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INTRODUCTION

In the sevolution of orgenic chemistry into a highly
systematized body of kmowledge it has been the common practice
to classify compounds gualitatively in groups characterized by
a bype of structure. For example, the cerboxylic melds, RCOOH,
have been clagzsifisd according to the type of structure of R.
' On this basls we have the aliphatic, aromatic and hetercecyclic
acids. BSuch claasification developed very naturally from
studies of the behavior of typleal members of various classes.
However, synthetle developments have ylelded many compounds in
these classes whose beshavior departs more or less from that of
“typical” members. In other words, & typlecal member may be so
modified by substitution that its behavior in some respect be-
comes more like that of typical members of some otheyr class.
For example, the typlcal aliphatic seld CHLCH,CO00H having an
fonization constant in the range of low values characteristic
of such aclds can, by chlorine substitution, be converted into
8 relatively strong acid with & constant comparable with that
of alphe furoic acld. Thus, In so far as an ionization con-
stant may be considered as an indicator, the radical CHCHp~
mey be said to have been endowed through svbatitution with a
heterocycllic property. On the basis of the magnitude of the
ionization constant the chlorine~containing radical more log-
ileally should be classified with the heterocyclie radicals than
with the aliphatic radicals. As a second example, if a methyl-
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ene group is interposed between the phenyl radical and the
amino group of aniline the magnitude of the lomnization constant
of the resulting amine, benzyl amine, 1s about 10® times thab
of aniline and liea in the range of values characteristic of
typical aliphatic amines. A further modification produced by
introducing a chlorine atom into the ortho position of bengyl
amine decreases the value of the constant back toward that of
aniline. Thus it would seem that an acid RCOOH or an smins
REH, might be made %o have an arbitrasry lonization constant
within the limits for such compounds provided the proper rad-
1cal R 1is attached to the functional group.

Such gradations of eleetrical properties from one typi-
eal class bto another suggest that some property other than
type of structure may belter serve as a basls for systematis-
ing organic chemiastry. A point of attack that nebturally sug-
geats 1tself is e study of the relatively permanent aggregates
of atoms deslgnated as radieals. If some fundamental property
common to organic radicales exists, capable of serving as a
clagsifying index, the agsaying of this properiy should yield
& more natursal and adequate means of systematizing organic
chemistry.

This problem has been attacked in various ways by many
investigators. A general survey of earlier theories and work
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is given by Henrich, Johnson and Hahn (1).

An examination of the ionization constants of organic
acids, RCOOH, wvhere R c¢ontalins no ionizable group, shows
that the constants range in value from about 10™® to about
10"*, The range of the smine constants is from sbout 10™1*
to about 10™%, If a series of amines is arranged in the or-
der of inecreasing ionization constants the radicals attached
to the amino group should be arranged in the order of inerease
in the magnitude of some property of the radicals which 1s sf-
fective in producing a given magnitude of ionization. The
ionization constants can be so placed relatively to each other
as to give an orderly increase in their ﬁagnitu&aa* Corres~
ponding to each lonization econstant there would be a radieal.
If to esch radical there were assigned a number the condition
that a functional relation exist betwesn the ionizatlon con-
stants and the numbers designating the radicals would be sat-
isfied,

Such a functional relation was established by Hixon and
Johma (2). They demonstrated that organic radicals fall into
a8 significant series on plobtting as ordinates on a smooth ar-
bitrarily drawn curve the logarithms of the lonizatlion con-
stants of a series of primary amines. At the point on the ab-

(1) Henrich, Johnson and Hahn, ~Theories of Organic Chemistry’,
~ John Wiley end Sons, New York, 1982, pp. 75~-167.
(2) Hixon and Johns, J. Am. Chem, Soc., 49, 1786-95 (1927).

e
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sclasa corresponding to log XK for a givﬁn amine the radical
was placed, This procedure fixed the radicals along the ab-
seigsa at points which mmebt necessarily satisfy a functional
relation. Added confidence in this procedure was lmmediately
given when upon plotting log X of the carboxylic aclds agasinst
the radicals thus fixed along the sxis a smooth surve was obe~
tained. Mathematleal expressions of the form

Jog X = kagx*b + e

were adjusted to the emine and acid curves.

The soundnegs of thils procedure was more concluslvely
demonstreted and something of lta significance revealed by sub-
sequent work. The data obitsained may be classified as follows:

‘1. In water the ilonization conatants of the organo mer-
curic nitrates (3}, the a-subsiituted pyrroli-
dines {(4,5), the c-substituted pyrrolines (5), and
the Nesubstitubed pyrrolidines (4).

2. In methanol the ionizstion constants of the carboxg-
ic acids (6), the primsry amines (6}, and the
substituted pyrrolidines (6).

(3) Johms and Hixon, J. ha&m., 34, 2218-25 (1930).

(4} Craig end Hixon, 4. Am, Ghem. Scm., ‘53, 4367-72 (1931).
(8) Stm, Bui.b:mmk and Hixon, ib. B4, 3971~76 (1932).
(6) Goodhue and Hixon, n:m,, mm (1934).
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3. In ethanol the ionization constants of the carboxyl-
~ic scids (8), the primary emines (6), and the
equilibrium constants of the reaction
(7).
4. In benzene the equilibrium constants for the reac~
tion ClaCH(OH)SR == Cl.0HC + RSH (8).

The logarithms of these consbants were plotted ageinst the rad-
icals as they had previously been fixed on the abscissa,.
ﬁmaath curves were obiuined,.

Thus there is established for organic radicals a quantl-
tative scale on which a vadieal has s characteristic constant
value, This scale serves ss the axis of an independent varie-
able. In this systematizstion thes
the only reliable information on affinity relations between

Ing principle was that

shﬁmiaal‘graugslia given by the free energy change of revers-
ible processes in which the influence of the groups 1s invole
ved.

Attempts have also been made to systemabtize orgsnic rad-
lcals in an electronegativity serles on the basls of the
s@l&tting of unsymmetriecal organomercuric (¢) and organclead
compounds (10). In the unsymmetrical organomercuric compounds

(7) Johns and Hixon, J. Phys. Chem., 34, 2226-35 (1930).
(8) Jolms end Hixon, J, hm. Che ,\Saﬁ., 56, 1338~-36 {1934).
(9) EKharssch end GraffTiin, J. Am, o1 Boe.. 4? 1948-54 (1925).
Eharasch and ﬁﬁrkﬁr, ;,f.,,~aL_ S1S0=45
Eharasch and Flermer, ibld., 54, 6?4 92 (1&5%}.
(10) Gilman, Towne and Jones, ibld., 55, 4689-93 (1983).
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in its own sphere it measures a dlfferent property than does
the other, It was with a view to clarifying the comparative
significance of the two methods that the work reported in this
thesis was undertaken.
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EXPERIMENTAL

Statement of the Problem

This thesis reports a stu&y<of»thﬂ~raaction of a few or-
ganomercuric cysnides with HC1 1in ethyl aleochol. There wore
two maln purposes in carrying out the study:

1. To add to the series of raaﬁii@na already studied,
a true double decomposition reaction.

2. To obtaln data on a reversible decomposition of an
unsymetrical type of organcmercuriec compound
with HCL, with a view to lending to such a re-
action amenabllity to thermodynamic treatment.

The reaction of the compounds RHgCN with HCL should
be suited to these purposes for the following reasons:

1. The cyanide radlcal attached to mercury in the com-
pounds RHgCN 1is removed by HCL in dilute solu-
tion to the exclusion of all but the most labile
radicals R. As an example of the cleavage of a
very labile radical from an RHgX compound we
have the case of phenacyl mercuric chloride., This
compound reacts with warm dailute HCl1 to give

acetophenone (1l). In the case of those radiecals

(11) Dimroth, Ber., 35, 2870 (1902).
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chosen for these measurements cleavage of the
R~Hg bond could not have been signiflcant as
evidenced by the rapidlty with which the reactions
attalned constant conductlvity and by the length
of time the conductivity remained constant.

In the splitting of the unsymmetrical organc-
mercuric compounds RHgR' one or both of the rad-
icals would be split off, The result was a heter-
ogeneous system consisting of a solid phase of
varying proportions of RHgCl and R'HgCl and
the homogeneous solutlon. In the ebsence of a
tendency to reverse the reaction, the precipltate
would account for a complete reaction minus the
amount of organcmercuric chlorides remaining in
solublon. 3Such Q system does not lend itselfl to
the determination of fres energles, In the case
of the organomercuric cyanides treated by XKhar-
asch, namely, ethyl mercuric eyanide and ortho
anisyl mercuric cyanide, apparently guantitative
yields of HHgCl were obtained. But the solution
above the solid phase must contain RHgll to the
extent of 1ts solubility. If there is a tendency
for HCHN to reasct with RHgCl the solubtion
should contain an equilibrium mixture of RHgCH,
HC1l, RHgCl and HCN. The eguation for the reaction
would be written ms follows:
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RHgCN + HC1 =55 RHgCl + HCN

Thus, in the case of the cyanides by meeasuring only
the amount of the solid phase the more important
equilibriwm in solution is ignored. Quite cbvious-
1y, Af the CH padlical is cleaved off by HCL to
the exelusion of R, practically all the cvyanides
will appear to give quantitative yields of RHgCl
due o the great insolubllity of these compounds.
Under ceritain conditlions, compounds of the type
RigX are known to transform into RgpHg and HgXs.
But in the absence of reagents conducive to this
transformation it probably does not take place to
an apprecieble extent. That this btransformation
does not take plsce to an appreciable extent in the
case of the compounds studled is borne out by the
following observations. The compounds methyl,
ethyl, phenyl and tolyl mercuric chloride, alpha
nephthyl mercuric acebate (12) and cyclohexyl mer-
curic bromide {(13) when treated with soluble sul-
fides glve immediate precipliates of stable white

organomercuric sulfides of the formula (RHg)geS.

An axgarimanﬁ'witthenﬂgi and o-chlorcbenzyl mer-

(12) Wnitmore, ~Orgenic Compounds of Mercury , Chemlcal Caba-



curic chloride demonstrated that also these com~
pounds behave in the same way. It seems l1likely,
thﬂreﬁara* thet the compounds RHgCR and RHgCl
ocourring in the reactions studied persist as
such, snd yield on lonization Rug® + X~.

2. The conductivitles of RHgOR, RHgCl1l and HCH are
vory low while that of HC1 is comparatively
high. Hence, 8 measurement of the conductlivity of
a reaction mixture should permit the caleulation
of equilibrium concentrations of all the compo-~
nents present. The corresponding equilibrium con-
stant and the Iree energy of the reaction could
be calculsted in the usual way. These thermody-
namic quantitles would serve as a measure of that
property of the radicals R which 1s effective
in giving a characteristic extent of reaction.

The energy of the reaction, not the radicel split
off, would in this case debermine the positlion of

any radical in a serles.

Materials and Apparabus

The organomercuric chlorides were furnished by Dr. I. B.
Jolms. Seversl of these were recrysitallized from appropriate
solvents and the melting points of all of them determined.



- 15 -

The specific conductivity of 0.005N solutions in alcohol was
determined. The purlity of the compounds was assumed to be in-
dleated by their welting points and conductivities. The data
are given in table I.

In the preparation of the organomercuric ¢yaniﬁaa‘thrae
methods were employed depending on the starting materisls
avallable:

1.

—> RHgCH + AgBr |
2. RaHg + Hglp - ZEHgI

—> RHgCH + AgI |

Cyclohexyl and o-chlorobenzyl mercuric cyanides were pre-
pared by resction 1. A solution of the bromide in acetons was
shaken at intervals over s period of half an hour with excess
silver cyanide at room temperature. The precipitate was al~
lowed to settle and the solution filtered. The acetone was
ovaporated and the melting point of the s0lid debermined. The
treatment with silver cyanide was repeated until the solid re-
covered from the solvent had a constant meliing point. Two
such treatments were usually sufficlent. A test for halogen
was made by decomposing the compound with concentrated nitric
acld and adding silver nitrate. Absence of opalescence was
taken to be a negative btest for halogen.



The benzyl, phenyl and nephthyl compounds were prepared
by reaction 2 since the Rylg compounds were availables. The
reaction of RpHg with Hgly proceeded readily in acetone at
room temperature. The reaction of the resuliting iodides with
silver cyanide was practically immediate in acetone as evi-
denced by the rapid chenge of the color of the solid phase from
gray to yellow. Benzyl and naphthyl mercuric cyanides were
cerystallized from scetone by adding waber. Phenyl mercuric
cyanide was recrystallized from aleohol.

Ethyl mercuric cyanide was prepared by allowling & benzene

solutlon of dlethyl mercury to stand in contact with mercuric
cyanide., At the end of three months the solid mercurice cyanide
had disappeared. Ivaporation of the benzene ylelded & solid
which on being crystallized from ether by adding petrolsum
ether melted sharply at 56.5°C.

Hethyl mercuric cyenide wssg prepared by both reactions 1
and 3. Reaction 3 was carried out in wabter in a sealed tube ab
120°C. The compound wes crystallized from carbon tetrachloride
by adding petroleum ether.

The p-tolyl compound was prepared by both reactlons 2 and
3. It was recrystallized from acetone by adding water.

All the ecyanides were tested for halogen ssg described
above, and were analyzed for nitrogen by a micro~Dumas analy-
sls. This anelysis was chosen in preference to a mercury an-
alysis due to the fact that the latter does notdistinguish be-
tween & cyanide and 2 wmixture of cyanide and chloride contain-
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ing as high as twenty~five per cent chloride.

The speeific conductivity of 0.00BR solutions of the or-
ganomercuric eyanides in alcochol was determined. The proced-
ure, as also for the chlorides, was as follows: Into & conduc-
tivity cell was introduced 25 cem. of alcohol and its specific
eﬁnﬁaetivity &@%&minad, The ecaleulated amount of compound
was then introduced and the specilic conductivity of the re-
sulting solution determined. The conductivity of the compound
exclusive of the solvent was calculated by substracting that
of the solvent from that of the solution. The data on the
compounds are given in tabls I. In the case of cyclohexyl,
ethyl and phenyl mercuric eyanides no inerease in conductance
over thet of the solvent was determineble. This merely meana
that the null point on the bridge was so great as not to per-
mit distinguishing a very small increase in conductance at
such low walues.

The aleohol used was absolute ethyl alcohol obtained from
the chemistry storeroom. The conductivity of the gleahsl vare
led from 2x10”° to 5.5x10 . Determination of the conduc-
tivity of HC1 in samples of this aleohol obtained from the
storeroom at various times showed that the conductivity varied
from sample to sample, These varistions were ascribed to vary-
ing amounts of water in the aleohol., As was shown by Gold-
schmidt (14) small varistions in the wabter content of practi-~

{14) Goldschmidt, Z. p .» 89, 120-144 (1914).

aik, Chem
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TABLE I

Helting Points, Analyses and Specific Conductivities
at 25°C. of Compounds

T ' : ﬁw&mﬁmﬁy
+ Melbing iAnalysls for H: _X10
— : Point T Celc. : Obs. :0,005N Soln,:C
CoHz 1HECN P 146- 70 1 4.52 1 4,66 : 2.8 : 0.0
¢1 : 163- 4° 3 s 3 3.1 : 0.3
: T s '; - B
CH HgON $ 92« 3° : 5.87 1 5.Y9 4.2 0.7
c1 : 170° 3 : 6.4 : 3.3
T 7
1 B6.,8° 1 5.48 1 B5.47 : 2.8 : 0.0
: loge 4 H £ 3.4 : 0.8
CeHlsCHSHGCN  : 127- g0 s 4.41 : 4.36 : 3.0  : 0.2
Cl  : 103~ 4° : : : : 2.9%
- : : | T
a»z:zmag‘m: 138 9° : 3,98 : 4.11 : 3.0, 1t 0.2
el: 111-12° : : : a® ;2.3
H AR N LA
p-CHaCoH HECR ¢ 221- 2° : 4.41 : 4.40 : 3.0, : 0.2
€1 : 833° H 3 % 5.0 : 2.7
CeHoHgCN : B0O-10° : 4,61 : 4.56 : 2,8 1 0.0
Gl t 2517 : H H 3.8 + 1.0
CaoH, HgCN 1 256° 1 3.96 t 4.03 : 3.1 : 0.3
- 9 3 5 £ i
4 3 : 3 : " t
HCH 2 : 3 H 4.5 : 1.5

The specific caﬁéns%ivity of the alcohol used unless otherwlise
stated was 2,.8%x10%7 ., )

# Specifiec aaaﬂngtivitg‘af alcohol 5,65x107 .

#wSpecific conductivity of alcohol 3,1x10™7.

# Specific conductivity of aleohol 2.4x10~7, The specific con-
ductance of benzyl mercuriec chloride st Q'ﬂﬁ5ﬁ was estimeted
by comparison with the value for o-chlorobenzyl mercuric
chloride which was yun at 0.006H,

© The value for HCN 1z the average of several values.
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cally absoclute alcohol sppreciably affect the conductivity of
"HC1 in solution. Experiment showed, however, that the values
of the caleulated equilibrium constants were the same when de-
termined in samples of alcohol in which the conductivity of
HCL was different. For this reason the alcohol was not sub-
Jected to further purification.

Dry hydrogen chloride was prepared by dropping concentrat-
ed an&&hnvia acld on to ¢. p. sodium chloride and passing the
gas through sulphmric acid bottles and through a Pp0s tower.

_ Hydrogen c¢ysnide was prepsred by dropping 1l:1 sulphuric
acid onto potassium cyanide and passing the gas through long
tubes of anhydrous calecium chloride and through a cotton plug.

The conductivity cells were of the usual type. A Leeds
and Northrup student y@tantiﬁﬁ&tar was used as a Wheatstone
bridge ln conjunction with Leeds and Northrup resistence boxes.

Preliminery experiments on the wreactlion of RHgCH with
HC1L in aloohol indicated that the reaction proceeds
great sxtent In the direction of the production of

d to a

HCN, as shown by the great decrease in the conductivity of a
golution of HC1 into which was iIntroduced an equivalent
smount of RHgCHN. The resulting conductlvity, however, was of
the order of a hundred times the sum of those of RHgCl and
HCH =t the concentration that would be produced by a complete
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reaction. Upon adding an equivalent amount of RHgCl to a
golution of HCHN the resulting conductivity was of the order
of a hundred times the conductivity of a solution of the unre~
acted compounds, In view of the low conductivities of RHgCH,
BHgCl and of HCN the relatively high conductivity of the re-
actions was attributed to the presence of HCl. This behavior
indicates a rm#&rﬁai of the reaction.

The procedure followed in running the reactions was as
follows: A solution of HC1L of about 0.0IN concentration was
prepared in aleohol and anslyzed for chloride. The enalysis con-
gisted of adding excess standard silver nitrate solution, fil-
tering off the silver chloride, and titrating the filtrate for
silver by the method of Sharwood {15). Thls method wes select~
ed in preference to the Volhard method due to the sharper end-
point in dilute solutions. A porbtion of this anslyzed solubion
was diluted to 0.008H for running the resction of BRHgCN with

HCl. A second portion was diluted to the range of concentra-~

tion of the reasctions and 85 ccm. of such solution introduced
into & conductivity cell. Successive dilutions of this solu-
tion were made by pipetting portions of solution from the con-
ductivity cell and replacing them with equal portions of aleco~
hel. The conductiviiy was meesured after each such dilution.

In this way a series of concentrations and the correspondir

-conductivities were obtalned in the range of conecentration oo~

(15) Sharwood, J. Am, Chem, S0c., 19, 400-434 (1897).
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for different samples of alecohol or for the same gample vwhich
had stood long enough to reguire the debermination of new con-
ductivity data.

Into a clean cell was then introduced 25 sem. of 0.00BH
HC1 solution and inteo this an eguivalent guantity of RHgCH.
In practically all caeses the conduchtivity of the reaction mix-
ture had become constant by the time a measurement could be
made which was a mebtter of not more than five minutes., A re~
action mixture of o-chlorbenzyl mercuric cysnide and HCL re-
mained constant in conductlivisy for eighieen hours, while one
for ethyl merecuric cyanide remsined constant for twenty-four
hours., | It 1s to be expected that HCI will resct wiith the
alechol and hence constaney in conductivity for longer periods
than this is not to be expected. The resulting conductivity
was measured and s correction made for the conductivity of
REgCl and HCH, using the walues of table I, The concentra-
tion of HC1L corresponding to this corrected conductivity was
deternined from the conductivity-consentration graph for the
sample of mlcohol used as solvent. The concentrations of the
remalning components were calenlated from the equilibrium value
for HC1L sand the initisl conecentration of HCl. The reversse
reaction bebween HRHgCl and HON was run in a sinmilar manner.
The HCH solutions also were analyzed by the method of Shar-
wood (15). Test titrations showed that the cyanide did not
need to be in the form of an alksll cyesnide to give correct re-
sults in analyslis. 7The dats for all runs are tabulated in



table III. The values in columm VI are Kx10™°, where

assuming them to be at 0.005H, is essentially correct since
these compounds at equillibrium are very elose to 0,.00BE in
soncentration and aince the change of conductance of these com-
pounds with change in concentration is very small. A reduc-
tion in the concentration of & solution of o-chlorcbenzyl mer-
curie chleride from 0,.01H to 0.008H, a reduction of forty per
cent, produced a reduction in the specific conductivity of on-
1y 0.5x107", The greatest deviation of the concentration of
RHgCl from 0.00BN in table IIT 1s only twenty per cent., A
forty per cent decrease in the concentration of HCN at 0.07H
- gave a change in the comductiviity of only 0.3x10™" . Hence,

the error in the conductiviity of the HC1 due to this correc-
tion is not greater than 1x10™, which corresponds to an error
in soncentration of HC1L of less then one per cent.

Cortaln limitations are inherent in the determination of
the equilibrium constants for these reactions. The great ex~
tent of the reactions to the right diminlishs the concentra-
tion of HC1 to a very low value, thereby decreasing the ac~
curacy with which the equilibrium constants can be caleulated.
The low solubiliiy of the organomercuric chlorides limits the
concentrations at which these compounds can be run, With a
view to debtermining whother the equilibrium constants were in-
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TABLE III

Equilibrium Data et 25°C. for the Reaction

RHgCN + HC1 =5 RHgCl + HCW

Reactants Initially at 0.00BW
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I. Specific conductivity x10% of resction mixturs; II. Correct-

V. Caleulated concentration

and HCN in table I; III. Conductivity-con-

cenbration data of table II; IV, Equilibrium concentration
x10% of HC1 and RHgCOW obtalned Irom graph of conductivity

ed eandnativitg obtained by substracting from I the conduc-

coneentration data of table I

tivity of RHgC

-
4

x10* of RHgCl and HON; VI. Ex107%,

# RHgCl + HCY¥ initially at 0,.00BH.
#% Bame correction as for

4
8

00499
00398

HC1
HC1

s

phenyl.

004

polated from graph for data not shown in table II.
€30 H, HgCN

Initial CoHgHgCH

Extra
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The values of Kx10™® obtained for methyl are higher than
would be expected. Whether this ls due to the anomslous be-
havior often encountered in the case of the first member of a
homologous series, or to the operation of some other factor ia
nob knawn; ¥o doubt factors besides potential determine the
behavior of a given radical in a compound {(2). Such a factor
mey be the mass. The extent of the operation of each factor
determining the abllity of a radical to share electrons would
not be expected to remain constent for sll combinations of the
radical with other atoms.

The walues of Kxl0™% pecorded in teble III, with the
sxception of those for methyl, decrease regularly from cyclo-
hexyl to naphthyl, This order is in agreement with that of the
radicals as pra?iauaiy determined by the lonization constants
of acids and amines. Although the constants caloulated for the
reverse reaction are uniformly high they show the same order of
decrease as do those calculated for the forward reaction. No
detailed study of the HCN solutions used in ruming the re-
verse reactions was made. There can be no doubt that HC1L is
produced by the reverse rosction inasmuch as the conducbivi-
ties developed are far In exceas of those of the other compo-
nents. In figure 2 is plotted -logK eagalnst x . The value
of K wused ls the average for the forward reaction. The
points on the curve sabisfly the relation

~log K = -a,sga”ﬁ'ggx - 2,12
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On the same granh are plotted curves for the carboxylic acids
and the primary smines.

The approximate decomposition temperatures of the organo-
mercuric cyanides, were determined by the followlng procedure.
A small amount of a compound was put into & melting polnt tube
and the tube immersed in an oil bath, The oll was heated and
the temperature observed at which the first sign of darkening
of the compound appesred. In all cases except that of the
ﬁ@ﬁwwwww compound the darkening oeccurred above the melbing
point. In the case of naphthyl mercuric eysnide both melting
and darkening occurred at 236°C. In the case of the other
compounds the heating was continued untll the melted compound
was distinetly black. The range of temperature during the ob-
servation was recorded. The values so determined are recorded

in table V.
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TABLE ¥V

Approximate Decompositlion Temperatures
of the Organomercuric Cyanides

Decomposi tion Temperature
. Degress Centiprade

Con H9ivae o]

e

CeHy s HgCR
CallHgC
CHgHgCR
CoHgCHaHgCR
0=C1C gH 4 CHa HEON
p~CHgCsH HgCH
CoHeHgON

Cyo H, HglH
Hg{CN)g

222-35°
245-65°
260-70°
208-16°
210-15°
Above 250°
Above 250°
230-36°
Above 3J00°

AR SR RS R £ R AE SETET AN

B % AP SN K AR EE X Kb &%
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DISCUSSICOH

The squilibrium dete obtained establish that log K for
the reaction RHgCON + HCl ==p RHgCl + HCN is a function of the
sbaecissa value of the radical. It sghould follow that, barring
anomalous behavior, the logarithm of the eguilibrium constant
of the reversible splitting reaction involving any radical
which has been fixed on the x-axls should satisfy the relation
obtained above. Conversely it should be possible to place any
radical on the x-axis by determining the equilibrium constant
of the resction in which it is involved.

On the sbove basisg it is interesting to compare the re-
sults of the reversible splitiing of RHgCN with those of the
irrveversible splitting of unsymmetrical organomercuric com-
pounds of the type RHgR'. A comparison of the series obtain-
ed by the two methods reveals that they do not agree in re-
spect of the positions of many radicals. For exsmple, by the
irreversible splitting the benzyl radical is considered to be
less electronegative than the saturated aliphatic radieals;
the bromine, chlorine and nitro substituted phenyl radicals
less electronegative than the phenyl radical; end the tolyl
raﬂiéal more electronegative than the phenyl radiegal. By the
reversible splitting the opposite 1s true in each case.



In order to get at an understanding of these differences
1t is well at thias juncture to conaider the influemce of R in
the compounds RHgCN on the extent of the reversible split-
ting. We may assume that the CN group is more negative than
any of the radicals R studled. As the negativity of R,
that is, its attraction for electirons, is varied a concurrent
variation in the negativity of CN should result. In the re-
action with HC1L different extents of réaat;i;an should be re-
guired in the case of different R's to establish elscirical

balance among all groups ;3‘1;?@3‘:%:1* But the extent to which
the reachion must go in order to establish an electrical bal-
ance in the system will be a measure of the work done agalnst
forces which oppose the btendency of the system to become bal-
anced. The characteristic extent of the reasctlon should be a
function of the tendeney of R %o atiract its velence elec-
trons. The rate at which the reaction stteins 1ts limiting
extent would be of no lmportence in determining the snergy drop
through which the system must fall in order to reach a balance,
Experiment demonstrates that smong the compounds HHgCN the
€N radical is split off more rapidly then any radisésl R with
pogsible exceptions previously mentioned. But there is no ss~
surance that of two compounds and R'HgCH the Hg-CH
bond of one will reset more rapidly with HCL than will that
of the other, regardless of the npegativity of the R's. In
support of this statement we have the following data on the
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where 8, 3is the rete of the forward reasction and s, that
of the reverse reaction. At equillibrium the only condition
that must be satisfied is that 8, = g5, which condition on be-
ing satisfled ylelds the relation

This expression is gquite independent of the rates and depends
only on the speclific veloolty constants.

With thess propositions in mind we are in a better posi-
tion to consider the case of the irreversible splitting of
RHAgR' compounds with HCl, Adopting the lonization scheme
used by Eharasch (8)

RHg" + R'~ Z== RHgR' === HgR'% + R~

we may grant that the lonizetion lies more to one aide than to
the other, Assuming that the radical which lonizes to the
greater extent is the more negative thers is, nsevertheleass, no
assurance that it will cowbine with HY more rapidly than
will the other radiesl. It is true that the proportions of
RHgCl eaend R'HgCl 4in the solid phase indicate the relative
velocities of the two lonic reasctions with HCL, but we cannot
say that the more highly ionized bond reacted with the grester
veloclty.

It is interesting to compare the thermal stablilities of
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the compounds RHgCH with the remctivities of the egmpauﬁﬁa
RHgR'. If we plot the temperature of decomposition égainat
| the radicels as they fall on the x-axis there ia obbtained the
curve in figure 3. 1t is to be recognized, however, that the
temperature of decomposition is only a rough approximation.
Hevertheless, it is instructive to observe that this thermal
stability curve passes through a minimum, The same order of
stability was found in the case of the organomercuriec nitrates
(17). Horeover, & series of radicals based on thermsl stabil-
ities is eassentially that of a series based on the irrevers-

ible splitting of with HC1.

Refraction as a Measure of Electron Constraint

The so-~called non-polar bond is conceived of by both
phyaleists and chemlists as consisting of two shared electrons.
If %o a glven atom are attached successively different radi-
cals the state of sharing between radical and atom should be
different in sach case and be characteristic of a particular
combination. In other words we would not expect sll radicals
'to be identiecal in respect of thelr affinity for the bonding
electrons. Conecelvably the extent of sharing exercised by
various radicals could assume two extreme wvalues, between which

various degrees of sharing could exist, depending on the st~

(17} Jﬁ?§géa§aterscn and Hixon, J. Phys. Chem., 34, 2218-2225
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traction of the radicals for the bonding electrons. At one ex-
treme a radical would be positively lonized, at the other neg-
atively lonized. If this attraction measures the negativity
of the radieals the terms negetivity snd slectron-sharing abil-
ity are identlcal. If the extent of\ianizaﬁianﬂaf a polar com-
pound such as RNH; Iindlcates the attraction of R for the
electrons at the R-C bond a more intimate study of this bond
should yield more exact informastion on the relation of negative-
1ty of radiecals to polar properties.

Smyth (18) atbacked the probvlem of the shared bond by us-
ing refraction as a means of calculating the constraint under
which the outer electrons of atoms act when the atoms are com-
bined in molecules. Born and Helsenberg (19) proceeded in a
somewhat similar way to calculate the deformability of ions.
The constraint ecalceulated by Smyth 1s inversely proporitional
to and the deformablility calculated by Born and Helsenberg 1s
directly proportionsl to the molscular or ionie refraction.

Fajens end Joos {20) have used refraction as a direct measure
of the deformabllity of the electron shells. EKrause and Fromm
{21), assuming that the stomie refraction of carbon is con-
stent in saturated aliphatic radicals, obtained the result that
the atomic refraction of zine in zine di-alkys experiences ex-

za*'eeaaeni«rg ,-‘ ?haaik, 25 388»41@ (1924).
(26} Fa;ana and Joos, ihid; BBt
{21) Erause and Fromm, ﬁar‘, B9, Q&l-ﬁé {1@26}




altation as the zlze of the alkyl groups 1s incressed. Krause
{22) further showed thet also the elements mercury, cadmium,
tin and lead experience exaltabion of atomic refraction when
an ethyl group is substitubed for a methyl group in the organ-
ic compounds of these metals.

All these results suggest that refraction studies can
lead to a measure of the constraining force exerted by organic
radieals., The use of refraction studles for this purpose
would furnisth the organic chemist with a methoed of gquantita-
tively evaluating radicals which would be entirely independent
of chemical reactions. The correlation between the resultis

of refraction studies and those of chemlecal methods would great-

1y eclarify the relation of orgenic radicals to the properties
of their compounds.

(22) Xreuse, Ber., 59, 935-36 (1926).



CONCLUSIONS

1. The reaction in ethanol between HC1 and the organomercur-
ic cyanides studied is reversible.

2. For the reaction a fmwhianal relation exists between log K
and the sbsclassa values of the pradicals as determined by
the ionization of acids and amines.

3. Irreversible splitting of the Hg-C bond measures a dif-

- ferent property of the bond than does reversible aplit-
ting.
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