y  .o7n 232 245 290 17 27 46
| 1.3y 367 383 420 24 20 54
R.67N 460 479 517 29.. 21 29
3r
OR), 678 248 272 z07 29 19 78
1.33% 392 393 450 23 19 80
R+67TN 470 494 544 Piis 16 24
¢
"(0B)y  .evm  pgs - ! AR b L b 5.
1.330 440 - - 25 = =
2 «6710 563 - - 24 e T
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The question arises,- is the reaction really
monomolecular with these bases? In the second table
gbove are given the meaximum deviations in the constants
in each experiment. Thile they sre not reguler, they
show quite clearly that, as the ratio of base to
formaldehyde increases, the deviation from & mono=-
-molecular constant becomes more marked. With the
exception of these cases where the deviations are over
48, the reaction mey be considered monomoleculear. In

the other cases the concentration of aldehyde has

‘become insufficiently great to keep the reaction

épparently monomolecular. This would suggest that the
i'na.se plays some direet part in the change, and does
not, as was previously suggested, only keep up & con- |
=tentration of methylene-glycol ions, or neutralise
&0ld produced.

| Tt by interesting to note that there is

‘rﬁgulanty in the incresse of the constants.

L |18 45 ! 24 35

135 T | 1
L5 | 158 | |1%0 | 144 144 143

5 | e A

L bl 37 | 24 |(416) | B4

9 et e
R o7 | 78 78 78
~Hﬁﬁ‘uigmﬁ1__ﬁ 38 | o4 34 |(528)

In qp

8%ing up the table for strontlurr hydroxide, 416
h&a b

°8n substituted for 393 and 528 for 544. This

Seemg
Wite justifiable from the regularity thus
Produceq, Thus/
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Thas & certain increase in concentration of the base
produces a definite increase in the constant,irrespect-
-ive of the concentration of formaldehyde, and,
gimilarly, & certain increase 1in concentration of
formeldehyde produces & definite increase in the con-
-stant, irrespective of the concentrstion of base.

| It is possible, in a general way, to say that

the increase in constents with incressing concentration
of formeldehyde - that of base remeining unchanged -

is merely due to this formaldehyde which is present in
\large excess, not changing eppreciably in concentration
during en experiment, and thus meking the reaction
2rpear as of lower order, but characterised by & higher
constant, - dependent on the concentration of formalde-

-hyde. & correct explanation on thess lines is, &s has

been shown, very aifficult. Teaving this, however, for

the present, how ig the increase in the velocity con- |

|l- ) a
~stants with incressing concentration of base to be

sxplaineqs

| That thé bases under examination do not differ’
Fedically in their mode of action from those already
E°°n81derea,is proved by & comparison of the conduct-
~lvities of sodium hydroxide and barium hydroxide aldne,
fam hon mixed with formeldehyde,- it being essumed

thet the course of the reaction is the same at 25°C.,

88 at Q
50°C. The conductivity figures sre given in the

t
&ble op the following page .
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Conductivities at 25°¢.

Concs 0OF Conc. of Conductivities.
DG » HCEC. NaCE. Ba(OH]z |
AT L 2,18 x 1072 2.03 % 1072
,05N - 1.14 » 10"% 1.08 x 10"%
025X - 5.87 * 107 Baa. % 10T

|1 JAN 1.77 = 1o'§ 168 » 10"%
051 .05 9,95 x 10 9448 % 10
0251 L0251 5.40 » 10~ 5.24 x 10~9
W15 5N T & 10"% 1.05 10'2
051 51 5.66 % 1075 5.58 % 107°
025N SN 2.93 x 1079 2,92 x 10™°

The results, in every case, run closely parallei.
Had there been any essentisl difference in the mode of
aotion, it is almost certain that this would have been
shown up in the conductivity measurements. Had, for
lnstance, an unionised complex been formed by the

|2
barium hydroxide and formaldshyde, the reduction in

‘conductivity thus produced would,most probably, at all
‘the dilutions considered, not have agreed so closely
with that of the sodium hydroxide and formaldehyde, |
SIpposing the reduction in this case to be due to mers
Mutralisation, with consequent replacement of hydroxyl
by slow-moving wethylene-glycol ions. It is practically
%ertain then, that, whatever be the cause of the
Teduction ip conductivity, it is due to the seme effeat
In both cageg,

Further proof that the reaction is essentially
ES s w1t e sikaiies s alkaline earths, -and

With
tetmmethylammonium hydroxide =~ is obtained when

Cllrves
8re plottead showing how the velocity constant
Varieg/ (Meonomotecular,~ fria®)
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TaQH

'B&Hm)z
Srﬂm}a

'Baﬂm)z

85.

Data for curves.

veries with change in concentration of the base.

gonc . Conc. of Base.

HCHEO. «O005N .00LN 002N 005N Ol
67N - - 270 225 -
1.33N - - 396 362 336
2.67TN - - - - -
67N - - - - -
LB3Y - - - - -
2.67N - - - - -
oﬁ’?N e - 509 - oy =5
1.33N 863 486 467 - -
2.67N - - - - -
67N - - - - -
1.33N e - - - -
2.67N - - - - -
67N - - 255 - -
1:355 - - - - -
267N - - - - -

Conc. Conc. of Base.

e 02X 04NN « O8N 2N « 32N
BTN 205 199 207 219 -
1,33N 335 325 336 - 4m6
2.67N 442 433 438 - -
67N 32 245 290 - -
l.338 367 383 420 - -
2.67N 460 479 517 - -
BTN 248 272 307 - -
1.33N . 392 416 450 - -
2.6"TN 470 . 494 528 - -
67N 288 - - -~ -
l.330 440 - - = =
267N 563 2 & = s
67N 203 205 206 - -
1.330 334 333 339 - -
2.67TN 424 421 430 - -
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while uncertainty sttaches to the values of the
m constants " to be taken at very low concentrations
of base, the graphs show,without doubt, the similarity
in the action of the various bases. The constant appears
1 in every case to pass through a minimum at a base
Iaonce]:fcraa:tion of approx-i_ma'tely +01N to .02N. As to the
weaning of these curves, nothing further will be s&i@.;f

it is sufficient, for the present purpose, to show

|thet the constants for sodium hydroxide rise with
|increasing base concentration from .02N upwards, Jjust
ias do those for the alkaline sarths, and that the rete
(of inerease of the constants is greater for the
'Ihydroxides of barium, strogtium end calcium, than for |
}tha’c of sodium. .
' How then is the increase in the velocity constents
Iwith increasing base concentration to be explained?

lone of the explanat ions advanced for sodium hydroxide
&re of any use, except these which suppose the un-
-lonised bage or formaldehyde salt to be the medium

°f changs. With rising concentration of base, the
toncentretions of unionised base and salt would in-
“0re8%e. It was impossible in the study of sodium
bydroxidge to investigate these further, on account of
(R &95t A5greb or Lontsation of the bass and salt,

d consequent uncertainty with regard to the con-

~Cg '
Bration of the unionised portions.

However, it snould be possible to measure with

gragt
ST &ccuracy the fractions ionised eand unionised,
when/
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whon dealing with derivatives of the alksline earths,
and thus the previous difficulty in the way of testing
these theories is removed. Unfortunately, although one|

stumbling block has been removed, another has made its)
appearsnce. It is extremely difficult, - in fact quite!
impossible at present, — to settle the correct hydrol~-
~ysis equations and constants for the formaldehyde |
selt of & diacid base, at the various concentrations ‘
employed. This means that it is impossible to deter- |
-nine the concentrations of total free base and

eldehyde salt. 4 second trouble is that, though it

were possible to settle these concentrations, it is ;
very doubtful if an equilibrium equstion could be

found to give, even approximately,the influence of the
ommon ions present on the degree of ionisation of the

base and salt. It is thus evident that the suggested |

®xplanations of the increass in constants with in-

“tre@sing bage concentration cannot be tested by the

@plicetion of squations such as these given on !

Pages 73 and 74,

However, other evidence can be brought forward
i
1 Support of +he general theory that the reaction,

in g :
11l thege cases, involves unionised molecules,

i
ther of tne base or salt. The influence of neutral

sal
ts 1s, on the surfsce, in favour of this suggestion,

iIn Pr
ac N g D
. tloally every case where an increase in the

Cone 3
*Mretion of unionised molecules would be expected,

& rigg
In the constants is found. The figures obtainsd
iam &8 follows,
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NaOH Salts.

Concs Conc. Constant, Salt llorm- Constant
ME0, FaOE. no salt. added. 4ality. oODtad.

1,33F .04N 335 NaCl SN 3856
NaCl 1.0N 378

aCl 2.0 418

NaBr 517 351

llaBr 1.0N 367

laBr 2«01 419

NaBr 3.0l 474

laBr 4,01 529

NaTx 1.0N o7

KC1 +ON 326

KC1 1.0 370

XC1 2.0 405

LiCl 1.0N 379

Na 0. 1.0 669

Nass 4 1.0N 360

Sod .AGetate 1.00 366

Sod .Formate JW 346

30d.Succinate 1.0N 317

S0d.Citrate 1.00 &l4é

Ba(OH), Salts.

1,33% « 041 383 WacCl 1.0 395
BaCl, 5N 514

Ba012 1.00 605

BaBry 1.00 618

Ba .Acetate 1.0N 540

Ba .Acetate 2.0 692

Ca(OH), Salts.

138 .02y 440 NacCl 1.0 400
: BaCl, 1.0N 609

SrClz 1.0N 642

CaClg' 1.00 836

Gaclz 2.0l 998

=Zper, €onc . Conc. of Base.

HCHO. 02N LO&N . 08N

Hlf?zg]él 67X 236 228 266
St 1.33N 370 3%5 391

B (0z) 2671 451 458 479
¥.3a03 67X 362 413 468
2 1.33% 587 607 654
2.67H 806 835 863
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Neutral salt ection may not, however, be due to |

its producing an increase in the concentrstion of un-

1)

-fonised molecules - most likely it is not. The eviden

just glven is, therefore, by no means sufficient. The

rise in the constants with inereesing base concsntrati
might be explained by the neutral sslt action- whateve
it is- of the formaldehyde salt present. The greater
rate of increase shown by the alkalins earths over the
alkalles would be due to the grester salt action of de
-ivatives of the first class over those of the second.
The theory thet the unionised molscules of all
these bases have the same effect in promot ing the reac
-lon studied, and that an incresse in the concentratio
0f these molecules is alone responsible for & rise in
the constants must be criticised on the following grou
There is & rise In the constants with in.creasing base
Coneentration for barivm, strontium and calecium hydrox

-1deg

L ; {
Ierease in the constants as one proceeds from barium

t . ! & -
hrough stronmtium to caleium. Now, strontium and calcipm

hydroxides arg :

date, Practically equally ionised, and, accordingly,

*0TTSsponding solutions should contein the seme concen
“fretion of unioniged molecules. It is evident that th
lersege 1y, the constents cannot be satisfactorily ex-

“blaj
Plaineq merely by & decrease in the ionisation of the

» each considered separately, but there is also aLa

on

o

-

Nna.s .

&s far as can be said from the available

base
The Suggestion that the incrsase is due to

leut gy salt act ion/

) [
82, Io

Jes end Falk, J, Amer.Chem.30c.,(1912),34,454|



ydroxigeg,

in
| °T8se of the constants for strontium hydroxide not

leo
iSlderably groater than thet for barium hydroxide?

L

-acfion would remove this difficulty. It is only nec-
-ggsary to assume & greater salt action for calcium i
gelts than for those of strontivm. 'I

Some evidence that the increase in the eonstants;,
with rising concentration of base, might be due to the}
neutrel salt sction of the unionised formaldehyde salt|
present in the solution,is afforded by a study of the
velocity constants of the ection of sodium hydroxide

on formeldehyde ,in presence of varying concentrations

of sodium bromide.

Conc, NeBr Conc.Na"=Br' Cone.NaBr Constants. '
added . (oUYC ., ) (undissy Mo salt.Plus Salt|.
ol 465N L0351 335 335+ 17 |
1.0N 67 330 335 + 32 |
%0 1.08N 92N 335+ 85 |
3.0N 1.50N 1.50N 335 + 138 |
4.0N 1.91N 2,098 335 + 195

The rise in the constant appears to be very nearly
Proportional to the concentration of unionised neutral
salt present, |
Bqually strong evidence agsinst the rise in
Congtantg being due to neutral salt sction is obtained
from g study of the constants for barium and strontium
If strontium salts have & greater neutral

8
8t action then barium salts, why is the rate of

Taking everything into consideration, it seeums

that
the observed increases would be better explained

b
F: 1) &SSigning/
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1) essigning to some derivative of the base & catalyti
activity, characteristic of the base, and increasing
in magnitude from sodium, through barium and strontium
to caleium.

2) assuming & neutral salt action of some derivative
of the base, eg. the unionised formaldehyde s2lt. The
first assumption would explain thé rise in constants
In passing from barium to strontium to calcium, while
the second would give & reason for the veriation in
constants with experiments with any one base.

The alkaline earths have not given any definite
informetion as to the mechanism of the reaction. There
Is & considerable difference between these and wesak
organic bases, and i‘tlwas thought gquite possible that
8 study of the latter would yield valuable results.

The discussion will now be taken up from this point

of view,

ORGANIC BASES.

Only tertiary organic bases will be -considered.
‘TﬂtramethylammoniUm hydroxide is so similar to the
Hlkalies that it nag been dealt with along with these.
loary ang Secondary bases combine with formeldehyde,
M, owing to the disturbance thus introduced, constant
81100 with these will not be employed to settle the
128 1n quegtion.

The tertiary bases used were trimethylamine &nd

tetre
Tethylethylensd iamine . Trimethylamine is so
-_T'Glatile/
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1
"

lvolatile thet the experiments had to be performed in

sealed tubes. The procedure wes sg follows. The

I...l

- |required amounts of base znd sldehyde were rpixed st

low temperatures, and & known volume, approximetely
10 ece¢., of this solutiorn was measured into seversl
different tubes. The tubes vere sssled, srd nlsced in
the thermostat at 50°C. At various irntervsls oms tud

WS removed, coolsad in ics watsr, opened and the con-

acid., The unused ze¢id wes estimstsd with .02F sodiom

hyiroxide. The following sxpariments showed that, as

|t

far as volatilisstion was concsrnsd, the method of

working wes suitabls.

Time in Yol .02¥ ZCL
thermostet. reguirad.
0 mins. 19.%5 ez.
_6*3 mirs. 19.68 cc.
129 mins. 19.72 cca.
240 ming. 12.70 cec.
360 mins. 1¢.78 cc.

COTRS baine - o = o S
ES being removed for the withdrswal of & ssmpls for

[

ane
sis. The bese remaining was titreted directly

LI T o T : -
-02X hydrocnioric gcid, cresol red bsing used &

Ingies . -
&tor. That tnis procedure was satigfactory was

Shown 'bx the =

oliowing volatilisztion experiment.

™z -
rlma § e = o
L oims inm Fol 020 BC1
~Z8rmostet. rEgUirss.
0 ming, 9,53 cc.
AEER T
~o MINS . 9055 CC e
€8 mins, 448 coo.

~tents washed intc & knowr sxecsss of .02I hydrochloric
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The results obteined with these two bases are
given in the table below. 4As the ™ constants " fall
repidly during an experiment, the values included in

the table are those obtained by extrapoleting to zero |

time.
Conc. ( )g%gncent ret ion of Base . RN
OT CH Ziie i o (CEI :v: o
50, .02F 8L .08E Tﬁﬁ*z OZ% 08N
67y 81 15 13 - 20 -
1,330 37 2% 21 40 32 24
2,67TN 86 62 44 = 50 =

&lthough ,on account of difficulty in titration,
the results for tetramethylethylenediemine can only |
be taken as epproximately correct, it appears that the
number of basic groups in the molecule has very little
effsct, the introduction of & second tertiary nitrozgen

d08s not double the constant obtsined. The constants

for both beses fall with increasing concentration of

bese, and the fall is roughly the ssme under the same |

conditions, Thic might be taken as some proof thet theii
tise in constants with increasing base concentration
10 the cage of barivm, strontium and calcium hydroxidels

18 not 8 airect consequence of the diacid charecter of]
'| these bases, i

e |
The fall in +the constaents with increesing base |

¢ . '
Steentration &t once suggests that it is not the i

un
loniseq molecules of the base that sre bringing abouLt

| the :
change but rathsr the ions formed from the base. |

(s ; |
€+ The trimethylamine irn solution will give rise to

the/




is
|48 these are wegk bases, the equilibrium between the

do)
@)

the tons (CHz)zME® , and OH', ie. the trimethyl-
-aymonium and hydroxyl ions.) The expression for the
rate of the reaction will then be,
Rate = k. [HCHO}Y [Ton of base)
K. [ HO] Y m.[Pree base]

3

ee base

K. [Total basge]
as the base-formaldehyde salt is approximetely 987
hydrolysed. Sinee the acid and base are both weak,

n, the hydrolysed frection, is given by the expression

n 1 'F-,,m

1. = n '\:ka et o

At 5000. the values are,

6.5:10" 1%

13x10" 1 4x1.5%x10"%

s n sl .98

“he above formuls for the rate is valid &s the change
'8 undoubtedly monomoleculsr with respect to the base;
the reason for the fall in the " constant " during an

¥periment will be discussed later, ( page 97). From

t
his 6quation, for a given concentration of formalde-
~hyde

b/E = my/m |

ion .
S 8nd unionised molecules obeys the mess action law,

m? Constant.

e =

(1=m),.v 4

%/




As m is very small, n o v,

and thus,

B/x = I /lvs
1f, then, the trimethylemmonium or hydroxyl ions are
one of the reactants, valuss calculated from this last
gquation by substituting volumes corresponding to the
concentrations of base used, should beer the same ratip
to each other as do the values in the table on page 94
The results obtained when the values for .02Y bass are
nade equai to those in the corresponding position in

the table mentioned,ere given below.

?%%9_- ( )Concentration of Base. :

of CH3)3X. (CHz Jol(CHo ) N(CHz) 5
BCHO. .08N LOAN  .08N  .08N  LOAN  .O8N
5 A | 15 10 = " "
L33 37 26 19 40 28 20
2,678 86 61 43 - . -

*hs Tesults for tetremethylethylenedismine do not show
Such good agreement as do these for trimethylamine,
Bt this is not to be wondered at, considering the
Ufticultios experienced in the titrstion of the base.

These results prove that tertiary orgenic beses

'taka part in this resction in the ionised state. That
It is the hydroxyl ion that reacts is readily proved, |

8 the 8ddition of the other ion in*excess, in the
forn of tyq hydrochloride of the base, reduces the

00n
Stant greatly, The effect of the hydrochloride is

to §
i°Tease the concentretion of the complex orgénic |

lon z
» DUt to diminish that of the hydroxyl lod. As an
&xamp]_s /
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example, the figures for trimethylamine are given.

HOHO = 1.33N,+ (CH:),N - 04N, Constant = 27. |

1s & natural consequence of this, the velocity cons‘tanl‘t
should fall during & single experiment, as a highly
fonised salt of the base is produced in the resction.
This fell is quite digtinet in 211 the experiments
performed, (of. pages II5 and 127).

From the equation for the rate of the reaction

given on page 95, for a definite concentration of

bess ,
K k. [HCEO;] ¥, mq
] ) k. |HCHOg| Y. m,

my and m, will be eguel as there is practically no

unhydrolysed salt present, and, therefore,

Xy [ECEO,] Y
) [BCHO,) ¥

Solving for s

log ¥. = log %o
y 0

| log[HCHO{ -~ log[HCHO,]

this equation will now be applied to the constants for|

081 trimethylamine , (page 94), as being those most

foeurately determined.

|
T
{en The Concentration of total formeldehyde is used,

8
!M ] and Ko have the values -

(11 ang 21 )

Y = 943
: - Ave rage y = 1.002

fhe result s/



|

98.

results obtained when the concentrations of hydraeted
simple formeldehyde molecules are substituted, are

| not so good, (1.0L and 1.3), but these concentrations
are themselves doubtful, and there is, in this case,
no reason for supposing one form of the aldehyde to
be more active than another. It may be teken, then,

that formaldehyde enters into the velocity equation
to the first power.

These observations may be extended. It seems
Justifiable to say that tertiary organic bases resct
with formaldehyde in virtue of their hydroxyl ion
concentration, and that one molecule of base reacts
with one molecule of aldehyde.

Thus far all eppears to bs satisfactorily

|9%plained on the assumption that the hydroxyl ions
!31'9 the form in which the base takes part in the
ireaetion. There is, however, one difficulty which
!arlﬁﬂs, - the effect of sodium chloride and calcium

‘Chloride on trimethylamine is to raise the constant

e’-*lormously :

!HCHOI-I.531T,+(GH3}3N—.04H, Constant = 27
g " +NaCl- 1.0N. " = 68
i 1 +Ca012 ,1«0ON. il = 158

This does not invalidate what has been ssid, but is
Irather & point for which an explanstion has still to
B foung, Various explanstions might be advanced for
thig ¢irious behaviour. 4 study of the increase in

stants unger the influence of neutrsl salts leads

to t
| the conclusion thet the matter cannot be satis-
'factorily/
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satisfactorily explained by neutral salt action.

It might be suggested that small amounts of
sodtum end celcium hydroxides are formed, potent ially’
ot least, and that these more active bases give rise
to increased constants. Evidence &against this e}Eplanwi
«ation may be obtained from the graphs on page 86.
These show that, as the concentration of base dacreasés,

the constant passes through & minimum and then rises
|

ggain very rapidly. The minimum values are for

NeOH + 1.33N HCHO = 323 .
Ga(GH)z—n-l.ZSl\T HCHO = 440 -

and, consequently, this provides no explenation.

However, these curves might be taken es showingi
thet there are really two separate reactions, one
!Pl‘eponderating at low concentrations of base, &nd
igi?ing & constant decreasing with rising concentrat ioxa;_

of base, the other being the more important in con- |

~contrated solution, and giving a rising constant.
T minimum on the curves would be produced by &
i‘“’“fﬁi!lﬁt1.0r1 of the two. Should the reaction, which is
ith@ controlling ome in high base concentrations, fall
0ff *epidly below concentrations of .02N, the suggested
#tivity of sodium and caleium hydroxides might guite
5%11 ®Xplain the observed constants.

| Another explanation could be found in a specific
8%alytic action of the metallic ions,~ independent
*tthe concentration of the lon. Such an effect has

be
°L suggested previously, (pages 73 and 92). If it be

! |
9864 that sodium end calcium hydroxides are formed
ln/



'i-ion of the metallic ion, 41 may be subtracted from i

=
o

in such small quantity that their effect may be

neglected, the following calculation can be made.

Bage » Salt Constant- Constant- Catalytic
i added. no salt. with salt. effect.
(01131 al N.NaCl 27 68 41
N.CaCly, 27 158 131
M.Di&mine II.Cs.Clz 32 173 141

While the figures for tetramethylethylenediamine are
glways open to doubt,on account of difficulty in

titration, the catalytic effect deduced from the

|experiment quoted,agrees very well with that obtained |

by using trimethylamine.

Further investigetion along these lines leads

to very interesting results. If it be supposed that

the catalytic action is independent of the concentrat-

81y constant obtsined with sodium hydroxide as the base,

i&nd similarly 131 from values obtained with calcium

éhydrozide. This gives the following results:-

' Cong,

pe Congts.uncorrected. Consts.corrected.
 4CHD, ~ TaOR La(OH) Ta0n Ca(CH),
1*2'”? 205 288 164 157
2- 38 335 440 294 309
67N 442 563 401 432

m
:;ha Corrected results are seen to be very similar.

Constants of the same order can be obtained for barium

2 :
| % strontium hyaroxides by subtracting 70 and 90

|ra
“Peetively, so thet the series becomes:-
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gonstants actually obtained in the expsriments, for
021l bass.

¢one _

ICHO. NaOH. Ba(OH), sr(oH), Ca(OH),
67 208 232 248 288

1.,33N 335 367 392 440

2,671 442 460 470 563

Catalytic
Nffect . 41 70 20 iECH

Constants thus corrscted.

Cone .

HCHO. NaOH. Ba(OH), sSr(oE), Ca(oH).
67N | 164 162 158 157

1,331 294 297 302 309

2,671 - 401 390 380 432

—— e - ——

Taking into account the possible srrors, it
seems that the constants thus obtained gpproximate to
160, 300 and 400 in all cases, and this indicates that
the mechanism of reaction of the various strong
inorgenic bases is essentially the same,- & conclusion
tlready arrived at on other grounds, (pp. 83~87).

It is not necessarily the metallic ions that
1t the catalytic effect. It cannot be hydroxyl ionsI

£8 X . b .
they are bressnt even in the trimsthylamine solutio

Blving sma11 ‘constants, and, on adding the salt, any

Strong bese formed coula not possibly give a concentr-
“etion 0f hydroxyl ions greater than that given by the

tr
imeﬂ:‘-‘:’lﬂtmliﬂa-» It might, however, be the unioniged

ns

10l

Cules of the strong inorgenic bases. The effect of|
U and caeqyn |
ithug/

chlorides on trimethylamine would



—
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inps be due to the treaces of unionised sodium and
caleium hydroxides formed.

The evidence given by the various bases will
now be discussed &s a whole, and any possible con-

-glugsions drawn from the facts presented.

CONCLUSION.

The most definite informetion as to the mschanisi:m
of their action has been given by the weak orgenic
bases. As far as concerns that stage of the resction
to which the velocity constants obssrved refer,
tertlary organic bases react with formaldehyde in
virtue of their hydroxyl ion concentrstion, and one
mlscule of base reacts with one of sldehyde. There
may be other steges in the change, but they must be
infinitely fast compared with the one measured. This

%uld suggest thaet the resction takes & course such
as,

HCHO + oH" = BCOO' + 2H (51iow)
HCEQ + 25 —  CHzOH (Fast)
There ig & considerable amount of evidence in favour

of such g course,(cf.page 31).

Evidence &s to the mechanism of the reaction is :
Y 10 means so clear when the strong inorganic bases |
°I% considered. That it is essent izlly the seme with
"9 alkaltes and the elksline earths is proved by
0mductivity ana other measurements, (pages 82-87). |

The
1ncreasing irregularity in the monomolecular '
“Oistants/
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constants with increase in the ratio of base to alde-
-hyds, especially noticeable for barium and strontium I
hydroxides, guggests that the concentretion of form-
-gldehyde is becoming insufficiently pgreat to keep the

reaction eapparently monomolecular, and indicates that

the strong inorgenic bases play & direct ‘part in the
chenge, and are not removed in some secondary way.
The velocity constants for these bages rise both with |
Inereasing concentration of aldehyde and of base. Phe

rete of increase in the Ffirst case, is not proport iona;i
to any integral power of the formaldehyde concentrat io:n,-

oven when allowance ig made for various disturbing =
|

factors, such as active forms of the aldehyde and basei.
Several attempts have been mede to explain the |
|

Inorease in constants with inoreasing concentration of

base, Waturslly, the first suggestion is that the act-|
-lvity of the base is due to its concentration of un-
-lonigsed molecules, and this is favoured, in & genersl

]

ey, by the effect of neutral salts on the velocity of

the resction,

|

The proposal that the unionised molecules of all!

the strong inorganic bases have the same specific e ffoct
in Promoting the resction studied, and that an inereas%:
In the concentration of these is alone responsible for
8 rise in the velocity constents is disproved by the :
ehavioyy of strontium and calcium hydroxides. i
Teutral salt action of the uniouised formald.eh;gd.:a

sel
t present might be given &s an explanation of the |
increase{; '
|
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{noresse in constants with rising concentration of |
gach individual strong inorganic base, and also of the
varletion in these in passing from one such base to
gnother. There is a certain amount of evidence in
favour (page 91), but the proposal is considered to

be, in itself, insufficient.

The study of the velocity constants obtained

|
|
|
with these inorganic bases, leads to the conclusion i
that some derivative of the base exerts a catalytic I
effect, characteristic of the base, and increasing in‘
megnitude from sodium, through berium and strontiuvm, |
to calocium. Experiments with trimethylamine, (pages 98—:
1b11, give strong, and quite independent, support to

this conclusion. It is possible, from results obtained
with this weak organic base to give & relative value :
to the catalytic effect exerted by the derivatives of |
the strong inorganic bases. On subtracting the approp-
sriate catalytic figure from the constants given by

the strong inorganic bases, values are obtained which

8% practically identical for all these bases - at

0rresponding concentrations of base and aldehyde.
m |
This leads to the conclusion,~ already reached on other
§tounds, (pages 83-87),-that the mechanism of resaction |

of . : ‘ X " E
the various strong inorganic bases is essentially |

|

It is difficult to settle whet derivative of the:
i !
Rorganic base is responsible for the catalytic effecth

45 |
hasg been proved on page 101, it is certainly not !
Bdroxyy / |
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. : t 97 Al
pydroxyl ions. A consideration of the various possible)

|
catalysts shows that the most probable are the metallie

fons,and the unionised molecules of free inorganic |

base .

Owing to difficulty in the determination of the

hydrolysis constant of a diacid base, it is impossiblei'

to give an equation representing the behaviour of the

a formula can be suggested for the alkaliss, to rep-

|
|
|alkaline earths in their action on formaldehyde, but !
|
|

-resent roughly the state of affairs found in practicel
If it be supposed that the reaction is primarily due |
to hydroxyl ions, and that the catalytic effect is !
cdused by unionised molecules of the free inorganic }
base, and thet the effect is proportional to the con- i
-contration of these molecules, then, |

Rate =  (A+ B)[rotal Rase] -

Where,
d k.h.m. [ECEO] T |
[HeHO] + 1
K.hn 1"‘
o e (1-m) |
[ECHO] + B
Vhere
k = fundemental velocity constent of reasction.
K = catalytic effect of unionised molecules|
of hags.

m
The :
Observed velocity constants would be the sum of

It
the Coneentration of base be increased, - that of

|

n : | |
HOJ+ {m-(k.[ﬂcﬂ{;\]:" - ¥) + f} |
|

|

formaldahyae /
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|
|
|
| | |
formeldehyde remeining constant,- m will decrease |
glightly, and, if it be assumed that X is greater 'thanl[
e [HCHO]:‘I, then & sm&ller and smaller quantity has to
be subtracted from K and, therefore the constant

{nereases. This exXpression would also give & ¢ualitat-—

-ive explenation of the effect of increasing the con- |
~centration of formaldehyde, while keeping that of the%

base fixed. This eduation,

[Total Base]

kohem. [HCHO]Y  X.h. (1-m)
Rate — T
[HCHO] + 1 [EZCHO] +

also expresses the results obtained with the weak |
orgenic bases, as the catalytic effect,X , is equal

to zero, and the first term simplifies to (km [IECEO]};),

Since the formaldehyde salt is practicelly completely
hydrolysed .
e, Rate = {k.m. [H.GHGP’} [Total Base]
( cf, page 95).

While this equation is merely 2 suggestion, it
WIv8s to show that there is no reason why the mech-

“8nism of the reaction between the strong inorganic

tases ang formaldehyde 'should not be fundementally
dentical with that of the weak orgenic bases. It Ir_-ust%
b gmitted that the inorganic bases have given very
litfcle definite informetion on which to found an argu-—%
B4t but, taking everything into consideration, it |
uld seem that both reset with formaldehyde in virtue!

0f theip hydroxyl ion concentration, but that, in addition

‘3116.1-
ac : B, B
terigt ic of each individuasl base. |

the
Strong inorganic bases possess & catalytic power
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INDEX TO EXPERRIMENTAL DATA.

PELEE L]
Reaction Veloc ity Experimsnts:-
Lithium Eydroxide 108.
Sodium Hydroxide 109.
Potassium Hydroxide : 110.
Tetramethylammonium Hydroxide 111.
Bariuvm Hydroxide LL2s5
Strontium Hydroxide 113. ;
Celeium Hydroxide 114. |
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:
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108.
LITHIUM EYDROXIDE.
HCHO 2%.(.67N).
5 . :
LiOH. s &. 8 - X, k.10 average.
n 29 9721 .00 230
60 6.80 220 225
102 5.40 227
140 4,52 221
04N 31 19.06 16.30 219
60 13.93 227 215
121 ; 10.66 209
180 ' 8.20 204
081 88.5  89.10 32.75 230
60 26.62 226 223
90 24,60 224
138 19.90 213
HCHO 4%. (1.33X).
102N 31 £.90 ol 315
| 60 5.60 335 333
102 4,03 337
l4g 2.87 346
L 04% 30 18.70 14 .75 B4F
, 60 11.%70 339 236
' 120 7.48 - 339
| 181 4,74 329
06T 32 28.75 29.95 350
- 63 23.35 349 345
90 19.00 344
l 150 12.20 335
HCHO 8%.(2.671).
021 33 8.67 6.30 420
60 4,77 433 435
103 3.10 434
143 1.95 453
104y 30 18.36  13.55 440
60 9.94 444 435
120 5.54 434
181 = T4 424
08 30,5 38,15 27.90 446
64 19.85 443 438
°0 15.42 437
150 8.73 427




04N

08

021

oOSE‘

30

60
120
180

30
60
120
180

50
60
120
180

30

120
180

30

120
180

30
60
120
180

33
60
120
180

30
60
120
180

60
120
180

=
)
D
o

SODIUM EYDROXIDE.

HCHO 2%+ (+67N).

& a - X, k.109 Average.

9.20 8.00 2082
6.80 219 205

5.27 202

4.05 198

19.10 16.5% 206
14 .42 203 199

L1.156 195

8.66 191

38.80 33 .49 213
28.90 213 207

22.02 205

1711 197

HCHO 4%. (1.33X)..

8.98 7«15 330
5.49 356 335

3457 334

2.37 528

18.83 15,09 321
11.90 332 325

7.62 327

5.00 320

38.30 30.18 345
23 .80 344 336

15.30 332

10,11 321

HCHO 8%. (2.67N).,

8.86 6,33 443
4.82 441 442

2.67 434

1.38 449

18.42 13.60 439
10.00 448 433

5.62 430

3.20 422

37 .90 20.44 447
.57 436 438

6.39 430




110.

POTASSIUM HYDROXIDE.

HCHO 2%, (.67N)

| KOH. T a. a - X. k.10° Average.
02T 30 920 “7.98 206
60 6.84 215 202
120 5.35 196
180 4.15 192
HCHO 2.68%.(.90N)
04T 30 18.38 15.3%0 266
60 12 .74 265 258
120 9.16 252
180 6.53 250
| HCHO 2.68%.(.90N)
081 33 38.20 30.78 285
\ 78 23 .47 871 267
128 17 .80 259
_ 180 13.40 253
|
HCHO 4%, (1.33X)
02N 40, 8.827  6.32 358
Y 4.90 %32 338
I 148 2.84 333
217 1.70 230
HCEOQ 5.36%, (1.80X)
04X 30 18.17 13.90 385
60 10.64 386 383
120 6.32 382
180 3,77 379
. HCHO 5.36%, (1.80N)
Rl 30 38.06 28.96 396
60 21.75 405 393
120 12.87 392
180 7.87 380
0uN HCHO 8%, (2.67N)
phal 30 8.55  6.35 431
60 4,66 439 433
120 2 .64 425
180 1.40 437
o HCHO 10.72%, (3.60M)
50 17 .40 12.72 453
60 9.21 460 460
120 4.84 463
180 2.56 462
08y HCHO 10.72%, (3.60L)
30 36 .96 26.77 467
60 19.50 463 462
120 10.32 462
180 5.56 457



111.

PTETRAMETEYTAVMMONTIUM HYDROXIDE.

HCHO .67N.

5
(Hz)2NOH. T, 8. 8 = X. k.10 Averags .
(ng'ﬁé-_ 32.5 9,10 AR 214 203
68 6 .64 201
125 5.06 204
405 1.49 194
04N 33 16.24 15.52 212 2086
67 13.18 211
126 10.03 206
405 3.08 191
08N &2 36 432 30477 225 206
66 26 .04 219
127 20.64 193
405 646 185

1 — T

HCHO 1.33N.

02N 315 8,91 698 337 334
62 5457 329
89 4,51 332
119 353 338
04N 35 17,70 13.48 338 333
64 10.80 335
90 8.92 331
120 717 327
081 5 35420 26425 344 339
65 21.16 340
91 17 .42 336
120 13.99 354
HCHC 2.67N.
021 35,5 8.05 5473 416 424
64 ; 4433 421
90 3 834 425
120 2 Wd3 434
+004Y &l.b. . 18.48 13.60 423 421
60 10.35 420
86 . £.03 421
116 6.00 421
+08N 30,5 18.10 13.32 437 430
58 10,24 487
85 7 .83 428
114 5,92 496

(5 cc. cach time).




04N

08N

021

W02N

08

180

30 .

60
120
181

30
98
134
180

30
60
120
180

30

120
184

30
101
135
183

30

120
180

[}
f |
o
L]

BARIUM HYDROXIDE.
HCHO (.67X).
8. a - X. k.10° Aversgs.
9,15 W ra 238
6.56 241 232
4.90 224
3.57 227
HCHO (.67N),
18.60 15.66 262
10.89 242 245
8.83 241
7.02 235
HCEO (.60N).
39.95 22 +55 296
27 .06 282 ong
19.50 260
14..2Y 248
HCHO (1.334).
8.90 6.85 383
5.37 366 367
%430 %259
1.98 361
HCHO (1.33N).
18.35 13.97 395
7.2 384 383
5.75 376
3.88 375
HCHO (1.20N).
40.50 30.10 430
22.60 422 406
13.561 395
8.52 376
HCHO (2.67N).
8.65 6.38 441
4,59 459 460
2 .37 469
1.18 470
HCHO (2.67N).,
18.10 12.88 492
6.06 471 479
4,12 476
2.41 4ne
HCHO (2.40N).
39.15 27 40 516
19.08 520 507
9.79 502
5.11 491




113.

e —

STRONTIUM HYDROXIDE.

HCHO .67N,

3r(0H) t. a. 8 — X. k.10° Average .
Tﬁﬁ?’z 30 9.05 V.50 266
76 5.92 243 248
143 4.15 237
199 2.95 245
041 35 18.32 14.81 280
63 - 18:23 279 ena
110 9.29 268
149 749 261
.08 27 38.08, 30.37 (364)
70 22.50 326 307
114 17 .08 306
204 9.84 288

——

|
1,021 30 8.84 6.71 399
: 60 5.06 404 392
145 2.48 381
202 1.49 383
04Y 30 18.20 13.87 593
69 9.56 405 593
110 6485 386
154 4,58 589
081 29 38.08 27 .37 494
75 17 .24 459 450
119 11.67 432
210 5.15 414

i S S o, S S

02 20 8.40 6.08 468
60 4,38 4anl 470

150 1.66 470

205 .90 473

gl 3 1836 18,96 504
60 9.30 492 494

125 4,47 491

166 2.84 488

08y 33.5 37.67 24.50 558
70 15.74 541 544

120 §.61 554

21 , 2,88 542




| Ca(0H)
T

021

t L]
31
62
120
176

30

122
180

4
(¥

60
127
180

114.

CALCIUM HYDROXIDE.

HCHO .67N.

3 715
.96
4,16
287

8

HCHEO 1.33W.

g.-' a = .}f.

8.38 6.14
4.60
254
1429

HCHO 2.67X.

8§.13 543
&.80

1.61

.78

k.10°

Averszge .

812
283
27%
280

4850
434
425
451

584
550
564
965

288

HS
i~
o

563



(CHz ) =N+

o

+04

08N

020

041

08I

021

04

08Y

if-St ¢olup

tl
60
120
210
380

60
150
520
500

60
150
320
500

€0
120
240
360

60
120
240
360

60
120
240
560

60
120
210
330

* 60

120
2190
330

60
120
210
330

15.

TRIMETHY RAMINE,

HCHC .67N.

& oo & = X
9.93 9.64
9.42

9.00

E.64

19.74 19.39
18.74
17.80
17.23

586 34 496
84 .21
33415
52413

e

HCHC 1.33N,

0.80 9,382
8.88

8.13
745

19.99 19.29
16.46
17 .37

16.47

39.16
88.16
36 41
35413

o —

HCHO 2.67N,

9.54 8.61
7.95

7.01

6.18

19.48 18.06
16.94
15.59
14.11
39.85 37.68
$6.01
&3.88
81.63

k.,10°

k.10°(t=0).

21.3
19.0
2043
1843

13.0
15.1
14.1
11.8

12.2
1142
9.5
8.8

7442
65.9
63.7
57.1

54.8
€0.5
46,1
42.5

4045
3647
5346
3044

215

15.4

11.5

37.0

26 .6

20.6

86.0C

D contains values of k.lOE,eX‘trapolated for




L1lOo.

TETRAMETHY LETHYIENEDIANINE o

HCHC .67X.

Base o te 8. & = X k.10% Value teken.
04N 30 9.30 9,24 (9.3) ;
86 8.96 18.8 20 ;
136 E.71 2049 '

———————

HCHO 1.33N.

021 52 4 .40 4.20 - 89 .
102 4,00 . 41l. 40
529 300 32

JOAN 30 9.10 890 32
&8 ' 8654 82 . 32
136 B.28 E0.

08N 52 18.70 18.00 32 .
103 17 .70 23 . 24
534 15 .20 17.

04T 30 8.84 8.54 50.
87 8.02 49, 50
136 739 (57.)

Jaction Veloecity Experiments with high and low

loncentrations of certain Bases.

|

SCDIULM HYDROXIDE.

HCHO .67,

LU t. 8. el k.10 Aversge. |
| 002N 43 2490 2.18 288 |
118 1e54 (233) 270
177 1.04 252
!
%% 40,5  w.50 6.01 258
126 B8 228 225

183 % .09 210

i ——— o




B0
0021

+0051
01N

2320

Base
0021

SNOH)E
002

00051
0Ly

0021

AL S

SODIUM HYDROXIDE, (contd.)

HCHO 1.33N.
t. 8. & = Z. k.10% Lverags.
41 2,17 1.49 708
85 1,02 386 296
169 W45 404
49 7 671 4,69 370
86 337 348 362
169 1.60 268
43 15,40 1102 238
88 7.94 327 336
170 4,03 343
34 6.19 4,17 50
80 2,72 446 476
TETRANETHYLAMUONIUN HYDROXIDE.
HCEO .67X.
[ =
t. 2. 8 = X k.10° Average.
47 14 .15 10.77 252
147 6.14 247 255
269 2.70 267
STRONTIUM EYDROXIDE.
ECHO .67XN.
t. 8. 8~ %, k.10% Average .
44,5 272 1.99 209
109 1.37 (278) 309
168 .83 308
BECEC 1.23X.
43 0.67 0.285 863
92 0,000 g9e 863
{?uﬂb Otbhakore) .
46 4 .59 2.70 486
94 1.24 594 4E6
152 45 657
45,5 2.35 1.44 467
100 .87 430 467
176 .26 543




118.

e

SODIUN HYDROXIDE AND FORMAIDEHYDRE.

(tarious concentrations of each. Figures used in
drawing up TABLES 2 and 3, pages 40 and 41).

o —

These experimeénts were performed inm order to
compare the constents obteined. As the constants
given by certain formulae vary in magnitude according |
to the volume taken for analysis, and the normality
| of the acid used in the titrstion, these factors have |

been included in the following tables. I

|
—— |

Cone . Conc. YVol.for Norm.of Time Titration.
fH0. NaOH. analysis acid. in mins. 1in CC. |
W04 08K 10 cc. 02N 0 38.65 |
353 B7.40 |
g44 35.86
1643 34 .60 |
2520 33460 =
3911 3200 '
8345 28.83 |
14045 29,00 |
19857 29.29 {
29772 2970 |
+08 .0817 10 cce. JUBIN 0 3830
355 34 .63
941 . 30.57
1647 28.00
2b25 25.88
: 3875 2594
' 5341 22.70
8349 20.20
14020 19.54
19863 18.6%7
29793 18.18
A6 08 10 co. 02N 0 3835
327 29 .13
\ 928 21 « G0
| 1620 16435
25158 13,05
2831 12.14
‘ 2848 10.14
| 5315 8.22
| 8342 579
14042 390
i loge6e 285
|
|
|
|




119.

(onc . Conc. YVol.for Norm.of
ME0, NeCH. @analysis. &cid.

W38N 16N 10 cec. «137N

641 32N 10 cec. 137N

1,28 .64 . 10 cec. «S00N

2|55E 1.281\? 5 cec. «500N

Time Titration
in mins. in cc.
0 11.33
39.5 10.00
61 9«47
84 €.98
109 8.53
142 7492
170 7.84
191 7.22
920 3450
0 22.78
3445 17.56
96.5 15.35
79 13.80
1056 12.35
138 10.98
165 10.08
17e 9.75
0 11.40
327 7405
51 595
74 4.96
83 4e71
102 4.19
135 3456
159 326
0 10.87
4.2 5477
43,7 4.30
67 3636
96 2460
126 216
152 1.88

LMUTRAL SaLT ACTION.

Sodium Hydroxide and 3alts.

|Gmmentrations used: -
‘ BOOH 5 - voim s




SODIUM CHLORIDE.

fone. Te & 8 = X, k.10° Averags .
o %0 18756  1Z.46 Ay -
66 10.84 354 356
9" 8 .34 558
135 6.22 352
I, 35 18.90  13.76 794
| 65 10.58 388 578
157 4.98 369
223 2.94 362
2., 38 18.50  12.70 430
| 63 10.08 © 419 416
94 7.58 412
151 5 .50 402

SODIUM BROWIDE.

'\51, 39 18.53 13.44 358

. 71 10,37 355 351

112 7 .58 347

149 5.68 345

¥. 32.5 18.28 13.70 385
71 1013 562 367

116 6.96 362

166 4.67 357

21, 31 18.80 13.88 425
69 9.55 426 419

102 710 415

151 4,52 410

&N, 31 18.62 13.19 483
68 8.73 484 474

100 6 .24 475

148 3.97 453

43, 43.5 18.63 10.68 555
74 7 .46 537 529

116 4.5Y 526

149 3 .37 498

S TopIpyg,
T 17.92 10.40 368

110 6.97 373 372
147 5.2% 364
188 B.74 362

e ——



| poPASSIUM CHLORIDE.
!0_0_110- -t_:' ia_.
68, 66 17.90

113

ThT

190

T, 30 18.46
67
113
1led

| 2%, 27.5 18.66
| 63

116

159

- e

LITHIUM CHLORIDE.
e 33.5 18455
73
105
155

-

SODIVM NITRATE.
T 38 18.41
68
100
132

3 58 18.56

—— T —— W —

01 scurars.
R 1600
66
98
130

12.95
10,17
7.81
6.06

k.10°

Average .

242
536
334
330

388
368
569
&56

4228
404
405
390

393
579
380
562

&83
366
366
460

367
363
554
556

387
376
370
364

336

1>
(o)
o

379

360



=
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SODIUM ACETATE (Contd.)

T. 44 18.33 12,60 370
86 8.90 365 358

123 6.70 355

175 4,65 340
Average of two...... 366

e pe——

SODIUM FORMATE.
671, 34 18.86 14.19 364

| 62 11.46 349 346
92 9.22 538
129 7 . 04 3382

SODIMM SUCCINATE.

. 45 18.67 13.29 328
85 9.95 322 317

126 743 51l8

172 .67 301

—— e — —

SDIUN CITRATE,
b T i — 18.25 13,17 33

82 10.00 319 319

124 7 .32 Z20

171 5.60 200

I 5 19.62 12.92 324
97 9,77 z12 309

136 7 .63 302

176 5 .85 299-




Barium Hydroxide end Salts.

Concentrations used:-

Ba(O0H)o. «: oue «0.04N
HECHO G & » sanels 1.33N.
Normal Constant... i.ciciisnsvoaise 383.
S0DIUM CHLORIDE.
Cone. t. 8. a - X. k.10° Average.
| N 34.5 17.50 12.72 402
it 8.66 397 395
115 6425 389
il 3.76 390
BARIUK CHLORIDE.
5N 27 18.18 13.00 540 .
- 66 : 8.30 516 514
i 95 6.11 499
| 133 3.91 502
N. 27 .5 17.67 11.80 637
62 7 odd 606 605
105 4.28 587
157 2.11 588

—— e ————

jﬁﬂgma BROMIDE.

_ Y 17.70 12.84 (664 )
58 7.64 629 618

88 5.10 614

125 3.06 610

%@H@L&E@E&Eﬁ-

I 31 18.17 11.53 (637)
67 7 .94 537 641

98 5.10 563

137 3.50 522

&Y. 29 17.95 10.18 850
71 5.70 702 692

98 3.26 756

128 2.89 620




o
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i
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Calcivm Hydroxide and Salts.

toncentretions used:-

08 (0H)gewenrsnos 0.02N.
OO il o st 1.%3N.
Normal Constant.....ccevveevonncnnnn endd] .
S0DIUM CHLORIDE.
Conc. T 8. & - X. k.105 Average .
T. a2 9.13 6.25 392
72 4.67 404 400
115 3.22 394
146 2.30 410
BARIUM CHLORIDE.
. 35 £8.90 5.3 616
| 68 i 602 609
109 1.94 607
147 1415 610
STRONTIUM CHLORIDE.
T zZ2 §.85 5 .44 660
| 67 3 .35 630 642
123 1.50 627
159 .82 650
CALCIUM CHLORIDE.
I 26 8.88 5.32 856
62 2.70 8324 836
100 b 1.31 831
140 .63 821
el 28 8.52 4.40 1024
63 2.01 996 998
102 .82 997

142 «35 o6




125.

SodiumcHydroxide and Pormaldehyde..... Verious Cones.
Sodium Chloride.......................Homal.
HCHO .67X.
3 i ~5 .
NaOH- E- %- & - 3’.. I: lli\) A'VG.E’& 28 .
“02N 25 9.29 8.09 240 e
61 6.66 237 236
94 5459 235
165 346 238
04N 54 18.30 13.80 227
86 11.53 233 228
120 9.80 226
188 6.91 228
08I 39.5 58.40 29 .80 279
2] 24 .03 271 266
165 14.97 248

| ECHO 1.33X.

02§ 32.5 9.28 6.98 380
62 5.47 370 . 370
92 4.24 370
| 188 1497 | BB
0e 35 W0 18,94 389
72 9.44 B79 375
135 5.66 367
| 197 586 =~ - Bbé
-o81 85.5 38.05  27.07 416
| 70 19.87 403 391
161 9.42 376
265 397 370

HCHO Z2.67N.

02 42 844 5.52 439
69 4,14 448 451

160 1.55 460

191 1413 457

«04x, 37 18.09 12.24 458
65 9.08 461 458

153 - 3.59 459

185 2.63 453

08 32 %6.00 25.08 491
60 18.29 490 479

148 7.25 470

189 4.78 464




s
|

Barium Hydroxide end Formaldehyds...... Various Conecs. |
S I E SRR R A Normsgl. '

|.!:: 126 L

HCHO .67X. |

a(0H) T & 8, = X, k.10° Average.
e L §25 B3I TEyp @ —oroEe
87 4.04 357 362 '
| 118 3+.10 360
185 1.79 359
Q4N i3 16:¢677 13.61 , 414
48 10.64 422 413
el 7.88 402
17 3.62 (373)
08I 43,7 35 .64 21.14 519
78 15.03 481 468
100 12 .48 £56
169 738 414

02K 48.5 8.17 4,16 604
&1 2.80 574 587
112 1.82 582
179 .73 586
W0Lx 0.5 17.ew 11.80 642
62 7 Ld 606 607
104 4.2 592
157 2.1 588
08T 29.5 30.08 18.67 702
| 65 11.19 661 654
| &7 8.22 647
| 154 Z.53 604
HECHO 2.67%.
02§ 32 755 4,34 816
62 2,42 797 806
| 134 .56 (843)
185 <232 (e13)
| J04x 31 17 .40 9.66 g24
&0 5.60 821 835
143 1.11 £36
182 A8 £E
+08x 29 35.50 19.29 014
58.5 11.00 870 £63
143 2.36 £35
179 1.15 832




127.

ORGANIC BASZS AND SAITS.

1, TQE __‘-: IIYJL{»\& IIJ.

oncentrations used:-

(c‘_élzm. ............. 0.041.
HEBO o ey sls aniss & 1.33¥.
Normel Constant , (T = 0)asses s o covin s ssevesen 2646
SODIUM CHLORIDE. 4
Cone . te & 8 = X ¥.10% (t = 0)
=T [:]¢] 19.53 18.00 59.0
150 16.34 51.6 68
320 14.02 45,0
500 12,16 41 .8
CALCIUM CHIORIDE . 5
Cone, T, & . 8 = X k.10. (t=0)
¥. 60 18.48 15.03 150
150 T 7N 131 158
320 842 107
500 6.04 97
. 60 19.16 15.73 143
120 13 .34 131
180 11.43 125
244 9.90 117

T

TRINETHYLAMING HYDROCELORIDE.

Lo — B, g - x. x.102 * (£=0)
04T, 5 21731  31.14 78
109 20193 7.2 8.0
209 20 .68 6.2

TETRAMETHYLETHY LENEDIAMINE .

lf‘oneentrations used:~ Similar to Trimethylamine.
Tormal Constant ....ovevene.n. - 32,

CALCTIUN CHLORIDE.
Cone,

T, a. 8 - X. R0 =N
° 2 9280 8.55 1
518 3,60 84 173

617 285 87




128,

CONDUCTIVITY DATA.

gonductivity of the Formaldehyde used.

For all the experiments - Temperature

All the bridge wire resdings,- x -,

yalues .

Normslit
0f HCHO.

Registance
in Ohms.

1.0

9

oL

+05

+025

The ¢onductivity of the formeldehyde is,

tegligivle,

1000
2000
2000
€000
10000

2000
4000
6000
1C000

5000
7000
10000

7000
11000

10000

= 25°%c,
Cell Constant = .218Y%.
are the corrected ;
X

in ems. 1—'—"—03_3{ Conduectivity
10.93 1283  2.68-1072
20.20 2551 2.77+10 g
27 «8 + 3850 2.81*19"5
44 .0 7857 2.86*10”5
57|1 1.'581 2.91"10—5

Average, 2.81+10
15.20 1795  1.96x1072
27 86 8746  8.05510° %
56«64 «5783 2.11*10_5
50.30 1-012 2-21 “10

Average, 2.08+10 ©
14.9 1751 7.6651078
20.9 «2642 8.25*10_6
30.2 4327 9.46+10

Average, 8.46+10-0
20.2 S521 . 7.gly1qrs
2‘?01 .3717 7.59“10

Average, 765100
23.8 3123  6.83x1076

therefore,
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Conduct ivity of Sodium Hydroxide.

Rasgistance

Normelit
of NaOH.
l1 b
10
15

in QOhms .

.08 5}
10

&0
25

.025 x 10
20
30

40

X
in ems.

33425
50400
£9.88

20.60
34 .14
43 .81
51.06
56456

21.10
34,86
44 .66
51.88

———————

X
T00-% Conductivity

4981  2.18:107°
1.0000 - 2.19:107%
1.491 2.17+10

Average, 2.18-10 %

2595  1.14-107%

5185  1.,13<10”7

.7794 1-14‘10:2
1.045 1.14-1075
1.301 1.14’10—

Average, l.14+:10

2674  5.85-1005

5848  5.85+10,

.8066  5.88-10°2
1.078 5.89+10"

Average, 5.87-10 2

Conductivity of Sodium Hydroxide + Formaldehyde.

Normsl itz Resistance

NeOE. HCHO. 1in Ohms.

oL ol 5
10

15

.05 5]
10
20
30

+05

+025 .,025 b5}

X e A
hTems To0== ConE_Luc'l: ivity
2870 4025  1.76<1072
45 .06 8197  1.79x1072
54.80  1.212 1.77+107

Average, 1.77 10
18.46 <2262 9.90r10:g
Bl B2 WA453Y% 9,92+«10
47 73 .9130 9.99n10"g
B7.78  1.369 9.98x10"
Averaege, 9.90+107
10.78 .1211 5.50=10“g
19.80 2469 5.40+107%
55-08 04948 5-41‘10"5
42.69 7448 5.45:10"2
49.90 9960  5.45x10"
55,43 1,243 B W44 <1070
5.40:10"°

—— e ——— i ——

Average,
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tonductivity of Sodium Hydroxide + Formeldehyde.

Resistanc

Normality 8 X

ﬁﬁﬁ?ﬁﬁﬁ%, 1n Ohms » in cms.

Al ) 5] 20.16

- 10 33,60

© 15 43 .27

20 50447

25 55 9%

05 s 5 11 .22

10 2055

20 34411

30 43 .85

490 51.10

50 06 464

1085 5 5] 5.90

10 1150

20 21 .00

30 28.87

40 34,77

50 40.10

80 51.80

100 57 «26

e ——

iggﬁﬂctivity of Barium Hydroxide.

lormelity Resistance X

033&10&;2 in Ohms. in cms.

ol 5 31l .60

10 48.18

15 5813

05 5 19.80

10 3308

B 42 464

20 49,85

25 55 .48

+025 5 11.36

10 20.70

20 54.¢58

30 44,07

40 51 .26

50 56475

B ———

% :
T00-—x Conductivity

2524  1.10+1072
5060 1.11-10"%
7626 1.11:107%
1.019 133151672
1-275 llll*lg_a
Average, L. 11«10~

.1263 5.53:19'%.
.2586 5466x10_ 7
5175 5466%10 5
s7811 5'70“10_5
1.045 5,71x1077
1.306 5.71x10"
Average, 5.66-10"0
L0627  2.74510-2
1299 2.84+10" 7
2658 2,91x1072
4000 2.92x10™9
05532 2-98‘10_
6695  2,93x1077
1.075 249410 7
14359 2.93:10

Average, 5V 0% A L0

I@%:E' Conductivity
4620 z.aleo“g
<9298 2.03+1077
1.389 5 .03x10
Average, 2.05x10 ~
.2469  1.,08+1072 |
4942  1.08-107%2
7435 1.08+1072
.9940 1.09+10
1.246 1.09:10%2
Average, 1.08<10"
1282 5.61x10"%
.2610 5-71*1O"§
.5225 5.72x10"
7878 5.7451075
1.051 5.75x1079
1.312 5.74x107°

Average, 57310 0
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tonductivity of Barium Hydroxide + Formeldehyde.

Tormality

Resistance

Base . HCHO.

in Chms.

ol ol

00 405

025

025

205 ad

WQR5 5

5}

10
15

10
15

29
1)

13
20
&0
40
50

- ——

5
10
20
30

20
30
40

(&1 T s I O B S

@ ~I
D00 OO0 oOOoOWm

[
(&
O

*
in ems.

27 .25
42.98
53.04

17.70
50.18
39«40
46052
52.05
5645

10.53
19.30
8242
41.90
49410
54 .67

19.40
8230
48.90
58.90

11.20
20.20
33450
43.10
00430
55,76

6.28
11.75
21.10
28.60
34 474
40,00
44,46
48.30
51.65
57.10

X%

Conductivity

100-x
<3746 1.64:1072 |
7541 1.65x10%%
1.130 1.65.10"2
Average, 1.65:10-2
2151 9.41+10™3
4322 9,45:10™°
+6502  9.4811073
«+ 8699 9.52x10
1.086 9.50x10"93
1.302 9.49 10~
Average, 9.40+10-9
.1177 5.15:10“2
2392 542321072
L4797 5+25>1072
7212 5.26x10-%
c9646 5.27x10
1.206 5,2751079
Average, 5.24x10°9

-2407 | 1.05:107%
14?71 1004'10_2
+9570 1.05x10"%
1.433 10010 =
Average, 1.05x:10 ¢
1261 bs2sdors
a2551 5055519‘U
5088  5.51x1075
7575 5.52+%10-"
1.012 5553 x10"
1.260 5.51 1079
Average, 5.52 103
.0666  2.91-1072
«1337 2493x10”%
<2674 2.93:107°
«4006 2.92x10:§
05525 2-91*10 o
6667 29251077
. 8004 2.92x107°
09542 2-92310:5
1.068 2.92x107C
10551 2.91x10“u

Average,

e Dn £l *0
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1.

POLYMOLECULAR CHEMICAL REACTIONS.

Polymolecular chemical reactions are of two
types. The first class consiste of these in which one
molecule of each of n different substances, all
originally present in the same concentrations, is

necessary and sufficient for the occurrence of the

|change. The differential equation sssumes the form-
1

1
N

dc/dt Lolululcuissnveess(n times)

o (1)

(811 concentrations in this section msy be tasken as
!
‘measured in gram molsculesg per litre.)

The other class is much more genersl, and in-
-cludes those reactions in which the n molecules,

setually taking part in the change, are not all dif-

-ferent. If m, molscules of substance A4, reacting

o

with initisl concentration C,, disappear for every m,

molecules of substance B,- of original concentration

S5, used up, snd so on

AC/At = k.0;0,0,0,::ve0530,0,00::050,55

m, iz 20
= B0 e TN 2 e _ (2)

)
HEZE i+ m +mb.c: =

£

This equation cen be put in & more useful form.

‘e

=
If several cubstances 4,B,C, .- with ipnitial con-

-

s 8,b,¢,...-teke pert in & simple reaction,

u : 1
Misturbed by any simultansous or secondery chan

=

t i,,n,«..,2re the number of molecules of 4,E,C,.



|

|t
L]

| . A -
which must react sirultesneously before the change

considered can talie place, then, where x would be the

ectual fall in concentration in time %, of 2 substance

| of which only one molecule was necessary for the

progress of the resction,
dx/it = k(& - 1x) (b - mx)®(c - nx)2... (3)

the number of factors being egual to the number of
different substances taking part in the reasction. If

any substances which do not resct, are present, the

| corresponding factor hes the exponent zero, and is

thus vnity, e.g. (¢ - 0x)V = ¢® = 1. 1 similar
eqﬁation\has been given by wEgscheider%)in & paper on
"The most general form of chemico-kinetic equations
for hoﬁbgeneous systems"

From this general squation can be deduced all

Ithe ordinary monomolecular, bimolecular, etc. velocity

| of remetion formulae. For example, when two different

substances, both initislly present in the same con-
-centration, reset, and only one molecule of each
takes part in the change, then, substituting in the

equation &= b, and 1 = m = unity.

ax/dt = k.(a - x)? (4)
This is the equation usually given.
3imilarly, when three substances, originally
Present in different concentrations, teke part in &

reaction/ |

1) z. physikal. Chem.,(1900), 35, 513.
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reaction, only one molecule of each being nscessary

for the occurrence of the chenge.

dx/dt = k.(a - x)(b - x)(c - x) f5);

Reactions such a&s these present no difficulty.
Trouble has, howevaer, frequently'arisen when diffsr-
-ential eguations have been required for reactions
in which two or more molecules of at least one of the |
gsubstances present are necessary for the progress of |
the change, i.e. when one or more of the quantities |
l,m,n, in equation (3) is greater than unity. Applyiné
the general equation to such actions formwulae of the

following types are obtained.
Bimolecular: -

When & change takes place involving the interaction
of two molecules of the sole reasctent present, the
equation (3) reduces to a single term, and, if a be
the original concentration of this substance, then, |
since 1 =2,

dx/dt = k.(a - 2x)% (6)

Termoiacular:-

Whesn the change involves one substance only, the

equation takes the form,

dx/at = k.(a - 3x)° (7)
| but when two molecular specles A and B take part,- |
their initial concentrations being & and b respect-

-ively,- and two molecules of B resct with one of &, |

dx/dt = k.(a - x)(b - ax)® (8)




4.,
In a formula such ss

dx/dt = k.(s - 3x)° (9)

vhere & is the total initial concentration of the
:reactant, of which three moleculss take part in the
chenge, and x is the reduction in concentration in time
ii» due to each moleculs reacting,- it is quite
:allomble, if absolute values of the veloecity constant
are not reguired, to make ths substitution x, = 3x,

whenca e
dx/dt = k‘(a - zll"‘ (10}

The oconstants obtsined from equation (9) are & con-
-stent multiple of these given by formula (10). This
c&n be sesn by compsring ths integrated forms which

8T8 -
= %{Tﬁ‘ﬁ}z = é}

-
ta]
| ———

7 R E’E{fa-X,)z

5 E, = Bk,

It would not, howsver, be justifisble to use

ix/it = k,la - x)° (11)
¥here & and x have the ssme significence &z in (9).
Tis 21s0 can ts reedily proved by compering the

Integrated forms. oOn integretion (9) gives the

&=
Yllowing expression for k.

1 P 1
_B'F 8 - uz}d i gz}

Nl
It
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vhence - k = x/28%t {_%_2 « 23};_}2}

Similarly (11) gives -

o i A | X
e z'f{T“-“a-x)z = 52}

| — 2. J2a - x
| = et (o)

The values of k and _132 cen only be equal in the very

speciel cases when X =2.215a or 0.4515a, and the one

iis a constant multiple of the other, (k = pkz] , only

when the values of & and x satisfy the equation

B = (24p - 8)ax® (13p - 7)afx - (2p - 2)a® = 0

(%0 - 3)x
In general, therefore, the two forms do not give the
seme constants, or even the one set a constant
miltiple of the other.

Several authors have virtually made this mistsake
of neglecting the coefficients of x. For instance,

1
loyes and Cottle employ the formula

dx/dt = k.(a - %)(b - x)* (12)

Where g and b are the initial concentrations of sub-
-stences 4 and B, of which one molecule of the first
8nd two of the second take part in the reaction. The
®Oncentration of B falls at twice the rate of thet of
4, but the equation chosen does not show this.
This mistake has been so common that further

Pr0of of the insufficiency of the formulse used will

b given, The/

1) 2. physikal. Chem.,(1898), 27, 579.
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1)
The reaction studied by Noyes and Cottle can be re-

-presented by the equation
2CH5000A5 + HCOOlla = 2Ag + Coz-f CEZCOOH ¥ Cchooma

éIn their calculations they employ formula (12), where
& and b are the initial concentrations of sodium
formete and silver ascetate respectively, and x is the
meesured fgll in concentration of the latter sub-
-gtance. Considered from the kinetic standpoint their
equation is readily seen to be incorrect.

If the silver acetate be taken in excess, then,
when the fall in its concentration is twice the
original cbncentration of the sodium formate, the
latter substance will dissppear altogether, and the
velocity of reaction will be zero.

i.e. dx/dt = 0, when X = Z2a.
Noyes and Cottle's equation states that the resction
will finish when x = a. The formula which they should

have used evidently is
dx/dt = k.(a - x/2)(b - x)® (13)

This is identical in form with equation (8), as can
be seen by making the substitution y = x/2, when it
becomes
dy/it = Ik (a - y)(b - 2y)"
Similar formulae to these given can be deduced
from the genersl equation, for resctions of eny order.

The use/

1) Zz. physikel. Chem., (1898), 27, 579.
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The use of erroneous formulae by seversl workers is
possibly due to their having accepted without guestion
these given by Ostwaldlz and integrated by Fuhrmannzz.

The form of the equations,which should be used
in eny particular case, having bezsn settled, the
evidence for the existence of termolecular reactions,
in perticular, will now be reviewed.

It has often been found thet in plscs of an
expacted reaction of the third order, one of lower

3)
i0vn to hold. llellor expleins this

=

order has been s
well in the following words,"Reections of higher

ordsr thgn the gscond sre not very common. This is
eacsily undsrstood if we sssume thst bimolécular
reections sre caused by the collision of two molecules,
termolecular reactions by the collision of three
molecules, etc. Ths probability of a2 simultsneous
collision between thrse molecules ie very muck less
then betwesn two molecules, snd the grsater the

number of molecules tsaking pert in 2z given trans~
-formetion, the more 1lik 91; fie the regetion to proesed
by some other path thsz by the simultaneous collision

4)
of ths rescting molscules.”™ In Nsrnst's opinion, the

-

$15-634 .

| 1
&)
'a.

Iehrboch d@. sllgeme inen Chem i&, (18€7),
Z. phyeiksl. Chem., (1889), 4, &9.
Chemicel Statliee snd Dhnamias, (1e04}, 53.
Nermst, Theoretiesl Chemistry, (1¢23), 651.

e g B
P e
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under QUite exceptional conditions, and hence most
apparently polymolecular reactions really take place
by means of simpler (uni-, bi-, and very rarely tri-
-molecular) ones which occur successively.

The work of Khoblauchl)on the velocity of sapon-
-ification of esters of polybasic acids affords an
excellent example of this. If the radicle of a dibssic

acid be represented by RY its ethyl ester is sspon-

|-ified by caustic soda according to the egquation
R"(02H5}2 + 2NaOH = R"Na, + 2C,H 0H.

This, however, does not indicate what appears to be
the true course of the reaction. The change is not

termolecular, but occurs in two stages,

" — 14
EICR (02H5)2 + NaOH R (02H5)Na - 02H5OH

T T — "
2) R ( 03115}3&1 + Ne OH R"Na, + 02350}1

and consists, therefore, of two consecutive bimolecular
reactions.

The saponification of methyl acetate by calcium
hydroxide, instead of being a reaction of the third
order,

2CH,COOCH, + Ca(OH), = (CH,C00),Ca + 2CH,OH

3
probably proceeds according to the following eguations,

CH COOCH5 + H,0 == CHSCOOCHB.Ezo (Fast)

3 2
CH,COOCH; «H,0 + CH' = CH,C00' + CHBOH_ (Slow)

and should/

1) 2. physikal. Chem., (1898), 26, 96.
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should, therefore, give a bimolecular constant.

It is not surprising then thet the number of
changes which are believed to be termolecular is very
small. In fact it is very doubtful if there is a
single well authenticgted example of such a reaction
in the literature. & number of the cases usually

quoted are given in the following list.
&) Polymerisstion of cyanic acid%]
b) Decompogsition of votassium hypoiodite?)
¢) Action of stannous chloride upon ferric chlorida?)
d) Action of silver acetate upon sodium formate%)
@) Union of hydrogen and oxygen?)
f) Action of sodium hydroxide upon benzaldehyde?)
g) Oxidation of sulphur dioxideT)
h)_Union of carbon monoxide and oxygsn?}

A few of these will now be considered, and the evidence
which has been advanced in favour of the existence of
termolecular reactions reviewed.

2)
Sehwicker has studied the transformation of

potassium hypoiodite into iodate, and concludes that

it is & resction of the third order. This/

J.E. ven't Hoff, Btudes, (1884), 90.

A. Schwicker, Z. physikal. Chem.,(1895), 16, 303.

Noyes, Z. physikel. Chem.,(1895), 16, 546;
(1896),21, 16.

Noyes & Cottle, Z. physikel. Chem., (1898),27, 579.

Bodenstein, Z. physikal. Chem., (1899), 29, 665.

Pomeranz, Monatsh., (1900), 21, 389.

Bodl&nder & Xoppen, Z. EBlektrochem.,(1903), 9, 559.

Z. physikal. Chem., (1903), 44, 385,

(GMIFAVE o)
e et et
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This change is generally represented by the equation
SXIO == I{IO3 + ZKI.
| and should accordingly give a termolecular constant.

He employs the following formule,which is correct,

dx/dt = k.(A - x)°.
| where
A 1s the initial concentrstion of the hypoiodite, and
{E is the reduction in concentration during time t.
When there is an excess of lodine present, the
integrated expression gives & constant value, but when
the potassium hydroxide is in excess a very good
bimolecular constant is obtained. What the course of
the reaction is, and what is the equation which re-
-presents it, are left unanswered. Such results can
hardly be taken as evidence for the existence of
termolscular rsactions. lioreover, Taylorl)consiaers
that Schwicker's results are not altogether satis-
-factory, as he neglects the effect of the potassium
iodide in his "iodine" solution. That the rate of
formetion of iodate is largely dependent on the
concentration of the iodide ic shown by Foerster and
Gyrzyin a paper on " The action of iodine on slkalis."
These observations are extended by Forster33 and it
seems reasonable to conclude that, with such evidence
against his work, Schwicker's deductions cannot be
accepted.
1) Chem. News, (1897), 76, 17.

2) 7. Slektrochem., (1903}, 9, 1.
3) J. Physical Chem., (1903), 7, 640.
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The reduction of silver acetate by sodium
1)
formate is, according to Noyes and Cottle , a ter-
-nolecular process, and the equation as usuallﬁ

written is

ECHBCOOAg + HCOONa = 24g + CO, + CH5COCH + CH;COONea.

These workers use the formuls

ax/at = k.(a - x)(b - x)° (15)
- Where (a = total initial concentration of HCOONa.
4 b = total initisl concentretion of Cli,COOAg.
X = fall in concentration of CﬁﬁcOOAg in
\ time t.

' This has already been shown to be quite in error, &nd
thus the constants which they obtain are valueless
| for proving the occurrence of reactions of the third
order.

When the dats given are substituted in the

. correct equation

dx/dt = k.(a - x)(b - 2x)%. (16)
where & = total initial concentration of HCOONa.
b = totsl initiasl concentration of CH,COOAg.

J..'.Z)
fall in concentration of HCOONa in

I
]

\ time t.

_constants are not obtsined, which proves that the re-
-action is not simply a termolecular change.

(In the tsbles on the following page (B - x) is the
value given by Noyes &nd Cottle for the concentretion

of silver acetate remaining at the time indicated.)

1) 2. physikal. Chem., (1898), 27, 579.

(14 )



[
o

I

A =c¢cone. B = conc.

HCOOTa . CH,C00Ag T B - x. Ikg(N.&C) kycor,

.100 .100 2 . 06694 30.8 27 .3
4 05334 31.3 25.6

6 . 04684 29.6 22.9

9 .03784 255 22,2

14 03235 20.6 19.6

.050 .100 2 .08103 30.0 26.2
4 .07180 3042 885

7 .06395 21.2 20.6

i .05920 29.7 16.9

16 .05625 28.0 13.5

.025 .050 10 .03766 5743 30.5
25 03136 38.6 24 .7

45 .02840 37 .3 18.7

80 .02653 34 .4 12.8

Under kB(H.& C.) are given Noyes end Cottle's constants,
under kscor. t??se calculated from formuls (16). |

Bronsted , accepting their figures, has tried to
explain the fall in the constants with rise in total
concentration of the reactants, and finds some
"complicated relationship" which he cannot explain.

He suggests that the reaction mey not be of the third
order, and shows, in the following manner, how &
bimolecular reaction might lead to a formula of &
termolecular nature.

If we suppose that the reaction really takes
place between silver ions, and undissociated silver
formate, and is bimolecular,

ax/at = k.(Ag")(Undissoc.HCOOAg) (17)
Now consider the equilibrium

HC00Ag == HCO00' + Ag’
(Ag®) (HCOO') = (P(VJ{HCOOAg) (18)

whence

In dilute/
1) Z. physikal. Chem., (1922), 102, 193.
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In dilute solution @fv) -~ & term expressing the effect |

of dilution on the ionisation of the salt - will not |
alter apprecisbly. Therefore, substituting in equation

(17), 5
dx/dt = kl(Ag') (HCO0O0"'). (19)

| which 1is identical with the equation for a reaction

of the third order on which Noyes and Cottle based

their work, and which is derived as follows:- ‘
|

Bquation (14) reduces to

24g’ + HCOO' = 2Ag + 00, + E*

whence ‘ 9 |
dx/dat = k.(Ag®)”(HC00"). |
Bronsted, then, shows that even though Noyes and Cottle
had obtéined constants, using & correct fornula, their
results would not necessarily have proved the reaction

to be termolecular.

Noyes and Cottle's experiments, therefore, give
no evidence whatever in favour of the existence of |
reactions of the third order. ,

Pomeranzl)has studied the action of sodium i
hydroxide on benzaldehyde, and believes this to be & :

termoleculer change. The formulee he uses are Quite

correct, and the constants obtained satisfactory.

| However, certain of his arguments detract considerably

| that the velocity constant increases with increasing

from the value of his paper. For example, he finds

initisl concentrstion/

|1) lionatsh., (1900), 21, 389.
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concentration of the reactants, and from this fact,
without further proof of sny kind, mekes the statement
that only the undissociated caustic sods molecules
participate in the reaction. His results, as they stand
although apparently better than those of msny other
workers, cannot be accepted as good svidence for the
type of reaction under consideration.

Kﬁhll)has studied the Irinetics of the reaction
between carbon monoxide and oxygen, whick, as far as
[the final chenge is concerned, procesds according to
the equation

2C0
2

i

200 + 02

He finds that the reaction avpesrs in genersl to be
|of the third order, but that the results obtsined are
irregular. The equation used when the gases are not
taken in equivalent emounts is correct, but his
formula for the velocity of resctlion when equivalent

1quart1ties are originally present is incorrect.

@O

Reactiorns between geses are specially lieble to dis-

imente have been no

,h.&

~turbing influences, and nig expe

lexceptions. Whatever be the meaning of his results,
1

they casnnot be teken as good evidence for the existencs
. |

of termolescular rsactions. '
In & peper on " The rate of formation of sulphur
ltrioxide in presence of platinum', Bodlénder end ¥Oppen
]emgloy the corrsct formulese. Their results are, howeven

difficult to interpret. A change in the conditions of

the / |_
1) Z. physikal. Chem., (1903), 44, 385. ;
2) Z. Blektrochem., (1903), 9, 559.

g)

?
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the experiment mskes a great difference in the
apperent order of the reaction, and although a numberl
of the results are in fair sgreement with the require-
-ments of the equation for e resction of the third
order, the research as & whole cannot be said to give |
much support to the existence of changss of the kind
considered.
1)
Bodenstein has studied the combination of

| hydrogen and oxygen to give water, end, esccording to

the ordinary eguation’

g
v
+
(@]
|

2H,0,

it would be expected to obgy the law for a reaction
| of the third order. Little fault can be found with
the formulae he employs for the calculation of his
constents; they only differ from the correct eguations

factor. ; y
v & constant $esm. The results obtained are, however,

very unsstisfactory, snd he confesses that he cennot
explein the irregularities. This, being a ges reactiof,
ig ligble to disturbing influences such aé the
catelytic effect of the walls of the conteining vessel,
but, spart from this, the reaction very probably takeé

place by & serieg of changes, each of lower order than

the third. His research cannot be said to have

strengthened the evidence for the occurrsnce of |

| termolescular processes.

1) Gasreaktionen in der chemischen Kinetik, V,
%. physikal. Chem., (1899), 29, 676,
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One of the standard exemnles of a resction of
the third order is that originally investigated by
Noyeslz He studied the action of stennous chloride on
ferric chloride, for which the following equation is
usually given

2FeCl5 + Sncl2 — 2FeClz + SnClé.

In the theoretical section of his paper he points out
that if the number of substances taking part determine%

the velocity with which the resction proceeds, then

the differential equation takes the form
dx/dt = CE(A - x)(B - x)

If, on the other hand, the number of molecules re-
-geting Is the deciding factor, then, in hies opinion,

the following expresses the rate i
£ 2
ax/at = G, (A - x)(B - x)

whers in both formulae

A = total initial concentration of Snclz,
B = totsel initial concentration of FeCls,
x = fall in concentration of SnClz in time t.

When equivalent amounts of the stannous and

| ferric chlorides are taken, he finds the constants of
|
|the third order bad, but much better than those of

the second. When the concentrations of the reactents |

|are not egual, satisfactory constants are never ,

obtained. All that can be said for those of the third

order/

1) Z. physikal. Chem., (1895), 16, 546.




the reaction being of the third order.
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order is that they are much less variable than those
of the second. From evidence based largely on these
"constants" he concludes that the resction, although
disturbed, is undoubtedly & termolecular process.
Apart from the unsatisfactory nature of the |
"constants", it is evident that he has employed &an
incorrect termolecular formula. His results, therefore
even though they could be accepted as gufficiently

constant, cannot be taken as evidence in favour of

In fact other investigators consider the change
to be bimolecular. Kﬁhlenbergl]gives figures which he
belisves are sccurate enough to prove this. His result
however, are noE convineing.

Kbrtrightm?takes into account the fact that
stannous end ferric chlorides are hydrclysed in sol-

-ution, and recalculates Xahlenberg's results, sub-

~stituting in each case the concentration of un-

~hydrolysed salt for the total concentration of the

chloride. By this method he obtains exceedingly good

bimolecular ?onstants. _
3 ;
Noyes hes replied to Xortright, saying that the

latter's exglanatlon is valueless, as results obtainew
4

by Goodwin show that the hydrolysis of ferric cnloride

to ferric hydroxide/

J. Amer. Chem. Soc., (1894), 16, 314.
Amer. Chem. Jour., (1895), 17 L lis:
Z. physikal. Chem., (1896} —“1, 16.
%. physikal. Chem., (1896), 21
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hydroxide can occur only to & very small extent - 188%
than that required by the explanstion given.

Whatever be the truth with regserd to the pointsl

raised in these pepers, it is quite obvious that there

is as yet no evidence to prove that this reaction is

termoleculsr. In faet the balance is in favour of a

lower order, complicated in some unexpleined menner.

In all the examples given the stolichiometriec
equation would lead one to expect a reaction of the |
third order, but it is important to distinguish |
between such an equation and the equation or equations
which truly represent the course of the change taking
place. The evidence in favour of termoleculer processes

has, in nearly all the cases guoted, been of a very

doubtful neture, and is certainly not of such a kind
s can be accepted as proof of the occurrence of sqch!
changes. From kinetic and other points of view thers |
is much reason to believe that the changes take pleace |

|
by & series of reactions of the second order, and that

| the higher polymolecular reactions quoted in literature

1) |
are equally simple in their mechanism. Rice's state~-

. ~ment with respect to unimolecular reactions sums up

the case for those of the third order: " Amongst the
great number of measurements of velocity of chemical
reactions there are none in which we are ressonably

sure that & unimolecular resction is occurring”.

| 1) Taylor - A Treatise on Physical Chemistry,

(1924), Vol.2, p.868.




