
Durham E-Theses

Studies in the chemistry of iodine

Edward Race

How to cite:

Race, Edward (1936) Studies in the chemistry of iodine. Doctoral thesis, Durham University.

Use policy

The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-profit purposes provided that:

• a full bibliographic reference is made to the original source

• a https://etheses.durham.ac.uk/id/eprint/10309/ is made to the metadata record in Durham E-Theses

• the full-text is not changed in any way

The full-text must not be sold in any format or medium without the formal permission of the copyright holders.

Please consult the full Durham E-Theses policy for further details.

Academic Support Office, The Palatine Centre, Durham University, Stockton Road, Durham, DH1 3LE
e-mail: e-theses.admin@durham.ac.uk Tel: +44 0191 334 6107

https://etheses.durham.ac.uk

https://www.durham.ac.uk
https://etheses.durham.ac.uk/id/eprint/10309/
https://libguides.durham.ac.uk/open_research/etheses#s-lib-ctab-15326874-5
https://etheses.durham.ac.uk


STUDIES IN THE CHEMISTRY OP IODINE 

THESIS 

presented i n oandidature f o r the degree of 

DOCTOR OP PHILOSOPHY 

of the University of Durham 

by 

EDWARD RACE, B.SC 

An account of the work carried out under the d i r e c t i o n of 
professor I . Masson, M.B.E., D.So., F.I.G. i n the Department 
of science. University of Durham (Durham D i v i s i o n ) , September 

1954 to September 1956. 



NOTE TO READER. 

Oocasionally i n the t e x t there are reported enquiries not 
undertaken by the author. These are entered i n order that 
the sequence of reactions might not be unduly broken^ and 
wherever i t has been done a note to the effect has been 

added. 



ST UDIES IN THE G HEMISTKY OP IODINE 

SUMMARY 

(a) lodoxybenzene dissolves much more readily i n aqueous 
a l k a l i than i n water. I n the f i r s t place t h i s i s due to a re­
versible salt-formation. These s a l t s , termed iodoxylates, have 
a transient existence, and by rapid measurements of s o l u b i l i t y , 
conductivity and freezing point the reaction i s shown to be 

PhlOg 0̂ 1' PhlOg.OH, 
the iodoxybenzene behaving as a monobasic acid of dissociation 
constant approximately 10*"^^. 

Phenyliodoxylate changes rapidly and i r r e v e r s i b l y i n d i l u t e 
a l k a l i i n t o stable diphenyliodyl hydroxide: 

2PhI0^.(H' > Ph I.OO' + 10 + H O 

This new compound i s a stronger oxidising agent than the parent 
substances and yields diphenyliodonium salts on reduction. I t 
i s amphoteric, dissolving i n alkalies and behaving as an acid 
to phenolphthalein, and forming a moderately stable carbonate 
and a stable, c r y s t a l l i n e acetate, represented by the structure 

P h ^ ^ 0 — • H — 0 ^ 
I \ —GH3 

Ph-^ 0 — H ^ O ^ 
By mixing solutions of phenyliodoxylate and p-acetaminophenyl-



iodoxylate there i s obtained p-acetaminophenyl-phenyl-iodyl 
hydroxide, from the solution of iihich a carbonate and acetate 
can be prepared. 

The rapid action of N-alkali at lOÔ C on diphenyliodyl 
hydroxide (as on iodoxybenzene) yields benzene and iodate along 
with more complex products of a resinous character. 

Ph^O.OH + NaOH > PhH NalO^ 

(b) I n sulphuric acid of hydration less than HgSÔ .HgO iodic 
acid reacts with benzene and i t s derivatives with o-p«directing 
substituents with the formation of diaryliodonium salts (e.g. 
chlorobenzene yields Q0% of the p-iodonium d e r i v a t i v e ) . There 
are also formed i n small quantity aromatic iodocompounds, carbon 
dioxide and a substance i n solution r e a d i l y oxidisable by per­
manganate i n acid solution with the formation of carbon dioxide 
and a chloride. During permanganate-oxidation, iodonium salt 
i n solution i s t o t a l l y destroyed with the production of an iodo-
compound. 

The action of iodic acid i s a secondary one, ensuing upon 
a reduction of i t to iodine sesquioxide at the expense of org­
anic reagent. By using iodine sesquioxide (as i t s sulphate, 
IgO^.SO^.iHgO) the iodonium salt from chlorobenzene i s formed 
qu a n t i t a t i v e l y and i s the sole product. 
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1. 

CHAPTER ONE 

HISTORICAL INTRODUCTION. 

1. H i s t o r i c a l Suivey. 
The study of organic compounds with multivalent iodine 

opened i n the year 1885 with the discovery by C. Willgerodt 
(J . Pr., 1885, 33, 154) of iodobenzene dichloride C5H5IGI2* 
which he made by chlorinating iodobenzene, using i o d i n e - t r i ­
chloride as halogen-carrier. Seven years l a t e r , i n the August 
of 1892, Victor Meyer and Wachter (Ber., 1892, 25, 2632) pre­
pared the f i r s t iodosocompound, o-iodosobenzoic acid, by the 
oxidation of o-iodobenzoio acid with fuming n i t r i c acid. Due to 
t h i s , Willgerodt again turned his a t t e n t i o n to h i s "iodide-
chlorides" and i n November 1892 he found (Ber., 1892, 25, 3495 
that the parent body of Victor Meyer* s iodosobenzoic acid, 
iodosobenzene, could be prepared by t r e a t i n g iodobenzene d i ­
chloride with s i l v e r oxide, sodium hydroxide or sodium carbon­
ate solutions. He proved that t h i s body i s a basic oxide, 
forming stable, w e l l - c r y s t a l l i s e d salts with acids. I n the 
l i g h t of t h i s knowledge, and because of the colour of his own 
compound, Willgerodt declared that the o-iodosobenzoic acid 
was a basic s a l t , containing no free iodoso-group. To i t he 
gave the formula: 



2, 

)H 
Victor Meyer had therefore prepared the f i r s t heterocyclic 

iodine compound, called by Willgerodt "o-hydroxyiodobenzoate." 
Again i n 189 2 Willgerodt (Ber. 189 2, 25, 3500) prepared 

iodoxybenzene from iodobenzene dichloride and sodium hypochlor­
i t e . 

By the use of Willgerodt's iodoso- and iodoxycompounds, 
V i c t o r Meyer and his collaborators, i n 1894, discovered a new 
class of organic bases. Hartmann and Meyer (Ber. 1894, 27, 
427) found that by tr e a t i n g iodosobenzene with cold concentrated 
sulphuric acid the sulphate of phenyl iodo phenyl iodonium hydrox­
ide, GgH^lCgH^I )I.OH, was formed. A l i t t l e l a t e r the same two 
workers (Ber. 503-509) discovered the general reaction by 
which iodonium compounds have since been made. By the t r e a t ­
ment of an equiraolecular mixture of iodoso- cmd iodoxybenzene 
with moist s i l v e r oxide, diphenyliodonium hydroxide was formed 
i n solution. 

Aliphatic-aromatic iodonium compounds were made by W i l l ­
gerodt (Ber. 1895, 2110) by the i n t e r a c t i o n of iododichlor-
ides and s i l v e r acetylide. 

Johannes Thiele and h i s school (Ber. 1905, 38, 2842; Ann. 
1909, 369, 119) showed that a l i p h a t i c compounds with m u l t i ­
valent iodine exist at low temperatures. 
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2. Preparation of Polyvalent Iodine Compounds. 

(a) Preparation of lododichlorides. 
"lododichlorides are probably the most important of the 

"compounds of polyvalent iodine when one considers that a l l 
"the others can be prepared from them, either d i r e c t l y or i n -
" d i r e c t l y ; f o r example, iodoso-bases are d i r e c t l y prepared 
"from them and i t i s worthy of note that a l l attempts to ob-
" t a i n them by the d i r e c t oxidation of iodocompounds have, up 
"to the present, been unsuccessful. On these grounds, and 
*n3eoause h i s t o r i c a l l y they were the f i r s t made, i t appears 
" j u s t i f i a b l e , i n any description of the preparation of these 
"compounds, to begin with the iododichlorides" (Willgerodt, 
"Die organischen Verbindungen mit mehrwertigem Jod"). The 
best way of preparing iododichlorides i s s t i l l Willgerodt*s 
o r i g i n a l method (Ber. 189 2, 25, 3494) by the d i r e c t c h l o r i n -
ation of the a r y l iodide. Dry chlorine gas i s bubbled through 
a wide delivery tube into the cooled solution of the iodocom­
pound, whereby the iododichloride i s precipitated. As solvent 
any l i q u i d organic compound which w i l l not reduce the d i c h l o r ­
ide can be used. Chlorofom, carbon t e t r a c h l o r i d e , carbon d i -
sulphide, g l a c i a l acetic acid, l i g r o i n or benzene are quite 
suitable. Also i n many cases mixtures of these solvents, such 
as chloroform and l i g r o i n , give good re s u l t s . 

Besides using chlorine gas, aromatic iodides can be chlorin­
ated with suitable agents, so easily does the chlorine react. 



4. 

A. Tohl (Ber. 1893, 26, 2949) used as such sulphuryl chloride. 
F i n a l l y , iododiOhiorides are produced when iodoso- or iodoxy­
compounds are treated with aqueous hydrochloric acid, or when 
a suspension of either of these i n chloroform i s reduced with 
phosphorus pentaohloride; these two last methods, however, are 
r a r e l y used. 

(b) Preparation of lodosocompounds. 

i ) From the iododichlorides. 
Iododichlorides are hydrolysed by water i n t o the corres­

ponding iodosocompounds, and because of t h i s they show an acid 
reaction i n the presence of water. The action i s , however, re­
v e r s i b l e , and t h i s method, therefore, gives either a poor y i e l d 
or none at a l l . 

CgHsIGlg + H20^=±GgH5lO + 2HG1 
Willgerodt (Ber. 1892, 25, 3465; 1893, 26, 357; 1900, 33, 

853) discovered a method whereby the iododi chloride was treated 
with a d i l u t e solution of sodium or potassium hydroxide or t h e i r 
carbonates or bicarbonates, with s i l v e r oxide, baryta or calcium 
hydroxide solutions, these alkalies preventing a reversal of the 
reaction and thus leading to better yields, willgerodt's f i r s t 
method was to grind the iododichloride under water and neutral­
i s i n g the hydrochloric acid produced by adding, drop by drop, a 
very d i l u t e solution of caustic soda. Later he t r i e d the d i r e c t 
action of d i l u t e a l k a l i or a l k a l i bicarbonate solution as a 
means of hydrolysing the dichloride. 
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I n the usual preparation of the iodosobase the iododichlor-
ide i s ground i n t o a f i n e sludge with a l i t t l e d i l u t e a l k a l i ; 
then mechanically shaken with an excess of a l k a l i . I n the 
course of the reaction the yellow colour of the c r y s t a l l i n e 
dichloride i s replaced by the yellow-grey of the amorphous 
iodoso body. The f i l t e r e d product i s washed free of a l k a l i 
with water, but i f the last washings show an acid reaction 
i t points to incomplete hydrolysis. A f t e r drying at room 
temperature, the l i t t l e parent iodooompound, which i s nearly 
always produced along with the iodosobase, i s removed by ex­
t r a c t i n g i n the cold with ether, chloroform, benzene or toluene. 

Ortoleva (Giornale della Societa d i naturale ed Econom-
iche. Vol. 23, 1) obtained a 60^ y i e l d of the iodosobase by 
adding water, with shaking, to a solution of the iododichlor-
ide i n three parts of pyridine. 

i i . From the aromatic iodides by d i r e c t oxidation. 
I n a paper by Willgerodt published i n 1925 ( J . Pr., 111, 

353), "On the promotion and hindrance of chemical reactions 
"connected with the preparation of aromatic compounds of 
"multivalent iodine," a survey i s given of the methods a v a i l ­
able f o r the preparation of iodosocompounds by d i r e c t oxidation. 
A b r i e f summary of these methods i s given:-

a) I f the oxidation of an o-iodocarboxylic acid i s per­
formed with a potassium permanganate solution a c i d i f i e d with 
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d i l u t e sulphuric aoid, the oarbonyl group i s s u f f i c i e n t to 

promote the oxidation of the iodine and the following reactions 

occur: 

1. Oxidation of the iodine to the iodosogroup^ and 

2. Addition of the so-fomed jcdosogroup to the carhonyl 

r a d i c l e to form a basic hydroxyiodosalt, which i s a 

stabl e , h e t e r o c y c l i c five-membered r i n g made up of 

three carbon atoms, one oxygen and one iodine atom. 

(X 0 

OH 

b) By the use of fuming n i t r i c a c i d i n the oxidation of 

o-iodobenzoic a c i d , the n i t r i c aoid as well as the oarboxylic 

group aids i n the oxidation ( J , pr. 189 2 ( 2 ) , 49̂ , 480). As 

e a r l y as 1892 Meyer and Wachter (Ber» 25 , 26 1 2) used t h i s 

method i n the preparation of "o-iodosobenzoic a c i d , " t h i s l a t ­

t e r being proved by the work of both Meyer and Willgerodt ( J . 

pr. 1894 ( 2 ) , 49, 468; and Ohemie i n E i n z e l d a r s t e l l , V o l . 7, 

pp. 154-6) to be an o-hydroxy iodobenzoate, and given the name 

by them of o-hydroxyiodophenylformate. Since that time many 

workers have used t h i s method i n the preparation of iodoso-

compounds of carboxylic a c i d s . Kretzer (Ber. 1897, 50, 1945), 

by the use both of fuming n i t r i c aoid and of a c i d i f i e d potas-

siiun permanganate, obtained from monochlor-triiodobenzoic a c i d 

"chlorodiiodohydroxylodobenzoate" O^HGl^^^Io^ ̂ '^^GO^-I-OH. I t 

i s i n t e r e s t i n g to note t h a t , due to hindrance, a l l attempts to 
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prepare a di-iodososalt f a i l e d . Willgerodt and Gartner (Ber. 

1908, 41, S820) s i m i l a r l y oxidised 2-iodo 4-nitro-benzoic a c i d , 

and Gumbel (Ber. 1893, 2473) obtained the i n t e r n a l s a l t of 

o-iodosonitrobenzoio acid by heating o-iodobenzoio acid with 

n i t r i c and sulphuric acids for 3 hours at 136*̂  to 140°G, Bode 

(Heidelburger D i s s e r t a t i o n of 1898), Grahl (Ber. 1895, 86), 

Abbes (Ber. 1893, 2951) and Lutgens (Ber. 1896, 2833) 

have a l l studied the e f f e c t s of o x i d i s i n g the various iodo* 

ph t h a l i c acids by fuming n i t r i c a c i d . I n only one case, that 

of t e t r a i o d o t e r e p h t h a l i c a c i d , nas a di-iodoso s a l t foimed. 

By the oxidation of o-iodophenylacetic a c i d with fuming 

n i t r i c a c i d there i s fomed a s t a b l e , sixnnembered h e t e r o c y c l i c 

r i n g compound of the structure 

OH 

S i m i l a r work has been done with success on the oxidation 

of meta- and para-iodooarboxylic acids . 

(See:- A l l e n , Ber. 1893, 26, 1739. 

Meyer and Askenay, Ber. 1893, 26, 1368, 

Kloeppel, Ber. 1893, 26, 1733. 

Grahl, Ber. 1895, 84. 

Bode, Heidelburger D i s s e r t a t i o n , 1898.) 

(^o) Preparation of lodoso s a l t s . 

lodoso s a l t s with organic acids are e a s i l y prepared. I f 
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the a c i d be a l i q u i d , thelodosobase i s dissolved i n i t e i t h e r 

at ordinary temperature or by gently warming, when, on evaporat 

Ing the so l u t i o n , the s a l t i n most cases w i l l c r y s t a l l i s e out. 

When the organic acid i s a s o l i d , i t i s dissolved i n an i n a c t ­

i v e solvent and the iodosocompound added to the solution. I n 

the preparation of s a l t s with inorganic a c i d s , the iodoso-base 

i s groimd under an aqueous solut i o n of the a c i d and allowed to 

stand u n t i l salt-formation i s completed. An a l t e r n a t i v e method 

i s to t r e a t a solution of the iodoso acetate i n g l a c i a l a c e t i c 

a c i d with the inorganic a c i d . By evaporation of the a c e t i c 

a c i d most of the s a l t of the inorganic a c i d separates out. 

(d) Preparation of I o doxy compounds. 

i ) From iodoso compounds. 

Vi c t o r Meyer (Ber. 1893, 26, 1356) and Willgerodt (Ber. 
iodoso 

26, 1307) both pointed out that a l l pure aromatic/bases through 

time decompose by s e l f - o x i d a t i o n and reduction into the corres­

ponding iodoxy- and iodo-compounds. 

e.g. 2RI0 = RlOg + E I . 

Because of t h i s s e l f - o x i d a t i o n of iodoso-bases, one method of 

preparing iodoxycompounds i s to b o i l i n f r e e steam a suspension 

of the iodosocompound i n water, when the a r y l iodooompound i s 

s t e a m * d i s t i l l e d o f f , and i n most oases the iodoxyoompound l e f t 

can be r e o r y s t a l l i s e d from water, g l a c i a l a c e t i c a c i d or formic 

ac i d . This method i s n a t u r a l l y imdesirable because of the 50^ 

waste. 
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A s a t i s f a c t o r y way of o x i d i s i n g the iodosocompounds i s , 

according to willgerodt (Ber. 1896, 29, 1568), by the use of 

hypochlorous acid. 

i i ) From iododichlorides. 
One of the most s a t i s f a c t o r y ways of making iodoxycompounds 

was discovered i n 1896 by Willgerodt (Ber. 1672-3) whereby 

the iododichloride i s treated with sodium hypochlorite or 

bleaching powder. 

e.g. CgHglClg + 2NaOGl = GgH^IOg + 2NaCl + Gig 

The d i c h l o r i d e i s ground with a d i l u t e solution of the o x i d i s i n g 

m a t e r i a l and shaken or s t i r r e d u n t i l the s o l i d i s p e r f e c t l y 

white. I n most cases the addition of a few drops of g l a c i a l 

a c e t i c acid aids the transformation. 

i i i ) From the iodide through the iododichloride. 
There are several methods a v a i l a b l e i n the preparation of 

iodoxycompounds from the iodides without a c t u a l l y i s o l a t i n g any 

intermediate products. I f the o r i g i n a l m a t e r i a l be a l i q u i d 

(Ber. 1896, 29, 1571), as, f o r example, iodobenzene, i t i s 

covered with water or with chlorine water in. a s t i r r i n g v e s s e l 

surrounded with i c e , and chlorine bubbled into the aqueous 

l i q u o r with continual s t i r r i n g . Ghlorination i s f u l l y com­

pleted i n a short time, and c a u s t i c soda s o l u t i o n i s added 

i n drops u n t i l the liquor r e a c t s strongly a l k a l i n e ; t h i s 

a l k a l i n i t y i s n e u t r a l i s e d with chlorine, and f i n a l l y the 

iododichloride s t i l l remaining i s converted into the iodoxy-
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compound by s t i r r i n g . The r e a c t i o n i s completed when the sus­

pended s o l i d i s p e r f e c t l y white. The vigorous evolution of 

chlorine i n the r e a c t i o n , s u f f i c i e n t to keep the f l a k y iodoxy-

s o l i d as a f r o t h at the surface, l e d Willgerodt to b e l i e v e 

that the reaction proceeds thus:-

E I G l g + 2NaOGl = RlOg 2NaOH + Gig 

Willgerodt (Preiburger D i s s e r t a t i o n von W. E i o c h o l t z , 

1914) s t a t e s that a more s a t i s f a c t o r y method, applicable to 

s o l i d s as well as to l i q u i d s , i s to d i s s o l v e the i n i t i a l 

m a t erial i n g l a c i a l a c e t i c a c i d and chlorinate i t . The con­

version of the iododiOhioride i s performed as above and, pro­

viding a small amount of o r i g i n a l m a t e r i a l has been used, i t 

i s possible to d i s s o l v e the whole of the y i e l d by b o i l i n g the 

a c e t i c a c i d ; when cooling the solution deposits the iodoxy-

compound as f i n e white needles. 

The method of Ortoleva i s applicable also to the prepar­

ation of iodoxycompounds. The iodide i s d i s s o l v e d i n p y r i d i n e , 

water added and chlorine passed through the s o l u t i o n f o r a long 

time. 

i v ) By the d i r e c t oxidation of the iodocompound. 

I t was i n 1896 that Willgerodt (Ber. 1572) f i r s t oxid­

i s e d iodobenzene d i r e c t l y to iodoxybenzene. He used f o r t h i s 

purpose sodium hypobromite. Bromine water and bromine have no 

e f f e c t on iodobenzene, but when the i c e - c o l d mixture i s shaken 

with sodium hydroxide solution i n i n s u f f i c i e n t quantity com­
p l e t e l y 
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to convert the bromine, the iodocompoiind changes f i r s t l y to a 

semi-solid and l a t e r to s o l i d mass, coloured yellow-brown from 

the h2X>mine s t i l l present. By drying i n the a i r , white iodoxy-

benzene r e s u l t s . lodobenzene with bromine y i e l d s no iodobenzene-

dibromide at i c e temperature, and i t appears therefore that the 

iodide i s d i r e c t l y oxidised thus:-

GgH^I + 2NaOBr = CgH^IOg + 2NaBr 

Bamberger and H i l l (Ber. 1900, 33, 533) used as o x i d i s i n g agent 

Garo's ac i d i n the foimation of iodoxycompounds d i r e c t l y from 

the a r y l iodides. The o x i d i s i n g solution, which contained 2.06 

grams of a c t i v e oxygen per 100 c.c. of solution, was prepared 

from 56 grams of potassium persulphate, 60 grams of concentrated 

sulphuric acid and 90 grams of i c e . Equivalent q u a n t i t i e s of 

iodobenzene and the Carols a c i d s o l u t i o n were shaken for 2,^^2 

hours and a 97^ y i e l d of 98.87^ pure iodoxybenzene was obtained. 

(e) preparation of lodonium Compounds. 

I n 1894 V i c t o r Meyer and Hartmann (Ber. 27, 427) published 

an account of a new c l a s s of aromatic bases containing iodine, 

c a l l e d by them iodonium bases. Their f i r s t method of prepar­

ation was by long b o i l i n g and evaporating a solution of iodoso-

benzene i n d i l u t e sulphuric a c i d . The o x i d i s i n g power of the 

s o l u t i o n disappeared and the sulphate of the i n a c t i v e base was 

fomed i n the solution. The y i e l d , however, was poor, due to 

the formation of large q u a n t i t i e s of iodobenzene, and the method 

was long. A better method was discovered using concentrated 
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sulphuric a c i d , the recipe given by the authors f o r the prepar­

a t i o n of iodoaryl-aryliodonium compounds being as follows:- 6 

grams of the iodosocompound are added i n small portions to 75 

grams of the well cooled concentrated sulphuric acid; the r e ­

action mixture i s f u r t h e r cooled by surrounding i t i n i c e , 

d i l u t e d by the addition of small pieces of i c e and allowed to 

stand f o r some time. F i n a l l y the aoid l i q u o r i s drained from 

the r e s i n which c l i n g s to the s i d e s of the v e s s e l , and f i l t e r e d -

T h i s s o l u t i o n contains the sulphate of the iodonium base, and 

from i t the iodide can be p r e c i p i t a t e d by the addition to i t 

of sodium iodide. An 8 2 . 7 ^ y i e l d was obtained. The explan­

a t i o n of the reaction, given by V i c t o r Meyer, i s shown i n the 

equation:-

GQH^KO.SO^H)^ + HGQH4I(0.S03H)2 + HgO « (GgH^) (GgH^I )l.O. 

SO^H + ^HgSO^ + 0. 

Willgerodt and s c k e r l (Ann. 1903, 327, 3 0 1 ) gave an a l t e r n a t i v e 

explanation of the preparation, involving the formation of per-

sulphuric a c i d , but the explanation does not account f o r the 

disappearance of oxygen. No doubt the r e s i n s formed from the 

iodosocompound are the cause of t h i s disappearance. 

i n the same year Meyer and Hartmann (Ber. 1894, 27, 5 0 4 ) 

noticed that a s e v e r a l weeks' old sample of iodosobenzene, when 

ground with moist s i l v e r oxide, gave diphenyliodonium s a l t s . 

They found that f r e s h l y made iodosobenzene did not r e a c t thus, 

and concluded that both iodoso- smd iodoxybenzene were necessary. 

prom t h i s they derived t h e i r general method of preparing iodon­
ium 
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bases, t h e i r method being as follows : - An intimate mixture 

of the iodoso- and the iodoxy-oompound i s shaken f o r three or 

four hours with f r e s h l y p r e c i p i t a t e d moist s i l v e r oxide. The 

f i l t e r e d s o l u t i o n contains the f r e e base, which i t s e l f cannot 

be i s o l a t e d but gives with a l k a l i iodide a heavy p r e c i p i t a t e 

of the iodonium iodide. 

RIO + RlOg • AgOH » Rgl.OH + AglOj 

The method i s applicable to the preparation of mixed iodonium 

bases, by using the iodosocompound of one a r y l group and the 

iodoxyoompound of another. 

Lead oxide i n place of s i l v e r oxide was t r i e d by Meyer 

and HaiTtmann, but with l e s s success; with c a u s t i c soda the 

same authors (Ber., 1894, 27, 1897-9) obtained smaller y i e l d s 

and found iodobenzene and iodosobenzene present at the end of 

the experiment* ffillgerodt ( J , Pr. Ghem., 1926, 111, 363) sayj 

that the following s e r i e s of reactions occur:-

( i ) The iodosobenzene i s p a r t l y converted by s e l f - o x i d a t i o n 

reduction to iodo- and iodoxybenzene:-

2GgH5lO - OQEQI + GgHglOg 

( i i ) By the action of sodium hydroxide on iodoxybenzene there 

i s fomed, along with hydrogen and phenyl, sodium iodate, and 

both of the former react with one molecule of iodosobenzene to 

fonn diphenyliodonium hydroxide:-

'^) GgH5l02 NaOH « NalO^ •»• ̂ -GgH^ + 

/^) GgHsIO + H » GgHg-I-OH 
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'i) C^H=-I-0H + G^H^ - I-OH 
o o 

I n 1897 and 1898 Willgerodt (Ber., 30, 56; Ber., 31, 915) i n ­

dicated an e n t i r e l y new method of making iodonium compounds. 

He found that by t r e a t i n g an iododichloride with a metallo-

organic mercury compound, the corresponding diaryliodonium 

chloride was formed. The i n s t r u c t i o n s given f o r t h i s method 

of preparation are:- 5 grams of iodobenzene d i c h l o r i d e are 

ground f i n e l y with 5 grams of mercury diphenyl and a l i t t l e 

water; the r e s u l t i n g paste i s shaken or s t i r r e d with more 

water f o r twelve hours and, on evaporating the now aci d l i q u o r s , 

almost pure diphenyliodonium chloride i s deposited as f i n e 

needles. 

Aromatic-aliphatic and pure a l i p h a t i c iodonium compounds 

were prepared by Willgerodt (Ber., 28, 2110; Ann., 1911, 585, 

338) and T h i e l e (Ann., 1909, 369, 141) by t r e a t i n g iododichlor-

ides with the s i l v e r a o e t y l i d e - s i l v e r chloride double compound 

i n the presence of water, when dichlorovinyliodonium compounds 

were formed:-

2 R - I - G I 2 + HG= G.Ag.AgGl = 2AgGl ^'^^ ' ^ 

3, Properties of Organic Gompounds with Multivalent Iodine. 

(a) lododichlorides. 

A l l iododichlorides are bright-yellow, c r y s t a l l i n e s o l i d s , 
t h e i r colours varying from a primrose-yellow to a deep orange-
yellow, dependent on the substituent groups i n the phenyl nucle­

us 
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They are s l i g h t l y soluble i n chloroform, carbon t e t r a c h l o r i d e , 
carbon disulphide, acetone, ether, g l a c i a l a c e t i c a c i d , methyl 
alcohol and benzene, and from concentrated solutions they c r y s ­
t a l l i s e i n slender prisms. They do not r e c r y s t a l l i s e as such 
from ethyl alcohol, but when a solution of an iododichloride 
i n ethyl alcohol i s warned, chlorine and aoetaldehyde are 
evolved, and addition of water p r e c i p i t a t e s the corresponding 
iodocompound from solution. 

Iododichlorides have, i n general, a pleasant, not severe 

smell. They decompose on heating (the decomposition point of 

iodobenzene d i c h l o r i d e i s 116-127°, varying according to the 

rate of heating), the products of decomposition being the a r y l 

iodide and c h l o r i n e . Under d i f f e r e n t conditions Keppler (Ber. 

1898, 31, 1136) showed that the products of decomposition were 

d i f f e r e n t - i n a closed v e s s e l iodobenzene diohloride fomed 

hydrochloric a c i d and p-chloroiodobenzene. 

The iododichlorides can be used as c h l o r i n a t i n g agents; 

the following are given as examples:- From m e t a l l i c iodides 

they l i b e r a t e iodine with the f o m a t i o n of the m e t a l l i c c h l o r ­

ide, t h i s being used as a method of estimating the d i c h l o r i d e . 

Iodine i s l i b e r a t e d i n the cold by the treatment of iodoparaffin 

with iododi c h l o r i d e s , t h i s affording an easy method of estimat­

ing the iodine i n these compounds. A few drops of methyl, 

eth y l or amyl iodide t r e a t e d with a c r y s t a l of iodobenzene d i ­

ohloride quickly turns a brownish-yellow colour; i f now a 

g l a s s t\ibe i s dipped into the coloured s o l u t i o n and then i n t o 
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carbon disulphide and water, the carbon disulphide acquires a 

d i s t i n c t bright-red colour. This t e s t , which I s extremely 

s e n s i t i v e , i s a c h a r a c t e r i s t i c of iodoparaffins. Prom a 

d i l u t e aqueous s o l u t i o n of potassium cyanide, iododiohloildes 

l i b e r a t e cyanogen and form potassium chloride, w h i l s t from a 

concentrated solution of the cyanide l i t t l e or no cyanogen i s 

evolved, the s o l u t i o n being rapidly coloured dark-brown* lodo-

diohlorides react vigorously with a n i l i n e , forming a chloro-

a n i l i n e dyestuff, and with phenols which they also c h l o r i n a t e . 

Aqueous hydrogen sulphide slowly reduces iododichlorides 

with the separation of the a r y l iodide and f r e e sulphur. Hifith 

mercaptans they form a r y l disulphides, iodides and hydrochloric 

ac i d (Otto, Ber. 1893, 26, 305). 

e.g. R * I G l 2 + = R ' l + CR"S)2 + 2301 

When an aqueous solu t i o n of sodium benzene sulphinate i s 

shaken f o r a short time with iodobenzene diohloride there are 

formed benzenesulphonechloride, iodobenzene and sodium c h l o r i d e : 

As i n d i c a t e d e a r l i e r , by the treatment of iododi c h l o r i d e s 

with the s i l v e r c h l o r i d e - s i l v e r a c e t y l i d e double compound 

aliphatic-aromatic s a l t s are prepared, and with mercury diphenyl 

aromatic iodonium chlorides are formed, 

(b) Iodo so compounds. 

I odo so compounds are amorphous, yellowish-grey-white s o l i d s 

with c h a r a c t e r i s t i c "iodoso-smells." The properties of iodoso­
benzene, the parent of t h i s c l a s s , are given as being t y p i c a l 
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of a l l iodosobases. 

lodosobenzene i s s l i g h t l y soluble i n water and a l k a l i e s . 

The aqueous solution i s completely n e u t r a l , but bleaches l i t ­

mus paper i n a short time. Evaporation of the solution s t i l l 

leaves an amorphous s o l i d . Treated with hydrochloric a c i d , 

the aqueous solution of the iodosobenzene i s reduced to iodo-

benzenedichloride. I n b o i l i n g water an appreciable amount of 

iodosobenzene d i s s o l v e s and, on cooling, needles of iodoxy-

benzene deposit, due to the s e l f oxidation-reduction of the 

iodosocompound, the iodobenzene which i s also formed being 

v o l a t i l i s e d i n the steam. I t i s stated that iodosobenzene 

i s soluble to some extent i n e t h y l alcohol, but on warming 

or long standing i t i s reduced to iodobenzene by the alcohol. 

Almost a l l other neu t r a l solvents, such as ether, acetone, 

petroleum ether, benzene and chloroform w i l l not d i s s o l v e , or 

only exceedingly s l i g h t l y d i s s o l v e , iodosobenzene. lodosobenz-

ene does not melt; on heating, i t decomposes into iodo- and 

iodoxybenzene, detonating v i o l e n t l y at 210°. 

On long standing, and more quickly i n wamer weather, 

iodosobenzene changes by s e l f oxidation-reduction into iodo-

and iodoxybenzene, even i n vacuo smd i n the dark; because of 

t h i s i t cannot be stored f o r any length of time. I t s acetate 

i s e a s i l y made, p e r f e c t l y s t a b l e , and r e a d i l y r e c o n v e r t i b l e into 

the base; therefore iodosobenzene i s s t a b i l i s e d as i t s acetate 

immediately i t i s made. 

lodosobenzene i s an e x c e l l e n t o x i d i s i n g agent. I t o x i d i s e s 
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b o i l i n g formio ac i d and r e a c t s explosively with a n i l i n e . 

Tsoherniao (Ber. 1903, 56, 218) s t a t e s t h a t iodosobenzene can 

be used as reagent i n the Hofmann re a c t i o n . The conversion of 

acid-amides into the corresponding amines had, up to that time, 

been performed only with hypochlorite or hypobromite i n a l k a l i n e 

solution^ whereas Tsohemiao used iodosobenzene as o x i d i s i n g 

agent i n the following way:- 2,195 grams of pure iodosobenzene 

were ground with water into a f i n e paste and added to a sol u ­

t i o n of 1,47 grams of phthalimide i n 15 c.o. potassium 

hydroxide, the mixture shaken f o r an hour, when the solu t i o n 

slowly went brown and iodobenzene formed as a heavy oil« By 

ether e x t r a c t i o n , 1*3 grams of iodobenzene were obtained 

( t h e o r e t i c a l 2»14 grams). The r e s i d u a l s o l u t i o n was t r e a t e d 

with a c e t i c a c i d and again ether**extracted; the ethereal ex­

t r a c t yielded 1«136 gram ( t h e o r e t i c a l 1«57 gram) of a most 

pure a n t h r a n i l i c acid (m, pt. 142-144°). 

0 NH + OgHglO + 3K0H ' ^ ^e^b^ ^2^^3 ^2*^ 'CO" " ^''OOOK 

As found by V i c t o r Meyer and h i s c o l l a b o r a t o r s , and stated 

e a r l i e r (page I S ) , with concentrated sulphuric a c i d iodosobenz­

ene forms, along with resinous by-products, p-iodophenyl-phenyl-

iodonium sulphate* 

{ c ) lodoxycompounds• 

The properties of iodoxybenzene are given as being character 
i s t i c of a l l iodoxycompounds:-
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lodoxybenzene i s a snow-white s o l i d which, although i t 

can be heated to as much as 23o°, n e i t h e r melts nor vaporises. 

Whilst i t i s s l i g h t l y soluble i n water, e t h y l alcohol, g l a c i a l 

a c e t i c acid and formic a c i d , from which i t c r y s t a l l i s e s i n 

white needles, i t i s s t i l l l e s s soluble i n methyl alcohol and 

p r a c t i c a l l y i n soluble i n the chemically i n e r t organic solvents 

such as benzene, petroleum ether, carbon t e t r a c h l o r i d e and 

chloroform. 

Although i n h i s e a r l i e r work Willgerodt admitted the poss­

i b i l i t y of i t s forming s a l t s with a l k a l i e s ( c a l l e d by him 

"Jodonate"), he afterwards ("Die organischen Verbindungen mit 

mehrwertigem jod," p. 55) refuted t h i s statement by saying, 

"As with a l l iodoxyoompounds, iodoxybenzene i s a completely 

n e u t r a l body, forming s a l t s n e i t h e r with acids nor bases." 

Prom cryosoopic molecular weight measurements of iodoxy­

benzene i n formic a t i d solution by M a s c a r e l l l and M a r t i n e l l i 

(Oh. Z. 1907, I , 1322), the authors conclude that i t has the 

simple formula QQEC^102* T h e i r r e s u l t s i n a l l cases, however, 

are low by more than ten per cent. 

E.g. Found Ca l c u l a t e d 

^6^5-^ ̂ 2 207.2 - 217.3 236 

O^GQTL^(GE^)102 182.9 - 188.1 250 

m-0gH^(0H^)IO2 178.4 - 217.4 250 

p-GgH4(OH3)I02 219.7 - 220.8 250 

Although the i n v e s t i g a t o r s were of the opinion that the 
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Ion r e s u l t s are due to d i s s o c i a t i o n phenomena such as are 

shown i n the analogous nitrocompounds, probably a better 

explanation of these r e s u l t s i s that they are due to s a l t 

formation ( o f . J.G.S. 1936, 1674). E b u l l i o s c o p i c determin­

ations with iodoxybenzene i n pyridine, acetone and alcohol 

have given no s a t i s f a c t o r y r e s u l t s . 

When an aqueous solution of iodoxybenzene i s t r e a t e d 

with hydrochloric a c i d , chlorine i s evolved and iodobenzene-

diohloride deposits; i t i s i n t h i s respect comparable with 

manganese dioxide. 

GgHsIOg + 4H01 = GgHglGlg + 01^ + ^HgO 

MnOg + 4HG1 = MnGlg + Gig + SHgO 

lodoxybenzene explodes v i o l e n t l y when added to phosphorus 

pentachloride or to concentrated sulphuric a c i d . I n contrast 

to iodosobenzene i t rea c t s q u i e t l y with a n i l i n e , forming a 

blood-red solution. "With fuming n i t r i c a c i d and iodoxybenz-

"ene there i s s c a r c e l y a perceptible r e a c t i o n ; i f , a f t e r the 

"mixture has stood f o r some time, the c l e a r s olution i s poured 

"into water there deposits a yellow-white body with the charac-

" t e r i s t i c strong smell of p-nitroiodobenzene, and a f t e r recrys-

" t a l l i s i n g from chloroform, the needles formed melt at 166*^. 

"The melting point of pure p-nitroiodobenzene i s 171.5°." At­

tempts by Verlander and others to n i t r a t e iodoxybenzene were 

equally unsuccessful. 

I t was discovered by Giamican and S i l b e r (Gh, Z. 1905, I , 

1146; A t t i R. Accad, dei L i n c e i ( 5 ) , 14, I , 265) that i n the 
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presence of nitrobenzene and under the influence of l i g h t 

benzaldehyde i s polymerised. M a s c a r e l l i (Gh. Z. 1907, I , 33; 

A t t i R. Accad. dei Linoei ( 5 ) , 15, I I , 375-379) studied the 

s u b s t i t u t i o n of iodoxybenzene f o r nitrobenzene i n t h i s r e a c t i o n 

and found that when 200 grams of benzaldehyde and 50 grams of 

iodoxybenzene were l e f t i n a g l a s s v e s s e l i n the l i g h t from 

31st J u l y , 1906 u n t i l 21st May, 1906, part of the product was 

not extractable with ether, but r e c r y s t a l l i s e d from g l a c i a l 

a c e t i c a c i d i n white prisms and proved to be tribenzaldehyde 

of melting point 260^*. 

M a s c a r e l l i (Gh. Z. 1906, I I , 893; A t t i R. Aocad. dei 

L i n c e i Roma ( 6 ) , 14, I I , 199-205) gives three methods f o r the 

preparation of double compounds of iodoxybenzene with mercuric 

chloride and bromide:- ( a ) By the addition of mercuric c h l o r ­

ide or bromide to a suspension of iodoxybenzene i n water; (b) 

by the treatment of iodobenzene diohloride with mercuric c h l o r ­

ide and chlorine; and ( c ) by passing chlorine gas through a 

solution of iodobenzene i n g l a c i a l a c e t i c a c i d i n the presence 

of mercuric chloride. These double compounds form i n white, 

needle-shaped c r y s t a l s and are more stable to heat than iodoxy­

compounds. Double s a l t s can a l s o be formed with gold chloride 

and platinum chloride. 

lodoxybenzene reduces potassium iodide i n a c i d medium, 

y i e l d i n g f r e e iodine. The p u r i t y of the iodoxycompound i s 

estimated by t h i s r e a c t i o n . Willgerodt (Ber, 1896, 29, 2008) 
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found t h a t toy b o i l i n g iodoxybenzene w i t h aqueous potassiiam 
iodide the s o l u t i o n developed a stro n g l y a l k a l i n e r e a c t i o n , 
contained f r e e iodine and fomed except i o n a l l y pure diphenyl-
iodonium periodide, (05115)21 .15 . Longer b o i l i n g decomposed 
the p o l y i o d i d e , g i v i n g the iodonium i o d i d e and f r e e i o d i n e . 
He formulated the r e a c t i o n as t a k i n g place i n the f o l l o w i n g 
sequence:-

PhlOg + 2KI + HgO =• PhIO + KOH + 
PhIO + PMOg + KOH = Ph^I.OH + KIO^ 

Phgl.QH + KI = Phgl.I + KOH 
Phgl.I + I g = Phgl . 1 3 

P h g l . I ^ b o i l i n g water Ph^I,! + I g 

For the a c t i o n of a l k a l i on iodoxybenzene see Chapter 
Three on "lodoxybenzene and A l k a l i e s . " 

(d) Diaryliodoniura Compounds. 
The iodide of Hartmann and Meyer's "new non-nitrogenous 

base containing i o d i n e " was found by them to decompose on heat 
Ing i n t o p-dliodobenzene and iodobenzene, and was t h e r e f o r e 
given the s t r u c t u r e : -

and t h i s class of compound was termed "iodonium compounds," 
although W l l l g e r o d t , by comparing and co n t r a s t i n g them w i t h 
sulphinium and ammoniiam bases, expresses the opi n i o n t h a t a 
more s u i t a b l e name i s iodi^nlum compounds. 
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I n chemloal p r o p e r t i e s the diphenyliodonium r a d i c l e 
resembles lead, s i l v e r and, more p a r t i c u l a r l y , t h a l l i u m , even 
i n p h y s i o l o g i c a l a c t i o n . 
E.g. Sulphate ... E a s i l y soluble i n water; decomposition 

point 153-4^. 
n i t r a t e Less soluble i n water; decomposition 

point 163-4°. 
Iodide ..... White s o l i d , spariiagly soluble i n water. 

R e c r y s t a l l i s e s from alcohol i n y e l l o w i s h 
iieedles, decomposing at 180°. Turns yellow 
i n the l i g h t . 

Bromide .... White s o l i d , r e c r y s t a l l i s i n g from hot water 
i n large needles; more soluble than i o d i d e . 
Decomposition point 230 . 

Chloride ... More soluble than bromide and i o d i d e . 
R e c r y s t a l l i s e s from hot water i n white 
needles. Decomposes at 230 • 

Ghromate ... Orainge-coloured s o l i d , r e c r y s t a l l i s i n g 
from water i n l e a f l e t s and decomposing 
on slow heating at 157°. 

Carbonate .. S l i g h t l y soluble i n water; by evaporat­
i n g the s o l u t i o n a v a r n i s h i s formed which 
s o l i d i f i e s on long standing. 

Acetate Small white c r y s t a l s ; decomposition p o i n t 
120°. 

The f r e e base i s known only i n i t s aqueous, strongly a l k a l i n e 
s o l u t i o n * From measurements of c o n d u c t i v i t y and s a p o n i f i c a t i o n -
c o e f f i c i e n t using methyl alcohol S u l l i v a n (Ch. Z. 1899, I , 1078; 
and Z, Phys, Ch., 28 , 528) concludes t h a t as a base i t i s com­
parable w i t h caustic soda. Evaporation of the aqueous solu­
t i o n r e s u l t s i n the fo m a t i o n of a s t r o n g l y a l k a l i n e syrup. 

A cold aqueous s o l u t i o n of diphenyliodonium hydroxide i s 
reduced by b% sodium amalgam, forming benzene and diphenyl-
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i o d o n i m i o d i d e , thus:-
{0QE^)21,QE + 4H - 2GgH5 + HgO + HI 
(GgHg)2l.0H + HI = (GgH5)2l.I + HgO 

Diphenyliodonium i o d i d e i s capable of forming perhalides, 
The periodide, (GQHg)^!.!.Ig, i s formed when the iodoniura iodide 
i s t r e a t e d w i t h alcohol o r methyl alcohol containing the c a l c u l ­
ated amount of i o d i n e , and the s o l u t i o n b o i l e d . I t c r y s t a l l i s e s 
i n dark red, almost black, lustrous needles of melting point 
138°. Diphenyliodonium i o d i d e - d i c h l o r i d e , ^^^^5)21.!•Gig> ^md 
diphenyliodonium t r i c h l o r i d e , both decomposing at 138°, are 
formed when the a l k a l i n e mother l i q u o r s i n the preparation of 
iodosobenzene are a c i d i f i e d w i t h hydrochloric acid. These two 
perhalides are also preparable by suspending diphenyliodonium 
iodide i n chloroform and c h l o r i n a t i n g t h i s . The suspended s o l i d 
i s f i r s t coloured dark brown by l i b e r a t e d i o d i n e , but i t soon 
dissolves t o form a yellow s o l u t i o n ; by f u r t h e r c h l o r i n a t i o n 
there deposits a yellow c r y s t a l l i n e mixture of diphenyliodonium 
i o d i d e - d i c h l o r i d e and diphenyliodonium t r i c h l o r i d e , these be­
i n g separated by f r a c t i o n a l c r y s t a l l i s a t i o n from a l c o h o l . Both 
these products are i d e n t i c a l w i t h the perhalides obtained from 
the iodoso-alkaline l i q u o r , Diphenyliodonium iodide-dibromide 
and diphenyliodonium tribroraide can be made by a s i m i l a r method, 
using bromine water; they decompose at about 140°, the former 
c r y s t a l l i s i n g i n brown l e a f l e t s and the l a t t e r i n brown needles. 
Porster and Sohaeppi (Gh. Z. 1912, l, 1702; J.G.S., 101, 382) 
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have prepared a number of iodohium polyhalides w i t h higher 
halogen content, e.g. diphenyliodonium i o d i d e - t e t r a o h l o r i d e , 
\G6H5)2l.ICl4F^(GgHg)2l.Gl.IGl5], melting point 118-120°, 
diphenyliodonium io d i d e - i o d o o h l o r i d e , [(G6^5^2-^*I«1G1)L melt 
in g point 154-135°. 
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CHAPTER TWO. 

PREPARATION OF STARTIKQ MATERIALS. 

1 . General. 

I n a l l the preparations and analyses which f o l l o n , stop­
pers and exposed j o i n t s were made of glass smd only s i n t e r e d 
glass f i l t e r s were used because of the st3?ong o x i d i s i n g agents 
encountered* Except where reduction was a c t u a l l y intended, 
the use of reducing solvents, such as alcohol cuad acetone, had 
to be avoided, and generally t h i s added t o the d i f f i c u l t y o f 
drying products. 

2. lodobenzene Dichloride> 
Willgerodt's o r i g i n a l method (Ber, 1892, 25, 3494) was 

employed i n the preparation of iodobenzene d i c h l o r i d e , the 
solvent being carbon t e t r a c h l o r i d e . I n order to regulate 
the amount of c h l o r i n e introduced, a wash-bottle w i t h glass 
taps at both i n l e t and o u t l e t tubes was p a r t i a l l y f i l l e d w i t h 
carbon t e t r a c h l o r i d e , weighed, and c h l o r i n e passed i n t o t h e 
solvent u n t i l i t contained the required amount of c h l o r i n e . 
The pressure of gas i n the apparatus was s u f f i c i e n t t o f o r c e 
the c h l o r i n a t e d carbon t e t r a c h l o r i d e i n t o the iodobenzene 
l i q u o r , the l a t t e r being contained i n a f l a s k w i t h a ground 
glass d e l i v e r y connection. 
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Before use the iodobenzene was fr e e d from a n i l i n e w i t h 
d i l u t e hydrochloric acid and r e d i s t i l l e d under reduced pressure 
I n the f i r s t p reparation, 35 grams (0.16 gram-molecule) of 
iodobenzene were dissolved i n 19 c,c, o f pure d r i e d carbon 
t e t r a c h l o r i d e , and 16 grams (0.23 gram-molecule) of ch l o r i n e 
(generated from hydrochloric acid and potassium permanganate, 
washed and d r i e d through calcium c h l o r i d e ) i n 31 c,o, of 
carbon t e t r a c h l o r i d e introduced. The 9o^ y i e l d obtained was 
dr i e d i n vacuo. I n a second preparation of the d i c h l o r i d e , 
97 grams (0.48 gm,-mol,) of pure iodobenzene i n 30 c,c, of 
carbon t e t r a c h l o r i d e were used, and c h l o r i n a t e d w i t h 51 grams 
(0.71 gm,-mol.) c h l o r i n e i n 90 c,c, of carbon t e t r a c h l o r i d e . 
The iodobenzene d i c h l o r i d e was allowed t o form overnight, and 
the d r i e d product weighed 119 grams (9 2^ y i e l d ) . 

3, lodosobenzene. 
The iodobenzene d i o h l o r i d e , stored i n vacuum dessicator, 

was found a f t e r a few days to be decomposing, and on one 
occasion had t o be suspended i n carbon t e t r a c h l o r i d e and r e -
c h l o i l n a t e d . I t was the r e f o r e converted at the e a r l i e s t con­
venience i n t o iodosobenzene acetate. 

The h y d r o l y s i s of the d i o h l o r i d e was preformed w i t h a 5% 
sodium hydroxide s o l u t i o n , using a s l i g h t excess of t h a t shown 
i n the equation:-

PhlGlg + 2Na0H « PhIO + 2NaGl + HgO 
I n the f i r s t attempt 38 grams of the d i c h l o r i d e were 

ground i n portions of about 4 grams each w i t h the b% caustic 
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soda, eaoh g r i n d i n g continuing over 15 minutes. The mixture 
mas shaken on a machine f o r hours, a f t e r which the 
y i e l d of iodosohenzene, washed sparingly but e f f i c i e n t l y w i t h 
water u n t i l a l k a l i - f r e e , and d r i e d i n vacuo i n the dark, was 
only 42.4J^. An iodometric t i t r a t i o n of the product showed i t 
to be 94.6jg pure. I n the course of a day the f i l t r a t e and 
f i r s t washings deposited white, f l a k y c r y s t a l s of diphenyl-
iodonium c h l o r i d e , and n e u t r a l i s a t i o n of the a l k a l i n e solu­
t i o n w i t h d i l u t e hydrochloric acid y i e l d e d more of t h i s by­
product. The f i l t e r e d , washed and d r i e d c h l o r i d e weighed 1.3 
grains. A f t e r reduction of the iodosobenzene i n the r e s i d u a l 
l i q u o r w i t h sulphur d i o x i d e , the diphenyliodonium s a l t s t i l l 
i n s o l u t i o n was p r e c i p i t a t e d as iod i d e w i t h nomal aqueous 
sodium i o d i d e . The d r i e d p r e c i p i t a t e weighed 1.3 grains. 

I n a second preparation of iodosobenzene the mixture of 
d i o h l o r i d e and sodium hydroxide s o l u t i o n was shaken f o r only 
3 hours and re s u l t e d i n an Ql% y i e l d of 97.1^ p u r i t y . 

Attempts t o prepare iodosobenzene by s u b s t i t u t i n g magnesium 
hydroxide and disodium hydrogen phosphate f o r sodium hydroxide 
proved less successful. I n the f i r s t case the excess magnesium 
hydroxide was removed w i t h 5N acetic acid and a &Q% y i e l d of 
only 60,6^ pure iodosobenzene was obtained. Using sodium 
phosphate there was a 56^ y i e l d of base containing only 12% 

i odo sobenz ene. 

4, lodosobenzene Acetate. 
The conversion of iodosobenzene i n t o i t s acetate was 
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e f f e c t e d simply by g r i n d i n g the base w i t h 2.1 molecular prop­
o r t i o n s of g l a c i a l acetic acid. The mass turned white and 
p r a c t i c a l l y dry. A f t e r standing 24 hours the acetate was r e -
c r y s t a l l i s e d from benzene. I t was b e a u t i f u l l y c r y s t a l l i n e , 
p e r f e c t l y white and was f r e e from detectable i m p u r i t i e s , g i v ­
in g lodometric t i t r a t i o n s showing i t t o be lOO.O^ pure. 

5. lodoxybenzene and lodoxytoluene. 
Because of the poor y i e l d s obtainable i n the preparation 

of iodoxybenzene by the o x i d a t i o n of iodosobenzene w i t h sodium 
hyp o c h l o r i t e (the method which had been used h l t h e r t o f o r e i n 
t h i s laboratory by professor Masson and Dr, pounder), i t was 
decided t o make some pr e l i m i n a r y t e s t s of the method described 
by Bamberger and H i l l (Ber. 1900, 33, 633; see also page 11 
of t h i s book) whereby the iodobenzene was d i r e c t l y o x i d i s e d 
by Garo's acid (monopersulphuric acid) t o the iodoxybody. 

The stock of potassium persulphate used i n the making o f 
the Garo's acid was analysed by t i t r a t i n g i t against standard 
f e r r o u s sulphate and potassium permanganate s o l u t i o n s (Treadwell 
and H a l l , " A n a l y t i c a l Chemistry", V o l . 2, pp. 534-5) and found 
t o be 98.2^ pure. I n the f i r s t attempt of the preparation of 
the Garo's acid the recipe given by Bamberger and H i l l was f o l ­
lowed: 60 grams of concentrated sulphuric a c i d were added 
slowly t o 56 grams of p o t a s s i m persulphate immersed i n an i c e 
bath. There was a s l i g h t escape of ozonised oxygen, and a f t e r 
46 minutes the mass had caked s o l i d . A d d i t i o n of 90 grams o f 
ice i n small p o r t i o n s d i d not dissolve a l l of t h i s s o l i d . When, 
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using the same weight of i n g r e d i e n t s , the order of a d d i t i o n 
was reversed, the ic e being added f i r s t t o the persulphate 
and then the concentrated sulphuric acid added, the s o l i d 
s t i l l remained out of s o l u t i o n . The a c t i v e oxygen i n the 
sludge formed was detemined by shaking 10 c,c, of i t w i t h 
100 c,c, 0.3606N fer r o u s sulphate, the excess of the l a t t e r 
being determined w i t h — permanganate. The sludge contained 
12,1 grams of ac t i v e oxygen per l i t r e . 84,36 c,c, of t h i s 
Carols acid " s o l u t i o n " were shaken w i t h 6,56 grams of iodo­
benzene ( r e q u i r i n g 1,02 grams of active oxygen) f o r 15 hours. 
The s o l i d formed was p e r f e c t l y and m i c r o c r y s t a l l i n e , but on 
examination i t proved t o be potassium persulphate. 

The method f o r preparing Garo's acid described by Houben 
("Itethoden", 1923, Vol. 2, p, 58) also proved unsuccessful: 
56 grams o f potassium persulphate were s t i r r e d w i t h 61,5 grams 
of concentrated sulphuric acid f o r 10 minutes, and t o the r e ­
s u l t i n g paste 168 grams of powdered potassium sulphate were 
added, and the mixture ground f o r 40 minutes, when a p e r f e c t l y 
dry powder was formed. The Oaro's acid was made as required 
by d i s s o l v i n g t h i s powder i n three times i t s weight of concen­
t r a t e d sulphuric acid. Such a s o l u t i o n , however, contained 
only 1.42 grams of a c t i v e oxygen per l i t r e . 

An attempt was made t o prepare Garo's acid using hydrogen 
peroxide. The stock 100 volume hydrogen peroxide was found by 
t i t r a t i o n t o contain 32.2^ peroxide. To 460 grams of concen­
t r a t e d sulphuric a c i d , cooled t o -14°, loo grams o f t h i s hydro­

gen 
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peroxide were added, and i n t o t h i s s o l u t i o n 100 c,c, of water 
slowly poured. The r e s u l t i n g s o l u t i o n was pale yellow and 
contained 18.1 grams of a c t i v e oxygen per l i t r e , V̂ hen an 
equivalent amount (58.6 c,c,) of i t was used to oxidise 7 
grams of iodobenzene, the f r o t h i n g was too great f o r any 
e f f e c t i v e shaking to be performed and the preparation had 
to be abfiindoned. 

A t t e n t i o n was again d i r e c t e d to the o r i g i n a l recipe of 
Bamberger and H i l l ; i t was thought t h a t the former f a i l u r e s 
might be due to the sulphuric acid used being of a higher con­
c e n t r a t i o n than t h a t employed by the authors, and i t was t h e r e ­
f o r e deemed advisable to use an acid of approximate composition 
H2SO4.H2O. 64 grams of an acid of t h i s s t r e n g t h , cooled to 
-24°, were added w i t h s t i r r i n g t o 66 grams of potassium per­
sulphate and, a f t e r standing 60 minutes, the sludge formed was 
d i l u t e d by g r i n d i n g w i t h 90 grams of i c e . The suspension was 
f i l t e r e d , t h i s having been omitted on previous occasions, and 
the c l e a r f i l t r a t e was found by t i t r a t i o n t o contain 13.6 grams 
of a c t i v e oxygen per l i t r e . 7 grams of iodobenzene were shaken 
w i t h 82 c.c, of the Oaro's acid s o l u t i o n f o r '^•^/2 hours, a f t e r 
which the iodoxybenzene formed was f i l t e r e d o f f and washed acid-
f r e e w i t h water, lodosobenzene was detected i n the f i l t r a t e 
both by i t s smell and by i t s o x i d i s i n g a c t i o n on sodium io d i d e 
s o l u t i o n i n saturated sodium bicarbonate medium. The s o l u t i o n 
was shaken, t h e r e f o r e , f o r a f u r t h e r 4 hours, thereby y i e l d i n g 
a second amount of iodoxybenzene. The f i n a l d r i e d y i e l d was 
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80.1^ of the t h e o r e t i c a l , and by iodometric t i t r a t i o n i n acid 
medium was 93.2% pure* This r e s u l t , i t was thought, warranted 
a preparation on a la r g e r scale. I n the f i r s t large-scale 
preparation of iodoxybenzene, 0,96 kilogram of p o t a s s i m per­
sulphate was t r e a t e d w i t h 1.2 kilograms of sulphuric acid of 
the composition H2SO4.H2O and the mixture d i l u t e d w i t h 1.5 
kilograms of i c e . l*^/^ l i t r e s of the f i l t e r e d s o l u t i o n 
(which contained 13.1 grams of a c t i v e oxygen per l i t r e ) were 
used t o oxi d i s e 103 grams of iodobenzene. Owing t o excessive 
f r o t h i n g some pajrb of the mixture was l o s t during the shaking 
on a machine, the f i n a l y i e l d being 89 grams of iodoxybenzene, 
which, a f t e r 40 minutes b o i l i n g w i t h 160 o.c, of water, t o 
convert any iodosobenzene i n t o the iodoxybody, and warming i t 
w i t h 100 c,o. of benzene to r i d i t of unchanged or re-formed 
i o d i d e , gave iodometric t i t r a t i o n s showing i t t o be 100,0^ pure. 

I n a l l of the foregoing attempts t o oxi d i s e iodobenzene 
d i r e c t l y to iodoxybenzene, i t was no t i c e d t h a t the iodosocom-
pound was an intermediate product; hence i n the u l t i m a t e 
method, which was employed on f o u r occasions, an excess of the 
Garo's acid was used. Also, because of the unavoidable f r o t h ­
i n g during the vigorous shaking necessary, and because mechan­
i c a l s t i r r i n g was i n s u f f i c i e n t t o mix e f f e c t i v e l y the heavy 
iodobenzene o i l w i t h the aqueous Garo's ac i d , i t was found 
advisable to perform a l l shaking by hand. The f i n a l method 
adopted f o r the preparation of the iodoxycompound i s as f o l ­
lows: 1.6 kilograms of concentrated sulphuric a c i d are d i l u t e d 
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w i t h 214 grams of water and the cooled acid mixed w i t h 1.5 
kilograms of potassium persulphate w i t h thorougji g r i n d i n g f o r 
45 minutes, and stood w i t h occasional g r i n d i n g f o r an hour. 
2,5 kilograms of i c e are added i n about 20 p o r t i o n s , the sludge 
w e l l ground and f i l t e r e d . Such a s o l u t i o n contains about 2.2 
equivalents of ac t i v e oxygen per l i t r e , and f o r 100 grams of 
iodobenzene 1.6 l i t r e s of the Garo's acid i s used. The mix­
t u r e i s shaken vigorously by hand i n a long-necked 6 - l i t r e 
round-bottomed f l a s k . A f t e r about 2,^/2'^O\XTS the iodoxybenz­
ene begins to form, and at the end of 5 hours the s o l i d i s 
f i l t e r e d , ground w e l l , remixed w i t h i t s mother-liquor and a l ­
lowed t o stand a f u r t h e r 12 t o 14 hours. The f i l t e r e d iodoxy­
benzene i s washed w i t h 150 c.c. of water, but i n general t h i s 
i s i n s u f f i c i e n t t o r i d i t completely of an acid r e a c t i o n . The 
s o l i d i s suspended i n 300-400 c.c. of water and b o i l e d f o r an 
hour w i t h f r e e steam, which converts traces of iodosobenzene 
i n t o iodoxy- and iodobenzene and expels the l a t t e r , as w e l l as 
t a k i n g out the s l i g h t t r a c e of sulphuric acid s t i l l remaining. 
The iodoxybenzene dissolved i n the water i s recovered by evapor­
a t i o n , and the f i n a l y i e l d , d r i e d i n vacuo^ represents 94-96^ 
of the t h e o r e t i c a l , and i s f r e e from detectable i m p u r i t i e s , 
g i v i n g iodometric t i t r a t i o n s i n acid medium showing i t to be 
100,0^ pure, and y i e l d i n g no iodine from i o d i d e s o l u t i o n i n 
saturated borax medium. The iodoxybenzene which remains d i s ­
solved i n the main l i q u o r s i s recoverable as iodobenzene by 
t r e a t i n g them w i t h 10 c.o. of perhydrol. 



34. 

This method was also found applicable to the preparation 
of iodoxytoluene, and again i t was noticed t h a t the iodosocom­
pound was formed as an inteimediate product. Apparently, how­
ever, a longer time of shaking i s necessary, since i t was found 
t h a t the iodoxytoluene formed contained an appreciable amount 
of iodotoluene, from which i t had to be separated by benzene 
e x t r a c t i o n . The f i n a l product was 97.3,^ pure. 
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GHAPTER THREE 

IQDQKYBEMZENE AND ALKALIBS. 

1. H i s t o r i c a l . 
The decomposition of iodoxybenzene by a l k a l i e s (sodi\im 

hydroxide and baryta s o l u t i o n s ) had been observed by V i c t o r 
Meyer and Hartmann and independently by W i l l g e r o d t , but no 
examination had been made by these workers of the mechanism 
and the q u a n t i t a t i v e nature of the apparently complex reactions 
involved, a knowledge of which i s necessary f o r an understand­
i n g o f Meyer and Hartmann's process of preparing iodonium com­
pounds w i t h s i l v e r oxide, iodoso- and iodoxybenzene. Such an 
examination, i n any case, would help i n an understauiding of 
the nature of the iodoxygroup i t s e l f . 

I t had been noted t h a t iodoxybenzene and a l k a l i react t o 
give some small amount ( o r , a t any r a t e , no great amount) of 
diphenyliodonium r a d i c l e . Meyer and Hartmann (Ber. 1892, 27, 
159 2) noted t h a t t h i s was a cause of the f a u l t y e f f i c i e n c y of 
t h e i r process i f caustic soda be su b s t i t u t e d f o r s i l v e r oxide, 
the iodoxybenzene being consumed by the a l k a l i t o some extent 
instead of being a v a i l a b l e f o r r e a c t i o n w i t h the iodosocompound. 
Wil l g e r o d t (Ber. 1894, 29, 2009) observed i t when he used ba r y t a 
s o l u t i o n s , and noted t h a t barium iodate deposited from the 
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l i q u i d ; he also stated t h a t the f i l t r a t e would not y i e l d a 
p r e c i p i t a t e of iodonium iodide w i t h potassium iodide u n t i l 
some time had elapsed. He noticed also a smell as of diphenyl 
On t h i s basis w i l l g e i o d t f o m u l a t e d the reactions between 
a l k a l i and iodoxybenzene as f o l l o w s : -

(a) PhlOg + Ba(0H)2 » BaO.O^Ph + HgO 
(This s a l t formation - c a l l e d by Willgerodt "Jodonate" - was 
afterwards ("Die organisohen Verbindungen mit mehrwertigem 
Jod") r e f u t e d by him.) 
(b) ^(BaO.OglPh) = PhIO + Ph.Ph + B a ( I 0 ^ ) 2 + 2BaO 

(c) Ba(OH)g + 2 P h I 0 + 2 P h I 0 2 = J2PhgI.0H + Ba(IO^)g 
C l e a r l y t h i s series of reactions involves guesswork even 

i f i t , or some of i t , be t r u e . 
The study of the ac t i o n of a l k a l i e s on iodoxybenzene was 

begun i n t h i s laboratory by Professor Masson and Dr, Pounder. 
I t seemed not u n l i k e l y t h a t , j u s t as one can express the r e ­
a c t i o n of Meyer and Hartmann as 

PhlOg + Pino Q̂ ' y Phgl + I O 5 , 

so also there might be the r e a c t i o n 
PhlOg + PhlOg ^ Phgl + IO4 ( i ) 

t h a t i s , a bimoleoular decomposition of iodoxybenzene under 
the i n f l u e n c e of the a l k a l i y i e l d i n g the molecule of diphenyl­
iodonium periodate# The presence of t h i s periodate d i d not 
seem t o have been t e s t e d f o r or thought of by former workers. 
Such a r e a c t i o n proceeding t o completion would mean t h a t i n 
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the s o l u t i o n there would be no change i n the t o t a l a l k a l i n i t y 
or i n i t s o x i d i s i n g power, periodate should be detectable and 
h a l f the iodine o r i g i n a l l y present would f i n a l l y be present 
i n an " i o n i c " form. 

Besides the appearance of iodate and iodonium r a d i c l e i n 
the alkali-iodoxybenzene mixtures, there q u i c k l y develops an 
o i l y t u r b i d i t y , t o account f o r which the most probable com-
poimds are:- lodobenzene, phenol, benzene and diphenyl; the 
two f o m e r substances are decomposition products o f diphenyl­
iodonium hydroxide:-

Phgl.OH ^ Phi + PhOH ( i i ) 
Benzene might conceivably be produced along w i t h i o d a t e , thus:-

PhI02 + NaOH ^ PhH + NalO^ ( i i i ) 
and w i l l g e r o d t ' s hypothesis might account f o r the presence of 
diphenyl i n the products. 

The formation of phenol would have an e f f e c t on iodometric 
t i t r a t i o n s i n c e r t a i n media, and the occurrence of the r e a c t i o n 
( i i ) would be in d i c a t e d by a loss of one molecule of a l k a l i per 
one of iodoxybenzene using methyl orange as i n d i c a t o r and two 
molecules o f a l k a l i using as i n d i c a t o r phenolphthalein. The 
formation of benzene and iodate according t o ( i i ) would also 
imply a loss i n a l k a l i n i t y and cause an increase i n the t o t a l 
o x i d i s i n g power from f o u r to s i x . 

Because of the p o s s i b i l i t y , t h e r e f o r e , of complex mixtures 
r e s u l t i n g from the r e a c t i o n of the a l k a l i and iodoxybenzene, i t 
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was found necessary to p e r f o m many experiments on the modes 
of analysis and d e t e c t i o n of the various substances involved. 

potassium periodate and diphenyliodonium hydroxide (the 
l a t t e r prepared by gr i n d i n g and shaking the iodi d e w i t h moist 
s i l v e r oxide) were found to be stable i n a l k a l i s o l u t i o n s . 
Tests on the l i b e r a t i o n of iodine from potassium periodate by 
iodide i n the presence of phenol were made, and i t was found 
t h a t i n acid s o l u t i o n the f u l l amount o f iodi n e (8 atoms per 
molecule) was l i b e r a t e d without any absorption of the io d i n e 
by the phenol, w h i l s t i n bicarbonate mediiim no f r e e i o d i n e 
was formed, the phenol t a k i n g up to 6 atoms of iodi n e per 
molecule of phenol. I t was found t h a t i n mixtures of iodoxy-
and iodosobenzene, the l a t t e r could be estimated q u a n t i t a t i v e l y 
by l i b e r a t i o n of iodine from iodide s o l u t i o n s i n bicarbonate 
s o l u t i o n s , i n which iodoxybenzene i s i n a c t i v e . Mixtures of 
iodosobenzene and potassium periodate i n saturated borax main­
taine d undiminished t h e i r o x i d i s i n g power, proving t h a t no 
o x i d a t i o n of iodoso- to iodoxybenzene occurs i n such circum­
stances. 

That iodoxybenzene i s not diphenyliodonium periodate 
(which would have the emp i r i c a l composition and aqueous molec­
u l a r weight of CgHsIOg)* was proved by preparing the s a l t by 
mixing equivalent aqueous solutions of i t s f r e e base and i t s 
f r e e a c i d , the f o m e r made from the i o d i d e and s i l v e r oxide, 
the l a t t e r from d i l u t e sulphuric acid and barium periodate, 
which i n t u r n was made by i g n i t i n g barium iodate (Rammelsburg, 
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Ber. 1869, 2, 1869), The compound fomed l a r g e , t a b u l a r c r y s t ­
a l s , nearly c o l o u r l e s s , m. p t . 129^ (decomposition); i t s molar 
s o l u b i l i t y was several times t h a t of iodoxybenzene, and analysis 
showed i t t o have the composition axxd q u a n t i t a t i v e reactions of 
lG5H5)2l.I04 91.3 mols., w i t h possibly an orthoperiodate R5IO5 
3.6 mols., and iodat e , (05115)21.104, 5.0 mols. I t s l i b e r a t i o n 
of i o d i n e from an added iodide i n saturated aqueous borax was 
alone s u f f i c i e n t t o d i f f e r e n t i a t e i t from iodoxybenzene* D i -
phenyliodonium periodate was foimd to dissolve q u i e t l y i n con­
centrated sulphuric a c i d , i n which iodoxybenzene explodes, and 
i t was found to be stable i n d i l u t e a l k a l i s o l u t i o n s . 

Systematic experiments on iodoxybenzene i n water from 14*̂  
to 100*^, i n , J i - , ̂  and N aqueous sodium hydroxide 100 oO 10 o 
at 26°, and i n N NaOH at 100*̂  were made. I n water, iodoxybenz­
ene dissolves as such to a small extent (Il«6 m i l l i m o l s . per 
l i t r e at 14° and 49.7 m i l l i m o l s . per l i t r e at 99°). I t s solu­
t i o n has no e l e c t r i c a l c o n d u c t i v i t y of i t s own and i s n e u t r a l . 
On being kept at 98-100°, the s o l u t i o n gradually develops a 
s l i g h t but increasing conduction, but s t i l l remains n e u t r a l ; 
t h i s conduction remains on cooling the s o l u t i o n . 

The a c t i o n of b o i l i n g N sodium hydroxide on iodoxybenzene 
was found t o y i e l d benzene, i d e n t i f i e d by i t s b o i l i n g p o i n t and 
by the me l t i n g point of i t s d i n i t r o - d e r i v a t i v e both alone and 
mixed w i t h m-dinitrobenzene; there was also a smell resembling 
t h a t of diphenyl i n some of the d i s t i l l a t e . The o x i d i s i n g power 
of the m a t e r i a l simultaneously increased; hence i t appeared 
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t h a t one r e a c t i o n , at least at higher temperatures and w i t h 
normal a l k a l i , i s 

PhlOg NaOH ^ PhH + NalO^ ( i v ) 
I n b o i l i n g a l k a l i , diphenyliodonium hydroxide would be 

unstable (equation ( i i ) ) , but i t i s worthy of note t h a t i n the 
foregoing experiment traces of phenol, but only t r a c e s , were 
detected when looked f o r ; iodobenzene was present along w i t h 
benzene i n qu a n t i t y enough to make a mixture denser than water. 
Measurements were made i n the r e s i d u a l l i q u o r s of a l k a l i n i t y , 
iodate and ( ? ) p e r i o d a t e ( ? ) , and these agreed almost exactly 
w i t h the simultaneous occurrence of ( i v ) w i t h ( i ) and ( i i ) . 
The f a c t t h a t diphenyliodonium periodate i s stable i n a l k a l i n e 
s o l u t i o n , shown by analysis f o r iodonium r a d i c l e , a l k a l i n i t y 
and periodate of a several days' o l d s o l u t i o n , when none of 
these had s i g n i f i c a n t l y changed, seemed t o i n d i c a t e t h a t at 
room temperature r e a c t i o n ( i i ) (the decomposition of diphenyl­
iodonium hydroxide) i s so slow as to be almost n e g l i g i b l e . 

As to the series of d i l u t e a l k a l i s o l u t i o n s of iodoxy-
benzene, each was analysed several times (except ^) during 
several days' keeping at 25^. The analyses determined:-
(a) A l k a l i n i t y to methyl orange, 
(b) o x i d i s i n g power to added potassium i o d i d e i n aci d s o l u t i o n , 
(c) o x i d i s i n g power t o added potassium io d i d e i n saturated 

borax s o l u t i o n ( i n which iodate and iodoxybenzene do not 
r e a c t ) , 

(d) The diphenyliodonium r a d i c l e by p r e c i p i t a t i n g and weighing 
i t s i o d i d e . 
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(e) The oxidised-iodine anions (10^, IO4) by reduction w i t h 
sulphur dioxi d e , p r e c i p i t a t i o n and weighing of s i l v e r 
i o d i d e . 

The e l e c t r i c a l c o n d u c t i v i t i e s were measured at the same time. 
Some of the main f a c t s brought out i n t h i s series were:-

More iodoxybenzene dissolves i n a l k a l i than i n water. The 
d i s s o l u t i o n i s not r a p i d and most, i f not a l l , of i t seems t o 
be due to chemical a c t i o n . This a c t i o n i s r e a l l y a t r a i n of 

•TiT 

reactions, i n the most d i l u t e a l k a l i ( j ^ ) i t appears t h a t i n 
the e a r l y stages some of the dissolved iodoxybenzene s t i l l ex­
i s t s undecomposed i n the l i q u i d ; but i f t h i s i s so, i t i s com­
bined w i t h the a l k a l i , f o r the c o n d u c t i v i t y has decreased, a l ­
though the a l k a l i n i t y t o methyl orange has not. Later on (and 
i n middle strengths of a l k a l i , sooner) no appreciable iodoxy­
benzene remains undeoomposed; i t i s represented as to i t s i o d ­
ine by iodonium r a d i c l e and by oxidised-iodine anions, and as 
t o i t s o x i d i s i n g power by these anions (which may be named con­
j o i n t l y as lO-j^)* But of the o r i g i n a l phenyl groups a small 
propo27tion i s not accounted f o r by the analysed components. I n 
a l l the l i q u i d s there i s a s l i g h t o i l y scum and a l i t t l e tawny 
amorphous suspended matter. The d e f i c i e n c y of phenyl r a d i c l e 
i s most noticeable i n the higher concentrations o f a l k a l i and 
i n t h e i r l a t e r stages; and i n these also the decrease of 
a l k a l i n i t y per molecule of iodoxybenzene i n i t i a l l y taken i s 
greatest. This decrease of a l k a l i n i t y i s progressive w i t h them 
a l l , but the c o n d u c t i v i t y does not f a l l o f f a f t e r i t s f i r s t 
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drop. The i n d i c a t i o n s are t h a t i n the l a t e r stages, especi­
a l l y w i t h the less d i l u t e a l k a l i s o l u t i o n s , the diphenyliod-
onium and the o x i d i s i n g power i n borax medium both f a l l o f f 
from a maximum value; the oxidised iodine-anion, however, 
does not appear to do so; and the o x i d i s i n g power i n acid 
media, at f i r s t a l i t t l e low i n the higherconcentrations of 
a l k a l i , i n these tends, i f anything, towards regaining i t s 
i n i t i a l value. These observations accord w i t h the f o l l o w i n g 
chain of r e a c t i o n s : -

( i ) PhlOg + OH y (PhlOg.OH) Possibly 
( i i ) 2PhI02 l i S i l ^ (Ph2l)' + (IO4)' 
( i i i ) (PhlOg.OH) > PhH + ( l O ^ ) * ... Proved d e f i n i t e l y 
( i v ) (Phgl) + OH' ^ PhOH + Phi ... Proved i n c e r t a i n 

circumstances but 
not marked except 

i n concentrated s o l u t i o n and i n l a t e r stages of 
i t . 

Lack of time prevented s u f f i c i e n t evidence being brought t o 
l i g h t t o assert d e f i n i t e l y t h a t these are t r u e or otherwise. 
Notably, periodate was not proved to be present, f o r the r e ­
a c t i o n used to detect and measure i t (borax-medium o x i d a t i o n 
of potassium iodide) turned out to be q u a l i t a t i v e l y a p plicable 
to iodosobenzene. Further, the presence of the diphenyliodoniuir 
r a d i c l e complicated the iodide r e a c t i o n and t i t r a t i o n , both i n 
borax and i n acid media, by forming a polyiodide p r e c i p i t a t e 
which was very slow to give up i t s excess of i o d i n e t o a r s e n i t e 
or thiosulphate i n the t i t r a t i o n . This slowness made f o r bad 
end-points. 
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Before any f i r m conclusions could be made, t h e r e f o r e , 
other c o n t r o l experiments were deemed necessary; the f o l l o w ­
ing p r e l i m i n a r y i n v e s t i g a t i o n s were c a r r i e d o u t : -

2. p r e l i m i n a r y I n v e s t i g a t i o n s , 

(a) T i t r a t i o n of potassium periodate ap;ainst arsenite i n 
saturated borax. 

i n saturated borax, w i t h sodium iodide added, potassiiim 
periodate i s reduced to iodate:-

I0'4+ a i l > 10*5 + 21 + H2O 

and the iodine had been t i t r a t e d w i t h a r s e n i t e . Experiments 
were performed to see i f the arsenite could be used d i r e c t l y 
as reducing agent, determining the excess w i t h standard i o d i n e . 
The t i t r a t i o n was done several times and, although i t appeared 
as i f the r e a c t i o n were, i f not s o l e l y , then mainly a reduction 
of the periodate to l o d a t e , i n each case the end-point was found 
to be i m r e l i a b l e owing to a f u r t h e r l i b e r a t i o n of iodine on add­
ing the s l i g h t e s t excess of the standard iodine s o l u t i o n . 

Because of t h i s , the e x i s t i n g method was t r i e d as a back 
t i t r a t i o n . That i s , t o the potassium periodate i n saturated 
borax sodium iodide and a known excess of standard a r s e n i t e 
were added and the r e s i d u a l arsenite t i t r a t e d against standard 
i o d i n e . The r e s u l t s i n t h i s case were favourable:-
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KI04 taken 
( m i l l i m o l s . ) 

AsgOs added 
( m i l l i e q u i v s . ) 

Iodine f o r 
excess AS2O5 

AS2O5 per 
molecule KIO4 

0*5a79 2.443 1.270 1.994 

1.091 2.470 0.291 1.998 

The complication a r i s i n g from the r e l a t i v e s t a b i l i t y of 
the diphenyllodonium polyiodide could t h e r e f o r e be overcome 
i n the active-oxygen t i t r a t i o n s i n borax medium by t h i s pro­
cedure. The method i s also applicable t o the determination 
of the a c i d - a c t i v e oxygen i n a s o l u t i o n , since, a f t e r l i b e r a t ­
i n g the iodine i n the acid medium, the s o l u t i o n can be n e u t r a l ­
ised and saturated w i t h bicarbonate and shaken w i t h excess 
arsenite s o l u t i o n . 

(b) The extent of reduction of iodoxy- and iodosobenzene 
i n saturated s o d im bicarbonate and I n borax media. 

This series of reactions was performed w i t h a view t o f i n d ­
i n g which medium i s the more s u i t a b l e f o r the estimation of 
iodosobenzene i n the presence of the iodoxyoompound, as w e l l 
as t o determine the minimum time f o r complete reduction i n each 
case. Because of the sparing s o l u b i l i t i e s of the compounds the 
reactions were best c a r r i e d out by c l i p p i n g by rubber bands 
tubes of 100 c.c, capacity t o the spokes of a b i c y c l e wheel 
bracketed to a w a l l and turned over 20 t o 40 times a minute. 
I n each case the tube contained about 0.2 gram of e i t h e r iodoso 
benzene acetate or iodoxybenzene, 25 c.c. saturated sodium 
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bicarbonate or borax, s o l i d powdered bicarbonate or borax and 
10 c.c, N sodium iodide . The l i b e r a t e d i o d i n e was t i t r a t e d 
against standard ar s e n i t e . 

lodosobenzene acetate 
I n saturated bicarbonate I n saturated borax 

Time on wheel Percentage 
(minutes) reduced. 

Time on wheel Percentage 
(minut e s) reduc ed 

35 
60 
120 
155 

1180 

76.58 
96.31 
97.57 

100.1 
100.0 

69 

114 

200 

94.48 

95.41 

99.86 

lodoxybenzene 
I n saturated bicarbonate I n saturated borax 

Time on wheel Percentage 
(minutes) reduced 

Time on wheel 
(minutes) 

Percentage 
reduo ed 

76 
138 
188 

1087 

12.06 
20.46 
27.86 
67.66 

284 
1328 

0.406 
1.79 

I n l a t e r preparations of 
iodoxybenzene there was no 
l i b e r a t i o n of i o d i n e from 
iodide i n saturated borax 
a f t e r 48 hours wheeling. 

Since iodoxybenzene i s p a r t i a l l y reduced by iodi d e i n b i 
carbonate, w h i l s t i t i s not i n borax, any d e t e m i n a t i o n s of 
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iodoso- i n the presence of iodoxybenzene must be done i n the 
borax medium. 

(c) The d e t e m i n a t i o n of iodine by Stepanow's method. 
I n t r i a l experiments using iodotoluene and iodobenzene, 

the t o t a l iodine was found to be determinable accurately, i/vith 
benzene present, however, which i s probable when e x t r a c t i o n s 
of organic m a t e r i a l from aqueous s o l u t i o n or suspension have 
t o be made, i t was found advisable t o use 70 t o 80 c,c. of 
alcohol and 7 or 8 grams of sodium per m i l l i a t o m of iodine 
deteimined. »Vith these modifications the method was equally 
accurate. 

(d) Reaction of io d i n e and phenol i n sodium bicarbonate 
s o l u t i o n ^ 

Pour r e a c t i o n tubes were made up containing 10 c.c. 
0.02667M phenol, 25 c.c, saturated sodium bicarbonate and 25 
c.c, 0.1057N i o d i n e , and wheeled f o r various lengths of time, 
a f t e r which the excess iod i n e was t i t r a t e d against 0.1298ISi 
ar s e n i t e . The r e s u l t s given were:-

Time i n minutes Extent of r e a c t i o n 
PhOH + 61 = G6H5I5 + ̂ HI 

50 0.9720 
64 0.9884 

100 0,9884 
1035 0,9884 
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Assuming the phenol t o be s l i g h t l y impure, the r e a c t i o n 
seems t o complete i t s e l f q u a n t i t a t i v e l y a f t e r an hour. 

A s i m i l a r series of experiments performed w i t h phenol d i s ­
solved i n benzene, showed t h a t not less than 20 hours shaking 
on the wheel were required to complete the r e a c t i o n . 

(e) E f f e c t of potassium periodate on a c i d - a l k a l i t i t r a t i o n s 
The presence of potassium periodate i n an a l k a l i n e s o l u t i o n 

was found t o have no e f f e c t i n a t i t r a t i o n against standard 
sulphuric acid when methyl orange was used as i n d i c a t o r . 

( f ) The p r e c i p i t a t i o n of iodates and periodates w i t h 
barium s a l t s . 

lodometric t i t r a t i o n s of the stock sodium iodate showed i t 
to have the composition ̂ ^2^2^2^7 ( i . e . 2NaI0^.ii20, molecular 
weight 414) r a t h e r than NalO^ (molecular weight 198). 

The object of t h i s series of experiments was t o determine 
whether or not barium iodate and periodate are q u a n t i t a t i v e l y 
p r e c i p i t a t e d from s o l u t i o n , the type of these p r e c i p i t a t e s and 
the most s u i t a b l e medium t o use. I n the f i r s t attempt, 7 t o 
8 m i l l i m o l s . of sodium iodate and periodate were t r e a t e d separ­
a t e l y w i t h 40 c.c. ^ sodium hydroxide, n e u t r a l i s e d , made j u s t 
acid w i t h acetic acid and shaken on the wheel w i t h 30 m i l l i m o l s . 
of bari\am acetate f o r 24 hours. The p r e c i p i t a t e s formed were 
almost c o l l o i d a l , too f i n e to be f i l t e r e d through a grade 3, 
sintered-glass f i l t e r and blocking the pores of a grade 4 f i l t e r . 
They ce n t r i f u g e d only w i t h d i f f i c u l t y and s e t t l e d extremely 
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slowly. I t was observed, however, that i n d i l u t e a l k a l i the 
p r e c i p i t a t e s coagulated more s a t i s f a c t o r i l y , and t h e r e f o r e 
the p r e c i p i t a t i o n was t r i e d i n t h i s medium. 2.611 m i l l i m o l s . 
of potassium periodate were shaken w i t h 160 c.c. |. a l k a l i and 
25 c.c. ^ barium acetate added drop by drop. The vessel was 
wheeled f o r 20 hours, a f t e r which the f i n e , bulky p r e c i p i t a t e 
s e t t l e d q u i t e r a p i d l y . I t was f i l t e r e d and washed by a decant-
ation-syphon arrangement, but as the a l k a l i weakened the s e t t l ­
i n g became poorer, and f i n a l l y i t had to be washed by o e n t r i f u g -
i n g . The washings were kept separate from the f i l t r a t e , i n 
both the excess barium being p r e c i p i t a t e d w i t h sulphuric acid 
at 40°, Once again f i l t e r i n g and washing were d i f f i c u l t . The 
barium p r e c i p i t a t e was decomposed by shaking w i t h sulphuric 
acid f o r 28 hours, and a l l s olutions were made t o standard v o l ­
umes. 

Sodium iodate (1.3170 grams, equivalent t o 37.921 m i l l i -
equivalents of a c t i v e oxygen) was t r e a t e d s i m i l a r l y . The barium 
iodate p r e c i p i t a t e was much coarser grained and s e t t l e d more 
r a p i d l y than d i d the periodate p r e c i p i t a t e . As before, the 
barium iodate was decomposed by wheeling f o r 24 hours w i t h 
sulphuric a c i d ; i n the f i l t r a t e s o l u t i o n and i n the washings 
excess barium was p r e c i p i t a t e d w i t h sulphuric a c i d ; and a l l 
s o l u t i o n s were made t o standard volumes. 

The f i l t e r s and syphon-tubes used i n each case were washed 
w i t h a c i d i f i e d sodium i o d i d e s o l u t i o n and any i o d i n e l i b e r a t e d 
thereby t i t r a t e d against standard t h i o s u l p h a t e . 
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The various solutions were ali q u o t e d f o r determinations 
of a c t i v e oxygen i n acid and i n saturated borax media ( c a l l e d 
r e s p e c t i v e l y A and B t i t r a t i o n s ) by l i b e r a t i o n of iodine from 
sodium i o d i d e . Results were as f o l l o w s 

PERIODATE. 

Decomposed p r e c i p i t a t e F i l t r a t e 

Active oxygen Active oxygen 
Analvsi<* (equivs. ) p e r Cequivs. ) per 
i i n a i y s i s ^ j ^ i t i a l 2.611 one mol. KIO4 

mols. KIO4. 
Analysis Active 

oxygen 

A 
A 

19.87 
19.76 

7. 
7. 

606 
568 

A N i l 

A 19.96 7. 644 B N i l 

Washings Decomposed p r e c i p i t a t e (cont. 

Analysis 
Active 0 
per i n i t ­
i a l 2,611 
mols.KI04 

Active 0 
per one 
mol. 
KIO4. 

Analysis 
Active 0 
per i n i t ­
i a l 2,611 
mols.KI04 

Active 0 
per one 
mol. 
KIO4. 

A 0.290 0.11 
B 
B 

4.663 
4.663 

1.786 
1.786 

B 0.035 0.013 B 4.646 1.778 
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F i l t e r s and syphon-tubes 

Active 0 per Active 0 per 
Analysis i n i t i a l 2.611 one mol. 

mols. KIO4 KIO4 

A 0.206 0.005 

Totals. 
Per 1.00 mols. (230 gms.) KIO4 i n i t i a l l y 

Analysis Active oxygen o r i g i n a l l y Active oxygen recovered 

A 8.00 7.72 
B 2.00 1,80 
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Decomposed p r e c i p i t a t e 

Analysis 

B 

Active 0 
(equivs.) Active 0 
per i n i t - per 6 
i a l 37.93 equivs. 
equivs. 

35.63 
N i l 

5.637 
N i l 

F i l t r a t e 

Analysis 
Active 0 
per i n i t ­
i a l 37.93 
equivs. 

Active 0 
per 6 
equivs. 

B 
0.13 
N i l 

0,003 
N i l 

Washings. 

Active 0 
(equivs.) Active 0 

Analysis per i n i t - per 6 
i a l 37.93 equivs. 
equivs. 

B 
1.25 
N i l 

0.033 
N i l 

F i l t e r s and syphon-tubes 

Analysis 
Active 0 
per i n i t - A c t i v e 0 
i a l 37.93 per 6 
equivs. equivs. 

0.69 0.02 
B Not done 

Totals. 
Per i mol. Na2H2l207 (207 gms.) i n i t i a l l y 

Analysis Active oxygen o r i g i n a l l y Active oxygen recovered 

A 
B 

6.00 
N i l 

5.69 
N i l 
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The small amount of o x i d i s i n g power found i n the f i l t r a t e s and 
i n the washings (more e s p e c i a l l y i n the l a t t e r because as the 
a l k a l i s trength becomes weaker the washing of the p r e c i p i t a t e s 
became more d i f f i c u l t ) was probably due t o traces of p r e c i p i t ­
ate passing i n t o them as much as t o the s o l u b i l i t i e s of the 
barium iodate and periodate. 

I t was evident from these t e s t s that iodate and periodate 
together i n s o l u t i o n can be detected and estimated by p r e c i p i t ­
a t i o n of t h e i r barium s a l t s , 

(g) Reaction between phenol and periodate i n various 

To f o u r r e a c t i o n tubes containing r e s p e c t i v e l y 0.4783, 
0. 6635, 0,7661 and 0.5961 m i l l i m o l s . of potassium periodate 
were added:-
1. 25 c.c. 0.05005N sodium hydroxide + 6.29 c.c. 0.0760911 

phenol. 
ii. 25 c.c. 0.2003N sodium hydroxide + 8.72 c.c. 0.07609M 

phenol, 
i i i . 25 c.c. saturated and s o l i d sodium bicarbonate + 9,94 

CO. phenol. 
i v . 25 c.c. 0.2113N sulphuric acid + 7.83 c.c. 0.07609M 

phenol. 
A l l the tubes were wheeled f o r 19 t o 20 hours. Tubes i and 
i i assumed a pale yellow colour, tube i i i was considerably 
darker and tube i v was a deep brown. Each s o l u t i o n was made 
0,2N H2SO4, 10 c.c. N sodium iod i d e added and the i o d i n e l i b e r ­
ated t i t r a t e d against 0.09983N th i o s u l p h a t e . The i o d i n e l i b e r ­
ated from the f o u r tubes was as f o l l o w s : -
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Tube 1 ...5.791 (= 8 x 0.4758) mi 111 equivalents. 
" 11 ..5.291 (= 8 X 0.6614) " 
" 111.-6.047 8 X 0.7558) " 
" I v ..4.625 (= 8 X 0.5781) " 

That i s , a f t e r 19 t o 20 hours at room temperature, i n ̂  sulph­
u r i c a c i d , 'b% of the o x i d i s i n g power of the periodate has been 
destroyed; i n i L a l k a l i , 0.94^; i n ̂  a l k a l i , 0.32^; and i n 

2 0 b 
saturated sodiiim bicarbonate there has been no change i n o x i d i s ­
i n g power of the periodate. 

Therefore, except t h a t solutions containing them should 
not be kept acid f o r any length of time, periodate i s not ap­
pr e c i a b l y attacked by phenol. 

(h) E f f e c t of prolonged shaking i n acid and i n a l k a l i on 
A and B t i t r a t i o n s of potassiiam periodate. 

The tubes employed f o r these t e s t s contained about 2.5 
m i l l i m o l s . of potassium periodate, accurately weighed, i n each. 
Both acid and a l k a l i used were normal, 30 c.c. being added at a 
time, and the tubes wheeled f o r several hours. A summary of 
the r e s u l t s i s given on the next page. 

1 94 
From these analyses, 230 grams of the s o l i d contain g 

mols. of potassium periodate and - 4 x 1,940 j^ols. of 
6 

potassium ioda t e , = 0.970 + 0.027 » 0.997 mols. That i s , the 
I0„ content of the s o l i d I s p r a c t i c a l l y the t h e o r e t i c a l of t h a t 
f o r KIO^, and prolonged shaking of i t w i t h a l k a l i and w i t h a c i d 
has no e f f e c t on i t s composition. 



54. 

C 

o 

O 
O 

o 

oa 

cn 

o 

o 
H 

> 
p. 

M 
P 

!2i 

CO 

CO OS 

CO 
CO 

H 
CO 

§ 

• • • • • • <D t o 
» ^ > ^ CO 4̂  o 0> M 

CO 

CD 
pi c+ 
H 
P 

F; 
4 
P 

!2J 

I-" 

CD CP CP -0 CD CD 
• • • • « • • 
c o o to O 1 o CD 
CO CD CM OD 
CM cn cn 1^ CM CD 

• • • • • I-" M CO » ^ a CM 
CD CD O 

CD p. 

3̂ 
B 
o 

CD 

P 

D3 

P 

01 

C9 

P 

O 

p p 

i ^ 
t5 CD 

O 

I 
p. 
<i 
P M <I> 
& 
03 

o 

p 
lO 
•4 

I 
To 

3 o 

CO 
CM c 

CO 

it3 
o 
c+ 
P 
CO 
CO 

ti 
CP 

4 
o 
p 



65, 

(1) Reaction between phenol and iodosobenzene in various 
strengths of acid and i n borax. 

The iodosobenzene used i n th is series of experiments had 

been made four months previously and by iodometric t i t ra t ions 

in acid and saturated borax media analysed to the composition:-

By weight . . . lodosobenzene . . . 44.66^ 

lodoxybenzene . . . 31.37^ 

lodobenzene . . . . 25,97^ 

Tests of the reaction between iodosobenzene and phenol were 

performed i n N, | . and ^ sulphuric acid and in saturated borax 

solution, af ter a short time and af ter prolonged wheeling; i n 

each case the residual active oxygen was measured by t i t r a t i o n 

of the iodine liberated from sodium iodide solution. See page 

56. 

I n the acid media i n a l l cases the solution turned brown 

and a resinous material was formed from which, i n the iodometric 

t i t ra t ions , dissolved iodine had to be removed by addition of a 

few c . c , of carbon tetrachloride. I n the saturated borax the 

whole mass turned a dirty grey and liberated no iodine from 

aqueous sodium iodide. An excess of iodine was added and the 

reaction tube shaken a further two hours, a f ter which the iod­

ine remaining was t i trated against standard arsenite. 0»736 

mi111equivalents of iodine were absorbed by the residual phenol, 

indicating that there remained after the iodosobenzene-phenol 

reaction in borax 0.123 mill imol. phenol. 

I t was apparent from these tests that iodosobenzene oxid­

i ses phenol i n acid medium as well as not being determinable i n 

the presence of phenol i n borax solutions. 
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(.1) The preoipltat lon of diphenyliodonliam Iodide from 
solutions of the sulphate. 

17 grams of pure s i l v e r n i t ra te were dissolved i n 28 o,o, 

of water, 100 c , c . 1.22N sodium hydroxide added slowly with 

shaking and the mixture shaken for an hour. The s i l v e r oxide 

sett led wel l ; the supernatant l iquor was sucked off and the 

precipi tate shaken with successive lots of 60 c . c . of water 

u n t i l ac id- free , each washing being sucked off by a decantation-

syphon and t i t r a t e d against 0.07N sulphuilc ac id . The f i n a l 

washing, the twel f th , showed the l iquor to be 0.000IN. 

Diphenyliodonium iodide (10 grams, free from iodobenzene 

and phenol) were added to the s i l v e r oxide sludge and the mix­

ture wheeled for 24 hours. The diphenyliodoniiam hydroxide 

solution was f i l t e r e d , the f i l t r a t e being a c l ear yellow, and 

the remaining precipitate washed with 2 x 10 c.o, of water. 

T i trated against 0.1989N sulphuric ac id , the solution was 

0.5597N. 35 C O . of this diphenyliodonium hydroxide were 

neutral ised with 11.96 c.o. of 0.9944N sulphuric ac id , the 

solution, made up to 50 c . c , being therefore 0.2578N. To 

10 c . c . of the sulphate solution were added 10 c . c . N sodium 

iodide and, a f ter standing, the iodonium iodide was f i l t e r e d 

through a tared glass f i l t e r , washed with 4 x 5 c . c . of water 

and 2 x 2 c . c . each of acetone and ether, dried to constant 

weight on an o i l pxamp and weighed. The weight of iodide 

(0.9789 gm.) indicated that the or ig ina l iodonium sulphate 

solution was 0.2599N. To a second 10 c .o . of the diphenyl-
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iodonium sulphate 0.6 gram of sodium iodate dissolved i n 26 

0.0. of water was added and the c l ear solution formed reduced 

with 20 c . c . N sulphur dioxide. The solution was neutral i sed 

with N sodium hydroxide solution and, a f t e r standing, the iod­

ide was f i l t e r e d , washed and weighed as before. The weight of 

iodide was 0.9732 gram, meaning that by t h i s method the diphenyl 

iodonium sulphate was 0,2385N. 

Within experimental error , therefore, a diphenyliodonium 

sa l t i n solution can be estimated by prec ip i tat ing and weigh­

ing i t s iodide. 

(k) Diphenyliodonium s i l icotungstate . 

This compound was prepared i n an attempt to f i n d a non-

reducing quantitative precipitant for the diphenyliodonium 

r a d i c l e . To a solution of 10 mgms. of diphenyliodonium chlor­

ide i n 4 c . c . of water were added 4 c . c . of a solution of 

s i l i co tungs t i c acid of s imi lar strength. The almost ge la t in ­

ous, copious white precipi tate f i l t e r e d orily with d i f f i c u l t y 

through a double layer of toughened f i l t e r paper. The pract ­

i c a l l y c l ear f i l t r a t e gave no precipi tate with sodium iodide 

solut ion, indicat ing that diphenyliodonium s i l icotungstate i s 

as insoluble as the iodide, iihen, from a solution of the iod­

onium chloride , the iodide was precipitated with sodium iodide, 

the f i l t r a t e gave no precipitate of s i l icotungstate with s i l i o o -

tungstic ac id . Apparently, therefore, the s i l icotungstate i s 

not less soluble than the iodide. I n ^ sodium hydroxide so lu-
^ t ion 
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the iodonium si l icotungstate precipi tate was just as c o l l o i d a l , 

and warning dissolved i t i r r e v e r s i b l y . S i m i l a r l y , t e s t s done 

i n di lute acet ic acid jshowed the precipi tate to be equally un­

desirable for quantitative work, the so l id being, i f anything, 

even more co l lo ida l and less easi ly f i l t e r e d than i n neutral 

or a lka l ine solution. 

(A s imi lar experiment on diphenyliodonium picrate showed 

i t to be a beaut i fu l ly c r y s t a l l i n e so l id of melting point 132° , 

but i t was more soluble i n water than e i ther the iodide or the 

s i l icotungstate , as was shown by washing the picrate on a f i l t e r , 

when the washings gave a precipi tate of iodonium iodide with 

sodium iodide so lut ion, ) 

Iodide seems, therefore, to be the only suitable quantit­

at ive precipitant for the deteimination of diphenyliodonium i n 

solution; t h i s i s unfortunate i n that, as stated before, iodo­

metric t i t r a t i o n s f i r s t produce free iodine and then, i n the 

presence of the iodoniura, form a polyiodide which i s convert­

i b l e into the ordinary iodide only with d i f f i c u l t y , espec ia l ly 

i n acid medium. Moreover, as recorded l a t e r , diphenyliodonium 

thiosulphate readi ly decomposes into a r y l sulphides and other 

products, thus preventing thiosulphate from being used with 

any accuracy i n t i t r a t i o n s when diphenyliodonium s a l t s are 

present. 

(1) Diphenyliodonium sulphate and sodium hydroxide 
solutions"! ~ 

Two solutions were made up:-
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( i ) 0.2378N diphenyliodonium sulphate . . . 10.0 c . c . 

0.1987N sodium hydroxide 47.86 o.c, 

Water 133.53 c . c . 

i n which (Ph2l)2'S04 : NaOH =* 1 : 4, and the sodium hydroxide 

i s 0.04969N. 

( i i ) 0.2378N diphenyliodonium sulphate . . . 16,0 c . c , 

0.9936N sodium hydroxide 19.14 c . c . 

^Vater 61.58 c . c . 

i n which (Ph2l)2.S04 : NaOH = 1 : 2.67, and the sodium hydrox­

ide i s 0.1987N. 

The two vessels were kept i n running water and at inteirv-

a l s the alkal i -content was found by t i t r a t i o n against 0.07228N 

sulphuric acid. 

Volume H2SO4 OH' 
xxiiio drawn. required equivalents 

( i ) 30 mins. 10 c . c . 6.87 c . c . 0.4966 

7 days 10 c . c . 6.85 c.o. 0.4951 

14 days 10 c . c . 6.85 c . c . 0.4951 

( i i ) 30 mins. 

14 days 

0.1989N 
10 c . c . 10.00 c . c . 

10 c . c . 9.96 c . c . 

1.989 

1.981 

I t appears, therefore, that i n the strengths of a l k a l i 

employed, diphenyliodonium sulphate, i f i t decomposes at a l l , 

i s very slow to do so. 
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(m) The s o l u b i l i t y of iodosobenzene i n water, a l k a l i 

and ac id . 
10 

I n water, lodosobenzene acetate (2.157 lui l l imols . , by 

iodoiaetric t i t r a t i o n 100% pure) was ground with 4,15 c»c , 0,1045N 

sodium hydroxide u n t i l completely converted into the free base, 

and shaken with 200 c . c , of water at 16,7*^ for 2. ^/g hours. 

After f i l t e r i n g through dry apparatus, 100 Q.c, of the pale 

greenish-yellow f i l t r a t e were wheeled with 15 c .o. 2K sulph­

ur ic acid and 10 c . c , N sodium iodide, and the free iodine 
N 

t i t ra ted against — thiosulphate. A s imi lar t i t r a t i o n was 

done i n saturated borax solution. 

I n sodiuri hydroxide. 2,-541 mi l l imols . of iodosobenzene 

acetate were converted into the free base by grinding with 

4.48 c . c . 1.045N sodium hydroxide and wheeled for 2 hours with 

182 C O . 0.1045N sodium hydroxide. No apparent reaction was 

observed, and the f i l t r a t e , which had the same colour as that 

of the aqueous solution, was treated f o r A and B t i t r a t i o n s as 

above. 

I n i L sulphuric ac id . 6.586 mil l iraols . of the acetate 
10 

were converted into iodosobenzene and shaken for 2 hours with 

78 c . c , 0.1128N sulphuric ac id , the actual strength of the 

sulphuric ac id i n the reaction vessel being 0.09711N. The 

f i l t r a t e , i n th i s case colourless , was t i t r a t e d for A and B 

oxygen as before. 
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Medium Temperature 
Mi l l i equ ivs . 

A oxygen 
per 100 0 . 0 . 

Mil l i equ ivs . 
B oxygen 

per 100 G . G , 

Prom B, 
s o l u b i l i t y of 
FhIO ( m i l l i -
mols per l i t r e ^ 

Water 15.7^ 0.816 0.744 5,72 

0.1275N 
NaOH 15 .8° 1.069 0.974 4.87 

.097 UN 
H2SO4 1 6 . 8 ° 6.884 6.520 32.60 

( I t i s interest ing to compare the s o l u b i l i t i e s of iodoso-

and iodoxybenzene i n water. The following i s a table (Masson, 

Race and pounder, J . G . S . , 1935, 1673), not done by the author, 

of the s o l u b i l i t i e s of iodoxybenzene i n water:-

Temperature 0° 14° 40° 61*̂  83^ 99° 

M i l l i m o l s . / l i t r e . . . 10.1 11.6 18.3 27.8 40.0 49.7 

(The l a s t two values have been corrected by about a \init f o r a 

s l ight gradual decomposition at high temperature, detectable 

t>y the conductivity and assumed to be of the kind which occurs 

i n a l k a l i . ) No change i n so l id phase was observed throughout 

the temperature range, and the curve i s smooth. 

The s o l u b i l i t y of iodoxybenzene i n quite d i lu te a l k a l i 

d i f f e r s l i t t l e from that i n water at the same temperature.) 

(n) Methods of perfoiming A and B t i t r a t i o n s i n iodoxy-
benzene">alkali solutions. 

To 6.079 mi l l imols . of f ine ly - s i eved iodoxybenzene were 

added 101.38 o.c . of 0.0601N sodium hydroxide (5,079 m i l l i -
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equivalents) and the mixture shaken on the wheel f or 16 hours. 

The solution had assumed a s l ight turbid i ty whijbh remained on 

neutral i s ing with 1 9 . 7 4 c . c . 0 . 2 0 4 1 N sulphuric ac id . After 

d i lu t ion to 2 5 0 c.o. i t was aliquoted for A and B t i t r a t i o n s , 

2 5 o.c, being used for each A determination and 7 5 c . c , for 

each B. For the f o m e r , to each of three lots of 2 5 c . c . were 

added 2 5 c . c . 0 . 2 N sulphuric acid and 10 c , c . N sodium iodide; 

the f i r s t was kept at 60^ for 1 5 minutes, the second shaken i n 

the cold for 2 hours, and the t h i r d , a f t e r shaking for 

hours, was neutral ised and saturated with sodium bicarbonate. 

Those two kept acid were t i t r a t e d against ~ thiosulphate, and 

to the bicarbonated solution excess standard sodium arsenite 

was added and, a f t er the colour of the polyiodide had been d i s ­

charged, the excess arsenite was detemined with standard iod­

ine . I n each case the time necessary for the destruction of 

the polyiodide colour was noted. 

To each of the 76 c . c , aliquoted f o r the B detezminations 

2 6 c . c , saturated aqueous borax and 10 grams of so l id powdered 

borax were added. One was treated with 10 c , c . N sodium iodide 

and wheeled for an hour, a known excess of arsenite added, shaken 

u n t i l the iodine had been released from the polyiodide and the 

excess arsenite back t i t ra ted with standard iodine. To the 

other were added 10 c . c . sodium iodide and immediately a known 

excess of standard arsenite run i n from a burette; a f t e r 1,'^/Q 

hours* shaking the excess arsenite was determined with iodine. 
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The resu l t s obtained were as fo l lows: -

T i t r a t i o n Method 
Ox, equivs, 
per 10 mols. 
PhI02 i n i t . 

Time f o r release 
of iodine from 

Ph2l -I3 

A 15 mins. at 60° 28.79 
S t i l l pecu l iar ly 
grey a f t e r an hour 

(see below). 

A 2 hours shaking i n 
cold. 

38.08 2 minutes. 

A 
5 hours shaking i n 
cold, neutral ised and 
sat . with NaHGO ,̂ 

then AsgO^. 

37,96 6-10 minutes. 

B 1 hour shaking i n cold. 6.81 30 minutes. 

B 
Excess AS2O3 before any 
I 2 l ibera t ion . I t hours* 7,10 

shaking. 
N i l 

The thiosulphate i n the f i r s t A deteimination, i n contact with 

the solution for an hour, developed a smell as of a r y l sulphur 

products, due presumably to the decomposition of diphenyliodonium 

thiosulphate; th i s method, therefore, was of no value. The 

other two methods for A t i t r a t i o n s gave, within experimental e r ­

r o r , ident i ca l r e s u l t s , but because of the p o s s i b i l i t y of a r y l 

sulphide formation, the arsenite method was deemed the safer . 

For the B determinations, an hour's shaking was d e f i n i t e l y 

i n s u f f i c i e n t , and the second method, i n which no time was allowed 

f o r the polyiodide to form, was a much cleaner t i t r a t i o n . Not 

s u f f i c i e n t data, however, was known about e i ther determination. 
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and another ser ies of t i t r a t i o n s of the iodoxybenzene-alkali 

solutions f o r borax-active oxygen was performed, 

11.26 mi l l imols . of iodoxybenzene were shaken f o r 16 hours 

with 224.76 C.o. 0.0601N sodium hydroxide, and the s l i g h t l y 

turbid solution neutral ised with 11.15 o.o. l.ON sulphuric ac id . 

The solution was made up to 600 c . c . and f o r each t i t r a t i o n 60 

0 . 0 . of t h i s were taken. 

(^) To each of four of the aliquoted parts were added 20 

c . c , of saturated borax, 10 grams of powdered borax and 10 o.c. 

N sodiiun iodide. The tubes were wheeled f o r varying lengths of 

time and the l iberated iodine determined with standard arsenite 

solution, 

(/•?) Three other tubes of 60 c . c . each were treated s i m i l ­

a r l y , and immediately on addition of the aqueous iodide to each 

20.0 G.o. 0.1260N sodium arsenite were added, and the tubes 

wheeled. 

Method (c )̂ 

Per 10.0 mols. of PhlOg i n i t i a l l y . 

Time wheeled Time shaken for F h 2 l . l 5 B oxygen 
(hours) deoomp. a f t e r AS2O5 (equivs . ) 

(mins . ) . 

1 16 6.06 

2 26 6,63 

4 15 5.71 

48 8 5.59 
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Method ) 

Time wheeled (hours) . . . 1 2 48 

B Oxygen (equivs . ) 6.98 6.86 7.28 

The former method apparently cannot detect the f u l l amount 

of borax-active oxygen, and even i n the second method 43 hours 

are required f o r complete reduction. 

(o) Reaction between iodoxybenzene and arsenite i n borax. 

To weighed amounts of iodoxybenzene were added 20,0 c , c , 
N 

arseni te . Af ter wheeling for an hour no arsenite had been 

consumed, and even a f t e r shaking for a day, only 0,008 m i l l i -

equivalents of arsenite were used, 

(p) lodoxybenzene and iodine in borax. 

There was no reaction between iodoxybenzene and iodine i n 

saturated borax a f t e r three hours' shaking on the wheel. 

3, Theoretical Considerations. 

lodoxybenzene i s much more soluble i n di lute a l k a l i than 

i n water. Eventually t h i s i s connected with i r r e v e r s i b l e 

changes, but i n the f i r s t place i t i s due to a revers ib le s a l t -

foimation. Di lute sodiiam hydroxide solution quickly dissolves 

about one molecule of iodoxybenzene per two equivalents of 

a l k a l i . This means, f or sodium hydroxide, a s o l u b i l i t y f i v e 

times that i n water, whilst N a l k a l i dissolves 50 times the 

amount soluble i n water. The twofold proportion of d i lute 

a l k a l i i s ord inar i ly needed to prevent r e v e r s a l , iodoxybenzene 



67. 

therefore reacting as i f i t were a monobasic acid of d i s ­

sociat ion constant apparently 10'^* .̂ (Measurements of conduct­

i v i t y of a saturated aqueous solution of iodoxybenzene, done 

by a student i n h i s laboratory course, indicate that iodoxybenz-
-10 4 

ene has an apparent dissociat ion constant of 10 * . ) 

The sa l t s of iodoxybenzene with a l k a l i e s have not been 

i so la ted; t h e i r existence i s trans ient , and to es tabl i sh t h e i r 

foimation and fomulae i t was necessary to perform a ser ies of 

rapid measurements of s o l u b i l i t i e s , conductivit ies and freez ing 

points. The solutions of the sa l t s are colourless and have a 

very s l ight turbidi ty and, l ike iodoxybenzene i t s e l f , reduction 

of the solution with sulphur dioxide or a c i d i f i e d sodium iodide 

solution yields iodobenzene. No radic les (such as iodonium or 

iodate) can be detected i n the solutions, and neutra l i sa t ion 

by carbon dioxide causes a slow but quantitative deposition of 

pure iodoxybenzene. That there i s no hydration of these c r y s t ­

a l s when wet i s seen by the fact that from t h e i r f i r s t p r e c i p i t ­

ation u n t i l t h e i r f i n a l drying there i s microscopical ly no 

change i n the c r y s t a l s . 

I t i s improbable that t h i s ac id i ty of iodoxybenzene i s 

due to tautomerism i n the hydrogen atoms of the benzene nucleus, 

and therefore the experiments prove that the f i r s t react ion 

between iodoxybenzene and a l k a l i i s : -

PhlOg + OH' 5==i PhlOg.OH' 

These sa l t s have been cal led "phenyliodoxylates". The 

statement made by Willgerodt i n 1896 (Ber, 29, 2008) as to the 



68. 

possible formation of s a l t s of iodoxybenzene with a l k a l i e s 

(see page 36) i s now j u s t i f i e d , although Willgerodt himself 

contradicted i t i n h i s monograph of 1914 by the observation 

on the complete neutra l i ty of iodoxybenzene. The formation, 

easy r e v e r s i b i l i t y and subsequent behaviour of iodoxylates 

can be explained by a local electrovalenoy joining the large , 

posi t ive donor iodine of the I—0 dipole and the small hydroxyl 

anion, whi l s t , as indicated by freezing point measurement, the 

sodium i s ionioal ly f r e e : -

I 
Ph— Î"*" (OH)' 

0* 

I n the corresponding aromatic sulphur compounds, the d i a r y l 

sulphones, the donor atom, sulphur, being small , i s too well 

covered by surrounding groups to allow the anion access; 

s i m i l a r l y , i n an aromatic nitrocompound the nitrogen atom i s 

too small to peimit the anionic access. I t seems unl ikely 

that i n the iodoxylates the electrovalent l ink can ever become 

covalent:-

fl 
Ph—I—Ou—H 

i / 
This iodoxylate formation, coupled with the fac t that iodoxy­

benzene i s capable of forming sa l t s a lso with acids , points 

to the simultaneous a c c e s s i b i l i t y of both ends of the I - O d i ­

pole, and from t h i s view i t i s possible to explain a number 
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of remarkable reactions of iodoxy- and iodosobenzene, such as 

Meyer and Hartmann's method of preparing iodonium compounds 

(see J . C . S . , 1935, 1670). 

I n aqueous a l k a l i e s of concentrations from 0,05N upwards 

iodoxylates change rapidly and i r r e v e r s i b l y , iodoxybenzene i s 

no longer detectable, the solution contains iodate and addition 

of aqueous sodiiam iodide precipi tates diphenyliodonium iodide 

and l iberates iodine, both i n acid and i n saturated borax media. 

This chajage, due to the fomat ion of a new c la s s of compound, 

i s quantitat ively represented by the equation:-

2PhI03H = ^ Ph2l0,0H + 10^ + OH' 

Again i n th i s react ion, the simultaneous a c c e s s i b i l i t y of the 

iodyl ( I - - 0 ) dipole can explain the change. To the donor iodine 

of the iodyl dipole of one iodoxybenzene molecule i s added the 

phenyl radic le of a second, and simultaneously to the negative 

oxygen of the dipole i s added the IO2 of the second iodoxybenz­

ene molecule, thus: -

0 0 0 
11̂  . II II 

Ph—^I—0 > Ph—^I—^ ^ Ph—^I—0 
T i ^ I I 

Ph-IOg Ph-IOg Ph IO2 

Coupling these two equations together, the t o t a l change 

undergone by the iodoxybenzene i n cold d i lute a l k a l i i s : -

2PhI02 + OH' = PhglO.OH + 10^ 

The new compound, termed diphenyliodyl hydroxide, i s a 

stronger oxidising agent than the parent iodoxybenzene or 

iodoxylates, oxidising iodine i n saturated borax as well as i n 
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a c i d mediiam, and being r e a d i l y reduced by sulphur dioxide, 

hydrogen peroxide or d i l u t e hydrochloric acid to diphenyl-

iodonium s a l t s : -

e.g. PhglO.OH + 3 H I » Phgl.I + I 2 + SHgO 

Ph2l0.0H + SOg Ph^I.HSO^ 

PhglO.OH + HgOg = Fhgl.OH + HgO + Og 

PhglO.OH 5HG1 = Phgl.Gl + 2H2O + Gig 

The i o d y l compound i s therefore the source of the iodonium 

s a l t s obtained by Willgerodt i n the action of barium hydroxide 

on iodoxybenzene and also i n the action of the b o i l i n g aqueous 

potassium iodide on lodoxybenzene. I n using the l a t t e r reagent, 

the a l k a l i i s fomed by the action of the potassium iodide on 

the i n i t i a l iodoxybenzene, and t h i s i s followed by the reactions 

described:-

PhlOg + 2KI + HgO « Phi + I 2 + 2K0H 

4PhI02 + 2K0H = 2Ph2lO.OH + 2 K I O 5 

The phosphorus and arsenic compounds analogous to the i o d y l 

body are the phosphinic and a r s i n i c acids (Rg.PO.OH, Rg'-^sO.OH), 

and, l i k e these, diphenyliodyl hydroxide i s amphoteric. I t 

d i s s o l v e s r e a d i l y i n a l k a l i e s , forming i o d y l a t e s which have 

not been i s o l a t e d as s o l i d s and i t i s a c i d to phenolphthalein 

but n e u t r a l to methyl orange. Diphenyliodyl hydroxide has been 

i s o l a t e d as a yellowish, not very s t a b l e , amorphous s o l i d . On 

n e u t r a l i s i n g a s o l u t i o n of the hydroxide i n a l k a l i with carbon 

dioxide, diphenyliodyl carbonate i s foimed as a f a i r l y s t a b l e , 

cream-coloured, amorphous s o l i d ; treatment of t h i s with g l a c i a l 
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aoetic aoid forms the acetate as a well c r y s t a l l i s e d , s t a b l e 
compoiind. I t s s a l t s with the stronger a c i d s , such as sulp h u r i c , 
are not so st a b l e as the acetate; t h i s i s noticed when the 
carbonate i s tr e a t e d with the acids; with cold H a c e t i c aoid 
there i s a b r i s k effervescence of carbon dioxide, whereas with 
cold 6N sulphuric a c i d the action i s extremely slow. This ap­
parently anomalous f a c t i s r e a d i l y explained when one considers 
that the " s a l t s " which the i o d y l compound f o m s with carbonic 
and a c e t i c acids are not the normal ionised s a l t s , but are co­
ordinated ring compounds ( c f . Sidgewick, Annual Reports, 1933, 
144, where i t i s pointed out that various carboxylio compoimds 
are co-ordinated ring substances), Aoetic a c i d , not being 
strongly anionic, r e a d i l y undergoes chelation to foim the r i n g 
compound, whereas the powerful inorganic acids are too markedly 
anionic to foiro stable r i n g s , and the s a l t s are therefore more 
r e a d i l y hydrolysed to the f r e e a c i d and the unstable base, the 
l a t t e r subsequently decomposing. The s t a b i l i t y of the acetate 
i s a l s o noticed i n the l i b e r a t i o n of iodine from added aqueous 
iodide. Solutions of the diphenyliodyl hydroxide r e a d i l y r e ­
lease the qua n t i t a t i v e amount of iodine i n a B t i t r a t i o n , 
whereas t h i s r e a c t i o n i s extremely slow i n the case of the 
acetate. Analysis of the acetate shows i t to have the com­
p o s i t i o n (G^H5)2l(OH)20.00.GH3; i t i s sparingly soluble i n 
water, almost i n s o l u b l e i n ether, r a t h e r more so i n benzene 
and carbon t e t r a c h l o r i d e and f a i r l y soluble i n ohlorofom; at 
b o i l i n g temperatures i t i s r e a d i l y soluble i n these l i q u i d s . 
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but prolonged warming of the so l u t i o n i n any solvent tends to 
decompose the s a l t . The acetate i s extremely soluble i n g l a c ­
i a l a c e t i c a c i d , w h i l s t i n alcohol and acetone i t d i s s o l v e s 
with decomposition. I t s mildly a l k a l i n e reaction to moist 
litmus paper i s due to i t s oxidation of the litmus, whereby 
the a l k a l i n i t y of diphenyliodonium hydroxide i s registered. 
Refluxing of diphenyliodyl acetate with an excess of N sodium 
hydroxide y i e l d s benzene and sodium iodate, along with more 
complex products almost resinous i n character. These properties, 
and others recorded l a t e r , are well represented by the s t r u c t ­
ure: -

P h \ 

Ph-^ ^ 0 — H ^ O ^ 

i n which a perfect symmetry lends i t s e l f to ready tautomerism, 

a f a c t i n agreement with the r e l a t i v e l y great s t a b i l i t y of the 

acetate. Another structure which cannot, on evidence obtained 

up to the present, be dismissed, but which has neit h e r the sym­

me t r i c a l configuration nor the tautomeric p o s s i b i l i t i e s of the 

above f o m u l a , i s : -

Ph^ I ^ 0 — H 
0 
H 

By the mixing of solutions of phenyliodoxylate and p-

acetaminophenyliodoxylate i n N sodium hydroxide, p-acetamino-

phenylphenyliodyl hydroxide was formed i n so l u t i o n , presumably 

along with diphenyliodyl and di-p-acetaminophenyliodyl hydrox­
i d e s ; 
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from t h i s solution, by way of the carbonate, there was obtained 

p-acetaminophenylphenyliodyl acetate, of the st r u c t u r e : -

6^5 

or 

GH5.0GNHG5H4^ 
G—CH^ 

GH3 
GH5.0GNHGQH4^ — 

H 

Although the properties of t h i s compound have not been pursued 

f u r t h e r , there i s the p o s s i b i l i t y that, by the choice of a suit­

able non-reducing, o p t i c a l l y - a c t i v e a c i d , i t can be used as the 

forerunner of iodine compounds possessing o p t i c a l l y - a c t i v e 

properties. 

F i n a l l y , the prolonged action of cold d i l u t e a l k a l i upon 

iodoxybenzene or the r e f l u x i n g of iodoxybenzene f o r an hour 

with an excess of N sodium hydroxide produces iodate and benz­

ene. As stated above, diphenyliodyl acetate also shows a 

s i m i l a r h y d r o l y s i s , so that i n a l l p r o b a b i l i t y the act i o n 

occurs v i a the i o d y l compound, thus:-

PhglO.OH + OH' > PhH + 1 0 ^ 

The ultimate reaction, however, can be expressed:-

G6H5IO2 + NaOH = NalO^ + GQH5 

Hartmann and V i c t o r Meyer (Ber. 1B93, 26, 1727) showed that the 

a l k a l i n e h y d r o l y s i s of o-iodoxybenzoio a c i d y i e l d s iodate and 

benzoic a c i d , and i n 1925 Voriander and BUchner (Ber. 58, 1291) 

found a s i m i l a r h y d r o l y s i s of p-iodoxynitrobenzene, w h i l s t 
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T h i e l e and Haakh (Ann. 1909, 569, 132) showed that t h e i r a l i p h ­
a t i c iodoxy-compound, iodoxychloroethylene, behaved i n the same 
way. I t might be argued that i n these cases the proximity of 
other substituents has the e f f e c t of making the iodoxy-group 
l a b i l e ; i n the case of simple iodoxybenzene, however, no such 
groups are present and therefore the iodoxy-group alone i s l a b ­
i l e i n a l k a l i . 

4, Bxpeiimental. 

(a) I n i t i a l r e a c t i o n between iodoxybenzene and a l k a l i . 

i . R e v e r s i b i l i t y of d i s s o l u t i o n of iodoxybenzene. 

To 4.591 m i l l i m o l s . iodoxybenzene were added 46.21 c.c. 

0.1987N sodium hydroxide ( i . e . a r a t i o NaOHcPhlOg = 2 : 1 ) ; 10 

minutes' vigorous shaking were required to d i s s o l v e the s o l i d , 

and addition of 2.0 c.c. 4.591N sulphuric acid gave no immediate 

p r e c i p i t a t e . On standing f o r 19 hours there deposited from the 

liquor white needle c r y s t a l s which had the q u a l i t a t i v e reactions 

of iodoxybenzene, e.g. they liberated iodine but not diphenyl- -

iodonium iodide from aqueous iodide i n ac i d but not i n borax; 

on reduction with sulphur dioxide an o i l y suspension, which 

t o t a l l y cleared on shaking with carbon t e t r a c h l o r i d e , was fomed, 

addition of s i l v e r n i t r a t e to the reduced solution gave no io d ­

ide p r e c i p i t a t e ; barium chloride on a solution of the c r y s t a l s 

i n water gave no p r e c i p i t a t e . 

L a t e r , t h i s was repeated more q u a n t i t a t i v e l y by Professor 

Masson. 0.503 gram iodoxybenzene was dissolved i n 9 minutes 
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i n 50 c.c. 0.0997N sodium hydroxide, and immediately carbon 

dioxide passed through the solution. A f t e r if hour c r y s t a l s 

of iodoxybenzene deposited which, when washed with 20 c.c. 

water and dried, weighed 0.12 gram. An iodometric t i t r a t i o n 

of these c r y s t a l s gave an equivalent of 59.6 ( t h e o r e t i c a l f o r 

iodoxybenzene 59.0). The i n i t i a l d i s s o l u t i o n of iodoxybenzene 

i n a l k a l i i s therefore r e v e r s i b l e . The n e u t r a l f i l t r a t e would 

have i n solution about 0.6 m i l l i m o l . = 0.12 gram of iodoxy­

benzene and the wash-water, which had had a chance of satur-
as such 

ation; 0.05 gram or nearly h a l f i s s t i l l t h e r e / a f t e r n e u t r a l ­

i s a t i o n . The remaining iodoxybenzene had changed i r r e v e r s i b l y , 

as was seen on examining the f i l t r a t e from the r e p r e c i p i t a t i o n , 

to the next stage at which i t gives B oxygen, iodate and d i -

phenyliodonium. 

Tests on a l k a l i e s stronger than showed that the primary 

r e v e r s i b l e d i s s o l u t i o n of the iodoxybenzene i s too t r a n s i e n t 

f o r any recovery of the i n i t i a l material on n e u t r a l i s a t i o n . 

This meant that i n the measurements which follow readings had 

to be taken rapid l y . 

i i . Gonduotiyity measurements of iodoxybenzene i n 
d i l u t e a l k a l i e s T 

I n the measurements of e l e c t r i c a l conductivity which follow, 

the c e l l used was of 25 c.c. capacity, had smooth platinum 

electrodes and was of the following shape:-
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jnnrm nnrsr 

For the present purposes a "Megger" instrument, which 

produced an a l t e r n a t i n g current at the c e l l of frequency, 60, 

and had a n e g l i g i b l e heating e f f e c t i f readings were taken 

rapidly, was found s u f f i c i e n t l y accurate, besides enabling the 

rapid changes occurring i n the solutions to be r e a d i l y followed. 

The instinaiaent read d i r e c t l y i n ohms. The strengths of the 

a l k a l i e s used were 0.02484, 0.04969, 0.06964 and 0.09944N, and 

i n a l l cases the conductivity of the pure a l k a l i solutions was 

f i r s t measured over a period of one to two hours, 10 o.c. of 

the s o l u t i o n being i n the c e l l which was kept i n running water 

i n the sink. For the d i s s o l u t i o n of the iodoxybenzene a double 

proportion of a l k a l i was used, 100 to 200 c.o. of the i o d o x y l -

ate being made at a time, kept at the temperature of the run­

ning water and 10 c.c, samples drawn f o r each reading. 

Measurements obtained were as f o l l o w s : -
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(1) A l k a l i strength ... 0.02484];j 

Shunt i n p a r a l l e l with instrument ... 500 ohras. 

A l k a l i alone. 

Time from 
f i r s t reading 

(mins. ) 

Temperature 

(°G) 

Heading of 
instrument 

(ohms) 

Gonduotivity 
of 

a l k a l i 
X 10^ 

0 10.2 256 224 

15 10.2 257 222 

30 9.9 257 222 

46 9.5 253 220 

60 9.4 257 222 

lodoxybenisane- a l k a l i solution, 

Time necessary f o r d i s s o l u t i o n of iodoxybenzene .... 50 mins. 

Time from 
f i r s t mixing 

(mins. ) 

Temx)erature Reading of 
instrument 

(ohms) 
Gonduotivity 

of 
a l k a l i 

X 10^ 

50 10.0 262 182 
95 10.1 257 189 

155 10.4 265 180 

215 10.5 262 182 

275 10.0 262 182 

510 10.1 265 180 

22 h r s . 11.2 259 186 

29 h r s . 11.5 258 187 
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(2) 

A l k a l i alone. 

A l k a l i strength ... 0.04969M 

Time from 
f i r s t reading 

(mins. ) 

Temperature 

(°G) 

Reading of 
instrument 

(ohms) 

Gonductivity x 10 
of 

a l k a l i 

0 11.6 224 446 

15 11.4 224 446 

30 11.4 224 446 

45 11.6 224 446 

Iodoxybenz ene-a l k a l i solution. 

Time necessary f o r d i s s o l u t i o n of iodoxybenzene 25 mins. 

Sh\mt i n p a r a l l e l with instrument , 

Time from 
f i r s t mixing 

(mins.) 

Temperature 

(^G) 

Reading of 
instinament 

(ohms) 

5 
Gonductivity x 10 

of 
a l k a l i n e solution 

25 11.3 120 333 

60 11.3 120 333 

120 11.3 120 333 

210 11.3 119 340 

270 11.3 119 340 

330 11.3 119 340 
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( 5 ) 

A l k a l i alone. 

A l k a l i strength ... 0.06954N 

Time from 
f i r s t reading 

(mins.) 

Temperature 

(^0) 

Reading of 
instrument 

(ohms) 

Conductivity 
of 

a l k a l i 

X 10^ 

0 11.0 157 657 

50 11.0 156 641 

60 11.0 157 657 

75 11.0 156 641 

90 10.8 158 652 

Iodoxybenz ene-a l k a l i solution. 

Time necessary fo r d i s s o l u t i o n of iodoxybenzene .... 17 mins. 

Time from 
f i r s t mixing 

(mins. ) 

Temperature Reading of 
instrument 

(ohms) 

Conductivity x 10^ 
of 

a l k a l i n e s o l u t i o n 

20 11.0 204 490 

60 11.0 205 

With 200 w 
shunt 

488 

120 11.0 106 445 

180 11.0 105 452 
240 11.0 105 452 
550 11.1 104 462 

22 hrs. 11.2 105 452 
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(4) 

A l k a l i alone. 

A l k a l i strength ... 0.09974N 

Time from 
f i r s t reading 

(mins. ) 
Temperature 

(°G) 

Reading of 
instrument 

(ohms) 

Gonductivity x 10' 
of 

a l k a l i 

0 

10 

25 

11.0 

11.0 

11.0 

116 

116 

116 

862 

362 

862 

lodoxyl&enzene-alkali solution. 

Time necessary f o r d i s s o l u t i o n of iodoxybenzene .... 20 mins. 

Shunt i n p a r a l l e l with instrument 200 ohms. 

Time from 
f i r s t mixing 

(mins. ) 
Temperature Reading of 

instrument 
(^G) (ohms) 

Gonductivity x 10 
of 

a l k a l i n e solution 

20 11.0 90 611 
65 10.8 92 587 
95 11.0 90 611 
180 11.0 88 636 
210 11.0 88 636 
240 11.0 87 649 
300 11.0 87 649 
360 11.0 87 649 
h r s . 11.0 87 649 
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Assuming that throughout the readings the only cation 

present i s the sodium ion, and knowing the transport nximber of 

sodium hydroxide (0.81), the following summary can be made:-

A l k a l i Conductances x 10^ 
strength at 11^ 

NaOH Solution at 

Contribution 
by Na = 

0.19 X KNaOH 
Contribution 
by anions 

I n i t i a l L a t e r 

0.02484 222 187(?) 42 180 145 
0.04969 446 540 85 561 266 
0.06954 657 460 121 516 559 
0.09974 862 649 164 698 485 

The following are values given by Kohl and Holb f o r the 

m o b i l i t i e s of the hydroxyl at 18°G:-

A l k a l i N 0.1 

Mobility OH' 157 

0.07 

159 

0.05 

161 

0.025 

165 

and from these and the l a s t column of the above t a b l e i t i s 

possible to c a l c u l a t e by simple proportion the m o b i l i t i e s of 

the anions i n the iodoxybenzene-alkali solutions. The values 

of the m o b i l i t i e s of the anions at 18° work out as follows 

NaOH N .... 0.09944 

Mobility .. 101 

0.06954 

100.6 
0.04969 

102 

0.02484 
151 

I t seems l i k e l y that the weakest a l k a l i has not yet f i n i s h e d 

reacting with the iodoxybenzene because of the wide discrepancy 
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between t h i s and the other three r e s u l t s ; and with t h i s excep­

t i o n the mobility of the anions i s i n a l l cases approximately 

100, a value which would be given at 18^ by a 1:1 mixture of 

the hydroxyl ion (mobility 157 to 163 u n i t s ) and an ion of 

mobility 37 to 43 xinits. The m o b i l i t i e s of any other poss­

i b l e anions are 30 to 40 u n i t s (e.g. 10^, 40 u n i t s ) ; hence 

i t follows that about one-half, and not l e s s , of the o r i g i n a l 

hydroxyl ions are s t i l l present as such. Therefore, since 

p r a c t i c a l l y a l l the iodoxybenzene owes i t s d i s s o l u t i o n to the 

a l k a l i , one OH', and only one, unites with each formula-weight 

of iodoxybenzene to form the new anion. The double proportion 

of a l k a l i required f o r the quick d i s s o l u t i o n of the iodoxybenz­

ene must therefore be necessary to suppress a r e v e r s a l of the 

action. 

(These conductivity measurements, wh i l s t e s t a b l i s h i n g the 

r a t i o 0H:PhI02 i n the new anion, are not s u f f i c i e n t to decide 

whether the ion i s simple and univalent or polymerised and 

multivalent. T his question, which i s important from a s t r u c t ­

u r a l point of view, was s e t t l e d by measurement of f r e e z i n g 

point done by Professor Masson. I t was found, with the poss­

i b l e r e s e r v a t i o n as to a small f r a c t i o n , that each newly-formed 

anion takes the place of one hydroxyl ion, which means that 

t h i s former i s an unpolymerised, univalent ion.) 

The i n i t i a l r eaction i s thus proved to be:-

PhlOg + OH' ^—^ (PhlOg.OH)' 
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i i i . l o n i s a t i o n constant of phenyliodoxylic a c i d . 

Turning again to the tab l e s of conductivity measurements 

(pp. 77-80), from them a s i m i l a r summary ta b l e to that of page 

81 can be drawn up, with the minimiim value i n each case of the 

conductivity of the solutions. 

Minimum Contribution M o b i l i t i e s at 18°. 
A l k a l i conductances by anions 

strength X 10^ at 11° I n i t i a l 
OH 

At 
minimum 

of OH of 
at 

anions 
minimum 

0.02484 180 180 158 165 126 
0.04969 555 561 248 161 101 
0.06954 445 516 522 159 99 
0.09944 587 698 425 157 95 

These f i g u r e s imply an in c r e a s i n g reverse decomposition 

of the phenyliodoxylate ion, and by adopting probable values 

f o r the m o b i l i t i e s of t h i s ion, a c a l c u l a t i o n based on the 

simple p r i n c i p l e s of mass action i n d i c a t e s that the f i g u r e s 

correspond with the s a l t of an aoid of i o n i s a t i o n constant 

approximately K = 10 -11 

(That no more strongly a c i d i c aci-foim of hydrated i o d -
,0H 

form) e x i s t s as a t r a n s i e n t prod-oxybenzene (e.g. a Ph-
\ OH 

uct of n e u t r a l i s a t i o n was proved by Professor Masson by determin­

ing the conductivity, before any iodoxybenzene had time to r e -

p r e c i p i t a t e , of a solution of i t i n a l k a l i n e u t r a l i s e d with 
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carbon dioxide* The conductance of the n e u t r a l i s e d solution 

was not d i s t i n g u i s h a b l e from that of the sodium bicarbonate 

formed,) 

(b) Systematic analyses of the products of the iodoxy-
benzene-alkali reactions. 

i . Methods and sujnmarised tables. 

Three s e r i e s of analyses were made i n which iodoxybenzene 

and a l k a l i of d i f f e r e n t strengths i n a 1:1 r a t i o were mixed and 

f i x e d on to a r o t a t o r set i n a thermostat at 25^. The r e a c t i o n 

tubes were of large test-tube shape and were sealed off a f t e r 

the substances were mixed. The analyses were performed not 

e a r l i e r than the f i r s t d i s s o l u t i o n of the iodoxybenzene, that 

i s , 24 hours at the e a r l i e s t . The strengths of a l k a l i employed 

were 0.05K, 0.20N and l.ON, and the methods of analyses were 

as follows;-

Analysis 1. Hydroxyl ion. 

This was done by t i t r a t i o n against standard sulphuric a c i d 

and methyl orange, using a water-methyl orange control and per-

foiming the t i t r a t i o n s i n daylight. 

Analysis 2. The diphenyliodoniiam r a d i c l e . 

The solution was reduced with sulphur dioxide (using only 

a s l i g h t excess) which produced iodide from the iodate foimed, 

thereby p r e c i p i t a t i n g diphenyliodonium iodide, but, owing to 

the a c i d i t y , t h i s p r e c i p i t a t i o n was not complete; the a c i d i t y 

was c a r e f u l l y n e u t r a l i s e d with sodium hydroxide, the l i q u o r s 

stood with shaking f o r some hours to allow f o r the r a t h e r slow 
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p r e c i p i t a t i o n of the iodide, f i l t e r e d on a weighed grade 4 

t u b e - f i l t e r , washed with minimal doses of water (about 4 x 5 

c.c. generally, with thorovigh s t i r r i n g ) , twice with acetone 

and twice with ether. The tube was dried by f i x i n g i t i n a 

drying tower of s i l i c a g e l s , both ends being attached to an 

oil-pump. The dried p r e c i p i t a t e was weighed. The f i l t r a t e 

and water washings were used f o r : -

Analysis 5. Remaining i o n i c iodine. 

A f t e r r e a c i d i f y i n g s l i g h t l y with d i l u t e n i t r i c acid ( f r e e 

from n i t r o u s a c i d ) , the remaining i o n i c iodine was p r e c i p i t ­

ated hot by the addition of d i l u t e s i l v e r n i t r a t e solution. 

The p r e c i p i t a t e , which may have adsorbed s i l v e r sulphate, was 

washed we l l with b o i l i n g water acidulated with n i t r i c a c i d , 

oven-dried on a glas s Gooch c r u c i b l e at 100° to 110° and weighed, 

Analysis 4. Active oxygen i n aci d medium. 

Using the r e s u l t of Analysis 1, a sample of the solution 

was approximately n e u t r a l i s e d with d i l u t e sulphuric a c i d , then 

made about 0.21? with sulphuric acid. A f t e r wheeling with ex­

cess sodium iodide i n a stoppered bulb-tube f o r from 5. VQ to 

4 hours (deteimined by control a n a l y s e s ) , the solut i o n was 

n e u t r a l i s e d and saturated with soditim bicarbonate, a known 

excess of standard sodium a r s e n i t e added, and the tube re-spim 

on the wheel u n t i l the polyiodide was decolorised. The excess 

a r s e n i t e was detemined with standard iodine. 

A n a l y s i s 5. Active oxygen i n borax medium. 

Af t e r n e u t r a l i s i n g the solution i t was saturated with w e l l 
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powdered borax, a s u i t a b l e excess of sodium iodide and a known 

excess of standard a r s e n i t e added. The tube was wheeled, an 

i n d i c a t i o n of the completion of the reduct ion being when the 

strong yellow t i n t i n v a r i a b l y accompanying such t i t r a t i o n s had 

disappeared. As before , the excess a r s e n i t e was determined 

with standard iod ine . 

A n a l y s i s 6> F r e e iodobenzene, (Not performed on l i q u o r s 

of d l l u t e s t a l k a l i . ) 

A sample of the l i q u o r s was a c i d i f i e d with su lphur ic a c i d 

and extracted with minimal doses of benzene i n success ive 

amounts, the a c i d i f i e d so lu t ion l a y e r i n g b e t t e r than would an 

a l k a l i n e l i q u o r , A Stepanow dete iminat ion was performed immed­

i a t e l y on the e x t r a c t , us ing 70 to 30 c . c . absolute a lcoho l and 

6 to 8 grams of sodium. A f t e r the addi t ion of 100 c , c , of water 

and the d i s t i l l i n g - o f f of the al'^ohol, the l iquor was a c i d i f i e d 

wi th pure 2N n i t r i c ac id and the iodide i n i t determined by 

Volhard' s method. 

A n a l y s i s 7. Oxidised i o n i c iod ine . 

T h i s was perfomed by p r e c i p i t a t i o n with N barium acetate 

or n i t r a t e of the l i q u o r s , weakly a c i d i f i e d with a c e t i c a c i d . 

A f t e r overnight spinning of the mixture on the wheel, so as to 

allow the complete formation of the barium p r e c i p i t a t e , the 

f i l t r a t e and minimal washes were a l lquoted f o r Analyses 4 and 

5, The barivmi p r e c i p i t a t e was decomposed by wheeling wi th 

d i l u t e su lphur ic a c i d and on the f i l t r a t e from t h i s Analyses 

4 and 5 perfoimed. 
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A n a l y s i s 8> Phenol , (Not performed on l i q u o r s of 

d i l u t e s t a l k a l i . ) 

The d e t e m i n a t i o n was done on a benzene ex trac t of the 

lodoxybenzene-alkal i l i q u o r . S o l i d sodium bicarbonate and a 

known excess of standard iodine were added to the ex trac t which 

was then wheeled f o r at l e a s t an hour. The r e s i d u a l iodine 

was estimated with standard a r s e n i t e s o l u t i o n . 
A n a l y s i s 9. Unchanged iodoxybenzene. (Not perfoimed on 

so lut ions of the s tronger a l k a l i e s or on the 
l a t e r samples.) 

The a l k a l i n e s o l u t i o n was reduced wi th sulphur dioxide and 

extracted wi th small success ive ainounts of benzene. A Stepanow 

es t imat ion was performed on the benzene e x t r a c t . 

F o r each a l k a l i - s t r e n g t h and given time of r e a c t i o n , one 

tube was used f o r Analyses 1, 2 and 5, which were performed con­

s e c u t i v e l y on the whole s o l u t i o n ; one tube f o r Analyses 4 and 

5, done on a l iquot ha lves of the l i q u o r ; one tube f o r Analyses 

6 and 9 , by e x t r a c t i n g before and a f t e r reduct ion with sulphur 

d iox ide ; and one tube each f o r Analyses 7 and 8. When one tube 

was drawn f o r a n a l y s i s , a l l belonging to that time of r e a c t i o n 

and that a l k a l i s trength were a l so drawn, and as soon as Analy­

s i s 1 had been done, each tube of the set was n e u t r a l i s e d with 

the appropriate a c i d , a f t e r which i t was deemed s a f e , as w e l l 

as neces sary , to leave i t u n t i l i t was convenient f o r the p a r t ­

i c u l a r a n a l y s i s to be performed. 

A summarised t a b l e of the r e s u l t s i s g i v e n : -



Per 10.0 gram-mols. of PhlOg i n i t i a l l y . 

88, 

A l k a l i Time A n a l y s i s 1 A n a l y s i s 2 A n a l y s i s 3 
(N) EquiV s. Equi v s . 

OH l e f t OH used 
Phgl 1 not ppted. 

gm.-ions as P h g l . I 

0.04969 50 mins. 8.78 1.22 0.319 0.737 

0.04969 24 h r s . 8.40 1.60 3.61 0.809 

0.04969 70 h r s . 8.18 1.82 3.92 0.922 

0.2002 24 h r s . 6.41 3.59 3.79 2.23 

1.001 17 days 1,66 3.34 0.374 6.62 

A l k a l i 
(N) 

Time A n a l y s i s 4 
Act ive Og 
equivs . i n 

a c i d . 

A n a l y s i s 5 A n a l y s i s 6 
Act ive 02 Phi 
equivs . i n Gm.-mols. 

borax. 

0.04969 50 mins. 36.94 2.79 Not done 

0.04969 24 h r s . 38.67 7.56 Not done 

0.049 69 70 h r s . 38.36 7.74 0.027 

0.2002 24 h r s . 39,16 3.62 0.158 

1.001 17 days 39.80 N i l 2.043 

A l k a l i Time A n a l y s i s 7. 
(U) A Oxygen B Oxygen A oxygen B oxygen 

equiv s. equiv s. equiv s. equiv s. 
i n Ba" i n Ba" i n i n 

ppt. ppt. f i I t r a t e f i I t r a t e 

0.2002 24 h r s . 32.03 NIL 6,87 4.04 

Not perfonmed i n any other a l k a l i s trength or r e a c t i o n 
time. 



89. 

A l k a l i 
(N) 

Time 
A n a l y s i s 8 A n a l y s i s 9 

A l k a l i 
(N) 

Time Phenol gm,-mols. Unchanged iodoxy-
benzene 

gm.-mols. 

0.04969 50 mlns. - 5,95 

0.04969 24 h r s . - 0,75 

0.04969 70 h r s . N i l 0.68 

0.2002 24 h r s . N i l -
1,001 17 days 0,016 -

F o r each a l k a l i - s t r e n g t h and t i m e - i n t e r v a l a "balance 

sheet" vvas made f o r the atoms and r a d i c l e s known to be present. 

T h i s i s g iven on page 90. 

Along with t h i s "balance sheet" was drawn up a t a b l e (see 

page 91) i n which those p o s i t i v e and negat ive ions known to be 

present were compared. 

From these f i g u r e s i t i s seen that the maximum y i e l d of 

diphenyliodonium s a l t i s obtained i n 0.051^ sodixom hydroxide 

a f t e r 70 hours; at t h i s a l k a l i - s t r e n g t h and t i m e - i n t e r v a l the 

amount of iodate formed i s approximately equivalent to the d i ­

phenyliodonium y i e l d , w h i l s t the number of atoms of the newly-

formed b o r a x - a c t i v e oxygen i s almost exac t ly the same as the 

n m b e r of ions of diphenyliodoniiim r a d i c l e . I n the same 

s trength of a l k a l i , but i n shorter t imes , the iodonium, iodate 

and b o r a x - a c t i v e oxygen are s t i l l growing, w h i l s t i n the 0,2N 

a l k a l i the amount of iodate i s i n excess of both iodonixxm and 
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b o r a x - a c t i v e oxygen, the tw l a t t e r again bein^ equal on amount. 

I n the normal a l k a l i the B oxygen has e n t i r e l y disappeared, 

and the quanti ty of iodonium ion i s extremely small a f t e r 17 

days; the iodate , on the other hand, has increased to almost 

couble the ajaount £ J i e sen t i n the 0.2 and 0,0£N a l k a l i e s . These 

r e s u l t s would i n d i c a t e that a f t e r a c e r t a i n t ime, or , presumably 

to a l e s s extent , a l l the t ime, the diphenyliodonium s a l t (or 

that r a d i c l e which gives t h i s i n a n a l y s i s ) i s decomposing and 

i n doing so gives r i s e to more iodate together with iodobenz-

ene. That some other substance not accounted f o r i n the 

analyses i n t h i s s e r i e s i s formed along with lodobenzene and 

iodate i n t h i s t e r t i a r y r e a c t i o n i s apparent because of the 

large d e f i c i t i n hydroxyl ions and phenyl groups i n the 17 

days' sample of the ]^-alkali-iodoxybenzene s o l u t i o n . 

Apart from subs id iary r e a c t i o n s , however, the above 

s tudies can be summarised i n t o the fo l lowing statement: A f t e r 

s e v e r a l hours i n d i l u t e a l k a l i of two molecules of i n i t i a l 

iodoxybenzene, about 90% i s represented a n a l y t i c a l l y by one 

molecule of diphenyliodonium iodate and one atom of oxygen 

capable of s e t t ing f r e e iodine from aqueous iodide i n borax 

medium. T h i s might be expressed t h u s : -

2PhI02 — ¥ P h l . I O ^ + 0* 

However, t h i s equation does not exp la in the excess of sodium 

and diphenyliodoniiim ions over hydroxyl ( to methyl orange) and 

iodate i ons ; and i t i s extremely s i g n i f i c a n t that t h i s excess 

i n c r e a s e s wi th time and isith a l k a l i - s t r e n g t h , u n t i l i n nonTial 
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a l k a l i a f t e r s e v e r a l days the p o s i t i v e ions are double the 

negat ive ions d i scoverable by the analyses employed. Nor does 

the equation exp la in that which f o l l o w s : -

i i . T i t r a t i o n s of iodoxybenzene-alkal i mixtures a f t e r 
v a r i o u s t i m e - i n t e r v a l s using^methyl orange and 
phenoIphthalein. 

The so lut ions used f o r t h i s s e r i e s of t i t r a t i o n s were those 

employed i n the conduct iv i ty measurements (pp. 75 to 8 2 ) , i n 

which the a l k a l i - s t r e n g t h s were 0.02484, 0.04969, 0.06954 and 

0.09944N, a double proport ion of a l k a l i being used f o r the d i s ­

s o l u t i o n of the iodoxybenzene i n each case . The stock l i q u o r s 

were kept i n a s ink of running water, where the temperature 

v a r i e d l i t t l e from 1 1 . 0 ° , and at i n t e r v a l s two samples of the 

so lu t ions were withdrawn and t i t r a t e d against standard s u l p h ­

u r i c a c i d , u s i n g , f o r one, methyl orange and, f o r the other , 

phenolphthale in as i n d i c a t o r . The r e s u l t s showed tha t i n each 

case there was a decided decrease i n a l k a l i n i t y to phenol­

p h t h a l e i n , w h i l s t that to methyl orange a l t e r e d only s l i g h t l y . 

I t seemed as though, i n the secondary r e a c t i o n fo l lowing that 

of iodoxy la te - format ion , a weak ac id was being formed which, 

although n e u t r a l to methyl-orange, was s u f f i c i e n t l y strong to 

r e g i s t e r a c i d to the phenolphthalein. 
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A l k a l i - s t r e n g t h , . . 0.02484Ij. 

I n i t i a l l y , 10.0 c . c , of t h i s r e q u i r e d : -

Using methyl orange 10.08 c . c . 0.02486K HgSO^ 
Using phenolphthalein . . . 9.87 c . c . 0.0248611 HgSO^ 

Time from 
i n i t i a l mixing 

(mins . ) 

0.02486N H2SO4 
required f o r 10.0 c . c , 

(methyl orange) 

0.02486N H2SO4 
required f o r 10.0 c . c 

(phenoIphthale in) 

oO 9,97 9,43 

95 10.30 9.31 

155 10.01 9.18 

215 10.00 9.15 

275 9.98 9.02 

310 9.98 8.90 

22 h r s . 9.95 8,34 

A l k a l i - s t r e n g t h . . . 0.04969N. 

I n i t i a l l y , 10.0 o , c » of t h i s r e q u i r e d : -

0.04972K H2SO4 

Time from 
i n i t i a l mixing 

(mins . ) 

0,049721^ H2SO4 
required f o r 10.0 o . c . 

(methyl oranige) 

0.04972K H2SO4 
required f o r 10,0 c . c 

(phenoIphthale in) 

25 9.94 9.56 

60 9.93 9,37 

120 9,94 8.99 

210 9.95 8.87 

270 - 8.68 

530 - 8.51 
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A l k a l i - s t r e n g t h 0.06954N. 

I n i t i a l l y , 10.0 c . c , of t h i s r e q u i r e d : -
Using methyl orange . . . . . 14,00 c . o . 0.04972N H2SO4 
Using phenolphthalein . . . 13.89 c . c . 0.04972N H2SO4 

Time from 
i n i t i a l mixing 

(mins. ) 

6.0457§il ^2664 
required f o r 10 .0 c . 

(methyl orange) 
G. 

0.04972?! H2SO4 
required f o r 10.0 c . c . 

(phe no 1 pht ha 1 e l n) 

20 13.94 13.28 

60 13,83 12.77 

120 13.78 12.26 

130 13,81 11,79 

240 13.76 11.61 

290 13.76 11.59 

22 h r s . 13.62 11.02 

A l k a l i - s t r e n g t h . . . 0.09974N. 

I n i t i a l l y , 10.0 c . c . of t h i s requirec3 
Using methyl orange 10.03 
Using phenolphthalein . . . 10.03 

, • — 
c . c . 
c . c . 

0.09944N H2SO4 
0.09944N H2SO4 

Time from 
i n i t i a l mixing 

(mins. ) 

0.09944N HgS04 
required f o r 10.0 c . 

(methyl orange) 
c . 

0.09644N H2SO4 
required f o r 10.0 c . c . 

(phenolphthale in) 

20 9.91 9.31 

65 9.90 8.86 

95 9.89 8 ,63 

180 9.83 8.19 

210 9.84 8.07 

240 9.91 8.00 

300 9.87 7.96 

360 9.85 7.80 
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The development of t h i s f a l l i n a l k a l i n i t y to phenol­

p h t h a l e i n , i n d i c a t i n g the presence of a weak a c i d , appeared 

to be undoubtedly connected wi th the excess of anions over 

kat ions found i n the v e l o c i t y experiments on the iodoxybenzene-

a l k a l i s o l u t i o n s , and i t seemed not u n l i k e l y that both f a c t s 

were a s soc ia ted with the appearance of the b o r a x - a c t i v e oxygen, 

the source of which was as yet unknown, but which must of neces' 

s i t y have formed part of some molecule or r a d i c l e . Therefore 

independent experiments were performed to f i n d the source of 

t h i s borax a c t i v e oxygen. 

( c ) Source of B-oxygen i n the iodoxybenzene-a lkal i 
secondary r e a c t i o n . 

Apart from any hypothesis r e q u i r i n g the formation of new 

types of iodine compoxmds, those substances which poss ib ly 

could be present and which f u l f i l l e d the condit ion of being 

strong enough o x i d i s i n g agents to l i b e r a t e iodine from aqueous 

iodide i n saturated borax medium a r e : - P e r i o d a t e s , i o d i t e s ( i f 

they e x i s t ) , hypo iod i tes , iodosobenzene (a pos s ib l e i n t e m e d -

i a t e product i n the production of the diphenyliodonium s a l t ) , 

ozone (which i s known to be a decomposition product of p e r i o d ­

a t e s ) , peroxide or a compound of a "peroxyiodate" type . These 

were proved i n t u r n , by d i r e c t experiment, to be absent , as 

f o l l o w s : -

i ) i Q d i t e s and Kypoiodi tes , 

A c i d i f y i n g of the iodoxybenzene-a lkal i l i q u o r s which had 

developed borax-ac t ive oxygen did not y i e l d f r e e i o d i n e ; had 
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l o d i t e s or hypoiodites been present , iodine would have been 

l i b e r a t e d immediately on a c i d i f y i n g the s o l u t i o n . That iodine 

l i b e r a t e d thus would not be absorbed by any phenolic body was 

a s c e r t a i n e d by proving that iodine and phenol do not react i n 

the s l i g h t e s t degree i n a c i d i c media. A l s o , as we l l as the 

negat ive r e s u l t s obtained i n the d i r e c t search f o r phenols i n 

the v e l o c i t y experiments (pp. 87 and 90) the presence of phen­

o l s i n the l i q u o r s would have made iodometric determinations 

of B-oxygen impossible as contro l t e s t s proved (see page 4 7 ) . 

The balance sheets i n the v e l o c i t y reac t ions l e f t no room f o r 

iodophenols. 

11. F e r i o d a t e . 

The c o n t r o l experiments of pp. 47 to 53 proved conc lus ­

i v e l y that n o m a l periodate i s d i scoverable i n the presence 

of lodate by barium p r e c i p i t a t i o n . That no periodate was 

f o m e d i n the iodoxybenzene-alkal i r e a c t i o n was eminent from 

a barium p r e c i p i t a t i o n of a sample of the l i q u o r s i n the v e l o ­

c i t y t e s t s i n 0.2N a l k a l i (page 8 8 ) , when the barium p r e c i p i t ­

ate was wholly devoid of b o r a x - a c t i v e oxygen and was t h e r e f o r e 

s o l e l y barium iodate , whereas the whole of the B oxygen was 

found i n the f i l t r a t e from the barium p r e c i p i t a t i o n . 

To GOiafirm t h i s r e s u l t a separate barium p r e c i p i t a t i o n 

was done. 11.92 m i l l l m o l s . of iodoxybenzene were d i s s o l v e d 

i n 15 minutes i n 23.84 m l l l i e q u l v a l e n t s of 0.09936N sodium 

hydroxide. The so lu t ion was shaken on the wheel f o r 22 hours . 

The r e s u l t i n g t u r b i d l i q u o r was ex trac ted with benzene, which 
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d id not remove the t u r b i d i t y , and the organic ex trac t used 

f o r a Stepanow determination of iodobenzene. The aqueous 

s o l u t i o n , made up to 250 c . c , was a l iquoted f o r the f o l l o w ­

ing de terminat ions : -

A T i t r a t i o n , 10 c . o , of the so lu t ion was wheeled i n 0.2N 

su lphur ic a c i d with sodium iodide f o r 24 hours , and the l i b e r ­

ated iodine t i t r a t e d against standard th iosu lphate . 

B T i t r a t i o n , by n e u t r a l i s i n g 25 c . c , of the a l k a l i n e l i q u o r 

with su lphur ic a c i d , s a t u r a t i n g wi th borax, wheeling with 

sodium iodide and excess standard a r s e n i t e for 23 hours and 

t i t r a t i n g the excess a r s e n i t e with i od ine . A d u p l i c a t e , except 

that the so lu t ion was shaken f o r 4 hours only , gave a smal ler 

t i t r a t i o n . 

Barium p r e c i p i t a t i o n , perfomed by n e u t r a l i s i n g a sample (175 

c . c . ) of the l iquor with N a c e t i c a c i d and wheeling overnight 

wi th 60 G . G , of N barium acetate . A f t e r f i l t e r i n g and washing 

by means of a decantat ion syphon, the p r e c i p i t a t e was decom­

posed and analysed f o r A and B oxygen as i n previous barium 

determinat ions . The f i l t r a t e and washings were a l iquoted f o r 

es t imat ions of A and B oxygen and of diphenyliodonium r a d i c l e 

by p r e c i p i t a t i o n and weighing of the iod ide . 
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Summary of R e s u l t s . 

Per 10.0 mols. of thI02 equiva lents of A oxygen) and 20.0 

equivalents of NaOH i n i t i a l l y . 

A Oxygen 40.06 

B Oxygen 7.91 

lodobenzene . . . 0.08 

Barium p r e c i p i t a t i o n . 

F i l t r a t e : A Oxygen 7.9 6 

B Oxygen 8.27 
T o t a l A . . . 39.94 

Ph2l 3,83 
T o t a l B . . . 8.27 

p r e c i p i t a t e : A Oxygen 31.97 

B Oxygen N i l 

I n the f i l t r a t e from the barium p r e c i p i t a t i o n the b o r a x - a c t i v e 

oxygen approximately equals the a c i d - a c t i v e oxygen; t h i s ex­

c ludes the p o s s i b i l i t y of there being present a barliim periodate 

of a so luble form, s ince the l a t t e r would l i b e r a t e 4 times the 

amount of iodine i n a c i d as i n borax. Once again i t was noted 

that the atoms of B oxygen were almost equal to the d l p h e n y l -

iodonium i o n . 

A f u r t h e r barium p r e c i p i t a t i o n , c3one i n a s i m i l a r way, was 

performed on an iodoxybenzene-0.05N a l k a l i mixture a f t e r 18 

hours r e a c t i o n . The r e s u l t s were:-
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l^er 10.0 mols. PhlOg i n i t i a l l y : 
A Oxygen . . . 34.00 
B Oxygen . , . 5.84 

Baritam p r e c i p i t a t i o n . 

F i l t r a t e : A Oxygen . . . 8.84 

B Oxygen . . . 7.58 
T o t a l A . . . 37,07 

P r e c i p i t a t e : A Oxygen . . . 28.23 
T o t a l B . . . 7.58 

B Oxygen . . . N i l 

I n the course of l a t e r work i t was found necessary , on 

s e v e r a l occas ions , to perform barium p r e c i p i t a t i o n s on the 

iodoxybenzene-a lkal i l i q u o r s , and on only one occas ion had 

the barium p r e c i p i t a t e any B oxygen. The presence of t h i s , 

which was not due to per iodate , i s explained l a t e r . 

i i i . Peroxides or "Peroxy-iodate" . 

A s o l u t i o n was made by d iges t ing about "i- gram of t i tan ium 

dioxide i n 8 c . c , concentrated su lphuric a c i d ; the c l e a r 

l i q u i d was d i l u t e d to 50 o .c . Of t h i s , 1 c . c . very e a s i l y 

showed yellow i n a column of water of volume 10 c , c . , c o n t a i n ­

i n g , by appropriate a l i q u o t i n g , 0.002 c , c . of a 40-volume 

hydrogen peroxide s o l u t i o n . That i s , the t i tan ium s o l u t i o n 

can r e a d i l y detect 0.0001 gram of hydrogen peroxide i n a v o l -

xmo of 10 c . c . 

At no stage of r e a c t i o n and at no a l k a l i - s t r e n g t h of the 

iodoxybenzene-a lkal i l i q u o r s was there obtained, a f t e r acidi fy^ 

ing the s o l u t i o n , the s l i g h t e s t co lour wi th the t i t a n i u m t e s t 
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l i q u o r . A barium p r e c i p i t a t e , obtained by p r e c i p i t a t i o n of 

the products of a 0.2N a l k a l i r e a c t i o n - s o l u t i o n and decomposed 

wi th su lphur ic a c i d , a l so gave no s ign of co lourat ion with the 

t i tan ium s o l u t i o n . 

Up to that t ime, i n determinations of the ox id l s ed - iod lne 

an ions , barium acetate had been used as p r e c i p i t a n t . I t was 

conceivable t h a t , had the b o r a x - a c t i v e oxygen been present as 

a "peroxy-iodate' ( that i s , l O ' - O ) , the acetate ion might s u f -
o 

f e r ox idat ion to a perace ta te , r e s u l t i n g i n the f i l t r a t e from 

the barium p r e c i p i t a t i o n showing a negative t i tan ium t e s t . I t 

seemed neces sary , t h e r e f o r e , to perform two barium p r e c i p i t ­

a t ions of the 0.05N a l k a l i l i q u o r s , one using baritim acetate 

and the other barixam hydroxide as p r e c i p i t a n t . 

To e l iminate l o c a l changes, the so lu t ions f o r a l l the 

determinations were drawn from the same tube of iodoxybenzene-

a l k a l i mixture , a f t e r a ^ • ^ / ^ ^lours* r e a c t i o n . Because of 

the n e c e s s a r i l y large v o l m e s encountered a l l a l i q u o t i n g was 

done by weighing, and both barium p r e c i p i t a t i o n s were performed 

on the n e u t r a l i s e d l i q u o r s . At the same time d i r e c t A and B 

oxygen determinations were c a r r i e d out. 

A stunmary of the r e s u l t s i s g i v e n : -
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Per 10.0 mols, of iodoxybenzene i n i t i a l l y : 
A Oxygen ... 53,42 
B Oxygen ... 4.41 

Barium p r e o i p i t a t i o n : 
(a) By Ba(0H)2. 

F i l t r a t e : A Oxygen ... 1*3,30 
B Oxygen ..* 6,93 

P r e c i p i t a t e : A Oxygen ... 21.86 
B Oxygen ... I J i l 

(b) By Ba(3:c)o. 
F i l t r a t e : A Oxygen 

B Oxygen 
P r e c i p i t a t e : A Oxygen 

B Oxygen 

20.19 
4.76 
16.65 
N i l 

T o t a l A 
Total B 

35.16 
6.93 

Total A ... 36.84 
Total b ... 4.75 

(The greater borax-active oxygen and iodate i n t h a t p r e o i p i t ­
a t i o n using baryta was undoubtedly due t o the longer exposure 
t o a l k a l i of t h i s l i q u o r , the a l k a l i being barium hydroxide.) 

The, decomposed b a r i m iodate p r e c i p i t a t e obtained by 
baryta gave no t i n t whatever w i t h the t i t a n i u m s o l u t i o n i n acid 
s o l u t i o n ; nor was there any colour produced by a d d i t i o n of the 
t i t a n i u m s o l u t i o n t o the f i l t r a t e from t h i s bari;jm iodate. 
S i m i l a r l y , no colour was observed on t r e a t i n g w i t h the t i t a n i u m 
sulphate the decomposed p r e c i p i t a t e and f i l t r a t e i n the barium 
acetate p r e c i p i t a t i o n . Therefore peroxide and anything g i v i n g 
hydrogen peroxide i n acid are absent from the products of the 
iodoxybenzene-alkali r e a c t i o n . 
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iv« Iodosobenzene> 
That the borax-active oxygen was not th a t of iodosobenzene 

was proved by benzene-extraction of the iodoxybenzene-alkali 
l i q u o r a f t e r reduction of i t w i t h aqueous sodium iodide and 
removal of the l i b e r a t e d iodine w i t h a r s e n i t e , followed by a 
Stepanow determination of the benzene e x t r a c t , when no io d i n e 
whatever was detectable. 

1,148 m i l l i m o l s . of iodoxybenzene were shaken f o r 22 
hours w i t h 22.94 o.o. of 0.05005N sodium hydroxide. The 
s l i g h t l y t u r b i d s o l u t i o n was extracted w i t h 10 10 c.o. benzene 
and, a f t e r n e u t r a l i s i n g w i t h sulphuric acid and s a t u r a t i n g 
w i t h borax, shaken w i t h aqueous sodivun i o d i d e . The iodine 
l i b e r a t e d required 0.875 m i l l i e q u i v a l e n t s of arsenite- Ex­
cess ar s e n i t e was added t o the l i q u o r which was then extracted 
w i t h 60 c.c. of benzene i n four successive l o t s ; the iodonium 
iodide fomed i n the iodide reduction of the l i q u o r proved 
troublesome and necessitated the f i l t e r i n g of the benzene ex­
t r a c t , the apparatus used being washed w i t h a f i f t h e x t r a c t . 
Because of t h i s p r e c i p i t a t e of i o d i d e , a s t r a i g h t separation 
of benzene and aqueous s o l u t i o n was prevented, and t h e r e f o r e 
the e x t r a c t was washed w i t h water. A Stepanow analysis, using 
100 o.c« absolute alcohol and 9.5 grams of sodium, gave the 
f o l l o w i n g t i t r a t i o n : -

S i l v e r n i t r a t e added ... 1,159 m i l l i e q u i v a l e n t s , g i v i n g 
no trace of s i l v e r iodide pre­
c i p i t a t e . 

Potassiiun thiooyanate 
required f o r s i l v e r 
n i t r a t e 1.140 m i l l i e q u i v a l e n t s . 
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(A Stepanow analysis of the benzene e x t r a c t , before i o d i d e -
reduction, showed t h a t no iodobenzene had been formed by a l k a l i 
a c t i o n on the iodoxybenzene,) 

A d u p l i c a t e experiment gave s i m i l a r r e s u l t s . 
A c o n t r o l determination on iodosobenzene was necessary; 

iodosobenzene acetate (0.752 m i l l i m o l s . ) was reduced w i t h 
aqueous sodium iodide i n saturated borax and, a f t e r 2 hours* 
shaking, the l i b e r a t e d iodine required 1.473 m i l l i e q u i v a l e n t s 
of a r s e n i t e , i n d i c a t i n g the p u r i t y of the acetate t o be 97.9^. 
3 G.c. excess of sodium arsenite were added and the l i q u o r ex­
t r a c t e d w i t h 100 c.c. of benzene i n f i v e l o t s . A determination 
f o r iodine was made, using 120 c.c. of absolute alcohol and 
10.3 grams of sodium metal, 1.551 mi H i equivalents of s i l v e r 
n i t r a t e s o l u t i o n were added, g i v i n g a copious s i l v e r i o d ide 
p r e c i p i t a t e ; the excess s i l v e r s a l t required 0,896 m i l l i ­
equivalent s of thiocyanate. That i s , of 0.736 m i l l i m o l s . of 
iodosobenzene i n i t i a l l y used, 0.655 m i l l i a t o m s (89^ of the 
t o t a l ) of iodine have been discovered. 

V, Ozone. 
There was never detectable i n the iodoxybenzene-alkali 

l i q u o r s a smell resembling ttoat of ozone, a c h a r a c t e r i s t i c i n 
i t s e l f s u f f i c i e n t f o r the detec t i o n of minute q u a n t i t i e s of 
the gas. Supplementary t e s t s confirming the absence of ozone 
i n the reaction-mixtures were performed as f o l l o w s : -

a) 1.6262 grams (6.463 m i l l i m o l s , ) of iodoxybenzene were 
weighed i n t o a bubbling tube of 120 c.c. capacity, and an 
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equivalent amount (64.50 c.c.) of 0.1002N sodium hydroxide 
added from p i p e t t e s . A i r , p u r i f i e d from carbon dioxide by 
bubbling through 50^ caustic soda and washed through N potas­
sium iodide s o l u t i o n , was passed through the reaction tube and 
then through potassium iodide i n a Geissler bulb f o r 17 hours. 
There was not the s l i g h t e s t l i b e r a t i o n of i o d i n e from the 
aqueous iodide i n the Geissler bulb. 

A f t e r t h i s time, by iodometric t i t r a t i o n of 25 c.c. of the 
iodoxybenzene-alkali l i q u o r , i t was found t h a t the s o l u t i o n con­
ta i n e d 4.10 m i l l i e q u i v a l e n t s of borax-active oxygen. 

b) The remaining 40 G,C. i n the reaction vessel were acid­
i f i e d w i t h 19 c.c. N sulphuric acid and pure a i r again aspirated 
through the apparatus. There was no l i b e r a t i o n of i o d i n e i n the 
Geissler bulb a f t e r ^•'^/g hours. 

c) The same s o l u t i o n was p r e c i p i t a t e d w i t h saturated 
baryta s o l u t i o n and, a f t e r allowing 50 minutes f o r the barium 
iodate to deposit, f i l t e r e d , the f i l t r a t e being tested f o r 
ozone i n the bubbling apparatus, but w i t h negative r e s u l t ; 
w h i l s t a q u a l i t a t i v e t e s t showed t h a t i t s t i l l contained borax-
a c t i v e oxygen. 

d) Ozonised oxygen was passed through ^ sodium hydroxide 
f o r 50 minutes, a f t e r which time the s o l u t i o n had developed 
only an extremely s l i g h t smell of ozone. A 25 c.c. sample of 
the a l k a l i , t r e a t e d thus, on a c i d i f y i n g and shaking w i t h aque­
ous i o d i d e , y i e l d e d no iodine i n 50 minutes. A second 25 c.c. 
was n e u t r a l i s e d , saturated w i t h borax and shaken w i t h sodium 
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io d i d e and standard a r s e n i t e ; no arsenite was consumed i n "k 
hour. 

Therefore, had ozone been produced i n the iodoxybenzene-
a l k a l i r e a c t i o n , the sodium hydroxide present would not have 
prevented i t s being c a r r i e d o f f i n the air-stream. 

e) I n t o 120 c.c, of a s o l u t i o n i n ^ ^ l i ^ a l i of 2 grams 
of sodium iodate (2NaI0^,H20) ozonised oxygen was passed f o r 
15 minutes. A B t i t r a t i o n gave a s l i g h t i o d i n e l i b e r a t i o n 
r e q u i r i n g 0,025 m i l l i e q u i v a l e n t s of arsenite. A s i m i l a r solu­
t i o n , t r e a t e d w i t h ozonised oxygen f o r 45 minutes, absorbed 
s u f f i c i e n t ozone t o give a B t i t r a t i o n of 0.4 m i l l i e q u i v a l e n t s 
of a c t i v e oxygen per 120 c.c., although a sample of the l i q u o r 
i n the bubbling apparatus produced no l i b e r a t i o n of iodine i n 
the Geissler bulb, A r e p e t i t i o n of t h i s t e s t , i n which the 
s o l u t i o n was cooled t o 0^ during the passage of the ozone^ 
showed t h a t , although the l i q u o r contained 3.0 m i l l i a q u i v a l e n t s 
of B oxygen, no ozone was c a r r i e d o f f i n the air-stream when 
the s o l u t i o n was t r a n s f e r r e d t o the bubbling apparatus. Ap­
p a r e n t l y , t h e r e f o r e , ozone was not present as such i n the ozon­
ised a l k a l i n e iodate l i q u o r ; i t seemed most probable t h a t the 
borax-active oxygen was due t o periodate. This was proved i n 
the succeeding t e s t , 

f ) 1.9984 grams 2Kal03.H20 (representing 57,84 m i l l i ­
equivalents of active oxygen) were dissolved by prolonged shak­
i n g i n 100 c.c. U/IO sodium hydroxide. Through the s o l u t i o n . 
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cooled t o 0^, ozonised oxygen was passed f o r 7 hours. The 
pale-yellow l i q u o r produceci wâ ^ d i l u t e d t o ̂ c50 C.G. and a l i -
quoted f o r A and B t i t r a t i o n s and a barium p r e c i p i t a t i o n , the 
r e s u l t s obtained being as f o l l o w s : -

t e r 1.9984 grams 2NaI05.H20 

I n i t i a l l y : A Oxygen .. 57.84 m.equivs. 
B Oxygen .. N i l 

A f t e r O2-O5: A Oxygen 60.07 m.equivs. 
B Oxygen 1.74 m. equivs. 

Ba" p r e c i p i t a t i o n : 
F i l t r a t e : A Oxygen N i l 

B Oxygen .. N i l 
P r e c i p i t a t e : A Oxygen 57,25 m.equivs. 

B Oxygen .. 1,63 m.equivs. 

Thus, the traces of borax-active oxygen found i n the iodate 
so l u t i o n s a f t e r ozone treatment i s due to the formation of 
ordinary periodate, p r e c i p i t a b l e and determinable by barium 
analysis, 

(d) Diphenyliodyl hydroxide and i t s d e r i v a t i v e s . 
A l l the known p o s s i b i l i t i e s of substances containing borax^ 

a c t i v e oxygen had, by t h i s series of experiments, been e l i m i n ­
ated; only one explanation remained, namely, t h a t the a c t i v e 
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oxygen atom was associated w i t h a new type of compound. I n 
the v e l o c i t y analyses of the iodoxybenzene-alkali l i q u o r s , a l l 
of the iodine atoms and at least 90^^ of the phenyl groups had 
been accounted f o r ; i t was apparent, t h e r e f o r e , t h a t the oxy­
gen atom was o r i g i n a l l y part of one of the r a d i c l e s produced, 
not as a product of r e a c t i o n , but i n analysis, since there was 
no room f o r a t h i r d product of reaction other than those prev­
i o u s l y proved absent. Therefore, i t wa associated e i t h e r w i t h 
the iodate or w i t h the diphenyliodonium i o n ; of these, the 
former had been excluded by the above experiments, and thus 
i t was concluded t h a t the new compound was one which yield e d 
the diphenyliodonium r a d i c l e when reduced by the aqueous sodium 
io d i d e used to p r e c i p i t a t e diphenyliodonium iodide fiom the 
s o l u t i o n s , the active oxygen at the same time l i b e r a t i n g i o d i n e 
from the added iodide. This would mean t h a t the iodonium rad­
i c l e , as such, was not present i n the l i q u o r s , but was produced 
i n analysis from the new substance, which would be of the form 
PhglO.OH or as the hydrate Ph^KOH)^. 

A suggestion of the p o s s i b i l i t y of such a compound e x i s t ­
i n g was provided i n a barium p r e c i p i t a t i o n performed a f t e r the 
borax-active oxygen search. Of a 25 hours' o l d sample of a 
s o l u t i o n of 11,92 m i l l i m o l s . of iodoxybenzene i n 240 c.c. 
0.09956N sodium hydroxide, made up t o 250 o.c., 175 c.o, were 
n e u t r a l i s e d w i t h 1.17N acetic a c i d and p r e c i p i t a t e d by wheeling 
overnight w i t h 50 c.c. N bariiam acetate. On allowing the con­
t e n t s of the tube to s e t t l e , comparatively large and not 
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p e r f e c t l y white c r y s t a l s f l o a t e d on the surface of the l i q u o r , 
whereas the pure white barium iodate p r e c i p i t a t e s e t t l e d i n 
the bottom of the vessel. A f t e r washing the p r e c i p i t a t e , by 
decantation, f i v e times w i t h 40 c.c. of water, a f i n a l wash­
in g s t i l l gave iodine and diphenyliodonium iodide i n a B t i t r ­
a t i o n , seemingly due t o the s l i g h t s o l u b i l i t y of some p r e c i p i t ­
ate other than barium iodate. The s o l i d decomposed at 60*̂  
w i t h 2N sulphuric acid w i t h which i t was shaken overnight, con­
taine d both A and B oxygen, and l i b e r a t e d diphenyliodonium i o d ­
ide as '/lell as iodine i n both t i t r a t i o n s ; per 10.0 molecules 
of iodoxybenzene o r i g i n a l l y , of a t o t a l of 8,27 equix^alents of 
B oxygen produced, 3,0 of these were i n the p r e c i p i t a t e . Ap­
par e n t l y the less dense, l a r g e r c r y s t a l s mixed w i t h the barium 
iodate were e i t h e r the compound responsible f o r the B oxygen 
or a d e r i v a t i v e of i t . 

Because of t h i s , an iodoxybenzene-alkali s o l u t i o n was 
tr e a t e d s o l e l y i n an attempt to i s o l a t e t h i s product, A solu­
t i o n of 7.77 m i l l i m o l s . of iodoxybenzene i n 156.4 c,c. 0.0994W 
a l k a l i , a f t e r wheeling f o r 24 hours, was n e u t r a l i s e d w i t h 1.4N 
acetic acid and allowed to stand. A f t e r two days a sediment 
of light-brown s o l i d of n e g l i g i b l e weight had formed. The s o l i d 
a f t e r f i l t e r i n g was found t o be acetone-soluble and to contain 
no B oxygen. The l i q u o r was ther e f o r e a c i d i f i e d w i t h 25 c.o. 
of 1.4N acetic acid and allowed to stand f o r 24 hours; there 
was no sign of c r y s t a l - f o m a t i o n . A f t e r n e u t r a l i s i n g w i t h N 
a l k a l i , 46 c.c. of N barium acetate were added t o the s o l u t i o n , 
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which was again l e f t standing overnight. As w e l l as barium 
iodate i n the bottom of the vessel there were needle-shaped 
c r y s t a l s f l o a t i n g on the surface of the l i q u o r and c l i n g i n g 
t o the sides. A p a r t i a l separation of the two types of de­
p o s i t was afforded by r a p i d f i l t e r i n g and washing through 
b o l t i n g s i l k of 120 holes per i n c h , a f t e r which i t was poss­
i b l e t o pick out i n d i v i d u a l c r y s t a l s f o r microscope t e s t s . 
These i n d i c a t e d t h a t the s o l i d , which was i n the form of 
elongated rhombic c r y s t a l s , was not appreciably soluble i n 
water, N acetic a c i d , aqueous sodium acetate, acetone, ether 
or chloroform, and possibly s l i g h t l y soluble i n 2K sulphuric 
acid and i n carbon t e t r a c h l o r i d e ; i t dissolved slowly i n 
e t h y l a l c o h o l , g i v i n g a brown s o l u t i o n , presumably duo t o de­
composition. The s o l i d was r e a d i l y soluble i n a l l strengths 
of sodium hydroxide, from which i t r e p r e c i p i t a t e d on a c i d i f y ­
i n g w i t h d i l u t e sulphuric acid; from sodium iodide i t l i b e r ­
ated iodine and formed h a i r - l i k e needles which i n time absorbed 
the i o d i n e , apparently w i t h the formation of brown lodonium 
po l y i o d i d e . Sulphur dioxid e , dissolved i n aqueous sodium i o d ­
i d e , reduced the s o l i d w i t h the formation of new and much f i n e r 
colourless needles, thought t o be diphenyliodonium i o d i d e . Un­
l i k e diphenyliodonium s a l t s , the c r y s t a l s d i d not form an i n ­
soluble p i c r a t e . Q u a n t i t a t i v e analyses of the new body prepared 
thus gave misleading r e s u l t s , due to the imperfect separation 
of i t from the barium iodate p r e c i p i t a t e d at the same time. 
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This method of preparing the oxy-iodonium compound was 
f i n a l l y abandoned as impracticable owing to the d i f f i c u l t y 
encountered i n f r e e i n g the s o l i d from sodium iodate. A more 
s a t i s f a c t o r y way suggested i t s e l f during the series of t e s t s 
on the r e v e r s i b i l i t y of the iodoxylate formation. When N 
caustic soda was used the iodoxybenzene dissolved i n 2 minutes, 
and a minute or so l a t e r there deposited y e l l o w i s h needles 
which coagulated, due to the simultaneous s l i g h t r e s i n form­
a t i o n ; a f t e r 8 minutes the l i q u o r was f i l t e r e d and n e u t r a l ­
ised w i t h 4.6N sulphuric a c i d , which caused the immediate 
p r e c i p i t a t i o n of a voluminous white amorphous s o l i d , //ashing 
the p r e c i p i t a t e on a f i l t e r w i t h water seemed p a r t i a l l y t o 
dissolve i t , t h a t remaining being d r i e d i n vacuo. This white 
s o l i d was not iodoxybenzene; i t gave a B t i t r a t i o n , i n d i c a t ­
i n g an equivalent of approximately 180, and along w i t h i o d i n e 
i n t h i s t i t r a t i o n diphenyliodoniiam iodide was formed, C^ualit-
a t i v e t e s t s on the new s o l i d pointed to i t s being e i t h e r the 
same compound as, or of a s i m i l a r type t o , t h a t formed i n the 
barium p r e c i p i t a t i o n s , but q u a n t i t a t i v e estimations of A and 
B oxygen and of diphenyliodonivun r a d i c l e , many of which were 
perfomed under varying conditions, i n d i c a t e d that the s o l i d 
was impure and probably not p e r f e c t l y stable. 

Because of the s o l u b i l i t y of the i o d y l compound i n water, 
i t was deemed advisable to n e u t r a l i s e the l i q u o r s w i t h carbon 
d i o x i d e ; also, since unchanged iodoxybenzene was detectable 
i n the f i l t r a t e from the above t e s t , i t seemed t h a t a longer 
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time was necessary f o r the complete i r r e v e r s i b l e decomposition 
of the iodoxybenzene. 25.8 m i l l i m o l s . of iodoxybenzene were 
dissolved w i t h shaking i n 51.8 c.c. of i c e - c o l d 0.0997M sodiwa 
hydroxide, then stood i n i c e , w i t h frequent shaking, f o r an 
hour; a cream-coloured, n e e d l e - c r y s t a l l i n e s o l i d was slowly 
formed. The l i q u o r was f i l t e r e d through i c e - c o l d apparatus, 
and during an hour a b r i s k stream of carbon dioxide passed 
through the f i l t r a t e , from which there deposited slowly a 
white, amorphous s o l i d . This was also f i l t e r e d through cooled 
apparatus and washed sparingly w i t h water, i n which the com­
pound was v i s i b l y soluble. A f u r t h e r y i e l d of t h i s s o l i d was 
formed from the f i l t r a t e by s a t u r a t i n g i t w i t h carbon dioxide. 
Both y i e l d s were dri e d overnight i n vacuo. Although not as 
ready t o decompose as the i o d y l s o l i d obtained by sulphuric 
acid n e u t r a l i s a t i o n of the iodoxybenzene-alkali l i q u o r s , t h i s 
body darkened from white t o cream-yellow i n 10 hours. 

Those needles which deposited from the s t i l l a l k a l i n e 
l i q u o r proved, by iodometric t i t r a t i o n and i g n i t i o n , t o be 
s l i g h t l y impure sodium iodate. 

(Qualitative t e s t s on the p r e c i p i t a t e formed from the 
s o l u t i o n by carbon dioxide n e u t r a l i s a t i o n showed i t t o have 
s i m i l a r p r o p e r t i e s t o those e x h i b i t e d by the s o l i d obtained 
from the sulphuric a c i d - n e u t r a l i s e d s o l u t i o n ; t h a t i s , i t 
contained B oxygen and, along w i t h i o d i n e , l i b e r a t e d d i p h e n y l ­
iodonium i o d i d e on treatment w i t h aqueous sodium i o d i d e , d i d 



115. 

not contain iodate, and gave no p r e c i p i t a t e by sulphur dioxide 
reduction. One remarkable physical property of t h i s s o l i d was 
t h a t when dry i t seemed t o be h i g h l y e l e c t r i f i e d , c l i n g i n g t o 
the sides of any vessel i n which i t was stored, and being d i f ­
f i c u l t to handle, due to i t s flyingabout when s t i r r e d , a prop­
e r t y noticed t o a less marked degree i n iodoxybenzene and i n 
the i o d y l compound formed by n e u t r a l i s i n g the solutions w i t h 
sulphuric aoid, 

i^^uamtitative analysis of t h i s i o d y l body proved to be 
d i f f i c u l t . Apart from i t s tendency t o decompose on keeping, 
the s o l i d could not be t i t r a t e d f o r A oxygen using t h i o s u l p h a t e , 
since the iodonium polyiodide formed was not decolorised before 
the thiosulphate s t a r t e d t o decompose i n t o f r e e sulphur and 
e v i l - s m e l l i n g a r y l sulphur compounds, presumably owing to the 
formation and subsequent decomposition of diphenyliodonium 
t h i o s u l p h a t e . Standard sodium s u l p h i t e was t r i e d as reducing 
agent, using an iodine b a c k - t i t r a t i o n , and c o n t r o l l i n g a l l 
wheelings of s u l p h i t e solutions i n case of a i r o x i d a t i o n . A l ­
though many attem.pts were made, reproducible r e s u l t s could not 
be obtained; the s u l p h i t e reduction gave an o i l , which, when 
extracted w i t h benzene, was found by a Stepanow estimation t o 
contain no i o d i n e . The borax-active oxygen was also d i f f i c u l t 
t o estimate owing t o the slowness i n reduction of the i o d y l 
compound, overnight wheeling w i t h an excess of standard arsen­
i t e being necessary t o complete the reduction. Due t o the 
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s l i g h t s o l u b i l i t y of diphenyliodonium iodide i n water, the 
q u a n t i t a t i v e estimation of iodonium r a d i c l e (by suspending 
the s o l i d i n a l i t t l e water, reducing w i t h sulphur dioxide 
followed by aqueous sodium io d i d e ) was not above c r i t i c i s m . 
The r e s u l t s , which were i n f a i r l y good agreement, were as 
f o l l o w s : -

B Oxygen, 1 gram-atom per 206 grams. 
lodonium, 1 gram-radicle per .... 376,5 grams. 
T o t a l i o d i n e , 1 gram-atan per ... 378 grams. 
However, due t o the p o s s i b i l i t y of the s o l i d decomposing 

w h i l s t , or immediately a f t e r , d r y i n g , i t seemed necessary t o 
prepare a f r e s h sample of the compound, analyse i t before dry­
i n g t o obtain the r a t i o s of the various atoms and r a d i c l e s , 
and repeat the analyses on the d r i e d product. For t h i s pur­
pose 29 m i l l i m o l s . of iodoxybenzene were dissolved i n a double 
molecular p r o p o r t i o n of i c e - c o l d N sodium hydroxide and shaken, 
enclosed w i t h i c e , f o r 70 minutes. The s o l i d sodium iodate 
formed was f i l t e r e d and the f i l t r a t e , cooled to 0*̂ , saturated 
w i t h carbon dioxide. The i o d y l s o l i d was f i l t e r e d , sucked as 
dry as possible and analysed w h i l s t s t i l l damp. An A oxygen 
t i t r a t i o n which appeared to be successful was performed by 

overnight shaking of the s o l i d i n — sulphuric acid w i t h sodiiim 
i o d i d e , n e u t r a l i s i n g and s a t u r a t i n g w i t h sodiiim bicarbonate, 
wheeling w i t h excess a r s e n i t e and b a c k - t i t r a t i n g the a r s e n i t e 
w i t h i o d i n e . The analyses of the damp s o l i d gave: 
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A Oxygen: 1 gram-atom per 866 grams 
B Oxygen: 1 gram-atom per , 892 grams 
lodonium: 1 gram-radicle per .... 872 grams 

The remainder of the s o l i d was d r i e d i n a vacuum, which caused 
i t t o darken s l i g h t l y and, when crushed, i t possessed the same 
h i g h l y " e l e c t r i f i e d " character as shown by previously prepared 
samples of the compoimd. Analyses were performed as w i t h the 
damp s o l i d , the r e s u l t s being as f o l l o w s : -

A Oxygen: 1 gram-atom per 440 grams 
B Oxygen: 1 gram-atom per ........ 428 grams 
lodonium: 1 gram-radicle per ..... 596 grams 
Total i o d i n e : 1 gram-atom per .... 585 grams 

Although the p u r i t y of the s o l i d was d o u b t f u l , i t appeared t h a t 
both 

A)efore and a f t e r drying there i s one active-oxygen atom per one 
diphenyliodonium r a d i c l e . That t h i s oxygen atom was d i r e c t l y 
attached t o the diphenyliodonium r a d i c l e was proved by the 
preparation and q u a l i t a t i v e examination of i t s p i c r a t e . A few 
c.c. of a 5^ sodium p i c r a t e s o l u t i o n were added t o a saturated 
aqueous s o l u t i o n of the i o d y l m a t e r i a l ; a yellow c r y s t a l l i n e 
p r e c i p i t a t e deposited but dissolved i n excess of the p i c r a t e 
s o l u t i o n , due t o the a l k a l i n i t y of the l a t t e r . One drop of 
5N ace t i c acid r e p r e o i p i t a t e d the i o d y l p i o r a t e , which was 
f i l t e r e d and e f f i c i e n t l y washed. The f i l t r a t e contained B 
oxygen and iodonium i o n . The p r e c i p i t a t e dissolved but 
s l i g h t l y i n water, and when saturated w i t h borax y i e l d e d 
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iodine and diphenyliodonium iodide on a d d i t i o n of sodium i o d ­
i d e . To ensure complete freedom from i m p u r i t i e s , which might 
have given r i s e t o the B oxygen and iodonium compound, the s o l i d 
was rewashed s i x times w i t h water and again tested w i t h sodium 
i o d i d e w i t h the same r e s u l t as before. 

From these t e s t s i t appeared t h a t the s o l i d i o d y l com-
po\ind was of the f o m PhglO.X, and up to t h a t time nothing was 
known of the r a d i c l e X. Because of t h i s , i t seemed necessary 
to p e r f o m a complete analysis of a l l the products, both s o l i d 
and those i n s o l u t i o n , of a n e u t r a l i s e d iodoxybenzene N - a l k a l i 
l i q u o r , a f t e r which a balance sheet would show any marked 
def i c i e n c y of atoms or r a d i c l e s not evident i n the balance 
sheets of the iodoxybenzene-alkali v e l o c i t y reactions. For 
t h i s purpose 35.07 m i l l i m o l s . of iodoxybenzene were shaken at 

f o r 2 hours w i t h 70.22 c,c. 0.9988K sodium hydroxide. The 
sodiiim iodate formed was f i l t e r e d from the l i q u o r through i c e -
cooled apparatus and the s o l i d washed from the f i l t e r i n t o a 
2 - l i t r e b o t t l e ; 500 c.c, of water were i n s u f f i c i e n t t o d i s ­
solve the iodate. Therefore, a f t e r ascertaining, by t e s t i n g a 
sample of the suspension, t h a t i t contained no B oxygen or i o d -
onliam compound, the whole was a c i d i f i e d w i t h 150 c.c. 2N sulph­
u r i c a c i d , and 10 grams of sodivun iodide added. A f t e r shaking 
overnight, the r e s u l t i n g iodine s o l u t i o n was d i l u t e d to a l i t r e 
and an a l i q u o t part t i t r a t e d against standard t h i o s u l p h a t e . 
Meanwhile the a l k a l i n e l i q u o r and washings from which the sodium 
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iodate had been f i l t e r e d were subject to a b r i s k stream of 
carbon dioxide f o r 2^^/^^ hours. The p e r f e c t l y white m a t e r i a l 
formed was f i l t e r e d and washed w i t h ice-water, the f i l t r a t e 
and washings being aliquoted f o r A and B oxygen, iodonium and 
iodobenzene estimations as described e a r l i e r . Due t o the r e ­
moval of the greater part of the iodate as s o l i d , there was an 
excess of iodonium over iodate present i n the f i l t r a t e , the 
l a t t e r i o n therefore being estimated by weighing the diphenyl­
iodonium iodide p r e c i p i t a t e d from the l i q u o r by sulphur dioxide 
reduction alone, w h i l s t the iodonium i o n was determined by 
sulphur dioxide reduction followed by the a d d i t i o n of excess 
aqueous sodium i o d i d e . 

The washed and d r i e d s o l i d i o d y l compound, which weighed 
0,807 grams, was also analysed and gave the f o l l o w i n g e q u i v a l ­
ent s: -

i ) A Oxygen: One oxygen atom per 597.2 grams. 
i i ) B Oxygen: One oxygen atom per 412.0 grams. 
i i i ) lodonium: One iodonium i o n per 401.6 grams. 
i v ) T o t a l i o d i n e : One iodine atom per 401.1 grams. 
v) A l k a l i n i t y : One hydroxyl i o n per 591.4 grams. 
v i ) Inorganic content: There was no i n v o l a t i l e matter i n 

the s o l i d . 
I n analysis v) methyl orange was used as i n d i c a t o r , but the 
usage of sulphuric acid was too slow f o r the t i t r a t i o n t o be 
done d i r e c t l y ; because of t h i s , an excess of aoid was added t o 
the l i q u o r , which was then wheeled f o r 5 hours and b a c k - t i t r a t e d 
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The s i x t h d e t e r m i n a t i o n was done by suspending 28 m i l l i g r a m s 

of the s o l i d i n 2 G.c. of water, reducing i t wi t h sulphur 

d i o x i d e and, a f t e r a d d i t i o n of c o n c e n t r a t e d s u l p h u r i c a c i d , 

e v a p o r a t i n g t h e r e s u l t i n g l i q u o r to drynes s . There was an 

i n c r e a s e i n weight of 0.1 m i l l i g r a m s , 

A summary and ba l a n c e sheet of the t o t a l a n a l y s i s i s 

g i v e n : -

I n i t i a l l y . 

lofloxybenzene: 10.0 g r a i T i - m o l s . = 40.0 e q u i v a l e n t s A Oxygen. 
Sodium hydroxide: 20.0 e q u i v a l e n t s . 

F i n a l l y 

Phenyl I o d i n e A Oxygen B Oxygen 
Groups Atoms. Atoms. Atoms. 

i ) 

i i ) 

Sodium l o d a t e . 
16.0 

.. N i l 
A Oxygen 
B Oxygen 

2.6 

l o d y l S o l i d 
A Oxygen 
B Oxygen 
Phol ... 
T o t a l I 

* • • 
• • • 

• • • • 

1.16 
1.12 
0.67 
0.67 

1.16 0.57 

i i i ) N e u t r a l i s e d 
F i l t r a t e . 

8.0 

0.58 
0.56 

A Oxygen ... 
B Oxygen ... 
Phgl 

22.1 
7.39 
3.74 
2.40 
0.95 

7.47 

0.95 

3.74 
2.40 
0.96 

11.1 
3.70 

9.69 10.26 19.7 4.25 

0.41 -0.25 0.3 
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Apart from the g r e a t t u r b i d i t y of the s o l u t i o n , t h e main 

p a r t of whioh was not e x t r a c t a b l e by benzene, t h e r e was a r e s i n ­

ous r e s i d u e weighing 0.09 gram which was not taken i n t o account 

i n the balance sheet. When i t was c o n s i d e r e d t h a t , without 

a l l o w i n g f o r t h e s e , the d e f i c i e n c y i n phenyl groups was only 

4.1^, i t was apparent t h a t t h e r e was no room f o r more than two 

whole phenyl groups i n the i o d y l compoimd. On the other heind, 

the i o d y l s o l i d , by a l l f i v e a n a l y s e s done on i t seemed t o have 

a m o l e c u l a r weight of approximately 390; i f t h i s s o l i d were of 

the form Fh2l0.0H.X, then the weight of the unknown r e s i d u e X 

would be approximately 80 u n i t s . There was no sodium i n the 

compoimd, which meant t h r e e p o s s i b i l i t i e s presented themselves 

as e x p l a n a t i o n s of the n a t u r e of t h i s p a r t of the molecule:-

i ) The remote one of i t s being composed of f i v e or more hy-
d r o x y l groups, 

i i ) That i t was composed of break-down products of the benz­
ene r i n g s not accounted f o r , 

i i i ) That the compound i n s o l u t i o n , being b a s i c , had combined 
wit h the n e u t r a l i s i n g agent, t h a t i 6 , t h a t i t was a c a r b ­
onate. 

I t was of i n t e r e s t to note t h a t both i n the a n a l y s i s of 

the n e u t r a l i s e d f i l t r a t e and i n t h a t of the s o l i d i o d y l compound 

the B oxygen and the iodonium were equal i n amount, which meant 

t h a t , per 10.0 mols. of iodoxybenzene o r i g i n a l l y , 4.29 mols. of 

the i o d y l body had been formed. T h i s v a l u e , coupled w i t h t h e 

f a c t t h a t a l a r g e amount (0.95 mols.) of iodobenzene was prod­

uced i n the r e a c t i o n , i n d i c a t e d t h a t the two hours a l l o w e d f o r 

the f o i m a t i o n of the new o x i d i s i n g agent was too long a time. 
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As w e l l as the i n f l u e n c e of time of r e a c t i o n on the y i e l d 

of the i o d y l compound, nothing was known of t h e optimum s t r e n g t h 

of a l k a l i r e q u i r e d to g i v e a maximum y i e l d , or whether or not 

o t h e r a l k a l i e s than sodiiom hydroxide could be used t o b e t t e r 

advantage i n r e a c t i o n w i t h t h e iodoxybenzene. I n order to t e s t 

t h e s e p o i n t s , i n t o each of f o u r c e n t r i f u g e tubes was weighed 

0.60 gram of iodoxybenzene and the v a r i o u s samples of s o l i d 

t r e a t e d i c e - c o l d w i t h the f o l l o w i n g amounts of a l k a l i 

i ) 2.54 c . c . 2.00N sodium hydroxide, 

i i ) 2.46 CO. 2.07K potassiiun hydroxide, 

i i i ) 5,09 c . c . 1,001^ sodium hydroxide, 

i v ) 5.46 c . c , 0.9314 potassium hydroxide. 

I n t h e c a s e s of the s t r o n g e r a l k a l i e s the iodoxybenzene d i s ­

s o l v e d w i t h the immediate f o m a t i o n of s o l i d i o d a t e ; t he tubes 

were shaken f o r h a l f an hour, c e n t r i f u g e d at 3000 r.p.m. f o r 

f o u r minutes, and the h e i g h t s of s o l i d i o d a t e f o m e d measured 

w i t h a t r a v e l l i n g microscope. The t u r b i d l i q u o r was decanted 

o f f and carbon d i o x i d e passed through each s o l u t i o n f o r an 

hour, a f t e r which the tubes were c e n t r i f u g e d again and the 

h e i g h t s of the i o d y l compoiand measured. The normal a l k a l i 

s o l u t i o n s were t r e a t e d s i m i l a r l y , except t h a t t he r e a c t i o n 

was allowed t o proceed f o r l.Vg ]^ou3"s, much c l e a r e r s o l u t i o n s 

r e s u l t i n g than those produced i n h a l f an hour of 2N a l k a l i . 

I n both s t r e n g t h s of a l k a l i more sodi\im than potassium i o d a t e 

d e p o s i t e d , and n e u t r a l i s i n g y i e l d e d more s o l i d i n the sodixim 
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hydroxide l i q u o r s due, no doubt, to the g r e a t e r s o l u b i l i t y 

of potassivim b i c a r b o n a t e . Almost t w i c e the amount of s o l i d 

was obtained w i t h the N as w i t h the 2N s o l u t i o n s ; t h i s , coupled 

w i t h the g r e a t m i l k i n e s s of t h e s t r o n g e r a l k a l i l i q u o r s , seemed 

to p o i n t to the r a p i d decomposition of the i o d y l s o l i d i n t h i s 

s t r e n g t h of a l k a l i . Weaker s o l u t i o n s than normal gave much 

poorer y i e l d s or none at a l l ; t h e r e f o r e , f o r the p r e p a r a t i o n 

of the i o d y l compound, the optimiim s t r e n g t h of a l k a l i i s normal 

and the b e t t e r a l k a l i i s sodium hydroxide. 

L i g h t was thrown on the nature of t h e p a r t X of the i o d y l 

molecule when i t was n o t i c e d t h a t w i t h g l a c i a l a c e t i c a c i d the 

s o l i d gave a b r i s k e f f e r v e s c e n c e . More d i l u t e a c i d was t r i e d 

and i t was found t h a t w i t h as weak a c i d as normal, carbon d i o x ­

i d e was evolved from the s o l i d ; however, when s u l p h u r i c a c i d 

was used i t was not u n t i l a s t r e n g t h of 5N a c i d had been reached 

t h a t t h e r e was any marked e v o l u t i o n of gas from the i o d y l com­

pound. 

Apparatus was t h e r e f o r e f i t t e d up i n an attempt t o determ­

i n e the carbonate content of the substance by weighing the 

carbon d i o x i d e l i b e r a t e d from i t . I n the f i r s t and second a t ­

tempts 6N and 2.5N s u l p h u r i c a c i d r e s p e c t i v e l y was used and 

the carbon d i o x i d e trapped by potash. However, the l i b e r a t i o n 

of gas from the m a t e r i a l was so slow t h a t i t was found, a f t e r 

d i s m a n t l i n g the apparatus, t h a t the r e a c t i o n was incomplete. 

I n a second e s t i m a t i o n t h i s method was modified; g l a c i a l 



122 

a c e t i c a c i d was used as r e a c t a n t and b a r y t a as absorbent f o r 

the carbon d i o x i d e . The apparatus appeared t h u s : -

a b c d e f g h i j k l m 
The v a r i o u s bubblers and tubes were as f o l l o w s : -

a. Concentrated s u l p h u r i c a c i d , 

b. S o l i d c a u s t i c potash and c a l c i u m c h l o r i d e , 

c. 40^ potash s o l u t i o n , 

d. S a t u r a t e d barivim hydroxide, 

e. R e a c t i o n tube, 

f . sVater, 

g. Concentrated s u l p h u r i c a c i d , 

h. C a lcium c h l o r i d e , 

i . S a t u r a t e d barium hydroxide, 

j . 40% potash s o l u t i o n , 

k. S o l i d c a u s t i c potash and c a l c i u m c h l o r i d e , 

1. 4 0 ^ potash s o l u t i o n , 

m. Galcitim c h l o r i d e . 

The tubes which were weighed before and a f t e r the r e a c t i o n were 

h, i , j and k. The s o l i d (0.9315 gram) was weighed d i r e c t l y 

i n t o the oven-dried r e a c t i o n tube, n i t r o g e n passed through the 
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apparatus a t one bubble per second and f o u r c . c . g l a c i a l a c e t i c 

a c i d added from the dropping f u n n e l of the r e a c t i o n v e s s e l . 

A f t e r 4 hours the tubes recorded an i n c r e a s e i n weight of 

0.0607 gram, and remained u n a l t e r e d a f t e r a f u r t h e r 3 hours' 

bubbling of n i t r o g e n through the apparatus. T h i s means t h a t 

t h e r e i s one e q u i v a l e n t of carbon d i o x i d e per 404,3 grams of 

the s o l i d i o d y l compound. 

The white p r e c i p i t a t e formed i n the b a r y t a t r a p , i , was 

t e s t e d eund proved t o be barium carbonate. 

Although the a n a l y s e s i^erfoi^med on t h i s i o d y l carbonate 

a l l gave e q u i v a l e n t s w i t h i n one per cent of 400, the compound 

could not have been a normal carbonate of the base th2l.0.0H. 

I t seemed l i k e l y t h a t the s o l i d a nalysed tf^as e i t h e r a b a s i c 

carbonate or a mixture of base and carbonate. T h i s view was 

enhanced by a micro-combustion performed on a sample of t h e 

i o d y l carbonate by Dr. G, \fv'eller. The r e s u l t s found were:-

C, 40.26^; H, 3.05>i;; I , 35.48^; 

v a l u e s which do not conform w i t h a simple carbonate of Fhgl.O.OH. 

Because of t h e s e r e s u l t s , f u r t h e r work on the carbonate 

of the new base was postponed and attempts were made to p r e * 

pare p u r e r and, i f p o s s i b l e , more s t a b l e d e r i v a t i v e s of the 

substance. Because of the r e a d i n e s s w i t h which a c e t i c a c i d 

a t t a c k e d the i o d y l carbonate, the p r e p a r a t i o n of an a c e t a t e 

of t he new base presented i t s e l f as a p o s s i b i l i t y . Microscope 

t e s t s on t h i s showed t h a t the brown o i l formed from the carbon­

a t e and a c e t i c a c i d y i e l d e d , on c a r e f u l d i l u t i o n , l a r g e , c o l o u r ­

l e s s . 
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w e l l d e f i n e d rhombic c r y s t a l s ; too g r e a t d i l u t i o n produced a 

d i r t y , amorphous s o l i d , presumably the f r e e base. A p r e p a r ­

a t i o n of the a c e t a t e on a 0.2 gram s c a l e produced, without any 

d i l u t i o n of the a c e t i c a c i d s o l u t i o n , l a r g e rhombic c r y s t a l s . 

These, a f t e r c l e a n i n g w i t h e t h e r , i n which they d i d not d i s s o l v e , 

y i e l d e d i o d i n e and diphenyliodoniuin i o d i d e when t r e a t e d w i t h 

aqueous sodium i o d i d e . The c r y s t a l s were not a p p r e c i a b l y 

s o l u b l e i n water or e t h e r , s l i g h t l y s o l u b l e i n c o l d chloroform, 

carbon t e t r a c h l o r i d e and benzene, and r e a d i l y s o l u b l e i n these 

at h i g h e r temperatures, although prolonged warming of the s o l u ­

t i o n s tended to decompose the substance; a c e t i c a c i d d i s s o l v e d 

the a c e t a t e most r e a d i l y , w h i l s t a l c o h o l and acetone were o x i d ­

i s e d by i t . R e c r y s t a l l i s l n g from benzene gave almost c o l o u r ­

l e s s , elongated orthorhombic prisms, g i v i n g the sarto q u a l i t a t ­

i v e t e s t s as the u n c r y s t a l l i s e d m a t e r i a l , A second p r e p a r a t i o n 

of the a c e t a t e , u s i n g 9.5 grams of lodoxybenzene, gave s i m i l a r 

r e s u l t s . Both before and a f t e r r e c r y s t a l l i s i n g from benzene 

the s o l i d decomposed at 114^, although i n l a t e r p r e p a r a t i o n s 

of the a c e t a t e t h i s decomposition poiiit was found to be s e n s i t ­

i v e both t o v e r y s l i g h t i m p u r i t i e s and t o the r a t e of h e a t i n g . 

Under c r o s s e d n i o o l s the prisms showed a s t r a i g h t e x t i n c t i o n 

and h i g h p o l a r i s a t i o n c o l o u r s . 

Before d e a l i n g w i t h t h e m.ethods of a n a l y s i s of t h i s a c e t ­

a t e , the f i n a l method evolved f o r i t s p r e p a r a t i o n on a l a r g e r 

s c a l e i s g i v e n : -



125. 

60 grams of iodoxybenzene, f i n e l y s i e v e d from Iximps, were 

d i s s o l v e d w i t h shaking i n 424 c . c . of i c e - c o l d N sodium hydrox­

i d e ( a double m o l e c u l a r p r o p o r t i o n ) ; the s o l u t i o n was kept 

c o l d f o r l . ^ / o hours, a f t e r which the d e p o s i t of sodium i o d a t e 

was f i l t e r e d o f f through a s i n t e r e d g l a s s f i l t e r surrounded i n 

i c e . F o r t h i s purpose a s m a l l i n v e r t e d b e l l - j a r was found 

s u i t a b l e . The s l i g h t l y white t u r b i d f i l t r a t e , s t i l l kept at 

0°, was t r a n s f e r r e d to a w e l l - c h i l l e d soda-water b o t t l e and 

18 grams of carbon d i o x i d e s q u i r t e d from two bombs i n t o the 

l i q u o r . A f t e r v igorous shaking the b o t t l e was stood i n i c e 

f o r 2.-^/ hours, the d i p h e n y l i o d y l carbonate f i l t e r e d through 

the ice-CEOld apparatus and washed s p a r i n g l y but e f f i c i e n t l y 

w i t h i c e - c o l d c a r b o n i c a c i d (which was found to d i s s o l v e the 

s o l i d much l e s s than d i d water a l o n e ) . The weight of the 

d r i e d product was 25 grams, but s i n c e d r y i n g i n vacuo tended 

s l i g h t l y to decompose the carbonate, i t was found a d v i s a b l e 

t o dry i t as w e l l as p o s s i b l e on a porous p l a t e and t r e a t t h i s 

s t i l l damp m a t e r i a l w i t h a minimum (about 30 c . c . ) of g l a c i a l 

a c e t i c a c i d , which gave a pale-brown, v i s c o u s s o l u t i o n . The 

l i q u o r was d i l u t e d w i t h 20 c.o. of water and, a f t e r rubbing, 

stood i n i c e f o r s e v e r a l hours. The c r y s t a l s of d i p h e n y l i o d y l 

a c e t a t e which d e p o s i t e d were f i l t e r e d , washed w i t h s m a l l quant­

i t i e s of 5T̂  a c e t i c a c i d and d r i e d i n a vacuum. D i s t i l l a t i o n 

under reduced p r e s s u r e of the mother l i q u o r gave a f u r t h e r 

y i e l d of l a r g e white a c e t a t e c r y s t a l s . The t o t a l y i e l d , which 
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was 99.5 to 100.0^ pure without r e c r y s t a l l i s i n g from benzene, 
was 18 to 19 grams. 

( e ) A n a l y s e s of d i p h e n y l i o d y l a c e t a t e . 

i . A C i d - a c t i v e oxygen. 

The a n a l y t i c a l r e d u c t i o n of d i p h e n y l i o d y l a c e t a t e was 

found d i f f i c u l t to make q u a n t i t a t i v e l y complete owing to t h e 

c h e l a t i o n of the a c t i v e oxygen atom, as e x p l a i n e d on page 71, 

Many attempts were made, but r e p r o d u c i b l e r e s u l t s were not 

o b t a i n a b l e by the methods employed. By suspending the w e l l -

groirnd s o l i d i n 0.2N s u l p h u r i c a c i d and performing on i t a 

s t r a i g h t f o r w a r d A t i t r a t i o n , by wheeling from 10 to 24 hours 

wit h aqueous sodiiam i o d i d e , n e u t r a l i s i n g and s a t u r a t i n g the 

l i q u o r w i t h sodium b i c a r b o n a t e , wheeling w i t h excess standard 

a r s e n i t e and b a c k - t i t r a t i n g the a r s e n i t e w i t h i o d i n e , an e q u i v ­

a l e n t of 240 was obtained on a number of o c c a s i o n s . R e p e t i t i o n 

of t h i s method, w i t h a c e t i c s u b s t i t u t e d f o r s u l p h u r i c a c i d , 

gave an e q u i v a l e n t of 224, w h i l s t under s i m i l a r c o n d i t i o n s , 

u s i n g h y d r o c h l o r i c a c i d , an e q u i v a l e n t of 230 was g i v e n . 

G r i n d i n g w i t h a few c.c. of s a t u r a t e d borax s o l u t i o n b e f o r e 

a c i d i f y i n g w i t h s u l p h u r i c a c i d gave, on v a r i o u s o c c a s i o n s , 

e q u i v a l e n t s v a r y i n g from 197 t o 200, the time allowed f o r r e ­

a c t i o n being from 16 t o 24 hours; sodium b i c a r b o n a t e i n s t e a d 

of borax a t t h e beginning of the t i t r a t i o n reduced the equiv­

a l e n t to 196. F i n a l l y , i t was found t h a t r e p r o d u c i b l e r e s u l t s 

which were i n agreement w i t h the o t h e r a n a l y s e s of the a c e t a t e 
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were o b t a i n a b l e by g r i n d i n g the sample under a s l i g h t e x c e s s 

of 0.05N sodivim hydroxide s o l u t i o n ; the s o l i d d i s s o l v e d i n 

about 30 seconds, g i v i n g a c o l o u r l e s s , s l i g h t l y t u r b i d s o l u t i o n 

which, a f t e r making 0.57N w i t h s u l p h u r i c a c i d and t i t r a t e d by 

the u s u a l method, gave t h e f o l l o w i n g v a l u e s f o r the e q u i v a l e n t 

of t h e a c e t a t e per A oxygen:-

189,9, 186.7, 187.9. 

i i . B o r a x - a c t i v e oxygen. 

The q u a n t i t a t i v e r e d u c t i o n of the i o d y l a c e t a t e i n s a t u r ­

ated borax medium was fo\md to be even more d i f f i c u l t than t h a t 

i n a c i d . A n a l y s e s performed by g r i n d i n g t h e s o l i d w i t h s a t u r ­

ated borax s o l u t i o n and wheeling w i t h excess aqueous i o d i d e and 

standard a r s e n i t e f o r times ranging from 4 t o 24 hours gave 

v a l u e s f o r t h e e q u i v a l e n t of the a c e t a t e v a r y i n g between 230 

and 243. Warming of the s o l u t i o n of a c e t a t e , i o d i d e and a r s e n ­

i t e i n aqueous borax caused the production of s i d e - r e a c t i o n s 

and r e s u l t e d i n an e q u i v a l e n t of 261. As i n the A t i t r a t i o n s , 

g r i n d i n g with bicarbonate reduced the B e q u i v a l e n t of the s o l i d 

to 205 t o 210, and again more con s t a n t r e s u l t s were o b t a i n a b l e 

by e f f e c t i n g the i n i t i a l d i s s o l u t i o n of the m a t e r i a l i n 0.06E 

c a u s t i c soda; v a l u e s of 192.5 and 198.0 were found by t h i s 

treatment. 

i i i . lodonium r a d i c l e . 

The main d i f f i c u l t i e s encountered i n the d e t e r m i n a t i o n of 

the iodonium content of the d i p h e n y l i o d y l a c e t a t e were:-
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a) Reduction by s u l p h u r d i o x i d e of a f i n e suspension of the 
s o l i d i n water produced the u n s t a b l e s u l p h a t e which q u i c k l y 
decomposed wit h the formation of an o i l , thereby r e g i s t e r i n g 
too low a weight of diphenyliodonium i o d i d e on t r e a t i n g t h e 
product w i t h aqueous sodium i o d i d e , 

b) By adding sodium i o d i d e f i r s t , wheeling and then r e d u c i n g 

w i t h e i t h e r a r s e n i t e or sulphur d i o x i d e , the iodonium i o d i d e 

formed was yellow r a t h e r than white, and washing w i t h organic 

s o l v e n t s d i d not e f f e c t i v e l y remove t h i s c o l o u r , 

c ) Diphenyliodonium i o d i d e was foxmd to be s l i g h t l y s o l u b l e 

i n water, s u f f i c i e n t t o g i v e u n r e l i a b l e r e s u l t s ; a l s o i n 

washing the i o d i d e p r e c i p i t a t e w i t h water, t h e mixing of 

f i l t r a t e and washings p r e c i p i t a t e d iodonium i o d i d e due, as 

was shown i n independent t e s t s , to the common i o d i d e i o n 

e f f e c t . T h i s was overcome by washing the iodonium i o d i d e 

w i t h sodium i o d i d e s o l u t i o n , but then the acetone used f o r 

f r e e i n g the p r e c i p i t a t e of the sodium i o d i d e a l s o d i s s o l v e d 

the iodoniiim s a l t to a s l i g h t e x t e n t . 

d) The iodonium i o d i d e produced by r e d u c t i o n of the a c e t a t e 

w i t h aqueous h y d r i o d i c a c i d (made from i o d i n e and sulphurous 

a c i d ) was c l e a n , but i t was found extremely d i f f i c u l t to f r e e 

completely from s u l p h u r i c a c i d by ether-washing. 

lodonium d e t e i r o i n a t i o n s i n aqueous media, u s i n g s u l p h u r 

d i o x i d e and sodium i o d i d e f o l l o w e d by water, acetone and e t h e r 

washing of the i o d i d e , gave v a l u e s of one t'h2l* per 407.7 and 

411.9 grams of i o d y l a c e t a t e . The wheeling of a sample w i t h 
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sodium i o d i d e before sulphur d i o x i d e r e d u c t i o n gave a r e s u l t 

of 413.6; and u s i n g h y d r i o d i c a c i d as r e d u c i n g agent ( d above), 

390.0 and 365.8. 

Methyl a l c o h o l was t r i e d as medium; a sample of the i o d y l 

a c e t a t e , d i s s o l v e d i n methyl a l c o h o l , was reduced w i t h sulphur 

d i o x i d e and 10 c . c , of methyl a l c o h o l i c sodium i o d i d e added. 

The white, c o a r s e l y c r y s t a l l i n e diphenyliodonium i o d i d e formed 

s l o w l y and, a f t e r a l l o w i n g a day i n which to d e p o s i t , the 

p r e c i p i t a t e was f i l t e r e d ; t h e methyl a l c o h o l used f o r washing 

the s o l i d , when mixed w i t h the main f i l t r a t e , y i e l d e d more 

iodonium i o d i d e , proving t h a t the l a t t e r was not completely 

i n s o l u b l e i n the a l c o h o l . By e v a p o r a t i n g t h e s o l u t i o n s u s e d 

to a volume of 10 c . c . , r e f i l t e r i n g and washing the p r e c i p i t a t e 

s p a r i n g l y w i t h methyl a l c o h o l u n t i l f r e e from sodium i o d i d e , 

followed by e t h e r washing, a r e s u l t of one Ph2l* per 377.6 

grams of i o d y l a c e t a t e was obtained. G l e a r l y t h i s method, 

as w e l l as being t e d i o u s , was l i a b l e to g i v e erroneous r e ­

s u l t s . 

The f i n a l method evolved was by f a r the s i m p l e s t ; a 

sample of the w e l l ground s o l i d (0,3 to 0.5 gram) was weighed 

d i r e c t l y i n t o a grade 4 t u b u l a r , s i n t e r e d - g l a s s f i l t e r and 

t r e a t e d i n s i t u w i t h an e t h e r e a l s o l u t i o n of h y d r i o d i c a c i d . 

T h i s l a t t e r was made by p a s s i n g sulphur d i o x i d e through a 

w a t e r - s a t u r a t e d e t h e r e a l s o l u t i o n of i o d i n e . The r e s u l t i n g 

iodonium i o d i d e , which was a more pure white t h a n t h a t prod­

uced by the former methods of r e d u c t i o n , was washed a c i d - f r e e 
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w i t h e t h e r and vacu\im-dried» 

V a l u e s obtained by t h i s method were:-

One f h g l * per 373.7, 378.3, 370.8 grams of d i p h e n y l i o d y l 

a c e t a t e . 

( i v ) T o t a l i o d i n e by the Stepanow method. 

The Stepanow a n a l y s e s of the i o d y l a c e t a t e proved to be 

the most r e l i a b l e ; the s o l i d (0.6 to 0.8 gram) was d i s s o l v e d 

i n 70 c . c . a b s o l u t e a l c o h o l , which was b o i l e d under r e f l i a x and 

t r e a t e d w i t h 8 to 10 grams of c l e a n sodium i n s m a l l p i e c e s dur­

i n g an hour. A f t e r c o o l i n g to 50°, the s o l u t i o n was d i l u t e d 

w i t h 10 c.c. of water and the a l c o h o l d i s t i l l e d o f f ; by r i d ­

ding the l i q u o r of a l l i t s a l c o h o l i t was found t h a t a c l e a n e r 

p r e c i p i t a t e of s i l v e r i o d i d e was obtained on a c i d i f y i n g w i t h 

2K n i t r i c a c i d and adding s i l v e r n i t r a t e s o l u t i o n . The s i l v e r 

was determined both v o l u m e t r i c a l l y by Volhard's m.ethod and 

g r a v i m e t r i c a l l y . R e s u l t s were:- One gram-atom of i o d i n e p e r 

374.0, 373,2, 373.6 grams of d i p h e n y l i o d y l a c e t a t e . 

( v ) A c e t y l groups. 

Because of t h e s t r o n g l y o x i d i s i n g power of d i p h e n y l i o d y l 

a c e t a t e , no a l c o h o l i c reagent was p e r m i s s i b l e i n the e s t i m a t i o n 

of the a c e t y l groups i n the substance. 

An approximate de t e r m i n a t i o n of the a c e t y l - c o n t e n t of the 

i o d y l a c e t a t e was af f o r d e d by h y d r o l y s i n g 0.4024 gram of the 

s a l t w i t h 4.6 o.c, N sodium hydroxide and, a f t e r thorough 
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g r i n d i n g , r e a c i d i f y i n g t h e s o l u t i o n with 6 c . c . 2N s u l p h u r i c 

a c i d and d i s t i l l i n g the r e s u l t i n g l i q u o r from a l l - g l a s s ap­

p a r a t u s ; the r e s i d u e (about l / 8 t h of the t o t a l volume) was 

d i l u t e d with 30 c . c . of water and r e d i s t i l l e d . F i n a l l y , 10 

c . c . of a c o n c e n t r a t e d s o l u t i o n of sodium phosphate and 3 c,c, 

0.41M f e r r o u s sulphate were added to the d i s t i l l i n g f l a s k and 

the d i s t i l l a t i o n continued. The d i s t i l l a t e r e q u i r e d 10.44 c . c . 

0.1045N sodium hydroxide, i n d i c a t i n g an equival-^nt of the i o d y l 

a c e t a t e per a c e t y l group of 369 grams. Q u a l i t a t i v e t e s t s on 

the n e u t r a l i s e d d i s t i l l a t e i n d i c a t e d d e f i n i t e l y t h a t the s o l u ­

t i o n contained a c e t a t e and had i n i t no phosphate or i o d i d e . 

T h i s method, which appeared too crude and s u b j e c t to e r ­

r o r , was supplemented by a d e t e r m i n a t i o n of the a c e t y l - c o n t e n t 

of the i o d y l substance by Wenzel's method (Konats., 1897, 18, 

659) i n which the s p e c i a l f e a t u r e s were: ( a ) D i s t i l l a t i o n 

from phosphoric a c i d , ( b ) A f l a s k of g l a s s beads between the 

d i s t i l l i n g f l a s k and the condenser, and ( c ) D i s t i l l a t i o n i n 

vacuo. The m o d i f i c a t i o n s of the method g i v e n by the author 

were: ( a ) I n i t i a l s a p o n i f i c a t i o n of the a c e t a t e by N sodium 

hydroxide, (b) Two potassium hydroxide t r a p s i n s t e a d of one 

were used f o r c o l l e c t i n g the a c e t i c a c i d ; t h e s e t r a p s were 

connected by a 100 c . c , p i p e t t e i n order to prevent potassium 

hydroxide from the second t r a p sucking back i n t o the f i r s t ; 

and ( c ) Standard a c e t i c r a t h e r than s u l p h u r i c a c i d was used 

i n determining the e x c e s s of a l k a l i i n the t r a p s . C o n t r o l 
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experiments u s i n g a c e t i c a c i d proved the method to be e f f e c t ­
i v e . R e s u l t s showed:-

One a c e t y l group per 354.0, 343.8 grams of d i p h e n y l i o d y l 

a c e t a t e . 

Although the e s t i m a t i o n was l e s s a c c u r a t e than the o t h e r 

a n a l y s e s , i t was s u f f i c i e n t to decide t h a t i n the molecule of 

d i p h e n y l i o d y l a c e t a t e t h e r e was one, and only one, a c e t y l group 

T h i s was f u r t h e r demonstrated q u a l i t a t i v e l y as f o l l o w s : 10 

m i l l i g r a m s of the a c e t a t e were t r e a t e d w i t h 0.5 o.c, 15^ hydro­

gen peroxide and s t i r r e d u n t i l d i s s o l v e d ; t h e excess peroxide 

was decomposed w i t h platinxim b l a c k and the r e s u l t i n g s o l u t i o n 

was, i f anything, s l i g h t l y a l k a l i n e t o l i t m u s , and a f r a c t i o n 

of a drop of 0.02N sodium hydroxide was s u f f i c i e n t to make i t 

r e g i s t e r s t r o n g l y a l k a l i n e to p h e n o l p h t h a l e i n . Had the a c e t ­

a t e been a d i a c e t y l d e r i v a t i v e , r e a c t i o n w i t h hydrogen peroxide 

would have formed diphenyliodonium a c e t a t e and f r e e a c e t i c 

a c i d ; s i n c e the l a t t e r was absent, the presence of a mono-

a c e t y l d e r i v a t i v e was i n d i c a t e d . 

( v i ) M i c r o - a n a l y s e s . 

A s e r i e s of m i c r o - a n a l y s e s of d i p h e n y l i o d y l a c e t a t e was 

performed by Dr. G. yveiler, w i t h the f o l l o w i n g r e s u l t s : -

45.2, 44.7 

H »••«...,, 4,66, 4.36 

I 33.0, 33.6 

GH5.CO .... 11.45, 12.25 
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These a n a l y s e s , t o g e t h e r w i t h those of ( i ) , ( i i ) , ( i i i ) , 
( i v ) and ( v ) g i v e to t h e a c e t a t e the composition (̂ ^̂ Ĥ  ) g l (0H)g0 
GOGH^. T h i s i s shown i n the f o l l o w i n g summary:-

( v i i ) Summary of a n a l y s e s of d i p h e n y l i o d y l acetate» per 
cent. 

Found C a l c u l a t e d 
Lab. Analyses Micro-Analyses 

A c t i v e Oxygen 4.21 4,28 4.28 

lodonium ( P h g l ) 75,2 74,3 75.1 

A c e t y l (GH^.OO) 12,5 12.15 11.45 12.25 11,50 
G arbon 45,2 44.7 44.92 
Hydrogen 4,66 4.36 4.04 
I o d i n e 34.0 34.25 33.0 33.6 33.93 

( v i i i ) M o lecular weight of d i p h e n y l i o d y l a c e t a t e . 

Two of the g r e a t e s t d i f f i c u l t i e s encountered i n the a t ­

tempts t o determine the m o l e c u l a r weight of the i o d y l a c e t a t e 

were ( a ) i t s s p a r i n g s o l u b i l i t y i n the c o l d i n a l l s o l v e n t s 

except a c e t i c a c i d , which was s c a r c e l y s u i t a b l e f o r f r e e z i n g 

point measurements, and a l c o h o l , i n which the compound decom­

posed, and (b) although q u i t e r e a d i l y s o l u b l e i n b o i l i n g benz­

ene or chloroform, the a c e t a t e tended to decompose when the 

s o l u t i o n s were kept at the b o i l i n g temperatures f o r long p e r i o d s 

I t was hoped, however, t h a t an attempted d e t e r m i n a t i o n of t h e 

m o l e c u l a r weight of the compound would be of s u f f i c i e n t a c c u r ­

acy t o decide the extent of a s s o c i a t i o n of the m o l e c u l e s of 
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the aoetatd. 

The Menzles-ifjright apparatus was used and the s o l v e n t 

employed benzene (B.D.H. " A n a l y t i c a l Reagent", d i s t i l l e d from 

phosphorus pentoxide, middle runnings, thiophene f r e e ) . The 

apparatus was f i t t e d up i n a d r a u g h t - f r e e , g l a s s cupboard and 

the i n s t r u c t i o n s g i v e n i n the l i t e r a t u r e by Menzies and w^right 

( J . Am. G. S., NOV. 1921, 43, No. 11) c a r e f u l l y followed. The 

i n t r o d u c t i o n of samples of the s o l i d i n t o the apparatus proved 

d i f f i c u l t s i n c e they could not be made i n t o p a s t i l l e s as the 

authors suggested; when dropped i n tubes of platinum c l o s e d 

a t one end, i t was foxond, on d i s m a n t l i n g the apparatus, t h a t 

a p o r t i o n of the s o l i d had remained u n d i s s o l v e d . A b e t t e r 

method of adding the substance was to pack i t t i g h t l y i n t o 

t h i n - w a l l e d , g l a s s tubes of about 1" long and l / 8 t h - i n c h c r o s s 

s e c t i o n . T r i a l e s t i m a t i o n s were performed on 5-bromovanillin, 

each g l a s s tube c o n t a i n i n g 0.12 to 0,20 gram of the substance 

and t h e working volume of the benzene being 29 to 30 o.o. The 

m o l e c u l a r weight found f o r the s u c c e s s i v e a d d i t i o n s of the 

b r o m o v a n i l l i n were:-

227.4, ^225.5, 226.8, 232.5; average, 227.6. C a l c u l a t e d 
230.98. 

irfhen d i p h e n y l i o d y l a c e t a t e was used i n the e s t i m a t i o n the v a l u e s 

g i v e n f o r i t s m o l e c u l a r weight showed a p r o g r e s s i v e d e c r e a s e , 

t h u s : -

447.8, 439.5, 398.4, 320.5. 

and a f t e r 80 minutes' b o i l i n g ( t h e time found n e c e s s a r y f o r a. 
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complete s e r i e s of r e a d i n g s ) t h e r e d e p o s i t e d from the s o l u t i o n 

an amorphous brown s o l i d which, when t e s t e d under t h e m i c r o ­

scope, appeared to be d i p h e n y l i o d y l hydroxide. I t seemed t h a t 

a l o w e r - b o i l i n g s o l v e n t was n e c e s s a r y and, i f p o s s i b l e , r e a d ­

i n g s t a k e n i n more r a p i d s u c c e s s i o n . Ghlorofoim, p u r i f i e d from 

a l c o h o l by shaking w i t h concentrated s u l p h u r i c a c i d and w i t h 

water and d r i e d over c a l c i m c h l o r i d e , was t r i e d as s o l v e n t and, 

as b e f o r e , the m o l e c u l a r weight of 5 - b r o m o v a n i l l i n determined 

f i r s t . R e s u l t s were:-

224.0, 233.8, 232.1, 233.5; average, 233.1. C a l c u l a t e d 
230,98. 

V/ith the i o d y l a c e t a t e , v a l u e s found f o r the m o l e c u l a r weight 

were:-

415, 418, 409, 420; average, 415. G a l c u l a t e d , 374. 

I t seemed t h a t , w i t h a p o s s i b l e r e s e r v a t i o n of about 10^, the 

d i p h e n y l i o d y l a c e t a t e molecules were unpolymerised i n ohloro-

foim s o l u t i o n . 

( f ) F u r t h e r p r o p e r t i e s of d i p h e n y l i o d y l a c e t a t e . 

( i ) A l k a l i r r e h y d r o l y s i s of the i o d y l a c e t a t e . 

The f i n a l products i n the i o d o x y b e n z e n e - a l k a l i r e a c t i o n 

were found to be sodivun i o d a t e and benzene (page 3 9 ) , and w i t h 

the d i s c o v e r y of d i p h e n y l i o d y l hydroxide i t was thought p o s s ­

i b l e t h a t t h i s base was an i n t e r m e d i a t e product i n the form­

a t i o n of i o d a t e and benzene. That t h i s was at l e a s t q u a l i t a t ­

i v e l y t r u e was proved by the f o l l o w i n g experiments:-
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A s e r i e s of p r e l i m i n a i y q u a n t i t a t i v e t e s t s was made, but 

the amounts of a c e t a t e employed were too s m a l l f o r any d e f i n i t e 

c o n c l u s i o n s t o be a s s e r t e d . 0.671 m i l l i m o l s . of d i p h e n y l i o d y l 

a c e t a t e , r e p r e s e n t i n g 1,342 m i l l i e q u i v a l e n t s of a c t i v e oxygen, 

was d i s s o l v e d at room temperature i n 2.67 o.c. 0.5053E sodium 

hydroxide; d i s s o l u t i o n was r a p i d , the r e s u l t i n g s o l u t i o n , 

a f t e r h a l f an hour, being q u i t e t u r b i d . T h i s l i q u o r was d i l u t e d 

to 0.05N and b o i l e d f o r 15 minutes, which caused a g r e a t i n ­

c r e a s e i n the t u r b i d i t y , accompanied by the formation of a 

f l o a t i n g o i l . An iodometric t i t r a t i o n of the aqueous product 

showed t h a t i t contained 1.334 m i l l i e q u i v a l e n t s of a c t i v e oxy­

gen, p r a c t i c a l l y the same as t h a t of the i o d y l compound i n i t ­

i a l l y . A s i m i l a r sample (0.706 m i l l i m o l . ) of the a c e t a t e was 

t r e a t e d i n the same way and, a f t e r e x t r a c t i o n w i t h benzene, 

which d i d not remove the t u r b i d i t y , and w i t h chloroform, which 

completely c l e a r e d the aqueous s o l u t i o n , the l a t t e r was t r e a t e d 

w i t h 20 o.c. s a t u r a t e d b a r y t a s o l u t i o n . There was no p r e c i p i t ­

a t e formed; however, a c o n t r o l t e s t done w i t h a comparable 

amount of sodium i o d a t e i n a s i m i l a r volume of a l k a l i showed 

t h a t , under t h e s e c o n d i t i o n s , b a r y t a treatment d i d not y i e l d 

a barium i o d a t e p r e c i p i t a t e . The t h i r d sample of i o d y l a c e t ­

ate (0.657 m i l l i m o l , ) was r e f l u x e d f o r 15 minutes w i t h 2,36 

c . c , 0,5N sodium hydroxide and the product d i s t i l l e d . A heavy 

brown o i l , s m e l l i n g s t r o n g l y of iodobenzene, s t e a m - d i s t i l l e d 

over; the aqueous r e s i d u e contained o n l y 0.049 m i l l t e q u i v a l -

e n t s of b o r a x - a c t i v e oxygen; t h e r e f o r e 1,265 m i l l i e q u i v a l e n t s 
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of B oxygen had been destroyed by the h y d r o l y s i s . A l s o , i n 

t h e t i t r a t i o n no v i s i b l e iodonium i o d i d e or p o l y i o d i d e was 

formed, apparently t h i s a l s o having been de s t r o y e d . The next 

t e s t done, as i n the t h i r d , by r e f l u x i n g f o r 45 minutes 0,598 

m i l l i m o l . of i o d y l a c e t a t e w i t h 2.4 c . c . 0,5N a l k a l i , c o n t r a ­

d i c t e d the r e s u l t of the f i r s t , i n which the l i q u o r had been 

b o i l e d only a f t e r d i l u t i o n t o 0,05N. I n t h i s l a t e s t t e s t t he 

A oxygen i n the s o l u t i o n i n c r e a s e d from 1,196 m i l l i e q u i v a l e n t s 

to 1.572 m i l l i e q u i v a l e n t s , that i s , by 31,4^. T h i s experiment 

was repeated on 0.792 m i l l i m o l . of the i o d y l compound, which 

was kept w i t h the ^ a l k a l i at 100° f o r l . ^ / g i^ours. The A 

oxygen content of the s o l u t i o n i n c r e a s e d from 1,584 to 2.026 

m i l l i e q u i v a l e n t s . Again i n the iodometrio t i t r a t i o n no iodon­

ium i o d i d e was formed. 

I t was evident from these i n i t i a l t e s t s t h a t a f u r t h e r 

a n a l y s i s of the h y d r o l y s i s products on a l a r g e r s c a l e was needed. 

10,06 m i l l i m o l s . of d i p h e n y l i o d y l a c e t a t e were b o i l e d luader 

r e f l x i x w i t h 20 c . c . K sodium hydroxide i n a bath of s a t u r a t e d 

s a l t s o l u t i o n . The vapour had a temperature v a r y i n g from 74° 

to 79° during the whole of the h y d r o l y s i s , and during t h i s time 

the condensate seemed more o i l y than aqueous. A f t e r 80 minutes 

t h e apparatus was r e v e r s e d and the l i q u o r d i s t i l l e d to h a l f of 

i t s o r i g i n a l volume. The d i s t i l l a t e contained a c o l o u r l e s s , 

f l o a t i n g o i l w i t h an unmistakable s m e l l of benzene; from t h e 

c ooled aqueous r e s i d u e t h e r e d e p o s i t e d c l u s t e r s of c o l o u r l e s s 
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needle c r y s t a l s which gave microscope t e s t s i d e n t i f y i n g them 

as sodii-im i o d a t e . The l i q u o r , d r a i n e d from t h e s e c r y s t a l s , was 

s a t u r a t e d w i t h carbon d i o x i d e , thereby d e p o s i t i n g a pale-brown, 

amorphous s o l i d of weight 0.0189 gram; t h i s s o l i d contained B 

oxygen and no sodium b i c a r b o n a t e . The carbonated f i l t r a t e , 

made up to 50 c . c . , was a l i q u o t e d f o r A and B t i t r a t i o n s and 

f o r a barium p r e c i p i t a t i o n ; i n t h i s l a t t e r a n a l y s e s were p e r ­

formed on the s l i g h t p r e c i p i t a t e and on the f i l t r a t e , a sample 

of the f i l t r a t e a l s o e x t r a c t e d w i t h benzene, evaporation of 

which y i e l d e d a r e s i d u e of a few m i l l i g r a m s w i t h a phe n o l i c 

s m e l l and aji a b i l i t y to take up i o d i n e i n s a t u r a t e d b i c a r b o n a t e . 

The c o l o u r l e s s , needle-shaped c r y s t a l s from which the main 

l i q u o r had been decanted were washed w i t h 6x5 c . c . 5N sodium 

hydroxide f o l l o w e d by e t h y l - a l c o h o l u n t i l a l k a l i - f r e e . The 

s o l i d , d r i e d t o constant weight, weighed 0.3655 gram; a sample 

(0,0292 gram) of t h i s was i g n i t e d w i t h s u l p h u r i c a c i d w i t h am­

monium su l p h a t e and carbonate a d d i t i o n , the i g n i t e d r e s i d u e 

weighing 0,0101 gram, (Required f o r WalO^ 0.0104 gram and f o r 

2\ialO^.E20 0.0100 gram. Most probably t h e c r y s t a l s were the 

l a t t e r . ) On the remainder of the c r y s t a l s were perfoixaed A 

and B t i t r a t i o n s . The A t i t r a t i o n gave an e q u i v a l e n t f o r the 

s o l i d of 35.8. (Required f o r 2NaI0^.H20 34.5.) There was no 

B oxygen i n the s o l i d . The sodixim hydroxide washings of the 

c r y s t a l s , made up t o 50 c . c , , were an a l y s e d f o r A and B oxygen 

and a barium p r e c i p i t a t i o n done on an a l i q u o t p a r t . I n the 
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d i s t i l l a t i o n f l a s k t h e r e remained an o i l y r e s i d u e i n t e r m i x e d 
w i t h more sodium i o d a t e c r y s t a l s ; these l a t t e r were removed 
by hot water washing and the aqueous l i q u o r , a f t e r chloroform 
e x t r a c t i o n a l i q u o t e d f o r A and B t i t r a t i o n s . 

R e s u l t s were as f o l l o w s : -

I n l t l a l l y : ?.C.06 m l l l i m o l s . d i p h e n y l i o d y l a c e t a t e 

— 20.12 m i l l i e q u i v a l e n t s a c t i v e oxygen. 

Aqueous r e s i d u e of d i s t i l l i n g f l a s k : -

Main l i q u o r ; A Oxygen e q u i v a l e n t s ... 3,62 

B Oxygen e q u i v a l e n t s ... E l l 

Barium p r e c i p i t a t i o n : -

P r e c i p i t a t e : A Oxygen e q u i v a l e n t s ... 3.06 

B Oxygen e q u i v a l e n t s ... N i l 

F i l t r a t e : A Oxygen e q u i v a l e n t s ... 0.48 
T o t a l 

B Oxygen e q u i v a l e n t s ... N i l A 3,45 

C r y s t a l s (NalO^) 0.3655 grams:-

A Oxygen e q u i v a l e n t s ... 10.21 

B Oxygen e q u i v a l e n t s ... N i l 

Sodixim hydroxide washings of c r y s t a l s : -

A Oxygen e q u i v a l e n t s 5.63 

B Oxygen e q u i v a l e n t s ... N i l 

Barium p r e o i p i t a t i o n ; -

P r e c i p i t a t e : A Oxygen e q u i v a l e n t s ... 4.44 
T o t a l 

B Oxygen e q u i v a l e n t s ... N i l A 5.62 

F i l t r a t e : A Oxygen e q u i v a l e n t s ... 1.18 

B Oxygen e q u i v a l e n t s ... N i l 



Aqueous washings of r e s i d u a l o i l ; -

A Oxygen equivalents ... 8.71 

Total A Oxygen equivalents ... 28.17 

Total lodate A Oxygen Atoms, 12.67. Other A Oxygen Atoms, 1.52. 

Since there was no borax-aotive oxygen discoverable through­

out the whole of the a n a l y s i s , i f i t were assumed that that a c i d -

aotive oxygen not p r e c l p i t a b l e by barium were unchanged i o d y l 

hydroxide ( a j u s t i f i a b l e assumption when i t was considered that 

a s o l i d containing B oxygen was deposited from the carbonated 

l i q u o r ) , then i t had also to be assumed that a substance, prob­

ably of a phenolic character, capable of absorbing iodine i n 

bicarbonate medium was a simultaneous product; t h i s l a t t e r sup­

p o s i t i o n was p a r t l y j u s t i f i e d because of such a compound being 

extraotable by benzene from the f i l t r a t e of the barium p r e c i p i t ­

a t i o n performed on the main liquor. This supposition that the 

a c t i v e oxygen not present as iodate belonged to unchanged i o d y l 

compoiond meant that 3.54 m i l l i m o l s . of the acetate had been 

f u l l y converted, y i e l d i n g 12.67 atoms of a c t i v e oxygen as i o d ­

ate. Now 8,64 X 1.5 » 12.81, which i n d i c a t e s a 99^ molecular 

conversion of the i o d y l acetate into iodate. 

The determination of the organic products i n the d i s t i l ­

l a t e proved to be more d i f f i c u l t and l e s s s u c c e s s f u l than the 

water soluble products, because of the small q u a n t i t i e s obtained. 

The d i s t i l l a t e contained three d i s t i n c t l a y e r s which c e n t r i f u g -

ing at 1000 r.p.m. did not a f f e c t ; the middle l a y e r (water) 
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was removed by a s u c t i o n syphon and the remainder m i c r o - d i s t ­

i l l e d , a t f i r s t at atmospheric p r e s s u r e and l a t e r i n a vacuum. 

The f i r s t f r a c t i o n , coming over up to 88° and b o i l i n g s h a r p l y 

at 79°, was unmistakably benzene, although an i n s u f f i c i e n t 

amount to c h a r a c t e r i s e i t by d e r i v a t i v e - p r e p a r a t i o n was obtained; 

the second f r a c t i o n was a mixture of benzene and water and the 

t h i r d , d i s t i l l i n g at 75° and 9 mm. b o i l e d at 189° and had the 

s m e l l of iodobenzene. Prom 75° to 150°and 7 to 8 mm. t h e r e 

d i s t i l l e d an o i l which had a tendency to s o l i d i f y and which 

had a o o i l i n g point of 244°. T h i s f r a c t i o n , which was proved 

by a micro-Stepanow determi n a t i o n to c o n t a i n no i o d i n e , had a 

smell r e m i n i s c e n t of t h a t of d i p h e n y l . The r e s i d u e RUS now a 

r e s i n ; an attempted d i s t i l l a t i o n of t h i s by s e a l i n g the d i s t i l ­

l a t i o n tube d i r e c t l y to a mercury vapour puiap, which was backed 

by a new o i l pump, gave no f u r t h e r d i s t i l l a t e a f t e r t h r e e -

q u a r t e r s of an hour at 200° to 209° and a p r e s s u r e too low to 

be measured wit h an o r d i n a r y gauge. 

Th e r e f o r e , although the change i n o x i d i s i n g power by a l k a l ­

i n e h y d r o l y s i s of the i o d y l a c e t a t e i s 1,5 times i t s i n i t i a l 

v a l u e , a change due to q u a n t i t a t i v e c o n v e r s i o n to i o d a t e , i t 

appears t h a t the formation of benzene and i o d a t e i s accompanied 

by l e s s simple r e a c t i o n s producing, among ot h e r s u b s t a n c e s , 

iodobenzene and, p o s s i b l y , d i p h e n y l . 

( i i ) R e f r a c t i v e i n d i c e s of d i p h e n y l i o d y l a c e t a t e . 

F o r both the o r d i n a r y and the e x t r a o r d i n a r y r a y s t h e r e ­

f r a c t i v e index was d e t e m i n e d approximately by the Becker l i n e 
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t e s t , and then more a c c u r a t e l y by choosing a l i q u i d i n which 
the c r y s t a l was t o t a l l y i n v i s i b l e ; t h e r e f r a c t i v e i n d i c e s of 
the corresponding l i q u i d s were determined by the use of an Abbe 
r e f r a c t o m e t e r . 

R e f r a c t i v e index of o r d i n a r y r a y 1,679 

R e f r a c t i v e index of e x t r a o r d i n a r y r a y .... 1,685 

B i r e f r i n g e n c e .... 0.006 

O p t i c a l s i g n .... P o s i t i v e 

The examination of other o p t i c a l p r o p e r t i e s of the i o d y l 

a c e t a t e was not p r a c t i c a b l e owing to the i m p o s s i b i l i t y of grow­

i n g l a r g e enough c r y s t a l s . 

5. p-Acetaminophenyl-phenyliodyl A c e t a t e . 

( a ) 1^reparation of p - I o d o x y a c e t a n i l i d e . 

The p r e p a r a t i o n of p - i o d o x y a c e t a n i l i d e proved to be much 

l e s s s t r a i g h t f o r w a r d than t h a t of iodoxybenzene. Oaro* s a c i d 

d i d not o x i d i s e p - i o d o a o e t a n i l i d e even a f t e r shaking the mixture 

f o r 24 hours; t h e r e f o r e , the method v i a the i o d o d i c h l o r i d e had 

to be r e s o r t e d t o . The iododichlorid© was made by the method 

g i v e n by «,emer (J.G.S., 1906, S9_, 1633); a s a t u r a t e d s o l u t i o n 

(about 1%) of one gram of p - i o d o a c e t a n i l i d e was made i n c h l o r o -

foim and c h l o r i n e passed i n t o the l i q u o r f o r 15 minutes. The 

canary-yellow c r y s t a l l i n e d e p o s i t of d i c h l o r i d e , a f t e r f i l t e r i n g 

and d r y i n g , was t r e a t e d w i t h 75 c . c , sodium h y p o c h l o r i t e made 

by bubbling c h l o r i n e through 2N s o d i m hydroxide f o r 2 hours, 

n e u t r a l i s i n g and s a t u r a t i n g w i t h sodium b i c a r b o n a t e . However, 
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the d i c h l o r i d e proved to be so s t a b l e t h a t a f t e r S.Vg ^^^o^^s 

at 4 5 ° i t was foxind, on f i l t e r i n g , t h a t c l o t t e d p i e c e s of t h e 

s o l i d contained unchanged yellow d i c h l o r i d e . G r i n d i n g and r e ­

h e a t i n g t h e ^ o l l d to 50*^ f o r 2 hours w i t h a f r e s h l o t of sodium 

h y p o c h l o r i t e e f f e c t e d the change completely. The washed and 

d r i e d s o l i d , which had a h y p o c h l o r i t e s m e l l not removed by 

f u r t h e r washing, gave an A t i t r a t i o n of 5 4 . 9 i n s t e a d of 7 3 . 3 . 

T h i s e q u i v a l e n t corresponded t o t h a t of p-lodoxy N - c h l o r a c e t -

a n i l l d e ( t h e o r e t i c a l A - e q u i v a l e n t 5 4 . 8 ) and treatment o v e r n i g h t 

w i t h M / 1 0 h y d r o c h l o r i c a c i d only p a r t i a l l y converted the c h l o r -

amine to 4-lodoxy 2 - G h l o r a c e t a n i l l d e , t h e new e q u i v a l e n t being 

7 2 . 9 ( t h e o r e t i c a l f o r 4-iodoxy 2 - c h l o r a c e t a n l l i d e 3 2 . 1 ) and 

the product of i o d i d e r e d u c t i o n had a m e l t i n g p o i n t from 122*^ 

to 1 6 0 ° . 

R e p e t i t i o n of the p r e p a r a t i o n on a 10-gram s c a l e gave a 

6 9 ^ y i e l d of p-iodoxy N - c h l o r a c e t a n l l i d e w i t h an A e q u i v a l e n t 

of 5 4 , 9 and a 3 e q u i v a l e n t of 1 5 6 . 3 { t h e o r e t i c a l 5 4 . 8 and 1 6 4 , 2 

r e s p e c t i v e l y ) . Samples of t h i s were t r e a t e d w i t h v a r i o u s r e ­

agents without e f f e c t i v e c o n v e r s i o n of the oompoxind i n t o e i t h e r 

p - i o d o x y a c e t a n l l l d e or 4-iodoxy 2 - c h l o r a c e t a n l l i d e , Those r e ­

agents t r i e d i n the c o n v e r s i o n were: N/lO h y d r o c h l o r i c a c i d , 

N / 1 0 s u l p h u r i c a c i d , g l a c i a l a c e t i c a c i d , a mixture of g l a c i a l 

a c e t i c and h y d r o c h l o r i c a c i d s , 2 0 ^ aqueous a c e t i c a c i d , a mix­

t u r e of 2 0 ^ a c e t i c a c i d and h y d r o c h l o r i c a c i d , benzene w i t h 

u l t r a v i o l e t i r r a d i a t i o n s from a mercury vapour lamp, a l l of 
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which had l i t t l e or no e f f e c t on the chloramine, and b o i l i n g 

e t h y l a l c o h o l which wholly reduced the lodoxycompound to 4-

iodo 2 - c h l o r a c e t a n i l i d e . An attempt was made t o c o n v e i t t h e 

d i c h l o r i d e i n t o t h e iodosocompound by m e c h a n i c a l l y shaking i t 

w i t h 101 c,c. 0.4N sodium hydroxide a t 0°, but a f t e r C.^^/g 

hours the change was f a r from complete, and wheeling of t h e 

mixture overnight caused a decomposition of any iodosocompound 

formed. 

O x i d a t i o n of the i o d o d i c h l o r i d e i n p y r i d i n e was attempted 

as f o l l o w s : - 5 m i l l i m o l s , of the d i c h l o r i d e were d i s s o l v e d i n 

10 c.o, of p y r i d i n e and 10 c . c , of water. 0,8 gram of d i c h l o r -

amlne T was added as a source of the hypochlorous a c i d , but 

a f t e r s e v e r a l hours' wheeling no iodoxycompound was produced. 

The e f f e c t of ajnmonia on the p-iodoxy N - c h l o r a c e t a n i l i d e 

seemed more s a t i s f a c t o r y ; a f t e r shaking a weighed sample of 

the s o l i d with 10 c . c . 2N ajnmonia f o r 2 hours i t s e q u i v a l e n t 

was i n c r e a s e d to 76.0, the B oxygen was t o t a l l y destroyed and 

the product of i o d i d e r e d u c t i o n melted s h a r p l y a t 184°. ( M e l t ­

i n g p o i n t of p - i o d o a c e t a n i l i d e 184.5°.) 3.33 grams of the 

iodoxychloramine were t r e a t e d s i m i l a r l y , but the r e s u l t i n g 

product contained 20^ i o d o a c e t a n i l i d e smd needed f o u r e x t r a c ­

t i o n s w i t h b o i l i n g benzene to r a i s e the p u r i t y of the iodoxy-

oompoiind to 95,^. The f i n a l product exploded at 162° ( i / y i l l g e r -

odt, "Die organischen Verbindungen mit mehrwertigem Jod'*, g i v e s 

as t h e decomposition po i n t of p - i o d o x y a c e t a n i l i d e 163°), and 

the i o d i d e r e d u c t i o n product, both alone and mixed w i t h s t o c k 
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p - i o d o a c e t a n i l i d e , melted at 183.5'^. 11.5 grams of p-iodoxy-

a c e t s i n i l i d e ( r e p r e s e n t i n g an 80% y i e l d of the t h e o r e t i c a l 

amount) were prepared from the iodocompound by t h i s method. 

(b ) p - I o d o x y a c e t a n i l i d e and sodium hydroxide. 

B e f o r e any attempt at the p r e p a r a t i o n of a "mixed" l o d y l 

compound could be made i t was n e c e s s a r y to d i s c o v e r something 

of the na t u r e of the r e a c t i o n between p - l o d o x y a c e t a n l l i d e and 

sodium hydroxide, whether i n f a c t the i n i t i a l d i s s o l u t i o n of 

the iodoxycompound was r e v e r s i b l e , t h a t i s , whether or not the 

substance formed an i o d o x y l a t e analogous wi t h the s i m p l e r benz­

ene d e r i v a t i v e , and whether t h i s body, i f formed, s i i f f e r e d t h e 

f u r t h e r i r r e v e r s i b l e change i n t o the iodylcompound, 

( 1 ) I n i t i a l d i s s o l u t i o n of the p - l o d o x y a c e t a n i l l d e . 

0,5054 m i l l i m o l , of w e l l ground p - i o d o x y a c e t a n l l l d e was 

shaken w i t h 20.0 c . c . 0.0504N sodium hydroxide f o r I . V 4 hours 

without any apparent d i s s o l u t i o n of t h e s o l i d ; a f t e r a f u r t h e r 

15 hours' shaking t h e r e was formed a s o l u t i o n t u r b i d w i t h a 

s m a l l amount too f i n e to be f i l t e r e d . S a t u r a t i o n of the l i q u o r 

w i t h carbon d i o x i d e i n c r e a s e d t h i s t u r b i d i t y but l i t t l e , and 

long s t a n d i n g of the n e u t r a l i s e d s o l u t i o n gave 10 m i l l i g r a m s 

only of a r a t h e r d i r t y - l o o k i n g s o l i d which, w i t h a c i d i f i e d 

aqueous i o d i d e , gave 0.093 m i l l i e q u i v a l e n t s of i o d i n e and p o s s ­

i b l y iodonlum i o d i d e . The f i l t r a t e c ontained 1.77 m l l l i e q u i v a l 

e n t s of A oxygen, 0.256 m i l l i e q u i v a l e n t s of B oxygen and r e d u c ­

t i o n w i t h sulphur d i o x i d e f o l l o w e d by sodium i o d i d e gave an 
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lodonium i o d i d e p r e c i p i t a t e . The weakness of the a l k a l i used 

i n t h i s t e s t had n e c e s s i t a t e d an overnight wheeling of the p-

a c e t a n i l i d e - a l k a l i mixture (due t o the l e s s r a p i d i n i t i a l r e ­

a c t i o n than i n the case of lodoxybenzene i t s e l f ) , and d u r i n g 

t h i s p e riod the l o d o x y l a t e , i f f o m e d a t a l l , had had ample 

time to decompose f u r t h e r . I n order to reduce t h i s time of 

d i s s o l u t i o n 0.2N i n s t e a d of 0.05N a l k a l i was used. A mixture 

of 0.524 m i l l i m o l . of the iodoxycompound and 5,53 o.c. 0,1997N 

sodium hydroxide was shaken f o r 53 minutes, and the remaining 

s o l i d f i l t e r e d o f f . T h i s s o l i d , which weighed 0.0538 gram 

when d r i e d , proved, on lodometric t i t r a t i o n , t o be unchanged 

i o d o x y a c e t a n i l l d e , N e u t r a l i s i n g and s a t u r a t i n g the f i l t r a t e 

w i t h carbon d i o x i d e gave no d e p o s i t ; t h e r e f o r e t h e l i q u o r was 

made to standard volume and a l i q u o t e d f o r A and B t i t r a t i o n s 

and a barium p r e c i p i t a t i o n . The A oxygen i n s o l u t i o n was 1,36 

m i l l i e q u i v a l e n t s and t h i s , added to t h a t of the r e s i d u a l s o l i d 

iodoxycompound, gave a t o t a l of 2.04 m l 1 1 1 e q u i v a l e n t s ; o r i g i n ­

a l l y t h e r e were 2.09 m i l l i e q u i v a l e n t s of A oxygen. The t o t a l 

b o r a x - a c t i v e oxygen i n the s o l u t i o n was only 0,40 m i l l i e q u i v a l ­

e n t s , w h i l s t i n the barium p r e o i p i t a t i o n , f o r which h a l f of t h e 

f i l t r a t e was used, only a f a i n t t u r b i d i t y r e s u l t e d on long 

st a n d i n g . 

Although i t was evident from t h e s e t e s t s , which were done 

on v e r y s m a l l amounts of m a t e r i a l , t h a t the p - i o d o x y a c e t a n i l i d e 

produced an i o d y l compound on a l k a l i treatment, t h e r e was no 
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evidence of a r e v e r s i b l e iodoxylate f o m a t i o n having occurred. 

i i . Di-p-Acetaminophenyl-^feefiyjr-iodyl hydroxide. 

Following the method employed i n the preparation of d i -

phenyl-iodyl compounds, 3.079 mi l l i m o l s , of p-iodoxyacetanilide 

were shaken with 6.36 c.c. of i c e - c o l d 0,9687N a l k a l i ; a f t e r 36 

minutes the whole mass went extremely s t i f f and very s l i g h t l y 

coloured. During 5 hours the mixture was shaken c o n t i n u a l l y 

and frequently ground, but even d i l u t i o n to 10 c.o, did not 

appreciably d i s s o l v e the s o l i d which had formed; had t h i s 

l a t t e r been sodium lodate, i t would have dissolved with ease 

i n t h i s volume of a l k a l i . The r e s u l t i n g products were f i l t e r e d 

and the cream-coloured s o l i d on the f i l t e r washed a l k a l i - f r e e 

with water, without v i s i b l e d i s s o l u t i o n of the p r e c i p i t a t e . 

T h i s s o l i d , when analysed, gave the following r e s u l t s 

a) One A oxygen equivalent per ... 248 grams, 

b) One B oxygen equivalent per ,., 267 grams, 

c) One iodonium r a d i c l e per ...... 422 grams, 

d) One iodine atom per 429 grains. 

The iodonium iodide from c) contained, by a s i l v e r p r e c i p i t a t i o n , 

one i o n i c iodine per 540 graras. 

The substance therefore appeared to be r a t h e r impure d i -

p-acetaminophenyliodyl hydroxide, (GH3G0HNG^H4)2l.0,0H (molec­

u l a r weight 428). 

I n an attempt to prepare the acetate of t h i s i o d y l base, 

0,0433 gram was t r e a t e d with 0.013 gram of g l a c i a l a c e t i c aoid; 
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d i l u t i o n w i t h water of the v i s c o u s l i q u i d foimed gave no d e p o s i t , 

whereas treatment w i t h e t h e r gave a white s o l i d which, a f t e r 

washing a c i d - f r e e w i t h e t h e r and vacuum-drying, weighed 0.0484 

gram; f o r t h e formation of the a c e t a t e a weight of 0.0493 gram 

should have been recorded. An i n s u f f i c i e n t q u a n t i t y of the 

s o l i d was made f o r any a n a l y s e s to be done on i t . 

The a l k a l i n e f i l t r a t e was a l s o a l i q u o t e d f o r a n a l y s e s , g i v ­

i n g t h e f o l l o w i n g r e s u l t s : -

P e r 10.0 gram-molecules RIO2 i n i t i a l l y : -

A l k a l i n i t y decrease 2,13 e q u i v a l e n t s ( p h e n o l -
p h t h a l e i n ) 

lodonliam r a d i c l e 0,55 gram-ion. 

A oxygen , 30.92 e q u i v a l e n t s . 

B oxygen , 1,59 e q u i v a l e n t s . 

Barium p r e c i p i t a t i o n : -

P r e c i p i t a t e : 

A oxygen 25.8 e q u i v a l e n t s . 

B oxygen N i l . 
T o t a l A, 27.4 

F i l t r a t e : 
T o t a l B, 1,59 

A oxygen 1,61 e q u i v a l e n t s . 

B oxygen 1.59 e q u i v a l e n t s . 

That t h i s i o d y l base i s very s p a r i n g l y s o l u b l e i n d i l u t e 

a l k a l i i s shown by the r e l a t i v e l y s m a l l p r o p o r t i o n of t o t a l 

iodoniiam t h a t i s p r e c l p i t a b l e from the f i l t r a t e . 
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( c ) p-Acetaminophenyl-phenyl-iodyl hydroxide. 

Having a s c e r t a i n e d t h a t p - i o d o x y a c e t a n i l i d e formed r e l a t ­
i v e l y s t a b l e i o d y l d e r i v a t i v e s , attempts were made to prepare 
p-acetaminophenyl-phenyl-iodyl a c e t a t e , a ''mixed" i o d y l com­
pound. An equimolecular mixture of f i n e l y - g r o u n d iodoxybenzene 
and p-ioAoxyacetaxiilid*' 

X(3,3o m i l l i m o l s , of each) was shaken at Ô G wi t h 14.1 c . c . 

0.97K sodium hydroxide f o r two hours, Sodixoiri i o d a t e d e p o s i t e d 

i n long n e e d l e s from the pale-brown l i q u o r and, a f t e r f i l t e r ­

i n g , the l a t t e r was n e u t r a l i s e d and s a t u r a t e d w i t h carbon d i ­

oxide which caused an a p p r e c i a b l e p r e c i p i t a t i o n of an almost 

white, amorphous s o l i d ; t h i s s o l i d was f i l t e r e d , washed w e l l 

w i t h water, i n which i t was very s p a r i n g l y s o l u b l e , and d r i e d 

i n vacuo. When dry the m a t e r i a l , weighing 0,80 gram, was cream 

c o l o u r e d and had the p e c u l i a r f l y i n g and c l i n g i n g p r o p e r t i e s 

of t h e p r e v i o u s i o d y l carbonate even to a more pronounced 

degree. T i t r a t i o n s fot? a c i d - a c t i v e oxygen were performed on 

the s o l i d carbonate, the carbonated f i l t r a t e from i t , the 

washings of the s o l i d and the de p o s i t e d sodium i o d a t e . The 

f o l l o w i n g i s a sxiirimary of t h e s e t i t r a t i o n s : -

I n i t i a l l y : A oxygen 26.64 m i l l i e q u i v a l e n t s . 

F i n a l l y : A oxygen from 

a) Deposited sodium i o d a t e .... 11,24 m i l l i e q u i v s 

b) Main carbonated f i l t r a t e ,.. 10,79 

o) S o l i d i o d y l carbonate 3,25 

d) Washings of c ) 1,44 
T o t a l 26.72 m i l l i e q u i v s 
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The iodonium s a l t i n the main f i l t r a t e was p r e c i p i t a t e d as 
iodide a f t e r sulphur dioxide reduction; i t fomed as a yellow, 
c r y s t a l l i n e s o l i d and, a f t e r washing and drying, was used f o r 
an estimation of i t s i o n i c Iodine content by a d d i t i o n of and 
long wheeling w i t h s i l v e r n i t r a t e s o l u t i o n , a value of one 
gramion of iodine per 463 grams of iodoni\am iodide being ob­
tained. p-Acetaminophenyl-phenyl-iodonium iodide would r e ­
quire a value of one gramion of iodine per 465 grams of i o d i d e , 
which meant the formation of e i t h e r (a) a "mixed" i o d y l base, 
(GH3G0HKG5H4)(G5H5)I.0.0H, or (b) an equimolecular mixture of 
di-p-acetaminophenyl i o d y l hydroxide, (GH5G0HE.G5H4)2l.O.OH and 
d i p h e n y l i o d y l hydroxide, (GgH^)gI.O,OH; the l a t t e r would imply 
the equal s o l u b i l i t i e s i n water of the respective carbonates 
of these bases, and t h i s seemed u n l i k e l y i n view of the g r e a t l y 
d i f f e r i n g p r o p e r t i e s expected i n the two substances due t o the 
presence i n one of them of the acetamino group. Another point 
worthy of note and favouring (a) above i s t h a t , although both 
diphenyliodonium iodide and di-p-acetaminophenyl iodoni\Am i o d ­
ide are p e r f e c t l y white s o l i d s , the iodide p r e c i p i t a t e d from 
the l i q u o r s of the mixed iodoxy-compounds was a d e f i n i t e yellow, 
w h i l s t the l i t e r a t u r e describes p-acetaminophenyl-phenyl iodon­
ium i o d i d e as b r i g h t yellow. 

A f u r t h e r preparation of the ''mixed" i o d y l carbonate was 
attempted on a l a r g e r scale, and i n t h i s case the carbonate, 
which was almost white and, when dry, weighed 2.1 grams, was 
t r e a t e d w i t h the least amount of g l a c i a l acetic acid necessary 
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t o dissolve i t . The pale-brown s o l u t i o n formed deposited no 
s o l i d e i t h e r on evaporation or d i l u t i o n , and t h e r e f o r e was 
ground w i t h suocessive amounts of ether u n t i l the whole mass 
had turned s o l i d and no longer contained acetic acid. A f t e r 
d r y i n g , the acetate weighed 1.66 grams, decomposed at 104.5*^G, 
and gave the f o l l o w i n g r e s u l t s on analysis:-

a) One A oxygen atom per 438 grams 
b) One iodonium r a d i c l e per 427 grams 
c) One iodine atom per 432 grams. 

I n each case the t h e o r e t i c a l value f o r 
(GH5GOWE.G5H4) (O5H5 )1.0. OHGH5GOOH 

i s 431, Also a s i l v e r p r e c i p i t a t i o n of the iodonixim iodide 
formed from t h i s s o l i d gave a value of one i o n i c i o dine atom 
per 478 grams of the s a l t . ( T h e oretical 466.) 

Here again, as i n the case of the iodonium i o d i d e , there 
i s no d e f i n i t e proof of the foimation of a "mixed" i o d y l com­
pound and not of an equimoleoular mixture of the two separate 
acetates. The l a t t e r would imply not only the equal s o l u b i l i t i e s 
of the carbonates i n both saturated sodium carbonate s o l u t i o n 
and water, but also t h a t t h e i r acetates were equally soluble 
i n the e t h e r - g l a c i a l acetic acid mixture used i n the prepar­
a t i o n , as w e l l as i n ether alone. From the d i f f e r e n t chemical 
nature of the two compounds, these p r o p e r t i e s would not be ex­
pected. Also, the s o l u t i o n i n g l a c i a l acetic acid of the 
•'mixed" i o d y l acetate gave no sign of c r y s t a l formation on d i l ­
u t i o n or evaporation; were the substance a mixture of acetates, 
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some appearance of the rhombic c r y s t a l s so o f t e n obtained i n 
the diphenyl i o d y l acetate preparations might have been ex­
pected. I t was also found t h a t the "mixed" i o d y l acetate was 
instantaneously and completely hydrolysed by water w i t h the 
immediate formation of a yellow o i l ; d i p h enyliodyl acetate 
does not behave thus, although there wag no evidence of \m-
changed s o l i d i n the hydrolysed product. Although not prov­
ing d e f i n i t e l y the formation of the acetate of p-acetamino­
phenyl-phenyl i o d y l hydroxide, the above r e s u l t s seem d e f i n ­
i t e l y i n favour of i t s existence. 
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GHAir'TER POUR 

A KEhV METHOD OF FRSFAKTNG DIARYL lODONIUM DERIVATIVES. 

(Note: The experimental work described i n the i n t r o d ­
u c t i o n t o t h i s chapter was not undertaken by the 

Author. ) 

1. I n t r o d u c t i o n . 
The foregoing enquiries arose i n the f i r s t place i n an 

attempt t o discover t o what extent the analogy between i o d i c 
acid and n i t r i c acid was maintained, p a r t i c u l a r l y i n t h e i r 
a c t i o n on benzene and i t s d e r i v a t i v e s . I t was because actions 
encountered early i n the i n v e s t i g a t i o n s showed th a t many funda­
mental properties of aromatic compounds of m u l t i v a l e n t i o d i n e 
had remained obscure t h a t the previous studies were c a r r i e d 
out. 

^hen small q u a n t i t i e s of benzene were shaken w i t h w e l l -
powdered io d i n e pentoxide suspended i n concentrated sulphuric 
a c i d there was an immediate r e a c t i o n r e s u l t i n g i n a dark sol u ­
t i o n which, when drowned w i t h water, gave a f l o c k y , b u f f -
coloured p r e c i p i t a t e , accompanied by the smell of aromatic 
iodocompounds. The p r e c i p i t a t e formed dissolved r e a d i l y i n 
acetone and, on i g n i t i o n , evolved i o d i n e , w h i l s t the f i l t r a t e 
from i t (a) contained no f r e e i o d i n e ; (b) d i d not give i o d ­
i n e on a d d i t i o n of sodium iodide s o l u t i o n , but formed a s l i g h t 
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white p r e c i p i t a t e ; (o) w i t h aqueous bromine gave a slow pre­
c i p i t a t i o n of a white m i c r o - c r y s t a l l i n e s o l i d of greater bulk 
than t h a t of ( b ) ; (d) suffered no change on n e u t r a l i s a t i o n 
w i t h aqueous sodium hydroxide; and (e) gave only a s l i g h t , 
slow-forming p r e c i p i t a t e on a d d i t i o n of s i l v e r n i t r a t e solu­
t i o n . I n place of benzene, d e r i v a t i v e s of i t were used i n the 
r e a c t i o n , when i t was found t h a t chloro- and bromobenzene r e ­
acted more smoothly but also more slowly than d i d benzene i t ­
s e l f , whereas nitrobenzene d i d not react, and w i t h anisole the 
r e a c t i o n was too vigorous t o be c o n t r o l l e d under nomal con­
d i t i o n s . 

Tests showed t h a t cleaner products were possible by using 
sulphuric acid more d i l u t e than concentrated, and t h e r e f o r e an 
experiment on a la r g e r scale was attempted by adding a s o l u t i o n 
of 25 milligrammols, of iodine pentoxide i n 7 c.c. of water 
t o 27.3 C O . concentrated sulphuric acid, shaking the suspen­
sion thus formed w i t h 0,1 grammol. of chlorobenzene and adding 
at i n t e r v a l s 60.2 o,c, concentrated sulphuric a c i d , the l a t t e r 
a d d i t i o n being so regulated t h a t the temperature was kept below 
26*̂ G, A f t e r d i l u t i o n w i t h i c e , the mixture was allowed t o stand 
f o r 24 hours, a f t e r which time large buff-coloured c r y s t a l s and 
a heavy red o i l had deposited. The product was f i l t e r e d and 
excess i o d i c acid washed from the s o l i d w i t h 8 t o ION sulphuric 
acid. I t was found possible to remove the o i l by washing the 
f i l t e r e d mixture a l t e r n a t e l y w i t h ether and chloroform, although, 
l a t e r , o b j e c t i o n was found t o the use of the l a t t e r solveiat. 
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Q u a l i t a t i v e t e s t s on the c r y s t a l s , which had a dry weight of 
9.5 grams, showed (a) water r e a d i l y attacked the s o l i d , d i s ­
i n t e g r a t i n g , then d i s s o l v i n g i t and f i n a l l y leaving drops of 
a colourless o i l ; the s o l u t i o n formed was strongly acid t o 
l i t m u s ; (b) the c r y s t a l s dissolved r a p i d l y i n alcohol and 
redeposited i n f e r n s , the same o i l being v i s i b l e when the a l ­
cohol evaporated; (c) aqueous sodiim iodide p r e c i p i t a t e d from 
a s o l u t i o n of the c r y s t a l s i n water a t h i c k white s o l i d , but 
there was no trace of iodine l i b e r a t e d ; (d) a s o l u t i o n of t h e 
c r y s t a l s gave w i t h potassixam chromate a t h i c k yellow p r e c i p i t ­
ate; and (e) w i t h barium chloride or n i t r a t e s o l u t i o n p r e c i p ­
i t a t e d barium sulphate. Prom these t e s t s i t was suggested t h a t 
the c r y s t a l s had the composition (G5H4GI)2»I.-^.HSO^ or 
|^(05H4G1 )2lX 2̂ *̂ 4> '^here X represented the o i l l i b e r a t e d by the 
a c t i o n of water. Other products formed i n the reac t i o n were p-
chloriodobenzene and a small amount of a phenolic body which 
was not characterised. 

Several problems presented themselves as a r e s u l t of t h i s 
p r e l i m i n a r y work. P r i m a r i l y , the y i e l d of iodonium acid-sulph­
ate, even i f the c r y s t a l s deposited were so l e l y t h i s compound, 
was only 40J? of the t h e o r e t i c a l , and therefore the method used 
i n i t s preparation needed modifying i f possible t o increase the 
y i e l d ; t h i s s o l i d , which q u a l i t a t i v e l y gave the reactions of 
iodonium acid-sulphate, needed thoroughly analysing and i t s ap­
parent decomposition by water as w e l l as other p r o p e r t i e s i n ­
v e s t i g a t i n g ; t h i r d l y , the secondary products needed character­

i s i n g 
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and the amounts of them formed determined and^ i f possible, 
reduced; f o u r t h l y , i n the former " i o d y l a t i o n s " there was a 
great deficiency i n iodine and ch l o r i n e atoms and i n phenyl 
groups. I t seemed most probable t h a t the missing groups were 
i n the f i l t r a t e from the main s o l i d product and ther e f o r e t h i s 
f i l t r a t e required examination; and, f i f t h l y , according t o the 
equation: 

HIO^ + 2RH + HgSO^ > R2I.HSO4 + 2H2O + 0 
there was one atom of oxygen not accoiinted f o r i n the actual 
product of the r e a c t i o n , unless t h i s oxygen were used i n the 
production of by-products, i n which case some of these l a t t e r 
s t i l l remained t o be i d e n t i f i e d , since those already foxind 
were i n s u f f i c i e n t t o account f o r the usage of one atom of oxy­
gen per one molecule of i o d i c acid i n i t i a l l y . 

2. Attempts t o Increase the y i e l d of lodonium Acid-Sulphate 
and Modif i c a t i o n s i n the Method! 

(a) F i r s t i o d y l a t i o n . 
8.35 grams (22,7 milligrammols.) of powdered iodine pent-

oxide (90.7^ pure by iodometrio t i t r a t i o n ) were dissolved i n 5.0 
c.c. of water and the s o l u t i o n added t o 20 c.c, concentrated 
sulphuric acid, whereby a f i n e suspension of the acid was ob­
tai n e d . The suspension was cooled i n i c e , mixed w e l l w i t h 10,0 
c.c. (97,0 m i l l i m o l s . ) of chlorobenzene, and the mixture shaken 
f o r 20 minutes, a c a r e f u l watch being kept on the temperature, 
which was not allowed t o r i s e above 20^0. Goncentrated sulph­
u r i c acid i n q u a n t i t i e s of about 2 c.c. at a time was run i n t o 
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the mixture at intei^vals during 7 hours, w i t h c o n t i n u a l shak­
ing and, since there was the p o s s i b i l i t y of sudden and oompar-
i t i v e l y large increases i n temperature, w i t h frequent cooling 
of the r e a c t i o n vessel i n i c e . The s l i g h t pink colour which 
f i r s t developed changed during the f i r s t hour to a light-brown, 
the colour gradually darkening as more sulphuric acid was added, 
u n t i l the f i n a l product had a deeper colour than t h a t of bromine, 
A l t o g e t h e r 48.5 c.c, of sulphuric acid (0.874 graramol. ) were 
used and the temperature range was 15° t o 28^G. However, even 
at the end of t h i s time some small amount of s o l i d iodine pent-
oxide remained, 150 grams of clean ice were added slowly t o 
the mixture, the temperature being kept below 8*̂  during the ad­
d i t i o n , and thereby were produced a heavy red o i l and a t u r b i d , 
pale-orange s o l u t i o n which, a f t e r remaining oveinight surrounded 
w i t h i c e , deposited a y i e l d of buff-coloured needle c r y s t a l s . 
A f t e r f i l t e r i n g , the c r y s t a l s were washed f r e e from i o d i c acid 
w i t h 8N sulphuric a c i d at o'̂ , followed by ether which had been 
p u r i f i e d by d i s t i l l a t i o n from ajid d r y i n g over sodium. This 
l a t t e r washing lightened the c r y s t a l s t o a pale-brown colour, 
and the washings themselves were red. The ether washing was 
followed by one of chloroform from which e t h y l alcohol had 
been removed by shaking several times w i t h concentrated sulph­
u r i c acid and water, the l a t t e r being removed by d r y i n g over 
calcium c h l o r i d e . A d d i t i o n of chloroform caused an immediate 
darkening of the s o l i d w i t h the simultaneous e x t r a c t i o n of a 
dark-red product, A second ether washing again cleaned the 
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c r y s t a l s and, by washing a l t e r n a t e l y w i t h chloroform and ether, 
i t was seen t h a t the f o m e r caused a darkening of the s o l i d 
and t h a t t h i s was removed each time by the ether; i t was 
thought at t h i s stage t h a t the chloroform was loosening some 
product which the ether afterwards dissolved, although l a t e r 
i t was foixnd t h a t the c h l o r o f o m used a c t u a l l y decomposed the 
product and i n subsequent i o d y l a t i o n s the use of t h i s solvent 
was avoided. The washing was continued u n t i l the s o l i d was 
fr e e from sulphuric a c i d , and the now pale-brown c r y s t a l s were 
d r i e d i n vacuo, the dried product weighing 10.0 grams. 

As wel l as t h i s main product a d d i t i o n of ethereal hydriodic 
acid (made by reduction w i t h sulphur dioxide of a s o l u t i o n of 
iodine i n ether) t o the f i l t r a t e and sulphuric acid washings 
of the c r y s t a l s yielded an almost white p r e c i p i t a t e , the dry 
weight of which was 2.22 grams, and which had both the q u a l i t ­
a t i v e and q u a n t i t a t i v e properties of di-chlorophenyl iodonium 
i o d i d e , (For the q u a n t i t a t i v e analyses of t h i s and other prod­
ucts of the reaction see section 6 of t h i s chapter.) Also the 
ether and chloroform washes of the main product yield e d respect­
i v e l y 0,72 and 0,25 gram of p-iodochlorobenzene, w h i l s t e x t r a c ­
t i o n of the o i l y f i l t r a t e furnished a f u r t h e r 0.34 gram of the 
same compound together w i t h about 0.1 gram of a brown phenolic 
body w i t h a penetrating smell. By iodometric t i t r a t i o n i t was 
estimated that t h e f i l t r a t e and acid washings contained i o d i c 
acid equivalent t o 23.0 m i l l i e q u i v a l e n t s of a c t i v e oxygen. 
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Summary of Y i e l d s of F i r s t l o d y l a t i o n . 

Charge:-

Iodine pentoxide (90,7^^) ..... 8.35 grams ... 22.7 m i l l i m o l s . 

Ghlorobenzene 10.0 o.c 97.0 m i l l i m o l s . 

Ooncentrated sulphuric a c i d ,, 48.5 c.c. ... 874.0 m i l l i m o l s . 

Recovered:-

Di-ohlorophenyl iodonium ac i d sulphate 9.99 grams. 

Di-chlorophenyl iodonium ion, weighed as iodide 2.22 grsims. 

p-Iodoohlorobenzene , 1.29 grams. 

Acid-aotive oxygen 23.0 m i l l i e q u i v s . 

Y i e l d s : -

Ghlorophenyl groups: from 

lodonium acid-sulphate 44,7 

lodonium i n solu t i o n 9.4 

lodochlorobenzene 5.4 

Total 59.6 

Missing 37.6 

Percentage recovered .... 60.3 

Iodine atoms: from 

lodonium aoid-sulphate 22.4 

lodonium i n solu t i o n 4.7 

lodochlorobenzene 5.4 

Unchanged i o d i c acid 3.8 

Total 36.3 

Mi ssing 9.1 

Percentage recovered .... 78.0 
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Oxygen atoms: through formation of 

lodonium hydroxide 27.1 

Iodochlorobenzene .•••••••»,,• 2,7 

Total , 29.8 

Missing 74.2 

Percentage recovered .... 28,6 

(b) Second iod y l a t i o n . 

I t was thought possible that part of the great d e f i c i e n c i e s 

encountered i n the f i r s t i o d y l a t i o n was due to i n s u f f i c i e n t care 

being observed i n the protection from l o s s of v o l a t i l e products; 

therefore i n the second preparation greater attention was paid 

to products extractable by orgemic solvents. 

Except that the iodine pentoxide used was of p u r i t y 99,4^, 

the recipe and method employed were s i m i l a r to those of the 

previous i o d y l a t i o n j the temperature range during r e a c t i o n 

was 17° to 30°G and the t o t a l concentrated sulphuric a c i d used 

was 0.919 grammol. After d i l u t i o n with i c e and standing over­

night, the c r y s t a l s foimed were f i l t e r e d and shaken as dry as 

p o s s i b l e , and, as before, care was taken that by the use of 

calcivim c h loride traps only dry a i r passed through the c r y s t a l s . 

The s o l i d was now washed with 200 c.o, benzene, 20 c.c. at a 

time, and these washings together with a f u r t h e r 300 c.c. were 

used f o r extracting the f i l t r a t e from the c r y s t a l s ; the benzene 

ex t r a c t s were red. Following t h i s , the s o l i d on the f i l t e r was 

washed a l t e r n a t e l y with pure dry ether and p u r i f i e d chlorofom, 

about 200 c.c. of each being used, and the now fawn-coloured 
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p r e c i p i t a t e was d r i e d i n vacuo. I t s dry weight was 14.27 
grams. 

The benzene e x t r a c t , a f t e r drying over calcium c h l o r i d e , 
was vacuum d i s t i l l e d at 26^G, when i t was found to contain f r e e 
i o d i n e , lodometric t i t r a t i o n of an a l i q u o t p o r t i o n showed t h a t 
1.61 m i l l i e q u i v a l e n t s of iodine were present i n t h i s e x t r a c t . 
The actual weight of residue from the benzene was 3.58 grams, 
but since 0.18 gram of t h i s had been shown to be i o d i n e , the 
weight of product other than the l a t t e r present was 3,40 grams. 
This s o l i d was washed f r e e from iodine w i t h aqueous sodium i o d ­
i d e , but t h i s washing removed, as w e l l as i o d i n e , yellow needle 
c r y s t a l s which redeposited from the aqueous s o l u t i o n on cooling 
i t overnight i n i c e ; these c r y s t a l s , weighing 0.70 gram, 
proved t o be iodochlorobenzene, w h i l s t the f i l t r a t e from them, 
a f t e r a d d i t i o n of excess thiosulphate and e x t r a c t i o n w i t h benz­
ene, yielded 0.10 gram of a dark-brown o i l which t e s t s showed 
to be a non-phenolic mixture. On adding excess sodium hydrox­
ide t o the l i q u o r and r e - e x t r a c t i n g w i t h benzene, evaporation 
of the e x t r a c t l e f t 0.10 gram of a light-brown lachrymatory 
o i l w i t h a pungent smell. The nature of n e i t h e r of these by­
products could be ascertained. The c r y s t a l l i n e s o l i d l e f t 
a f t e r sodium iodide e x t r a c t i o n weighed 1.63 grams and was q u i t e 
pure p-iodochlorobenzene. 

The ether washings of the main product contained 0.42 
m i l l i e q u i v a l e n t s of f r e e i o d i n e , and d i s t i l l a t i o n i n vacuo 
yi e l d e d 0.74 gram of a dark-brown, o i l y s o l i d , the p u r i f i c a t i o n 
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of which was attempted xmder a high vacuum, but even a f t e r be­
i n g kept at 66*̂ 0 f o r 7 hours there was only a trace of a yellow, 
pungent-smelling sublimate c o n s i s t i n g of a mixture of an amor­
phous s o l i d and m i c r o - c r y s t a l l i n e plates i n too small q u a n t i t ­
ies t o be characterised. 

There was no f r e e iodine i n the c h l o r o f o m washings of 
the main y i e l d , and d i s t i l l a t i o n of i t i n vacuo l e f t only 0.14 
gram of a c r y s t a l l i n e s o l i d which was mainly p-iodochlorobenz­
ene. 

From an a l i q u o t p o r t i o n of the acid f i l t r a t e and washings 
of the r e a c t i o n , which, i n t h i s i o d y l a t i o n , contained no i o d i c 
a c i d , the iodonium i n s o l u t i o n was p r e c i p i t a t e d w i t h aqueous 
hyd r i o d i c a c i d ; the p r e c i p i t a t e was white and, a f t e r washJ-ng 
aci d - f r e e w i t h water, followed by ether and drying i n a vacuum, 
weighed 1.92 gram ( c a l c u l a t e d on the t o t a l volume of l i q u o r ) . 
The remainder of the l i q u o r , a f t e r standing f o r f i v e days, 
deposited a c l u s t e r of brown f e m - c r y s t a l s of not more than 
0,1 gram weight and which proved to be p-iodochlorobenzene, 
together w i t h 0.11 gram of a l u s t r o u s , m i c r o - c r y s t a l l i n e black 
product, probably iodonium polyiodide. 
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Summary of Second l o d y l a t i o n . 

Gharge:-
Iodine pentoxide (99.4) 8.35 grams .... 24.9 m i l l i m o l s . 
Ghlorobenzene 10.0 c.c. ..... 97.0 m i l l i m o l s . 
Goncentrated sulphuric acid ... 50.0 c.c 919 m i l l i m o l s . 
Recovered:-
Di-chlorophenyl iodoniiim acid-sulphate 14.27 grams, 
Di-chlorophenyl iodonium i o n , weighed as iodide 1.92 grams. 
p-Iodoohlorobenzene 2.57 grams. 
Free iodine 2.03 m i l l i e q u i v s 
Non-phenolic v o l a t i l e s o l i d mixture, not 

characterised 0.94 gram. 
Y i e l d s : -

Ghlorophenyl groups: from 
lodonium aoid-sulphate 63.85 
lodonium i n s o l u t i o n 8.15 
lodoohlorobenzene 10.8 

To t a l 82.8 
Missing 14.2 
Percentage recovered 86,4 

Iodine atoms: from 
lodonium acid-sulphate 31.9 
lodonium i n s o l u t i o n 4.1 
lodochlorobenzene 10.8 
Free iodine 2.0 

T o t a l 48.8 
Missing 1.0 
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Percentage recovered ..... 98,0 
Oxygen atoms: through formation of 
lodonium hydroxide 36.0 
lodochlorobenzene 5.4 

T o t a l 41,4 
Missing 83.1 
Percentage recovered 33.2 

( c ) T h i r d i o d y l a t i o n . 
I t seemed conceivable that the reaction proceeded v i a the 

production of iodine t r i o x i d e or dioxide, formed thus:-
3I2O5 + 2I2 - 5l20^; 4I2O5 + I 2 = 5I2O4, 

the iodine required being produced by the d e s t r u c t i o n of the 
organic m a t e r i a l by some of the iodine pentoxide. Were t h i s so, 
then a d d i t i o n of iodine to the r e a c t i o n mixture would tend t o 
prevent the f o m a t i o n of by-products due t o o x i d a t i o n . An 
i o d y l a t i o n was therefore attempted i n which elementary i o d i n e 
was added to the i n i t i a l m a t e r i a l s . 

Iodine (0.635 gram) was dissolved i n 10,3 c.c. (0,10 mol. ) 
chlorobenzene and t h i s s o l u t i o n mixed w i t h a s o l u t i o n of 6,68 
grams (20 m i l l i m o l s , ) iodine pentoxide i n 5,0 c,c, water, 20 
c,c. concentrated sulphuric acid were added w i t h vigorous shak­
i n g during 35 minutes. The iodine colour disappeared very 
slowly and a f t e r 30 minutes* shaking sulphuric acid was added 
i n 2 c.c. l o t s , a l l evidence of fre e i o d i n e having disappeared 
a f t e r the a d d i t i o n of 10 c.c. The t o t a l time of shaking of t h e 
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r e a c t i o n mixture was f i v e hours, i n a l l 45 c.c. sulphuric acid 
being used, and the temperature range throughout was 24^ t o 
30^G. Treatment of the f i n a l mixture was as i n previous i o d y l -
a t i o n s , and the r e s u l t i n g products were of a s i m i l a r appearance 
and nature t o those of the f i r s t and second preparations. How­
ever, the y i e l d of iodonium acid-sulphate c r y s t a l s was only 
9,26 grams, less than had been previously obtained from 25 
m i l l i m o l s . of iodine pentoxide; i t therefore seemed t h a t the 
theory advanced was i n c o r r e c t , although l a t e r proof was afforded 
t h a t the r e a c t i o n d i d proceed smoother and w i t h greater y i e l d s 
by the use of iodine t r i o x i d e i n place of i o d i c acid (see sec­
t i o n 5 of t h i s chapter). 

(d) Fourth i o d y l a t i o n . 
A possible explanation of the i o d y l a t i o n process, which 

would account f o r the disappearance of oxygen without production 
of an o x i d i s i n g agent, was t h a t i n r e a c t i o n t r i p h e n y l i o d i n e 
oxide was formed, thus:-

I I 
^ ^ .R 

ite HOl — 1 = D ^ R — i C 
11 wp II \ 11 \R 
0 - 0 

of which the acid-sulphate would be 
Rs. ^ HSO4 

OH 
A c t u a l l y , according to t h i s scheme, four such reactions are 
possible:-
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( i ) RH + HIO5 —4 HgO + RIO2, forming an iodoxycompound, 
( i i ) 2m + HIO5 —^ HgO + Hgl.O.OH, forming d i a r y l i o d y l 

hydroxide, 
( i i i ) 5RH + HIOz —^ 2HoO + foiming a t r i a r y l i o d i ne 

^ ^ o oxide, 
( i v ) 4RH + HIO^ 2H2O + R4I.OH, f o m i n g a tetr© ayyl 

iodonium laase; 
of which ( i ) and ( i i ) had d e f i n i t e l y been proved not t o take 
place. However, i f the r e a c t i o n were that of forming a t r i a r y l 
i o d i ne oxide or a t e t r a - a r y l iodonium s a l t , or went v i a t h i s 
f o i m a t i o n , an i n s u f f i c i e n t amount of chlorobenzene had been 
used i n the previous preparations. I n t h i s f o u r t h i o d y l a t i o n , 
t h e r e f o r e , a twof o l d excess of the organic reagent was used. 

0.05 grammol. (16,70 grams) iodine pentoxide was dissolved 
i n 10 c.c, water, and the s o l u t i o n poured w i t h s t i r r i n g i n t o 
50 c,G, concentrated sulphuric a c i d ; t o the r e s u l t i n g suspen­
sion 40,9 c.c, (0.40 grammol,) chlorobenzene were added. A f t e r 
h a l f an hour's shaking, during which a s l i g h t darkening of the 
r e a c t i o n mixture occurred, a d d i t i o n of sulphuric a c i d was begun. 
The shaking was continued over ^.^/g hours, a t o t a l of 122 c.c. 
sulphuric a c i d being used. The mixture, which was very dark i n 
colour and appeared to contain imused o i l , was d i l u t e d w i t h 300 
c.c. i c e , foiming thereby a dark-brown o i l and a yellow so l u ­
t i o n . Rubbing f o r l ^ V g tiours caused most of the o i l t o s o l i d ­
i f y , and t o complete t h i s the s o l i d was ground w i t h successive 
parts of the l i q u o r f o r 20 minutes. The product was l e f t at 0^ 

f o r 12 hours, f i l t e r e d through a t a r e d , sintered-glass f i l t e r 
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and washed, f i r s t w i t h 8N sulphuric a c i d , then w i t h pure ether 
u n t i l a c id-free. The d r i e d c r y s t a l s weighed 32.9 grains. 

I n the mixed f i l t r a t e and acid-washings, which contained 
no i o d i c a c i d , there was iodonium s a l t equivalent t o 3.53 grams 
of the iodide. There was an amount of \inused ohlorobenzene i n 
the f i l t r a t e , and because of t h i s the d e t e m i n a t i o n of organic 
products was not e f f e c t e d . 

Summary of Socond l o d y l a t i o n . 

Charge: -
Iodine pentoxide (99.4^) 16.70 grams ... 49.8 m i l l i m o l s . 
Ghlorobenzene 40.9 c.c 0.40 grairinols. 
Concentrated sulphuric acid ....122.0 c.o 2.25 grammols. 
Recovered:-
Di-chlorophenyl iodonium acid-sulphate 32.9 grams. 
Di-chlorophenyl iodonium i o n , weighed as iodide 3,33 grams. 
Y i e l d s : -

Ghlorophenyl groups: from 
lodonium acid-sulphate 147.2 
lodonium i n s o l u t i o n 14.1 

Tot a l 161.3 
Not recovered as iodonium .... 238.7 
Percentage converted i n t o i o d ­

onium 40.3 
Iodine atoms: from 
lodonium acid-sulphate 73.6 
lodonium i n s o l u t i o n 7.1 
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Total 80.7 
Not recovered as iodonium .... 18.9 
Percentage converted i n t o i o d -

oniiom 81.0 
Oxygen atoms: through formation of 
lodoniiim hydroxide 80.7 

Missing 168.3 
Percentage recovered .... 32.4 

Prom these f i g u r e s i t i s seen t h a t on the iodine count 
there was an increase i n y i e l d , but 60% of the chlorobenzene 
used was not converted i n t o iodonium s a l t . There was no e v i d ­
ence from the preparation, t h e r e f o r e , t h a t the d i a r y l iodonium 
acid-sulphate had been produced v i a the formation of a t r i - or 
t e t r a - a r y l iodine oompoxind. 

Other i o d y l a t i o n s of chlorobenzene were performed, but as 
each was undertaken f o r some s p e c i f i c analysis, the y i e l d s from 
them were not determined. I n these l a t e r preparations i t was 
found advisable t o cool the r e a c t i o n mixture t o -20^0 before 
d i l u t i o n w i t h i c e also cooled t o t h i s temperature, thereby 
preventing the sudden and comparatively large increase i n 
temperature which previously had accompanied the d i l u t i o n . 
However, i t was not u n t i l experiments were attempted using 
iodine sesquioxide, instead of i o d i c a c i d , t h a t y i e l d s ap­
proximating t o the t h e o r e t i c a l were obtainable. (For these 
experiments see section 6 of t h i s chapter.) 
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(e) Benzene i o d y l a t i o n . 
A t r i a l t e s t showed t h a t f o r the i o d y l a t i o n of benzene an 

acid of composition stronger than HgSÔ .HgO caused the r e a c t i o n 
t o proceed too v i o l e n t l y and produced mainly an i n t r a c t a b l e t a r . 
The actual i o d y l a t i o n of benzene, t h e r e f o r e , was performed by 
s t a r t i n g w i t h an acid of composition H2SO4.2H2O and rtuining i n ­
t o the mixture an acid of composition H2S04,H20. Also i t seemed 
advisable t o work at lower temperatures than had been employed 
i n the chlorobenzene i o d y l a t i o n s , 

8.35 grams iodine pentoxide were dissolved i n 11,4 c,c, 
water and 20,0 c.c, concentrated sulphuric acid added (making 
^2^04,2H2O); the suspension was cooled i n i c e and 8,77 c,o, 
(0.10 grammol.) p u r i f i e d benzene run i n . The r e a c t i o n mixture 
was shaken surrounded i n i c e f o r h a l f an hour, when the temper­
ature remained constant at 0.8°G, but during t h i s time there 
was no apparent change. Therefore, sulphuric acid of composi­
t i o n H2S04.H20 was added i n portions of 2 c.c,, the temperature 
being kept at about 5°G; a f t e r the a d d i t i o n of 10 c.c, of t h i s 
acid the re a c t i o n began and continued slowly during the a d d i t i o n 
of a f u r t h e r 76 c.c. The t o t a l sulphuric acid used, t h e r e f o r e , 
was 1,14 grammol. and the time of r e a c t i o n "̂ ."̂ /̂  hours. D i l u ­
t i o n was c a r r i e d out w i t h 175 grams of clean i o e , the r e s u l t i n g 
l i q u o r then being 8.BK sulphuric acid. A f t e r standing over­
n i g h t the product appeared to be as clean as t h a t obtained i n 
the i o d y l a t i o n of ohlorobenzene. A viscous red o i l which had 
foimed along w i t h the c r y s t a l l i n e p r e c i p i t a t e d i d not s o l i d i f y 
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on rubbing. The c r y s t a l s were f i l t e r e d , washed f i r s t l y w i t h 
40 c.c. 8N sulphuric acid and then w i t h pure ether, the wash­
ings from which were orange-red. Continued e x t r a c t i o n of the 
s o l i d w i t h ether seemed t o convert i t t o a semi-solid mass 
which dissolved i n the extractant leaving only a trace of a 
dark-brown, amorphous s o l i d . 

P r e c i p i t a t i o n of the f i l t r a t e and acid-washings w i t h an 
aqueous hydriodio acid-sulphur dioxide s o l u t i o n yielded 5,30 
grams of diphenyl iodoniura iodide. The actual y i e l d , t h e r e ­
f o r e , of iodonium s a l t from the reaction was 26^ of the theor­
e t i c a l , 

( f ) Sujumary of method. 
I t was apparent from the above i o d y l a t i o n s w i t h i o d i c 

acid t h a t the main f a c t o r s determining the y i e l d of product 
were:-

( i ) The strength of sulphuric acid employed; an aci d 
was required strongerdian that i n which the r e a c t i o n d i d not 
proceed at a l l and weaker than that i n which the r e a c t i o n 
tended t o become v i o l e n t and producing thereby a greater quant 
i t y of by-product or t a r . I n the case of chlorobenzene the 
f i n a l sulphuric acid i n the reaction-mixture needed t o be of 
composition about 2H2SO4.H2O, and at no time during the reac­
t i o n could i t become stronger than t h i s without i n c r e a s i n g 
the p o s s i b i l i t y of the production of more by-product, With 
benzene the f i n a l sulphuric acid had t o be of composition 
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HgSO^.I.26H2O and never weaker than H2S0^.2H20. 

( i i ) The temperature-range of the r e a c t i o n . Here again 
a s u i t a b l e mean had t o be struck between the temperature at 
which the r e a c t i o n d i d not proceed and t h a t at which secondary 
reactions became too pronounced. Prom the foregoing experim­
ents i t appeared that below 16*̂ a the i o d y l a t i o n of chlorobenz­
ene was very slow, whereas above 24°-28^G the y i e l d of iodonium 
s a l t diminished. I n the case of benzene, however, the maximmn 
temperature allowable appeared t o be considerably below 10^0. 

( i i i ) The benzene d e r i v a t i v e used. Apparently, under 
those conditions employed, only c e r t a i n d e r i v a t i v e s of benzene 
could be io d y l a t e d . Of these, monohalogen aromatic compounds, 
t h a t i s , those containing an o-p-direoting s u b s t i t u e n t , were 
i o d y l a t e d w i t h greater ease and la r g e r y i e l d s than was benzene 
i t s e l f ; there was, however, a l i m i t t o t h i s type of d e r i v a t i v e 
since the methoxy group, f o r example, appeared t o be too h i g h l y 
a c t i v a t i n g , and w i t h anisole the re a c t i o n was too vigorous t o 
be c o n t r o l l e d so as t o y i e l d an iodonium compound. On the 
other hand, t e s t s suggested that nitrobenzene, containing an 
m-directing s u b s t i t u e n t , was not io d y l a t e d under s i m i l a r con­
d i t i o n s t o those used f o r chlorobenzene. 
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3. Analyses of the Products of l o d y l a t i o n . 

(a) Di-p-ohlorophenyl iodonium acid-sulphate. 
( i ) T i t r a t i o n of f r e e acid l i b e r a t e d i n water. 

A sample of the acid-sulphate c r y s t a l s (0,4551 gram) was 
shaken w i t h 25 c.o, of water; the s o l i d only p a r t i a l l y d i s ­
solved, g i v i n g a pale-brown s o l u t i o n and a darkening of the un­
dissolved p a r t i c l e s . Using methyl orange as i n d i c a t o r , the 
s o l u t i o n required 1.031 m i l l i e q u i v a l e n t s of N/10 sodium hydrox­
i d e , t h a t i s , one equivalent of a l k a l i per 441,4 grams of the 
acid-sulphate. The l i q u o r now contained the normal iodonium 
sulphate and was t r e a t e d w i t h excess N/10 s o d i m hydroxide, 
b o i l e d f o r h a l f an hour to decompose the sulphate, cooled, and 
the excess a l k a l i t i t r a t e d against hydrochloric acid. 1.026 
m i l l i e q u i v a l e n t s sodium hydroxide were used i n the decompos­
i t i o n , or one equivalent per 443.5 grams of o r i g i n a l s o l i d . 
(Molecular weight of (G^H^CDgl.HSO^, 446.9.) 

( i i ) Sulphate content. 
To 0,6126 gram of the product was added 100 c.c, of a b o i l ­

i n g s o l u t i o n of 2 grams of barium chloride i n N/10 hydrochloric 
acid. The mixture was b o i l e d f o r 2 hours, the volume of l i q u o r 
being kept constant and f i l t e r e d hot. A f t e r washing the white 
p r e c i p i t a t e 12 times w i t h b o i l i n g water i t was oven-dried and 
i g n i t e d i n a p l a t i n m c r u c i b l e . The weight of the p r e c i p i t a t e 
was 0.3236 gram, which meant one sulphate equivalent per 441.9 
grams of i n i t i a l substance. 
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( i i i ) Chlorine and iodine by Stepanow's method. 
The method employed f o r f o i m a t i o n of the a l k a l i halogen 

s o l u t i o n was s i m i l a r to t h a t used i n Chapter Three. However, 
because of the presence of both c h l o r i n e and i o d i n e , the estim­
a t i o n of halogens i n t h i s s o l u t i o n needed m o d i f i c a t i o n . T o t a l 
halogen was deteimined by n e u t r a l i s i n g an a l i q u o t p o r t i o n of 
the a l k a l i n e halide s o l u t i o n w i t h n i t r i c a c i d , adding a known 
excess of standard s i l v e r n i t r a t e s o l u t i o n and weighing the 
s i l v e r h a l i d e p r e c i p i t a t e d ; by determining the amount of ex­
cess s i l v e r n i t r a t e i n the f i l t r a t e , the q u a n t i t i e s of each 
halogen present could be estimated. As a check on t h i s r e s u l t , 
i o d ide i n the s o l u t i o n was estimated separately by the use of 
the f a c t that i n sulphuric acid medium of s u i t a b l e strength 

acetone and iodine react to give iodoacetone (Dawson and Leslie, J.CS. 
1909,25, 1860) 

nn a l i q u o t part of the halide s o l u t i o n was n e u t r a l i s e d 
w i t h 7Yi sulphuric acid and excess acid added u n t i l the l i q u o r 
was about 5N; 30 c.c. acetone and 2 c.c. starch were added 
and the s o l u t i o n t i t r a t e d against N/10 sodium iodate. Near 
the end-point the blue starch-iodide colour persisted and when 
t h i s disappeared the end-point was reached. Control determin­
ations showed th a t the method was very accurate and t h a t a 
s e n s i t i v e end-point was obtainable. Results were as f o l l o w s : -
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Gravimetric a l l y : 
1 gram-atom of halogen per 149.7 grams of s o l i d ; 
1 gram-atom of iodine per 450.0 grams of s o l i d ; 
1 gram-atom of ch l o r i n e per 223,9 grams of s o l i d ; 

l o d ate t i t r a t i o n : 
1 gram-atom of iodine per 449.0 grams of s o l i d . 

( i v ) lodonium content by p r e c i p i t a t i o n of the io d i d e . 
The method was s i m i l a r to t h a t used i n the determination 

of the iodoniiim content of i o d y l compounds i n Chapter Three. 
The sample (about 0.5 grajn) was weighed d i r e c t l y on t o the 
sintered-glass f i l t e r , t r e a t e d i n s i t u w i t h successive amounts 
of the ethereal hydriodic acid s o l u t i o n , washed acid-free w i t h 
ether and d r i e d t o constant weight i n vacuo. Assuming th a t the 
molecular weight of the iodide produced was 477, the r e s u l t s 
showed one gram-ion of iodonium per 443,7 grams of i n i t i a l acid' 
sulphate. 

Summary of analyses of acid-sulphate. 
Per cent. Required f o r (C^H5Gl)gIHS04 

Sulphate (SO4) 21,48 21,73 
Iodine ( I ) 28.39 28.27 
Chlorine (CI) 15.86 15.84 
lodoniura (C^H^CDgl 78.28 78.86 
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(b) Di-P-chlorophenyl iodoniuin iodide. 

( i ) Iodide i o n by s i l v e r p r e c i p i t a t i o n . 
A weighed sample of the iodonium iodide was t r e a t e d w i t h 

2 o.c, 2N n i t r i c acid and 10 o.c, 0.15N s i l v e r n i t r a t e s o l u t i o n ; 
a f t e r warming on a water-bath f o r a few minutes the mixture was 
shaken f o r 24 hours and the s i l v e r iodide f i l t e r e d , washed w i t h 
water, methyl alcohol, acetone and ether, the l a t t e r solvents 
being used t o r i d the p r e c i p i t a t e of iodonium n i t r a t e which was 
found to be more soluble i n methyl alcohol than i n water. The 
s i l v e r iodide was d r i e d f i r s t l y i n vacuo and then i n the oven 
at 105^ t o 110°0. Results showed one i o n i c iodine per 474.6 
grams of iodonium io d i d e , (Molecular weight of (C^H^Gl)gl.1> 
476,8. ) 

( i i ) Chlorine and iodine content. 
The method was s i m i l a r t o t h a t employed i n the deteimin-

a t i o n of halogens i n iodonium acid-sulphate. The r e s u l t s ob­
tained were as f o l l o w s : -

1 gram-atom of halogen per 120.4 grams of i o d i d e ; 
1 gram-atom of c h l o r i n e per 240.8 grams of i o d i d e ; 
1 gram-atom of iodine per 255.0 grams of i o d i d e , 

^ i i i ) Decomposition of iodonium iodide by dry heat, 
0.72 gram of the iodide was weighed i n t o a dry, stout-walled 

tube, 9 cm. long, the tube sealed and heated f o r 20 m.inutes i n 
a sulphuric acid bath at 125^0. The iodide decomposed i n t o a 
dark-brown o i l which s o l i d i f i e d t o a mushy s o l i d on c o o l i n g . 
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w i t h a s l i g h t e v o l u t i o n of f r e e i o d i n e , s u f f i c i e n t to neces­
s i t a t e a r e c r y s t a l l i s a t i o n of the decomposition product; t h i s 
was done from e t h y l a l c o h o l , the s o l u t i o n being drowned w i t h 
water and the colourless f l a k e s f i l t e r e d , washed w i t h water 
and d r i e d . The melting point of the c r y s t a l s was 52.9°G, 
w h i l s t mixed w i t h p-iodoohlorobenzene (of melting point 52.1*^0) 
the mixture melted at 52.3*^3. 

A Stepanow determination of t h i s decomposition product 
gave the f o l l o w i n g r e s u l t s : -

1 gram-atom of halogen per 119,6 grams of s o l i d ; 
1 gram-atom of iodine per 240.2 grams of s o l i d ; 
1 gram-atom of chlorine per 238.2 graias of s o l i d . 

These values are i n agreement w i t h those required by p-iodo-
chlorobenzene (molecular weight 236.4), and since m- and o-
iodochlorobenzenesare both l i q u i d s , any mixture of the p-isomer-
ide w i t h these would be an o i l . Apart, t h e r e f o r e , from a s l i g h t 
amount of elementary i o d i n e , the sole decomposition product of 
the iodonium iodide was p-iodochlorobenzene. 

(c) p-Iodochlorobenzene. 
That s o l i d which deposited from organic extracts of the 

main product and which had the appearance and smell of p-iodo­
chlorobenzene, melted at 51.2°G, and when mixed w i t h synthetic 
p-iodochlorobenzene had a melting point of 50,7*^0. 
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4, Some Properties of the lodonium Acid-Sulphate i n r e l a t i o n 
To the l o d y l a t i o n Process. 

(a) lodonium acid-sulphate and sulphuric acid. 
There was the p o s s i b i l i t y t h a t the low y i e l d s of iodonium 

compo\ind i n the i o d y l a t i o n reaction was due to the subsequent 
decomposition of the acid-sulphate by the strong sulphuric 
acid employed. To t e s t t h i s , three samples of about one gram 
of the acid-sulphate were dissolved i n 5 c.c. of sulphuric 
acid of the same strength as th a t f i n a l l y obtained i n the i o d y l 
a t i o n mixture, and the solutions t r e a t e d i n the f o l l o w i n g ways: 

( i ) Immediately d i l u t e d w ith water to a strength of 4N 
and p r e c i p i t a t e d w i t h aqueous N hydriodic acid. 

( i i ) Wheeled f o r 24 hours i n a sealed tube, stood f o r 
6 days, d i l u t e d to the same extent as ( i ) and p r e c i p i t a t e d 
w i t h hydriodio acid. 

( i i i ) iiii'armed i n a sealed tube at 60*̂ G f o r ^."^/g hours, 
cooled and t r e a t e d as before. 

I n a l l cases the s o l i d dissolved to give a brown, cl e a r 
l i q u i d and developed a smell of iodochlorobenzene not present 
o r i g i n a l l y , t h i s smell being strongest i n tube ( i i i ) . The 
iodonium iodide i n each case was f i l t e r e d , washed a c i d - f r e e 
w i t h ether, d r i e d i n vacuo and weighed. Because of the solub­
i l i t y of the lodonium iodide i n water, a c o n t r o l p r e c i p i t a t i o n 
was needed of the acid-sulphate dissolved i n 4N sulphuric acid. 
The r e s u l t s were as f o l l o w s : -

Treatment: i i i i i i 
percentage iodonium recovered: 98,50 96.87 96.97 
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There had been l i t t l e destruction of the acid-sulphate 
by any of the treatments, and i n two of these experiments the 
treatment was much more severe than i n the a c t u a l i o d y l a t i o n 
process. I t would appear, therefore, that the small y i e l d s 
obtained i n the l a t t e r were not due to decomposition of the 
acid-sulphate by sulphuric acid. 

(b) lodonium acid-sulphate, sulphuric acid and iodine 
pentoxide. — — — 

Since strong sulphuric acid alone was not responsible f o r 

the decomposition of iodonium acid-sulphate, the e f f e c t of 

sulphuric a c i d and iodine pentoxide together was examined. To 

two weighed samples of approximately one gram of the aoid-

sulphate were added 5.0 0,0. of the i o d y l a t i n g a c i d and 0.600 

gram iodine pentoxide ( t h i s amoiint being the weight required 

i n i o d y l a t i o n f o r the production of one gram of the iodoxiium 

s a l t ) . The treatment was s i m i l a r to ( i i ) and ( i i i ) above; i n 

that mixture, shaken f o r 24 hours, there was no apparent usage 

of iodine pentoxide and no smell of iodoohlorobenzene produced. 

A f t e r d i l u t i o n to 4N, iodonium iodide was p r e c i p i t a t e d frcwn the 

soluti o n by reduction with sulphur dioxide and the p r e c i p i t a t e 

f i l t e r e d , washed ac i d - f r e e with ether and weighed, 98.12^ of 

the i n i t i a l iodonlum s a l t being recovered as iodide. A f t e r 

warming the second mixture i n a sealed tube f o r 6 hours at 60°G, 

on opening the tube there was a v i o l e n t blow-out of gas; there­

fore the t e s t was repeated i n an open tube leading to a s a t u r ­

ated solution of baryta. There was a slow evolution of carbon 
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dioxide throughout the warming, together w i t h the disappearance 
of some of the iodine pentoxide and the simultaneous formation 
of a s l i g h t amount of a cream.-coloured s o l i d which h£̂ d the ap­
pearance of iodonium iodide and which d i d not dissolve on d i l u t ­
i n g the l i q u o r t o 4N. The iodoniinri i o dide p r e c i p i t a t e d from 
the d i l u t e d l i q u o r represented a recovery of 92.57^. 

Here again the amount of acid-sulphate decomposed d i d not 
support any supposition that the cause of the low y i e l d s i n 
i o d y l a t i o n was des t r u c t i o n of the products by the reagents 
used. 

(c ) S o l u b i l i t y of the iodonium acid-sulphate i n 6N sulph­
u r i c acid. 

There had been no proof afforded t h a t the substance i n 
s o l u t i o n i n the i o d y l a t i o n f i l t r a t e which, on a d d i t i o n of 
hydrio d i c acid, yielded iodonium i o d i d e , was present as the 
acid-sulphate of the same iodonium base i n t h i s s o l u t i o n , and 
i t was thought that l i g h t could be thrown on t h i s matter by an 
estimation of the s o l u b i l i t y of the acid-sulphate i n an acid 
of s i m i l a r strength t o th a t from which the iodide was p r e c i p i t ­
ated i n a nomal i o d y l a t i o n . 

I n a c e r t a i n i o d y l a t i o n , which yielded 36.0 grams of iodon 
i m acid-sulphate, the amount of sulphuric acid used was 3.78 
grammols., and since the d i l u t i o n was to 500 o.c,, t h i s means 
a f i n a l acid-strength i n the f i l t r a t e of 6.ON. One gram of 
the c r y s t a l s was shaken i n 90 c.c, 6.ON sulphuric acid f o r 5 
hours, the r e s u l t i n g suspension f i l t e r e d through a dry glass 
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f i l t e r and 50 c.c. of the c l e a r , pale-yellow f i l t r a t e t r e a t e d 
w i t h 10 c.c. N hydriodio acid. The iodide p r e c i p i t a t e d weighed 
0. 1948 gram, which meant a s o l u b i l i t y of the iodonium acid-
sulphate of 8.17 milligrammols. per l i t r e of 6N sulphuric acid. 
The iodonium iodide p r e c i p i t a t e d from the i o d y l a t i o n f i l t r a t e 
was equivalent t o 13.97 milligrammols. per l i t r e . 

There seemed to be evidence here of the iodonium i n solu­
t i o n i n the i o d y l a t i o n f i l t r a t e being of a d i f f e r e n t form from 
t h a t deposited as acid-sulphate c r y s t a l s ; the p o s s i b i l i t y of 
t h i s found f u r t h e r support when permanganate t i t r a t i o n s of the 
f i l t r a t e were perfonaed, (See section 5 of t h i s chapter.) 

(d) Action of water on the iodoni\im acid-sulphate. 

( i ) Change i n iodonium content. 
I t had been observed from the beginning of these i n v e s t i g ­

ations t h a t water i n some manner decomposed the acid-sulphate 
c r y s t a l s , r e s u l t i n g i n a darkening of the s o l i d . To each of 
three weighed samples of approximately 1.0 gram were added 30 
c.c. water and the suspensions t r e a t e d i n the f o l l o w i n g ways:-
1, Immediately ground w i t h 10.0 c.c. N hydriodic acid and 
shaken f o r 42 hours to complete p r e c i p i t a t i o n . The i o d i d e was 
f i l t e r e d , washed three times w i t h minimal amounts of water, 
f i v e times w i t h ether, dried i n vacuo and weighed. 
ii. Shaken f o r 24 hours w i t h 30 c.c. water, which caused the 
development of a s l i g h t smell, possibly of iodoohlorobenzene. 
Treatment of the product was s i m i l a r t o i . 
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i i i . Kept at 60^0 f o r 6 hours and treated as before. 
Prom the weights of the iodonium iodide p r e c i p i t a t e d , the 

f o l l o w i n g percentages of iodoni\am recoverable as such were c a l ­
culated : -

Treatment: i i i i i i 
Percentage iodonium recovered: (100) 100.0 98.6 

Thus, shaking w i t h water f o r 24 hours has had no e f f e c t on 

the iodoniuTP, content of the acid-sulphate, w h i l s t even warming 
the aqueous suspension to 60^G f o r 6 hours has not g r e a t l y r e ­
duced i t . 

( i i ) Examination of the product of water-treatment. 
I t was found t h a t g r i n d i n g the acid-sulphate c r y s t a l s w i t h 

acetone cleaned them to a pale-cream colour without a f f e c t i n g 
the r e s u l t s of analysis of the s o l i d . The acetone-purified 
acid-sulphate was used i n the f o l l o w i n g t e s t . 

9,55 grams of the s o l i d were ground i n a glass mortar w i t h 
100 c.c, water, causing an immediate change to a pale cocoa 
colour, but without the formation of any o i l . By the use of a 
f u r t h e r 80 c.c, water the contents of the mortar were removed 
to a f l a s k and warmed f o r 16 minutes at 65°C, A f t e r f i l t e r i n g , 
the s o l i d was re-t r e a t e d w i t h water (150 c.c,) at 40*̂ 0 f o r 5 
minutes. The f i l t r a t e s were allowed to cool and deposited l a r g e , 
white, needle c l u s t e r s , w h i l s t vacuum d i s t i l l a t i o n gave a f u r ­
t h e r y i e l d . Because of the p o s s i b i l i t y of the a c i d - s t r e n g t h 
becoming too great, t h i s d i s t i l l a t i o n was not c a r r i e d too f a r , 
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the iodonlum s a l t s t i l l remaining i n s o l u t i o n being p r e c i p i t ­

ated and weighed as i o d i d e . The y i e l d s of s o l i d , which were 

thoroughly gro\ind with acetone, were p r a c t i c a l l y pure white 

and weighed 8.08 grams. 

The product of water-treatment of the a c i d - s u l p h a t e was 

a n a l y s e d as follojis:" 

i> Sulphate content. 

A barium p r e c i p i t a t i o n of a s o l u t i o n of 1,1775 gram of 

the s o l i d gave 0.3449 gram (2.948 m i l l i e q u i v s . ) of barium 

s u l p h a t e ; t h a t i s , t h e r e was one s u l p h a t e e q u i v a l e n t per 

599.4 grams of i n i t i a l s o l i d . 

i i . Halogens by the Stepanow method. 

The method was s i m i l a r to t h a t used i n the a n a l y s i s of 

the a c i d - s u l p h a t e c r y s t a l s , and gave the f o l l o w i n g r e s u l t s : -

G r a v i m e t r i c a l l y : 

1 gram-atom of halogen per 133.9 grams of s o l i d ; 

1 gram-atom of i o d i n e per 398,9 grams of s o l i d ; 

1 gram-atom of c h l o r i n e per 201,5 grams of s o l i d ; 

l o d a t e t i t r a t i o n : 

1 gram-atom of i o d i n e per 397.4 grams of s o l i d , 

i i i . I odoni\3in content, 

By p r e c i p i t a t i o n of s weighed sample of the s o l i d w i t h 

e t h e r e a l h y d r i o d i c a c i d - s u l p h u r d i o x i d e s o l u t i o n , i t was found 

t h a t 447 grams ( t h e m o l e c u l a r weight of ( G ^ H ^ G l ) 2 l . I ) of i o d i d e 

were obtained from 393 grams of the substance. On subsequent 

g r i n d i n g of t h i s i o d i d e w i t h e t h e r , however, i t l o s t weight 



183, 

s l i g h t l y as though s o l u h l e t o some exte n t ; t h e r e f o r e a quant­

i t a t i v e p r e c i p i t a t i o n of the c h l o r i d e was attempted by g r i n d ­

i n g a weighed sample w i t h s u c c e s s i v e amounts of a s a t u r a t e d 

e t h e r e a l s o l u t i o n of hydrogen c h l o r i d e u n t i l c onstant i n weight. 

Assuming t h a t the c h l o r i d e thus produced was {0QE^01)21'01, 

the r e s u l t showed one iodonii^in r a d i c l e per 597.S grams of i n ­

i t i a l m a t e r i a l . 

Summary of Analyses of vVater*Treated Acid-Sulphate, 

Per cent. Required f o r [(G5H4GI)2l]2S04 

Sulphate (804) 12.02 12.06 

I o d i n e ( I ) 50.92 50.92 

C h l o r i n e ( G l ) 17.62 17.84 

lodonium C(G5H4ai)2l] ... 87.71 87,69 

'.'?ater, t h e r e f o r e , had decomposed the iodonium a c i d - s u l p h a t e 

w i t h the formation of the normal sulphate and f r e e s u l p h u r i c 

a c i d , t h u s : -

2R2I.HSO4 ) (R2l)2S04 + H2SO4 

6. S e a r c h f o r other products of the i o d y l a t i o n r e a c t i o n . 

Although i t seemed p o s s i b l e to account f o r as much as 9 8 ^ 

of the i n i t i a l i o d i d e and 85^ of the chlorophenyl groups i n t h e 

products of the i o d y l a t i o n , t h e y i e l d of oxygen atoms was at a 

maximum only o n e - t h i r d of the o r i g i n a l , i t was n e c e s s a i y , 

t h e r e f o r e , t h a t s y s t e m a t i c s e a r c h e s be made f o r products o t h e r 

t h a n those i d e n t i f i e d . 
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^a) Baritun p r e c i p i t a t i o n of i o d y l a t i o n f i l t r a t e . 

A f t e r removing the iodoniuni s a l t i n s o l u t i o n i n an i o d y l ­

a t i o n f i l t r a t e with aqueous h y d r i o d i c a c i d , the l i q u o r was ex­

t r a c t e d w i t h e t h e r , n e u t r a l i s e d with s o l i d barium carbonate and 

f i l t e r e d . I n order to e x t r a c t any barium sulphonate which 

might have been mixed w i t h the p r e c i p i t a t e , the l a t t e r was ex­

t r a c t e d by b o i l i n g f o r l.'^/2 ^ours w i t h water and f i l t e r e d hot; 

the f i l t r a t e from t h i s , evaporated to d r y n e s s , l e f t only a 

minute d e p o s i t of a mixture of barium carbonate and i o d i d e . 

The main f i l t r a t e was c l e a r , contained a s m a l l amount of 

bariiam and, on d i s t i l l a t i o n i n vacuo, l e f t a r e s i d u e of 0.5 

gram of white needle c r y s t a l s . These contained n e i t h e r s u l p h u r 

n o r halogen, e f f e r v e s c e d w i t h h y d r o c h l o r i c a c i d , gave a barium 

s u l p h a t e p r e c i p i t a t e w i t h s u l p h u r i c a c i d and would not form a 

s u l p h o n - c h l o r i d e w i t h phosphorus p e n t a c h l o r i d e ; i g n i t i o n of a 

weighed amount of the deposit w i t h s u l p h u r i c a c i d proved i t to 

be barium carbonate. 

Thus t h i s t e s t suggested t h a t none of the m i s s i n g o h l o r o -

phenyl r a d i c l e s was present as sulphonate. 

(rO Permanganate t i t r a t i o n s . 

Because of the p o s s i b i l i t y of the f o m a t i o n i n s o l u t i o n 

of o x i d i s a b l e m a t e r i a l , the a c t i o n of permanganate on the prod­

u c t s of i o d y l a t i o n was s t u d i e d . I t was found i n p r e l i m i n a r y 

t e s t s t hat a one-tenth a l i q u o t of the second i o d y l a t i o n f i l t r a t e 

d e c o l o r i s e d 2.6 m i l l i e q u i v a l e n t s of potassium permanganate. 
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both a t 70*^0 and at room temperature. Moat of the permanganate 

was used up v e r y r a p i d l y , although t h e r e a c t i o n became slower 

and no d e f i n i t e end-point was o b t a i n a b l e owing to the slow u s ­

age of the o x i d i s i n g s o l u t i o n . The l i q u o r , which developed a 

s m e l l of iodoohlorobenzene during the t i t r a t i o n , at f i r s t t urned 

t u r b i d and l a t e r d e p o s i t e d a white s o l i d whJ.ch melted a t 46*^ 

to 53°c; and which smelled of p-iodochlorobenzene. A c o n t r o l 

t e s t done on a s o l u t i o n of 80 m i l l i g r a m s of i o d o n i m a c i d -

s u l p h a t e i n 50 CO, 2N s u l p h u r i c a c i d showed t h a t such a s o l u ­

t i o n used up only two drops of pemanganate r a p i d l y , although 

a f u r t h e r 4,7 c . c , were d e c o l o r i s e d s l o w l y . 

Apparently t h e r e was some product p r e s e n t other t h a n the 

iodonium s a l t i n the i o d y l a t i o n f i l t r a t e , but because of the 

d i f f i c u l t y of o b t a i n i n g a d e f i n i t e end-point, due t o the slow 

usage of the permanganate, a s e r i e s of t i t r a t i o n s were done i n 

which were recorded the times r e q u i r e d f o r t h e d e c o l o r i s i n g of 

h a l f CCS. of the permanganate. Those s o l u t i o n s used i n t h e 

s e r i e s of t i t r a t i o n s were:- ( i ) The i o d y l a t i o n f i l t r a t e , b e fore 

and a f t e r benzene e x t r a c t i o n ; ( i i ) The i o d y l a t i o n f i l t r a t e 

a f t e r making j u s t a l k a l i n e , b e n z e n e - e x t r a c t i n g and r e a c i d i f y i n g ; 

( i i i ) D i - c h l o r o p h e n y l lodonium s u l p h a t e of the same s t r e n g t h 

as ( i ) and ( i i ) , made by shaking iodoniiim i o d i d e ( p r e c i p i t a t e d 

from the i o d y l a t i o n l i q u o r s ) w i t h s i l v e r s u l p h a t e ; ( i v ) A 

s i m i l a r s t r e n g t h of d i p h e n y l iodonium s u l p h a t e prepared from 

the i o d i d e and s i l v e r s u l p h a t e . The r e s u l t s , shown g r a p h i c a l l y , 

w«re as f o l l o w s : -
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50 100 150 
Time (j»€cs) for decolourising sxKcessive 0-5 c c 

10 c.c, i o d y l a t i o n f i l t r a t e + 10 c.c. 5K s u l p h u r i c a c i d . 

10 c,c. i o d y l a t i o n f i l t r a t e , e x t r a c t e d t w i c e with benzene, 
+ 10 c.c, 6N s u l p h u r i c a c i d . 

10 c . c , i o d y l a t i o n f i l t r a t e , made j u s t a l k a l i n e , e x t r a c t e d 
twice with benzene, then made 5N s u l p h u r i c a c i d . 

10 c . c . d i - c h l o r o p h e n y l iodonium sulphate of the same 
s t r e n g t h as i + 10 c.c. ION s u l p h u r i c a c i d . 

10 c.c, diphenyl iodonium sulphate of the same s t r e n g t h 
as i + 10 c,G, ION s u l p h u r i c a c i d . 

S o l u t i o n i n ION s u l p h u r i c a c i d of di p h e n y l iodonium. 
sulphate e q u i v a l e n t to the t o t a l y i e l d of iodonium s a l t 
i n i o d y l a t i o n . 

I t was apparent from t h i s s e r i e s t h a t t h e r e was p r e s e n t i n 

the i o d y l a t i o n f i l t r a t e some r e l a t i v e l y s t r o n g r e d u c i n g agent, 

s i n c e the iodonium s a l t i t s e l f appeared to be only v e r y s l o w l y 

1. 

i i . 

i i i . 

i v . 

V. 

v i . 
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destroyed by the permanganate. ( L a t e r , however, i t was found 

t h a t a f t e r f u r t h e r p u r i f i c a t i o n of the iodonixam a c i d - s u l p h a t e 

by thorough g r i n d i n g w i t h acetone, a s o l u t i o n of i t i n 6N 

s u l p h u r i c a c i d was coloured a permanent pink w i t h one drop of 

1^/10 pemanganate. A s i m i l a r s o l u t i o n of pure normal iodonium 

s u l p h a t e , made by water-treatment of the a c i d - s a l t , a l s o had 

no r e d u c i n g power whatever.) An i n t e r e s t i n g f a c t was t h a t 

a f t e r making m i l d l y a l k a l i n e and b e n z e n e - e x t r a c t i n g the i o d y l ­

a t i o n f i l t r a t e , t h e r e s i d u a l l i q u o r , on permanganate t i t r a t i o n , 

gave r e s u l t s s i m i l a r to those obtained f o r the iodonium s o l u ­

t i o n s alone, due, a p p a r e n t l y , to the removal of the o x i d i s a b l e 

m a t e r i a l . N e u t r a l i s a t i o n of the l i q u o r had caused the formation 

of a dark-brown, t a r r y mass, probably decomposition products 

of the lodonium hydroxide, and washing of t h i s w i t h 5N s u l p h u r i c 

a c i d , w i t h subsequent permanganate t i t r a t i o n , showed t h a t t he 

reducing m a t e r i a l was not e x t r a c t a b l e from t h i s s o l i d w i t h a c i d ; 

a suspension of the s o l i d i n s u l p h u r i c a c i d did not d e c o l o r i s e 

permanganate. The benzene e x t r a c t of the a l k a l i n e l i q u o r had 

no o x i d i s a b l e substance i n i t . Apparently, making the i o d y l ­

a t i o n l i q u o r a l k a l i n e had t o t a l l y d e stroyed the r e d u c i n g agent, 

A permanganate t i t r a t i o n of a l a r g e r p r o p o r t i o n of an i o d y l 

a t i o n f i l t r a t e showed t h a t the iodonium a c i d - s u l p h a t e p r e s e n t 

was t o t a l l y d e s t r o y e d during the r a p i d d e c o l o r i s i n g of the p e r ­

manganate. I n c o n t r a s t t o t h i s , wheeling overnight a s o l u t i o n 

of iodonium a c i d - s u l p h a t e i n 5K s u l p h u r i c a c i d w i t h e x c e s s p e r ­

manganate d i d not d e c o l o r i s e the l a t t e r and, a f t e r r e d u c t i o n 
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with sulphur dioxide, gave a copious p r e c i p i t a t e of iodonium 
iodide with aqueous sodium iodide* 

100 CO. of a saturated solution of iodonium acid-sulphate 

i n 9K sulphuric aoid was added to 100 o.o, of i o d y l a t i o n f i l t ­

r a t e (which alone would require 10.0 m i l l i e q u i v a l e n t s peiman-

ganate) and h a l f of the r e s u l t i n g s o l u t i o n t i t r a t e d against 

N/10 penaanganate. 8.8 m i l l i e q u i v a l e n t s of the o x i d i s i n g agent 

were r a p i d l y decolorised, and a f t e r e x t r a c t i o n with ether, the 

oxidised liquor had no t r a c e of iodonium s a l t discoverable with 

aqueous iodide. To a f u r t h e r 40 o.c, of the saturated a c i d -

sulphate solution was added excess permanganate; reduction 

of a few c«o, of t h i s with sulphur dioxide and addition of 

sodium iodide gave a copious iodonium iodide p r e c i p i t a t e . 

Addition of 2 o.o. of the i o d y l a t i o n f i l t r a t e to the perman-

ganated aoid-sulphate solution did not cause d e c o l o r i s i n g 

even a f t e r two days, A solu t i o n was made containing one-

f i f t i e t h of the t o t a l i o d y l a t i o n f i l t r a t e and one f i f t i e t h 

of the t o t a l y i e l d of iodonium acid-sulphate from a l l sources. 

This l i q u o r , which was of the same aoid strength as had been 

used i n the previous t i t r a t i o n s , a f t e r shaking with exoess 

permanganate f o r 2,V2 l^ours s t i l l contained a large amoimt 

of unohsuiged iodonium s a l t . 

These t e s t s i n d i c a t e : - ( i ) As w e l l as destroying that 

iodonium acid-sulphate already present, pemanganate destroyed 

aoid sulphate added to the i o d y l a t i o n f i l t r a t e ; ( i i ) There 

was a l i m i t to the amount of iodonium s a l t destroyed by per­

manganate and t h i s amount was l e s s than the t o t a l y i e l d of a c i d 
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sulphate frcaa a l l souroes. I t would appear, therefore, 

i ) That the r e a c t i o n was not an ordinary oataXytlc d e s t r u c t i o n , 

unless the o a t a l y s t i n t h i s case was one which was i t s e l f oxid­

i s e d by permanganate; 

i i ) That i f the oxidation reaction was not a c a t a l y s i s , then 

that m a t e r i a l which was responsible f o r the disappearance of 

the iodonium s a l t from the l i q u o r during permanganate t r e a t ­

ment was not present i n an equivalent amount to the t o t a l i o d ­

onium fozmed; 

l i i ) That the destruction of iodonium i n the i o d y l a t i o n f i l t ­

r a te was not n e c e s s a r i l y due to i t s being, say, a 2-ohloro-

phenyl, 4-ohlorophenyl iodonium acid-sulphate, since the s a l t 

added and destroyed was proved to be the di-p-ohlorophenyl 

iodonim compound. Coupled with the study of the amount of 

iodonium i n the i o d y l a t i o n f i l t r a t e , compared n i t h the s o l u b i l ­

i t y of iodonium aoid-sulphate i n 6N sulphuric a c i d ( s e c t i o n 4 

( c ) of t h i s chapter), t h i s t e s t meant that the p o s s i b i l i t y of 

the iodonixim i n the i o d y l a t i o n l i q u o r s being i n a d i f f e r e n t 

foxm from that deposited as c r y s t a l s could not be dismissed. 

The low-melting s o l i d which deposited during permanganate 

oxidation of the i o d y l a t i o n l i q u o r , a f t e r r e c r y s t a l l i s a t i o n 

from methyl alcohol, formed large, c o l o u r l e s s p l a t e s which 

melted at 52.1*^0, and a mixture of i t with synthetic p-iodo­

chlorobenzene had a melting point of 62.0^0. One product of 

oxidation of the l i q u o r was therefore p-iodoohlorobenzene, 

Pemanganate t i t r a t i o n s were attempted on the i o d y l a t i o n 
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l i q u o r from which the iodonium s a l t i n solution was removed; 
t h i s l a t t e r was effected by p r e c i p i t a t i o n with a s l i g h t excess 
of aqueous sodium iodide, the excess of which was i n t u r n r e ­
moved by shaking with s o l i d s i l v e r sulphate. When t h i s iodon-
ium-free solution was used f o r t i t r a t i o n against peimanganate, 
i t was found tha t oxidation was rapid and a d e f i n i t e , sharp 
end-point was obtainable, w h i l s t the quantity of permanganate 
r e q v L i r e d was of a s i m i l a r amount to that used f o r l i q u o r s i n 
which the iodonium s a l t was present; f o r example, the l i q u o r s 
from an i o d y l a t i o n which had been performed with 25 m i l l i m o l s . 
iodine pentoxide and 100 m i l l i m o l s , ohlorobenzene required, 
a f t e r the removal of the iodonivim i n solution, 26 m i l l i e q u i v a l -
ents of permanganate. 1,56 m i l l i m o l s , s i l v e r chloride was 
p r e c i p i t a t e d during t h i s oxidation ( s i l v e r sulphate having 
been added to the s o l u t i o n ) . Chloride was apparently, there­
fo r e , one of the oxidation products. 

I n the permanganate t i t r a t i o n s from which the iodoniuj]^ was 

removed, there was no sign of the f o m a t i o n of iodochlorobenzene, 

t h i s product being formed, apparently, by decomposition of the 

iodonium s a l t i n those t i t r a t i o n s i n which t h i s was s t i l l p res­

ent. 

I t was found that carbon dioxide was also a product of 

oxidation of the i o d y l a t i o n liquor. The amount of carbon d i ­

oxide evolved was estimated by the use of an apparatus s i m i l a r 

to that described on page 122, except that the r e a c t i o n tube 

was replaced by a f l a s k holding a burette from, which the per­

manganate was added. 
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Without removal of the iodonium i n s o l u t i o n , i t was found 

that the l i q u o r (from 26 m i l l l m o l s . i o d i c aoid and 48.5 m i l l i -

mols, ohlorobenzene) decolorised rapidly 26,6 m i l l i e q u i v a l e n t s 

of peiroanganate with l i b e r a t i o n of 7,88 m i l l i m o l s . carbon d i ­

oxide, and used up more slowly a f u r t h e r 5.6 m i l l i e q u i v a l e n t s 

of permanganate, i ^ o h caused the evolution of 2,82 m i l l i m o l s . 

carbon dioxide. I n a t i t r a t i o n l i q u o r from which the iodonium 

i n s o l u t i o n had been removed a s i m i l a r i o d y l a t i o n f i l t r a t e to 

the above required 25.5 m i l l i e q u i v a l e n t s of pemanganate and 

evolved 10,12 m i l l i m o l s . of carbon dioxide. I t would appear 

from these t i t r a t i o n s that the carbon dioxide evolved did not 

come from the iodonium s a l t but from that substance responsible 

f o r the rapid d e c o l o r i s i n g of the pemanganate. 

F i n a l l y , a s e r i e s of t e s t s was done on small amounts of 

i o d y l a t i o n f i l t r a t e from which the iodonium s a l t had been r e ­

moved by p r e c i p i t a t i o n i n turn with aqueous iodide, s i l v e r 

sulphate and sodium chloride. By pemanganate t i t r a t i o n i t 

was ascertained that theoxidisable m a t e r i a l i ) was not e x t r a c t -

able with benzene fvoai a c i d or a l k a l i n e s o l u t i o n , 11) was not 

destroyed by b o i l i n g and did not s t e a m - d i s t i l , i i i ) was p r e c i p -

i t a b l e with barium carbonate, the p r e c i p i t a t e being I n s o l u b l e 

i n hot and cold water but soluble i n hot 12N sulphuric aoid. 

Lack of time prevented f u r t h e r I n v e s t i g a t i o n s of t h i s r e ­

a c t i o n being made, and the data c o l l e c t e d was i n s u f f i c i e n t to 

i n d i c a t e the nature of the reducing m a t e r i a l present i n the 
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i o d y l a t i o n f i l t r a t e . I t seemed not impossible that the sub­

stance causing the usage of permanganate was a c h l o r o - d e r i v a t i v e 

of an imsaturated a l i p h a t i c acid (e.g. fumario), formed by the 

rupture of an aromatic nucleus. T h i s would account f o r a large 

proportion of the missing oxygen atoms. 

o) Carbon dioxide. 

During the estimation of the carbon dioxide l i b e r a t e d i n 

pemanganate oxidation of the i o d y l a t i o n l i q u o r s , i t was d i s ­

covered that carbon dioxide was evolved during the i o d y l a t i o n 

process i t s e l f . This carbon dioxide was determined i n a s i m i l a r 

manner to that described i n ( b ) , an i o d y l a t i o n using 25,0 m l l l i -

mols. i o d i c a c i d and 48,5 m i l l i m o l s . chlorobenzene y i e l d i n g 4,00 

m i l l i m o l s , carbon dioxide. The formation of t h i s small amount, 

therefore, must have been due to a very minor secondary r e a c t i o n , 

although the formation of carbon dioxide and p-chloroiodobenzene 

i n both the i o d y l a t i o n process and the pemanganate t i t r a t i o n 

seemed to i n d i c a t e that the secondary r e a c t i o n i n i o d y l a t i o n 

and the pemanganate oxidation were of a s i m i l a r nature and 

that possibly the l a t t e r reagent was f i n i s h i n g a process begun 

by the i o d i c acid, 

(d) Solvent-extractable m a t e r i a l i n i o d y l a t i o n l i q u o r s , 

100 c,c. of an i o d y l a t i o n f i l t r a t e from a preparation i n 

which 0.10 mol. i o d i c a c i d had been used, was subject to an 

exhaustive search f o r organic products soluble i n benzene or 

ether. The following scheme gives a summary of the t e s t s : -
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100 CO. IODYLATION FILTRATE 

1 
Washed with 5 x 60 c.c. benzene 
Aqueous Liquor 
Bed-brown. 

60 0.0, f o r pemanganate 
t i t r a t i o n 

Benzene ex t r a c t 
vacuum d i s t i l l e d . 
Negligible residue. 

50 C.6T + HI.SO2 

Used 5 m.e. rapidly, 
6.4 m.e. altogether, 
Fomed o i l y - s o l i d 

O i l y s o l i d 0,12 to Aqueous soln. 
0.14 gram, was p- + HI gave no 
iodoohlorobenzene. ^ i g n ^ f ppt. 
Extracted w l t h " ? ^ 60 o.c. benzene 

R2^«I ground 
with ether. 

AqueoHl! li q u o r 
c o l o u r l e s s . 
Extracted with 
2 X 60 c c , ether, 

E x t r a c t c o l o u r l e s s , 
d i s t i l l e d i n vacuo, 

no residue. 

E x t r a c t c o l o u r l e s s . Aqueous liquor 
d i s t i l l e d i n vacuo, extracted with 

no residue. 2 x 60 c.c, CHOl^. 
Ghlorofom extract 
d i s t i l l e d i n vacuo, 

no residue. 

E x t r a c t yellow, 
d i s t i l l e d i n vacuo. 
Few mgms. h a i r - ^ 
c r y s t a l s , m.p. 47.5 

Aqueous residue 
extracted with 
2 X 60 c . c 
benzene. 

Aqueous Tiquor 
pale brown, 
n e u t r a l i s e d with 
NaOH and made 
Just a l k a l i n e . 
S t i l l c l e a r , ex­
tra c t e d with 2 X 
60 c , c ̂  ether. 

F i l t r a t e 
extracted 
with 
3 X 50 c . c 
ether 

E x t r a c t yellow, 
d i s t i l l e d i n 
vacuo. Very 
s l i g h t residue 
of brown matter 
and f i n e h a i r -
needles. 

E x t r a c t colour­
l e s s , d i s t i l l e d 
i n vacuo. No 
residue. 

Aqueous l i q u o r s t i l l 
b r o wn. Ext r ac t ed 
with 2)(50 c c benzene. 

E x t r a c t c o l o u r l e s s , 
d i s t i l l e d i n vacuo. 

No residue. 
(contincieei) 
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Aqueous solut i o n E x t r a c t c o l o u r l e s s , 
n e u t r a l i s e d + sat, d i s t i l l e d i n vacuo, 
NaHCO^ + standard No residue, 
iodine, no usage 

of l a t t e r . 

Apart from the e x t r a c t i o n of a l i t t l e p-iodoohlorobenzene, 

therefore, there i s no organic product of i o d y l a t i o n e x t r a c t -

able by the solvents used. I n the pemanganate t i t r a t i o n a l s o , 

the only organic oxidation product foiind was p-iodochlorobenzene, 

a decomposition praduot of the iodonium s a l t i n solution, 

(e) Analysis of undried iodonium acid-sulphate c r y s t a l s . 

Because of the p o s s i b i l i t y of vacuum-drying decomposing 

the i n i t i a l l y fomed buff-coloured c r y s t a l s with the f o m a t i o n 

of iodonium acid-sulphate and some v o l a t i l e product, a sample 

of the y i e l d i n an i o d y l a t i o n was analysed without drying, and 

the r a t i o of the percentages of iodine and chlorine COTipared 

with that from the a n a l y s i s of the dried product. By t h i s means 

i t could be ascertained whether or not the i n i t i a l substance 

fomed was a t r i - or t e t r a - a r y l iodine compound, i n which case 

the r a t i o of iodine to chlorine would be smaller than that i n 

iodonium acid-sulphate. The r e s u l t s obtained were:-

One halogen gram-atom per 189,8 grams of undried c r y s t a l s . 

One iodine gram-atom per 570,8 grams of imdried c r y s t a l s . 

One c h l o r i n e gram-atom per 286,6 grams of undried c r y s t a l s . 

Such a r e s u l t means two c h l o r i n e atcsns per one iodine i n the un­

dried product, the r a t i o required f o r the d i a r y l iodonium s a l t . 

Also, a solution of the undried s a l t i n 9N sulphuric a c i d 
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behaved towards pemanganate as did the dried product. 

6. l o d y l a t l o n s with Iodine Sesguioxide. 

Despite the y i e l d of iodoiiium d e r i v a t i v e obtainable 

i n the l o d y l a t i o n of chlorobenzene with i o d i c a c i d , i t was 

found that t h i s r e a c t i o n was a secondary one, the i o d i c a c i d 

being reduced f i r s t at the expense of some of the chlorobenzene 

with the f o m a t i o n of iodine sesquioxide, t h i s l a t t e r being 

the reagent responsible f o r the production of the lodonlum s a l t . 

The preparation of iodine sesquioxide proved troublesome. 

OhrJftien ( C . r . , 1896, 125, 814-816), following some work by 

M i l l o n (Ann, Ghim. Phys., X I I , 336) found that sulphuric a c i d 

d i s s o l v e s at 200^0 o n e - f i f t h of i t s weight of i o d i c a c i d axid 

that heating such a solution to 250° to 260^0 causes the evolu­

t i o n of abundant oxygen, w h i l s t prolonged heating r e s u l t s i n 

the production of iodine vapour and a darkening of the s o l u t i o n 

almost to black. A f t e r some days the cooled s o l u t i o n deposits 

yellow c r y s t a l s which f o m slowly during s e v e r a l months; at 

the same time the mother l i q u o r l o s e s i t s colour. By a n a l y s i s 

Ghr&tien found that the c r y s t a l s could be represented by 

SO5.iH2O.I2O5. A l e s s tedious method of obtaining these c r y s ­

t a l s i s to aed an exoess of iodine to a hot s o l u t i o n of i o d i c 

a c i d i n sulphuric a c i d ; the iodine d i s s o l v e s with the f o m a t i o n 

of a dark solution from which the yellow sesquioxide sulphate 

deposits. Because of the slow f o m a t i o n of the yellow c r y s t a l s , 

Ohr6tlen (Ann. Ghim. Phys. [VIl] , 15, (1898) 358-432) suggested 
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that they are produced by slow r e a c t i o n i n the cold. 

The i d e a l r e a c t i o n can be expressed thus:-

6I2O5 + 4I2 + lOHgSO^ > lOdgO^.SO^.iH^O) + SHgO ( i ) 

but here the v m j u s t i f i a b l e assumption i s made that no f r e e oxy­

gen i s evolved. Possibly the reaction proceeds v i a the fom­

ation of 12^4' thus:-

6l2*^5 ^ 6I2O4 + 5O2 
6I2O4 + 2I2 > Ql2^3 

6I2O5 + 2I2 V eigO^ + SOg 
8I2O5 + 8H2SO4 > 8(1203.S03.1H20) + 4H2O ... ( i i ) 

The reaction between the iodine sesquioxide and the organic 

d e r i v a t i v e being 

I2O3 + 4RH > 2(R2l.0H) + H2O, 

the complete equation f o r the production of the iodonium d e r i v ­

a t i v e i s e i t h e r 
a) H2SO4 + I203*S03,4H20 + 4RH > 2{E2l.HS04) + 2^H20 

or 
b) 2 H2SO4 + I2O3.SO3.tH2O + 4RH —> 2(R2l.HS04) + 2I.H2SO4.H2O 

the l a t t e r equation assuming that an a c i d of strength H2S04,H20 

i s too weak to take part i n the reaction. 

The most e f f e c t i v e method appeared to be to add the chloro­

benzene to the cooled solution without separation of the i o d i n e 

sulphate. Thus, i f ( i ) worked wholly, the t h e o r e t i c a l charge 

giving 10 grajnmols, of iodonium acid-sulphate would be:-
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95^ sulphuric a c i d ... 2000 c c 
Iodine pentoxide 1002 grams. 

Iodine 508 grams. 

Ghlorobenzene 2260 grams. 
I f the reac t i o n proceed as i n ( i i ) , however, the charge required 
would be:-

95^ sulphuric a c i d ,.. 1600 c c 

Iodine pentoxide 1002 grams. 

Iodine 264 grams. 

Ghlorobenzene .* 1800 grams. 

with a t h e o r e t i c a l y i e l d of 8 grammols. of iodonium d e r i v a t i v e . 

Because preliminary t e s t s showed that oxygen was evolved 

i n the preparation, the second recipe was favoured, and attempts 

were made to prepare iodine sesquioxide by t h i s method, 54,5 

grams 95^ sulphuric aoid and 12,52 grams iodine pentoxide were 

heated together to 252° to 265°G. D i s s o l u t i o n took 26 minutes, 
the l i q u o r darkening from a pale yellow to a r i c h brown and 

oxygen being evolved throughout the heating. A f t e r 75 minutes' 

warning the evolution of iodine, which previously had been very 

s l i g h t , became heavy. The solution was cooled to 200°G, 3.18 

grams of iodine added aiid reheated to 230° f o r 6 minutes, a f t e r 

which the v e s s e l was allowed to cool during 24 hours i n a con­

centrated sulphuric aoid d e s s l c a t o r . To 2 c c of the l i q u o r 

was added 100 c c water; there was an immediate deposition 

of iodine c r y s t a l s which were extracted with carbon t e t r a c h l o r ­

ide and estimated against standard thiosulphate s o l u t i o n . The 
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aqueous residue was treated with sodium iodide solution and 
the iodine liberated thereby deteimined. The r a t i o Iodine 
liberated from aqueous layer by iodide treatment : Iodine 
extracted by carbon tetrachloride was 12.1 : 1, whereas ac­
cording to the equation 

5I2O3 — > 3I2O5 + 2I2 
the t h e o r e t i c a l value of t h i s r a t i o i s 9 : 1. Apparently un­
used iodic acid (or iodine tetroxide) was present i n the li q u o r . 
Other attempts were no more successful, whilst a preparation 
made from the charge required by equation ( i ) gave a r a t i o 14.2 
: 1. 

However, an i o d y l a t i o n , using the f i r s t sesquioxide prepar­
ation and 50 millimols. chlorobenzene showed that the reaction 
proceeded more quickly and more cleanly at Ô G than d i d the 
iodic acid iodylations. The acid-sulphate fomed was cleaner 
than had been obtained i n previous preparations using iodine 
pent oxide > and the amount of chloroiodobenzene produced was 
less than before. A Stepanow analysis of the dried iodonium 
product showed i t to be pure acid-sulphate. I t was i n t e r e s t i n g 
to note t h a t , although the liquors frOTi t h i s i o d y l a t i o n decolor­
ised permanganate slowly, the iodonium salt i n solution was not 
destroyed thereby. The y i e l d i n t h i s i o d y l a t i o n , however, was 
only 64jg of the t h e o r e t i c a l . The poor y i e l d and the evidences 
of secondary reaction s t i l l remaining i n the process were a t ­
t r i b u t e d to the presence of unchanged iodic acid i n the i n i t i a l 
reagent• 
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F i n a l l y ^ the yellOH crystals of Iodine sesquioxide sulph­
ate which had deposited from a l l the attempts at i t s prepar* 
ation were oolleotedj washed with sulphuric acid and dissolved 
at 200°G i n 140 c.c. concentrated sulphuric acid. Successive 
amounts of iodine were added to the solution w t i l the r a t i o 

Iodine liberated i n water 1 
Iodine liberated from Iodic acid fomed 5777 

Such a solution was used f o r an iody l a t i o n . A 94^ y i e l d of 
pure iodonium acid-sulphate was obtained, without the formation 
of chloroiodobenzene, and the acid liquors of the iod y l a t i o n 
had no appreciable reducing properties when t i t r a t e d against 
permanganate. 
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