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PART I

THE DETERMINATION OF SIﬂVER IN ORGANIC COMPOUNDS.

Introduction

During the last few years some work has been done both in
this country and in Germany on the silver salts of halogen substi-
tuted phenols, thus giving rise to some exceedingly interesting re-
sults. As most of the work done congerned the lower halogen substi-
tuted compounds, it was thought that an investigation of the silver
salts of the higher halogenated phenols might prove valuable.

As this investigation would necessitate a large number of
analyses, a more satisfactory method for the determination of silver

in suych compounds has been studied.

Review of Methods

There have been a large number of methods described in the
literature for the estimation of silver in organic compounds, but in
every case they are lacking in one or more of the qualities which de-~
termine their value, namely, speed, accuracy, and applicability.

The universal method which is described in all of the text
books covering the subject is that of carius.l This method involves
heating the silver compound with fuming nitric acid in & long,heavy,

sealed glass tube, by means of & specially constructed furnace, at

lBer., 3, 697 (1870)



about 200°C for several hours. This treatment decomposes the organic
bart of the compound, thus freeing the silver, ﬁhich in turn is dis-
solved by the acide The contents of the tube are then carefully
rinsed out into a besker, the excess of acid neutralized with pure
sodium carbonate and the silver precipitated and weighed as halide.

This method, although it is so universally used, has serious
defects, The greatest objection to it is its extreme tediousness, (as
is revealed in the foregoing description.) Moreover the tubes often
explode with great violence, thus making the method a dangerous onee.

Agide from determining silver in explosive substances like
silver oxalate, silver acetylide, silver picrate, etc., and also in
cases of a number of compounds which are not completely decomposed by
the treatment within the tube, the Carius method has wide applicabilitye.
It is also capuble of yielding very exact results if extreme care is
exercised in the manipulation.

There are many other methods which depend upon decomposition
of the silver salts, using either oxidizing or reducing agents to ac~-
complish it

The method of Dupont and Freundler,lAwhich like the Carius
method employs acid for the decomposition, deserves mention. This
method consists in heating the silver salt in an open vessel with aqua
regia, whereby the silver is converted into silver chloride and deter=-
mined as such. If bromine is present in the compound, they find that
the'presence of & small amount of a bromide, which generates hydro-

bromic acid, greatly assists in the decomposition.

Ljanuel Operatoire de Chemie Organique, P. 80 (1898) - Rindl and Simonis.



Dupont 's and Freundler's method has found little favor with
chemists; this probably being due to its inapplicability. Datta and
Fernandesl have shown that aqua regia is a very strong chlorinizing
agent and produces chlorination in cases of a very large variety of
compounds. It is true also that aqua regia does not effect decompo-
sition in cases of some compounds which are not halogenated by ite.

The only method of any significance which does not depend
upon the decomposition of the compound is that of Vanino®. This
method is based upon the reducing action of formaldehyde in strong
alkaline solution. The silver is reduced to the metal and weighed
as suche Due to the fact that only soluble silver salts could bs

analyzed by this method, it is therefore of little valuse

The Cyanide-Sulfide Method.

The method of detemining silver in organic compounds
worked out in this laboratory by the author is based upon the separa-
tion of the silver fram a cyanide solution of the silver compound by
its precipitation as a sulfide and its estimation as such.

Cyanides such as sodium and potassium cyanides have a de-
cided action on silver salts in general; even upon those which have
only a very slight solubility such as the halides, thiocyanate, oxa-
late, cyanide, etc., forming the quite stable argenti cyanide ion
according to the following typical reaction in which A represents
the organic part of the silver salt molecule

A Ag + 2 NaCN = Na Ag(CN) + 4 Na

1J, Am. Chem. Soc., 38, 1809=13.
2per., 31, 1763.



It is seen from the above egqmation that in every case, when
this reaction takes place, the sodium or potassium salt of the com=
pound is formed according as sodium or potassium oyanide is employed.
In practically every case either the sodium or potassium salt or both
are very soluble, giving at the completion of the reaction a solution
of the alkali salt and the argenticyanide.

It might be thought that the determination of silver in the
argenticyanide solution would offer considerable difficulties. If
only a slight excess of the gyanide solution were used and some sub-
stance added which would combine with the silver given by the disso-
gciation of the complex cyanide fom to form an insoluble compound yieldw
ing a still lower concentration of silver ion than is present from
the argenticyanide, the complex would be destroyed with the formation
of cyanide ion. As silver sulfide is the most insoluble of all the
silver salts, a sulfide would therefore be the best suited for this
purpose. The reaction is as follows:~

Na Ag(CB), + Nag8 = 4gpS + 4NalN

The free cyanide generated in the above reaction would dis~-
solve an appreciable éxnount of the silver sulfide if no precautions
were taken to prevent it. If, however, an excess of the sulfide solu=
tion 1s added the concentration of the silver ion coming from the sile
ver sulfide would be so greatly depressed due to the common ion ef=-
fect that this difficulty would be overcome.

In some cases the alkali sa.lt_ formed in the first reaction
might be hydrolized to an insoluble precipitate of the acidic cam-
pound, but if a small amount of an alkali is added, this action will

be prevented. Only in the cases of very insoluble weakly acidic com-



pounds would this difficulty be .expected.

The Cyanide-Sulfide method is cerried out as follows:-

About 0.,3000 gm. of the sample is weighed out into a 400 com.
beaker; two or three drops in excess over the theoretical of a 0.25 Nor.
solution of sodium cyanide ere addeds The solution is then warmed to
assist the solvent action of the cyanide. After the silver salt is
dissolved the solution is diluted to 300 ceme. with distilled water.
If a precipitate should appear at this point in the operations due to
hydrolysis of the alkali salt, a few drops of a dilute alkali solution
aye added to dissolve it. 4bout 25 come. of a 0.25 nomal sodium sul-
fide solution in excess over the theoretical amount required for complete
precipitation of the silver present, ams added slowly with stirring.
The solution is then heated and stirred until the silver sulfide pre-
cipitate has coagulated nicely. The silver sulfide is them filtered
from the hot solution into a previously weighed Gooch crucible, washed
completelyv free from soluble sulfide with distilled water, and finally
washed, first with a little alcohol and then .ether. The Gooch crucible
is then transferred to an oven, dried one-half hour at 100°-110°,
cooled and weighede It is then dried during 15 mine. periods until the
weight remains constent. More than two weighings are seldom necessarye.
The percentage of silver is calculated from the weight of the sample
and the silver sulfide by the following formula,.
log,phbg = 1.93982 + log,,(wt. of AgzS) - log, (wt. of sample).

In comparison with the other methods of determining silver

in organic compounds, the Cyanide-Sulfide method is an exceptionally



speedy one; the entire determination.from the time the weighing of the
samples is started until the Gooch crucibles are placed in the oven
seldom takes more than one hour and a half. Working with silver salts
which are very soluble in the cyanide solution the author has made the
determination within an hour'’s time.

It might be expected that silver sulfide would oxidize when
heated in air at 1100. When washed with alcohol and ether, however,
constant weight is maintained by the sulfide during several hours of
heating.

The cyanide sulfide method is very easy of manipulation,
greatly excelling the Carius method in this respect. Its accuracy
leaves little to be desired. Working with & 0.3 gm. sample, 0.1 mg.
of silver sulfide is equivalent to 0,03% of silver. If practical,
larger samples can be used thus reducing the error coming from errors
in weighing.

Another decided advaﬁtage of the author's method over those
which depend upon decomposition of the compound lies in the fact that
by the cyanide~sulfide treatment the compound, from which the silver
salt is derived, is not destroyed but can easily be recovered by mere-
ly acidifying the filtrate from the silver sulfide. If the compound
is an insoluble solid, it can then be separated by filtration. If it
is soluble or a liquid, some means of extraction with solvents may be
employed. The product recovered in the case of the insoluble penta-
bromophenol showed after only one crystallization a high degree of puri-
ty. When much time has been spent preparing a compound to be in-

vestigated in respect to its silver salts, this refinement of the



method can well be appreciated.

There remains one more factor in the method to consider:
that is its applicability. It is essentially on this factor that its
success will depend.

There are a great variety of organic silver salts derived
from acidic organic compounds. Wherever & hydrogen atom of sufficient
acidity exists in an organic compound, there is a possibility of salt
formations The largest group of such compounds is, of course, the car-
boxylic acids. Sulphonic acids, acid amids, imids and phenols are
other examples of groups of organic compounds from which silver salts
are deriveds The fact that a large percentage of these silver salts are
difficultly soluble crystalline or amorphous bodies is what makes them
such a very important class of compounds, for they can easily be inves-
tigated in the laboratory.

Silver salts have been, from the very beginning of organic
chemistry, of great assistance in determining the basicity and mole~-
cular weight of organic compoundse.

Coming back now to the application of the Cyanide-Sulfide
method to the analysis of such a large variety of silver salts, there
are apparently only two possible limiting factors. In the first place
some silver salts may exist which are not soluble in the cyanide solu=
tion. This could only be expected in cases where the silver ion coll-
gentration from the salt when covered with cyanide is so low that the
silver cyanide complex cannot form. A case of this kind was discovered
with the silver salt of diazoaminobenzene which dissolved only slightly

in the cyanide solution. As there are but a comparitively small number

of such compounds, the applicability of the method is not seriously



affected, \

Another possible difficulty might arise in the case of sil-
ver salts, in which very easily reducible nitro groups are present in
the molecule, thus making it possible for the dilute sulfide solution
to reduce the nitro body to a difficultly soluble substance which might
not form a sodium salt on account of its basic character, but would
precipitate out and contaminate the silver sulfide. Due to the very
slight reducing action of such a very dilute alkaline solution of the
sulfide which is present and the probability that an insufficient
number of amino gro.ups would be formed to render the compound too
basic for the formation of the sodium salt, little difficulty could
be expected from this source.

The Cyanide-Sulfide Method
Experimental

The method was first tried out by analyzing some rather im-
pure but homogeneous silver pentabromophenolate with the following
results:

% Ag Sample I 15.48
% Ag sSample II 15,47

The fact that such good checks were obtained gave much en=

couragement so samples of pure silver salts were prepared and analyzede.
Analysis of Silver Oxalate

The theorstical amount of a dilute solution of C. P. silver

nitrate was added slowly to a dilute solution of C. P. oxalic acid

which was kept shaken. The white amorphous precipitate of silver



oxalate was filtered and thoroughly washed with distilled water up-
on & Blchper funnel, The product was sucked as dry as possible upon
the filter, separated carefully from the filter paper and allowed to
dry\ for 2 day on a watch glass which was set in the desk and pro-
tected from dust. It was then powdered and dried over phosphorus
pentoxide in vacuo for several days. As silver oxalate is easily
decomposed in contact with sunlight, considerable care was exercised
to avoid this difficulty. The product was very slightly darkened

which was no doubt due to reductione.

Analysis
Sample Wt. of Wt. of % ig. % Ag. Calc.
Sample AgsS Detere for caougz
No. I 0.2832 0.2311 71.04 71.03
No. II 00,3893 0,3178 71.09 71,03
No. III 0.2623 0.2065 71.12 71.03

The slight reduction of the silver oxalate may have caused

the results to run high,

Analysis of Silver Benzoate

The silver benzoate was preéared by dissolving a few grems
of benzoic acid, containing 0.1 - 0.2% of combined chlorine in a
large volume of hot distilled water. The hot acid solution was then
sarefully neutralized with a dilute sodiwm hydrexide solution con=-
taining a small amount of halogen. A few drops of a very dilute solu-
tion of silver nitrate was added and the solution filtered free of the
silver halide. A slight excess over the theoretisal of a very dilute
solution of Ce.P. silver nitrate was then added slowly with constant

shaking. The large flocculent precipitate of silver benzoate which
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separated was dissolved in the solution by boiling and adding the
necessary amount of distilled water. After the silver benzoate had
dissolved, the solution was filtered. Upon cooling, the fine needle
like cyrstals of silver benzoate which separated were recrystallized
twice from boiling water, the final crystallization yielding a
slightly darkened producte, This was first dried in air and thén over
phosphorus pentoxide in vacuo. The product like silver oxalate had

toc be protected fram the light,.

Analysis
Sample Wt. of Wt. of % Ag. % Ag. Calc.
Sample Ago8 Deter. for OnHyO0pAg
1 03187 0.1728 47.18 47,12
11 0.3263 0.1762 (47.01)* 47,12
111 0,4475 0.2429 47,23 47,12

*During the analysis of sample II a few specks of silver sulfide
were lost.
The fact that the results show a high percentage of silver

is probably due to the slight reduction of the silver benzoate.

Analysis of Silver Cinnamate
Pure recrystallized cinnamic acid mepe. 132.5 was careful-
1y neutralized with dilute sodium hydroxide solutionr which contained
a small amount of halide. This neutral solution was freed from sol-
uble halide by adding a few drops of silver nitrate and filtering,
Prom this point the operations were the same as in the preparation
of silver oxalate.

The product was a snow white amorphous bodye.



Sample Wt of

Sample
I 0.2866
Il 0.2722
II1 02734

Analysis
Wte of
S

Agz

0,1390
0.1321
0.1327

% Ag.
Deter.

42.22
42,25
42,26

Analysis of Silver Anisate

11

% Age. Calc.
for CgH,O24ge

42,32
42,32
42,32

Pure anisic acid me.p. 1859C was employed in the preparation

of the silver salt. The operations were the same as those employed in

the preparation of silver benzoate, The product after five erystalli-

zations still exhibited & slight pink colore

Sample Wte of

Sample
I 0.2438
II 0.2400
111 0.2314

Analysis
Wte of
AgoS

0.1164
0.1147
0.1107

% ag.
Deter.

41.57
4l.61
41.65

4 Ag. Calc.
for ceHr,OEA-Go

41.66
41,66
41.66

Analysis 0f the Pink Amorphous Silver Salt of Pentabromophanoll

Sample Wte of

Sample
I 003043
11 0.3475

11 0.4734

Wte of
AgpS

0.,0627
0.,0716
0.0975

% Age
Detere

17,94
17.94
17,93

% Ag. Calc.
for csnr50Ag.

18.11
18,11
18.11

Anglysis of the White Amorphous Silver Salt of Pentabromophenolz

Sample Wte of

Sample
I 0,3918
II 0,4131
111 0.4701

Preparation I

Wte of
4gg8

0.0807
0.0851
0.0965

% Ag.
Deter.

17,98
17.93
17.88

Itnesis Part II, p 22
2rhesis Part 11, p 23

% Ag. Calce

for CgBrsOAg.

18.11
18.11
18,11



Sample Wt. of

Sample
I 0.2544
B § 0.2118

Analysis of the Lemon Yellow Silver Ammonia Salt

Sample Wte of

Sample
I 0.2907
II 0.2715
II1 02470

Preparation ‘I1

Wte of
AgS

0.0523
0.,0439

Wte of
Aggs

0.0570
0.0532
0.0487

Analysis of the Pink Silver Salt

Sample Wt. of

Sample
1 00,3457
II 004492
I11 0.2806

Wte of
AgoS

0.0781
0.0935

0.0584

% Ag.
Deter.

17.91
18.06

% Ag'o
Deter,

17,07
17,06
17.17

12

% Age Calc.

18.11
18.11

of Pentabromophenol.1

% Age. Calce
for CGBrEOAg(NHS)z

17,10
17.10
17.10

of Pentabromophenol.2

% Age
Deter.

18.10
18.12%°
18.12

éThesis, Part I1I, p. 27
Thesis, Part 1I, P, 23

% Ag Calec.
for CsBrBQAg.

18.11
18.11.
18.11
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PART II

The Silver Salts of Pentabromophenol.

Introduction

In 1910 Torrey and Hu.nterl

» Working in the Harvard laboratory,
discovered upon allowing the red silver salt of 2-4~6 tribromophenol to
stand over night on a filter paper that it had turned white. Upon analy-
sis of the white product results were obtained indicating that it was
isomeric with the red forme. This change they thought might have been
brought about by the action of the ammonia present in the laboratory.
They then proceeded to prepare the red and white in a pure condition for
analysise

The red silver salt was prepared by precipitating it with silver
nitrate from a solution of its sodium salt. The white ‘salt was found
to be best prepared by precipitating it with silver nitrate from a solu~
tion of its sodium salt to which ahd been added a few drbps of ammonia,
thus making use of the fact that ammonia affects the transformation
from the pink to the white form. The analysis of the two salts so pre-
pared proved their identical composition.

Two different forms of the same silver salts were discovered
by the above investigators in the cases of 3-4~6 tribromoguaiacol and
2-4~6 tribromoresorcinol monomethyl ether, but only the white salts in
each case could be obtained for analysis as the red forms changed too
rapidly into the white. No other cases in which two forms of the same
silver salt existed were discovered.

Torrey and Hunter attempted to discover a difference in the

chemical behavior of the two forms of silver tribromophenolate but

1
J. Amer, Chem, soc,, 33,194~-205.
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failed to find any.

lanzschl!working in the same field confirmed Torrey's and
Hunter's results and added another case of the kind., He élso inves-
tigated & number of the silver salts of halogenated phenols and pre=
pared the following table which gives the color end forms of the sil=-
ver salts which he prepared:

Silver Salts of:

Chlorophenols

o-m=-p chlorophenol
colorless

2-4 dichlorophenol
colorless

2-6 dichlorocresol-

Bromophenols

P bromophencl
colorless

2-6 dibromophenol
coloriess

2-6 dibromo-p=-cresol

Iodophenols

p iodophenol
colorless

2=6 diiodophenol
colorless

2-6 diiodo~p=cresol

yellow yellow colorless
colorless
té&trachlorophenol 2=4~6 tribromophenol  **2-4-6 triiodophenol
yellow brick red colorless
colorless
penta chlorophenol tetrabromophenol
yellow colorless
*pentabromophenol
colorless

* A yellgw silver salt of 2-4-6 triiodophenol has been prepared by

Woollett,

*The suthor has prepared a pink silver salt of pentabromophenol.
Henzsch made a number of generalizations which in view of

the observations of later investigators are open to serious criticisme.
Taking account of the fact that two cases have already been

found which do not correspond with the table of Hanzsch, & systematic

investigation of the silver salts. of halogenated phenols should throw

more light upon the existence of other isomeric foms. There is no

4

[ L7 ‘
\1Ber, 40, 4332 (1907)
2J, imer. Chem. S0G. 38, 2474.



reason to suppose that the silver salt of tetrabromophenol, for
instance, does not exist in isomeric forms as it differs from the

silver salts of the tri- and pentabromophenols by one bromine atom.

Discussion of Resultse.

Two silver salts of pentabromophenol were described in the
literature at the time this research was taken up. Bodroux1 obtained
a rose colored amorphous precipitate upon adding silver nitrate to a
solution of the potassium salt. Hanzsch® obtained a reddish amorphous
precipitate in the same manner as Bodrouxibut mentioned that the color
wes probably due to the impurity of his pentabromophenol, which after
repeated crystallization retained a reddish color. Hanzsch also de-
scribed a colorless amorphous form of silver pentabromophenolate which
he obtained by precipitation with alcoholic silver nitrate from a solu~
tion of the ammonium salt in alcohol. Hanzsch himself pointed out that
alecohol affects the transformation of the colored into the colorless
form in the case of other isomeric silver salts bﬁt he evidently failed
to realize the possibility of such an action in the case of the sil=~
ver pentabromophenolate, which he describes as existing only in the
colorless form.

Although two differently colored silver salts of pentabromo-
phenol have been pfepared, no one has shown them to be isomerice

Previous to the asuthors investigation the silver salts of
2=4~6 tribromophenol described by Torrey and Hiunter5 and the silver

1Compt. rend., 126, 1282-1285 (1898).

-LOG.—GJ-@. U Do~ 499
3Loc. cite

= 3
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salts of 2=6 dibromo-p=-cresol described by Hanzsch are the only cases
of the kind mentioned in the literature where the salts have been
gshown to be isomeric by analysis.

A study of the conditions under which the colored and color-
less forms of silver pentabromophenolate are formed has shown that the
pink amorphous form, obtained by adding silver nitrate to an aqueous
solution of an alkali phenolate, is readily transformed into the white
amorphous salt in the presence of ammonia or alcohol and upon standing
in a damp condition. The analysis of both salts has shown them to be
isomerice.

As Hanzsch has stated that the color in the reddish silver
salt of pentabromophenol may be due to an impurity and since the ap-
pearance of a paper by Furcht and Liebenl, who describe & white and
yellow levulinate of silver but ascribe the color in the yellow salt
to an impurity, it is worth while to state the reasons for believing
that the color in the case of the colored silver salt of pentabromo-
phenol is not due to impurities. In the first place the pentabromo-
phenol used in the preparation of the colored salt was of exeception=-
al purity and perfectly colorless. Some of the colored and colorless
amorphous silver salts were converted into pentabromophenol and from
these products the colored salt was obtained just as in the case of
the freshly prepared phenol. The analysis of colorless and pink salts
agree with the theoretical percentages. Moreover the transformation

of the pink into the colorless form takes place without the appear-

ance of any colored by-products.

1Ba11. soc. Chem. (4) 5, 1069, (1909)
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The author has also prepared two crystalline silver salts
of pentabromophenol which contain ammonia of additione These two
salts consist of & colorless and & lemon yellow erystalline forme.

They are best prepared by adding silver nitrate to an ammoniacal
solution of an alkali salt of pentabromophenol; the precipitation
of the different forms depend upon the concentration of the ammonia
present.

The analysis of the lemon yellow salt has shown it to be
an armonia addition product with the molecular formula C 6Br50Ag.2NH3.
Analysis shows the white crystalline salt as possessing the following
formula: CgBrgONH;, C6Br;O0Ag.<NHz.H20.

Two semi-crystalline products have been prepared from the
above mentioned white orystalline salt. One of these products is white
and is obtained by heating the dry white crystalline salt. The other
product is pink and is obtained by drying the moist white crystalline
salt over phosphorus pentoxide. These products mey be definite com-
pounds but every indication points to iha conclusion that they are
mixtures,

The accompanying chart shows in & concise way the numerous
changes that the silver salts of pentabromophenol undergo. The details
of these changes are discussed more fully in the experimental part,

The investigation of the amorphous silver salts of penta.—
bromophenol has thus far indicated no difference in their chemical
behavior. These salts therefore are apparently analogous to the sil~
ver salts of tribromophenol described by Torrey and Hunter.

| That the color in the case of the pink amorphous form of

silver pentabromophenoclate cammot be due to an impurity has already been
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shown. The only way to account for colorqd and colorless forms of
the same silver salt seems therefore to consider them as differing
in structure.

To consider the salts as exhibiting a quinoid-benzenoid
isomerism is the most logical hypothesis to assume as it best accounts
for the chemical and physical properties of the isomers. According

to this hypothesis the salts would have the following formulas:

Br Br Wh ite Br Br Pink Br Br
/C——C\ Ag /C_: \ Br (or) C—(":
Br—C \ c—-b . O:C\ C< Br— C/ \c: o
Ag
\c_ c// C—= C/ \C /
] 1 | ' ' ™~Ag
Br B" Br Br Br Br

Solutions of the sodium, Ipotassium and ammonium salts pre=
pared by dissolving the purest pentabromophenol in the bases of these
metals exhibit a decided yellow colore. This color is undoubtly due
to the presence of quinoid saltse There is probably & tantomeriec
equilibrium between the quinoid and benzenocid forms of the anion

as follows:

¥ y
c——=c¢ C C
g N\ B
Br —c/ \C—O— B /C/ \c: 0]
/ RN
= =
Br Br Br Br

Upon addition of silver nitrate to the solutions of the
alkali salts a mixture of the isomers is probably precipitated. Di-~
rect evidence to this effect is shown by the fact that the solid
yellow silver ammonia salt when treated acetic acid changes to a
much redder product than is obtained by direct precipitation.

In ascribing a structural formula to the lemon yellow sil=-
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ver ammonia salt the remarkable thing to consider is its colore.
Hanzsch1 observed that the isomeric silver salts of tribromophenol
absorb ammonia to form the same colorless ammonia addition product.
Recently Bruni and Leviz have prepared & large number of ammonisa
addition products of the silver salts of organic acids. These are
all described as colorless products,

The absorbtion of ammonia by the isomeric silver salts of
pentabromophenol gives the same lemon yellow salt. The absorbtion
of ammoni& by the white amorphous salt is,however,very much slower
than in the case of the pink form indicating that there must first
be a rearrangement to the quinoid structure before the ammonia can
add on readily.

It seems rather remarkable that the isomeric silver salts
of pentabromophenol should give a lemon yellow ammonia addition pro-
duct while the closely allied isomeric tribromo- derivatives give a
colorless ammonia salt. '

If considered as exhibiting a para quinoid structure, the

salt
lemon yellow silver ammonia/would have the following formula:

o g
c G
o- ///’ \\\ » B
N\ S Naal
(I"=(|; N 3
Br Br
lLoc. cite

“Gezz. Chem. ital 46, II 17-42, 235-46 (1916)
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The lemon yellow color of the above salt and also the
yellow color exhibited by solutions of the alkall salts may be
cited as evidence supporting the para quinoid arrangement.

The analysis and properties of the white crystalline double

silver-ammonium salt indicate that its structural formula is as fol=-

lows: \?r alr | B,{ [?r
C C ===
Pr—C \ O- NH Brc/ O-Aqg 2 NHzH
= €=0=1Nrg » —C C-0-Ag gHa0
\ Vi
N N—s”
By Dr ér’ ér

The avove formulas are only proposed tentatively. Further
investigations must be carried out before the question of structure
of these salts can be satisfactorily settled.

From an investigation of other metallic salts of pentabro-
mophenoi it appears that isomerism is not limited to the silver salts.
The salts of mercurous mercury and cadmium show strong evidence of

existing in isomeric forms.

Summary.

Part 1
le A review of the methods used for the estimation of silver in or-
ganic compounds.
2, A new method for determining silver in orgenic silver salts based
upon the precipitation of the silver as silver sulfide from cyanide
solution of the salt and its estimation as such.

Part II1

1. A short review of the previous work done on the silver salts of
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halogenated phencls.

2. The preparation and properties of two isomeric and two smmonis
addition silver salts of pentabromophenol.

3o A discussion of the possible structural formulae of silver salts
of pentabromophenol.

4, Other metallic salts of pentabromophenol.

PART II
Experimental Part.

Preparation of Pentabromophenol.

The pentabromophenol was prepared according tb the method of
Bodroux! which consisted in treating phenol with bromine in the presence
of anhydrous aluminum bromide. The product after bromination was treated
with cold 95% ethyl alcohol to extract the aluminum bromide and the
lower halogenated products. The residue which was mainly pentabromo-
phenol was dissolved in boiling 95% ethyl alcohol, the solution boiled
for about one half an hour with refined bone charcoal, filtered and
allowed to cool, whereby, the pentabromophenol crystallized out in
long needles. This final process of boiling with chercoal and crystal~-
lizing was repeated several times, yielding a perfectly snow-white pro-
duct., One moré erystallization of the snow-white product fram pure 95%
alcohol was found to be suffieient to give & preparation having a con-
stant melting point. Separate batches gave (corrected) melting points

as follows: 2299; 229.59; 229.3; 229.4; 230; 229.5; 2290; 2300,

loompt. rend, 126, 1282-85 (1898).
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Previous investigatorsl give 225° as the melting points of
their preparations of pentabromophenol.

In taking the melting points the author used two high quality
thermometers. One was nitrogen filled; range 20° to 400°C. The other
was an Anchutz normal nitrogen filled; range 200° to 250°. Both ther-

mometers were calibrated at 218.19C with naphthalene vapor.

Preparation of the Pink Amorphous Silver Salt of Pentabromophenol.

As the sodium salt of pentabromophenol is the most soluble
of the alkali salts, the silver salts were prepared from a solution
of it made by dissolving the phenol in an equivalent quantity of nor-
mal sodium hydroxide which was practically free from chlorides. The
solution thus prepared was yellow and alkaline to phenolphthalein.

The. pink amorphous silver salt was prepared by adding a
slight excess 0f 0,05 nommal silver nitrate to a 0,01 nomal solution
of the sodium salt with frequent shaking. The precipitate after the
addition of the silver nitrate was brown due to the presence of a con-
siderable amount of silver oxide. To dissolve out the silver oxidg and
give a pure product 0,01 normal acetic acid was added carefully until
the liquid showed a slight acid reaction with litmus. The precipitate
which at this point appeared pink, was shaken up vigorously to coagu-
late it and filtered upon a Buchner funnel., After filtration the solid
was separated carefully from the filter peper, shaken up with about 500
cem. of distilled water and refiltered. After washing a few times on

the filter, the precipitate was sucked as dry as possible, trensferred

lKorner, snnalen 137, 210
Bodroux, Compt. rend., 126, 1282=85 (1898)
Auvers, Ber 32, 3596.
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carefully to a watch glass and allowed to dry in a clean desk for a
day. It was then pulverized, spread out thin on a watch glass end
dried over phosphorus pentoxide for several days in vacuo. The pro-

duct was analyzed for silver by the cyanide-sulfide methdd.
A )

Semple Wte of Wto of % Ag. % Ag. Calc.
Sample AgoS. Deter. - for CsBr5OAg.

1 0.3043 0.0627 17,94 18.11

11 0.3475 0.,0716 17.94 18.11

111 0.4734 0.0975 17.93 18,11

Some of the pink salt was prepared by heating the lemon

yellow ammonia addition product for several hours at 120°,

Sample Wt. of Wt. of % Age % Ag. Calce
Sample AgaS Deter, for CgBry OAg.

1 00,3457 0.,0781 18.10 18,11

3T 0.4492 0.0935 18,12 18,11

111 0.2806 0.0584 18.12 18.11
A comparison of the above analyses shows that the pink salt

prepared by the latter method yields the purer producte

Preparation of the White Amorphous Silver Salt of Pentabromophenol.
This salt was prepared by adding a slight excess of 0,05 nor=

mal silver nitrate to & 0.01 normal solution of the sodium salt of
pentabromophenols In this case, however, the latter solution con~-
tained ammonium hydroxide of 0,01 normal which effected the trans=-
formation of the pink form into the white and at the same time pre-
vented the formation of silver oxide. The product after washing and
drying as in the case of the pink amorphous salt was very light creamy

color. Two separate batches gave the following analyses for silver:
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Sample Wt. of Wt. of % Age % Ag. Calc.

Sample Ag S Deter. _for CgBrgOH.
5 S

I 0.3918 0.0807 17.93 18.11

11 0.4131 0.0851 17.93 18.11

111 0,4701 0,0965 17.88 18.11

iv 0.2544 0.0523 17.91 18.11

v 0.2118 0,0439 18.06 18.11

ASamples I, II, and III, preparation I
Samples 1V, and V, preparation II

Both the pink and white amorphous salts are difficultly sol-
uble in water, alcohol, ether, ligroin, benzene, carbon tetrachloriae,
bromobenzene, etc. They both dissolve in alcohol to which has been
added a little ammonium hydroxide, yielding a deep lemon yellow solu=-
tione Both salts seem to react identically with ethyl iodide and
in the sunlight this action is analogous to the catalytic decomposition
observed by Torrey and Huntert in the case of silver tribromophenolate
and later studied in detail by other investigatorsz. The color changes
in the case of the silver pentabromophenclate were, however, different
from those observed by Torrey and Hunter. When covered with ethyl
iodide the silver pentabromophenolate first became green, then black
and finally yellow; at no time was a color observed in the liquid. The
products from this reaction have not been studied.

Preparation of the White Crystalline Silver-Ammonium Salt of
Pentabranmophenol.

Instead of making the solution of the sodium salt 0,01 normal
in respect to ammonium hydroxide &s in the preparation of the white amor-
phous salt, a much larger concentration up to 0.1 or 0.2 normal is used,

a beautifully irridescent white crystalline precipitate meparates., Under

1

Loc cit. .
2Hunter, Olson and Daniels, J. Am. Chem. S0Ce

388, 1761-713 Woollett, Js smer. Chem. goc., 38, 2474,



the microscope the crystals appear as very thin plates which revolve
rapidly upon their axes as they migrate through the solutione. The
crystals were filtered upon a Buchner funuel and washed with Oe2 nor-
mal ammonium hydroxide. That this salt in a moist condition is only
stable in the presence of a certain vapor pressure of ézmnonia is

shown from the fact that when washed with distilled water or dilute
acids and when dried over phosphorus pentoxide in vacuo it turns pink.
An analysis of the pink product in the latter case has shown that it
contained no nitrogen. The aqueous tension may also influence the
stability of the salt. One batch was dried in a desécator over sodium
hydroxide and another in a dessicator over a mixture of anhydrous %
hydrated sodium sulfate. In both cases a little ammonia was intro-
duced in the dessicator. The dried products from both dessicators re-
tained their color and crystalline structure and were apparently stable
upon exposure to air. The analyses of the white crystalline salt for

. 7
silver from the two dessicators are:

o\ SR
Sample Wt. of Wte of % Age % Ag. Calc. for
Sample AgoB Deter. C12H; 202N3Br phg
I 0.5913 0.0637 9.38 9.35
11 0.5760 0.0621 9.39 9.35
111 0.7476 0.0796 9427 9.35
1V 043474 0,0374 9,37 9435

v 0.3203 0.0342 9,30 9.35

I, II, and III were dried over sodium sulfate
IV and V were dried over sodium hydroxide.

Two nitrogen and two bromine determinations were made on

the white crystalline salt dried over sodium hydroxide.
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Determination of Nitrogen by the Method of Kjedahl.

Sample Wte of cems of HCL % N, % Ny Calc.for
Sample (0.4942N) used Deter, 012H12°5N33r10Ag’

I 1,065 5.32 3e46 36 64

II 1.319 6.90 3.62 3.64

These results indicate three atoms of nitrogen to one of
silver.

Some of the white crystalline salt dried over sodium hydrozide
was heated in the oven for several hours at 120° until it lost to con~
stant weight with the following results:

Wt. of semple 0.6825 gm; loss in weight 0.0430 g. % loss 6.30; % loss

calculated for loss of three molecules of ammonia and one of water

Anslysis of the White Crystalline for Bromine by the Method of Carius.t

Sample Wt. of Wt. of % Br, % Bry Cale for
Sample Agzs DeteZ. 012H1205N3Br10Ag-

I 0.1720 0.1834 68,76 69,31

II 0.1970 0.,2100 68674 69.31

These results show ten atoms of bromine to one of silver.
Some of the pink product obtained by drying the white cry-

stalline over phosphorus pentoxide was analyzed for silver.

Sample Wt. of Wte of % ig % Ag. Cale for
Sample AgoS Deter. ClgHOZBr10 Age

1 0.3515 0.0401 9.93 9.95

11 042938 0.0335 9.93 9.95

These results indicate that three molecules of ammonia and

one of water were lost from CqgH 0zNzBryoAg.

lthe silver bromide teken from the tube which was mixed with broken glass
was analyzed for silver by the cyanide-sulfide method.
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When boiled with alcohol the white crystalline salt is
broken up yielding a residue of the white amorphous silver salt
and a filtrate containing pentabromophenol in solution; approximate-
ly equal quantities of the phenol and silver salt are obtained. The
same action takes place when the white crystalline salt is warmed
with dilute sodium hydroxide whereby the filtrate in this case is a
solution of the sodium salt.

The ammonium salt prepared from the pure phenol exhibits a
slight pink color. When heated in the oven at 110° it loses its
ammonia and gives a snow-white residue of the pure phenol.

Prom the &bove data it appears that the white crystalline
silver salt of pentabromophenol is a double salt with the formule
CGBr5ONH4, CsBr5QAg-2NH3éH20 and. that upon loss of water and ammonia
it breaks up according to the following reaction yielding either

the white or the pink amorphous silver salt depending upon conditions:
CgBrsONH,, CgBrgOige2NHzeH20=CgBr50H + CgBrsOig + 3 NHg 4 Hgz0.

The loss of ammonia from the ammonium radical in the double salt when
dried over phosphorus pentoxide may be due to & greater instability
than is shown by the ammonium salt itself which does not lose ammo-

nia under these conditionse.

Preparation of the Lemon Yellow Silver Ammonia Salt of Pentabromophenole.
A solution of the sodium salt was made about Z normal in
respect to ammonium hydroxide, an excess of silver nitrate over the

amount necessary to precipitate the amorphous salts was added and



28

the white crystalline salt which separated was dissolved by warming
the solution., Upon cooling and standing several hours long, lemon
yellow needle like crystals separated. The crystals were filtered
upon & Buchner funnel, washed with 2 normal ammonium hydroxide and
dried in & dessicator containing sodium hydroxide and an ammonium
salt which generated armonia. The crystals upon drying retzined
their color and crystalline structure. The dry salt loses its ammo-
nia very slowly at ordinary temperatures but when heated in the oven at
1000-110° the ammonia is liberated rapidly end the pink salt is formed
as was previously indicated. Like the other silver salts it dissolves
in a mixture of ethyl alcohol and ammonia to give the characteristic
lemon yellow solution. (See chart). |

The lemon yellow salt was analyzed for silver by the cyanide

sulfide method with the following results.

Sample Wt. of Wte of % Ag. % Lg. Qalc. for
: Sample Ag.S Deter. CBr0age RNH

1 02907 0.0570 17407 17.10

11 0.2715 0.0532 17.06 1710

L1 0.2470 0.0487 17.17 17.10
A sample of the lemon yellow salt was heated in ﬁhe oven
at 1100 until it had lost ammonia to constant weight.
Wt. of sample 1.249 gm; wt lost 0.0684 gm.; % loss 5.46; % NH, Calc. in
CgBrsOige 2NHz  5.40.
Absorbtion of Ammonia by the Amorphous Silver Salts of Pentabromophenol.
As can be seen from the foregoing chart, both the pink and
white amorphous silver salts of pentabromophenol absorb amonia and

form the same lemon yellow ammonié& addition producte.
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Samples of the dry white and pink amorphous szlts were
weighed out upon watch glasses @nd placed in the same dessicator
containing ammonia generated as previously described. The salts
were taken out at intervals and weighed.

% NHz in the pink salt % NHz in the white salt

After 3 hrs. 4.96% ' 0.70
After 6-1/2 hrs. 4.96% 0.88
After 22 hrs. 4,96% 1.29
After 27-1/2 hrs. 4.96% 1.29

After the salts would no longer absorb ammonia at room
temperature, the dessicator was placed in an ice chest beside the
ice. After remaining for three hours the salts were again weighed
but no change was found. The salts were then transferred to a
dessicator containing & much higher partial pressure of ammonia and
allowed to stand 36 hours at room temperature with the result that
the percentage of ammonia in the pink salt increased from 4.96 to
the theoretical percentage (5.40%) while that in the white increased
from 1.29% to 5.01%. After standing four days in the same dessica-
tor, the % of amonia in the white increased to 5.09%.

The above data show that the absorbtion of ammonia by the
white salt is very much slower than in the case of the pink. This
could not be due to a difference in the physical state as the white
salt was light and fluffy while the pink was very compact. The
total absérbtion of ammonia by both salts seems to depend upon the

partial pressure of the ammonia in the dessicator.

Other Salts of Pentabromophenol
Various salts were prepared by adding neutral solutions

of metallic salts to a dilute solution of the sodium salt of penta-
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bromophenol.s The following is & list of the metallic ions which form

difficultly soluble salts with pentabromophenol.

Colored Amorphous White Amorphous White Crystalline
Salts Salts Salts

Ions Color Ions Ions
cu” light brown i K+

Loyt red ' Scar™ NH,
Co** light pink Ca™? i+
FetT™ brown AnitT Mgt
Fett yellow 't

PoTt light yellow Zn*"

‘g™ orange Th*
Hg™*t yellow :

1pissolves in warm 6N ammoniuwm hydroxide which upon cooling deposits
dark brown needles.

ZChanges to a perfectly colorless salt upon standing exposed to sun-
light,

5Chamges. to a deep violet salt upon standing exposed to sunlight. The
violet precipitate dissolves in warm 6N. ammonium hydroxide from which
lemon yellow needles separate upon cooling.

4pissolves in warm 6N amonium hydroxide from which light green needles
deposit upon coolinge

Either "Baker's Analyzed", or a high grade of Kalbaum's
Chemicals was used throughout this investigation in preparing salts

for analysise.



