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1.
INTRODUCTION

The halogens,.espeoially fluorine and chlorine,
are strongly electronegative, and form negative ions:

—

x2 +20 * 28 .
With increasing size of the halogen atom, there is
a deorease in electronegativity as is ev;denced by the
'decreasing ionization potential and electron affinity.
Iodine, the most electropositive of the halogens, has
actually been shown to possess a unipositive oxidation
‘state, Coordination compounds in wﬁich this oxidation
state iszeihibited’have been prepared by the following
reactions: (1) RCOOAg + I, + Py » Agl 4+ RCOOIPY
(2) 2RCOOHg + 3I, + 6Py -

2(HgI,*2Py) + 2RCO0IPY
The conductivity of solutions of iodine in various
"adtive":solvents, i.e.; those solvents in which ilodine
gives a brown solution, such as pyridine, has been
explained-theoretically on the basis of the dissociation
‘of the dissolved iodine into positive and negative ions,
‘The absorption spectra of such solutions have also been
studied and the observed bands have been interpreted.
as being due to the formation of iodine-solvent complexes
via the free electron pairs.

The investigation herein described was undertaken
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for the following reasons: (1) to study the mechanism
by'whiéh frée acid 1s formed in the reaction of'iodine
with‘heavy metéilbarboxyldtes in the @?ésﬁnce of‘ﬁertiary'
amines, and (2) to study the absqxptio#ﬁgpectra of
pyridine coordinated positive lodine compounds to see
whether tﬁéy coﬁid be correiated»with;ﬁhe spectrum of

iodine in pyridine,
* kK *

HISTORICAL
A, The Positive Character of the Halogens

The conoept of positive halogens 1s extremely
‘usefulg?equoiallyAin'explaining the mechanisms of
various orgahic'réaotiOns. A careful distinction nust
be made, however, between thewphysica1 ahd chemical .
vehavior of compounds in which the halogens merely
exhibit some properties characteristic of the electro-
positive elements, and those compounds in which the
halogen is actually'the»catidnic portion of the
molecule. An attempt to clarify this distinction will
be made in the succeeding discussion.

Cofman (1), in his study of the iodination of
phenols with iodine monochloride, suggested that the
hypoiodous acid formed;by"fhé.reaction:of iodine
monochloride with wgier,

IC1 +H,0 * IOH +HCL
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was the active intermediate and that this substance
funetions as a labile base. He further postulated
that the lodination of phenols is due to the‘presence
of the iodine in the unipositive state and suggested
the folIOW1ng meohanism for the reaction.

06H50Na + I2 * H20 R 061150}1"’ NaI + IOH

Cells OH+ IOH - CGHAIOH'* Hzo o

Nef (2) reported that bromo- and chlorocyanogen

‘gave potassium bromide and chloride, respectively,
when boiled with potassmum hydroxide, whereas’ iodocyanogen
formed pota851um-iodate and lodides These observations
‘suggest that in these compounds the bromine and chlorine
are negative whereas the iodine is positive, Chattaway and
Wadmore (3) studied the action of hydrohalic acids on
iodocyanogen and showed that the iodine has a positive
character. The reactions they studied may be summarized
in the following equations:

a, BrCH + 2 KOH - KOCN *+ KBr * Ho0

b. c'icﬁ+ 2 KOH = KOCN *+ KOl * H,0

o, ICN + 2KOH =+ KON + KOI * Hy0
JOT + KIOy * 2 KI

d. ICN + HC1 - HCN + ICl
Clark and Streight (4) studied the electrolysis of
cyanogen halides in the fbllowing solvents: acetonitrile,
nitrobenzene; methanol, ethylene glycol, furan, pyridine,

aniline, benzene, ethanol,"quino;ine,»and pyrrole, In
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every case, except in solutions of cyanogen iodide in
pyridine, where iodine migrated to the cathode, the
halogen was liberated at the anode. .
z:;ncyanogenfibdida‘seems~to behave as éﬁ*e1ectromer,
lonizing reversibly as follows: }?ék;?a<ﬁi~ﬁﬁ_
Clark and Streight brought out the fact that while there
is no direct correlation between the concentration of
the two electromers present in the“soiution and the
dielectric constant of the solvent, the latter does .
play an important and undetermined role in cheracterizing
the behavior of the iodine.
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B. ' Coordination Compounds of Positive Iodine

Carlsohn ‘and co-workers (5) pioneered in the field
of cOordinatiOﬁ>6ompounds of -positive univaelent iodine,
Reasoning that if in IOH the lodine does function as
a cation, they concluded that such a cation might be
stabilized by coordination with pyridine., They’
succeeded in preparing a series of 'salts of the
hypothetical bases IPyOH and IPy,0H.

-In 1924, Carlsohn was able to isolate the stable
éalt'I(Py)zcioh by the reaction of silver perchlorate
with lodine in the presence of pyridine using chloroform
as a solvent, The same compound was prepared from the
mercurous salt using benzene as a solvent, Utilizing
these reactions, Carlsohn prepared the following.
coordination compounds of inorganic acids:

IPyOH, IpyNo3;.*I(Py)201i, I(Py),C10;, I(Py)pNOs,
I,(Py)35Q, I(Py)HPys0,.

‘He also showed that substances of the type
RCOOI could also be stabilized by coordination with:
pyridinevto*foﬁﬁﬁcompounds of the type I(Py)OOCRy:

The reaction by which he prepared these compounds is.
the following:. 0
CHC1 "
RCOOAg + Iot Py ?'%(Py)OéC-Rw+?AgI

Ir the’mercurqus salt 1s used in benzene solvent, the-
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seme product is obtained. o o
(Rcoo)zHg2 +312 + 6Py - I(Py)-OCéR + 2(Hg12-2Pv)
carlsohn prepared a whole series. of these comnounds -

and made a thorough.study of their: properties. He

found that these compounds liberate iodine from potassiumii
iodide, ano in the presenoe of water undergo autooxidation-V?
reauction, forming lodine and pyridinium iodate. They
immediately attack an acidio solution of phenol to

yield iodophenol. Carlsohn. tested the hypothesis of
Finkelsteln(é), who measured the decomposition

potentials of IGl IBr and 1013 and the electrode
potentials of these substanoes against the iodine
eleotrode, His measurements demonstrated that theI ion
sﬁould be‘placed with_the noble metais in the el ectro~
motive series. Treatment of a chloroform solution

of dipyridine iodine (I) nitrate with metallic zinc,
iron,'magneeiﬁm5 copper, gilver, gold and mercury,
revealed that all wereiimmediately dissolved. It

cannot be said that iodine is more:nobie‘than silver
sinoe-fhe iodioe ooordination-compoond is‘prepared'by the
replacement offeilver'with iodine. -Apparently, in the
oase of szlver, the reaction can go both ways. The
reaction probably proceeds in both direotions because

in either ocase the precipitation of silver iodide removes
the replaced element from the reaction.

Carlsohn also found that when an eiectricfourrent
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is passe&rthrough nethanol or cnloroform solutions of
these compounde, the iodine migrates toward the caﬁhode.
This is excellent evidence that the iodine is the
positive constituent of the salt.
In acetone and methanol, the nitrate complexes
were found to have appreciable conductanoe and their
conductivity was not found to be appreciably affected
by the addition of pyridine. The conductivity of the
benzoate however, was found to be increased tremendously
by ‘the ad&ition of pyridine. The nitrate ion is an
extremely poor ccordinating ion and would not be expeoted
to form a ooordinate bond as easily as the benzoate
ion. The nitrate is without any doubt more salt-like
and icnic anﬁ considerably more highly dissociated,
Zingaro, et. al. {7) studied the reaction of
silver carboxylates withiodine in the presence of
varioue tertiary amines and made the following observations:
(l) certain of the positive iodine salts could not be
prepared, or only in very 1ow yields and (2) even under
extremely anhydrous conditions, the formation of free
aoid is a competing reacticn. " These two observations

have been at 1east partially explained in this works
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C. The Nature of Iodine Solutions-

.;giS¢1utions of iodine in pure solvents can broadly be
classified into two groups according to color, - Hydro-
carbons, chloro=- .and bromohydrooarbonsvgnd,carbon
disulfide give violet solutions with lodine, whereas
aloohols, ethers, ketones, organic acids, nitriles,
nitrogen bases and certaln sulfur compounds dissolve
iodine to form brown.solutions, On the basis of careful
molecular weight deberminations, Beckmann (8) showed
that lodine ls present in the diatomic state in both
types of solvents.

‘The physical properties of brown solutions differ -
markedly from those of the violets In general, iodine
is much more soluble in solvents which give brown
solutions than in others., Hildebrand and co-workers (9)
have shown that the violet solutions form a series of
"regular,golutions"; i.e., solutions which are formed
from their components with the same change in entropy
as ocecurs in the formation of -an ideal solution of the
same concentration. Studies of solubility curves of
brown solutions indicate that new molecular species are
formed in such solutions. The heats of solution of
iodine in solvents which form brown solutions are much

higher than the values in violet solutions (10).-



9.

carried out for the purpose of obtaining further information
concerning the nature of Violet;and”5r6wn.solutions.

The latter are mon-absorbing at the red end of the
-spectrgmﬁjﬁutﬁébs¢rb heavily in the violet, whereas the
fégmer_gﬁéoibigtrongly‘in the,longerﬁwﬁiéglength5port;on
of the visible spectrum and tranSmitVb§p£ yiolet and all
the infrared light beyond 1200 mp. Violet.solutions

have an absorption spectrum very similar to that of
lodine vapqr;,andgthe‘speqt:uoni<brownssdlutiong_at
elevated temperatures shows a shift of equilibrium toward
the region where absorption is observed for violet
solutions. Getmen (11) found that in the visible region
of .the spectrum, these solutions fall into two:groups: ..
Viplet; with absorption maxima ranging from 520 mp to.
540 QB as2in;n~C6H1u, benzene,,bqlugpe, carbon disulfide,
cérbon tetrachloride, chloroform, and nitrobenzene;

and brown, with maxima:from 460 to 480 mp as in ethyl
pyridine and water. Getman also confirmed previous
observations that the spectra of brown iodine solutions
change with time.

Most investigators have assumed that in brown.
SOlutions;.the,iodine exists chemically ‘bound with the
golvent in equilibrium with free iodine. This seems %o
be a logical assuuption 1n.viequffﬁhe~£act,that gach

of the solvents in which iodine forms brown solutions
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fcontains an element, e,g.; nitrogen, oxygen or sulfur,
capable of a forming a coordinate covalent bond by
‘Yirtue,oﬁmthe free electron pair.

Hildebranqiand Glascock (12) have presented. the
most convincing evidence for the_exietence of solvated
iodine in;b;own_solutions,'iTney‘studien“the freezing
point of solutions of iodine in an "inactive" (violet)
eolvent and the change in freezing pcint brought about
by the addition of a emall amount of a third substance,
itself being either an "inactive" or "active" (vrown)
solvent. They ehowed that only in the case of the
"active" solvente did a large deviaticn from the
calculated freezing-pcint lowering occur, In those cases
in which the lowering is less than that calculated for
the iodine on the baeis of the dilution law, these
investigators concluded that there nmust be at least
partial combination of lodine w1th the second solvent,

“ The precise nature of the binding between the iodine
and the 301vent molecule is not yet well understood,
Oonductivity etudies by Audrieth and Birr (13) ‘have shed
some 1ight on the nature of the binding between iodine
and pyridine. They found a steady increase in conductivity
of euch solutions with the paesage of time, In a very
dilute solutions, a constant value is quickly obtained, and
the 1imiting molar con&uctance of 130-132 is twice as
great as can be explained on the baeia of a eimple

dissociation into positive and negative lons. To explain
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’fhe’eXperimentéI°data,‘thé'éuthors‘postulate‘the gradual
conversion of the initially fdfméd;‘non;éonducting
'addition compound into a 'Berhary ‘.’salt’, ‘and believe that
solutions of iodine in pjridine contain the following
species in equilibrium:

Py+ Ip = IPy +I” = Py 421

2(Py*Iz) = Iy’ +I-Pylp

Fairbrother, in some recent lnvestigations (14)
on the dieleotric polarization of iodine in violet and
brown solutions, has presented evidence in support of
thé hypothesls of Audrieth and Birr. Hls results indicate
‘that the formation of a red or brown solution is ac-
companied by polarization of the iodine moleoule. The
proximity of an electron~donor may very well stabilize one
of the possible ionic structures, T--i and f-»i, of an
iodine molecule., Thus, if a partial polarization of the
iodine molecule takes place, the positive end of the
molecule may be stabilized by coordination with a
molecule of the solvent.

Iodine in brown solutions 1s much more reactive than
that in violet solutions. The iodine in violet solutions
can be activated by the addition of solvents which
change the color of such solutions to brown.

Brown solutions of iodine in ether, alcohol, dioxane,

oyclohexanol and oyclohexene have been found to react with
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the silver'derivatiye,oﬁgsaccharin to precipitate the
theoretical amount of gi;ver‘;odidefﬁfyiolet}solutions

have been found to reactaonly'very{leWIywcr not at all.
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EXPERIMENTAL

1. Preparationfbf Some~New'Positive Iodine Compounds

A, Preparation of the Reagents

The acids used elther were Eastmap white 1abel'
products or were purchased from the Department of
Chemistry of the University of Illinois. All the acids
were subjected to a series of recrystallizations from
ethanol-water mixtures until a produofﬁéi§ing the correct
melting point on succesive recrystallizations was obtained.

- Pyridine and K ~picoline were'd:ied:pver sodium
hydroxide pellets for several days and diétilled through
a three foot column packed with berl seddles., The middle
fractions were collected in both cases.1"The pyridine
distilleq at 114~115° and the o~-picoline ceme over at
1280. ‘Both were clear, colorless liquids and were stored
in dark bottles capped with_diying tubes containing
potassium hydroxide.

Chloroform wes stored over anhydrous caleium chloride
for a period of two to three weeks and was distilled
before each experimenty

Skellysabe-A was also stored over anhydrous calcium
chloride and the necessary quentity was distilled and

collected when it was required.
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'B. Preparation of the Silver Salts

The organic acid was dissolVed-innalcohol, with
heating if necessary. To the alcoholic solution agueous
sodium carbonate was added until the solution turned
Just alkaline to litmus. The resulting solution was
then made just aoidic by the addition of dilute nitrio
acid. Any precipitated’acid was removeq by filtration.

To the clear, filtered solution there was added an
amount of silver nitrate solution slightly in excess of
that required for the complete preoipitation of the acid..
Cooling in an ice bath was found to glve better yields of
the sllver salt. To further increase the yields the
volumes were always kept small and the solutioﬁs con=-
centrated.

The precipitate of silver salt was separated by
filtration and washed with distilled water until a
negative test for silver ion was obtained, The salt was
then washed with alcohol and dried at 70° for at least

twenty~four hours before use,
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C. .Method of Analysis of the Positive Iodine Compounds

Samples of 0,3 to 0.5 gram»ﬁere w?;ghed.andﬁt:eated
with:ansexcessfof aoidified Zo%xpothSiﬁm'iodide solution.
TheAiodinérreleéSed»aSﬂa result of the following re-
action - - ’

IPy + I+ Ip+ Py

was treated with an excess of standard 0.05N sodium
thiosulfate solution and. then back-titrated with standard

iodine solution using starch indicator.
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D. . Mono~-«~-picoline iodine (I) p~bromobenzoate

To a suspension of 155.6 grams,(a.ﬁ‘mole) of silver
p-bromobenzoate contained in a 2-liter, 2-necked flask
Titted with a mechanical stirrer, 125 grams (approximately
0.5_mole§.of‘16dine crystals were added with efficient
stirring; A large port%on of the iodine reacted as was
evident . from the formation of silver iodide. Then 50 grams
(0.53 mole) of o« =-piooline was added in small portions,

As the reaction proceeded, the addition of another
150 ce, of: chloroform was necessary due to the formation
of a very thick suspension. After twenty minutes of
stirring, all the emine was added and the reaction
appeared to be completed. The preoiﬁitéte of silver
iodide was removed by filtration and to the chloroform
filtrate, contained in a four liter beaker, a liter of
SkellySo;ve-A was added. A large amount of colorless
precipitate; which was separated by filtration through a
porous glass filter, separated. The precipitate was
washed with Skellysolve-A and dry ether. After drying
in yvacuo over sulfuric acid for twenty-four hours,
156g. (0,37 mole) or 75% of mono-ox-picoline iodine (I)
p-bromobenzoate was obtained. The crystals decomposed

at 119-121°,
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Anal, Cale’d. for clBHllozNIBr:.I,BO;ziﬁFound:~J
I,30.2, 30,1, i

K]

O Qe
Br I2 L o 33. Br,
155.6 g« 125 g« 50 g 156 guy 75°/%

(0.5 mole) (049 mole)(0:53 mole): - (0.37 mole)

*pic will be used as an abbreviation for: picoline throughout
thls report.
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E, AMonOA'i~piooline iodine (I) o-chlorobenzoate
Fifty;five 8. (0.21 mole) of silver o-chloro-
benzcate was. suspended in 500 ml, of chloroform.,
Fi;py g. (0.20 mole) of iodine and 20 & of (0.21 mole)
of cg-piooling wexg thep added toAthis&guspension. The
mixture was stirred mechanically for 30 minutes efter
which time all the iodine had been conéumed. .Silver
iodideawas rilteredvoff,and the clear, chloroform fil-
t:ate wﬁs_prggtgdkwith two volumes of Skellysolve-i
i#:avigrge‘Ehrleﬁmeyer'flask'and the Tlask was placed in
the?dfy ice chest for 2) hours. A orop of pale yellow
needles was fbrmed; these were washed wiﬁh,dry ether
and dﬁiediinAvacuo:over sulfuriozaoid., The diied materkﬂ
stggted to melt at-102° and was;qompietely decompoéedv
at 1650. .The welght of the,orystals‘was ﬁh g (Q.O9h mole),
corresponding to a yield of h5%~of mono- & ~piooline
lodine (I) o-chlorobenzoate.4

Anal, Calod._ for ClBHilOZNIOl.} I, 33 8 ‘Found: I,33.8

(o]
C-OAg o ¢-0-I-or-pioc
b Cl : N Cl .

55,1 g, 50 g 20 g. 3 ge, b5°/e
(0.21 mole) {0.20 mole) (0.21 mole) (0,094 mole)
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F. Monopyridine iodine (I) g-chlorobenzoate

To & suspension of 221 g.‘(b,Bi:ﬁOIe)»of silver
o-chlorobenzoate in one liter of chloroform were added
220 g. (0.80 mole) of iodine crystals and &0 g.
(l.Q_mole)ﬂofﬁbyridine. “The mixture was stirred by
means of a éfffringlmotora- The reaction proceeded
rather slowly with the precipitation of silver iodide
and considerable evolution of heat. When the color of
the solution started to turn brown due to the dissolution
of excess lodine, the mixture was -filtered. ' The
ohloroform filtrate was treated with an equal volume of
Skellysolve-A and placed in a Dry Ice chest for 48 hours.
A deposit of orange crystals was formed which became
almost colorless when washed with Skellysolve and dry
¢ther. The product was dried in vacuo over sulfuric
acld for twenty-four ﬁours; the resulting material
decomposed over a range of 91-950} The yield of mono-
pyridine iodine: (I) g-chlorobenzoate was 129 g. (0,36 mole)
or 45% of theoretical.

Anal, Calod. for CypHgOpNICl: I,35.1, Found: I,35.3, 35.1
0

1 9
COAg : C-0IPy
(o * T2t [;;] e NG
221 g. 220 g. 80 g. 129 ge; b5/

(0.81 mole) (0.80 mole) (1.0 mole): (0.36 mole)
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G. Monopyridine lodine (I) grchlqrobeQZOate

Two hundred twenty one“gramsm(D;Sivmole) of ‘silver
m~-chlorobenzoate was added to a liter of chloroform and
the suspension formed was stirred.rapidly‘in order to
meke the suspension as homogeneous as possible, To the
rapidly stirred mixture 220 grams (0.80 mole) of orys-
talline iodine and' 80 grams (1 mole) of pyridine was
added, The rgaction proceeded'rapidly-and no large
evolution of heat was noted, although some warming
ocourred: - Afﬁér,some»time,‘the’solution started to
turn brown and the mixture was filteredg@zTheiclear
filtrate was treated with slightly more then an equal
volume of Skellysolve-A and placed in a Dry Ioe chest for
forty-eight hours. A large deposit of a colorless
crystalline solid was formed which was washed with
Skellysolve-A and dry ether. The c¢rystals were dried in
yacuo over sulfuric acid for twenty-four hours; the
yield“bf monopyridine iodine (I) m~chlorobenzoate, de-
composing at 94-97° was 148 g. (0.41 mole) or 51%.
Anal. Calcd., for'012H902NICl: I,}S.l, Found: ;,35.l, 35.0.

0
Q . n o
C-0A G-0IPy

Qb oy Qe O

cI 2 | cl

221 g. 220 .g. 80 g. 148 g., 51%

(0.81 mole) (0.80 mole) (1.0 mole) (0.41 mole)
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H, Monopyridine iodine (I) g-bromobenzoate

In a two liter, two necked flask equipped with an
autdmatic ‘stirrer, 138 g. (0.44 mole) of silver
gfbromobenzoate.was suspended in one liter of chloroform.
To the éuspensidn'lOl g. (0.40 mole) of iodine, and LO g..
(ofso‘mble)'qffpyridiné was added.  The iodine was
rapidly aﬁd~o§m§16tely’consumed‘. The precipitated
silver iogidezyaé’removed’by filtration anml the clear
chloroform filtrate was diluted»with;fﬁo;vblumes of
Skellysolve-A and sllowed to remain in a Dry Ice chest
for twenty-four hours. A pale yellOchrystalline'solid
which was"sgéhed with dry ether and drieéj;g.zgggg_
over sulfuric acid was deposited, The yleld of mono~
pyridine‘iodine o-bromobenzoate was 111 g. (0.30 mole)
or 68%@»3The compound decomposed from 101410605
Anal. Calpd, for C;,H g0pNIBr: ‘I,31,2, Found: 'I,31.2, 31.2

0 0
" 501
C-04g ~. C-0LiPy
I, 4 + AgI ¥
Br : o Br
138 g. 101 g. L0 g. 11 g.; 68%

(0.4l mole) (0.40 mole) (0,50 mole) (0,30 mole)
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II; The Decomposition Reactions of Positive Iodine Compounds_
“ A, To a suspension of 237 8o (0 9 mole) of silver
m»chlorobenzoate in 1200 cc. of chloroform oontained in
a 3-liter, one-neoked flask there was added with
V1gorour stirring, 223 g. (slightly less than 0.9 mole)
of 1odipee An immediate precipitation of yellow sllver
iodide was noted. Pyridine, 83 ml. (approx1mately'l mole)
was then added. After the mixture had been stirred
meohanioally_for one hou:, the p;eoipitaﬁe was filtered
off and the chloroform filtrate collected and distilled,
wﬁile‘the pot temperature was held beiow-65°.r To the
residue remaining in the flagk affer,remoyal.of the
oh10roform, there was added 200 ml. of etﬁer‘and_tpe
‘mixture refluxed for seven%y two hours. The mixtufe was
then'thofoughly shaken and filtered. A tarry fesidue
remained which was extracted with an additional 100 ml.
of ether, filtered and the ether extracts combined.

The ethereal solution was extracted with a 20%
solution of sodium thiosulfate until further extraction
caused,notfurther~change in the yellow oolor oi the ether
solution.. This was followed by a series of extractions
with 5% sodiﬁm carbonate solution and then with water.
The ether solution was finally treated with five 20 ml.
portions of 20% hydroohlorio acid. The two phases were
separated and the ether solution (II-A-1) dried over
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sodium sulfate,

Tﬁevacid'extract was evaporated ﬁowone fifth of
its original volume on a.stéamvbathand the concentrated
solution was cooled in an ice bath. Ammonia gas vas
bubbled through the cold solution until the solution
turned alkaline-to litmus. Along with the strong odor
of pyridiﬁe;'a brown precipitate-was noted. This
breoipitate was separated by filtratlon end was found to
sublime readily to give 1.2 g, of. colorless needles,
extremely volatile and possessing a strong, unpleasant
odor. The orystals melted sharply at 52.8-55;2°;
When chlorine was bubbled throughfan.ioe.cold~chloroform
solution of:these.crystals,‘a bright yellow precipitate
was formed melting at 127,3-129.1%. The melting point
of 3-lodopyridine is given as'53;5° end ‘of the
fodochloride as 128-130°, The yield of 3-iodopyridine
corresponds to 0.63%. |

Evaporation of II~A~]1 yielded712>ml; of a pleasant
smelling liquid which on cooling.in ioe‘yielded a deposit
of orystals that were separated by‘suotion filtration
and recrystallized from ligroin until they gave a
constant melting point of-l724172;8°¢’"Passage of

hydrogen chloride gas through an ether solution of theéé
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orystals ylelded the hydrochloride, m,p. 193.9~194.7°.
‘The melting point of 3 s-dliodopyridine is given as
171,5° and that of the hydrochloride is given as
195-196° '(26);“

Anal. Caled. for CzHNI,: C, 18.14, H, 0.91, I, 76.70;
Fouhq: C, 18.61, H; 1;28,'1; 76.21.

'“n VThe.yie1d:of 3;54diiodopyridine was 0.9 g.

or 0.3*/* '

The liquid portion of II-A-1 was subjected to a
careful vacuum distillation. A great deal of difficulty
was éiperienced due to the presence of some iodine
containing impurity whioh decompased to give free iodine
and thus cbﬁﬁaminated the sample., “kfter several
successive distlllations, a stable, colorless sample
was obtalned ‘which came over at 7h~75 at 0.5 mm., of
Hg pressure. A portionvas analyzed and the remainder
was subjected to chemical tests. The 1iqu1d contained
chlorine, but no iodine, and boiled at 2A2~2hh° at
aﬁmospheric pressure (744 mm.,). The density was i,lé
and the refractive index 1.520. Hydrolysis with
diethylene glycol and potassium hydroxide gave
grchlorobenzoié acid; which was easily isolated and
jdentified from the residue. Distillation of the hydrolyzed
material gave about 2 ml. of oiéar Liquid which came

over below 100° and which when placed over potassium



carbpnate separated into two layefs; - The upper layer
wasvsepargped;gndvdried over potaSaium carbonate, The
dried liquid reacted with acetyl chloride to give the
definite odor of ethyl acetate and forméd a solid
derivative with 3,5~dinitro benzoyl chloride melting at
92-92‘50. ;Thevmelting_point‘or efhyl;3t5-dinitrobenzoate
is 93°, - The. conclusion to be drawn{from1these observations
is that the product is ethyl m~chlorobenzoate. A
comparison of the physical constants reported for ethyl
m-chlorobenzoate and ﬁhose observed for the product

isolated follow. ..

Reported for ethyl m-chlorobenzoate Found
Boiling Point 245 2L,2-24h
Density L 1.22 L1419
‘Refractive Index Jl.521 1.520
~,5_-;{mza.‘lysis. : C, 58.5 C, 57.1
H, 4.9 CH, 4.7
c1, 19.2 1, 19.1

The evidence for the product being ethyl m-chlorobenzoate
is good, but not conclusive due to the low carbon.
anglysis,;

The experiment was repeated several times, and.
although the neutral fractiqn was always easily isolated,
a pure sample could never be obtained due to continued

contamination of the materiel by iodine which was
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-released . even on gentle heating. If the liquid was
redissolvedfin-ether and warmed*with;quite, a decolorized
solution was-obtained- but‘uponZStandingvfoerust a
few-mlnutes the solution became- colored. . The presence
of ‘some unstablp iodine compound is beyond doubt.
By To~560~ml;<of,dry ether contained in a one-liter
flask equipped with an efficient condenser, there was
added 77.5 g. (0.21 mole) of monopyridine iodine
(I)~ggohlorobenzoate'and the mixture was refluxed for
- seventy two hours. At the end of this time, the ether
extract was filtered off and treated exactly in the
seme manner as described for. IT%A=~l,.
;In»thiSwmanner;,there‘was isolated and purified
from ‘the reaction mixture 1.2 g. (2.3%) of 3-iodopyridine
which was ldentified in the manner previously described.
o diiodopyridine was isclated.
The quantity of neutral fraction obtained was
l.5 ml. A pure sample could not be prepared, but
hydrolysis of the sample showed that both o-chloro-
benzoic acid and ethyl alcohol were contained in the
origindl molecule.
C, In 500 ml. of chloroform there was suspended 127 g.
(0.48 mole)»0f~silver;grohlorobenzoaﬁe to which was
added 101 g. (0.4 mole) of lodine and 46.5 g. (0.5 mole)

of o-picoline. The mixture was stirred mechanically
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for 4 hour until the iodine was cdonsumed, The pre-
cibitéfed:sil#eriibdide was rémGVedtby'filtratioh and
the filtrate was distilled to remove the chloroform. The
pot temperature was not-permitted'to’gO*abOVG‘65o.
The residue in the flask consisted of yellow crystals
contaminated with a heavy brown liquid. To the
reéidue‘soo nl, of ether was added and the mixture was
refluxed for se#enty two hours. After this time, the
ether was filtéred off and extracted in the manner
desoribed in section II-A.”

The acid‘frabtion3waé‘evaporated to a small volume
over a steam bath and ammonia gas was passed through
the concentrated acid solution which had been cooled
in an ice bath. A strong odor of a;picoline was present
and inﬁaddition, a heavy broﬁn 61l separated out. This -
01l was &eparated by decantation and distilled at
‘atmospheric preSéﬁfé.&‘The distillate came over at 210°
;and"i;7ig, qT afpale yellow oil which was found to be
easily soluble in 5% hydrochloric acid was collected.
A portion of theoll was easily convefted~into the yellow
picrété;whiohfbn-fedrystallizatidh from alcohol melted
at 14,9°. Plazek and Rodewald (21) reported the
bbiling‘pointfof)5~iodo-2-methylpyridiﬁe as 205~215°
and'fhe melting point of the picrate as 150°, Thus,
a yleld of i.?"%fbf 5-iodo-2-methylpyridine was realized

in this reaction.
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D: Traces of 3-iodopyridine were isolated in the
following runs, but the amounts were only sufficient
for the purposes of identification: decomposition of
monopyridine iodine (I) m-chlorobenzoate in ether;
reaction of sil#gr salts of o-iodobenzoic, go-toluie
and gﬁtoyuic%adidé with fodine in the presence of
pyridine;

Since it was found that monopyridine iodine(I)
grnigfobenzoate was not decomposed by refluxing in
diethyl ether, dibutyl ether was used in order to
provide ‘a higher temperature for decomposition:

When 27.3 g. of monopyridine iodine(I) m-nitro-
benzoate was refluxed with 200 ml. of dibutyl ether,
no releasé of ;odine was observed.  Immediately upon
cooling, 9.5 g. of colorless needles formed. These
melted sharply at 122;9-123.5O and the melting point was
not changed by recrystallization from alcoho;-water-
nixtures. The crystals did not contain iodine.

Héating the crystaIS»to,looo gave a strong odor
of pyridine. When 5 g. of the crystals was heated in a
distilling flask, one ml. of pyridine was collected.

To estab}ish~definitély the fact that the liquid was
pyridine, the picrate was prepared and found to melt
et 166°, The literature gives 167° as the melting point
of pyridinium.picrate. The residue in the distilling
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flask melted,at ;L1-lh3° and gave a mixed melting point
of 142-143° with an authentic‘sampié of m~-nitrobenzoic
acid, ™

On" the basis of the data, it is concluded that the
Crystalline;éoﬁpbund’formEd*when monopyridine iodine(I)
m~nitrobenzoate is decomposed in butyl ether is pyridinium
m-nitrobenzoate. The source of the hydrogen was not

established.,"
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- DISCUSSION OF PARTS I AWD II

The preparation of certain positive iodine compcunds
which previously could not be mede (7) is dependent
to a large degree upon solubility factors. By the simple
process of crystallizing out the product at low temperatures,
several of the compounds which could not be ealted out at
room temperature have been obtained in good to excellent
yields.

A general but very definite observation whioh was
made and which should be mentioned is that all the
o~ and m-halo eubetituted derivatives were relatively
uneteble. It was found that these oompounds turned
yellow after a Tew days and after severel weeks a deposit
of iodine formed around the 1nside of the container.
At the eame time, all the Erhalo eubStituted derivatives,
as well as all the nitro compounde, which were trepared
as white crystalline solids, ehowed absolutely no.
decomp031tion, even after standing in a deeiccator for
a period of six months. This indicates that the stabllity
and ease of formation of the positive iodine compound
is intimately related to the nature and position of the
ring substituente.

It has already been reported (7) that the poeitive

lodine complexes of amino, hydroxy and methoxy benzoic
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acids cannot be prepared, but thqt‘decomposition
products are obtained. The more extensive studies
carried out'ip,thiS‘investigation have shown that while
the o and_grchloro end bromobenzolc acid positive
iodine derivatives can be prepared; attembts to prepare
the corresponding iodo or methyl derivatives were un-
successfulsthhﬁé.we see that there 1s a gradual
transition in stability, i.e., the extreme stability of
all the nitro and p-halo compounds, the absolute in-
stability of the amino, hydroxy and methoxy and o- and
m~-iodo and methyl compounds and the intermediate
stability of the o~ and m~chloro and bromo compounds.
This, of course, indicates that the stability of a
poslitive iodine compound depends on the electron
withdrawing power of the ring substituent. This is
shown by the relative stability of the compounds just
described. Perheps, the most.convincing evidence in
favor of this conclusion is the ease of preparation and
stability'of.the o- and m-chloro and bromo derivatives
as compareérwithgthevioﬁé- and methyl derivatives.
Here}fin,goingrfrom one group to-another which is jus?®
811g£f1y~more electropositive, we come to & sort of
"transition-poinf" between stability and instability.
The reason for this behavior is probably due to the

, A +
strong oxidizing power of the IPy ion. In the case of
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a strongly electron withdrawing group, like the nitro
group,. the cationic 1od1ne is probably best satisfied
by cocordination with pyridine, i.e., thishstate best
satisfies the electron'seeking'tendéncy of the electron-
deficient iodine. 0n>the othe%‘hand,‘when'the substituent
group. is strongly electron ddﬁating,.as in the case of
the amino and hydroxy groups, the stability of the IPy"+
ion 1s substantially reduced, (because of the competition
with the electron pair of the ring nitrogen) which
arises from-the;"enrichlng" of ring positions due to
resonance;7Thué, inkthe latter oase!‘fhe poéitive iodine
has considéfableidpportunity to satiate its appetite for
electrons by ring substitution or oxidation of the ring,
ratheifihéﬁ phrough coordination with pyridine.;

jThe_isolafion of iodopyridiné(ﬁés shed some light
on the mechanism of free acid formation which was
observed in another investigation (7) A brief outline-
of the experimental‘brocedure for‘obt&ini@g'this'material
is given in the following diagram.

Residue obtained by 1. reaction of a silver salt with
iodine in the presence of pyridine (or. cx-piooline)
after removal of silver iodide and evaporation of
chloroform solvent, or 2. positive'iodine compound,

is refluxed with ether for Beventy two hours é4nd ether
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filtered off from r381due.

'axtract Sther iIth sodium‘thio--
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ligroin,.

Eolorless needles
of 3,5-diiodopyridine,
meltin point 172-172. 8

Pass dry hydrogen
chloride through
ether solution

‘Coloriess précipitate,
meltipg point 193.9~
195.7°% ©




34,

While the yields of 3-iodopyridine were very low,
and in many cases, none of the product was obtained,
or only in traces, it is possible that the low ylelds
may be explained .in part by the extreme volatility of the
compound. For example, a full.gram'ofiﬁéiodopyridine,
when allowed to remain overnight on a porous plate,
hed completely evaporated. The greatest loss probably
ocours during the evaporation of the chloroform or
during the actual refluxing time, The type of reaction
which brings about the formation of free acid may be

described -in the following equation:

RCOOI + N</:> - | RCOOH + 1\/ \>

I
The fact that iodination ocours exclusively in the
three and five positions of the pyridine ring and the
five posiﬁion in ¢x-picdline is good'évidence for the
following resonance in the IPifion which gives rise to

activation in those positions.

7 74

) QO | © J , -
1 N
I I

This fact also suggests that the formation of 3-iodo-
pyridine in the vapor phase iodination of pyridine may
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involve a positive iodine mechanism,

As a'resuitﬁof the experiments performed, there
has been obtained good, but inconelusive evidence for
the formation of the ethyl ester of the acid, probably
through éplittipgfof the -ether. It 1s apparent that
the neutrai:fraction 1s contaminated with an unstable
fodine compound inasmuch as a steady release of iodine
is observed, even after the solution has been washed
with tﬁibsulfate; This factor presents ‘the major
difficulty in the ultimate identification of the
neutral Ifractlon,

The cass of the decomposition of monopyridine..
iodine(I) m-nitrobenzoate in dibutyl ether is extremely
interesting because there is no release of iodine
observed. The good ylelds of pyridinium m-nitrobenzoate
require the release of hydrogen. The hydrogen is most
probably released as a result of the lodination of the
éther,

Gomberg (24) and Birckenbach and Goubeau (25)
have reported that perchloric acid is the main product
of the reaction between equivalent quantities of silver
perchlorate and lodine in ether as a solvent., They
suggest that the ether iz ilodinated in the alpha

position and the resulting product enters into reaction
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with the silver salt to form the perchlorate ether,
This is very easily deoomposed and sensitive to light
and moisture. In this work, it is possible that
unstable iodination products were formed involving
elther the solvent end the amine, or both, In many
cases, it was noted that the theoretical amount of
1odine wes not taken up, and often, after the filtrate
was separaﬁéd‘fn)m.the silver iodide, although the solutlon
came through pale amber in color; a rapid’and‘considerable
releﬁée of iodine was noted.

Thus, the formation of free acid in the reaction
of siliver salts of carboxylic acids with iodine in the
presence of tertiary amines, may arise from the form-
ation of unstable iodination products as well as from

the formation of iodopyridines.
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III, Some Reactions of Silver Carboxylates With
One Equivalent of Bromine

These reactions were carried‘out'in an attempt to
prepare an‘qrggnic péeudqhalogen of the hyfothetical
struotur§v(RCOO)n; Whilelno evidence for the existence
of such?avcompound has been obtained, several
interesting observations were made;which}certainly
warrant further-investiéation,

In order to maintain completely enhydrous conditions,
the reaotién was élﬁays run in an atmosphere of dry
nitrogen. Bromine wag dried by storage under concentrated
sulfuriq‘acid and was distilled directly into the
reaction flask. Before the addition of bromine to the
reaotioﬁ mixture, dry nitrogen was passed through the
suspension of the alféady thoroughly dried silver
salt in carbon tetrachloride. |
A, Reaction-of silver Renitroﬁanzoat;vwith one
equivalent of bromine in carbon tetrachloride.

‘A suspension of 3.0 g. (0.01 ﬁole) of silver -
nitrobenzoate in 100 ml. of carbon tetrachloride was
prepared in the reaction flask, After the system
was flushed with.dryAnitrogen for thirty minutes,

0.25 ml, (slightly less than 0,01 mole) of bromine was

distilled into the reaction mixture. The orange color’
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of ph;_bromine-carpon:pgtrachloride solution remeined
pfactically unchanged after a half hour. Semples of
the filtrate gave negative tesfs.with_glcohblio
solgtionéﬁor potassium iodide andvsilyer,nitrate.
Aft‘e;" :fivg:days‘, there was some indication of dis-
gppear#ﬁgeﬁpfqthe~brqmine, but th;s may have been due
té evaporétioq$ ‘The suspension wés finally‘filtered
and evaporated. The pnly evidence;of any reactipn
was a small,gmount of nitrobenzene‘which wess probably
ﬁqgmed by a decarboxylation.

~.In the case of m-nitrobenzoic acid, the identical
behavior was observed. Silver p-aminobenzoate also
gave absqlutely nolindication.of any reaotion,

It is interesting to note that the addition of
small amounts of]alcqhol.qagsed aArapiq reaction in
each ocase as was evidencgd By the rapid dlsappearance
of.the bromine.

B. _Reaction-of silver benzoate with one equivelent of
| ,brominq

To a suspension of 9.6 g. (0,04 mole) of silver
benzoate in 200 ml. of carbon tetrachloride there was
a@dgd,l ml. (D.OB?]mole) of bromine. The:réaotion;
pfogegdeq repidly with the disappearance of the bromine.

After the reactlion appeared completed, the colorless
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filtrate was tested with silver nitrate and potassium
iodide solutions and again no reaotiéhfWas observed.
Evaporation of the remainder of thepfiliiate in the
atmosphere yielded white orystals of Benzoic acld and
small quantities of bromobenzene.
Ca ‘Réadfion of silver benzoate with one equivalent of

Lbraminevfollowed~by the eddition of cylohexene

Into a suépenéion,of 19.6 g. (0.085,mole) of silver

benzoate in 200 ml. of carbon tetrachloride, 2 ml,
(0;075 mole) of bromine was distilled directly from
sulfuric acid and the mixture agitated by means of
nitrogen gas. When the color of the bromine had dis~
appéaréd: 7fg. (0.085 mole) of cyclohexene was added and
the liberation of.iarge‘amounts of heat was noted.
The suSpeﬁsiOn was filtered, énd the filtrate evaporated
on a steam.bath. When the carbon tetrachloride had
evaporated, a light brown solid of the consistency of
a soft wax remained, This material was easily soluble
in every organic solvent tested: -ether, alcohol,
acetone, chloroform, caibbn'tétrachloride and ligroin.
It was completely insoluble in water. Thus, recrystal-
lization was virtually impossible., Each time it was
recoVeré& from a solvent, the physical state remained

unchanged, the solid maintaining its soft, waxy
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consistenoy.V~Attempts‘to distill, even at pressures as
low aS»D.OOS m. of mercury were wholiy unsuco essful,

‘The physical properties of the compound corresponded
to none of those reported for either the cis or
trans forms of 1, 2-dibromocyclohexane, l-bromo,
2-benzoyloxycyclohexane, or 1, 2-dibenzoyloxycyclohexane.
A positive test for bromine was obtained,fbut;in view
of the fact that the material was undoubtedly impure,
this observation 1s notatoorsignifioant. After the
material had stood for ten days, on reattempted
recrystallization from ligroin, some sharp melting,
colorless needles were obtalned, but these were
identifiéd-by~a mixed melting point as bénzoic acid.
These mayléiso have been present as en impurity or
resulted from some reaction other then addition to
cyclohexene, - Although the original meterial seemed to
possegs some Gefinite crystalline form; sublimation
also failed.

Absolutely no definite.information concerning the
structure of this compound was obtained. The product
was obtaeined in good yields in other runs, but no
additional information of its structure was obtained.
D. Reaction of benzoyl peroxide with carbon tetra-

chloride



L1.

In an attempt to obtain some information concerning
the compound described_in;IIIeC,'z.k g. (0,01 mole)
of benzoyizperoxiae and 1,6 g. (0,02 mole) of
cyclohexenélwere refluxed in 25 ml, of carbon tetra-
chloride over a steam bath for forty-elght hours.
The'carbon;tetraohloride was then distilled off-
leavingza<héavy brown residue. On standing«for several
hours,,this;residue started to solidify and emit a
strong; camphor-like odor. Since the possibllity
that the material might be hexachloroethane was
considered, the brown residue was subjected to a
sublimation and a good sample of colorless needles
were obtained which melted at 186-188° in.a sealed
‘tube. . The melting point of hexachloroethane is given
as 186.9-187.4°.

;Thé:experiment,wasgrerun,in the absence of
cyclohexene and again,zhexachloroethane was- 1isolated
and identified. If the crystals could be more sasily
separaﬁédsfromithe;residue;wit'appeared that a .
falrly good yield of hexachloroethene might be realized.
The formation of hexaechloroethane is quite interesting

and warrants further investigation. -
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IV. The Electrical Conductivity of Positive Iodine

Compounds in Pyridine Solution. |
A, The eleoctrolysis of monopyridine iodine(I) m-
nitrobenzoate in pyridine.

sTheipurpose of this experiment wasu;o determine
whether éilver-iodide could be made to plate out
quantitativqu“ét a silver cathode by electrolysis of
a positive lodine compound. It was believed that the
deposition might take place in accordance with Faraday's
laws.

A solution of 1,6 g. of monopyridine iodine(I)
m~-nitrobenzoate in 80 ml. of pyridine was electrolyzed
for three,hdﬁrs~in a divided cell., The anode was of
platinum foil, 1 x 2% om. and the cathode was of silver
foil, 1% x 6 om. A direct current potential of 110
volts was applied between the eléctrodes; the cell was
connected in series with an ammeter and silver
coulometer. The ammeter reading was 0.002 amperes,
and little change in this value ocourred during the
time of passage of:the current. The anode compartment
showed no change, the original yellow color of the
solution remained the same., The cathode compartment,
however, turned almost brown and a deposit of colorless

erystalline material was noted at the base of this
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compartment. The coulometer showed an increase in
weight of 0.0295 g. of silver. The cathode itself,
in spite of the fact that a precipitate of yellow silver
iodide had been formed -at the surface, showed a loss
in weight of 0.17L4L4 g. It should beA;mphasized
that no deposition of any kind was observed in the
anode eompartmeﬁﬁo

‘The orystals that deposited in the cathode
chamber were removed and were found to decompose
into a yeliow powder on heating: Heating the yellow
powder in an open flame caused it to emit purple
fumes, These were believed to be iodine., The
original colorless crystals were unaffected by water,
but upon the addition of a mineral acid or alcohol,
the yellow powder formed at once, On the assumption
that the crystals were silver iodlde solvated with
pyridine, the following experiments were performed.

A quantity of silver iodide was continously
shaken with excess pyridine for two hours, None of the
original’ yellow solid remained, but a colorless
crystalline solid was formed which was removed by
riltration} The orystals behaved exactly as those
isolated from the cathode; silver iodide was formed

on heating, treatment with nitric acid .or washing with
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alcohol.

As final proof of the fate of the silver cathode,
a few thin strips of metallic silver were allowed to
remain in contact with a 0.1 molar solution of mono-
pyridine iodine(I) m-nitrobenzoate in pyridine. After
forty&eight hours the metallic silve?ﬁéisgppeared
completely and the white crystalline»méférial was formed
which behaved Just as that previously desoribed. It
seems~probéble“that'the IPfF ion,acts,ggian'oxidizing
agent iowards silver to form silveffiSdide.

Bs 'The'conductivities of various positive iodine
compqunds*inlpyridine.

l. Preparation of .pure pyridine .

Pyridine obtained by the method to be described
was that used for both conductivity studles and measure~
ments of absorption spectra,.- The methodvused, except
for the preliminary drying over potassiﬁm hydroxide,
was that described by Burgess and Kraus (15). The
starting produot-Was Baker's analyzed pyridine. This
was stored over potassium hydroxide for two days and
fractionated through a four foot column packed with :
berl saddles. A middle fraction boiling at 1l4.2-
114.6° was colleoted and treated with aluminum chloride
to eliminate any traces of alcohol. The aluminum
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chloride had to be added in very small portions due to
the fbrmati§n5of;a srystalline compleXAWh;ch was ac-
companiedey the liberation of a large quéntity of heat,
After tWenty-four hours,.the material waS'again.fraetionﬁ
ated and a-middle fraction boiling atillh.2—114¢9° was
collected over aluminum oxide. ThiS'wgs refluxed,
distilled,and-égain collected over alumina. The final
produet was distilled in an atmosphere free of carbon
dioxide and moisture.. The column was flushed for an
hour with nitrogen which had been passed thrOugh potas=~
sium hydroxide and sulfuric acid, The final product
came oveifat lll;.Bo and wes collected and stored\in a
brown»boﬁile_stoppered;with a ground-glass, potassium
hydroxide filled stopper, The finel product had a-
conductivity of not greater than 5 x 109 onms™ at 250.

2, Conductivity measurements

411 measurements were made on a Henry type bridge
employing a 1000 cycle audiophone AC circuit. Due to
the high values for the resistance, a parallel resistance
had to be used, as well as a condenser having a variable
capacitance of up to 6000 microfarads. ThevpurPOSe of
the latter was to compensate for errors arising from
the polarization'offﬁhe-electrodes, Approximate values

for the resistance were first obtained on a portable



L6.

conductivity bridge so that the amount of parallel
resisteance which ﬁould_give the most accurate values
could be calculated.

- The cell used was of the Henry type with polished
.platinumiéleétrqdes,:aThe\oell constant was found to
be,0‘1458 fromfcél1bration with standard potassium
chloridefsolution at 250. Previous independert cal-
ibrations gave values of 0.1457 and 0.1459 for this
cell, ThéfQAIutions_were prepared by adding a weighed
amount of the positive iodine salt to a weighed amount
of pyridine contained in a glass stoppered flask. The
transfer of solution from the flask to the cell was
accomplished so as to exclude air and moisture as much
as possible. A pipette to which a stopcock was fused
was filled by automatic suction; a drying tower con=-
necting the pipette and the pump. The stem of the
plpette was inserted through one of the openings of
a_two~hole rubber stopper which fit securely into the
opening of either the flask or the c¢ell. The second
opening of the stopper, which provided:an,airvinlet,
was connected by means of a rubber tube to a potassium
hyﬁroxidéjdrying tower: Before any measurements were
made, the cell was rinsed at least ten times with the

solution whose reslstance was to be measured., All
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8.

CONDUCTIVITIES OF SOME POSITIVE IODINE SALTS AT 25

IN PYRIDINE SOLVENT-

Derivative of
Monopyridine '
Todine(I) =

g;nitrobenzoafe
g}nitrobenzoata
gfnitrobenzqate
Q}dhlorqpenéoate
ngh;qrqﬁgnzoate
pééniébeéhzoate
o-bromobenzoate .
é;bromobenzoate
Qfﬁromqbenzoate
éripﬁobenzoate
ﬁribdobénzgépe
D-toluate N

nitrate

'Goncentratioh*:;g£§g§§%§vity Molar
Molal x 10 Conductance
0.01026 99,5 0,969
0.01026 481 0,469
0.02026 5443' 0,529
0,01026 12 0,41
001026 3 0.33
001026 17 0,16
0.01026 10 039
0.01026 50 0.9
001026 i ho;39
,6.01025 33 0.32
0.01026 16 0,16
0.01026 219 2.13
0.0033 580 5,65
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No ‘significant interpretation can be attached to
‘these resulbs. Suoh'a'disqussion‘wouiﬁireqnire the
'caldulation‘of the individual dissociation constants for
‘the VariduSiCOmpbunds, as well as the detemination
of the'indiVidual ionic conduetivities,v Such work
would compromise an extensive research project in
itSelf,»”A,few~qualitative‘observatiOns'are self evident,
however. The nitrate, as would be expected, shows e
‘eonductivity considerably greater than thaet of any
of the organiec compounds. This is undoubtedly due to
the fact that the nitrate is not nearly as good a
coordinator as the organic ions and hence forms a
much more 1onicfsalt. The greater salt-like nature of
the nitrate is further emphasized by the fact that the
solution was considerably more &ilute; and still
showed a considerably greater conductance than did the
organioc derivatives, The high value for the con=-
ductivity of the p-toluate derivative can be attributed
to several factors, ZPerhaps, the toluate has a much
greater mpbility than do the other anions, This my
arise from a lesser degree of solvation in solution.

If an ion has to carry along with it a lesser number
of solvent molecules, its velocity will be proportionally

greater, Again, such a conclusion would have to be,



tested experimentally by determining the relative
degree of solvation of these ions as well as thelr
mobilities} 
c. vThe effect of time on the .conductivity of positive
lodine salts in pyridine.
1'Th;s study was underteken in conjunction with a
more eitende& study of the absorption spectra,or these
compounds. The values obtained for a 0,0100 molal
solution of monopyridine ioding(I) p~bromobenzoate in
pjridine are given in Table II,

50,
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TABLE II

VARTATION OF THE CONDUCTIVITY OF A 0,01 m SOLUTION

0F MONOPYRIDINE IODINE (I) p-BROMOBENZOATE IN
PYRIDINE AT 25°.

_';'_j;x_n;g_ Specific Conductance x 107
I minutes- 39.3
12 n 39.3
17 39.3
vz o 39.3
55w 39.4
91 " 39.5
10 " 41,3
260 51,9
18 ﬁéurs ' h8.7'
20 ® 18,9
22 ¢ 50,1
25 w 51.8
J%: S 55.1
69 " 5647
92 " 58.5
16 60.5
138 62.0

163 " 68.1



Teble II, Cont'd,

Iime

;2 Jdays'*
13 v
U

15 v

1% v

18 n

19 n

52,

Specific Conductance x 107
269
295
33
430
550
574
595

The measurements were not carried out further

because it was conecluded from spectroscopic eyidenoe

thaﬁ the release of iodine created a new situgtion

with the iodine forming the predominant conducting

species, The data presented are in agreement with

the spectroscopic date and will be discussed in the

next section which deals with the spectra of pyridine

solutions of iodine and positive iodine'oampognds.
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V. Absorption Spectra of Positive Iodime Salts and
A chiﬁe in Pyridine and the Aﬁsorptibn Spectrum
of Iodine in later. -

As 1. Preparatlon of materials

The pyridine used in these studies ‘was purified
in the same manner as that use& for the conductivity
studies (see Section IV-B), and possessed the same
specific conductance. The 1mportance of the purity of
‘the solvent'in'these studies cannot be overemphasized
and it should Bc'pointed out that the method of
purificaﬁion'uscd el iminated anyﬁtraces of alcohol
end water which ﬁa&ﬁhavc'béén:pfesent. The waterﬂused
wﬁs’firStTdistillcd frcmcyotéssium permenganate in
order ﬁo‘eliminateiany tracés of organic materials
and then distilled from a quartz vessel through a tin
condenser. The final product was colleoted in a
Pyrex bottle that had been ‘thoroughly steemed for
several days and rinsed with cohductiﬁfty*water. ‘No
effort was made to eliminate carbon dioxide as it
wes assumed that it wbulc”not'inﬁerfere.

The iodine was Merck's c.p. grade and it was
subjected to two further resublimations, after which
it was stored in a désiccator over magnesiﬁm'perchlorate.

The positive ilodine compounds were prepared as
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desbribed' previously (5, 7). Their purity was checked by
aﬁ&lYBiS'.'

The solutions were prepared by adding the
calculated amount of solute to a weighed quantity of
tﬁe solvent contained in a -ground-g;ass stoppered
flask. ‘I‘he-'vgzy.*_?dilute"solutiOns'were' prepared by
,dilution.‘pf ‘the more concentrated ones. The method
of transfer of solvent and solutions is-described
in Section IV-B, |

2. Methods and apparatus

All absorption spectra were measured with a
Beckman Quartz spectrophotometer, Model DU, A pair
of 1 cm,’ silica cells were used, one of which always
contained the blank. Wavelengths from 700 to 320 mp
were*’obtained“by means of tungsten lamp; below the
latter wavelength, in the uwltraviolet region, a hydrogen
dlscharge Llamp was used. In the case of the measure-
ments in pyridine, absorption below 305 mJ.l could not
be measured because of the strong absorption of pyridine
in this region. In water, measurements were carried
out to 265 mp. The slit widths varied from about
0.01 mm. in the region of 600--’}05 mp to the maximum
width of 2mm. at the shortest wavelengths.
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B. Absorption spectra of some positive iodine
compounds 1n pyridiné?"

411 the ?651t1ﬁe iodine combounds,-Which‘are
fhemséiv;s colorless, were found tolbe”readily soluble
in py:iﬁihe‘w1th the formation of golden yellow solu-
tionsiy Except in the case of the nitro compounds,
all the freshly prepared solutions.weréfcharacterized
by a single band in the region of 3154325'qp“and
these are listed in Table II], .



| TABLE III
ABSORPTION OF SOME FRESHLY PREPARED SOLUTIONS OF
DERIVATIVES OF MONOPYRIDINE IODINE(I) IN PYRIDINE

Salt’
(Gonca 0.01 m)

p-Toluate
'p:-Chlorobenzoate_a
Db-Bromobenzoate
2-Bromobenzoate (5xlo-§m)
p-Iodobenzoate
B~-Iodobenzoate

o~ N;t:obenzoate<
n-Nitrobenzoate
grmitrobegzoate

Nitrate (3.3x10 m)

8

Max., mg-
325
325

325

315

330 P
325

340-370

350
314,0-375
319

% Transmission
at A max.

3.57
2.93
3.36
50.8
2,99
3.62
3.15 °
3,02 °
3.2 °
35.4

The decomposition point (152-160°) aiffers from that

observed previously-(7), but the compound analyzed

correctly.

bwas not measured at 325 mp.

(4]
Values at 325 mp.
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In meking the measurements, reedings were taken
at intervals of 10 mp in the case of the first
ﬁsolution~stﬁdied ﬁﬁfiodobenzoate), and this accounts
for the 330 mp peak observed, When measurements
were carried out on other solutions, rsadings were
taken at intervals of 5 mp in the region 20 I on.
either side of the maximum and at 1 mu on the immediate
sides of the maximum.

A typical absorption curve for solutlon of a
‘positive iodine compound is typified by curve A of
Figure 1 which illustrates the experimental values
.obtained for a 0.0l m solution of monopyridine iodine(I)
p-toluate in pyridine. On standing for from three to
four hours, the color of all the solutions changed
from a golden yellow to amber, and as is showﬁ iﬁ
curve B of Fig. 1, this was accompanied by a marked
increase in absorption., By simple dilution, the
resulting curve could be resolved into a ocurve having
distinct peaks at 375 mp and 320 mp, as is shown in
Curve C. In every case, including the solutions of the
nitro compounds, the identical behavior was obse?ved.
It is of considerable importance, as will be shown
in the discussion of these observations, to mention that

the 375 mp band was always more intense than the
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Tronsmission

%

| I | | l |
L25 LOO 375 350 325 3
, Wavelength, millimicrons
Fig. 1. Abgorption spectrum of monopyridine iodine(I) p-
toluete in pyridirne. Curve A: freshly prepared solution,

conc. 0.01 m; curve B: same solution after four hours;

curve C: same a3 B, but diluted in pyridine to cone. 5 X

1677 m.
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320 mp bend. In Table IV are listed the values for
the intensities.of the absorption bands of gome
f901ution9-pf positive iodine compounds arter aging
and dilﬁtion.

o TABLE IV
EFFECT OF AGING AND DILUTION ON THE ABSORPTION OF
MONOPYRIDINE IODINE (I) DERIVATIVES |

‘ Salt’ T % Trensmission .
! (Conc. ca.r5x10- m) Almax,, Amex., mp  ab Ajmax-at A max.,

p-Toluate 375 320 1.78  5.30

p-Iodobenzoate 375 320 0.58 L.59
p-Nitrobenzoate 375 320 0.19 1.77
gflodobenzoaté 375 320 0.02 1.51

*A11l these solutions were approximately one day old.

C. Absorption spectrum of iodine in pyridine

,The absorption.speotrum_for_g‘rreshly;prepared
solution of iodine in pyridine is shown in curve A
of Fig. 2. The curve shows two absorption bands; one
broad band in the fegion of 390 mu and another narrower
band at 320(mpf' Onlstanding, just as in case of the
positive iodiné,coﬁpounds; & marked increase in
absorption occurs, as is seen in curve B, Dilption of

the sged solution again shows the presence of two



% Transmission

400 375 350 o290 )
Wavelength, millimicrons

Pig. 2. Absorption spectrum of iodine in pyridine. Curve A:

]

freshly prepared solution, conc. 0.0005 m; curve B: same

AY

~solution after four hours; curve C: same as B, but dilutediin

1

pyridine to cone. 0.0001 m; curve D: solutlon of 0.0003 N

“ttriiodide in pyridine.
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absorption bands at 375 p and 320 mp, respectively
(curve é); ’ ﬂ
In curve D of Fig. 2, there is shown the absorption
spectrum ﬁeasured for a solution of 0.1 ml. offén
aqueous solution of iodine in excess potassium iodide
(0,091 N) in 29.3 g. of pyridine. Two sharp absorption
bands are-opserved at 380 mp and 325 ﬁp, respectively.
These correspond almost exactly with those observed for
solutions of lodine in the same solvent.
Attention is now called to curve A of Fig. 3
where the absorption spectrum for a very dilute
solutibn_of iodine in pyridine prepared by dilution
of a more concentrated, day-old solution is shown.
After five days, the solution became almost colorless,
‘and as is seen in curve B, both peaks have completely
disappeared. Addition of a drop of freshly prepared
iodine solution caused immediate restoration of the
two original peaks. In Table V, some déta observed for .

another dilute solution of iodine in pyridine is given.
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| L | ! | L | | _
4%5 ' 400 375 350 325 300

100 i

Wavelength, millimicrons

Fig. 3. Effect of aging on a solution of iedine in pyridine .
Curve A: one day old solution of iodine in pyridine, conc.

0.00005 m; curve B: same soluticn after five days.
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TABLE V
‘EFFECT OF AGING ON THE ABSORPTION SFECTRUM OF A

DILUTE SOLUTION OF TODINE IN PYRIDINE Cone. 2 x 10 °m
Time % Transmi$$ion
. at mp at 320 mp
a, 0 - 35.6 L1.1

b, 2 hr. 38.6 L7.5

¢. 3% hr. 39.8 4342

d. 22 nr. Lk o8 7.7

e, 26 hr, 4549 48.8 -

f. 48 hr, 53.8 5440

g« 95 hrs. - 68.8 65.3

lh; 12 days 67.7 62.9

After the lapse of twelve days the measurements
were discontinued. The fact that the intensity of both
bands falls off rather rapidly shows definitely that these
solutions undergo & drastic change and that the dissolved
species which give rise to these bands are being used
up. Perhaps, the most interesting observation is the
fluctuation in the magnitude of the values for the
band intensities, Thus, while a general decrease in
-absorption is observed, the values occasionally inorease.

For instance, in the case of the 320 mp band, there is
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an increase in absorbtidn from b to ¢ and from g to h,
'an&“in the case of the 375 mp band fhere is an increase
froﬁ'g to h. Also of interest,is the inorease in
intensity'in the band of shorter wavelength on
stending. Thus, while it haslbeen“emphasized'that the
375 mp band is less intense then the'::320 mp band, the
iéét two measurements in Table V shoﬁ that the 320 mp
band has become more intense than the 375 mp band as
a result Qf_aging.
D, Titration of a solution of iodine in pyridine

: This study was undertaken in order to supplement
the data of section C. A dilute solution of iodine in
pﬁridine wés prepared and 5 ml. péftions were with-
drawn at intervals and pipetted into 20 ml., of 20%
potassium iodide solution acidifiéd with hydrochloriec
acid. The solution was titrated with standard sodium
thioéuifate solution to a staroch end-point. The

data obbtained on a run is given in Table VI,
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SR TABLE VI
TITRATION OF 4 SOLUTION OF IODINE IN PYRIDINE OVER
AN EXTENDED PERIOD OF TIME

ml. of 0.0088 N Sodium

Time STy Thiosulfate
3 min, L95
15 . .65
30" : 400
52 2.88
7L " | he31
87 . L8l
1 hr. 52 min. 5,21
2 25 bo71
o8 .70
2. 3.18
48 hr. 3.4k
48 br. 7 min, Le56
L9 hr. 39 " K 6D

"% - .The tremendous variation in these values, especially
the variation encountered with samples withdrawn within

a few minutes of each other glves no information, but
only tends to further confuse the situation. One very
definite conclusion which can be reached is that such

a method of titration is whdlly unsatisfactory if one
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wishes to determine tpe normality of a solutian of
lodine in pyridine. Whether a similar behavior is
shown by iodine in other "active" solvents requires
further investigation. The possible significance of
this‘data as well as that obtained for the measure-
ments”qf the_absorption spectra will 56 discussed
at the—end'éf‘part V.
E. Absorptionvspectra of iodine in water and in

potassium lodide solution

The absorption spectra for a series of four
solutions of iodine in water were measured. All were
found to possess three distinct absorption bands:
The first, in the visible at 495 mi showed the
strongest optical density; the second, at 368 mp
absorbed most weakly, and the third, in the ultra-
violet at 294 m, showed intermediate absorption.

" 'In Table VII are given the values of the optical

densities at the maxima observed for the solutions

studied.
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TABLE VII
ABSORPTION OF SOME FRESHLY PREPARED SOLUTIONS OF
IODINE IN WATER

e/ AN %Y, N

6. 1.51x 107 495 0.895 368 D304 294 0.525

b. 7."5'5 x 10% 495 0.433 370 - 0.227 294 0.382

C. 3.78'x 10°% 495 0.208 365 0.123 294 0.204
.

de 1.89 x 10 ¥ 495 0,105 365 0.042 294 0.071
*D signifies optical density

These solutions were quite stable, i.e., they
shéwed little change in absqrption over a period of
gseveral days., After a period of two weeks, however;
considerable,changeihad-occurred. Ior‘instance, in
solution a,-the_pptioal density corresponding to the
first maximum at 495 mP,had decreased to 0.820 while
the velues at the maxima at 368 mp and 294 mP.showed
inereases to 0.496 and 0.809, respectively. Here the
markedly greater intensity of the band at 294 ?F.in
contrast with the intensity of 368 mp band should be
noted. A similar observation was noted for solution b,
in which the value for the first maximum at 495 mu
showed a decrease to 0.393 and the bands at 370 mp
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and'29h.mp‘ha&‘increased to 0.306 and 0.499, respective-
1y. The data giﬁén inﬁTable VII is plotted in Fig. 4.
When the‘soiuﬁions were added to an excess of
potassiﬁmniodide solution, the color changed from
amber to a:éiéar, golden‘ygllow.and this was ao-
companiedibyva marke@ changs in the absorption speotrum.
This is clearly illustrated in Fig. 5. It can be
séen thet the band at'h95'mP is completely suppressed
vhile the intensities of absorpt1on of the bands at
365 QP and 294 qp are stropglyfincreased. In the case
of solutions a, b and ¢, the solutions formed by
dissolution in an equal volume of 0.3 M potassium
io&ide,'gave rise to such strong absorption at the
shbrter wavelengths that they were beyond the range
of the instrument. :The data plotted in Fig. 5 was
obtained by disgsolving 10 ml., of solution d in 20 ml.
of 0.3 M potassium iodide solution. The blank was
pr;pared from 20 ml. of the same potassium iodide
solution and 10 ml. of water. The purpose of embloying
this blahk was to compensate for absorption duezﬁo the
jodide ion. On the other hand, the concentration of
thé iodide ion in the blank may have been so much greater
thén in the solution studied because of the formation of

triiodide ion in the experimental solution, that a



Optical Density

375 - 300 =75

Absorption spectrum of icdine in water,

Each curve represants a different concentration
c 3 4
0.2 L - as follows: a. .51 x 10~° mclar, b. 7.55 x 10-
- . - -4 -
a nolar, o. Z.78 x 10-4 molar, d. 1.89 x 10~* mclar.,
£50 495 470

Wavelength, millimicrons
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greater error may have been introduced. Once more,the
optical donsity of the 294 mp band was much greater
than the 365 np »ba:id, 1.7k and 1.1k, respéctively.
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" DISCUSSION OF PART V

- 8ince all the positive iodine compounds, whioh
are colorless in the solid state, dissolve in pyridine
to give‘liéhtfgoldénfyellow solutions characterized
by a single. absorption band in the region of 315=-
325 mP;'(exoept the aromatic nitro derivatives), it
seens loglcal to:attribute this absorption to the
cpmmoannyiong' On the other hand, the possibility
that  this single'ﬁbsorption band may be due to the
undissociated IPy*O0CR complex cannot be irmiediately
dismissed. - The evidence for the former conclusion is
twofold. First, the existence of the single bané
at 319 mP in-the cage of the IPy‘NOB complex, if it
were due to molecular absorption, would not be ex-
pected to .fall: in the same region as for the other
complexes in view of the considerable difference in the
anionic ;portion of “the molecule. PFurthermore, it has
been shown by conductivity measurements both in
pyridine (Table I, ‘section:IV-B) and in methanol-
pyridine’mixturesaf5)-that“IPy°N03 undergoes considerable
dissociation: ; The second argument arises from the fact
that all these solutlons are yellow when dissolved
in pyridine. ' If the color were dus to the molecule,
then 1t would be expected that the solid should be
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coloredisimilarly,;gnd_th}s is not the case. The
_formation of the same colored . solutioh'in every case
is again best explained by dissooiation into the
common. IPy ion. This evidenoe strongly supports
the conclusion that the characteristic bend 1s due %o
the. IPy i°n°a53 .

‘The reason for the discrepancy in the case of the
9, m and p-nitro derivatives has not been established,
and only tentative explanations can be advanced, It
appearg»thgtvtne;mgxima-observed for these compounds in
the region of 3501mp,_is.probably due to the aromatic
portion of the ﬁoleou;ewwhich is greatly influenced
by the presence of the nitro group. The possibility
ofgcampounddfbrmation:between pyr;ding an¢ the'nitfp-
péﬁibatq aléé_é@égegﬁ# itself and is extremely likely
in view of the strong electropositive centers which would
be”presenﬁ:in the nitro benzoate group. ' It is seen
in Table III, however, that nitro compounds show
approximately the same percent of transmigsion at
325 m as do the other salts.

.The change in qqlorlof?thesg_solutions_on;agigg
with the subsequent formation Qf_é new peak in the
;egionvo; 375 mp,willvbe-digpussed in oonnéctionpwith

the spectrum of fodine in pyridine which follows.
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The absorption spectrum of solutions of lodine

in pyridine is characterized by two bands, the first

and more strongly absorbing band occurs at 375 qP,
éﬁd the second more weakly absorbing band occurs at
520&325 mp. A solution of trilodide ion in pyridine
gives an identical spectrum. The latter peak corresponds
to that observed for the IPy ion and it may arise
from en equilibrium of the following type:

I; + Py = I + Py-I, = IPy + 21
The band at 375 my may be identified with the 353 mh
band reported by Brode (16) and found at 368 mp in
this report (see section V-E) for the triiodide ion.
It must be mentioned that a second and considerably
more strongly absorbing band in the neighborhood of
290 ?r was found for aqueous solutions containing
the trilodide ion in both this investigation, and
that of other inveStigatoré as shown in TabléVIII.
It thus seems reasonable to argue that the 320 gf band
found in iodine~pyridine solutions may also arise from
the polyiodide ion. This, however, does not appear to be
the case for the following reasons, The identity of
this band with thet found for IPy derivatives has

already been mentioned; in addition, spectroscdbioi

studies of triiodide ion in slcohol (17) reveal the
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presence of two bands at 363 and~297<mP, vhile in acetone,
Benesi and Hildebrand (18) report a single band at
363Amp,, It appears:unlikely; therefore;-that the.
second band -should.be shifted to 320 mp in pyridine
and remain practically unchanged in alcohol,
Furthermqrg;;bqthfthe.results_or_this project, as well
as the work of Brode (16) have revealed that the
second -band is considerably more intense than the
Tirst 368 ma band. In the case of pyridine, however,
the 320 mp band has been found to be a weaker band
than the 375 mp band. It seems probable that if the
shorter ultraviolet band in both aqueous and pyridine
solutions of lodine were due to the same electronic
transition in the triiodide ion, then it should show
the same relative absorption with respect to the
longer wavelength band in each solvent and we know
that this is not the case. Another indirect, but very
logical line of reasoning is that if triiodide ion is
formed almost immediately on dissolution of iodine in
pyridine, the concomitant formation of a cation is
necessitated and it has been shown that catilonic
iodine coordinated with pyridine is extremely stable.
The -evidence presented appears-to be most reasonably

explained by the following equilibrium..
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This study reveals an 6bvious,aisagreement with

21

the>data:9f Getmén (11), who reported a single
maximum at 480 L for solutions of lodine in pyridine.
In these studies, the observations were reproducable
on repeated attempts and no indication of a maximum
at 480 my was ever noted., Benesi and Hildebrand (18)
reported a similer disagreement in their studies of
solutions of iodine in mcetone. They attributed the
single naximum at 363 mp t0 I; ion formed in a rapid
chemical reaction in which the authors postulated the
formation of iodoacetone. While such a reaction is
ﬁféiable‘in acetone and other "active" solvents such
as alcohol, it would be exceedingly more difficult
fb_reﬁlace a hydrogen in.thefpyridine nucleus, The
chemioal studies on the dedomposiﬁién of positive
jodine complexes discussed in the second part of this

report show that the iodination of the pyridine ring
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proceeds with great difficulty, if at all., In the case

of ﬁyridine, coordination of cationic iodine with.

the ring nitrogen has been shown to result in the
formation of a stable species. In the case of other
"active" solvents, especially those containing oxygen;

a corresponding oxonium ion would be expected to be
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more reactive, sinoce stabilization oraihelresulting
cation is not posslble through resonance. Further-
more; reaction of the oxonium ion with the solvent is
much-more‘probable than is the case in pyridine,
Thﬁs;-we'may very well consider the‘stability of the
monopyridine iodine(I) structure to be considerably

‘enhanced by resonance among the following struotures.

L £
¢ N N

B Suoh stability is primarily due to the

aromaticity of the pyridine ring and is, of course,
impossible in the case of all the saturated aliphatio
solvents.. An immediate dissociation or iodine 1n
"aotive" solvants is wholly plausible, however, and

the formation of an oxonium ion provides a very
;easonable mechanisn for~the‘observed~behavior of
lodineiin an "active" solvent. For‘example, the
postulated formation of ilodoacetone when iodlne is
dissolved in acetone is given by the following equations.
.(033)2:0-0 +I, = ‘(G%)z..g =0. 1 (CH3) C=0I +I"

Lad

3
I + 1 : , q g
(cH3)zc=ox+ca'3-c- cH3 *03213-0113'4-11

.'.If+:12 2 I



This,meChanism satisfactorily e;plains the
Immediate ro:mation of triiodide ion, an observation
which has”5e§n~reported for almost all the brown
solvénts., Furthermore, the iodide ion may further
:gnction,gs a base to facilitate the release of a
proton f?@m,thg o(-oarbon with the resulting form-
ation_of é carbanion which may Qasily be attacked by
the positive iodine to give an o-~i1odo compound.
This mechanism further explains the disappearance
vofviodine,which is reported for many brown solvents,
ineluding pyridine-iodine solutions studied in this
projpct..

Since the aliphatic amines also possess a free
electron peir and also act as strong bases, they too
would be expected to form brown solutions with iodine.
In thié case too, it seems unlikely that a stable
cation would be formed. The behavior of iodine in an
eliphatic emine would be expected to be analogous to
that in acetone or alcohol.

The possibility of both steric and electronic

effects, in determining the behavior of a solvent
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towards iodine, presents many interesting possibilities.,

It is possible that certain tertiary amines whose

electron palr is hinderedﬁsterically, may show very
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anomolbﬁsibehévior¢"Thus, a very interesting study
would be the behavior toward iodine of & series of
triphenyl amines containing d1fferent ortho sub-
stituents, These substituents should be chosen so as
tO"givé'risé”té'bcth effects. As a matter of interest,
but of not'of surprise, the teriary amine,
heptacosaflﬁorotributylahine,.(Cth)BN, dissolved
iodine only on heating and gave a violet solution.
In this ocase, both the steric hindrance arising from
the‘preseﬁéé*éf three alk§1 groups surrounding the
nitrogen, as well -as the tremendously decreased
basicity of nitrogen resulting from fluorine saturation,
completely altered the behavior of the amine,

Tﬁe"exp;fiméniai”seétion of this report has
dlready described ‘the slow disappearance of lodine
which is dbseried ror'very;diiuté solutions of iodine
in'pyfidiﬁé.; Since the charadéteristic peaks can be
restored immediately by the addition of fresh iodine,
1t is proved that théwépQCiés responsible for these
bands undergo & slow chemical reaction., The pre-
liminafy increase in absorption in more concenﬁréted
solutions must also bé explained.

The behavior of solutions of iodine in pyridine

is best interpreted as indicating a gradual increasing
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dissociation into ions which gives rise to. concen-
trationgsq:hthe;absorbing_speoies above the range of
the,instrument;, The diminishing absorption must
be due to the diéappearance.of”thgﬁpriginal lonic
Species.,  The l§tter reaction 1nvolved,appgrently
occurs so5glow1& that it cen be observed only in
extremely dilute solutions, |

The appearance of the second peak at 375 mp
when solutions of positive lodine salts are allowed
to stand. (curve C. Fig. 1)indicates the formation
of the Iy~ ion. Conductivity measurements of
solutions ofﬂthe benzoate derivatives in pyridine at
concentrations of 0,0l m showed a specific conductance
of lo-z ohms ™t

hms ~, a value which remained constant for

a periodior.fromfth:ge;tolfou;;hogrg,,and then increased
steadily to a value of 1077 phmshluafter.fifteen days
(see Tables I andII ). This is of the same order of
magnitude as reported for 0,006 m solutions of
iodine in pyridine (13). The stronger absorption of
jodine-pyridine soluﬁions, as well as their greater
conductivity as compared with solutions of positive
iodine compounds of greater concentration, indlcates
a conslderable dissociation of the former into the

lonic species., In either case, the increasing con-
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7ductivity5reported;by*ﬂndrieth and Birr (13) can
be explained'byfthe‘formation of increasing
quentities of the Iy  and TPy’ ions.

A satisfactory explanation for the behavior of
solutions of iodine in pyridine must account for the
*greatfincfease*in‘conductivity as well as for the
disappearance of the qriginal ionicCSPecies. in order
to account for the fact that the limiting conductunce
is about twice as great as might be expected on the
baSiS'of'a'Simple4dissoéiation‘of the iodine molecule
into a positive and negative ion, Auvdrieth and Birr (13)
proposed & mechanism involving dtssociation into a
ternary salt of the formula Py'' , 2I". Since evidence
has been prééented‘ﬁhht’the”ionsir39p6nsible for the
characteristic absorption peaks disappear with time,
two alternative reactions may be proposed tentatively;
one based on the preparation of pyridyl pyridinium
ohloride (19) best explained by the postulation of the
01Py*7’ion (22) the other on the formation of
aipyridyl when pyridine 15 heated with iodine (23).
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The equations for the reactions are:

(1) Ipy" + 3py + Ij' - 417 4 2 Hp--ﬁ<::::>--.ﬁ >

X 7

(2) Ipy” +3py + I3 =4I +2 | |
SIRE F AN

% N+
H H

Atfémpts~td isolaté these products from lodine-
ﬁ&fidiﬁe mixtures led ohiy to the formation of tarry
resid&es.

. The data obtained for solutions of iodine in
water do not contribute anything new to the under-
gtanding of iodine solutions. The three maxima observed
are in good*agreemeﬁf with those reported by other
workers (24, 17, 16). The first maximum falls just
between the values reported~for.@ndissociated iodine
in both violet and brown solvents; thus fbr "active"
solvents the maxima reported fall between 460 and
hBO,mP agd,in violet: solvents a value of 520 mp is
reported;;while in water the first and most intense
maximunm is found at 495 my. No good explanation for
this shift has been presented, but it ocertainly

indloates that' this. band is due to molecular iodine
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and that most of the iodine in water exists in this
form. The values observed for the second and third
maxima are almost'identicaliwith those observed for
sdiutions Qon£aining the triiodide ion. The values

are listed in Table VIII.

TABLE VIII
ABSORPTION BANDS OBSERVED FOR VARIOUS SOLUTIONS CONTAIN-
ING THE TRIIODIDE ION

Investigaﬁor:vw Solvent::: - >\1, mp Rz, mln
This investigation water 368 20L
Brode (16) water 353 289
Hildebrand and | none
Benesi (18) acetone 363 reported
Céhﬁano (17) methanol 360 297

Walls and Ludlam (17) ethanol 363 282

: ‘The addition of potassium lodide solution causes

a tremendous increase in the intenSity of both the
iéﬁﬂéf‘bandsgand.completé'disappearanoe of the band in the
visible region. This, of course, is due to the
éomplexing of the free iodine and the formation of
polyiodide ion. The importance of the fact that the

bend at 294 mp absorbs more strdnélytﬁhan the 365 mp

bend has already been discussed. It appears that both
these bands arise from the triiodide iOn,"buf'the
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avidenoe is not<conq1usive. If the source of the
baﬁds,ofﬁhigher f:equency‘were defiﬁitely ascertained,
éuch daéa would‘¢0nﬁfibute greatly to the understand-
ing of the nature ofliodipe'solutions. Most workers
appear reluctant to attribute this band to the
'@riiodidé ibﬁ. Mulliken (17), in discussing the work
of Gennano; Walls,ang Ludlam (17) essigns only the

365 mP bgnd_to thg tri{odide ion_and says that the
second baqd_is due to small amounts of lodine complexes
arising from.aromaticfimpuritiesfl}Similarly;
Hildébrand and Benesi (18) are content to establish the
pxesenoe of triiodide ion in acetonelﬁy the presence of
a singlg band at 363,mp. It appears, however, that
both baﬁds are due to this ion; since the addition of
excess iodide"iqn causes a sharp increase in the
iﬁ%énsity of béth ban@s.

The subject of fhe”decamposition of molecular
1od;ﬁe”iﬁ.soluiion, especial;y.1nto.triiodide, femains
unanswered._ It is éengrailyAagreed that molecular
iodiné;-in both brown and violet solvents, reveals but
a single band in the visible protion of the séectrum.
Batley (20) found that solutions of iodine iﬁ alcohol
saturated with ozone (to prevent formation of triiodide)

gave a single band at 447 mf. This indicates that the
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formation of triiodide in aloohol, as well as in
acetone and pyridine, is an immediate and rapid re-
action and further stren thens the hypothesis of initial
solvent-iodine complex formation. One imme&iate
question which presents *tSelf is this. although;
it is aﬂmitted that the formation of triiodide is an
1mmediate reaction, why does the visible band dis-‘
appear almost immediately? It must be admitted

that it seems unlikely that all of the molecular
iodine, whether it exists as the solvent ocomplex or
in the free state, would be expscted to disappear
immediately, Nevertheless, this 13 the case in all

of the hrown solvents except ether and water. A

situation like that presented by Batley, in which the
solvent 1s saturated with ozone, while it does prove

the point that no maximum except at Lh? mp is prescnt
(1n ethanol) "if reactions are avolded", does not
renresent the true piotura, since the presence of ‘the
oxi&izin@ agen completely shangces the behavior of
the 1odine. uhat ramains 10 be eyplained is the
nature or the eactian or the iodine with the solvent.
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SUGGESTIONS FOR FUTURE WORK

1, The. formation of hexachloroethane in the decomposition
of benzoyl peroxide in carbon tetrachloride is an
interesting reaotion and should be further investigated.
It probably 'occurs through a free radical mechanism,

but no proof of this has been shown in this project.

Quantltative 1nterpretation of the absorption band
found at 320 mp. for solutions of positive iodine com-
pounds in pyridine is important. Such a study would
require the determination of the dissocilation con-

stants of these compounds in pyridinse.

3. A serles of concurrent spectrophotumetric and
conductivity measurements of solutions of ilodine in

a series of amines of decreasing basicity should

yield data which should bear out or refute many of the
present ideas concerning the nature of iodine solutions.
Such & study might well be accompanied by the pre-
paration of a series of positive iodine compounds
containing various coordinating emines, It is the
opinion of this author, however, that many would be
unstable and only some tertiary aromatic amines would

be satisfactory coordinating agents.’
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It is epparent that additional significent data
could;be”qbtaineq byaperforming,a“series of concurrent
exPerimpnts“iﬁ;whidn:a series of amines with sterically

hindered_nitrogeq_were,use@.

4. An 1nterésting"theoreticél‘prdblem’Would"involve
the quantum mechenical elucidation of the dissociation
of iodine in pyridine, i.e., the stability of the

IPy" “ion and the electronic transitions possible

for the I-N bond.
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SUMMARY )

A modification of the original synthesis of
positive.iodihe*compounds, which consists in the
orystallization of the salt from chloroform-ligroin
solution at dry-lice temperatures is described.

Five new compounds which could not be prepared by a
former method have now been prepared and it is

suggested that the new method be used in all preparations
of these compounds.

The decomposition of positive iodine compounds
has been found to yield small quantities of 3-iodo-
pyridine, 3, 5-diiodopyridine and 5-iodo, 2-methyl
picoline., This reaction explains some of the free
acid formation observed in studies on the preparation
of ‘these compounds. The halogenation, which occurs
exclusively in the three and five positions, strongly
supports a positive iodine mechanism.

Benzoyl peroxide has been found to decompose in
carbon tetrachloride to glve hexachloroethane; and
the addition of cyclohexene to the intermediate formed
by the reaction of silver benzoate with one
equivalent of bromine gives good yields of an un=-
identified product.

The conductivities and/or absorption spectra



and thelr change with time have been studied for

the following solutions: positive iodine compounds
in pyridine;'iodine,in pyridine; and lodine in water.
These studies have revealed the existence of an ab-
sorptibn band in the region of 320 mp for solutions
of iodine in pyridine whioh can be identified with

a simllar band observed for solutions of positive
iodine compounds, which contain the IPy} ion, The

existence of trilodide ion in solutions of lodine and

8L,

pyridine'hasfbeen proved and the following dissociation

of ilodine in pyridine is postulated:

2 12 Py 12 ?y | IPy 13
A tentative mechanism to explain the limiting
equivaient conductance of solutions of lodine in

pyridine has been proposed.



1.
2.
3.
L.

5.

6.

7o

8.
9

10.
11,

12.

i3.

1k,
15,

16.
17.

85,
BIBLIOGRAPHY

Cofmen, V., J. Chem, Soc., 115, 1040 (1919).
Net, J. U., Anu., 287, 265 (1895), '

Chattaﬁhyﬁ F. D,.,, and Wadmore, J. M., J. Chem,
Soc., 81, 191 (1902).

Clark, R. H.*'and‘Streight"H; R., Trans. Roy.
Soc. Canada (3), 22, 323 (1928).

Carlsohn, H., "Uber eine neue Klasse von
Verbindungen des positiv einwertigen Iods,"
Verlag Hirzel, Leipzig, 1932. ' ;

Finkelstein, V., Z. physik. Chem., 12k, 285
(1926). B

Zingaro, R., Goodrich, J., Kleinberg, J., and
Yande§Werf, C. A,y J. Am, Chem. Soc., 71, 575
1949).

Beckmann, Z. physik. Chem., 58, 543 (1907).

Hildebrand,?5Solubility",»2nd. edition, . )

pp. 153-157. Reinhold Publishing Corporation
New York (1936).

Waentig, Z. physik. Chem., 68, 513 (1910).

Getmen, F. H., J. Am, Chen. Soc., 50, 2883 (1928).

Hildebrand end Glascock, J. Am, Chem, Soc., 31,
26 (1909).

Audrieth, L. F, and Birr, E. J., J. Am, Chem.
Soc., 55, 668 (1933).

Fairbrother, F., Nature, 160, 87 (1947).

Burgess and Kreus, J. Am, Chem, Soc., 70, 706
(1911-8)» » -

Brode, W. R., J. Am, Chem. Soc., ég,v1877'(i926).

Mulliken, R, S., J. Am. Chem. Soc., 72, 600
(1950). In this article reference is made to




18."
© ' Chem, Soo., z_, 2703 (1949), ibid., 1_, 2, 2273

19.
20.
21,

22,

23.
2L,

25.
26,

86.

the work of Walls and Ludlam and Cennano, but

no reference is made to the original articles,

nor could any be found., The work of these investi-
gators can only be referred to indirectly through
this article..

Benesi, "H. A. and Hildebrand, J. A., J. Am.

{1950).

Koenigs, and Greiner, Ber., 6k, 1045 (1931).
Batley, Trans. Faraday Soc., 2L, 438 (1928).

Plazek and Rodewald, Roczniki Chem., 21,

150 (19#?); see also Chem, ADS., g_, 55560 (1948).

Elderfisld, "Heterocyclic Compounds", John
Wiley and Sons, New York, N. Y., 1950, pp. 413,
L27,

Willink and Wibaut, Rec, trav. chim., 5k,
275 (1935).

Gomberg, M. and Gamrath, H. R., Trans. Faraday
Soc., 30, 24 (1934).

Birckenbach and Goubeau, Ber., 65B, 395 (1932).
Baumgarten, Ber., 72B, 567 (19391.




	FN-000001
	FN-000002
	FN-000003
	FN-000004
	FN-000005
	FN-000006
	FN-000007
	FN-000008
	FN-000009
	FN-000010
	FN-000011
	FN-000012
	FN-000013
	FN-000014
	FN-000015
	FN-000016
	FN-000017
	FN-000018
	FN-000019
	FN-000020
	FN-000021
	FN-000022
	FN-000023
	FN-000024
	FN-000025
	FN-000026
	FN-000027
	FN-000028
	FN-000029
	FN-000030
	FN-000031
	FN-000032
	FN-000033
	FN-000034
	FN-000035
	FN-000036
	FN-000037
	FN-000038
	FN-000039
	FN-000040
	FN-000041
	FN-000042
	FN-000043
	FN-000044
	FN-000045
	FN-000046
	FN-000047
	FN-000048
	FN-000049
	FN-000056
	FN-000057
	FN-000058
	FN-000059
	FN-000060
	FN-000061
	FN-000062
	FN-000063
	FN-000064
	FN-000065
	FN-000066
	FN-000067
	FN-000068
	FN-000069
	FN-000070
	FN-000071
	FN-000072
	FN-000073
	FN-000074
	FN-000075
	FN-000076
	FN-000077
	FN-000078
	FN-000079
	FN-000080
	FN-000081
	FN-000082
	FN-000083
	FN-000084
	FN-000085
	FN-000086
	FN-000087
	FN-000088
	FN-000089
	FN-000090
	FN-000091
	FN-000092
	FN-000093
	FN-000094
	FN-000095



