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THE ELECTRON-SHARING ABILITY OF CORGANIC
RADICALS: ORGANIC KERCURIALS

INTRODUCTION

One of the very important problems that hove stimulated
speculation and experimentation in orgenic chemistry has been
the relation of the constitution of molecules to their proper-
ties. A singular advance was made in this line vwhen Van't
Hoff and Le Bel proposed the tetrahedral form for the cearbon
atom and thus lzid a logical foundation for the treztzent of
the yet unexplained paencmenon of optical activity. The other
properties of substances, such as reactivity, degree of ioniza-
tion, orient:ziion in substitution reactions, physiological ef-
fects and in fact nearly every known charactéristic except
molecular weight, have eluded all efforts at complete systen-
atic treatment. Hany efforts have been made to correlate the
properties of compounds with the positive or negative
character of the radicals of which they are comﬁosed. -

»Ostwaldl pointed out that certain elements or radicals,
when substituents in organic acids, affected the disscciztion
constant ir a2 uniform manner. Those elements, or radicals,
which when substituted into acetic acid caused an inerease in
the diésociation constant, he called negative, and those

1. Ostweld, J. praki. Chem., 31, 433 (1885);
Z. physik. Chem., 3, 170, 418 {18839).




which caused a decrease, positive. Tegscheider® summarizes
the avsilable data and puls them into =2 tabulated form from
which it is poseibié to calculate the dissoelation constants
of various substituted zcids. Iany limitations to these
generalizations, such 28 those of Bader® and Hantzsch?®* have
been pointed out. |

In 3001, Yoyes end Lyon® pointed out that if all re-
actiong involving the decomposition of molécules are preceded
by an ionizetion of the parts of the molecules, it would fol-
low that elementary molecules as well musti ionize into positive
and negative parie. A few years labter, fbegs® stated that all
elements are amphnoteric, that is, exhiblit both positive and
regative electricity. ¥We msay interpret the generslizations of
these ploneers to mean that the electrbnrsharing ability of
any atom depends upon the strength of the other groups to
which it is linked. |

This generallzation is involved in all of the recent
theories vwhich attempt to explain the distribution of af-
finlty in the cazrbon compounds. All of these theories are
qualitative in nature and the success of the manipulation de-

é. Tegscheider, ¥onatsh., 23, 287 (1502).

3. Bader,. Z. physik. Chem., 6, 295 (1890).

L, Hantzsch, Ber., 32, 3071 z1899).

5. Noyes and Lyon, J. Am. Chem. Soc., 235, 460 (1901).

6. Abegg, Z., anorg. Chem., 39, 330 (loc4).

7. Henrich, Johnson and Hahn, Theories of Orgznic
Chenistry, John ¥iley and Sons, New York, 1922, pp. 75-168.
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pends upon ones ability to read into them a degree of stress
or strain which can only te acqﬁired by experience.

The confusion is due mostly to the lack of a quantitative
mezsure of the "electron-sharing ability" of the various car-
bon radiczls. Derick8 attempted to establish such 2 standard
by'means‘of the acidliec and basic dissociation constants of the
various hydroxides. ¥Fe may use the following electronic ex-
planation for Derickfs reasoning. (a) In water, hydrogen and
oxyzen are balanced. There iz an ecual tendency for the for-
metion of hydrogen and nydroxyl ions. (b} If one hydrogen is
replaced by an element or radiczl R with a2 greater tendency
thzan hydrogen to tale on an electiron, the compound tends to
ionize into RO™ + H . Furthermore, the degree of the ioniza-
tion would be a measure of the "negativity” of R. (c) If one
bydrogen 1s replaced by an element or radiezl R with a2 greater
tendency than hydrogen to give up an electron, the compound
tends to ionize into R+ + 0 . Furthermore, the degree of
this ionization would be a measure of the ”positivity“ of R.
He then uses the following mathematlcal value for these terms.
Positivity = -1000/liog Kygq103 Negativity = -1000/log E

acidie”
Ostwald had previously considered this standard but had re-

. 8. Derick, J. Am. Chem., Soc., 33, 1152, 1162, 1181
(1911); 34, 74 (1912).
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jected it in favdr of the standard mentioned zbove, based on
acetic acid, beczuse the "non-ionization” of such a large
group of cqmpounds makes this standard impossidble to a2pply ex-
perimentzlly. For this very reason, Derick's treatment of the
subject is limited to the orgaric zcids, and is not applied
without difficulty even here. |

Some of the factors other than negetivity that affect the
ionization of zcids are, the mass, the structure, and the
spatial configuration of the molecule. Thus the methyl sub-
stituted acrylic acids are known to exist in gecmetrically
iscmeric forms; Ostwaldq has shown that their lonizatlon con-
stants are not alike. |

H

9
=C-C=~CH K = C.005%6

=

A

b ex 1

acrylic acid.

E H
B. C=¢C X = 0.0C20
[ léo
CHsy €
“om
cis~-crotonic acid
CHa
f H
C. #E =20 K = 0.C036
, !40
Cc
o

trans~-crotonic acid

9. Ostwald, Z. physik. Chem., 3, 221  {1889).
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One would expect the ethyl substituted zcerylic acids to
show 2 similar d&ifference bubtthis was not considered by
Pichter znd Pfister*® who determined the constant for 2-pen-
tenoic aecid.

T H 0

C2HEgC = C = C_. X = 0.00148
OH

=

»
7.

‘ith the isomeric tartaric acids no differerce in the
constants has been found, though they can be separated into

pure forms.

0 C//o e
l\osz NoH Mo
HO‘CH HCOH ' H?OH
{
HCOH HOCH HCOH
l//O é ’/O | é, //O
“\ e N \
q 0H oy

(1-tartaric seid) {d-terteric acid) (meso-tertaric acid)
t is only by a severe rounding off of the ccnstants re-
corded in the literature that such confusing effects can be
eliminated. It must also be borne in mind that the solvent
rlays & large and poorly understood role in ionizatiocns. The
data obtzimed in iomization neasurenents have beern found
satisfactory in arranging the redicals in the order of their
electron—shariﬁg ability, but not without some slignt irregu-

larities.

10. Pichter and Pfister, Amnn., 334, 201 = (1904%).
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THEORETICAL DISCUSBICH -

The method of approach to this problem proposed by
Hixon and Johms in 1927 involves a reasoning on the basis
of the electron theory of valency. It excluded f£rom con-
sideration for the iime being, all radicals which themselves
have ?clar linksges, as well as those compounds which exist
in more thsn one iscmeric form. ¥e may assume two extremes
of electron transfer: +he first, total extraction of the
electron from a neutral atom resulting in 2 positively charged
ion, +tae second; totzal impression of an elecitron into 2
neutral atom resulting in a2 negatlively charzged lon. Between
these two extremes which according to Lewis®® exist in the so-
called "polar" compounds, there may be gradations in the btranse-
fer of the electiron, resulting in more or less non-polar
linkages of the atom concerned.

Tais change in the relation of the electrons to the nucle-
us in an ztonm can be caleculated for the case of the more simple
atoms, if we gssume scme law of Torce between these units of
electricity that allows stability in the molecule; For con-
venience we will follow Thompson's reasoning®.

1. Hizon.and Joﬁns, J. im. Chem. Soc., 49, 1786-(1927).

12. Lewis, Valence and the Structure of Atoms and

lolecules, Chemical Cztalog Co., 1923, Chapter I.

13. Thompson, The Electron in Chemistry, Franklin
Institute, 1923, Chapter I.

P
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Let the law of force beitween z positive charge and an

electiron be expressed by the eguation
o " _c..
F o= %é (1 ~,3..)

vhere T is the attracting force between the charges,

E and € the % and - charges respectively,

H

the distance between them, and

¢ = constant characteristic of the kind of ztom con-
sidered and is the distance at which the force changes from
atiraction to repulsion. Let the law of force between two

electrong be expressed by the eguation

3

o)

T =

)
b

¢

where F' is the repulsive force between the chafges,

e the negatlive charge on the electron, and

d the distance between the elecirons

In 2 neutral stom ¥ = F*

Let us consider the case of z two-electron atom, in
which the positive cherge is midway between the electrons..
Then E = 2e, & = 2r, and

Ee e®

)y -
w1 -3 = 2=
from which r = 1l.l4c.
Now consider the case in vwhich orne of these electrons
is used in chemical combination with another atom and in so

doing is drawn farther away from the positive nucleus of its

ELyLe
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own ztonm. LQ; this electron be twice asg far from the nucle-

us as the other uncombined electron. Then .for the uncorbined

eleciron
e 1 o ez
re (1 -3 = Gp)e
From which we Tind r = %% ]
Yhile previously ro = % e

In the extreme case of complete removal of one electron
the other will be at equllibrium when P = C, and » = ¢.

Thus 1f the law of forece at atomie digensions is like
that proposed by Thompson, the electrons of arn atom should
move in closer to the nucleus when one of them is partly or
completely removed. If completely removed the new radius
r, is given by the relation r; = 0.875 1y for a two-electron
atom, |

In the 4 electron atom the radius of the neutral atom
is found to be 1.29 cg. If one electron is entirely removed

the radius is found to be

‘eg. s .,
2 1-9 =2Lzy3

¥ 3r®
ry = 1,168 c4
ry = 0.905 r,
Thus the effect is less pronounced in the more complex atoms. .
These ideas are in asgreement with the results obtzined

by Daveyl* in his study of the radii of atoms and ions. He

4. Davey, Chem. Rev., 2, 349 (1925).
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finds that with the alkall metals of large atomic weight (Cs,
Rb, X) the radlus of the ion seems to be consiant regerdless
of wheiher the atom is combined with Cl, Br, or I. ¥ith the
alkali metals of lower atomic weight the radius is not con-
stant and is least when the atom is combined with Cl and
greatest when combiﬁed with i. Table I reproduces a poriion
of his ealculatlions.
TABLE I
Radil of Alkali Ions

. cs; - 1.974 X 1073 cn. .
: Rb 1.696 :
P, KW L8 :
:Na : Li :
: In Nzl 1,257 in TiX 1.03 ¢
: NaBr 1.231 LiBr 1,01 :
: ¥aCl 1.225 LiCi 0©.28 :
: NaF ¢ 1l.15 LiF (C.B86{%):

These are in strict agreement with,predictions Trom the
ionizing potential. The greater the work done in removing
an electiron, the gréater the change in the z2tom as 2 result
of 1ts removal ard the sironger the force necessary to renmove
1%. A comparison of the radii of the neubrsl atoms of Li,
Fa and X with the radii of thelir ions in thelr chiorides is
given in Tablezrl.

In this series of atoms the percent decrezse in radius
of the atom in changing from the neutrzl atom to the ion is

in the same order as the ionizing potential. Also from
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TABLE II
s cR zbtom:R ion in QJE;% decreese in Ry I. P..,volis:
+ i 2 1.51 : 0.98 : 35.1 : 5.37 :
: Na 2 1.8 @ 1.225 : 4.1 : B.13 :
T X+ 2,25 ¢ 1,548 : 31.2 : 4. :

Table I 1t is seen thab for the seme atom the change in radius
is in the same‘order as the nagativeznature of the ion with
waich it it cozmbined. (This reasoning is not limited to the
metzallic ion, Tor zg Davey shows, the radius of the fluorine
ion vearies with the 2lkali metal ion with which it is combined.
The effects are entirely mutusl.)

Wow if the atom has two valences occupled in holding it
in combination with two other ztoms or groups, any change in
the relation of this central atom to one of the groups must
necessarlily produce a change in its relation to the others.
Thnis change éhould be mogt marked when the central ztom is
small and relatively simple, i.e., contains few electrons.

It is less marked in altoms that are larger and more complex.
This concept is capable of experimental verification. Ve
may use various atoms or groups for the so-called "central
atom", such as:

"‘(;ﬁHs)'"'; -{c=0)~, ~{3)-, -(0)-, -(Eg}-, -(3370 Y-,

N~
CH
ete. If in any given case We use z polar group such 28 -0H ,




1

-:b - v— )
-H , -I , -NOg, etc. at one valence and a non-polar group,

Rg a2t the other, we obitain = number of series Qf gonpounds,
such aS: ,
R{NH;)CH, R(Cfg)ﬁ, B(S)}H, R(O)H, B(Hzs)I, R(Aégq)cﬁ, ete.
In each series any change in the relailon of R to the central
atom must produce a change in the relation of the nucleus of
this aton tc 1ts electrons and consequently a change in its
relation to the polar group.

The affinity of the bond between the polar group and the
central atom can be measured by z number of pnysico-chemical
methods a2ll of which depend upon determining the egquilibrium
ccnstant for a reversible reactlon involving that bond. Some
of the commonly used methods are:

(1) Zeasurement of vapor pressures, in the case of

gasecus substances or easily vaporized liguids.

{2) Zessurement of eleciromotive force, for reactions

that can be made 1o proceed with the production of

electrie current.

(3) Any analytical method that determines the eguilibrium

concentration of reacting substances. This ihcludes

corductance measurements, which indirectly determine the

concentration of the ions and the molecules in solutbion.

The third method is the most convenienlt way of determining

" the ionization constant of an ionization reaction such as:

R(cgr =  m(e + 7
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From the constant obtained, the free energy of separation of
the molecules a2t unit concentration into the ions, each at
unit concentration, is given by the eguation

-AF = RT In K
Then by arranging the compounds of the series in the or@er of
theirvionization constants we will have the radicals in the
crder of thelr electron-sharing 2bility. In the case of non-
polar compounds, i.e. those which are not usually considered
as undergoing electrolytic dilssociatlion, similar methods may
be used, wnrovided a reversible reaction is involved and the
equilibrium constant for the reactlon determined.

An examination of 21l of the values given in Lendolt-
Bérmstein for the dissociation constants of the acids and
amines makes possible the comparison shown in Teble III for
the dissociation constants of R(FH3), R(CCOH}, R(CH,CCOH),
R{CHLCH,C00H) and ROH.

Representative values from Table I are plotited in Figure
I against an arbitrary abscissa designated as "electron-shar-
ing ability of various radicals.” In plotiing these results,
it was observed that the curves were expornential no matter
vhat units were chosen for the x axis. Accordingly, an arbil-
trary curve y = log K = -20{e®" °5%.0,75) was drawn and the
dissoclation constante for the various amines R{IHg.HpC) were

located on the curve, thereby fixing the position of R along

reEgt
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TABLE IIX

Dissoclzation Constants of Corresvonding Polar Compounds cof

Various Radiczls in Water at 259

:CgH.CHg~p

: : Amine T Aeid @ Acid HE Acid :Hydroxlde
:Radical :R.NHoHp0 : R.COOH:R.CH,COOH:R.CH,.CHLCOH:  ROH
:(CHa)sC- @ 167%:1 x 1075 : :

-caai : 107%: 107%:1 x 10”°%:1 x 107° :

:CHgCHp- : 107™%:1 x 107%:1 x 107%:1 x 10”° : 107®
$CHoCHpCHp- ¢ 107%: 107%:1 x 1078%:1 x 107° :

: HCH=CHC -2 107%:5 x 107%:3 x 1075 :
t0gHgCHg~ ¢ 1075:5 x 107®:2 x 1075: :

:CHo=CH=~ : 107%:6 x 107%:4 x 107%:2 x 1076 :

:H- : 1075:2 x 107%:2 x 1075:1 x 107°% : 10-1®

:CgH, OCHg =

:0gH. CHg-1n

1CsHLCCHy -0

:Czszis"

H (;63II4:(35525"CJ
:(3C;FL§I3I“-§)
tCeHaCl-p
:CgHyBr-m
$CroHs =4
t1CgHsCl-m
:CgHy N0p~p
:\JE;EEQJ§();3"31
. Hg}:c—
:'(JE;IEQE(}].-€>
:\affa(jfECEJ.-'
tH,CBr-
1HC0C1-~

: CsHe__ 1‘3‘02 -0
:HaC(NOz )~
:CHg ~C=0-
: HQC( CN) -

: CoHg 00C-

tHCClg=

I~

: By~
:Cl-~
:CN-~
:BKJQ"
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stants of different polar derivatives of various

radicals.
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the X axis. The corresponding values for the other derivatives
of R were then loczted and a smooth curve was drawn through
them, It was found that the following mathematical expressions
hela for the dissociation constants of the various polar com-
rounds listed.

R(NHe.Fs0), 7 = log K, = ~-20(e® 98* _ 0.75)

R(COOH), ¥ = log K, = 20{e% 5%~ 86 _ o,24)

R{CHpCCCH), y = log E_ = 20{e>s"%6 . 0, 24)

R(CHCH,000H) , ¥ = log K, = 20(e®**77® . o )
Since the slope of the ROH curve is questionable, Nno equation
has been derived.

48 was expected from the theoretiecal considerations,
none of the curvés é;e erratic. That is to say, the same
change in R thaet is expressed by the spacing of the radicals
along the e2xis of abscissae and can be said to cause the pro-
gressive change in the ionization of the amines (RVH,), is
also the cause of the equally orderly change in the ionization
of the acids (RCOOH) and alcohols {ROH). One might with con-
siderable confidence pass to the genergl case and say that the
equilibrium constants for a glven reversible reaction of any
series of compounds is a function of the eleciron-sharing
ability of the fadicals attached 1o the central atom or group.

The above mechanistic view of valence offers g tangible

explanation of the changes in properiies of the compounds
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T TrerTS——

R

throughout a2 series and also glves an explanation of the

RE AN

A

LR

steepness of the curve for the amines, which have a small

RS

central group -(¥Hg)- compared to the more flat curve for

AzivaR

the acids which have a larger central group -{CZ8). How-
ever the methol of determining the eleciron-sharing sbility
of the =»adicals is gquite independent of such a theory and
nlaces the radicals, by an experinmental method, in a series

sne electro-~-cheniecal series of the elements.
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STATEYENT OF THE FPROBLEXM

The preceding discussion has brought oul the following

é voints:

v 1. The radiue of an stom must decrease when an
electron is removed from it, and must increase when
an electron is added to 1it.

2. The radius will undergo intermediate changes
when an electron is partlally removed or paritlally
added, as is assumed to be the case in the non-
polar linkages of atoms.
3. The effect is most marked with the smaller and
nore simple atoms.
4, It is possible to arrange the non-polar organic
radicals, R, in a series analogous to the electro-
chemical series of the elements, the order of the
arrangement representing the degree of sharing of
the electrons involved in the valence bond.
5. As a consequence of the zbove the oxder in which
the radiezls are placed must be preserved, no matter
what series is investigated.
The first three points seem to have been fairly well
established by the data already gquoted. To test the validity
of the last two coints is the purpose of the present work.

£ series of organo-mercury derivatives was chosen be-
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cause these compounds, involving a grealt variety of radiecals

R, can be easily prepared and offer z central ztom, Hg, hav-

inz one valence occupied in a typical nor-polar lingake R-Hg,

and the other in a typical polar linkage Hg-RO; or Hg-I.
The expefimental part divides itself into five main
sections:
A. The preparaticn of compounds used.

B. TIethods of anzlysis devised for the analysis of

pure compounds and of dilule solutions of these com-

C. The determination of fthe ionization constanis of

compounds of the type RHgNOs and RHgCl.

D. The determinztion of the equilibrium constants for
the type resction 2RHgI == RyHz + Hgls.

E. The determination of decomposition voltages and

P deconposition temperatures of compounds of the type

RHEgNO5.

368 e ib
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: EXPERDIENTAL PART

The Preparstion of Compounds Used

Organo-meyrcuric Hzlides:

Compounds of the type RHgX, where R is methyl, ethyl,
butyl, benzyl, p-tolyl, anéd phenyl, end X is Cl, Br, or I,
were all prepared by means of the Grignard reaction in the
vay suggested by Marvel, Gauerke and Hill*® for the alkyl-mer-
'} curiec halides. The resctions are illustrated by the follow-

X ing equations:

E% RX + Mg —> Ri¥gX

RigX + HgXs —> RHgX + NgXg

The reactions are carried out in anhydrous ether. In tahe
first reaction the magnesium 1: activated by means of a erys-
tal of iodine and a few drops of the halide before 2diding
dropwise the ma2in portion of the hzalide. During the reaction
the suspension of megnesium is stirred vigorously. The second
reaction is carriedAout by 2dding the hzlide of mercury in the
form of a fine powder to the soiution obtained in the first
reaction. There is usuzlly considerzble heat of reaction and
the mercuric halide must be 2dded in small poritions with con-
stant agitation. After the calculated quantity has been
added and the reaction has been completed the magnesium salis

g 15. Mervel, Gauerke and Hill, J. Am. Chem. Soc., 47,
1 3009 (1925).
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% are dissolved in dilute (5%) acetic acid and the residue con-
f gisting mostly of the organomercuric hslide is recrystsllized
? from alcohcl. The ether solubion on evaporation ylelds a

4 small amount of the pure compound.

4 ¥ethylmercuric nitrate:

To a welghed quantity of Agl0;, a siight excess of

1 nethylmercuric iodide is added in ethyl alcchol. After shaking
3 for three heurs, or until the filtrate gives no test for Ag

4 lons, the solution is diluted with three times its volume of

" water, warmed, and filtered with suction - best through =

4 Gooch crucible adapter filled with alternate layers of as-

4 bestos and glass wool. This removes the silver iodide and the

% excess methylmercuric iodide Which Was thrown out wWhen the

? water was added. The solution is eveporated by drawing a

i gstream of air over it, while on a waler bath. It first con-

E centrates to 2 thick oil which suddenly crystaliizes. To ob-
? tain pure, it must be recrystallized at least twice from

1 water, each time concentrating the solubtion until =z crystal-
line mush is cobiained, then removing the mother 1iQuor by ab-
f sorption in filter paper in a press. The erysials are dried
in vacuo. This .purification reduces the yield very consider-
} ably . but gives a2 pure product that is white, stable in light,

i strongly deliquescent, and causing painful blisters if ap-

plied to the skin. Samples have been kept for two years with-
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out beconing discolored.

‘The melting poink, unlike that given in the literature®®,
is 590, obtzined in vwo indevendent preparationg znd con-
gtant through successive recrystzllizations.

Anzl. Cale. for CH HgNOg: Hg, 72.26 Found: 72.2%,
T2.72. The con&uczivity in water checks the values reported
by Haynard and Howardl!, though they gave no melting point.

It is deliquescent and extremely soluble in water.

Ethylmercuric nitrate:

This compound wag prepered in the same way as the
nethyl- compound., It ic less soluble and recrystallizes
Dore easily, giving a better yield. The melting peint, not
reported by Strecheri® who first prevared it, is 87°.

fnel, Cale. for CoHgHgXOs;: Hg, 68.79 Found: 68.85,
638.42. Sanmples kept for itwo years have not become dis-

colored. Solubility in water is 6.96 g. ver L.

Butylmercurie nitrate.

.This compound is much more difficulit to prepare than the
ethyl- and methyl~- compounds. 17 g. n-butylmercuric bromide
and 10 g. AgNOg were shaken with 150 ce. aleohol for 1 hour
in a2 long necked flask, to prevent contzet with the stopper,

16, Strecher, Amm., 92, 79 (185%).
17. Yaynard and Howard, J. Chem. Soc., 123, 960 (1923).

H
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then warmed end flltered. Dilution with 8CC cec. water gave
only an orzlcscence. When concentrated under reduced pres-
sure on g waier bath, an 0il separated when the volunme
resched 200 ce. The evaporastion was completed and the oil
dried by evsporating 1C cc. poritiocns of zleohol from it and
finelly 10 cc. of sther. On cooling, the residue solidified.

The melting point, after 3 recrystzilizations from ether, was

39.5-40° with some preliminary softening. Yield 12 g.

c H N
inal. Caled. for Cﬁﬁgﬁgﬁosz 15.02 2,84 e o8
Found : 14,80 2.89 &4

Solubliliity in water: 0.956 g. per L.

It was later found better to use exactly equivelent
guantities of bubtylmercuric bromide and silver nitrate, and
after filtering off the silver bromide formed, %0 evaporate
the aleoholic solution without diluting with water. The
first so0lid substance obtained is yellow in color, and can be
purified to 2 certzin extent by recrystailizing from ether.
Until this purification and drying, the preperabion is very
unstable, brezking dowm tc a yellow oil and a dark inscluble
regidue of mercury and inorganic mercury salis, exactly as
happens more rapidly, when heated to 150°-160°. It was never

obtained entireiy colorless, always retaining =z gray color.

———y
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Benzvlmercuric nitrate.

This compound is about és difficult to prepare as the
butyl- compound. If the reacilon between the halide and the
silver nitrate is carried out in alcohol, decomposition of
the resulting benzylmercury nitrate takes place on warming
to evépcrate the solvent, giving = yellow solid, free from
carbon, aa& contbaining mercury {(probably & basic zercury ni-
trate}. I z solution of the previously prepared nitrate in-
95% aleconol is heated to boilingz, all the mercury will precip-
itate in the Torm of inorganic compounds. In ether the re-
action between the halide and silver nitrate tokes place very
slowly. It is best carried out uy dissolving the benzylmer-
curic chloride in ether and the silver nitrzie in aleohol and
mixing the two solutions. After shsking for an hour, filter
off the preciritated silver halide, and evaporate the solvent
by warming in z erystallizing dish over a small eleciric hoit
vlate within 2 vacuum deuiccauor.

In this way 11.35 g. benzylmercuric chloride snd 5,89 g.
L3 gave 4,95 g. AsCl (theoreticzl 4.97 g.). The resuliing
benzylmercuric nitrate wag z gray crystalline mass. Re-
crystallized 3 times from ether, it gave large pure white
rhmjbié needles. Melting point 90-91° with decomposition.

Lnal. Caled. for CgHgCHoHgMOs: Hg 56.71.

Found: 56.64, 57.05.
Sclubility in water 0.935 g. per L.

ey o
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In spite of all care in preparation and preservation, the
compound slowly décomnoses and afber severzl monthe appears

dark though still crysialline.

_ g
Para-telvimercuric nitrate.and phenylmercuric niir-te were
prepared in the samc way a2s those jJust described. They are

very stable whiite solids.
Solubility in water at 25°,
para-tolylnercuric nitrate, 0.2017 g. per L.

vaeny lmercuric nitrate, 0.752 g. per L.

Abgolute sleochol.

The z2leohol used was prepared by fractionating throuzh
a vhree-bulb distilling head three gallons of 969 aleohol %o
winich had been added 100 ce, of 50% sulfuric acid, rejecting
the f£irst and last h2lf gallon. The middle fraction was re-
fluzed for twenty-four hours with freshly dehydrated lime
end distilled. It was then treated with s slight excess of
metallic caleium and again distilled. The conductance of
such alcohol varies from 3 x 107" to 8 x 10~ . The conm-
ductance of a2 0.05 melal solution of potassium iédide in such
alcohol varied from 1.02 x 1072 %0 1.15 x 10™°%, This vari-
ation has not been zccounted for. t cannot be due tOVWater

in the alcohol for with 2z solution whose conductznce was 1.02

18. ¥hitmore, Crganic Compounds of Hercury, The Chen-
ical Catalog Co., . (1921) pp. 177, 184, :

AR g e o i,
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x 107%, the addition of 2.5% water by volume raised the con-
ductence only to 1.07 x 1072, It cannot be due tc variations
of concentration for in preparing 1500 g..batcﬁes, the weigh-
ing of the alcohol was accurate 1o one vart in thirty thousand,
and the weighing of the poltasszium lodide to one part in £ifty
thousand., Thesce variations in conductance produced no notice~

able variation in the E.E.F. of the cells.

Potassium icdide.

A c.p. grade of KI was recrystallized cnce from water znd
once Trom aleohol and dried =t 200° for three hours. 1 was

then powdered and dried again at 20C° for three hours.

Merecurliec isdide.

The mother licuors from the purification of potassium
icdlde were zdded to a saturated mercuric chloride solution
t0 precipitate mercurie iodide. The precipitate was washed
severzal times by decantatlon and then boiled with water three
times. It was then dried and distilled. The yellow lusbrous

crystals, which soon turn red, were finely powdered.

Conductiviiy water.

The water used in preparing solutions for conduetivity
measurenents was prepared in the usual way by distilling from
alkaline permanganate. The specific conductance of the vari-

ous preparations of water came within the limits 1.4 to 3x107°.

T e L A AP S A £
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Y¥ethods of fnelysis for ¥ercurv in Orgeno-mercurie
Helides ard Ritrates

It hes been found more convenient to decompose the or-~
ganic compounds with bromine in aqueous solution than to use
concentrated acids,lsince the lower temperature causes less
danger of volatilization of mercury halides. This zlso
serves for the analysis of dilute sclutions for which the use
of concentrated acids is obviously impossible.

In analyzing a solid compound, sufficient sazmple to glve
0.25 g. HzgS is covered with 10C cc. water in a flask provided
with a long a2ir condenser connected through z ground glass
joint. About 5 cec. bromine 1s added and the flacsk heated 1o
give constant reflux of bromire in the conﬁeﬁser, the escap-
ing fumes being removed by a loosely fitting cap connected to
the water pump. Heating 1is corntinumed until the excess bro-
mine is expelled, thé condenser belng finally rexoved and the
last traces of bromine destroyed by a2 few drovs of sodium and
sulfite solution™® . The decomposition can 2lsc be carried
out without the use of = condenser, larger quantities of bro-
mine being necessary and some loss of volatile mercury de~
rivatives belng possible urnder sueh conditions. In cagse the
organic radical forms o0ily bromination products, as in the

19. Contrary to statemenis in text books, SCp, has not
been found to reduce mercury in solution, z slight excess of

NaHS0s doing no harm, A large excess will somebimes produce
some reduction.
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case of many aromatic mercury derivatives, these may be re-

moved by filtration through a paper Tilter.

Lfter Gecomposition, the clear colorless solutvion 1s

mede more zcid with HC1 and saturated with HeS. The precipi-

tate 1o allowed (o setile and the supernatant liguid filtered

vhen tronsferred

| aaad
0]

through a Gococh crucible. The precipltate
to the crucible, washed with water, followed by alechol and
ether, The crucible is then allowed to stand £illed with CSg
in a small covered besker, for zt lezst two hours to remove
free sulfur. The CSp is then filitered cff, the crucible
washed with azlcohol and dried at 110°. The success of this

method is indiczited Yy the data in Table IV.

Table IV

: Compoumd :  Semple i HzS Found  :HgS Caleulated:
: G4 HyHgBr . 0.2285 :  0.1580 s 0.157%: :
s.. F :  0.2551 s D.1763 2 0.1758 :
: OBy HalCq T 0.350% : 0.2935 s 0.2936 :
: i 2 0.2736 : 0.2307 : 0.2202 :
: 825 Hal0g : 0.1428 . 0.11%0 : 0.1139 :
: “ : 0.18573 : 0.1248 2 C.1255 :
:CeHgCHoHENOz + 0.161% : 0.1060 : 0.1062 .
: H s 0.1693 :  0.1120 : C.1li4 :

In znalyzing a dilute solution, s sampie sufficient to

give 0.2-C.5 8. HzgS is used and treated in the same way as




~31~
zbove. That all the nmercury is obtasined by this »rocedure
has been shown by analyzing 100 ce. samples of a dilute solu-

tion of ethylmercuric nitrate, vwhich was prepared by dissolv-

| aohd

ng a2 weighed sample. A sample welghing 1.5882 g; was made

up o 500 ce. and two separate 100 cc. portions wWere anslyzed.
The weights of mercuric sulfide obbtained were 0.2538 g. and
0.253C g., while the calculated welght is 0.253% g.

The guantitative precipitation of mercury as the sulfide
is diffieult when iodides are present. Dumning and Farinholt®°
report the necessity of removing iodine, while Reinderg®® con~
siders digestion of the precipitated HgS with WH,Cl solution
sufficient to remove this difficulty. This difficulty was en-
countered in determining nercuric iodide concentratvion in half
cells of Hgl, in KI solubion, which were being used a5 refer-
ence cells in the E.M.T: measurements described lster: It can
be elinineted by applying a modification of the double precip-
itation method used by Scott®® in separating mercuric sulfide
from lead suifide: The following method was used to obtain
the resulis reported in Table V.

A sample of HgI, egquivalent to 0:25-0.30 g. HgS is dis-
solved in 5O ce.: $:1 ¥ XI sclution and trezted with enough

20; Dunning and Farinholt, J. Am: Chem. Soc., 51, 807
(1029}).

21, Reinders, 2. physik: Chem., 32; 498  (1900):

22. Scobt, Stendard Hethods of Chemicel inalyels,
th Bd. 1927) p: 310. -
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4 XSH solution just to redissolve the HgS that

11 first pre-
cipitates. Then 1 ¥ NH . NOg solution is added 1o precipitate

the Hgs. vAfter Poiling to remove rost of the smmonia, the
solution is filtered and the precipitete redissolved by pour-
ing warm XSH solutiog over ithe filter. The paper must be re-
| moved and boiled in a small anount of XSH solutlion to remove
the last traces of mercury, the resulting solution being
filtered into the same flask with the first solution. NH,XNOs
1s then added a second time to precipitate the HgS. After
some digestion, the preclipitate ig filtered on a Gooch cruci-
ble,Awashe& with water and alechol and allowed to stand filled
with CS; in 2 small beaker for two hours to remove free sul~
fur. The CS; is then filtered off and the crucible washed
with alcohol and dried at 110°.

In analyzing C.025 molal HgI, solutions in absolute zlco-
hol thalt was 0.05 molal in XI, the first precipitate when
weighed was found to be aporoximately 4% toc heavy, while when
reprecipitated the weight was found to agree with that calcu-~
lated. In Table V, the first three samples were analyzed by a
single precipitation. The second two samples of the same solu-

tion were analyzed by double precipitation.
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TABLE V

sAnelysis of 0.025 molal Hgls in Aleohol 0.05 molal in XKI:

;By single pre- :3. Solution :g. HzS Found :5. HgS Caled.:
: cipitation : : : :
. 1 T 47.265 i 0.2821  :  0.2696 =
: 2 : 55,108 @ 0.3288 : 0,33 :
: 3 : 65.612 :  0.3889 :  0.3742 :
:By double pre- : : : :
¢ clipitation : _ : : H
: 4 - ¢ 58,815 : 0.3351 :  C.355% H
: 5 : 56.234 : 0.3203 : C.32C07 :
- fDolvsis of oure Hal. dissolved inm 50 ceo. 1/10 & KT :
;By double pre- :g. Sample 8. HgS Fourd :z. HzgS Caled.:
scipitation H : : :
: & : C.500C : 0. 2556 H C.2553 :
: 7 : 0.50CC 0, 2554 : C.2559 :
:inalysis of pure CHaHxI decoénosed by acueous bromine ;
:By dounble pre~ :g. Sample ;g. HgS Found ;g. Hgs Calcd.;
teipitation : s . : :
: 8 : 0.4000 :  0.2712 : 0.2717 :
: 9 : 0.400% s C.271ih : 0.271 :
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‘The Determination of Ionization Constents of
Compounds of the Type RHgNOs and RHgCl

In extending the generallization polinted out in the
Theoretical Discussion, page 18, to the organic derivatives
of mereury, a general reaction was sought ﬁhich would permit
& comparison of the.radicals. Conductivity determinations
were gelected as the most rapld and convenient measurements
for a preliminary examination of this field, though it was
obvious that such data could not be used to caleulate ac-
curately free energy of ionization. Sélts of the type RHgRCa
hydrolyze in water, their aquéous solutions belng zcid to
Aitnus. The extent of this effect could be calculated if the
- basic strength of the corresponding hydroxides werc Xnown or
eould be estimated. PFurthermore, the reaction:

2 RHgX —— Rofg + HgXe (D)

known tc take place with the halogen derivatives, would be
expected to oceur with the niitrates. The conductance in this
cese wonld be the suz of the conductances of the unchanged1
RHgﬁOg and of the Hg(XOz), formed. As R increases in nega-
tivity from the methyl to the nitrate radical, i.e., as we
change from CHgHgNO5; through a series of nore negative radi-
cals to NOgHgNOs, the ionmization will change progressively
Trom EHE? + N0a *o R~ + He' % NOs™. There is no cvidence
to irdicate that this latter type of ionization would tazke

place with phenylmercuric nitrate, which is the nearest ap-
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proach to this extreme in the compounds investigated. For
the aliphatic compounds, the »rincipal lons are krnovn to be
REg® and MO, from the electrolytic isoletion of the free radi-
cal RHg by Xraus®®, and it is significant that the correspond-
ing aromestic razdicals could not be isolated.

IT the generalizetion mentioned earlier is correct, the
basic sirength of compounds df the type RAgCH, w&ich governs
the degree of pydrolysis of the salts, sheuld change from radi-
eal to radiezl in- the series in ar orderly way, resullting in
an augmentation or diminution of the relative differerces be-
tween the various salts. Likewise'the extent of Reaction I
snould be an orderly function of the radicals and shculd have
the same orderly effect on the conductivity meazsureunents®t.
The conductance mezsurements would then be a mezsure of all

of these effects.

Study of the Nitrztes in Acueous Solution.

The compounds were nrepared as previously desceribed and
were very carefully recrystallized and analyzed for vurity
immediately befeore use.

The limited solubility of the coapounds with the largsr

organic radicals necessilazted ithe measurement of solutlions

3

as dilute as 0.0001 molzr. Although this dilution would in-

%

23, Eraus, J. am. Chem, Soe., 35, 1732 (1913).
24, This ig proven for the compounds RAgI, in the fol-
lowing section.

T gy e e o s e e i et
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troduce considerable error, the results serve for comparati
purposes. The values for the conductance at infinite dilu-

tion were oblained by Washburn's®® method of extrapolstion.

ve

The molecular conductances at various dilutions and the

ionization constants for the orgenc-mercuric nitrates in

aquecus solution are revorted in Table VI.

TABLE VI

Conduectances of Orzanic-mercuric Hitrates

o5°%. Specific Conductance of Teter 1.4 to 3x107°

T.

il

‘Methyl- ¢ 4 .O1O77 .00539 .00269 .00L3% .CO067 .00034:

(Y]

' o8

:mercuric:Me © _ 123,5 126.7 133.0 14C.5 146.8 152.8:159

initrate :Xx107® 29,2  17.2  11.5 9.0  T.47  7.95: :
:Ethyl- ¢ 01475 (00738 .00369 .0C184 .0C092 .00046: :
:mercuric:Me . 111.5 117.0 120.3 126.C 131.8 137.5:146 :
snitrate :Kx10 36.4 23,8 144 10.0 Tel 7.03 :
:Bubyl- :c 00191 .00143 .00107 .0C081 ,CCC60 .00025: :
‘mercurie:me 126.2 128.5 132.2 137.0 141.2 157.0:185 :
:nitrate®:Kxio—? 2.8 2.2 1.9 1.7 1.5 1.2: :
:Benzyl- :c .0C263 .CO131 .0C066 .C0033 .00016 : :
wmereuric st 135.C 147.0 160.0 1TAE.0 187.0 1200
:nitrate :Ex107° 3.6 2.7 2.1 1.9 2.2 : :
sp-Tolyi-:c _ 00057 .OCOL3 .C0032 . 0002 : :
imercuricife - TAL . 77.5  8l.5 83.7 : 96 ¢
:nitrate :Kx1073 1.5 1.4 1.5 1.4 : :
:Phenyl- :c .©0128 .0C064 .0QCC32 .00016 : :
smercuric: /. 799,00 .120.0 139.0 185.C :180

snitrate :Xx10™* 8.6 8.6 8.5 8.5

(2]

# Compares fovorably with data by ¥aynard ard Howard® .

3 The bubtylmercuric nitrate remained grey in color and
could not be further purified. These values are accordingly
aprroximations only.

25. Washburn, J. Am. Chem. Scec., 40, 122 1918).

SRR
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:Compo-~ :Vslue of K for: Comparative values of X for :
:sition : : RHzNOg 2t concentrations: :
tof R : R-NH, : R.COOH: .0C19hk: ,000Q97: .0COA0M: C.OM
: CHg- : 5x107%: 1x107%: 1x107% : 8x10™° : 7x107% : 7x107° :
tCeHe- @ 5x107%: 1x107%: 1x1072 : 7x10™% : 7x107% : 7x10™2 :
108y~ ¥t 521071 1x107°: 3x107° ¢ 2x107° ¢ 1x107° : 1x107°
:CaHsCHg- ¢ 2x107%: 5x107%: 3x107° ¢ 2x10™% : 27107% : 2x107° :
:0-CHyCgHe—t 2% '9: 5x107%: Not sol-: Tot sol-: 1x107% : 1x107° :
: : et : uble : uble : : :
:CeHp : 3x10 s 7x107%: Not sol~: 8x10™% : 8x107% t 8xI0™% :

- 4 comparison of the epparent dissociation co ants for

like concentrations of these compounds

The constants for the corresponding zcids, RCOCH, and smines

RN¥H,HLC are included.
inted alink

ly dissoc b t¢c mercury derivaitives have z K that

varies with concentration, still the Valle° are in the same

order at all dilutions as zre vhe values of the correspondi

acids and zmines. These relations are shown graphically in

Flgure 11,

TABLE VII

Comparison of Physical Constants as Keasured
By Conductivity Methods for the Type
Comnounds R-TH,, RCCOH and RHazNO,

is given in Table VII,

108

It will be seen that slthough the high-

uble

e

—

#
See statexment

28 o purliy.
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Study of the Nitrates and Chlorides

in Aleoholie Solutions.

In the study of alcoholic solutions, it was hoped that
ionization consténts could be obtained unaffected by hydrolysis.
The measurements on three compounds of the type RHgNOz; and three
cf the type RHgCl in absolubte alcohol and in mixtures of aleohol
end water, were made to test this possibllily. Thg conductances
were very low, indicating an extremely low degree of ionization.
The vari-~tion between members of the series was so slight that
the method was considered inzsdequate for the desired purpose.

The aleohol used was prepared by fractionating from dilute
sulfuric aclid and then repeatedly distilling from fresh lime
until the specific conductance fell within the limits 2 x 10-( -
8 x 1070, & dllute solution (0.05 molal) of potassium fodide
in this alcohol had 2 specifie conductance of 1.05 x 10”2, while
a 0.0335 molal solution of methylmercuric iodide has a specific
conductance of only 2.9 x 107%, and a 0.0528 molal solution of
methylmercuric chloride only 5.8 x 10'7.

'The conductances are recorded in Table VIII. The rate at
which the molecular conductance increases at high dilutions
indicates thal complete ionization is not approached even in
C.0COL molar solutions.

On adding water to an alcochol solution of these compounds,
the conductance is lncresmsed slightly for smasll cuartities of

water, but very greatly for larger cuantities. The conductance

D
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TABLE VIII

Folecular fonductances of Some Crozsno-nercurie Nitrates

and Chlorides 1n Absolute Alconol. T = 250
1CaHeHgNC, : I : : : :
: ¢ 1001262 :0.00631 :0.003155:0.001573:0.000789:0.C00394
: Me: 6.05 ¢ - 8.2T : 11.38: 15.05: 22.70: 32,2
O B CB.Ea0a 1. : : : :
: c :0.002531:0.00226520.60113220.00056§:0.000283:O‘000141 :
: Me: 11.5 = 18.4: 29.9: 36.4 38.9: 41,1 :
O B.HZi0s  : : : : : :
: e :0.006416:0.003208:0.001604:0.000802:0.000401 :
: Kes 8.3%: 3.85: 11.78: 14.85: 18.4: :
;GHSHgCi ; ; ; H ; ;
: c :0.04184 :0,02097 :0.01048 :0.00524 :0.001 s :
: Me:0.0162 :0.0200 :0.0258 :0.0324 :0.18 : :
:CgHgCHaEglL : : : : : .
: c :0.001 H H H : : :
H /ac:O.l” : : : H : :
- CoBoHa0 : : : : : :
: ¢ :0.008 :0.0025 :0.001 :0.0005 = : :
: Mc:0.154 :0.159 :0.30C :0.438 : : :

¢ = mols per liter.

a8 in absolute 2z

pre

-~

in 20 volume~percent alcohol

leohol.

ared by introducing into 2z

The

solute alecohol from a pipevte ealibrated to deliver a krnown

- volume of zlcohol, and then fllling tue

with walter.

0.001 molar solutions of the organo-mercuric chlorides.

The resuliing mixture was then useld in prepsring

The

is more than [ifdy itimes zs great
mixtures of aleohel and water were

volumetric flask a quantity of zab-

flazgk to the mark
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molar conductance in sbsolute aleohol and mixbtures of alcohol

end water are reported in Table IX.

TABLE IX

ki

¥oleculzr Conductances of €.001 ¥olar Solutions of
Sorme Orzano-mercuric Chlorides in Absolute
Aleohol and in Alconol-Vazber Hixtures

:Volume 4 Aleohol : 100 : 8 : 60 = &0 : 20
: CHgHeCL : C,18 : C.70 : 2.15 : 4,1 : 9.0
:CHsHeC1 1 0.30 : 1.22 :. 2.55 : :
:Speeific con- H g ° g 7t 7 s
:ductance of + 8%107% .« 2x1071 : 6x1077 : 9x10 ' :1.2x107°:
:sclvent : : H : : _:
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The Determination of the FEouilibrium Constents
for the Tyre Resction 2RHgI =S R,Hg + Hgl,

The preceding conductance deta indicate that the ioniza-
tion 6f the organo-mercuric nitrates in water can be corre-
lated with the dissoclation constanls of the corresponding or-
ganic aclids and amines a8 was to be expected if the concepts
of valence mentioned in the theoretical discussion are correct.
The ionization values of ithe organo-mercuric nitrates can not
be vsed to caleculate free energy of icenizaiion due to incident
acid hydrolysis and variation of the ionization constant with
dilution. To obtain data which can be used to caleculate free
energy relationships and therefore interpreted in terms of
chemical affinity, e study of the reversible reaction,

2 RAgI == RgHg + Hgl, (1)
wes uvndertaken.

This reaction is general for the orgesno-mercury halides
and the fact that it is used for the preparation of either
the compounds of type REgl or RpHg from the other, demon-
strates its reversibility. The reaction tends to go to the
left with the aliphatic compounds and the complete removal
of the mercuric lodlde by reducing zagents is necessary for
the preparatién of the dialkyl mercury compounds from the
corresponding alkylmercury halldes. Witk the arometic mer-

cury derivatives the reaction is easily carried to the right,
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The removal of the mercuric halide by formation of the com-

?lex compound with potassium hzlide heing suffiecient for the
preparation of some diaromatlic mercury derivatives from the
corregponding aromabic mercury halides,

These relatioﬁships which suggest a correlation with
the positiveiy and negativity of the organic radicals, can
be more readlily observed if the mercurle iodide is qualita-
tively determined in the aleoholic solutlons by means of di-
vhenyl carbazide. This compound has been suggested by

Skimmer®€ ag a reagent for detecting mercury, z blue color be-

ing formed with very slightly basle solutions of mercury salts,

a2 blue precipitate slowly forming =25 the solutions stand. In
aleocholic solutions of the alkylmercuric iodides, the blue
color is very fzint, its intensity increasing slowly on stand-
ing. T7ith benzylmercuric icdide, the color develops guite
quickly whille mith the tolyl- and phenylmercuric iodides, the
color appeers immediately on adding the reagent. The radi-
cals are nentioned in the order of the dlsscciztlon constants
of thelr amines and earboxylic acids and these color itests
would indicate the same order in the formetion of mercuric
iodide according to reaction I. This colorimetric metkhod was

found inadequate for the accurate determinatlon of the con-

26, Skinner, J. Chem. Soc., 53, 551 (1888},
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centration of mercuric iodide since the ccmpound formed with
diphenyl carbazide soon precipitates displacing reaction I to
the right. Also, the bis-organomercuric compounds produce
colored cormpounds with the reagentgy. These red shades of
color interfere with the accurate estimation of the blue color
produced by the meréuric halide. In very dilute soluticns the
blue compound does not preciplitate and in sueh g case the re-
action can be reversed by adding =z large excess of the type
compcund RpHg with resulting decrease of the blue color.

The eguilibrium represented by Eguation I is so labile
that the use of precipitating reagents for the determination
of the concentration of the constituents is out of the
guestion. Since the RgHg compounds do not ionize to form the
free mercury ion, as evidenced by the failure of hydrogen sul-
fide to precipitate mercuric sulfide from their solutions, and
since the RHgl compounds have been shown to be very slightly
ionized, it seemed probable that the concentration of the ner-
curic lodide in the equilibrium could be determined by con-
centration cell methodé. Preliminary experiments using 0.05
molzal alcoholic potassium lodide as solwvent showed that repro-
ducible volteges could be obtained when known sclutions of
BHgI compounds were nmeasured against a solution of Hgly in

cells of +the type.

27. Fiegel and Lederer, Monmatsh., 45, 115-32 {(1924).

AR g e s e A <
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Hg th’ . O0SH 2 RHgI == RqHg + Hgl, . | Hg
. 0.05 ¥ EI 0.05 i |
(Equation II)

Furthernore, identical velteges could be obtzined guive in-
dependent of whether the organo-mercury cell was made up by
2dding RHgI or ecuivalent quantities of RpHg and Hzgl, accord-
ing to Equation I. Thisg experiment quantitaetively demon-
strates the reversibility of the reaction represented by
Eguation I.

As indicated above, it seems probable that no gprrecizble
voltage would be exerted bebtween Rigl and Hgo or betmeen RglHg
and Hg,. Accordingly, the voltage of the organo-mercury half-
cell in Eguation II has been intervreied 25 due tc the concen-
of Hgl, oniy. Concentration cells of the type

HgIa Cg
KI 0O.05%

Hgls OCa

Hg

have been measured o deltermine the relationship belween con-
eentration of HgI, and voltage. This relationship has then
Peen used to translate the voltages obitained in the organo-
mercury cells of Equation IL into concenbrations of Hgi..
Enowing the total concentrztion of organic mercury added and
the concentration of mercuric iodide at equilibrium, the con-
centration of éil the members in Eguation I can be calculated
and the equilibriun constant for the various compounds de-

rived. In the experimental studlies reported, 211 soclutions

et s sar g T
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were made in zbsclube alcohol 0.05 molsl in potassium iodide.

‘The reference cell was in 211 cases 0,05 molal in potassium

Todide znd 0.0C5 molal in mercuric iodide.

Alparatus end Xethod.

s

”he potend icgeuer used wae a Leeds and Northrup type K.
with gelvanometer 250C-b with lamp and sczle at 1 mever. The
standard cell {Teston) and the concentration cells were kepb
in an 2ir thermostat with temperature controlled to 25° + C.1.
The half-cells were a modifiecation of the type used in this

laboratorygs

in the studies on_potassium and sodium amzlgams.

At the beglinning of the work a great deal of trouble was
experienced in getting satisfzctory measuremenis, due to con-
densation of moisture on the cells and consequent leakage of
current. This was especially itrue In warm weather. This
trouble was entirely eliminated by the cell construction
shown in Pigure III, All supports are of glass sufficiently
far removed from metallie contacts to insure proper insu-
lation. 1In use the tips of two such cells are pul together.
The solutlons jJoin and drop from the tips into a Deaker tall
enough to surround boik cells and covered by a card through
wnich the cells pass

The electfomotive force is independent of the flow of

the golutions for all rates greater than twe drops ver

28. Bird znd Hixon, J. Phys. Chen.,

SRS

PO,
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second, Ab very low rates (one drop per second or less) the
electromotive force becomes erratic bub returns to a steady
reproducible value on increasing the rate beyond two drops
pexr second.

The resistance acrcss two such half-cells is approxi-
mately 4C,00C ohms when filled with aleohol 0.05 molal in

otassium iodide. This high resistance forbids the use of

'3

the usual half-cells with long narrow limbs, when working

with dilute alecoholic solutlions.

Rectromotive Force of Hercurle
Iodide Concentration Cells.

In the study of cells of the type showmm in Hguation III,
the concentration of mercuric iodide was varied from C.0C05
molal to saturstlon. In the absence of metallic mercury, an
zbsolute zleohol solution 0.05 melal in potassium lodide will
be 0.1136 molal in mercuric iocdide when saturated with this
sal%. If metallic mercury is added, reducticn tales place
with the precipitation of mercurous iodide until the concen-
trztion ig lowered to 0.05101 molal. If = solution is pre-
pared from mercurous iodide, the concenbtration is C.05101
molal {Hgle.) at saturation. At all concenbrations of mercuric
iodide lower tﬁan C.05100 molzl, no measurable reduction tzkes

place as evidenced by the constency of the weight of a globule

of mercury placed in it., It is tc be expected that an equi-

r———y
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Iibrium will always exist between mercuric =nd mercurous lo-
dides in the presence of metallic mercury, but the amount of
the mercurous lodide in solution is too 10m to be determined.
For this reason, iﬁ &ll the cells of this study, the mercury
may be considered to be entirely in the highér valence form.
With 211 cells using solutions below saturation, a defi-
te reproducible {to + 0.0002 volis) E.K.F. wns obbained im-
nediately after solutlon was effected. TWith the saturated

solutions, the voltage of the cell,

| HgI, 0.005H Hgl, sat.
2| T 0.05% KT 0.05u | B8

becomes gpproximately -0.229 after fifteen days but could not
be checked within five millivolis. )
The E.E.F. of the cells measured are reportéd in Table X.
The second column, headed "number of cells®, gives the number
of times the cells.were‘prepafed from entirely new solutions.
The E.E.F. of each individual cell was measured at intervals
over = periocd of time ranging from two days tc one month. At
lezast two reference cells were maintained at a2ll times for

checking.

e
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TABLE X

E.X.F., of Alecoholic Concerniration Cells of the Type:

. | HgIz 0.005 HgI, C Hg

) K1 C.05 KI 0.05 |
: c ¢t No. of cells ¢ E.H.F. : Mzx. Variation;
: 0.025 : 5 : +0.04850 : +0.0002 .
: 0,010 5 : +0.01%455 ¢ +0,G0CL :
: 5.0C25 ¢ 2 ¢ =0.01150 ¢ +0.000L :
< 0.0010 ¢ 2 : =0.02260 ¢ +0.0002 :
: C.0CC5 2 : =C.02305 : £0.00CL :

The relationship between voltage and concentration of
HgI, is represented graphically in Figure IV. It is evideni
that the relation between E and 1In %; is far from linear. It
is interesting to note that by plotting the data of ¥. S.
Sherrill29 for mercuric iodide in agueous potassium iodide

{1¥} the szme type of curve is obiained.

BM.P. of Cells Containing Organo-mercuric Iodides.

The solutions for the organo-mercuric icdide half-cells
were prepsred by adding to the alcobolic potassium iodide the
calculated amount of the organo-mercuric iodide, or eguivalent
quantities of the‘bisorgano-mercurie compound and mercuric io-
dide. With the'higher concentrations, the amount of mercuric

iodide present when equilibrium is reached is sufficient to

29. Sherrill, Z. physik. Chem., 43, 731 (1903} .

it
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give a characteristic greenish yellow tint to the solutions.
The =.}K.F. of the organo-mercuric iodide half-cellis sgzainst
the reference mercuric icdide half-cell s shown in Zquation
IT1 was determined. No difficuliles vwere encountered in ob-
taining electromotive force measuremenits reproducible to
+0.0003 volt over a period of from two to twelve days with
any of the compounds except methylmercuric iodide, which is
discussed below as a special case.

From the measured E.Y.F., the concentration of mercuric
jodide in the cells Was found from the curve, Figure IV. From
this, and the initial concentration of the orgeno-mercuric com-
pound, the concentrations of zll the comstituenits of Reacitlion
I were calculated. These dats, with the equilibrium constants

and free energy calculated from them, are vresented in Table

X1,

Irresularities of the ¥Methylmercuriec Iodide Cells.

Sclutions of methylmercuric iodide in alechollic potassium
lodide deposit small quantities of metallic mercury on stand-
ing at 25°. After one Week, the amount deposited is very
noticeable and during this time the E.X.F. of the celivchanges
slowly in the diréction of increasing concentration of mercur-
ic iodide. Thiéichange is not compléte in two weeks.

Thus, a cell of 0.06 molal methylmercuric iodide had an
initialkvoltage of 0.0027, ﬁwo days later the E.M.F. was
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TABLE XI

Study of the Reaction 2RHgl

RpHg + Hglo., from E.M.F.

Heagurenents of Concentration Cells of the Type:

I'Ig HgIg .0057“..."' RHgI gt Raﬁg 4 HgIg Cl
| XX . OBH KI .OBM
: % in milli- ¢ :
: RHgI volts : HgLaC;. RHg g %g 5§?al -4F caled.:
: Cone., :laX. Xin. :Pverage:fverage : :
:CHg- : = : : : _ : ;
: C.06 +2:T#_ :.005?5 + 0485 ¢ 1.4%107%  :-254C  Av.:
: 0.03 :-11,.5 1.0025 :.025 s 1lx107%° +=2710 -2620:
;ccs_ ;5- ; ; ; : - :. ;
: 0.02 :=19.6 ~19.3:.00134 :.C1732 : 5.97x10°° :=3020 Av.:
s 0.02593:=16.4 ~16,0:.00174 :.02245 : 6z1073 :=3030 -3020:
e 438 : : : T : :
: C.02 :-23.0 -22.8:.000983:.01803 : 2,97x107% :-3430 :
: 0.02 1230 -22.8:.000983:.01803 2.67x107°  :-3420 Av.:
: 0.025 :=19.6 =~19.4:.C0133 :.02234 : 3.54x107% :-3330 -3390:
: 0.03 :=18.1 -18.0:.0C14¢ :.02702 : 3.04x107% :-3420 :
:CeHpCa~: : : : T :
: 0,01 :~11.0 -10.9:.00258 :.00484 : 2,84x107r :-T42 AvV. e
: 0.01 e=~11.24 -11.3:.00252 :.00496 : 2.58x10™F =800 -768 :
0HaCoisot T : : —
: 0.0025":-25.4 -25,3%:,.00078 :.00002 : 6.9%1C0"% +-219 Av.:
: 0.0025 :=26.0 -25,9:.00073 :.0C0104 : 4,92%310™% 418 -212 :
: 0.C03 :~22.7 =-22.6:.0010 :.001C : 10xIQO™% : O :
L S : :
: O.OOI+ :~36.8 =36.4: : : : :
= 0.001 +:--'56..8 ~-36.4¢: Cs : t .
: 0.0025":~25,4 «25.3%:.00078 :.0C09% : 6.9:10°% :-219 :
: 0.0025 :1~-25,5 ~25,1:,0C078 :.OOO9L : 6,97107% t.219 AV.:
: 0.0035:~20,6 -19.9:.00122 :.00106 : 13.2%10"1 :+164 ~28 :
: 0.0035 +~20.5 =19.9:.00122 :.00106 : 13.2x1071 :+164 :
é - - - - s —_— —— i —— —— ___..4.

i#Initial voltage of these cells
composition of compound.
+ Cell prepared from eguivalenti quantities of
Hglp, reported concentration caleculzated on basis of Rigl.

is given due

$0 slow de-

Raﬂg and
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0.0C062, and at the end of ten days the E,kX.F. was 0,0158. Be-
cause of this change, only the initial values of the E.H.F, of
the cells containing methylmercuric lcdide are included in
Table XI.

The methylmercuric iodide is the only compound studied
that has been found to decompose at 25° within the usual fime
of observation. Samples of 21l the solutions have been kept
for two months without any visible separation of mercury and
the original compound was removed and identified (by melting
point) after evaporation of the zlcohol ard removal of po-
tessium iodide with water. However, after six months at room
temperature, solutions of ethylmercuric ilodide were found ito
have depcsited minute guaentities of mercury, and solutions of
benzylmercurié iodide had depoaitgd mercury in quantity suf-
ficient to be easily observeé in the flasks.

This decompesition can be brought about gquickly with all
the compoundis studied by heating them to 130°-160° in a satu-
rated alecoholic potassium iodide solution in sezled tubes.

The literature®® reports that dibenzylmercury, when decomposged
by heat, yields netallic mercury and dibermzyl. This can be
represented by the eguation,

R.Hg — R—R + Hg  Equation IV.
in an alcoholic potassium iodide solution of an orgeno-mer-

50. Whitmore, Organic Compounds of Mercury, The Chemical
Catslog Co. 1921, p.185.
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curic icdide this would be a secondary reaction added to the
reaction shown in Equation 1 or the combired egnations could

be written.
2 REgI == RpHg + Hgl,
L_» R, + Hg Equation V.
=3

| The formation of metailic mercury and a hydrocarbon would ren-
der this rezectlion irreversible and if allowed to go to com-
pletion, one-halfi of the mercury in the organo-mercuric iodide
should‘separate_as metallic mercury. This conclusion was
tested by heating 4#.8296 g. benzylmercuric iodide in zleoholic
potassium iodide to 160° for iwo hours in a sealed tube., The
netallic mercury liberated weighed 1l.1542 g. which is within
0.3% of the theoretical according to EZquation V.

Hethylmercurie iodide shows the shortest time factor for
this side reaction of any of the compounds studied. The
constancy of X ealeulated for Equaticn I from E.KE.F. measure-
ments on cells of varying concentration weuld indicate that
even in this case, the speed of the side reaction is =0 slow
that & reliable mezsure of the concentrations of the first
equilibrium can be obtained. |

The data presented 1n Teble XI show that X is irde-
pendent of concentration over the range of dilutions employed,
with the possible exception of the cells containing tolyl- and

phenylmercuric iodides. Even in these cases the variation in
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S.E.F. equivalent to the veriation of X is only +00COA volis
whieh is not much greater than the sctual éxperimenzal errbr.
The marked variétions in X produced by suéh slight vafiations
in E.H.F. resulis from the flatness‘of the curve in Figure IV
from which the concentration of Hgl, is debermined and from

| the smallness of the concentration of RHgI, which enters the
denominator in the caleulation of K. The cells cannot be
measured 2t higher concentrations so as Lo employ the part of
the curve with greater slope, due to the limited solubllity of
these'compdunas.

In 211 of this work.the eleciromotive force has been in~-
terpreted as being due to and 2 measure of the concentration
of mercuric lodide resulting from the reaction represented in
Equation I. This sssumptlon seems justified in view of the
approximate constaney of K with varyling concentrations. As
the series were extended to the more negative radicals, con-
pounds would be reasched which would not form an unionizable
radical RHQ+. This moﬁld be expected in the case of the ex~
tremely negative radicels such es -NOz or -Cl. Such compounds
as HOgHgI or ClHgI, if obtalnable, would undergo reaction I
to give

2 BOgHgI == Hg(FOg), + Hel.

and in such a case both of the rroducts of the reaction, as




~57-

well as the initial compound HOgHgI, would be expected o

-

contrivute to the botal E.M.F. of the cell containing this
ecuilibriuc mixture. 4s menticned earlier, 1t does not seenm
likely that any of the organo-mercuric iodides or bisorgano-
nercury compounds used in this work would contribute mezsur-
gbly to the E.X.P.of the cells though even a slight effect of
tnis kind might be z factor influencing the change in K with

diluticn, found with the cells using tolyl~ and phenylmercuric

If these conclusions be true, one would expect that the
more negetive radiezls in the series, such as N0z, (1, Br,
would cause Reaction I Lo proceed even more completely to the

..

ight. This is supvoried by the work of Reinders®l on mixed

4

hzlides of mercury.

Thne curves used in the theoretical discussion for shovwing

&

e relzationshily between the discsociabtion constanis of the RiHg

)

and RCOCH derivatives are reproduced in Figure V. BSince the
eguilibrium constantélﬁ derived in Teble XI zre found to plot
a smooth curve in Figure V, it is apparent that these mathe~
maticel relztionships can also be extended tc the type deriva-
tives RHgI and RgHg. The approximate ionizatlon constants
for the RAEglCs derivatives as reported irn the preceding paper
have also Dbeen plotled in Figure V Lo show that the mathe-
matical relationship can be extended o cases in which the

chemical factors do not permit the calculation of free energy.
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The Determinetion of Decomposition Voltages of
Commnounds of the Type RHgNC,

Yhenever an external electromotive force is applied be-
tween electrodes of ar inert metal such as platinum immersed
in 2 solution of an electrolyte, the pesitive ions of the
electrolyte migrate toward the cathode and the negative ions
to the anode. If the positive ions lose their charges by re-
celving an electron from the cathode they may plate out on
the cathode. In case this happens the cathode 1s no longer
inert toward the solution and assumes a characteristic electro-
motive force due o the material that has plated out ternding
to redissolve. The E.JM.F. will be affected by similar con-
ditions at the znode. If the negative ion is the same for all
members of a series of compounds the E.XE.F. at the anode should
be the same for 2ll, and any variations in the measured E.X.F.
should be due to differences in the material thal deposits on
the cathode. There are some confusing factors in the deter-
mingtion of decomposition voltages but in genersl, for solu-
tions of metallic salbs, the voltages are fairly consistent
with the order of thne metals in the electro-chemical series.

t has been found by EKraus®® that the radicals RHg, where
R is.aliphatic;.caﬁ exist in the free state and hzve meballie
properties. He prepared methyl-, ethyl- and propylmercury by

electrolyzing the chlorides in liquid ammonia. From this one

)
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might expect that the free radicals Rig eould be arranged in

a series anélogous to the electro-chemical series of the metals,

provided sufficiently accurate determinations of the decompo-~

sition wvoltages of compounds of the type RHgNCg can be made.
The zpparatus used vwas similar to that used by ¥ewberry®:

Py

in his studies of overvoliage.

:
Q

ell (D, Figure VI) is connected by mezns of a commu-
tator to two sepsrate potentiometers (A and BY. The voliage
froz source B is run through the cell during one-half of each
revolution of the commudtator ard electrolyzes the solution.
During the other helf of each revoluticn, the electrodes are
connected through a galvanometer (3) with the poteniiometer
(A) which is so adjusted thalt ro current Plows. This latier
votentiormeter measures the back voliage of the electrodes in
the cell (D). The commubtator is roitated from 1CCC do 2200
r.p.m. and the rapld impulsecs through the galvanometer give
it 2 steady deflection unless the potentiometer (4) exactly
balances the back voltage.

The cell used is illustrated in

sz

igure ViI. The elec~-
trodes are platinum wires 1/2 mm. in diaseter and 1/2 mm. long.
The scluvtlon is circulated rapidly by means of a propeller,

to prevent chaﬁges in concentration at the electrodes. Mo
difference was cbserved when the electrodes shown were re-

placed by platinun plates 1 cm. square and 5 mm. apard.

51. Fewberry, J. Chem., Soc., 105, 2419 {1g14),

g e e B e R 18 e
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In determining the decomposition veltage of an electiro-
lyte the cell is filled with the solution andéd while stirrin
rapidly the eircuit (B) i1s adjusted to zpply 2 certain low
voltage to the cell. During half of each revolution of the
commutator the back volbage is balanced against the circult
(A), which is adjusied $111 the golvanometer gives no dif-
flection. TFor each value of the electrolyzing voltage (B)
the cell offers a definite back electromoiive force which is

easily reproducible and constant over long periods (30 minutes)

I

of continuous operztion. The voltage (A) increzses with B un-
t1il the decomposition voltage is reached, when £ ceases Lo in-
crezse Or Increzses much less repidly. It is convenient o
rlot the difference B—é as agbscissae ageinst £ as ordinates.
In Figure VIII are given these data for silver nitrate and
for copper sulfate in wabter solution. For the latter the
curve has reached g maximum when the back E.M.F, is 1,50-1.54,
vwhich azrees well with the decompesition poltentizl (1.49) ob-
tained by Le Blanc®2, Tor the former the meximum comes at
0.92 while Le Blenc gives 0.70. HMeasuremenis madé tpon the
ethyl=-, benzyl-, and phenylmercuric niirates in alconolic

golution were much less satisfactory. The dalta are shovwn

irn Figure IX.
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Fig. VI. Diagrem of cireuit used Tor measuring
decomposition volisge.

SN

Fig. ViI. Diagram of cell used for measuring de-
composition voltage. ‘
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The voltages are much less reproducible with these mer-
cury derivetives than with silver nitrate or copper sulfate
&gnd do not show a very satisfactory distinetion between the
compounds. This is due partly to the decomposition of the
free radicsl RHg at the cathode. In every case when the de-
composition voltage had been reached free mercury deposited
on the electrode., These complicating factors rendered the
nethod unsuibtable for distinguishing between the compounds.
It wes zccordingly abandoned. It 1s probzble that greater

suecess would have Deen obtained had the measurenments been

made at lower temperatures since the free radicals would then

have been more stable. This eater stability at low tLemper-
Y j

a2tures was reported by Kraus®®, Even at -30°, however, some

decomposition occurs.

[
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Detemination of Decommosition Temperatures of
Compounds of the Type RHzNOs

t was recognized early in the progress of this work thet
the order in which the orgesno-mercuric derivatives had been
arranged, from conductance znd E.KH.F. mezsurements, was not .
the same as the oréer of thelr stabilily or reactivity. Thus
benzylmercuric nitrate 1s very unsitable and rezcis with water
or alcchol when heated, preclpitating o baslc mercuric ni-
trate, while the methyl~ and phenyl- derivatives which are
placed at the two ends of the series zre very inert to this

treatment. They show the same order in their stability

toward heat.
The approxzimaie decomposition temperatures recorded in

Table XII were determined by noting the temperature at which
the compound decomposes when heated in a capillary tube such
as is used for melting point determinations., The temperature
of decomposition varies bub slightly with the rzte of heat-
ing and is very sharp.

The temperatures at which the compounds decompose would
offer a;rough comparison of the relative thermai stabilities
of the compounds. The data fér the organo-mercuric nitrates
examined places the organic radicals in approximately the

same order =zs that found by Kharasch®® for the stability of

( ?3. Eharasch and Macker, J. An. Chem. Soc., 48, 3130
1926} .




o
+the unsymmetrical mereuri-orgsnic compounds When treated with
hydrochlorie acid; namely, tolyl- 190°, phenyl~ 184°, methyl-
190°, ethyl- 155°, butyl- 150°, benzyl- 91°. The difficulties
encountered in preparing the benzyl- and butylmercuric nitrates
also vwould indicate that these two compounds are both the most
reactive and unsisble in the series irvestigated. In view of
| the faect that the conductivities of these unsiable nitrates
8311l place them in the same consecutive order ag that found
for the corresponding carboxy and amine derivaetives, it seenms
propable that this is another case in which chemical stability
cannot be directly interpreted in terms of “electronic potential"
as Kharasch has done. & number of such cases for the elements
have been discussed by Hildebrandt®?® as “discrepancies in the
. electro-chemical series”.
| TABLE XII
Yelting Point, Approximate Decomposition

Tempnerature, and Solubility in ¥Yater gt 25°
For Various Orcganc-Hercurie Nitroites

Solubility

: T : ) stppreoximate o
: : ¥oles ver L. : m.p. : Jecomp. T. 3

| :Methylmercuric nitrate :deliguescent : 59° : 1g0° :

i tEbhylmercuric nitrate : .U239 : 87 : 155 :
:Butylmercuric nitrate: {.00299) : (40°) +  {150%) :
:Bengylmercuric nitrate : .00263 : 91 : 91 : |
:p-Tolylmercuric nitrate: .00057 :187 : 190 :
:Phenyimereuric nitrate : .00236 1 176-184 184 :

.
———

—

! ;#?reparation was gray in color znd could not be further
purified.

34, Eildebrandt, Chem. Rev., II, 394  (1926).
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DISCUSSION OF RESULTS

The considersiions in the Theoretical Discussion in-
dicated that the polar properties of any series of compounds
contzining one polar group should be a function of the elec-
tron-sharing ability of the radicals attached to the ceniral
ator or group, and that the magnitude of the change caused
by substitubing one radical for another will be inverseiy pro-
portional to the size and complexity of that group. The re-
sults obtained in the Experimentzal Part are in fgir agreement
with ﬁhesé predictions, as the following statements indicate:

1. The ionization constants of the series of organo-

mercuric nitrates change along the series in so orderly
a way as to sugzest a functional relation bebtween these
constants and the previously fixed order of the radicals.
2. The ecuilibrium constants for the reactiion,

2 RHgI == RgHg + Hgle
change along the series in an egually orderly way.

3. The extent of the change in K, as shown in Figure

II, for the ionization of the organo-mercuric nitrates
is much less than for the ionization of the carboxylie
acids and .of the amines, as was expected. The change
in X for the iodides cannot be compared with that of
the acids znd amines since an entirely different type.

of reaction is involved.

m—
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The effect of increased size and complexiity of the central
group on the variation in K along the series can be shown in
another way. In the acid RCCCH, the central group is -{058)~,
while in the series RCH,COCH the group is -(032-3—0 In
this latter series the central group 1s considerably larger
| and there is accordingly 2 much smaller varlation in XK. In the
series RCH,CHsCOCH the variaticn is even less. Then the radi-
czls, R, are separated from the carboxyl group by more than
four CH, units there ceases to be any noticeadble change in K.
Thne same relations are observed with the amines RNHp and
RCHpNHp, ebc. A graphical representation is given in Figure
X, in which the distance between R- and ~NH, or -COCH is
measured by the nuzmber of intervening -CHp- units. Tae magni-
tude of the effects shown would undoubtedly be different in
case the intervening -CHg- units form a dranched chain instead
of a2 straight one.

It has not beén~found possible 1o correlate guantitative-
ly the magnitude of the change in X through the series with
| any one pronerty of the central atom or group. The relation'
is doubiless very complex involving the radii of the agtoms of
| the group, theﬂnumber of atoms and thelr configuration in
space. In spite of our inability to calculate, or even to ex-

rlain these effects, the grapnical method used in arranging
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2 .% 8 " “
: Dissocia 'aFn _Conslanis -lag K—t__;,

Fig. X. Photograph of a model, constructed to
scale, showing the relationship bebtween the dis-
sociation constants of the acids and amines of radi-~
cals of different electron-sharing ability and the
distance of the radicals from the polar group in

CHg units.

g o b e e



69~

the radicals in s series seems 1o place them in the true
order of their electron-sharing ability, since thst order
has been found to conmtrol the polar properties of four
séries of compcunds, without eny marked discrepancies.

The method also offers & means of predicting with 2
falr degree of :certainty, the constanis for meny other mem-
bers of the two series of mercury derivatives. Since the
ionization constaﬁts for parachlorobenzoie acid and para-
chloraniline place. the radical ClCgHg- at about 4.6 on the
axls of electron~gharing ability, the constants for para-
chlorophenyimercuric nitrate and iodide can be estinated
from the curve, Figure V, 0 be 7 x 10™% and 1 x 10° re-

spectively.
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