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THE ADSORPTION ISOTHERM.

Part 1, -— AT LOW AND INTERMEDIATE
CONCENTRATIONS.
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Part 1.
- Adsorption at Low and Intermediate
Concentrations.
Introduction.

The study of adsorption on a solid surface at
a solid - liquid interface has been developed greatly
in recent years, and much literature on the subject has
been published.

The normal course in presenting the results
is to make use of Freundlich's Empirical Formula for

adsorption,

3~

X
m = atc

*

where x is the amount adsorbed,

m is the amount of adsorbing substance,

¢ is the end concentration in solution,

a is an arbitrary constant, the value of
which depends on the nature of the substances
in question and the units used;

‘ﬁ) according to Freundlich, is always less
than 1, generally between 1 and +5, but

has a constant value for a given substance



using the same adsorbent and solvent.
The graph log. w (ordinates), log. ¢ (abcissasg)
would then be a straignht line, ana, provided the same
scale is chosen for ordinates and abcissae,the gradient
will equal %" .
This equation has no theoretical foundation  but it is
claimed that it is justified,as it fits the majoritly
of experimental facts. An examination of some
published data,to see how closely the formula interpreté
the experimental observations,6is interesting.
Blitz (Ber., 1904, 37, 3138) and, more recently, Boswell
and Dickson ( J. Amer. Chem. Soc., 1918, 40, 1793)
investigated the adsorption of arseneous acid by ferric
hydroxide. The latter in their summary, state: " The
logarithmic curves plotted from our measurements, although
approximating to straight lines, yet show unmistakably a
concavity to the x axis, thus indicating a deviation of
the adsorption phenomenon from the adsorption equation ".
That is, over the relatively small range of concentration
examined by them, they observed the value of ‘%’ to increase

with decreasing concentration, its average value being

!
about T
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Davié ( J. 1907, 91, 1666 ) investigated the adsorption
of iodine by different kinds of charcoal. The range

of concentration examined is not very great, and an
examination of the logarithmic curves for his results
p.1681, indicates practically no deviation from the
adsorption formula. It is significant, however, that the
charcoal with the highest adsorptive power has also the
lowest value for % .

Experimenting on the adsorption of dyes in very dilute

solution by cotton fibres, Georgievics observed that

?ﬁfﬂ%;;;b; is a constant ( Zsigmondy "Chemistry of
Colloids” 1917, p.205),that is, the value of w is 1.
Again, the same author (Monatsh 1913, 34, 733) states
that the interpretation of the meaning of x in the
ordinary distribution formula,

W - ok,
has hitherto been a matter of difficulty; when the range
of conceniration varies greatly,it is often necessary
to have different values of x for different ranges of
conceniration,in order to obtain a constant value for K .

That is, using the empirical formula to interpret the

!
results, the value of W changes with alteration in
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concentration. Williams (Medd. K.Vet. Nobelinstitut
1913, 2. No.27, 1-23) working on the adsorption of acetic
acid by blood charcoal finds that his results seem to

show that for very great dilutions)%t becomes & whole
'number or 2 simple fraction.

Carrying out some absolute measurements of coefficients

of adsorption,Bancelin (Compt.rend. 1914, 158, 791)
observed that the adsorption of dyes and also of sodium
chloride by glass plates increased with the concentration,
but was not exactly proportional to it. That is, the
value of %7 was a little less than 1.

Summarising the foregoing data, the value of = appears
to equal 1 for very dilute solutions, but there is difficulty
in proving this quantitatively for such low concentrations
by the methods employed. For solutions of intermediate
concentration,the value of % is less than 1,and tends

to decrease with increasing concentration.

The study of the adsorption of radio-active substances is
a valuable aid to the investigation of the phenomenon at
very low concentrations, as the amount of radio-active

substance present can be accurately measured,when present

in very much smaller amount that the limits of chemical or
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other physical means. OUne is thus enabled to study
adsorptioh at that most interesting stage when the firsi
layer of atoms or molecules is being laid down. Berry
(3.1910, 97, 196) investigated the adsorption of

tranium X by precipitation of barium sulphate in a
solution of uranium nitrate. The claim is made that

the value of 7 (n in Berry‘s paper) is scarcely
affected by diminishing concentration of unranium X.

In his calcuiations, however, the constant "a" of the
adsorption equation is omitted and the calculation of w
ig thus vitiated. On graphing log. = , log. ¢ for

the figures given, no definite value can be ascribed to
the exponent, its value, however, appears to be greater
than unity which is contrary to the accepted views on
adsorption. More recently,Ebler and Rhyan (Ber., 1921,
54, 2896) carried out similar experiments by precipitating
barium sulphate in increasing quantity by sulphuric acid,
in a solution of barium and radium chlorides. They obtained
for log.rﬁ', log. ¢ a curve,convex to the x axis,and
the value of W appears 1o increase with increasing
concentration from a small fraction up to approximately 1.
They omit, however, to take into consideration that, as

shown by Berry's work on uranium X, the value of "a" is
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~ probably altered by alteration of the hydrogem ion
concentration, so that the graph doesnot represent

the path of adsorption under constant conditionms.
Ritzel ( Z. physikal. Chem. 1909, 67, 724) investigated
the adsorption of uranium X by charcoal,and found the
value of the exponent % to be 1. He also observed
that the addition of a trace of thorium prevents the
adsorption of uranium X.

Soddy (J. 1911, 99, 72) believes that the prevention
of the adsorption of uranium X by thorium is connected
with the isotopism of the two elements.

Freundlich, Newmann and Kaempfer (Physikal Zeitsch
1614,15,537) in a paper on the "Influence of the presence
of other substances on the adsorption of Uranium X"
disagree with Soddy's explanation. Their argument is,
that while thorium nitrate prevents the adsorption of
uranium X , other substances, zirconium salts and even
benzoic acid have an appreciable effect. In another
paper on the same subject Freundlich and Kaempfer

( Z. physikal Cher.1915, 90, 681) reaffirm their views.
They also found the adsorption coefficient for both

uranium X and thorium nitrate both nearly unity.



Now,if it is accepted that uranium X and its isotope
thorium are not separable by an adsorption process, an
assumption justified by the work of Fleck (J.1913,103,
381),and also,if is accepted that the adsorption
coefficient of uranium X is 1 ,then the value for =
must decrease with increasing concentration of the
hetratope "atomic number QOf,Because if it remained
equal to 1, increasing concentration,brought about by
the addition of thorium,would not alter the ratio of
the ampunt of hetratope adsorbed to that in solution in
equdibrium, and the 4 activity of the adsorbent (a
measure of the amount of uranium X present) would remain

unaltered.

It occurred to the author that by making use of the
isotopy of urarium X and thorium,one could follow the
course of adsorption uniformly from very low concen:
:trations up to the point of saturation, and ,with the
‘view of ebserving the alteration in the value of -,
the following series of experiments were carried out:-
1. Investigation of the adsorption of uranium X from

solutions containing no thorium.

2. Investigation of the adsorption of uranium X from



solutions containing known small concentrations of
thorium.
Uranium acetate was used as the source of uranium X,

and basic ferric acetate as the adsorbent.

Be
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Experimental.

After many preliminary experiments,it was found best

to use basic ferric acetate as adsorbent. A few drops

of a ferric sulphate solution were added to a boiling
solution of uranium acetate,the acidity of which had

been previously adjusted,and boiled under a reflux
condenser for 30 minutes. On boiling for a larger
period,no alteration in the amount adsorbed was observed.
It was noticed that if the iron solution was added in

the cold, less uranium X was adsorbed. This was probably.
due to the colloidal particles in the latter case being
larger.

The advantages of this procedure were that the condiiions
were quite standard and,moreover,after filtration the
solution was practically unchanged.

Preparation of Iron Sulphate Solution.

12+5 grams anhydrous ferric sulphate were dissolved
in 250 c.c. water with the addition of a little sulphuric
acid to prevent hydrolysis. 1 c.c. of this solution
was teken as unity in the determination of m,t .

Preparation of Uranium Acetate Solution.

2€ grams uranium acetate, Uo, (cu,c00),. 26,0, were

dissolved in 600 c.c. water and 35 c.c. of sulphuric
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acid (10 gms. per 100 c.c.),17-5 c.c. of sodium acetate
soln. (30 gms. per 100 c.c.) were then added,and the
solution boiled under a reflux condenser for 30 minutes.
The flocculent matter which appeared was filtered off
and the volume made up to 700 c.c.

Estimation of Total A2 Activity.

20 c.c. of this solution were diluted with
80 c.c. water,and 5 drops of a thorium nitrate solution
(1 coc. = 0°08 gram of thorium) added. After mixing,

C+5 gram of ammonium benzoate was added,and the solution

‘boiled under reflex for five minutes. The precipitate of

thorium benzoate was immediately filtered off by suction
on a double layer of ash-free filter paper, about 13"

diameter, supported on a porcelain plate. This'was the

‘method adopted for all subsequent filtrations.

This treatment removed about $8% of the uranium X.

A further treatwent with £ drops of thorium solution
removed the remainder.

The 3 activities of these precipitates, and also of the
flocculent matter were observed, corrections were made for
decay between time of precipitation and observation,and the
readings §tandardised by comparison with a standard of

Uranium Oxide.
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Bactivity of flocculent matter 6748 div.per min.

" *  first ppt. = 10°80
" * second ppt. = 0°22
" of 700 ¢.c.s0ln. 1102 x 35 = 38570

453-18 * " "

This is the [ activity due to uranium X when present in

equilibrium quantity.

Removal of lhorium if present.

The clear solution (680 c.c.) was raised to
boiling under & reflux condenser, and 1 c.c. of the iron
solution was edded. After boiling for 30 minutes, the
solution was filtered hot. Scarcely any iron was
precipitated owing to its slight solubility., A further
1 c.c. of iron solution was now added to the boiling

solution, which was again boiled for 30 minutes and

filtered, and a precipitate was now obtained.
The treatment with iron was rebeated 16 times.

This removes any thorium which might be present together

with all the uranium X. The solution was made up to the
original volume (680 c.c.) and left for several weeks to

generate uranium X.

i
¥
[



Series 1. Thorium Absent.

560 c.c. of the solution were placed in a round

bottomed litre flask and brought to boiling under

a reflux condenser. 5 drops of the iron solution

were added, the solution boiled for 30 minutes, and

the precipitate of basic ferric acetate filtered off .
This treatment with 5 drops iron solution was repeated
six times. The B3 activities of thése precipitates
were Observed.

The total 4 activity due to uranium X was obtained by
calculation frow the decay curve and checked by a
determination on a fresh quantity of the original solution.
The equilibrium activity after each precipitation was
obtained by difference, the amount of uranium X
regenerated between experiments being taken into account;
this was most important towards the end of the series.
The amount of adsorbent was determined with zse titanous

chloride.

The results are given in Table 1 and the graph log. 7

2

log. C in Fig. 1.

B
N

amount of adsorbent (1 c¢c.c. iron soln.= 1)

x = 3 activity of adsorbent in div.per min.

»



12,

equilibrium /3 activity in solution (560 c.c.)

C,

c = " " " per 100 c.c.
The total /3 activity of 560 c.c. solution at the start

was 289°87 div.per min.

TABLE 1.
Series. . Thorium Absent.
“Exp. wo. m. X. a | ¢ Loa . Lo C.
. 20 180-16 109-8 19-60 2-568 1-292
2. 255 71-8h 3§-02 679 2-h50 . §32
3. ‘23] 2551 12-h3 Z-22 2-0h? .3;2_
b Ak §-20 Y% T94 )-56¢8 1 -900
5. bk .55 1-92 363 | 1-Aho 1-5358
A JLE" 1-36 -80 H3 -g50 1185
7. (-s}ﬁilpn i-10 — — 207

The results obtained were fully confirmed by repetition.

Series. 11. Thorium Added.

The solution which had been used for Series. 1. was, after
keeping for some weeks, used for this series also.

The amount of uranium X corresponding to 1 div.per min.

A3 activity was calculated and found to be0°407 x 10

gram,
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1 c.c., of thorium nitrate solution was found tc contain
0:07575 gram of thorium. The same number of atoms of
uranium X would weigh 0°07513 gram-, and would give a

A activity of 1846 x 10" div.per min.

By successive dilution, solutions of thorium were prepared
ranging down to concentrations comparable with that of

the uranium X solution. The procedure was to add the
desired amount of thorium (contained in 1 c.c. water) to

50 c.c. of the uranium X solution of known strength and

to heat the mixture to the boiling point. 10 drops of

an iron solution of one fifth the original strength were then
added, and after boiling 30 minutes,the precipitate was
filtered off and the /3 activity and iron determined.

The first addition of thorium was equivalent to 0°2 c.c.

of the original thorium nitrate solution which corresponds
with the number of atoms of uranium X giving a 3 activity
represented by 369 x 10 div. per min.

80 c.c. of the uranium X solution had a 4 activity
represented by 2478 div. per min. so that the concentration
of the hetratope "atomic number 90" was raised by the

factor 1:49 x 10 °

The results are recorded in Table 11, and depicted in

X
the graph log. % , log. ¢  shown in Fig.ll.



The part of the latter enclosed by the rectangle

A.B.C.D. is Fig. 1, on the reduced scale.

T = c.c. of the original thorium nitrate soln.added.

x, = A4 activity of adsorbent ir div.per min.

x = hetratope "atomic number 90" on adsorbent in
div. per min.

m = amount of adsorbent ( 1 c.c. original iron soln.= 1)

c, = /3 activity in div. per min. in filirate

| (560.c.c.),in equilibrium.

c = hetratoper"atomic number 90" per 100 c.c. of

‘filtrate in div. per min. in equilibrium.
The solubility limit was exceeded when T= 2, and a

precipitate appeared on boiling, By observing the activity

of this precipitate, the solubility limit shown in Fig.11 ,

was obtained by.calculatibn. It corresponded with 0-17

per cent of thorium.



TABLE. 11. (Series 11. Thorium Added.)

' X
AR X,. X. m | C, C Loe pe. | Loc C
NO .
I | — | 2150 21-50 <062 | 3-2% 6-58 2-5195 L

2 | -2 227 z-z7x/~1.7xlo‘7 042 22-51 45-ole-l.9xtoq 109006 10-82']

3 0% .95 | 598 x1ugxi0” 059 | 1590 | 30-90 x 49 x 0% | 0. 352 9.67¢6

| 042 17410 | 1710 x4 x10% | 085 | T4e {1536 x1-6t % 10° | §.666 | 7.360

4
k
% 5 | -052| 2203 |22-03 x1:k3x10%| 076 | 2.75| 550 XX 0" | 4636 | L-qs4

6 [ -032]| 21-T¢ 2070 wl49x 106%| 080 | 308 | 646 X 1-u9x r0* L bob 2-963

The results were confirmed by repetition.

TABLE. 111.

SERIES I SERIES IT.
7 N— \ r —N— - \
X
LOG. m i 2 3 N & (A 1 & q to t
[
[ 0-97 097 09 o9t 097 097 092 0-37 077 o065 otk

<
<

LIMIT OF ANALYSIS BY CHEMICAL
MEANS.
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Lhesults and Discussion.

For the adsorption of uranium X in absence of thorium,

the exponent w was found to be 1. (Fig.l.). With
| the addition of its isotope, this value was at first
not affected, then, with increasing concentration the

value of + decreased (Fig.11.), the calculation of
course being based on the assumption thet the thorium
is divided between adsorbent and solution in the sa@e
retio as the urarium X. The values of %’ for the
respective logarithms of the concentration on the
adsorbent ( W ) are shown in Table 111.
at the limit of chemical means of investigation,indicated
roughly by the arrow in Table 111, the value of =
is already well below 1. | |
This seems to indicste thei at first the potential
capacity of the adsorbing surface does not alter, but,
with increasing surface concentration, after a certain
point it becouwes weaker and weaker. Thus, for very
swall surface concentrations, the value of the exponent
will be irdependent of the nature of the adsorbent, solvent,
or adsorbed substance and will equai 1, but with increasing

surface concentration the value of the exponent will fall,
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andthegreater the surface concentration the smaller will
be the value of 0 , other factors being constant.
The inability to measure the surface of the adsorbent
used prevents any conclusions beirg drawn as to the
thickress of the surface layer, but the general inferences
ere in agreement with Langmuir's experimehtal results
and theoretical deductions on the adsorption of gases at
surfaces of known area (J. Amer.Chem.Soc.,191€,40,1361).
Since the value of the exponent continually decreases,
once it has become less than 1, Freundlichs adsorption
law is strictly true only when % = 1 (Hendry's law).
Then w is less than l,the law is an approximation holding
only over relatively small ranges of concentration.
This explairs the slight deviations observed by Boswell
and Dickson and others,6and shown by the concavity of their
graphs to the  x axis.
Un the other harnd, the slcw rate of change of value of W
with increasing concentration accounts fof the constant,
fractional values somelimes obtained in the irvestigation
of adsorption phenomena; Freundlich and [iasius (gedsnbock aangeboden ann
{.Mm.van Bemmelen 1310, 85-101) quote some values of W .to 4

decimal pleces.

Leturning to a consideration of the different explanaticns
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of the preventicn of the adsorption of uranium X by lhorium
offered by Soddy,and by Freundlich and his colleagues,

it will be evident that Soddy's explaznation regquires
also,that the amount of thorium present will be

sufficient to cause the adsorption coefficient of the
hetratope to be less than 1. In the case of Freundlich

and his colleagues' argument, it is hard to reconcile

the iwo statements that while they fourd thorium to

prevent the adsorption of uranium X, they also found

the coefficients of adsorption for both uranium X and

thoriuz nitrate to be nearly unity.



[

DUILLAT Y «

. The adsorption of urarium X by basic ferric acetate

is proportional to the -concentration, and thus, the

exponent + = 1.

. By "artifically" increasing the concentration of

uranium X by the addition of its isotope,thorium,
the value of # is at first unchanged, but with

increasing concentration its value decreases.-

. The fall in the value of the exponent with increasing

concentration is in general agreemeht with Langmuir's theoretical
deductions on the adsorption of gases at solid surfaces.
The decreasing value of the exponent offers an explanation

of the deviations observed by Boswell and Dickson.

. The decreasing value of the exponent offers an explanation

of the experimental cbservation that a trace of thorium -

prevents the adsorption of uranium X.

. Freundlichs zdsorption law is strictly true only when the

exponent equals 1 (Herdry's law). For values less than 1,
the law is only approximate, and the comparative constancy
of tre exponent observed by other investigators can be
explained by the relatively small ranges of concentration

over which their observations were made.



THE ADSORPTION IbOPHERM.

Part lls~— AT THE SOLUBILITY LIMIT.




Part 11. The hdsorption Isothermat the
Solubility Limit.

The course of adsorption from very dilute solution up
to moderate concentration is described in detail in Part 1,
and it seemed of interest to follow its course till the

point of saturation was reached.

The method adopted was similar to that previously employed,
the isotopy of uranium x and thorium being again used as &

means to this end.

Slight modifications in the procedure were introduced where
necessity arose, these are described in the experimental

section.

A1l radicactive measurements were,as before)corfected for
the natural leak of the electroscbpe, and the decay betiween
time of precipitation and measurement. The readings were
finally standardised by comparison.with a standard of black

uranium oxide.
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Experimental.
Preparation of Iron Sulphate Solution.
12.5 grams of anhydrous ferric sulphate
were dissolved in 250 c.c. of water with the addition of a
little sulphuric acid to prevent hydrolysis. One c.c. of
this solution was taken as unity in the determination of m.

This solution is of the same strength as that used in Part 1.

Preparation of Uranium Acetate Solution.

32 grams of uranium acetate, Uok(‘“sox)y
, were dissolved in 600 c.c. distilled water and 40 c.c.
of dilute sulphuric acid (10 grams per 100 c.c.). 20 c.c. of
sodium acetate solution (30 grams per 100c.c.) were then added,
and the solution boiled under reflux for 30 minutes. A
slight flocculent precipitate,which appeared,was filtered
off and the volume made up to 640 c.c.
40 c.c. of this solution, equivalent to 50 c.c. of the solution
employed in Part 1, wers taken for éach experiment, aﬁd
the volume made up to 50 c.c. after the addition of the
requisite amount of thorium nitrate solution. The undiluted
solution will subsequently be referred to as the "original

uranium acetate solution”
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Thorium Nitrate Solution.
A solution, found by analysis to contain
0.07575 gram of thorium per c.c.,was employed. This is

the same as that used in Fart 1.

Lstimation of Total /3 Activity.

The follcwing method, simpler then the
thoriuw benzoate method gmployed in the previous experiments,
was used. 40 c.c. of the original uranium acetate solution
were brought to boiling, under reflux and one c.c; of iron
solution added. The mizture was boiled for half an hour,
ard the precipilated basic ferric acetate filtered off.

This precipitate cortained more than SC% of the uranium X.

A further treétment with one c.c. of iron solution was
carried out,and the precipitate filtered off on the same
filter paper. The united precipitates contained more than
€U, of the uranium X originally present.

40 c.c. original uranium acetate solution =

9.13 div. per min. S activity.
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Determination of the Solukility Iimit.

This point is roughly indicated in Part 1,
but for the purposes of these experiments, it required to be
accurately knowr.

Ls tipme was necessary for complete precipitation, the
fbllowing experiment was first performed. Four c.c. cf
thorium nitrate solution were added to 40 c.c. of original
vraniur acetate solution, and the volume made up to S0 c.c.
The mixture was refluxed for half an hour, snd the white
precipitate which appeared,was filtered off. On again boiling
the filtrate, a further precipitate appeared. It was found
that precipitation was complete after boiling two hours,but

to ensure this, a minimum of four hours boiling was given in

all subsequent experiments.

A wmixture,containing the same quantities of thorium nitrate
and uraniun acetate was again prepared, and boiled under reflux
for four hours. The precipitate was filtered off, and the

3 eactivity determined.

B activity of precipitate = 5.490 div. per min.

3 ac{ivity of 40 c.c. original uranium.acetate solution-=

.13 div. per min.



/3 sctivity of colutlon i cquilibriva (Ly differesnce.
3.64 div. per min.

Thus,the solubility limit is reached when

.64 ¥ 4 = 1.6 c.c. of thorium ﬁitrate '

iy

.13 1

¥

[Se IR EvV]

golution is added to 40 c.c. of original uranium acetzte

solution, and the volume made up to &0 c.c.

Exapination of Precipitate.

Though the chemical compositicr of ihe
thorium compound precipitated is of little importence, it
seemed of interést to examine it. A quantity was prepared
by the methcd described above, fillered off and washed with
a little boiling water to remove any adhering mother liquor.
It was then air dried.

0.266C gram on ignition gave 0.1€16 gram Tho, = 68.27 & Tho,.

"

0.3474 gram gave 0.1478 gram BaSO, = 14.60 7 So,.

i

Water (by difference) = 17.13 & W 0.

testing for the presente of aceteate gave negative results.

The analysis corresponds to 7 Th0;. 5 30;5. 236k 0 , a
hydrated basic sulphate of thorium, further investigation

of this, however, was not made.
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Adsorpticn Lzperinents.

Suitably diluted solutions of the original
thorium nitrate solution were prepared,so that C.2 c.c.,
0.4 c.cey 06 cece, and 1.6 c.c. respectively were contaired
in two c.c. of water. Two c.c. of the first of these solutions
wefc added to forty c.c. of original uranium acetate, the
volume made up to 90 c.c., and the solution raised to boiling.
Cne c.c. of iron solution was added and the mixture boiled
under reflux for four hours. The precipitate of basic ferric
acetate wes then filtered off, and the 3 activity measured.
Identical experiments were carried out employing two c.c. of

the other three prepared thorium nitrate solutions.

The last of these experiments represents the case for a
saturated solution, but it was thought advisable to make some

observations beyond this point.

4 c.c. of the original thorium nitrate solution were added to
40 c.c. of original uranium acetate solution, the volume made
up to 80 c.c.,and the solution heated to boiling. A white
precipitate of basic thorium sulphate began to appear, but,
neglecting this, one c.c. of iron solution was added, the

solution beiled under reflux for four hours, the precipitste

filtered off, and the /3 activity measured.
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This wac repeated using 7 c.c. of the original thorium

nitrate solution.

In each case the iron was estimated by means of N'/20() titanous

chloride solution, one c.c. of the iron sulphate solution

being taken as unity in the calculation of m.

The results, in tabular form,are shown in Table A, and the

graph loa m , Lea ¢ , is depicted in Fig.A.

|

m
T =

Xe=

amount cf adsorbent (1 c.c. of iron solution = 1).
c.c. of the original thoripm nitrate solution added.
/3 activity of adsorbent in div. per min.
amount of thorium on the adsorbent calculated as
/3 activity, in diw. per min,
3 activity, in div. per min. in the filtrate
(80 c.c.) in equilibrium.
amount of thorium per 100 c.c. of filtrate in

equilibrium calculated as /3 activity in div.per min.

In place of the factorial method employed in Part 1, of

converting the hetratope "atomic number 90" to /3 activity

in div. per min., the ratios of the /3 activities of the

precipitates ,to the /3 activities in solution in

equilibrium were taken as the ratios of thorium adsorbed,
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ieriume  Tnis gelthod of
calculation is quite accurate as,for this series of
experiments the amwount of urariur X is negligible cempared
with the amounts of thorium present.

In Part 1, one c.c. of thorium nitrate-solution, containing
0:07575 .graiw of thorium is shown to correspond to a2 /3
activity of 1846 x 10"div. per min. A simple calculation
thus suffices to transform the amounts of thorium adsorbed,

and in equilibrium, into A activity in div. per min.
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Discussion of Lesulls.

As the concentration increaseslthe value

of + passes through a minimum, then rapidly increases to

& infinity. This tendency to increase is noticeable long bef ore
i the initial solution is saturated (Exp. 5), being quite marked
i when the quantity of thorium nitrate present is only half that
necessary to produce a saturated solutioﬁ (Exp. 4).

In the final experiment, the equilibrium concentration is still
slightly below the normal saturation value although the initial

concentration was much above that value.

‘From the shape of the graph , we may infer that some force,
negligible at low concentrations, rapidly comes into prominence
as the solubility limit is approached, tending to augment the

adsorption effect. This is undoubtedly the atiraction between

z_the adsorbed substance7and that in solution - the mutual

‘attraction which normally brings about crystallisation.

when a crystal surface is in contact with a solution of the
same substence in super-saturated solution, adsorption at the
crystal face proceeds till eyuilibrium is attainred - the point

of saturation. Crystallisation is, however, a special case of

R R S

adsorption in that the new surlace continually forming, retains

2%

Crystallisation can be regarded as a special case of adsorption;
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the oripiral adsorptive power unimpared,and the equilibrium
concentration, as a result, is a constant, no matter what
degree of supersaturation was originally present.
If we apply the adsorption equation

X

2L = cC
m

£
n

to this reasoning, then {; can assume any value,while

c will remain constant. As a result the graph
LoG. = ,toe ¢, will be a straight line perpendicular to the
X axis,and will,in fact, coincide with the solubility limit.

The value of W for such a graph is infinity.

Returning to & consideration of the experimental evidence,
basic ferric acetate,in contact with a saturated solution of
basic thorium sulphate (say) adsorbs many layers. These
layers,in contact with the nearly saturated solution , will
exert a "crystallising action" on the substance still in solution.
The nett result is,that the amount of adsorption which takes
place is found to be in excess of what one would expect from
the course of the graph for more dilute solutions. Considering
the case (Exp.6) where the original concentration was a little
more than twice the solubility limit, the effect due to
crystallisation predominates, masking the geniune adsorption

effect. The final result of the two forces at work is shown
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by the equilibrium concentration being slightly lower than
the solubility limit.

"hen & large excess of thorium nitrate is originally present,
(Exp.7),the adsorptive force is completely overshadowed,and
the phenomenon may be regarded as a crystallisation, the
equilibrium concentration being almost identical with the
solubility limit. At this point on the graph it will be
observed that the value of a rapidly approachés infinity,
~which is the theoretical value for crystallisation regarded
as an adsorption phenomenon.

In Fig.B,the complete course of the isotherm for the adsorption

of uranium X and its isotope thorium by basic ferric acetate,

ﬁv is depicted. 4,B,C,D, encloses the part of the isothern

obtained with uranium X alone, and E,F,G,H, is Fig. A on the
reduced scale. The two curves illustrating Part 1 and Part 11
’ whiie not in exact alignment, are so within the experimental
error considering that there was a lapse of one year between
the experiments,and considering slight alterations were made

to the electroscope in the interval.



26.

|

Flo e m
-~

to
LifiT

SoLtuBILITY

B.

FIG.

4

%
LOG




37.
DUTLETY
The isotherm for the adsorption of thorium by basic ferric

acetate at the point of saturation has been investigated.

The velue of ff was observed to pass through a point

of inflection,then rapidly increase in value tc infinity.

Crystallisation,as a special case of adsorption,is
discussed,and an interpretation of the experimentel

observations is offered along these lines.

A greph is given,which illustrates the course of the

" atomic number 90" by

adsorpticn isotherm of hetrétope
basic ferric acetate from infinite dilution up to the

solubility limit.
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THE ACTION OF MDNOCHLORMETHYIEEHER

on

PRIMARY, SECONDARY and TERTIARY AROMATIC AMINES
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The Acticn of Monochlormethylether

- on Arometic Amines.
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The object of this research was to examine the

"reactions between monochlormethylether and the primery,

secondary and tertlary aromatic amines, In studying the
reaction with primary arometic amines, the action on
aniline, p~toluldine and o-nitranliline was examlned. The
action on secondary aromatic amines was examined for
monoethylamiline, while in the case ofutertiary aromatic
emines, the action on dimethylaniline and diethylaniline

was investigated.

Reference to previous work on the action of
monochlormethylether on primary end secondary amines is
scanty. A patent by E. Merk (D.R.P. 273323 C.1914 1. 1718)
describes a8 process for the preparation of alk&l and aralkyl
emino-methylalkyl ethers,of the general formula - 8lky: -

© = CH,.N. R' R" (R' = alkyl or Arskyl, R" = hydrogen or

alkyl), by the action of one mol, of a halogen methylalkyl ether

(halogen.CHzo.Alkyl) on two mols., of a primary‘or secondary
amine of the aliphatie,or fatty aromatic series in an

indifferent solvent.
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For example, N-Methylmethoxymethylhomopiperonylamine
(X1V) is formed by the action of monochlormethylether on N-

Methylhomopiperonylamine (X111},

i3

’
cH . N
- CHy. CHA.N<:.-‘;‘--:3 ,0- —CHy- Ay Sem,.0.CHy
SRR chy0c Hy “z‘\o
B - (xtv)

(x1)

The author could find no reference to the action
of monochlomethylether on the primary or secbndary

aromastic amines.

Preparation of Monochlormethylether (Ber. 1907, 40, 4%07).

Monochlormethylether is readily formed when dry.
hydrogen chloride 1is passed into a cooled mixture

of methyl alcohol and paraformaldehyde.

CH;08  + CHO + HQR ~— CH;OCH & + H,O0.
(). into
The equilibrium mixture obtained seperates ftwo

layers, the upper of which contains the monochlormethylether

(1). Detalls of the preparation sre given on page.........5%

Monochlomethylether,B.P. 59-60°C., is a colourless

‘ mobile liquid, it fumes strongly in air and it is very

rapldly hydrolised by water, reforming formaldehyde,
methyl alcohol and agueous hydrochloric acid.
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Acticn of llonochlormethylether on Primary Aromstlic Amines,

Action on eniline ( in the cold).

One equivalent
of monochlormethylether was added to two equivalents of
sniline, in presence of excess of dried borax. The
reaction was carried out in chloroform, and the temperature
was kept below =5 °c. A semi-solid product was obtained
which could not be purified for snalysis, From its
reactions it was believed to contain di-~(phenylamino}
methane (1l1).

Action on aniline (in the heat).

On adding
monochlormethylether to a large excess of aniline in the colgd,
and heating the mixture to 150°C. for one hour, 4:4' -
diamino-diphenylmethane (111) was formed in good yield.

The complete course of the action of monochlormethylether

- on eniline 1s probably represented by the following equations,

Ny, NH— CHy — N H
. n He
cold.
2 |+ eny o —s +hee + CH30NH
. (n).
NH — ez — MH NH;, NH,

andine hydrachlovide. — thy——

(n), (|”)-

an keqhng (n presence
_ af aniline aad
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Action on o—nitra‘{\line (in the cold).
A solution of
monochlormethylether in dry ethyl ether was added to a
golution of o-nitraniline in the same solvent}in the ratio
of 1 mol. of the former to 2 mols. of the latter, basic
lead carbonate being present to remove the hydrochloric
acid as it was formed., Di(2-nitro-phenylamino) methane (1V)
was formed in good yleld.
Action on o-nitraniline (in the heatl.
Monochlormethylether
was added to excess of so0lid o-nitraniline,and the
mixture heated to 150°C. for 1 hour., 3:2'-dinitro-4:4'-
diamino-diphenylmethane (V} was formed. The course

of the reacticon 1s as follows:-

NIy, tH, —— NH

(n the NO
- N O &
Nop e, OCH. & Cold % +tReL  t CHy 08,
% 3 2
: (rv).

H —CHp —— HL LY
on heating in presence Noy Noy (V)
of o-mitramline and ’

(l v) o-hitra “;,_l'.“ hydvochlorrde CHy,

Action on p~toluidine (in the cold)
One equivalent
of monochlormethylether dissolved in dry ethyl ether,
was added to two equivalents of p-toluidine also dissolved

in/
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in ether,in presence of excess of basic lead carbonste,

The temperature was kept below 5 0C.by means of ice and salt,
Di(4-methyl-phenylamino) methane (V1) was formed almost
exclusively.

Action on p-toluidine (in the heat).
| Moncchlormethylether

was added to & large excess of dry p=-toluidine and the

mixture then heated to 150°C. for 1 hour. 6:6'-diamino-

3:2'=dimethyl-diphenylmethane (V1l) was produced,

The complete reaction may be represented by these

two equatlons,

NH, N — CHp — NH
"” lﬂng
e
2 +CHz OCH, €2 z + Her + CHzoH
v1).
ey o K3
NH— CHy Ny AH,, NH
4 On heating In presence CHyp—
; > (vir).
of p-toladine and
ey (V|) CHy P—Nul.dl'h( hydrocﬁlom;g(g . cHy LI

Action of Monochlormethylether on Secondary Arometic Amines,

Action on monoethylaniline (in the cold.)
Monochlormethylether
dissolved in dry petroleum ether,was added to two
equivalents of monoethylaniline also dissolved in dry
petroleum ether, in presence of dried borax. The temperature

was/
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was kept below 5°C. Di(ethylphenylamino) methane (V111l)

was formed almost quantitatively,

Action on monoethylaniline (in the heat).
Monochlormethylether,

dissolved in a neutral solvent (in this case carbon
tetrachloride) was added to excess of monoethylaniline also
dissolved in cafbon tetrachloride, and the mixture then
heated under reflux for 30 minutes, Sym. diethyl-4:4'=-
diamino-diphenylmethane (1X) was formed in good yield.

The pure product was a white crystalline solid,
and melted at 17°C. J. v. Braun (loc. cit),who prepared
this compound by another method, records it as an oil.
The complete reaction between monochlormethylether and

monoethylaniline may be represented thus:—

C, Hy C., Hy (‘,_ Hy
!
N-n N—_ cHL
in Fhe
1 Cold. + e + G301
A O + CHyous, e R O O
vm).
€y
G My it 5
G Ry G Hy ,;:ﬂ -1t

N CH :
% _ p
O On heating 1h presence of m

honsethylaniline and
rense thy laniline l\tldrn(hlorfc(e

(Vm). . (' X),
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Tiscugsion of the Reactions between Monochlormethylether
eand Primary sand Secondary Aromstic Amines,

Early in the investigation the similarity of
these products,and those produced by the aztion of formaldehyde
and of methylene diilodide on primary aromatic amines,6 and of
formaldehyde on secondary aromatic amines was evident,
L., Pratesi (Gazzetta 14, Z51-356) showed that,when aqueous
solutions of aniline and formaldehyde are mixed and |

allowed to stand, di (phenylamino) methane (11) 1is formed.

Following up this work Eberhardt and Welter (Ber,
1894, 27, 1804) showed that similar derivetives of the primary
earomatic amines were obtained when two mols., of the base were
mixed with one mol. of sgueous formaldehyde)in presence of
alcohol and potassium hydroxide)and the mixture boiled
for some time.
Meyer and Rohmer (Ber., 1900, 77, 252} prepared di(2-nitro-
phenylamino) methane (1¥) in a similar manner by disfolving
o~nitraniline in alcohol and watef,and adding aqueous
formaldehyde to the bolling mixture.
Senier snd Goodwin (J. 1902, 81, 284) found that, in

general/
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genersl, when a mixture of one mol. of methylene diiodide

end two molg. of a primary aromatlc amine and excess of dry
potassium carbonate 1s heated to 150°C,, a violent reaction
takes place, and the corresponding di(phenylamino) methane

derlvative 1s produced.

Je ve Braun (Ber, 1908, 41, 2, 2145) examined the reaction
between formaldehyde and secondary aromatic amines in
neutral or alkaline solution. He obtained the di{alkyi-
phenylamino) methane derivetives,in a manner entirely
analogous to the production of di(phenylamino) methane (11)

from aniline and formaldehyde.

Summarising the preceeding references, formaldehyde,
in absence of acids,can condense with primary and secondary
aromatic amines to form di (phenylamino) methane and di

(alkylphenylamino) methane derivatives,

These di ( phenylamino) methesne and-di ( alkylph-
enylamino) methene ‘compounis while stable when pure, are very
reactive and yleld a variety of products. For example,

di( 4-methyl-phenylamino} methane (V1),the p-toluidine deriv-
ative, on heating, forms free p-toluidine and an insoluble

amdrphous/
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amorphous product of uncertain structure. Again, on

boiling with alcohol or water, the major portion 18 resolved
into p-toluldine and formaldehyde, whille small quanfities

of other more stable compounds of p-toluldine and formaldehyde
are formed. One of these, anhydroformaldehyde-p-toluidine
(x), M.P. 127-128°C., has been ascribed this formula (Bischoff
Ber. 1898, 71, 3253)."

C7H7-l\|l — CHy — 7*"7”7 (x)
X ).
tH, — ? CHy
CalH"]

Blschoff deduces this from molecular weight
determinations in boiling benzene,and also from the fact

that it is a tertiary amine,

On treatment with hydrochloric acid profound
alteration in the structure of these di(phenylamino) methane
and di ( alkylphenylamino)} methane compounds mey result;
polymers of . anhydroaninobienzyl alcohol may be formed,
together with liberation of the original base,

On more vigorous treatment with hydrochlade acid,
diphenylmethane derivatives are formed. Meyervand Rohmer
(loc. cit.) treated di ( 2-nitro-phenylamino) methane (1V)
with concentrated hydrochlorié acid in the cold, and
obtained/
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obtained an amorphous body ( Cr Hg Ng 02 ), (X1) and o-

nitraniline. On heating, they obtained finally, 3:7'-dinitro-
4:4'-diamino-diphenylmethene (V). They postulate the
reaction thus,

Hee

CNH,. +
2 enal Hy- €y Noy (Cq He Mz 0z )5

aw (X1).

CH, (K. C 1y . NOy )

Nz C My Nog + (Cqbymoy ), -ahealing,  Cup (C py mhg Noy) Z (v).
They examined the lntermediate mmorphous substance,
On vigorous reduction with zine and hydrochloric acid it
yielded 3:4 -diamino-toluene {X11), 6 which is strong evidence
that the highly polymerised substance conteined the p.=-anhydro-

aminobenzyl alcohol linkage.

- -

<N~ ® -
hoN Redv¢ Fion “
> X
-C.Hz 'CH,

OLN - "l” ~

L - X

x1) (x11).

By condensing primary aromatlc amines and formal-

dehyde in dilute mineral acid, P.M. Kroneburg (J. Russ, Phys,
Chem. Soc., 1916; 48, 205-209) obtained similar amorphous

substances. The melting point of the product varied with the
temperature at which the reaction was darried out, Moleculsar

weight/
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gave values

E RS

welght determinations in freezing nitrobenzene
of over 1,000. The compounds were believed tc contain
the ortho-or pera~anhydroaminobenzyl alcohol linkage,

By bolling the di(alkylphenylemino) methane
derivatives of the secondary aromatic amines with concentrated
hydrochloric acid for 10 hours, J.v. Braun (lLoc. cit)
obtained the corresponding diphenylmethane derivatives; v,
Braun remarks,that when the ortho or para position 1is
occupied,the quantity of higher condensation products formed

is considerably reduced.

Eberhardt and Welter (loc. cit.) bring asbout the
intramolecular change of the di (pﬁényiamino) methane ﬁefiv-
atives obtained from the piimary aromatic amines, into the
isomeric diplienylmethane derivatives, by heating for 10 hours
with the hydrochloride of the original base and some free
base. The course of the transformation is not clear, it
may be thatthe anhydroaminobenzyl alcohol linkage 1is
momentarily formed.

Turning now to a consideration of the reaction of
monochlormethylether on primary and secondary aromatic
amines; the isolation of the d4i (phenylamino) methane and

di (alkyl-phenylamino) methane derivatives is conditionsal

~on/
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on the rapld removal of the liberated hydrochloric acid, That
this removal 1s not sufficiently rapld,may account for the
inability to isolate di (phenylemino) methane (11) which is
the most reactive of the series,

When monochlormethylether 1s added to excess of
the base, it 1s obvious that we have present the identical
mixture which Eberhardt and Welter (loc., cit) heated,in
order'to bring about the formation of the diphenylmethane
derivatives., On heating the mixture the same products

are obtained,

It is of 1interest to obsefve tﬁat,while the
aliphetic primary and secondary amines fopm N-methoxy-
methyl compounds with monochlormethylether (E. Merk loc. cit),
no such deri#atives of the aromastic amlnes were observed.
It is possible that such compounds are momengarily
formed,end immedlately react with a further molecule of the
base,
If such is the case,the formation of the di(phenylamino)
methane and di(alkylphenylamino) methane derivatives of the
primary and secondary amines would be represented by these

two equsationse-
R'R'UN-H  + L CHy OCHy —_— K'R“,N—'CH,_OCHS +tHe

R' R w-ciy 0cuy + H-NR"R'  —>  R'R";w-cup-n.R'"R" +Cujon

( R' = Cll'yl , R" = a(kyl op hyc(rogen)_

)
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Action of Monochlormethylether on Tertiary Arometic Amines.

Action on Dimethylaniline.

Dunlop (J. 1914, 105, 1156) attempted to form
the quaterna&ry ammonium compound (XV) between monochlor-

methylether and dimethylaniline,

N (¢hy), . CHy0 iy el

(xv),

with the view of obtaining a compound to characterise
monochlormethylether. He, however,obtained the hydrochloride
of tetramethyl - 4:4' - diamino-diphenylmethane (XV1).

NEH,),. Hee NEny), .1 ce

Q.. O e

No details of the experimental work are given,

It was found that,on adding one mol.of
monochlormethylether to two mols, of dimethylaniline
dissolved in carbon tetrachloride and reflusing the
mixture for several hours, an almost quantitative
yield of tetramethyl - 4:4'-diamino-diphenylmethane (XV11)

was/



50,

was formed. The reaction mey he represented thus:-

N(C“-‘)h N(chy), N(cng), Nlcuy),

O —_— O O +CHzon + HEZ.
N CHy

(xvi),

In order if possible to trace the course of the

reaction,a series of experliments were conducted at 00C.
Equimolecular quantities of dimethylaniline and monochlorm-
ethylether, in petroleum ether solution at -10°C. were mixed.
No apparent reaction took place. On standing several
hours in the ice-chest, a white precipltate appeared.
On exemination, this substance proved to be a mixture of
dimethylaniline hydrochloride and the quaternary ammonium
compound of di methylaniline and monochlormethylether (XV}.
The filtrete contained free dimethylahiline, tetramethyl-
~4:4'-3diamino-diphenylmethane (XV11l), and unchanged
monochlormethylether, The smell of methylal was observed.
As the reaction in the above experiment was obviously
not completed, a similar experiment was carried out and this
time two weeks were allowed for the reaction to proceed.
The so0lid obtalned from this experiment was found to be s
mixture of tetra-methyl-4:4'-diemino-dipnenylmethane hydro-
shloride (XV1) in admixture with the dl-quaternary
amonium compound of that substence (XV1ll). Traces

of dimethylanlline hydrochloride and the quaternary'/
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gquaternary smionium compound of dlmethylaniline were also
. present, The fTiltrete contained only a trace of tetramethyl-
-4:4'-diamino-diphenylmethene (XV1l). As the solid mixtures
obtained in these two experiments were very hygroscopic, no
attempt was made to separate them into their components,
Some of the di-quaternary ammonium compound of tetramethyl-
-4:4' - dlamino-diphenylmethane (XV1ll) was, however,
prepared by mixing equlvslent quantities of monochlormethylether
and tetramethyl-4:4'~diaminodiphenylmethene (XV1l) in petroleum
ether,end allowing the mixture to remain at room temperature
for a fortnight.

The evidenceiindicating the presence of the
quaternary ammonium compounds 1s given in the experimental

section,

The genersal course of the reaction between
equitolecular quantities of dimethyleniline and monmochlor-
methylether in the cold,may be represented by the following
three equations, each reaction taking plece with comparative

glowness,

N(cu,,)‘ N(CMS)Z_CH_,ocHLce

L (:] tCHyOCH, 88 —— 5 (Tj
NS

(xv).
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"(“'3):, N(CH3), n(eHs), N(cH), e
. ) - 3,
N -
iR 3 YOnoti 0 —s v + + CHyOhR,
—— CHy — ’
(xvn).

N(CH3), N(eHs)p kel

I, +CHYOCH, Gl + CH O ———> + cHy, (oeng),

(Mmerhylal).

on continued standing,we get finally,as the main products
of the reaction,a mixture of tetramethyl - 4:4'-diamino-
diphenylmethane hydrochloride (XV1l) and the di-quaternery

ammonium compound of that base with monochlormethylether (XVlllL

N(cuy), Hce N(chy), Hee N{cHy)y .ChzoCH ct N(cH; )y CHyoCH €2
and
CHy CHy - »
(xv1). (xvin).

together with small quantities of dimethylaniline
hydrochloride, methylal and methylalcohol.

Action on Diethylaniline.

Diethylaniline reacts similarly to dimethylaniline
on trestment with monochlormethylether in a neutral

solvent /



-
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weni. and hesting tne mixture, Tebraetuiyl = 4ui4t=dlamiaon-
diphenylmethane is formed. The reaction however proceeds

more slowly.
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Experimentel,

Prepe-etion of Xonochlermethylether (Ber., 1907, 40, 4207,

210 grams of paraformeldehyde and 224 grams of ﬁethylélcohol

ere placed in a two-litre flask,immersed in a freezing

mixture, and & raplid stream of dry hydrogen chioride

passed in. The paraformaldehyde graduelly disappesrs,and the

mixture separates into two layers. The upper layer,

which conteins the monochlormethylether ,is serarated from

the lower layer and drled over anhydrous calcium chloride,

it 1s then distllled through a fractionating colum. The

frection which distils between 58+5 = 60°C. 1s collected.
Yield = Z2C grams,

The pure product was preserved in z stoppered bottle some

dried powdered borax being added to absorb any dissclved

hydrogen chloride.

Attempts to distil the crude product without previocus
drying over calcium chloride were unsuccessful, large
volumes of hy#rogen chlcride were given off,snd s low
boiling liquid ,identified as Methylal distilled over.
This decomposition was due to the presence of free

methyl alcohol which reacts  with monochlormethylether thus: -

CH;OCH, (8 + CHa30H ——— CH {(OtH3), + HC2.
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By treating the crude prodwet with calcium chloride .

the free methyl alcohol is removed.

Analysis of Monochlormethylether,

A welghed quantity was
mixed with a large volume of cold distilled water.

Hydrolysis was complete in a few seconds,

CH30CH, el + H,0 ———» Chgon + CHpO + HCL

The hydrochloric acid formed was then titrated
with N/10 sodium hydroxide,using phenoiphthakin as
indicator.
03095 gram on hydrolysis formed *«1298 gram HEl.
theoretically there should be formed -1402 " "
The monochlormethylether was therefore assumed to be

pure.,

The Action of Monochlormethylether on Primary Arometic Amines,
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Action on Aniline (in the cold).

28 grams of puepe aniline (2 mols),dissolved in
100 c.c. of chloroform,were placed in a bottle fitted withAa
stirrer. 20 grams of borax,previously dried at 160°@., for

several/



several hours were then added and the mixture cooled to
-10°C. 12°7 grams of monochlormethylether ( 1 mol}, in

50 c.c. of chloroform were now slowly run in. The temperature
was kept below -5°C. by externsal cooling, When half of

the monochlormethylether solution had been added, the addition
was discontinued for about two hours to permit any

aniline hydrochloride present to be converted into the free
base by the borax., The addition was then continued till
three quarters had been added,and again stopped. Finally,
the last quarter of the monochlormethylether solution

was slowly added. Stirring was continued for a further

hour,

The chloroform solution was filtered, the residue
washed with a little chloroform,and the combined chlorfofm
solutions eveaporated under reduced pressure et room
temperature. The product was a pale yellow viscous oil,
weighing 22 grams. On adding a few o.,¢. of ether, the mass
became gpaque and ,on standing, semi-solid.

This semi-solld mass was too WUnstable to purify,
but 1t resembled di (phenylamino) methane (11l) in its
properties, It was easlly soluble in alcohol,and¢on_boiling
the solution,anhydroformaldehyde aniline(M.P. 1400C)w#sas
deposited, along with a high meltingaambrphous body. In this

respect /
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respect 1t resembles the product obtained by Pratesi
(loc. cit),and by Eberhardt and Welter (loc. cit). That di-
(phenylamino) methene 1is difficult to isolate, isemphasised

by Senier and Goodwin.

The residue of sodium chloride and excess borax
was dissolved in water; sbout two grams of a substance, M.P.
205-220°C, 1insoluble in alcohol, ether and chloroform, was

obtained. This was not examined further,

Action on Aniline (in the heat)

Several preliminary experiments were carried out
using carbon tetrachloride as solvent. The reaction between
eniline and the monochlormethylether, however was very
rapid’and the solid hydrochloride,which separated,made
mixing difficult.

By using éxcess &f aniline as the solvent, the
reaction proceeded smoothly and, by reguleting the temperature,
gseparation of solids could be avoided. 17°Z grams of
Monochlormethylether {1 dol) were run slowly into 80 grams
of pure dry aniline (2 mols) at 20°C,with rapid stirring.
The temperature rose rapidly,and was kept just below 30°¢.,

. When the addition was complete, the temperature was raigded
to 100°C, the flask being fitted with a reflux condenser.
Asxakliquid appeared to be slowly refluxing, the condenser

was/
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was arranged as for distillation when about 5 c.c. of a
liguid passed.over. This was subsequently ldentified as
methylalcohol,
| The temperature ofi the mixture was now raised to

150°C. for one hour. When cold,excess of ammonium carbonate
solution was added,and the mixture steam-distilled till all
trace of aniline was removed. An oll was left in the
flask which,on standing overnight,became seml~ solid,
while flsky crystals had appeared in the supernatant
aqueous layer,

Welight of product 401l grams.

The flaky crystals,on recrystallisation from
carbon tetrachloride melted at 9100., corresponding to 4:4'-
dismino-diphenylmethane (111) Attempts to recrystallise
the main bulk of product were unsatisfactory, it was
purified by distillation in vacuo., The fraction which
came over between 248-251°C at 16 m.m. was collected,
it solidified to a pale yellow solid on cooling.25°2 grams
distilled over.,

This substance,on recrystallisation from ¢arbon
tetrachloride;melted at 91°C.,correSponding to 4:4'-~
diamino-diphenylmethane. ‘

N found = 14-21%
Theory requires. 14°+14%

A little of the product on ethylation with

excess of ethyl lodide,anda still geater excess of

aqueous sodilum carbonate,ylielded a product which,on re- /
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recrystallisation from methyl alcohol)melted at 42°C,,
corresponding to sym-tetrasthyl - 4:4'-diamino-diphenylmethane.
A mixed melting point with the latter substance produced no

depression,

Action on O-Nitraniline (in the cold).

A mixture of 25°4 grams of o-nitraniline (2 mols)
in 150c.c. ethyyéther,and 16 grams of basic lead carbonate,
was agitated In a bottle at room temperature., 75 grainms
of monochlormethylether (1 mol) in 40 c.c. of ethyl@ther were
then slowly added . The time of additlion was 45 minutes and
the temperature rose from 14°5°C, to 21°C. Stirring was
continued for a further hour. The etheresl layer contained
chiefly free o-nitraniline, the main yleld being mixed with
the lead salts. The ether was evaporated under reduced
pressure and the combined solids were then extracted
several times with bolling alcohol., Yellow crystals were
obtained on cooling the hot alcoholic solutions which,on
recrystallisation from alcohol,melted at 193°C. The yield
of the pure product was 7 gramms,

This corresponds to di (2-nitro-phenylamino) methane
(1v), B. P, 195°C,obtained by Meyer and Rohmer., A little
of this substance was prepared by their method, previously
described. A mixed melting point with the above substance

showed/
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showed no depression,

Action on O=Nitraniline (In the heat).

10 grams of monochlormethylether were added to
51 grams of o-nitraniline,and the solid mixture heated
directly to 150°C.in an oil bath for 1 hour. A low boiling
liquid refluxed which smelt of methylal; fumes of
hydrochloric acid were also given off, The mess in -the
flask finally became semi-liquid, When cold, the contents
of the flask were boiled with excess of sodium carbonate
solution and the residue filtered off. When dry, it was
extracted with hot alcohol,when 25 grams of a product,
insoluble In alcohol were obtained. This substance,on
recrystallisation from acetone, yielded brick red crystals,
M. P, 222-224°C_which corresponds to 3:3'-dinitro-4:4'
-diamino-diphenylmethane,of M.P. 224°Cvobtained by Meyer
and Rohmer,

N found = 19.40%4
Theory requires 19+449

Action on p-toluidine (in the cold)
| 18.1 grams of pure

p~toluidine (2 mols), dissolved in 80 c.c¢. of ethyk@ther,

were/



61,

were pleced in a bottle fitted with a stirrer, 20 grams of

basgic lead cafbonate (excess) were added,and the mixture cooled

to 0°C.  6°9 grams of monochlormethyl ether (lmol),

contained in 40 ¢.¢. of ethyl%ther,were now alowly added during
half-sn-hour. The maximum temperature recorded during

the addition was 5°C. After stirring a further hour the

ethereal solution was filtered,and evaporated under reduced

pressure at room temperature. A solid residue was left,

weighing 16 grams, This residue was washed with 20 e¢,e. of

cold alcohol, when 7°8 grams of a very pale yellow

erystalline solid were obtained, melting at 85-86°C,

Recrystallisation from hot alcohol produced slight decom-

position;from cold alcohol by spontaneous evaporation,

however, the pure product so obtained melted at 87-88°C.

This corresponds to di (4 methyl-phenylamino) methane (V1),

" previously observed to melt at 86°C, — Eberhardt and Welter

(loc. cit) snd at 89°C.—Eikner (Annalen 1898, 302, 350)

N. found = 12.224
Theory requires 12¢40%

2 grams of this substance were bolled with water in an
open flask., The substance melted snd a smell of p-
toluidine and formaldehyde was observed. On continued
boiiing,fine needle-shaped crystals appeared in place
of the 0il, weighing 0+*9 gram. On recrystallisation

from/
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from acetone two products were obtained, a white amorphous
insoluble substance of high melting point, and very long
needle -shaped white crystals M.P, 127-128°C. Eberhardt and
Welter, in their paper, record a similar reaction when di(
4-methyls=phenylamino) methesne 1is boiled for a long time with
slcohol, similar products being obtained. The compound M.P,
127-128°C. is anhydroformaldehyde - p - toluidine.

Action on p-toluidine (in the heat).

8¢l grams of monochlormethylether (1 mol)
were added directly to 42 grams of pure dry p-toluidine
(4 mols), and the mixture heated to 150°C. for 1 hour, The
odour of methylal was detected.

The product was now rendered alkaline with
ammonium carbonate solution,and steam=-distilled till
all trece of p-toluldine wass removed. The product, a
non-volatile Peddiéh oll, was purified by distillation in
vacuo. The fraction which distilled between 240-250°C. at
25m.m. pressure was collected. 10 grams passed over,
and ,on standing,it became 'solid. It was recrystallised ffom
petroleum when short needles were obtained,melting at 94-95°C,
This agrees with 6:6'=-dlamino=3:3'~dimethyl-diphenylmethane
(V11), previously observed to melt at 92°C by Eberhardt and
Welter (loc. cit.).

N found = 1229%
Theory Reguires. 12°40%
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Adtion of Monochlormethylether on Secondary Aromatic Amines.

Action on Monoethylaniline (in the cold).

The reaction was carried out ingsimilar menner to
that employed with primary aromatic amines., By the use of basic
lead carbonate to remove the liberated hydrochloric acid
the product obtained was an oil which could not be purified.
Substituting borax, previously denhydrated at 160°¢C. for several
hours, however, in place of basic lead carbonate, a crystalline
compound was obtained, After several experiments, it was

found best to use a slight excess of monochlormethylether.

41 grams of monoethylaniline, K contained in 80 c.c. of petroleum
ether (previously dried over sodium),were placed in a

bottle fitted with an agitator, 24 grams of dried borax were
then added and the mixture cooled to -10°C. 16°2 grams

of monochlormethylether in 20 c.c, of petroleum ether were
then slowly run in., This operation took 20 minutes and the
maximum temperature attained was 5°C. Stirring was

cont inued for a further hour., 50 c.c. of cold water were

now added, the mixture stirred, and then trensferred to a

large/



large bottle and shaken up with one litre of water. The
petroleum ether layer was now sepérated and evaporated in a
" basin in the open air. The rapid fall of temperature caused
tufted needle -shaped crystals to separate welghing 5 grams,
and melting at 70-74°C. The mother ligquor became solid on
further ewaporation., Weight of solid 20 grams, On

further recrystallisation from petroleum ether the product

was obtalned pure, and melted at 77°cC.

N found = 11,00%
Theory Requires 11.02%
This corresponds to di(ethylphenylamino) methene (V111),
M.P, 76-77°C,obtained by J.v. Braun (loc. cit.).

Action on Mondethylaniline (in the heat).

9+1 grams of monochlormethylether (1 mol),
dissolved in 20 c.c. of carbon tetrachloride were slowly
added to 57 grams of monoethylaniline (4 mols) in 50 c.c. of
carbon tetrachloride cooled to =5°C. The temperatere rose
to 27°C. and the solution remained clear. The mixture was
now bolled under reflux for 20 minutes, The reaction being
now assumed to be complete, the fluld was steam—distilled,
then rendered alkaline with sodium carbonate,and again
steam-distilled till all trace of monoethylaniline was
volstilised. A non-volatile reddish oil was left In the

flask/
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flask,weighing 25+8 grams. The o0il did not crystallise
and, as it formed a nitroso-deriviative, it was

decided to purify 1t by thls means.

Formation of nitroso derivative,

The o1l was dissolved in 40 c.c. of concentrated
hydrochloric acid in 200 c.c., of water,cooled in ice, and
12 grams of soddum nitrite 1in 20 c.c. of water slowly added
with stirring. The nltroso derivative appeared as an oil,
which became semi-solid on standing. 200 c.c. of ether were
now added and the mixture shaken up. Only part of the
nitroso derivative dissolved, the undissolved portion,however,
had become solid., This was filtered off and dried. Weight
16 grams. M.P., 79-80°C, The ethereal layer yielded 4.5 grams
of the pure nitroso derivative,as tufted needles melting
at 81°C. This corresponds to the dinitroso derivative of sym.
diethyl-4:4'-diamino-diphenylmethane, M.P. 82°C, obtained by
Jeve Braun (loc. citl).

Reduction of the nitroso deriviative.

15*5 grams of the nitroso derivative, 80 grams
of stannous chlofide and 200 c.¢., of concentrated
hydrochloric acid,contained in a large beaker were heaﬁed
to 40°C. Reductlon proceeded smoothly,and on cooling, the
tin double/
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double salt crystallised out., This was filtered off,
decomposed with excess of sodium hydroxide and the base
extracted with ether., 11°? grams of a pale yellow oll were
obtained., As the product did not crystallise, it was further
purified by vacuum distillation,

B.P. 260°C., at 20 m.m. pressure,
2470¢ " 10 m.m. "

The product, a pale yellow viscous oil,was cooled
in a mixture of hydrated calcum chloride and ice for seversal
hours, with occasional scratching. The mess gradually solidified.
It melted at 17°C.

As sym.diethyl-4:4'-diamino-diphenylmethane (1X) is
given as a liquid (J. v. Braun), the constitution of this

2 1lild was examined.

Examination of product M,P, 1700.

Molecular weight determination in freezing benzene.
gave an average value of 246; Ethylation by bolling with
ethyl iodideand sodium carbonate solutionryielded a product
which,on recrystallisation from methyl alcohol melted at 42°c,
A mixed melting point of this substance with tetraethyl = 4:4'
diamino-diphenylmethane (M.P. 41%.) gave a melting point of
41—42ocﬂproving the substances to be identical.

It was concluded that the substance M.P. 17°C,was sSym.

diethyl~-&:4'-diamino~-diphenylmethane (1X).



Action of Monochlormethylether on Tertlary Aromastic Amines.
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Action on Dimethylaniline.
Experiment 1. |

10-% grams of monochlormethylether (1 mol),
dissolved in 40 c.c. of dry carbonftetrachloride,were run
slowly into a solution of ?2°6 gbams of pure dry dimethyl-
aniline (2 mols) in 60 c.c. of the same solvent eooled to
-10°%. No apparent reactioh took place,and’the temperature
rose only a few degrees., The solution was slowly warmed
up,and boiled under reflux for 3 hours; an oily laYer
appeared on top of the liquid which became solid as the
reaction proceeded.

The contents of the flask were steam=dlstilled
to recover the carbon tetrachloride, then rendered
alkaline with sodium carbonate,and again steam=-distilled
t1l1ll all trace of dimethjlaniline was removed. The reddish non-
wolatile ofl became solid on cooling.

Weight 355 grams,

On recrystallisation from methy%ﬁlcohol)
tetramethyl - 4:4’—diamino-diphenylmethane (XV1l) was
obtained/
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obtalned pure in the form of glistenlng plates, which

melted at 89°¢C.

N found = 10°95%
Theory Requires 11°02%

Molecular weight in boiling benzene = 246 (constant used = 50)
Molecular weight calculsted = 254,
The yield was practically theoretical and no by-products

were observed,

In order if possible,to trace the course of the

reaction,experiments were carried out in the cold.

Experiment 1ll.

10+65 grams of monochlormethylether (1 mol)
in 20 c.c. of dry petroleum ether, were added to 16-0 grams
of dimethylaniline dissolved in 50 c.c. of the same solvent
cooled to - 10°C. Only a slight rise in temperature took
place, and on standing some time, a'very slight only
precipitate began to appear, At first this oilyness was
thought to be due to molsture,bdt it was finally attributed to
the formation of methyl alcohol., On standing overnight in
the ice-chest,a white bulky precdpttate had appeared. This
was filtered off, washed with petroleum ether,and dried over
sulphuric acid in a desiccator., This substance was very
hygroscoplc ,and sublimed on to the sides of the desiccator,

1t/
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It smelt strongly of formaldehyde.
Welght 16-4 grams. i,P, 60-64°C,
The filtrgtey on evaporation was found to contain unchanged
dimethylaniline, some monochlormethylether, together with
some tetramethyl - 4:4' - diamino-diphenylmethane (XV1l).

The presence of methylal was observed.

Experiment 111,

Obviously the-reaction in Exp. 11, was incomplete,
it was repeated,aﬁd this time left for a fortnight
in the 1lce~chest., The solid was as before filtered off,
washed,and preserved in a desiccator, The filtrate contained

only a trace of tetramethyl - 4:4' -diamino-diphenylmethane.

Examination of the products from experiments 11, and 111,

5 grams of the product from exp. 1ll, were dissolved
in cold water and excess of sodium hydroxide solution
rapidly added. The mixture was now turbid and was extracted
with ether, leaving a clear alkaline solution. Thecether
extract?on examination ,contained 2+4 grams of dimethylaniline
and a trace of tetramethyl - 4:4' - diamino-diphenylmethane.

The clear alkaline solution gradually became turbid,
and after standing overnight, it was agaln extracted with ether.
This ether extract ,on examinatlion,was also found to contain
dimethylaniline and a trace of tetreamethyl ~ 4!4'-diamino-

diphenylmethane,
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From the above observations it was thought that the
product from exp., ll, was a mixture of dimeithylanliline
hydrochloride and the quaternery ammonium compound of
dimethylaniline and monochlormethylether (XV), and that
" on adding excess of sodium hydroxide to the solution of this
product, free dimethylaniline was liberated from the one
constituent ,while the other formed an unstable quaternary
ammonium hydroxide compound which remained in solution.

On standing, however, this compound became hydrolysed

with formation of free dimethylaniline, formaldehyde and

gethyl alcohol; the gradually developing. turbidity’after

the first extractlon with ether,belng due to the dimethylaniline

thus slowly formed.

If this hypothesls 1s correct ,we would expect
a lag in the end-point when some of the product from exp. 11,
is titrated with sodium hydroxide solution using an indicator.
0225 gram of the product from exp. 11 was dissolved
in cold water and titrated with N/10 sodium hydroxide,using
phenolphthalein as indicator., 11*3 c.c. were required.
The solution was now warmed, when it agaln assumed an acid
reaction, The end-point was followed up till fina11;f§21ling
solution required altogether 14+6 c.c, of N/10 sodium
hydroxide.

This confirmed the view that the product from exp. 11,

was/
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was £ wmixture of Jimelnyieniline nydrocnioriae and Loe
quaternary moniuL compour. O diiebliy Laniline LG HULu i -
lormethylether, together with traces of tetramethyl - 4:4'-
diamino=-diphenylmethane hydrochloride and the diqudterneary

ammonium compound of that substance and monochlormethylether.

Examination of the product from Exp. 111, on the same lines,
gave slightly different resulis,

5 grams in water,on being made alkaline, pave
a solid precipitate of tetramethyl -4:4'-diamino-diphenylmethane2
while the filtrate,on standing,slowly deposited a further crop
of crystals of the same substance.

A titration experimenﬁ on the same lines as before
again showed a lagging endpoint.

From these tests,it was concluded that the product
from Exp. 111 was a mixture of tetramethyl-4:4'-diamino-
diphenylmethane hydrochloride (XV1), and the di-quaternary
ammonium compound of that base end monochlormethylether (XV111),
Traces of dimethylanliline hydrochloride and the quaternery
ammonium compound of dimethylanliline and monochlomethylether

were 8180 present.

Preparation of the dl-quaternery ammonium compound
of tetra-methyl-4:4'-diamino-diphenylmethane and monochlor-

methylether,
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16 grams of monochlormethylether were added to 2
grams of tetramethyl - 4:4'-diamino-diphenylmethane dissolved
In 20 c.¢c., of warm petroleum ether, and the flask tightly
stoppered. No apparent reaction took place, but on standing
overnight,a precipitate had begun to appear. The reaction was
allowed to proceed [for a fortnight, when the di-quaternery
smmonium salt was filtered off, It was noticed that the
precipitate was bluish green where it had been ezposed to
light., The solid was hygroscopic.and was preserved in
a desiccater over sulphuric acild.

Analysis of Product.

0°712 gram was dissolved in cold water and
titrated with N/10 sodium hydroxide using phenolphthelein .
- as indicator, the end-point was rather indefinite; 17°9 c.c.
of N/10 sodium hydroxide were required. On warming, an acid
reaction developed,and the end-point was followed up.
Finally 34+55 c.c. N/10 sodium hydroxide were required,
corresponding to an equivalent of 206. The di-quaternary
emmonium compound requires an equivalent of 2085,

Tetramethyl - 4:4'-diamino-diphenylmethane was
liberated unchanged.



Letion on Diethylaniline,

15.6 grams of monochlpmethylether, in 40 c.c. of
carbon tetrachloride, were added to 72°3 grams of pure
redistilled diethylaniline contained in 60 c.c. of the same
solvent, cooled to —10°C. No apparent reaction took place,

The mixture was boiled under reflux for two hours, when a

dark olly leyer appeared on top. ExXcess of dilute hydrochloric
acid was now added, and the mixture steam-distilled to

remove the carbon tetrachloride. Some formaldehyde also
distilled over indicatingvgﬁe reaction was not completed.f

The mixture was now rendered dkaline and steam-distilled.

The non-volatile o1l left in the flask did not crystallise,

it ﬁas taken up in ether and dried over sodium sulphate,

On concentration, crystals appeared., These were recrystallised
from methyl alcohol when 10°5 grams of the pure product

melting at 41°C,were obtained. This corresponds to

tetraethyl - 4:4'~diamino~-diphenylmethane.

N  found = 9.10%
Theory Requires - 9°02%
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secondary and tertiary sasrometlc amines has been

investigated.,

The reaction with primsry and secondary aromatic

amlnes proceeds in two stages.

1.

2.

the
When the reactlon is carried out 1n/cold, the

primery aromatic amines form di(phenylamino)
methane derivatives whlle the secondary aromatic
amines form di(alkylphenylamino) methane
derivatives,

When the tempersature of the mass 1s ralsed,
intramolecular change occurs,and the corresponding
diphenylmethane derivatives are produced; the
linkage takes place inthepara position to the
animo group, or in the ortho position when the

former is occupled,

The tertlary aromatic amines react slowly in thecold

and more rapidly when the temperature is raised, In

each case the diphenylmethszne derivative is formed.

When the reaction is carried out in the cold, the

presence of quaternary ammonium compounds of

monochlormethylether and the original base,and also

of the resultant dlphenylmethane derivative;has

been proved.
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