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The Assay of Mercury
By J. SANDILANDS, F.I.C.

Although there are numerous methods for the assay of mercury, it is noteworthy
that, except in those of Hempel,1 Personne2 and a few others, the formation of
iodide as a feature of the method has been neglected. This seems strange when one
considers the ease with which mercury and iodine combine to form a highly
insoluble compound, somewhat refractory to ordinary reagents, and volatile,
though not so much so as mercury itself.3 The readiness with which mercuric
iodide forms double salts and complexes may be a reason for this neglect, and,
with the exception of the methods in which the element itself is produced in the
assay, in nearly every instance the procedure involves the formation of a mercuric
salt in some liquid medium from which the sulphide is precipitated and weighed.
When the conversion of the material into mercuric salt can be carried out-*-a

tedious process when much organic matter is present—the thiocyanate method,4
analogous to that of Volhard for halides, is available. This method, however,
has distinct limitations.5 B. Rose6 found it necessary in his dry assay of mercury
to heat the material with quicklime and a finely divided metal, but others have
shown that the complete decomposition of all mercury compounds cannot be
effected in this way. In consequence of this, such modifications of the method
as those of Chism,7 Holloway (Eschka),8 Meharg,9 and H. ter Meulen10 have been
devised.

It should be noted that all wet methods in which prolonged treatment with
acid is essential for decomposition are liable to loss, owing to the volatility of
the salt from a dry part of the reaction vessel. Apparently there is less loss in an
acid than in a neutral medium, as is shown in Table I. This gives the results
obtained on keeping an aqueous solution of mercuric chloride at a definite
temperature for a given time as compared with those obtained with a similar
solution in 5 per cent, hydrochloric acid. The solutions were placed in beakers
with the same area exposed to the atmosphere. They were heated electrically on
a hot plate, and draughts were excluded by having asbestos screens round the
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vessels. The temperature selected was 85° C., the duration of each test was
8 hours, and periodically solvent was added to replace any evaporation loss.
The results agree closely with those obtained by Sulc,11 Estere,12 and Lehmann.13

Table I

Aqueous Solution of Mercuric Chloride kept at 85° C. for 8 hours.
Mercuric chloride

Pure mercuric Mercuric equivalent to
chloride taken

e.
sulphide pptd. mercuric sulphide Difference

g-

-0-0332
O*

0-5013 0-3908 0-4681
0-3274 0-2544 0-3046 -0-0228
0-3833 0-2985 0-3578 -0-0256
0-2558 0-1977 0-2367 -0-0191
0-2810 0-2164 0-2593 -0-0262

Five per cent. Hydrochloric Acid Solution ofMercuric Chloride under same conditions
0-2873 0-2240 0-2856 -0-0015
0-5094 0-4365 0-5109 +0-0015
0-2654 0-2258 0-2642 -0-0012
0-4048 0-3445 0-4032 -0-0016
0-2775 0-2380 0-2780 +0-0005
0-7058 0-6040 0-7065 +0-0007
0-3928 0-3367 0-3941 +0-0013

The original purpose of this work was to endeavour to get mercuric iodide
directly from a compound, but the difficulty of collecting the product in a confined
space proved too great an obstacle. Instead, the iodide was dissolved in sodium
thiosulphate solution,14 excess of thiosulphate was removed by addition of a little
iodine, and mercuric sulphide was precipitated from the solution in the normal
way. The first series of experiments was conducted on a specimen of cinnabar
known to contain 57-5 per cent, of mercury. A quantity of ore was weighed into

t
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a combustion boat, mixed with four or five times its weight of iodine, and introduced
into a combustion tube, almost half of which formed the inner tube of a water-cooled
condenser (Fig. 1). Within the cooled portion, and acting as baffles, were some
plugs of asbestos fibre, while a tighter plug was situated at the inlet end of the
tube as a safeguard against back-firing. Later, glass beads were substituted for
the asbestos plugs. A gentle stream of air was drawn through the apparatus by
means of an aspirator, but as the experiments progressed it was found more
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advantageous to attach the exit tube to a controlled suction pump. During the
tests on cinnabar, the results of which are given in Table II, it was noticed that
the condensed product varied in colour.

Table II'

Mercuric sulphide
Ore taken (supposed) obtained Mercury

g. g. Per Cent.
0-3851 0-3077 68-86
0-2184 0-1630 63-87
0-3966 0-3054 66-39
0-2877 0-2018 60-48
0-4145 0-3115 64-75

To elucidate this irregularity several tests were made without the use of
baffles, and some of the solid was obtained. It was washed with carbon disulphide
and then with acetone, and the residue was found to contain mercury, iodine and
sulphur apparently in combination. The peculiar results thus seem to be due to
the formation of thio-iodide; there are a number of such compounds.15

Experiments to eliminate the sulphur by using iodine in admixture with
potassium chlorate in the combustion boat were usually unsuccessful, owing to the
speed of the reaction and the consequent loss of the products. With potassium
nitrate, in place of the chlorate, the reaction was also vigorous, while attempts
to control the rate of reaction by the addition of a non-reactive diluent, such as
sand, were no more hopeful. What did emerge from the tests was that a brighter
and more uniformly coloured product was formed.

Procedure with Ores.—In order to supply iodine and, at the same time,
oxygen for the sulphur, iodic acid was next tried. After some preliminary
tests the following method was adopted:—The mixture for the combustion boat
consisted of one part of ore to between two and three parts by weight of partly
dehydrated iodic acid. By leaving the acid in an oven at 95° C. for some time
before use the amount of water formed in the reaction later on was reduced; also,
a better mixture of the ingredients was obtained. After the heating, when all
signs of reaction had ceased, the excess of iodine was removed, together with the
red mercuric iodide, by solution in the minimum amount of sodium thiosulphate
solution, and the mercury was precipitated with hydrogen sulphide. The results
in Table III were obtained with the ore containing 57-5 per cent, of mercury.

Table III

Ore taken
g-

Mercuric sulphide
from Hgla

g-
Mercury
Per Cent.

0-2101 0-1390 57-03
0-3218 0-2144 57-42
0-3762 0-2579 57-7
0-5466 0-3672 57-9
0-3445 0-2294 57-39
0-3510 0-2342 57-5
0-3813 0-2548 57-61
0-2375 0-1591 57-72
0-4103 0-2767 57-85
0-3758 0-2509 57-57
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Table IV

No. 1. Merthiolate (sodium mercurithiosalicylate) ,16

No. 2.

Mercuric sulphide
Amount taken obtained Mercury

g- g- Per Cent.

0-2579 0-1470 49-14
0-2205 0-1272 49-73
0-2856 0-1629 49-17
0-3014 0-1728 49-28
0-2723 0-1564 49-46
0-3115 0-1780 49-27
0-2422 0-1384 49-28

Theoretical figure 49-58

By wet process 49-36

ilamin (ethylenediamine mercuric sulphate) ,17
0-5015 0-2543 43-7
0-2514 0-1282 43-95
0-2856 0-1465 43-92
0-3237 0-1633 43-5
0-2766 0-1402 43-69
0-3058 0-1556 43-86

Theoretical figure .. 43-7

By wet process 43-66

No. 3. Planockrome* (a variety of mercurochrome, 220; hydroxymercuridi-
bromofluorescein) ,18

1-1549 0-2850 21-28
0-8457 0-2095 21-4
1-1204 0-2767 21-3
0-8846 0-2181 21-25
0-7533 0-1873 21-44
0-7247 0-1780 21-42

No. 4. Merfenil~\ (a phenyl mercuric nitrate).19
0-3415 0-2427 61-28
0-2853 0-2022 61-1
0-3288 0-2341 61-48
0-2510 0-1780 61-19
0-3205 0-2279 61-32

No. 5. Merfenil 002.
0-2376 0-1732 62;52
0-2547 0-1843 62-4
0-2283 0-1655 62-5
0-3145 0-2272 62-29
0-3572 0-2593 62-6
Figure supplied by makers 62-2
By wet process (average) 62-34

* This compound is liable to contain water. There appear to be several closely related
compounds. A wet assay of the sample gave 21-72 per cent, of mercury.

f The sample was supplied by Messrs. May and Baker, Dagenham; its mercury content
was stated to be 61-2 per cent.

As the results were satisfactory and were obtained in much less time than by
the wet process, the possibility of applying the method to organic mercurials was
next investigated.
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Since many of the organic mercury derivatives exhibit varying degrees of
resistance to treatment during assay, material was selected to embrace various
linkages, including the C-Hg type, which is recognised to be the most resistant.

Procedure with Mercurials.— A quantity of the substance was weighed
and mixed on glazed paper with two to four times its weight of dried (95° C.) iodic
acid. The mixture was carefully transferred to the boat, and this was introduced
into the tube, the outlet of which was connected with the pump by rubber tubing
with a screw clip. Heat was applied very gently at the beginning, and was reduced
at the first sign of reaction taking place. A bright red deposit, together with
some iodine, was seen in the cooled part of the tube. When all reaction had
ceased and no further change appeared to take place on prolonged heating, the
tube was allowed to cool, and the cooling water was run off. One end of the
reaction tube was closed with a small rubber stopper, and two or three crystals of
sodium thiosulphate were introduced at the open end. This was followed by a
few ml. of water, after which a second rubber stopper was used to close the tube,
and the solution was tilted backwards and forwards to dissolve the iodine and the
iodide. In some of the tests a few more crystals of thiosulphate had to be added,
and in one experiment a little alcohol was introduced, as the residue seemed to be
oily. The cold solution was filtered, and the filtrate and washings were treated
with a few ml. of iodine (alcoholic) until faint reactivity to starch paper was noted;
this was to remove excess of thiosulphate. The liquid was then trebled in
volume by adding water acidified with dilute hydrochloric acid and slightly
warmed, and hydrogen sulphide was passed in. The mercuric sulphide showed
the usual variations in colour, and the black precipitate was finally obtained.
This was filtered off in a sintered Jena crucible, washed, purified, dried and
weighed. Typical results are given in Table IV.

The method here described for the assay of mercury is more rapid than, and as
accurate as, the digestion methods. The substance that gave the greatest difficulty
was Planochrome, the assay of which by the wet digestion method took almost
eight hours as against two hours ten minutes by the iodic acid process.
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PREFACE.

Part A of this Thesis gives an account of the

development of a new and rapid method for the Assay of

Meroury which has "been found suitable for the de¬

termination of this element not only in its ores but

also in its organic medicinal compounds. This has

been published in the Analyst, 1940, 05, 13-17.

In Part B an account is given of attempts to pre¬

pare trana-diohlorodiethylenediamineohromium ohloride. !
It was intended that this compound should be used to

prepare addition compounds of an analogous nature to

those obtained in the cobalt series by Slater Price

and Brazier. The difficulties which were experienced,

however, limited the work to the investigation of the

synthesis employed by Pfeiffer for the starting

material desired/and during its conduct improvements
in the yields at some stages have been obtained. It

has also been found that in the final stages the cis-

compound is produced along with the trans- isomer and

indeed predominates in the reaction mixtures.

The author desires to thank Professor T. Slater

price, F.R.S., for suggesting this work and for help

and encouragement during its conduct.
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THE ASSAY OF MERCURY.

Although there are numerous methods for the assay of

mercury, it is noteworthy that, except in those of

Hempel, Personne2 and a few others, the formation of

iodide as a feature of the method has been negleoted.

This seems strange when one oonsiders the ease with

whioh mercury and iodine combine to form a highly

insoluble compound, somewhat refractory to ordinary

reagents, and volatile, though not so much so as meroury

itself. The readiness with whioh merourio iodide

forms double salts and complexes may be a reason for

this neglect, and, with the exception of the methods in

whioh the element itself is produced in the assay, in

nearly every instance the procedure involves the

formation of a merourio salt in some liquid medium from

whioh the sulphide is precipitated andwighed. When

the conversion of the material into mercuric salt can

be carried out - a tedious process when much organic

matter is present - the thiooyanate method,4 analogous

to that of Volhard for halides, is available. This

method, however, has distinct limitations.5 B. Rose*5
found it necessary in his dry assay of mercury to heat

the material with quicklime and a finely divided metal,

but others have shown that the complete decomposition

of all mercury compounds cannot be effected in this way.

In consequence of this, such modifications of the

method as those of Ohism,7 Holloway (Esohka),9 Meharg,9
and/



5

and H. ter Meulen^-0 have been devised.

It should be noted that all wet methods in whioh

prolonged treatment with aoid is essential for de¬

composition are liable to loss, owing to the volatility

of the salt from a dry part of the reaction vessel.

Apparently there is less loss in an aoid than in a

neutral medium, as is shown in Table I, This gives

the results obtained on keeping an aqueous solution of

mercuric ohloride at a definite temperature for a given

time as compared with those obtained with a similar

solution in 5 per cent, hydrochloric acid. The

solutions were placed in beakers with the same area

exposed to the atmosphere. They were heated electrically

on a hot plate, and draughts were excluded by having

asbestos screens round the vessels. The temperature

selected was 85°G., the duration of each test was 8

hours, and periodically solvent was added to replace

any evaporation loss. The results agree closely with
it 1 s> 1?5

those obtained by Sulc,iJ- Estere, e and Lehmann.

TABLE I./



6

Pure mercuric
chloride taken

TABLE I.

Aqueous Solution of Mercuric Chloride kept at 85 C
for 8 hours.

Mercuric
sulphide pptd.

Mercuric chloride
equivalent to

mercuric sulphide

0.5013 0 . 3908 0.4681
0 .3274 0.2544 0.3046
0.3833 0.2985 0.3578
0.2558 0.1977 0.2367
0.2810 0.2164 0.2593

Difference

g.

-0 .0332
-0 .0228
-0 .0256
-0.0191
-0 .0262

Five per cent. Hydroohloric Acid Solution of Mercuric
§537™ 4 11 *Loride under same conditions.

0.2873 0.2240 0.2856
0.5094 0.4365 0.5109
0.2654 0.2258 0.2642
0.4048 0.3445 0 .4032
0 .2775 0.2380 0.2780
0 .7058 0.6040 0 .7065
0.3928 0.3367 0.3941

-0.0015
+0.0015
-0.0012
-0.0016
+-0 .0005
+0 .0007
+0.0013

The original purpose of this work was to endeavour

to get mercuric iodide directly from a compound, but the

difficulty of collecting the product in a oonfined space

proved too great an obstacle. Instead, the iodide was

dissolved in sodium thiosulphate solution,14 excess of

thiosulphate was removed by addition of a little iodine,

and mercuric sulphide was preoipitated from the solution

in the normal way. The first series of experiments

was conducted on a specimen of cinnabar known to oontain

57.5 per cent, of mercury. A quantity of ore was

weighed into a combustion boat, mixed with four or five

times its weight of iodine, and introduced into a

combustion/



oombuation tube, almost half of which formed the inner

tube of a water-oooled condenser (Pig. 1).
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Within the cooled portion, and acting as baffles, were

some plugs of asbestos fibre, while a tighter plug was

situated at the inlet end of the tube as a safeguard

against back-firing. Later, glass beads were sub¬

stituted for the asbestos plugs. A gentle stream of

air was drawn through the apparatus by means of an

aspirator, but as the experiments progressed it was

found more advantageous to attaoh the exit tube to a

controlled suotion pump. During the tests on cinnabar

the results of which are given in Table II, it was

notioed that the condensed produot varied in colour.

TABLE II.

Merouric sulphide
Ore taken (supposed) obtained Mercury

g. g. Per Cent,

0.55851 0.5077 68.86
0.2184 0.1650 63.87
0.3906 0.3054 60.39
0.2877 0.2018 60.48
0.4145 0.3115 64.75

To eluoidate this irregularity several tests were

made without the use of baffles, and some of the solid

was obtained. It was washed with carbon disulphide

and then with acetone, and the residue was found to

contain mercury, iodine and sulphur apparently in

combination. The peculiar results thus seem to be due

to the formation of thio-iodide; there are a number of

such compounds.*®
Experiments/
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Experiments to eliminate the sulphur by using

iodine in admixture with potassium chlorate in the

combustion boat were usually unsuccessful, owing to the

speed of the reaotion and the consequent loss of the

products. With potassium nitrate, in plaoe of the

chlorate, the reaotion was also vigorous, while attempts

to control the rate of reaotion by the addition of a

non-reactive diluent, such as sand, were no more hope¬

ful. What did emerge from the tests was that a

brighter and more uniformly coloured product was formed,

PROCEDURE WITH ORES. - In order to supply iodine

and, at the same time, oxygen for the sulphur, iodio

acid was next 'tried. After some preliminary tests the

following method was adopted:- The mixture for the

combustion boat consisted of one part of ore to between

two and three parts by weight of partly dehydrated iodic
o

acid. By leaving the acid in an oven at 95 C. for

some time before use the amount of water formed in the

reaction later on was reduced; also, a better mixture

of the ingredients was obtained. After the heating,
•

I

when all signs of reaction had ceased, the excess of

iodine was removed, together with the red mercuric iodide,

by solution in the minimum amount of sodium thiosulphate

solution, and the mercury was precipitated with hydrogen

sulphide. The results in Table III were obtained with

the ore containing 57.5 per cent of mercury.

TABLE HI./
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§^w®B I

Ore taken

g.

0.2101
0.3218
0 .3762
0.6460
0.3446
0.3610
0.3813
0.2375
0 .4103
0 .3758

TABLE III.

Mercuric sulphide
from Hglg

g.

0.1390
0.2144
0.2579
0 .3072
0.2294
0.2342
0.2548
0.1891
0 .2707
0.2509

Mercury

Per Gent,

57.03
57.42
67.7
57.9
57.39
57.5
57.61
57.72
57.85
57.57

As the results were satisfactory and were obtained,

in much less time than by the wet process, the

possibility of applying the method to organic mercurials

was next investigated.

Sinoe many of the organic mercury derivatives

exhibit varying degrees of resistance to treatment

during assay, material was selected to embrace various

linkages, including the 0-Hg type, which is recognised

to be the most resistant.

PROCEDURE WITH MERCURIALS. - A quantity of the

substance was weighed and mixed on glazed paper with two
. 0

to four times its weight of dried (95 C.) iodic acid.

The mixture was carefully transferred to the boat, and

this was Introduced into the tube, the outlet of which j
was connected with the pump by rubber tubing with a

screw clip. Heat was applied very gently at the

beginning, and was reduced at the first sign of reaction

taking/
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taking place. A "bright red deposit, together with

some iodine, was seen in the oooled part of the tube.

When all reaction had ceased and no further ohange

appeared to take place on prolonged heating, the tube

was allowed to cool, and the oooling water was run off

One end of the reaction tube was closed with a small

rubber stopper, and two or three crystals of sodium

thiosulphate were introduced at the open end. This was

followed by a few ml. of water, after which a seoond

rubber stopper was used to olose the tube, and the

solution was tilted backwards and forwards to dissolve

the iodine and the iodide. In some of the tests a few

more crystals of thiosulphate had to be added, and in

one experiment a little alcohol was introduced, as the

residue seemed to be oily. The cold solution was

filtered, and the filtrate and washings were treated

with a few ml. of iodine (alcoholic) until faint re¬

activity to starch paper was noted; this was to remove

excess of thiosulphate. The liquid was then trebled in

volume by adding water acidified with dilute hydrochloric

acid and slightly warmed, and hydrogen sulphide was

passed in. The mercuric sulphide showed the usual

variations in colour, and the black precipitate was

finally obtained. This was filtered off in a sintered

Jena crucible, washed, purified, dried and weighed.

Typical results are given in Table IV.

TABLE IV,/
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TABLE IV.

Ho. 1. Merthlolate (sodium merourlthlosalloylate),lg

No. 2.

Ho. 3

No. 4

No. 5

Mercuric sulphide
Amount taken obtained Meroury

g. g. Per Cent.
0.2679 0.1470 49 .14
0 .2205 0.1272 49 .73
0 .2856 0.1629 49.17
0 .3014 0.1728 49.28
0.2723 0.1564 49 .46
0.3115 0.1780 49 .27
0.2422 0.1384 49 .28

Theoretical figure .. 49.58

By wet process .. .. 49.36

. Sublamin (ethylenediamine mercuric sulphate) ,171
0.50ld 0 43.7
0.2514 0.1282 43.95
0.2856 0.1465 43 .92
0.3237 0.1633 43.5
0 .2766 0.1402 43.69
0.3058 0.1556 43.86

Theoretioal figure .. 43.7
By wet process .. .. 43.66

. Planoohrome# (a variety of mercuroohrome, 220;
hydroxymer'ouridiWomo^luorescein).lB

1.1549 0.2850 21.28
0.8457 0.2096 21.4
1.1204 0.2767 21.3
0.8846 0.2181 21.25
0.7533 0.1873 21.44
0 ,7247 0.1780 21.42

. Merfenil^ (a phenyl mercuric nitrate).19
0.3415 0.2427 61.28
0.2853 0.2022 61.1
0.3288 0 .2341 61.48
0.2510 0.1780 61.19
0.3205 0 .2279 61.32

. Merfenil 002.

0.2376 0.1732 62.52
0.2547 0.1843 62 .4
0.2283 0.1655 62.5
0.3145 0 .2272 62.29
0.3572 0.2593 62.6

Figure aupplied by makers 62.2
By wet process (average) 62.34

«This compound is liable to contain water. There appear
to be several closely related compounds. A wet assay
of the sample gave 21.72 per cent, of mercury.

"f The sample was supplied by Messrs. May and Baker, Dagenham;
its mercury content was stated to be 61.2 per cent.
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The method here described for the assay of mercury

is more rapid than, and as accurate as, the digestion

methods. The substance that gave the greatest

difficulty was Planoohrome, the assay of whioh by the

wet digestion method took almost eight hours as against

two hours ten minutes by the iodic acid prooess.
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INVESTIGATION ON THE PREPARATION OF A OHROMAMMINE.

For the purpose of obtaining trans-diohlorodi-

ethylenediamineohrooium chloride (Pfeiffer, vide infra)

it was necessary to prepare the corresponding trans-

thiocyano- derivative by heating triethylenediaraine-

chromium thiooyanate at 130*0., and acting upon it with

chlorine. While attempting to obtain trans-dithlooyan

diethylenediamineohromium thiooyanate irregularities

appeared and it was decided to investigate the process.

On account of small yields which were evident from the

outset of the experiments and which were further
■

reduoed by necessary reorystallisations, alternative

methods of preparation were tried.

The stages in Pfeiffer's synthesis may be outlined

as follows:-

FIRST. The production from pyridine and anhydrous

chromium chloride of triohlorotripyrldine

chromium (1).

£bls Or py-sj
(1).

SECOND. The preparation of triethylenediamine-

ohromium chloride (11) from (1) by interaction

with ethylenediamine monohydrate.

[jCr enjj~J 013 3 j Hr>0
(11)

THIRD./
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THIRD. By a process of double decomposition with

alkali thlooyanate on (11), the luteo-trl-

ethylenediamlneohromiumthiooyanate (111) was

obtained.

Cpr en^ (SCN)S H20

| (111).
FOURTH. Heat at 130°0. on (ill) yielded trana-

dithiooyanodiethylenediamineohromium thiocyanate

(IV).

en.
Or

P
(SON) SH20

FIFTH,

(S0N)g
(IV) .

The action of chlorine on (IV) was claimed

to give trana-diohlorodlethylenediaralneohromlum

ohloride (V).

en.
Or

011
(v).

01

Each of these stages was examined in turn and the

results of the investigations are discussed in the

following pages.



18

OBSERVATIONS ON THE FIRST STAGE.

Preparation of trlohlorotrlpyrldlneohromlum (l).

Pfeiffer, Z. anorg. Chem., 1900, 24, 282; 1907, 55, 97

Anhydrous chromium chloride powder, dried for

several hours at 150*C., and cooled In a desiccator was

added gradually to freshly distilled pyridine contained

in a round bottom flask. Prior to distillation, the

pyridine had been kept for several days in contact

with oaustio potash sticks to ensure drying. The

amount of base used was in excess of that required by

the reacting quantities

Craig + 8Py = [j31s Or Py^~[
and since the reaction is exothermic the flask was

kept cool. A very little pyridine was condensed in

the air oondenser attached to the flask. From the

series of experiments conducted, even at this stage, it

was evident that the drier the reaotants the speedier the

reaction. After the Initial reaotlon had subsided the

flask was heated for five hours to ensure the completion

of the reaction. As the violet crystals disappeared

the liquid became green. When the reaction was

complete the contents of the flask were filtered

rapidly using suction. From the filtrate dark green

crystals appeared which, when they grew into a compact

mass, were almost black in colour. The residue was

refluxed with more dry pyridine and after several

extractions,from which crops of green crystals were

obtained, /
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e

obtained, there remained a light green ooloured

Insoluble portion. All the green crystals were

partially dried in the Buohner funnel, the last traces

of pyridine were removed by rinsing with benzene and

the final drying was carried out in a vacuum deslcoator

Since the product [[oi^OrPyg^] is soluble in pyridin
and as the pyridine solution is a means of separating

it from anything insoluble the necessity for more

pyridine than that required by the reaotion equation

is evident. Indeed in two oases where insufficient

pyridine was used, the produot adhered to the flask

and oaused craoking and fire. From the series of

experiments made at this stage the yield seemed to

fall when exoessive amounts of pyridine were used in

the preparation. This appears to be due to the base

absorbing moisture during the reaction for diminution

in the yield was prevented by attaching a dehydrating

tube to the end of the condenser. A feature of the

low yield vaa the appearance of more of the -light green

coloured compound previously mentioned as remaining

insoluble after the extractions of the{oi^OrPy^.|
The purity of the product was tested by analysis and

the light green compound was kept for further reference

(see page HI ) . The chromium was determined by

evaporating the material with concentrated sulphuric

acid and weighing the chromic oxide. Chlorine was

estimated by acting on the green crystals with potassium

in alcohol and titrating the chloride with silver

nitrate/
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nitrate and thiocyanate. This is a modification

of Stephanov's method for halide (Ber. 1906, 89, 4056).

The nitrogen estimations were done by Dumas method

and because the results were highly satisfactory no

carbon was estimated. The results of the series of

experiments are given in Table I.

TABLE I.

PrOl* Pyridine Yield Or# 01#

Theoretical lOgm 14.9ml 24.9gm 15.2 28.9 10.6

Experiment

1. lOgm

2. lOgm

3. 10 gm

4. lOgm

5. lOgm

6. 10gm

50ml

50ml

70ml

70ml

100ml

100ml

18.2gm

18.6gm

17 .4gm

18 .9gm

14.4gm

13.8gm

13.0

13.3

12.9

13.3

13.0

13.1

27.1

26.6

27.1

26 *4

26.3 ru

26.6

10

10

10

10

10

.8

.5

.8

.3

ned

*7

It was suggested by Pfeiffer that the addition of

chromous chloride acts as catalyst but the yields

obtained in two further experiments were no better when

this reagent was added. Furthermore, the preparation

of this catalyst is difficult and as it is readily

oxidised it soon becomes useless. These difficulties

outweigh any benefit derived from its use.
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Notes on the light green substance* (page 19).

As already mentioned this derivative was obtained

as residue from the hot filtered solution of the

triohlorotripyridineohromium. In order to remove both

solvent and trichlorotripyridineohroinium adhering to

the mass, the residue was thoroughly washed with acetone,

sucked dry at the pump and finally dried in a vacuum

desiccator. A qualitative analysis resulted in

identifying pyridine, chlorine and chromium in the

compound. It was only slightly soluble in water but

it gave sufficient reaction with silver nitrate

solution to show the presence of the chloride ion.

On warming slightly with a dilute solution of sodium

oarbonate, then acidifying with nitric acid before

adding the silver nitrate a much larger precipitate of

silver halide resulted. The substanoe dissolved slowly

in hydrochloric acid to give a reddish solution and it

was because a similarly coloured solution was obtained

during the second stage of the Pfeiffer method of

preparation when ethylenedlamlne acted on triohloro-

tripyridineohromiun (see page 24) that some indication

was given of the nature of this green derivative.

According to Pfeiffer (loo. cit., 1900, 24, 294) the

reddish substance is supposed to be a tetraaquo-

derlvative. Further, Tapuach, Oaann and Pfeiffer,

(Ber., 1908, 59, 1884) 3tate that bases like pyridine

act on a solution of tetraaquodipyridineohromium

tribromide/
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iff'
I*

tribromid© to give a diaquodihydroxylodipyridine-

ohromium bromide while the latter compound with aoid

reverts to the tetraaquoe- substance. in a previous

paragraph it was stated that the yield of light green

substance increased with excess use of pyridine: also

that the presence of moisture had the same effeot.

Allowing for these statements and observations it

seems quite possible that secondary reactions are taking

place during the preparation of the first stage compound

and that owing to either moisture or excess base being

used or to a combination of both factors a diaquo-

dihydroxylodipyridineohromium complex is formed as

indicated in the equation.

0r013 2Py 8Hg0 * 0r013Pys 4HS0

|CrPyg(HgO)^~j Oljj 2Hg0 » | OrPyg(HgO) (OH)g CI

The quantitative analysis of the compound (Table II)

agrees very closely with this hypothesis.

TABLE II.

Chromium
Found

16. 5

16.24

18 .82

16.3

Theory

16.5

Chlorine
Found

Nitrogen
Found

11.08 8.7

11.16 8.65

11.0 8.65

11.82 8.7

Theory Theory

11.26 8.A7

From/
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|
From this it will be seen that the reaction between

pyridine and chromium ohloride when these are dry

gives mainly trichlortripyridinechromium but owing to

traces of moisture retained, mainly by the ohloride even

at comparatively high temperatures,other side reactions

take place. Sinoe it is neoessary to have exoess

pyridine to prevent fracture of the reaoting vessels it

would appear that one of the subsidiary products is

diaquodihydroxyldlpyridineohromium ohloride.
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OBSERVATIONS ON THE SECOND STAGE.

Preparation of trlethylenedlamlneohromium chloride (11)

Pfeiffer, Z. anorg. Chem., 1900, 24, 288, 1902, 29, 113
Ber., 1904, 37, 4277,

To ethylenediaminemonohydrate in a flask fitted

with an air condenser slightly less than the oaloulated

quantity of trlohlorotripyrldinechromium was added In

small portions at a time. The reaotion was exothermic

but the contents of the flask were kept oool by immersion

in water. After the addition of the last portion of

the green solid the flask was set on a hot water bath

and the reaotion allowed to proceed for four hours.

During this time a red coloured pasty mass was formed

whioh later became more solid as the pyridine was

displaced from combination. The pyridine floated on

the top and after the contents had been cooled it was

decanted off. The solid remaining was dissolved in a

small quantity of water and the new product was pre-

oipitated by the addition of absolute alcohol. It

appeared as a bright yellow mass on the filter and the

filtrate was intensely red in colour. This filtrate

was kept for further examination and the yellow material

was purified by redissolving it in warm water, re-

precipitating it, again dissolving in water and adding

absolute alcohol till the solid began to appear when

it was left to crystallise out. The crystals were

filtered off and dried on a porous plate when they

appeared/
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appeared as bright orange yellow coloured prisms. It

was known that the compound is affected by light. The

crystals were therefore suitably protected as soon as

they were prepared. Like most hydrated crystals they

lost their lustre when dried in vacuo. In four

attempts at the preparation using 50 grams of the green

triohlorotripyridineohromium and the corresponding

amount of ethylenediaminemonohydrate (17.5gm = 22mls)

yields of 17.3, 16.5, 18.0 and 17.4gms WBre obtained.

The average yield represents approximately 00$ of the

theory. As this is a higher yield than that given in

the previous literature (51$) the cause was investigate

only after the analysis of the product gave evidenoe

that the material obtained waa pure. In Table III the

analytical results for chromium, chlorine and moisture

(i.e., loss in vacuum desiccator over cono.HgS04)
show that the compound obtained was reasonably pure.

TABLE III.

Chromium
Found

Chlorine
Found

(Volhard) HgO
Found

13.0 27.2 15.3

12.64 20.63 14.92

12.03 28.8 15.18

12.75 28.52 15.20

Theory Theory Theory

13.05 28.7 15.0

A/
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A fresh supply of ethylenediaraine (water free) was

obtained and was allowed to react with the green

trichlorotripyridinechromium in the proportions 38gms

of base to 54.8gms of pyridine complex. The reaction

was extremely vigorous and had to be controlled by

immersing the flask in ice. On account of the

solidification of the base, oooling and thawing

alternately was resorted to. Even after several hours

digestion on the water bath there was much less red

by-product material produced. During the digestion

the reflux condenser attaohed to the flask was fitted

with a drying tube. The yield of reorystallised luteo-

chloride was 76^ of the theory (average from six

preparations) of., yield given on page 25, 60$.

A second method for the preparation of this com¬

pound, namely the interaction of ethylenediamine and

chrome alum (Ber., 1904, 57, 4277) was tried out twioe

but the better of the two results gave a yield of leas

than 10$ of the theory. A very large amount of the

reaction seemed to be the formation of the reddish

compound previously noted, whioh may have been caused

by the water of crystallisation of the alum.

A brief note by Pfeiffer (Z.anorg.Chem., 1900, 24,

287) mentions that the luteo-ohlorlde can be made by

the action of anhydrou^hromium chloride on
ethylenodiamine. Lang and Oarson (J.A.O.S., 1904, 28_, 759)
also/
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also studied this possibility. As this method does

not appear to have been followed up, it was tried.

The reflux condenser fitted to the reaction flask had

a soda lime drying tube attached. The ethylenediamine

(water free) was placed in the flask which was corked

between the additions of the small amounts of powdered,

freshly dried chromium chloride. The contents of the

flask were kept in motion by rotation. On the sign of

any excessive evolution of heat this was controlled by
l

cooling in ioe. As the last of the solid chromium

chloride was being added the mass in the flask beosune

solid. Sinoe in the previous method digestion was

carried out for four hours, this procedure was retained.:

Thereafter, the product was extracted with as little

cold water as possible and the liquid filtered. A

small amount of a light green residue was obtained

which resembled the by-product obtained in the first

stage of the Pfelffer method in making trichloro-

tripyridineohromium (page 17) but its composition was

not investigated. The filtrate had the ohloride

precipitated from it by the addition of absolute alcohol

reorystallisation was performed as before. It was

noticed here that the filtrate from the alcoholic

precipitation of the luteo-chlorlde was not so red

in colour as that which was obtained when ethylene-

diamine monohydrate was used. The average yield by

this method was 82$ of the theory and in one case it

reaohed/
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reached 87#. The crystals were orange yellow in colour

and were exceeding^lustrous. The air-dried product
gave the following results on quantitative analysis

(Table IV).

Chromium

Found

13.22

12.70

13.08

13.17

Theory

13.05

TABLE IV.

Chlorine

Found

26.83 (v)

26.9 (v)

26.73 (g)

26.9 (g)

Theory

26.7

Water.
Lost at 110-115 0

Found

14.7

15.2

14.93

14.85

Theory

15.0

(v) volumetric, (g) gravimetric.
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Notes on the Red By-Produot obtained, pages 24 and 26.

Pfeiffer has hinted that the red substance produced

during this part of. the preparation may be a tetraaquo

derivative. While attempting to recover some of the

alcohol used to precipitate the luteo-chloride by

acidifying with sulphuric acid before distillation, a

reaction was first noticed which resulted in the

formation of a crystalline precipitate. Accordingly,

the following procedure was adopted. To the coloured

filtrate, sulphuric acid (30$) was added until the pro¬

duct was just aoid to litmus. An oily reddish mass

first appeared which, on standing, became gummy and

finally set. This was filtered off and washed with a

very little water. Because of its extreme solubility

»in water it was dissolved in the smallest quantity of

that solvent and reprecipitated by addition of alcohol

By arranging the quantities of alcohol and water it was

possible to obtain lilac coloured needles. After about

a week these were collected on a filter paper, washed

with alcohol and dried on a porous tile.

A qualitative analysis showed the presence of

sulphate, chromium (non-ionised) and nitrogen. The

substance blaokened on being heated and gave off dense

white fumes resembling sulphur trioxide before leaving

a green residue of ohromic oxide. On ignition in a

tube with soda lime pyridine was given off. Having

obtained these suggestive tests, the quantitative

analysis/
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analysis was next carried out when chromium, sulphate

and nitrogen were determined. The results are given

in Table V and agree with the calculated figures for

tetraaquodipyridinechromium sulphate on the assumption

that the compound is a tri-hydrate viz.,

[JH20)4 Or JPyg] (S04)8. 3Hg0s

TABLE Ve

Chromium
Found

Sulphate
Found

Nitrogen
Found

11.7 38.2 5.22

11.47 32.54 3.15

11.83 32.17 3.13

11.75 32.19 3.08

Theory for
trihydrate

Theory for
trihydrate

Theory for
trihydrate

11.48 31.79 3.09

Theory for
dihydrate

Theory for
dihydrate

Theory for
dihydrate

11.17 cc.ccto 3.15
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OBSERVATIONS ON THE THIRD STAGE.

Preparation of trlethylenedlamlneohromlum thiooyanate (111)

Pfeiffer, Z.anorg.Chem., 1900, 24, 249; 1901, 29, 107-
137; 1907, 55, 977"

About one quarter of the chloride (11) was

dissolved in oold water to make a saturated solution.

Slightly more than the calculated quantity of ammonium

thiooyanate to react with the chloride aocording to

the equation

[ Or en^~| 013,3^H20 + 3NH4CNS = 3NH401-h(j3r enB | (SON)^.HgO
was made into a oold saturated solution and this was

added to the chloride. Because the product is affeotefi

by light the mixture was set aside in the dark for

four hours to complete the reaotion. A yellow to

orange preoipitate appeared almost at once. After

standing, the product was oolleoted on a filter paper

in a Buchner funnel and sucked dry. A yield of 79#

was obtained as 80gms of luteo-chlorlde formed 65.3gms

of thiooyanate. However, on redissolving in warm

water and recrystallising 49.4gms of pure material

resulted. This represents a yield of approximately

66#. In the original paper the recrystallisation was

stated to take place from warm water but no mention of

temperature is given. There is no doubt that this is

one of the main factors in the operation since it has

been found that hot water decomposes the compound.

As an indication of this a few trial recrystallisations

were/
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were run through as follows:-

A weighed quantity of the crude dry thiooyanate

was dissolved in the minimum quantity of water at 85°,
at 60* and at 48*0., the solution held at the stated

temperature for ten minutes and then allowed to cool

when the substance crystallised out. The amount of

substance purified was almost nil in the first case,

25% of the crude reappeared at 60* whilst at 48°
68*^ was recovered as pure material.

During the period of standing in the dark required

to complete the reaction it waB observed that ammonia

was given off. When potassium thiooyanate was sub¬

stituted for the ammonium salt no advantage was gained.

The statement in Pfeiffer's paper that the supernatant

liquid was colourless was found to be entirely

erroneous. In no oase using the reacting quantities

with either ammonium or potassium thiooyanate was a

odourless supernatant liquid obtained. On following

up this point it was found that a colourless supernatan

liquid could be obtained if the amount of alkali

thiooyanate was muoh in excess of that required by the

reaction. Conclusive proof of this was found by

adding more cold saturated potassium thiooyanate to the

mother liquor from the crude compound, when a further

crop of crystals was produced from which more pure

thiocyanate compound was obtained. It seems therefore

that for the beat results it is absolutely essential

to/
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to have exoess of potassium or ammonium thiooyanate

and to reorystallise from water in the vicinity of 40®
0

to 60 0. The remainder of the luteo-ohloride was

oonverted into the thlocyanate and the final result was

a mass of glistening orange-yellow reotangular plates.

Drying was carried out in a desiccator over calcium

chloride. The product was analysed for thiooyanate,

chromium and nitrogen. The Dumas nitrogen estimations

were omitted on two samples as the other figures were
|

deemed sufficient. The chromium was determined as in

previous compounds while the thiocyanate was estimated

by the Volhard method. The results are given in

I Table VI and agree with the formula (VI) assigned to
I :

the compound.

(SON)s.HgO
(VI)

Or ena

TABLE VI.

Chromium
Found

12.24
12.33
12.26
12.54
12.58

Thiooyanate
Found

39 .4
41.0
39 .8
40.6
41.3

Nitrogen
Found

30.51
29.63
30.82

12.27

Theory

41.03 29 .7
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OBSERVATIONS ON THE FOURTH STAGE.

Preparation of trana-dlethylenedlaminedlthlooyano-
ohromlum thiooyanate (IV).

Or (SON) 2H„0
(SON)g 2

(IV)

Pfeiffer, Ber., 1900, 33, 2686; 1901, 554 , 4303}
Z. anorg. Chem., 19*00 , 24 , 294; 195*2, 29_, 107-113,
Pfeiffer claims that the product (111) heated to

o 0 .

120-130 0,, loses 18.1% of its weight and that, after

dissolving in hot water, the orystals could be collected

from the nearly cold solution. It is true that 18.1^

of the weight of material represents the loss of a

molecule of water and one of ethylenediamine from one

moleoule of the luteo-thiooyanate, but, after conducting

no less than eleven experiments, that loss was never

reached. At first the heating was done on a clock glass

in a hot air oven at 130°0., but after a short time the

edges of the mass became red and there were signs of

decomposition with evolution of some sulphur dioxide.

Prom this it was only oorrect to assume that some of the

material was being overheated looally. To prevent this

the later experiments were conduoted as follows

Into a boiling tube was placed a weighed amount of

the luteo-thlooyanate. The tube was immersed in

glycerine whioh was heated to a fixed temperature and

from/

ene
Or

(SON )g
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from time to time the reaction was watohed "by noting

the loss In weight. While the heating was being

carried out and, in order to prevent the moisture and

any ethylenediamine re-entering into the reaction, a

slight current of dry air was drawn over the mouth of
'

the boiling tube. Table (VII) gives the result of

these observations.

TABLE VII

Batoh Temperature Loss

0
1 120 7.2
2 120 6.8

3 125 8.0
4 125 8.3

5 130 11.2
6 130 10 .7

7 135 13.3
8 135 13.9

S 140 16.8
10 140 16.2

11 145 20 .4
12 145 21.6

Appearance of product

No apparent change

Pinkish when hot only

More orange colour
when ooId

Light brown when cold

Light brown when cold

Product much darker and
not uniform in colour.

The main feature of these results was that in no

experiment at the temperature used by Pfeiffer did 18.1^

loss of weight result. The above figures were obtained

after a 48 hour run on each batch.

A small amount of the batches, 7 to 10 inolusive,

were further examined with regard, first, to the

action/



56

action of water and, second, to the chromium content.

A marked feature of the products was their apparent

low solubility in water. The luteo-thiooyanate and

the trans-complex which is stated to be formed from it*,

are both water soluble so that the produot could not

be all trans-complex. What did dissolve, however,

was separated by filtration and a small amount of

reddish coloured needles resembling potassium diohromate

was obtained from the solution. From 25gms of the

heated produot only 1.8gms of needles was obtained.

By very careful working two estimations for thiocyanate

and for chromium were made. For thiooyanate the

results were 14.9$ and 16.5$ and for chromium 15.2$ and,

13.4$. Since the substance was crystallised from

water and a dihydrate is said to be formed giving 18.19$

ionisable thiooyanate and 13.0$ chromium, the require¬

ments for a change in the complex are fulfilled.

There can be little doubt that this soluble compound

is the trans-diethylenediaminedithiocyanochromium

thiooyanate (IV) obtained by Pfeiffer, but the yield

is extremely small.

As has been indicated, in order to get further

evidence as to what might be present, the produot from

the heating process, before attempting to extract the

trans-complex, was sampled and its chromium content

determined. Had the luteo-compound behaved as it is

supposed to do on heating, there would have remained

dried material oarrying 15.0$ of chromium, equivalent

to/
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to 13.6^ in the dihydrate product. Now, the observed

loss on heating was not so great as it ought to have

been, and yet the chromium results were actually on

Batch 7, 13.6^; Batch 8, 13.4#j Batch 9, 14.84,

14.77%; Batch 10, 14.83, 14 .60#.

To some extent these figures are in agreement

with the gradual increase in percentage loss on heating

the luteo-thiocyanate at different temperatures.

Prom the results obtained it is only reasonable to

conclude that the material which has been obtained on

heating the luteo-thiooyanate (III) oontains only a

small proportion of the trans-diethylenediaminedi-

thiooyanoohromium thiooyanate described by Pfeiffer

and that it must contain an additional produot (or more

than one) of similar composition. This point is more

fully considered in the discussion of the next stage

in the series of preparations.
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OBSERVATIONS ON THE FIFTH STAGE.

Preparation of trans-diohlorodiethylenediamineohromlumc
ohlortde (vn

eng Cr 012 01 HgO.

(V)

Pfeiffer, Ber., 1904, 37, 4255.

The remainder of the heated material from the

previous stage was extracted with warm water (35 0.,)

every endeavour being made to keep the volume of

liquid down to the minimum. After a considerable time

a small crop of red crystals of the compound (IV)

developed in the filtrate. These were collected but

not analysed since reference has been made to them

already. They were then made into a paste with a

small amount of water and transferred to a boiling tube

immersed in ice. Chlorine was slowly passed through

the mass and gradually the liquid assumed a bluish

colour. On allowing the chlorinated liquid to stand

for some time in ice, spangles of a greenish orystallin

substance appeared. The quantity was so small that on

attempting to filter it off, all that remained on the

paper was a very thin deposit. That green crystals

similar to the produot isolated by Pfeiffer were

obtained is definite proof that the trans-chloride

had been formed by chlorinating (IV).

Sinoe the heated luteo-thlooyanate previous

to/
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to water extraction had a chromium content comparing

favourably with that of a oIb- or trans- complex,
or more probably a mixture of the two in which because

the yield of the latter was apparently small the cia-

oompound predominates, it was next decided to ohlorinat

the material left after the attempt to remove the trans

salt by water extraction. Accordingly, this residue

was made into a thick paste with cold water. Chlorine

was passed into it while cooled in ice as in the

previous chlorination. The reaction was exothermic.

Slowly the sludge gave place to an orange red coloured

liquid in which no crystals appeared. By placing the

liquid in a desiccator under diminished pressure much

of the solvent was removed but great difficulty was

experienced in obtaining any crystals. However, on

repeating the process several times from 28.4gms. of

residue taken to form the sludge 11.4gma of moist deep

red coloured orystals were ultimately obtained. These

appeared to be very deliquescent! it was not possible

to dry them, for after washing with absolute alcohol

they immediately took in water again. On this aocount

no analysis was carried out.

Instead of the analysis, identification of the

product wa3 attempted by observing the relation to the

oxalato- derivative. It is known (Pfeiffer, loo. cit.

that the trans-chloride (VII) with potassium oxalate

solution gives a red oomplex salt in whose composition

there/

,)
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there still remains the ongGrOlg grouping as in (VIII)
and therefore it contains chlorine which can be

identified with a sodium fusion,

C£,

t/w.

V.

.Co

J

V/!t-

The ois- chloride (IX) on the other hand produces also

a red complex salt but its constitution is indicated

in the formula (X).

(c*vK.\

The pasty red crystals were therefore dissolved in

water and a concentrated solution of potassium oxalate

added. -A bright red crystalline precipitate was

formed almost at once. For the purpose of allowing

the reaction time to complete itself the mixed liquids

were left for an hour and then the crystals were

collected on a small suction funnel. The new compound

was found to be very soluble in water. Nevertheless,

it was washed liberally with cold water in spite of

considerable loss in the process and then finally

rinsed with alcohol. No record was made of the yield

as the main object at this stage was to prove the

presence or absence of chlorine in the product. The

extracts from separate fusions with sodium carbonate

and with metallic sodium showed only a trace of halide

It was therefore evident that chlorination of the

residue/
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residue obtained after extraction of the trana-

diethylenediaminedithiocyanoohromium thiocyanate

yielded the oia- form of dichlorodiethylenediamine-

ohromium thiocyanate. Thia confirms the hypothesis

(page 37) that the action of heat on triethylenediamine

chromium thiocyanate (III) yields a mixture which

contains only a small proportion of trans-diethylene-

diaminedithiooyanoohromium thiooyanate and the other

material present is now shown to be the ois- isomer.

Another proof that the compound (IX) has Indeed

the cis— structure, which has been assigned to it,

might have been obtained by resolving the oompound,

but its deliquescence made it dlffioult to work with

and, as already indicated, the yield was very small.
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SUMMARY AND CONCLUSIONS.

The original purpose of this investigation was to

obtain trans-diohlorodiethylenedlamlneohromlum chloride

(V) and to prepare from it addition compounds with a

view to comparing them with the analogous cobalt

derivatives isolated by Slater Price and Brazier

(J.C.S., 1915, 107. 1387, 1713).

From almost the outset, however, it became apparent

that the synthesis of the required starting material as

given by Pfeiffer could not be repeated strictly

following his directions and this necessitated going

over each step in the process.

In the first stage, the preparation of triohloro-

tripyridineohromium (1), the conditions for maximum

yield were investigated and the presence of moisture in

the reaotants shown to favour the formation, as a by¬

productAdia£uodjLt£ydroxyl£]D£rid3jie^

Treatment of (1) with ethylenedianine to yield

triethylenedianinechronium chloride (11) gave better

yields when the anhydrous diamine was used instead of

its monohydrata. When the latter was used, a by¬

product of tetraaquodlpyridineohromium was isolated as

a trihydrated sulphate.

The conversion of compound (11) to triethylene-

diamineohromium thiocyanate (ill) was found to give

good yields only when treated with potassium or ammonium

thiocyanate in large excess ovor the theoretical

requirements.

The/
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The action of heat on the compound (ill) has been

found to give not only the trans- form of diethylene-

diaminedithiooyanoohromium thiooyanate (IV), which

Pfeiffer claimed to have obtained by simply heating at

120-130 C., until the required loss in weight had

occurred, but also to yield the ols- form of the same

complex. Indeed, the latter was found to predominate

in the reaction product. Attempts were made to get

the trans- form, claimed to have been isolated by

Pfeiffer, by varying the temperature of heating, but

in no case examined could a good yield of this oompound

be obtained.

The presence of both oia- and trans- isomers in

the product from heating the thiocyanate (ill) was

confirmed by chlorinating both the water soluble and

insoluble portions. From both, the corresponding

dichloro- derivatives were obtained, but that from the

water insoluble fraction gave, on treatment with

potassium oxalate, an oxalato- derivative, free from

chlorine, which could only have been produced from a

cis- derivative.


