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INTRODUCTION

Hixon and Johnsl, and Johns2 pointed out that the
polar properties of esny series of compounds contasining only
one polar group should be a function of the electron shering
gbility of the rsdicals sttached to the centrsl group or
stom. They also stated that the magnitude of the charge
caused by substituting different central groups on the
radicals would be sn inverse function of the size and com-
plexity of the central grovp. They showed that if they ar-
renged the compounds of 2 series in order of their dis-
socistion consStants whet the radicsls were arrsnged in or-
der of their electron-sharing sbility. Representative
values for the dissocizticn constants of the smines and
scids found in the litersture were ploited agsinst an arbdi-
trary sbscissa termed "electron-sharing sbility”". An arbi-
$rary curve y = log X = 20(e0'°5xl.?5) was used for ithe am-
ines, and the dissoclstion constants for the different amines
were loczted on the curve, thus fixing the positions of the
R redicels slong the x exis. It was found that if the dis-
socisztion constents for other poler derivatives of the R
radicals were plotied agsinst the "electron-sgharing ability™
that & smooth curve could be dravn through the points. The

ANWITLA mave NNt awvwroetsia
NP Wit W W Mt N e b o ay O s W

constants for sny given reversible reaction o any series of
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sompounds would be 2 funcition of the eleciron-shering ab:}li-—
ty of the radicsls afttached to the cenirsl stom or group.
They exbonded this concept to the =zmines, casrboxylic acids,
organomercuric z_xitza‘ses, organomercuric iodides ss well &3
$0 the =lcohols, Figure 1 shows thess relationships.

Cn exsmining the literaturs no unsubsiituted smines
with dissocistion constants betwesz 5 x 1072 &ad 1 X 1070
were Dound. It was pointed out By Allison and Himﬁg that
the carbohydrsie radicals and terpenes, so imporbtant in
plant chemistry, must have an eleciron-shering =2bilidty in
this »ange, velmes being given for glocosamines’é. Typicel
orgsnic radicels were desired which would permit of 2 study
of the chemieal properties of compounds in this renge with-
out involving the complexity of specific zeac*’siong chorac-
teristic of those biologlcel classes of compounds,

I. was predicied dy the wze o¢f the model, Digure 2,
that tke valne for o-chlorobenzyl smine came witkin this
zenge 5 X 1075 - 1 2 1679, The model was conmstructed %o

scale and shows the relotionship beitweern the dissocistion
constenis of homglogous seriss of scids end amines of

verious rajicals, The methed of prediciing the constant for

- Ry = e T el erom e e dola
C-ChLOTUUCEyL &IOS W&S of

The position of o-chloroanzline wes locebted on the

amine curves which fixed its position on the sbsecisse,
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Thotogrsph of s model, ccnstructed wo
gseale, showing tke relationship be-
tween the dissocistion constanis of
the eecids and amines of rajicels of
different electron-shering =bility
and the distance of radi¢als from tke
polar group in CE, units. This model
wes used in seleciing =an smine which
had disgoeciation constant between
5% 107° and 1 x 10-9,
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The position of o-chloroansline was located on the
amine curves whick fixed its position on the absgisss. Since
o-chlorobenzyl amine is removed by oOne cnz wit from o=chloro-
aniiine i%s pos:_’.tion was located on the amine curve :emevee._
by one 032 unit, Its constant wss obtsined from this curve,
The predicted constant =nd its sctu=l constant were not in
good agreement since the dotted curve in the background bas
been located by only one point{o-niiroaniline). The po-
gition of the gmine curve removed by one 052 units is de-
pendent upon the slope of the dotted curve. The dotted
curvs should be Pixed by more velnmes, Velues for o-nitro-
phenyl msthyl, - ethyl, - propyl, - butyl and - amyl smines
shonld be obtained or =t least seversl of the sbove., This
correction would also correct the slope of the amine curves

removed by verying number of (632) units from the rsiicels,

whose eleciron~sharing 2bility is kmomm,



- 10 -
STATERERT OF TEE FROBIEM

Johns and Hizonchave extended this concept of
electron-sharing ebility to several series of compounds
nsmely, the amines, carvoxyiic acic?.s, organcmereuric ni-
irates, and organomercuric iodides, Osbm'nsextended this
idees to the arsonic acids. He used conductivity dats for
determining the dissocistion constsnis of these scids. An-
other method of determining the dissocistion constants of
the ersonic acids is desired in order {0 cslculate free-
energy of ionization and to test forther the validity of the
electron-snaring ability conceps. A1SO more radisels sre
needed which heve sn electron-shering sbility betweern 12
end 33.

The experimentel wrk of this thesis concerns it~
self with:
1. Determinstion of the &isgeeiatien genstants
of the arsonic acids from E.ILF. dste,
2. Determinztion of.‘ahe electron~sharing svilisy
of the o-chlorobenzyl radical,
{2) Dissocistion constani of the amine.

{b) Preparstion =ni determination of the
constent for the arsonic acid.

¢} The prepsrsiion of some mercury deriva-

“ 3
}
tiwa ot a.ch'tnmkonvxﬂ naditna’l

(d) Deteminetion of the equilibrium be-
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tween o-chklorobenzylmercuric iocdide snd mer-
cury di-o-chlorobenzyl.
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EIECTRON-SHARING ABILITY OF O-CHIOROBENIYL AMINE

In the introduction of this dissertation it was
pointed out that there were no emines with dissocigiion con-
stents between 5 x 10 ° and 1 x 10 with the axception of

glucosaminesA whose constent was 4.6 %0 6,0 x 107/ snd
consequently we have no dets concerning radicels which have
an glectron-shering sbility bvetween 1f and 32, It was de-
sired to find & redical which would fall in this range, If
was shown how the o-chlorobenzyl radiesl was predicied to
P21l within this range by meens o2 ithe disgrem shomn in
Figure £, Thnis porticn of the itkresSis concerns i1tssl? with
the determinstion of the dissocistion consiant for o-chlozo-
benzyl smine as a test of this theory.

The method ngsed Por determining the eonsiant is
thet used by Garothers‘ who published & paper on the prepar-
avion sndi besic strengik of some zmines, The method con-
sists in hal? neuntrsiizing the free amine with hyirochloric
ecid and then measuring the hydrogen ion concentraition of
the sclution by the hydrogen electrode. From the iheoreti-
cal considerstion the hydrogen ion concentrastion is muameri-

cally equal to the dissociation constant for zn scid so

measured. For = base the hydroxyl ion concentration is

—— - o =Y o oo =T A T o~ o e o X Aaen C o
numeTically egusl 0 the dissoccistion conssant.

method only spplies to weak scids and bases,
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Asgume the smine RKE303 and let it ionizs
& -

REEOH T RFEg; 4 OF  —==-m—mm-mmommem——e (1)

The ionizsiion constant can be formmlsied &=
- -—

CREH:; = COH = KB - (‘2}
Crum,oE

Since the emine wes one-h=2l1f neutralized with an =e¢id such

es hydreochloric acid the selt RHHSC}_ is formed, &nd is as-
sumed $0 be completely ionized as

BNH,C1 & Rm;
Then CREEsOB = cms" ———{(4)
Equetion (3) %then teconmes

Cogr - Eg e 1))
The hydroxyl ion concentretion is not messured 4i-

+ 01 R—

Fectly vut the LySxrOgern ion concentrevicn is. Ths zelstion-

skip between 035 and GOH‘ is given by the ecusiion

— -14
cm pd SOH“ - -H]K o - 13 - "'—"-"{6)

or Com. = 2071 -
= _ —=(7)

Preparation of o-Chlorobenzyl Amine

0-Chlorobenzyl =2mine wss prevared by the method
7
d=seribed by Franzen. o0-Chlorobenzyl oxime was prepsared
from g-ohlorobsnzsldehvde snd byiroxylamine. The oxime was

then reduced by zine dust in & solntion of elcohol and
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scetic acid., The amine hydrochloride wss reerystallized
from slcohol seversl bimes, The meliing point is 216~-17,
Franzen gives 215-16,

The free amine was libersted from the amine hydro-
chloride by treating the sslt with s potessium hydroxide so-
lntion and extrsciing with ether. The other solution wss
dried over solid potsssium hydroxide for seversl days. Toe
ether solution of the =mine wes then placed in s Clsisen
flask whick had been modified by having its neck ani side
srm extended eight inches, This modificetion prevented the
vepors egnd liguid amine from ecoming in condact wish the
stoppers during the distillstion. The ether was removed
from the soluiion by evaporsting on s water-bath while the
last traces were removed under vacuum by means of an 0il
vuamp. During the z'emoval_of ts ether and distillstion of
the aminse s stream of dry, csrbon dioxide free niirogen
bubbled through the liguid. The amine wes then fractionally
distilled, coliected in weighed ampuliles, sealed, weighed
and plsced sside for use. Four different Lrsctions were ob-
tained,

The Pfreoctionsiion wes cerried out in & modified
Bruebl distiiling receiver. See Figure 3. The carrisgs
was suspended on g pivot so thet it revolved fresly. On

the bottom of the cerrisge wes placed zn iron core mede
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from soft iron wire. The ends of the core exiended nesrly to
the gless wells of the receiver. Space enough was allowed dbe-
tween the core and wells so that the ends of the core could
not Souch the wall when the csrriage revolved. On 8 revolv-
able platform on the outside of the receiver were placed two
electiromagnsts wired in series. These two magnets were
placed at the sazme height as the iron core in the receiver,
The csrrisge could be moved and held st any position desired
by moving the plztform cerrying the electromegnets, Two dry

.cells were used 40 supply the current for the msgnets, It

was lster found that two twelve inch bar megneis couid ove
used instead of the eleciromsgnets., The carrisge cerried
Pive receivers for the distillste.

The purity of the amine wes dsisTmined by titrating
an smpouie ﬁ'Qm each Praction with 2 sisndsrd hydrochloric
acid sclution, using methyl zed =5 eon indice$or., ISs nsu-~
tralization equivelent was then csleculated. In Table I ere
found the resulis. The sversge of the neulralization equiva-
lents checked the theoreticel valve very closely., The stand-
ard hydrochloric scid wes mede up from constant boiling =eid
end conductivity water. It was standardized by precipitating

sighine the gilver chloride.

b D e i ~9-—~. <> g—
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TABIE I,
EEUTRALIZATION ECUIVAIENT OF THE AMINE,

Fraction ° S2Tpie : Ueight : Volume of : Neutrslization
: Hombor ¢ o2 Amine ¢ 00,1327 ¥ HOl. emivalent
1 1 7408+ 39.45 141,33
2 : b : 5413 28,80 141,50
3 i 5 i 2907 : 15,44 i 141,74

Averags 141,52

Thecretical 141,57

Preparation of Elecirodes end Bslf-cells

The calomel hslf-cells, both 0.1&, snd saturated
with potassium chloride, were prepared sccording to the gi-
recj&ions given by Pogoﬁsin his book on Luantitative Ansly-
gis, The potassium chloride was recrystallized twice from
conductivity weter, The mercury was carefully washed with
mercurocus nitrste solution, water, =nd then csrefully dried,

The pletinum elecircdes were plsated with plétim
black according to the method recommended by Rpoff? The
cld deposit of pietinum black wss removed by electrolyzing
as an snode in concenireted hydrochloric acid, Several of
the new electrodes were cleasned in hot alksli, The clesn
electrode was then plated with go0ld by electrolyzing &s a
cathode in s dilufe potassium cyanide solution of gold, It

was then elecirolyzed as s ceihode for sbout five minufes
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in s chloroplatinic secid solution, (Zopoff's method wes not
strictly followed here since = chloroplatinie soluntion of
unknown composition was on hand.) The electirode was then
olectrolyzed for = few seconds in a dilute solution of sodium
hydroxide snd £or one minuie in a dilute sulphuric acid so-
Intion. The electrodes were then kept in distilied water

watil ready Ror use.

Determinstion o2 Hydrogern Ion Concentration

¢f $he Soliubtion

In measuring the CH* concentration of aminss
Garotherssnsea palladized pistinum Poils, This elsctrode
was tried but no results could be obtained. The pletin-
ized platinum foil was Pound more saitisTeciory.

The nydrogen eclectrode was connected to the calomel
electrode by 2 saturated poisssiuvm chiorids dridgs. 3Both
the 0,1Y and the satwa%ea pobassium chlioride calomel cells
ware ussde

The CH + concentration of the golulion was de-
termined Pirst with the saturated votessium chioride calo-~
mel cell snd them with 0.1K calomel cell. . Different hwizo-

S weze used sguinat these two galomel cells

sarw ndamR
5<i .a.vvv.a.wu-ew VT T T Segpeeem = B

(e

in separste solutions of the smine. The elecirodes were

checked against s 0,051 potassium acid phthalste solution
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fLrom tims t0 time. Boundsry potentisls were disregserded
sinee these corrections would be well within the experimentsal
errors,

The amine solution was preparsd by plecing e o
weighed sesled emount of the amine in an smpoule in s 100 c.c.
or a 200 c.c. volumetric £lask, The calculeted wolume of
diInte hydrochloric scid wes sdded and then sbout 100 c.c.
of recently boiled distilled wsier. The ampoule was then
crushed with = stirring rod., The filask wes agiiated uniil the
amine went into solution., The hydrogen ion concentration
wa3 dsterminsd by ihe method degeribed above,

A Ieeds and Northrap %tyre X potentiometer with
gelvanometer 2500-b with lsmp and sczle st one meter was
used, The determination was carried out st 25°C & ,1°C,

In order to check on $he method before running the
o-chlorchonzyl emine, $he dissocistiorn constent for dbenzyl
amine wes determined. A sample of Eastmsn’s benzyl amine
hydrochloride was_used for the determinstion without fur-
ther purificetion, The average constant obizined wes 2,32
x 1072, The velue reported by Ca:‘otherss was 2.35 x 10-5.
Breaigl Oreports 2.4 % 10°° as obt eined by conductivity.
The results sre found in Teble II,

Position of o-Chlorcbenzyl Amine on the Amine Cuxve

The amine curve Figure 4 is obteined from the

f
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equstion ¥ = log K = -20( e9%F _ (75), The positions of the
various radicels on the electron~-sharing sbility axis were
obiained by locating the dissocistion constants of the
various smines, Teble III, on the curve thereby eunlomaiical-
1y determining their position or the =xis.

In Peble III are found representative valuss of the
dissociction constanis for vsrious smines whose electon-
sharing gbility bhas been fixed in Figure 4. Vslues for the

corresponiing sclids are elso given.

The position of o-chlorobenzyl radical on ths
electron-sharing sbility =xis is dbetwesen tlmi of Bencyl,

and glnceossnine,



TABLE IX.
DISSOCTATION CONSTANT TOR O-~(OHILOROBENZYI AMINE IN WATER SOLUTION

A 25%.
Bloek  * L 56t TWelght © Vols HOL' INe Of TeileTs ot ° -6 K -8
Number ! I'reotion! Number: of ° added $ I'Iél ')(’;'; eXla ‘Kﬂxlo 1 Kpxl0
: : ! smine ! : : tat 787 m.m.t cOrrected
$ : A 3 3 H $ $ 760 men,
t t : ! : : t !
4 . 2 . 2 143107 1+ 59,3806 ¢ 40185 : 8576 g 7.0% . 649D
H : g 1 ' : s s s
5 s & 8 O 14388L 1 MhedA : 40185 3 (8576 2 7.0x $ 649
: : s : $ : : s
&) 3 e H 4 J.SEEM b ]4005 s 1328 3 8560 1 6.0 s 6410
b : $ t s ) s :
13 t 4 3 1l 1.6852 ¢ zlﬁ.Gz 3 <1328 ¢ 8560 $ 046 : 6.10
~ 3 : : s ! $ s s
1 : ¢ : s 3 Avars: 6,8 ! 8,30
1 : : s N : 3 :

-12 -
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Electron-sharing obility of verious rodicels.

fhe position of o-chlorobensyl smine on
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TABLIE III,

DISSOCIATICY COHESTANTS OF S0xE AMTNES AND CORRES-

TONDING ACIDS IN WATER AT 25°C,

[ ~ ¢

Rsdiosl Amine Zoid
: R, KHp, 5,0 : R, COOH
CHp - 5, x 1070 : 1. x 1075
CoHy - : 5. x 1070 1x 1075
C-H; - 5% 1070 1x 1070
0,8, - 1x 1075
CgHsCHCECE, = . 1.6 x 10~%
CgE5CECHy - 6.8 x207° %
= - : 2. = 1079 :
CeB5CEp M 2.3 x 107° : 5 x 1075
6-CgH,CHy - 6.8 x 1075
. Glucose : 5.5 z 1076 :
| OE; 5 x 10730 : 7 x 1070
1 - 91-CgHs - 1z : 9 x 1075
' m - 01-Cely - X 6 x 107 : 2 x 1074
o ~ Cl-CgBy - 9 x 107%° : 1x 1073
o - Wy-CgH, -  : 1x 10714 : 6 x 1073
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DISSOCIATION CONSTANTS OF THE ARSONIC ACIDS
0-CHTOROBENZYL ARSOKRIC ACID

Introduction

OSburnspreparea and determined the dissocistion con- _
stents of 2 mmber of arsonic acids by the conductivity method.
i‘ He showed thet the poler properiies ¢f the grsonic scids were
s function of the elecirorn-sharing sbility of the R redicals
- or thet the differonces in the degree of ionizetion of these

~ acids were brought sbout by the differences in the electron-
 sharing ability of the aiffevent R redicsls combined with the
arsonic radicsl. To avoid the introduction of further sas-
sumptions he showed this by = "purely statistical™ method,

" thet is by plotting conductances sagsinst concentrations. The
. curves for %he various =rsonic scids are ali very neariy

: parallel end do not cecross esch other, The arsonic scids

: whish have the more negetive R rajicsl combined with the ar-
sonic acid radicel have grester conductances then those with
leoss negative groups. The arometic arsonic scid derivatives
have greater conductances than those of the sliphaties., 4
sumery of the conductivity dets obtained by Osburn snd my-
sel? is presented in Teble IV, The concentration of the seid
2% which the conductances sre determined is expressed in
millimels. /\ is the conductances of two or more deiermin-
ations, X, was calculated by the "ffashburr%]bethod.



TABLE IVl
CONDUCTANCES AND DISSOCIATION CONSTANTS OF ARSONIC ACIDS.,

5.000; 24600} 1,250; 6851 312 156

: C ; ;2000
K A . 4346 , B948 8046 :107.9 1 140.8 :175.6 : 310,
Methyl ' Ko x 207" ;1406 106 | 1,06 3 1,06 ' 1,06 ' 1,03 1,00
: c : 7.810- 3.905, 1,958, 4076 ° »488; * .000
! N a__:x : o ° » X [ *
M .*"3;006L"Eﬁﬁdof"ﬁﬂﬁﬁﬁf“”.6%5- ,“*‘133?“'7??7’
L t Ao 33.35 : 43.30 e@ g : eg g : 115.6 21466 ;zgs
Propy. L Ko X 1079 3 7,96 1 700 0 780 . 74356 +60
. C T B101 3+005; %4052 .9‘%‘ T 4EE, * 000
Bubyl LT T T T 7%'%0 t O t 7080
uby. LK x o™ 3 030 : 7, . . 7e - 5
; C 5 D.000: 26000 . 50- 685 oL E: IOG .
) . A 1 BB.2 3 40,8 es,e : 9o.o ' 117.8 . ' 800
Phenypropyl * Ko x10°9 1 7,80 : 8,00 - ; 7490 . P 7.90
. C T3 748108 3,900 t 76, 488, . 000
: A t 4046 ¢ BB.7 3 75.6 1100.0 © 133.3 . PoB4AB
Bonzyl v Kok 2074 ¢ 1.22 ¢t 1,22 3 1,19 ¢ 117 o 1,19 . ‘1.2
. O 75,0007 345003 1260 688 oB1B,  +ibb . 3000
o A P BheG 3 74T 3 90,8 :151.5 , 17042 ,R10,6 343
o~Ghlorobenzyl ™ "% Ko % 1074 3 1.44 ¢ 145 1 1448 ; 1,42 : Lodd ¢ 1442 42 : 1,40
: lb) P 7,810 3,906 1.952: V078: .438: : 000
s 3 ¥ H A 4 ¢ BD.0 ¢ 3095 : llloga : l&%ogs) : : H 2530
Phenyl : Ko % 2074 1 2,6 W05 & BeBB t 2,69 3 : 1B
. . A& ; 5?26%67' c905:  1e40D8:  «076; 486 s 000
. A ! 71,3 ¢ 06.41l 1188.2 :163.09 ! 208.1 : 335
o-Nitrophenyl  ; Ko x 1074 1 4,61 ¢ 4,51 4e64 : 4.58: 458 3 i 4eb

* Determined by the author:
*¥* The ocompound was prepared and the oonduotanoe determined by the author.
¥#% pata for compounds obtained from Fichter*?

—gg-



PABLE IV. (Concluded)

: ¢ s 8L 3 B3,905; 1.952: L9076 0488 ¢ s 000
e Ay mg b TheB 1 96l 1124,56 :167.9 : : 335

o-Nitrophenyl Kn x 1O : Lobl ¢+ Led0 1 4,30 ¢ 4,10 ¢ s 14 43
: C s ba000 § 2, bOO' T.850% 6253 sO1Z23  410Bs +000

. ! A, wg ? 9400 112449 1162.2 3:202.4 s 2474 :286 8 : 367
p~Chlorophenyl tXp x 10O : G058 3 4,59 1 4.6 3 484 4,55 1 .o; 14 .50
: ¢ ¢ 54000 1 2;560: To580: 40851 WO1lBs 41663 000

. % ¢ A ¢ 94,1 112446 1t162,1 3203e4 1 244,8 :283.,0 & 360
o~Chlorophenyl Ko x 1074 &+ 4,78 1 4,828 : 4,79 3 4,78 3 4,77 & 4,76 14,80
: o T De000 1 2, bOOz Le2B0: UeB85:  0,048: 0e106:0.000

v ¢ A 1 L0heR  1137.6 :176.1 1219.8 5 261L.4 1207.1 : 362
M~Chlorophenyl Kn x 207% Be02 1 BBl 3 5441 ¢ 5,35 H5e37 3 5440 t5.40

"Detormined by the author,
#*¥Dota for oompounds obtalned from Fichter*?®
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The conductances of compounds masrked with a star * were de-

termined by the suthor. Two stars ™ indicated the compound
was prepared and the conductance determined by the suthor al-
so., Those data for compounds merked with three stars *** was

cbtained from Fichterlz.

Osburn pointed out in his Thesis that Eashburn’sll
meshod of exirapolation for . wes developed for strong
electrolytes snd does not give such sharply defined resulis
when spplied t0 orgenic scids as it does with salts. The
vaines caleulsted for L., are perhzps not exsct but are &t
least s close spproximation. Since free-energy calculations
from this dets will retain all of the errors of the experi-
mental procedure znother method was desired for checking the

constants, The following stulies were male for this purpose,

Descripiion of iethod for Determining Dissocistion
Constants of the Arsonic Aecids

The hydrogen jon concentration of a one-hslf neu~
trelized arscnic =c2id solution was determined by the cuinhy-
drone eleetrode sgeinst s saturated calomel cell, The

theoretical considerstion ss spplied to =2c¢ids snd bases has

This method is Dased on The assumption that only o

of the hydrogens of the arsonic scid is ionized. It is as-
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suamed that the second hydrogen is only ionized to 2 very

slight extent. This sssumption is justified when one com~

pares the constants for the first, second and third kydro-

gens for gseversl inorganic =2e¢ids, such as EsEO 4s Hsms snd ,’
H,S0.. Such & comperison is made in Tsble V. From this data |
one would expect the K; for the second hydrogen for the =r- |

-7 -8
Sonlc sGids so Be sbout 1 x 10 " or 1 = 10 or gven smellexr,

TABIE ¥,
A COMPARISON OF THE DISSOCIATIORN COESTANTS FOR
THE FIRST, SECOND AND THIRD EYDROGENS IN SEVER-

13

AL INORGANIC ACIDS.

Ka 2nd H,

Beié i EKe 1st E | i R  Bra H ‘
B0, ! L1x10° : 23307 ¢ 55xiCH

HzBz * 5. x1072 231070 :

BySO; © L7x 2062 ¢ 5x107° :

Determinetion of Hydrogen Ion Concentretion
By the Cuinhydrone Elecirode

For these messurements 0,01 moles of the csrefully
purified ersonic scid, free from chlorides, was weighed into
g clesn, dry 100 c.c. volumetric flask. A few cubic centi-
meters 0f Lreshly boiled distilled water wes added. The
calculsted volume of 0.02025 N potassium hydroxide solution
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was sdded. When solution had resulted the flasks were filled
to the mark with moré water. 4 definite volume of solution
was used %o avoid any differences in hydrogen lon concentre-~
tion csused by dilution should there be any.

The pE of the solutions were determined with the
guinhydrone electrode snd the saturated calomel helf-cell, A
Ieceds and Northrup student poientiometer was wnsed for the
measurements, The voliage was determined at room tempersture

and the pH calculated for = tempersture of 25° from the for-

mals
P - 14525 - 0000009{45 - 25) ‘]T
E~ 0,0591 4 00602 {t - 25)

given by Glazkl4 and Collins, 77 is the observed voliage =it

4t Lempersture, The elecirodes were checked egeinst an 0,05H
potassium scid phthalste solution from time to time during the
determinstions, Thae delerminsticns were msde in duplicate.
The two gets of solutions were mede up and determined ot two
different times. In esch case the pH of the ftwo similsr so-
lutions checked within 0.03 of =2 pH unist,.

The data erefound in Table VI, The last coiumn

gives the average vsiues for Kg., The vslues have been round-

ed off.



TABLYE VI,
pH AND DISSOCIATION CONSTANDS FOR VARIOUS ARSONIC ACIDS IN WATER AT 25°C,
AS DETERUINED BY EeM.Fe METHOD

, Trial I = 8700, t | Trial & ~ 200(, ]
Radloal . ODE TUOYTe¢ved: :0bs, sCorreoted: t AVverage

JAleMel'e 3 pHl : Kg tEoleTy pH : K, Kg |
Mothyl } ,208 z 4,11 : V76 x 10”5 208 r 4408 28.'32 x 10‘55 8.0 x 1079
Propy) , ,199 : 4,426 6,50 x 1075 z 197 : 4,26 35.50 x 10'55 5.5 x 10°0
Bty : +198 P 428 ! 6485 X 2075 : .197 : 4.26 15,50 x 1075: 5.4 x 1075
Phenylpropyl <203 : 4,19 646 x 1079 : e201 { 4,19 :6.46 x 10“‘5} 5.5 x 1079 |
Benzyl z «218 . 3,94 1,16 x 1074 : 216 . 3.94 :1.11_5_ X 10"4‘2 1.2 x 1074 4
o-~Chlorobenzyl 223 486 \ 1.38 x 107% ’ 320 1 B.88 ;1.53 x 10"4=§ 1.4 x 1074 !
Pheny 230 1 509 {5,657 x 1074 ; 237 L B.50  12.57 x 10"4:: 246 x 1074
m~Chlorophenyl f 0 257 z 3088 . HeBH X 10”4 : 266 f 3489 :5.13 X 10"4; 5.8 X 1074
o-Chlorophenyl z « 251 : B3.59 ; 4,07 x 104 E 0249 3 3.39 ;4.0‘7 x 10"4": 4,1 x 10”4
p~Chlorophenyl o251 : 339 : x 10~4% : o251 : 3,36 14,37 P 10"4: 4,2 x 1074

4407
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In Table VII the velues of the dissociation constants
as obiained by conductivity and E.iLF. are compsred., The
agreement is guite well considering that & slight change in

in the calculation of Kg by ‘fﬁash"ourn‘sll meshod changes X,

considersble, It is 40 be noted that the two values check

very closely in the cege of the sitronger acids of this series,

In the column "average E.M.F." are found the aver-
age B.iF.s a8t 25°C, of the cuinhydrone hslf-cell., They were
calculeted from the sversge Py st 25°C, by the formils

B
PE= 70591 °

in the izst column are found velues for the free-~

energy of ionizetion. These velues have been calculsted from
the Formulse

b

.H.FQ

-AF =
~NAF==Ex1 X 96500 x 2387

The valines of =& F for ethyl grsonic 2c¢id end

c-nitrophenyl vwere calculeted from Xg by the formals
-/ F = RTin K. ~-AF = 2,3025 ¥ 1,98 x 298 log K.

The free-energy of ionizziion of the zrsonic zeids
represents the work recuired t9 separste one mole of the un-

dissocisted srsonic scid into the normel solutions of its
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TABIE VII.
COXMPARISON OF TEE VALUES FOR Ko AS OBTAIRED BY THE
B M F, MRTHOD AKD CONDUCTIVITY METEOD

»

L

Redical : ; Xe ‘Aversge: -~-A F

‘ Conduetivity; BeiF, . : E.P.»-I.F.i Calculeted
Eothyl 102105 i8.0x107% .24 o _so740e1.
Ethyl : 9.0 x 1075 ; . _bass ®
Propyl : 7.6 x 1075 i5.5 x 1075 -.252 . -5805 "
Butyl G 735105 :5.4x 305 -.252 . -5805 "
Phenylpropyl L 7.9 x 1075 :5.5 x 1075 -.248 . -5m13 "
Bonzyl ;1.2 x307% 1.2 %1075 -.283 : 5367 "
o—chlorobengyli 1.4 x 1074 21.4 x 1074 -.o28 . -5g52 "
Phenyl S 2.7 x 10°% :2.6 % 30°% -.212 ; -4883 "
c-fit:cghgg;,g; 45 = 10t : —ass8 "
p-Chlorophenyl: 5.4 x 107% i5.2 z 1074 =.194 2469 "
o-Chloronhemgl; 4.8 x 1074 4ol x m""‘g 200 : -2607 "
p—Chlorophenyl: 445 = 1072 : 4.2 x 10°% -.199 : -2584 "
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$wo Sons R As O(OE) O and B * by means of the hypothetical
equilibrium box,

Phe velues for - A F increase ss the strength of the
srsonics scid irecrease. This means thst it requires less
work to seperate a strong seid into its respective lons than
it does & wesk scid,

As stated befors, Hixon snd Johns presnmed thst if
our present concepts of valence are correct, thet the po-
ler properties of sny series of compounds such as ROH, RCOOE,
RSH, BAsO(OH)z, Rﬂﬂé should be & function of the eleciron-
sharing gbility o2 B. They showed that this genersiizsiion
held Por =211 the aveilsble dete for the dissocistion con-
stants of the orgenic scids snd emines., XLeter Johns extend-
ed this genersiizetion %o incilude ke mercury derit
Bﬁgﬁas and REgI.

Ir Pigure § %the electron-shering ebility of vsrious

redicels kave been Pixed from the emine curve. The dis-
gocigtion censtants for the ersonic scids have been plotted
sgainst the electiron-sharing 2bility of the verious radiecsls,
The curve obtéined is a‘fairly smocth curve. The change in
R which is expressed by the electron-sharing ebility and
woich causes the progressive chengss in the ionization of
the amines elso csuses en equelly orderly chenge in ike ion-

ization constants ©f the zrsonic scids. This then extends



- B4 -
the concept of electron—sharingiability of Johns end Hixon %o

the srsonic scids.

Electron-Shering Ability of o-Chlorobenzyl
Arsonic Acid

Prepsration of o-chlorobenzyl srsonic scid
o-Chlorobensyl arsonic scid was prepared by the gen-

,
eral method described by Quick end Adams*5. One~-tenth of o
mole 0f o-chklorobenzyl bromide wes added dropwise, refluxed

and stirred in a three necked Llask with 35 ee, of 10

Mho

-~ Yn
L 2 Ep 4

sédium nydroxide unsil sil the haiids had deen used

']
bt

seis was libersted from the sodium sali by adding concentrei-

ed hydrochloric scid, until scid to0 Congo Red paper. The
exsorie eeid precipitsted ss s thick pagsiy mass., Afier re~
eryastallizing three times from distilled waier the melting
point is 15¢%, &, B, H C. Fang anslyzed the compound for
Cl by the Carius method and for As by weighing the As s&s
Hgohs 0,

Analysis czleuleted for Cyﬁéclésos

01, 14.16; Found 14,23, 14.20

As, 29.92; Found 29.50%, 28,93

* Zoss of precipitate due to creeping.

Dissocistion constant of acid

The conductivity snd E.}MLF. dats were obitzined on =
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goids and the smines.

Figure 5.
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samplé of acid free Prom chlorides. The constant obtained dy
the conductivity method was 1.4 x 107%, Dhis checked exmctly
the dissoecistion constant as secured Pfrom the E.XLTF., data,
The constant plotted against the eleetroan-sharing
ability of {the o-chlorobenzyl radicel falls on the arsonie

EGid curve.
Oxidstion-Reduction Potentiels of the Arscnic Acids

16
The genersl Lormula given by Clark  for calcunigiing

oxidation~reduction poteniizls is

B, . B! . 8% 1n éRe&;
h= "o 5 .

Esw is the observed potentisl difference between the

&

t=d

-

- electrode, plabtinum, golid, or other ineryt metal, 2ad ke

standsrd normel hydrogen electrode. E'o is = constant cher-

acteristic for that particular oxidetion-reduciion eguilibrinm,
{Red) and (Ox) represent Hthe concentrstions of the reductant
and the oxident respectively.

The oxidstion-reduction potentizl ¢f the arsenic
atom of the afsonic acids would be expecied to depend upon

the R rodiesl zttacked to it. The oxideiion-reduction of any

i
bs sxpee to e 2 function of its sohetitnents

ot
(2]
| Sl
(20

S eommaw T I
Vil v wsa e

just as degree of ionization of such an sftom has been found

to be & function of the electron-shering 2bilifty of the or-~



- 37 -

ganie radiecels,
From the dsta at hend there is no way of celculating

the oxidstion-reduction potentiials of the srsenic in the ar-

gonic acids.
The arsonic acids zre readily reduced to the arsine-

oxides according o the egusiion
= [ 4
R As 0(0n)2 - 302-——9' B-4s = 0 4 H;S0, —————-{1}

R As (03)2 is formed Pirst, but is unsitsble snd loses

water immedietely.
A gimiler reection is the reduction of Hasésoé o)

RazAs0z, However FagisOz is stable.

(2)

Haz.&soé + 302 e HSSASOS -+ Hgs(}4
In order to determine E, for equsiion Fo. 2 it would
be necesssry to set up a3 eelil
J—— -
Calomel half-cell ” oz 45 O 2 Hey 23 0, | 21

$
Rt In (As____)

By - E calomel = Eq~S% (As”""‘)
§ WIS
Ep = Eo when (AS"T") = {&s }

Similserly in order %o determine E, for eguation 1, the
f£ollowing cell should be set up and measured

Calomel half—cell,l R As 0(0H)21T—> R-4s:0 Pt,
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EE e .
Je

B = Eh when (As“t) = {As

Equal moleculsr quantities of the arsonic scid and
the organc-arsinsoxide shonlid be digsolved in the csleulated
amount of some alkeli soiution such as sodium or poltassium
hydroxide. This half-cell formed by placing & metsl such as
plztinum or gold could be meessured ggeinst {he calomel hall-
cell,

The volizge produced by such a cell, E,, may or may
not be the true oxidation-reduction potentiel since the ef-

feetive concentretions of {As ) mey not be equel 1o

(as****)., TSowever this vslue obtsined Pfor the vearious ar-
sonic gcids would Ye comparstive and would be sxpected $o be

a function of the R rediceal.
The sbove is = suggested method of deftermining the
oxidation-rednesion potentizls of the srsonic scids. How-

ever, mach depends uponr the solubility snd properiies of the

RASC compound formed.
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EQUILIBRIUM CONSTANT FCR ECUILIBRIUY BETIEEN
0~-CEIOROBERZYLIERCURIC IODIDE AND ¥ERCURY DI~
o~-CHIOROBEEZYL

The work of Jokns® indicsbes the reversibility of the

resction

2RAgI : 3238‘73812 ““““““““““““““““““““ {1}

REgI may be prepared from Rzﬁg and HgIz or Raﬂg may be pre-
pared from RHgI, This resction tends to form RHsI with the
gliphstic series of compounds whkile with the sromatic series
thede is more of = fendency to form the bis-orgenomercury
eompounds. In order o propere the bis-orgeno-mercury ccm-
pounds fron the =21iphetic meroury iecdides it is necessery o
completely remove the mercuric iodide formed by & reducing
agent. Some of the bis-orgasnomercury compounds msy be pre-
pared quite readily from the sromsiic mercury iodides dy re-
moving the mercuric iodide in the form of & complex compound
such &s Kzﬁgl 4°

In severel qualitative experiments Johns® followed
the course of ihe resetion in en glcchelic solution by the
use of diphenyl carbszide. Skinnerlq suggested the use of
%his compound for deitecting mercury. In & slightly basic
solution of mercury sealis a blue color is Pormed with the

resgent and on stesnding a2 blue precipitate is formed. In an
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glcoholie solution of the aliphatic mercury iodides & faint
blue color is formed and becomes more intense on standing,
Ei?h benzylmercury iodide the color is developed quite quick-
1y, while with %0lyl snd phenylmercuric iodide the color is
developed immedistely. Since the rsdicsls are mentionsd in
ihe ¢rder of the dissocistion constents of their smines the
above qualitative experimentis of Johns' indicate the sems
order in $he formstion of mercuric iocdide., He, however,
Pound these color tests inasdecquste for the wuantitebive de-
terzination of mercury iodide formed in the reaction.

LPter performing = few preliminsry experimenis Johns
Tound thei the concentration of mercuric iodide in sleoholice
solutions Pormed in ecustion 1 could be sccursiely determined
by mesns of concenirsiion cells of sbe type

2REgI 2 Ry Hz + Egl Bg
KT 0,054

Hg EgT,. 0. 005H
KI 0,0054

He Pfound thst identicsl voliages could be odbtained nc msitter
whether the orgeno-mercury cell was made up Lrom the REgI
compound or from egquivalent cuantities of R Hg amd EgIz.
T@ese experiments demonstrasted the reversidility o2 equetion
1. _

In order o translate the voltages produced by the
cell equation {2} in concentration of mercuric iodide it wes

necessary to determine the volisges produced by cells of



the type

Bg BeT, 0,

T O Nk X

ands WA e e

38_:2‘32 Eg
Xt 0,05 B |

Consequently Johns determined the voltsges produced
| by verlous concsamirations of mereurie iedide in 0.05 X sleco-
| holie XI seluiion egainsi 6,000 & mz Beif-geii, Thass
voltages thus prodvoed are given in Tedle VIII tsken from
Johns' thesisa,
PABIE VIII.
YOIPAGES OF ALCORLIC CORCERTRATICON CRELS OF THE TYFXR

B o i 0,05 X | XX 0.05
Gonceniration BT,
0. 0100 +0, 01455
0.0025 ~0,01150
| 0.0010 . -0, 02260
0.0005 -0, 02965

_: Hs representsd graphically the relationship between

- woltage snd comcentretion in Pigure 6. From this corve the

 oonsentration of merouric iodide prodused by consentration
celle, sgustion 2, eould be read off, JFrom the concentration
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of mereuric iodide present it was an easy matter to cslculats

the concentration of RHgI and RZHg et equilibrium and calcu-

late the equilibrium constant.
The equilibrium constants obiained by Johns for the

regction 2REgI — Rzﬁg * HgIz using different R radi-

cals aregiven in Table IX,
Tue relstion between the emilibripm constants for

he
the resction 2RHgI —= Ezﬂg + HgI. and the ionizeslion
constants of the type compounds RHg®,, RCOCE, RAsO(CE}), is

given in Figure 7,
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TABIE IX.
EQUILIBRIUH CONSTANTS FOR TEE REACTION

2REgI —= R,Bg + Bgl,

e

- At e 3 Rre s e ARG

§ Coneentration : X
: : (BgHg) (Hgl,)
. H (EHgI)‘?'
2 .06 : led X 10-%
: .03 : 1.0 x 1072
.02 . 5.87 x 107°
: ,02593 - 6. x 10°3
.02 : 2,87 x 1078
: <025 . 3.54 x 1073
: 030 : 3,04 x 103
CoE5CH, : .01 . 2488 x 107
: «01 P 2.58 x 107’
0025+  : 6,9 x 1071
: 0025 [ 4.9z 1071
: 003 : 10 x 30"t
; 0025 f 6.9 x 10-1
0025 % 33, x 107%
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Electron-sharing abL/Lty of various radicals

Relztion between the egquilibrium con-
stents for the resciion 233g1;:3,223g * Bgzz
end the ionigzetion constents for the type

compounds REgiOz, BCOOH, R&sO(0F),, RNH,.
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Preperation of Compounds

- Mercury derivatives of the o-chlorobenzyl radical.

In studying the "electron-sharing sbility of orgsniec
f radicals™, the o-chlorobenzyimercuric nitreate, the jodide as

é well ss mercury di-o-chlorobenzyl were desired. It was found
| thet none of the derivsiives of this radical hed been report-
; ede In order to extend the literature on thke merenry deriva-
~ tives of this radical the chloride, bromide, acetate and ben-
- zoete as well as the sbove mentioned compounds wers prepared.
The bromide and chloride were prepsred by the re-

| aetion of the Grignard derivetive of o-chlorobenzyl with the

 corresponding helides asccording to equstions 2 and 3,

0-C1C H,CE,Br + ¥3 e~C106E,CE g8z, - ~ - ~ - (1)
0-C1C H,CH, 4gBr + BrHgBr 0~C1C B, CH HeBr + MgBrz( 2)
0~C1CH,CH MgBr + C1HgCl 0-C1C¢H,CH HgCl + MgBrCl (3)

The mercury di-o-chlorcbenzyl was prepsred by tresting mer-
curic chloride with an excess of Grignerd reagent and slso by
tresting the o-chlorobenzylmercuric chloride with an excess

of the Grignerd resgent according to equetions 4 =nd 5,

~ ax. M TPt l.._n_ ~ . T e
-G u4v #gll +« Ci8gCL 10-CiG, 4\'1!2}2118
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©0~C1C.H,CH MgCl 4 0-C10.H,CHHeCl —= (0-C1CgH,CH;) Hg
PUCLy -~ ==~ - - === - - - - - (5)

The iodide wss prevared dy treeting mercury di-o-chlorobenzyl

with calculsted guantity of mercuric icdide, equstion 6
(o-clcaﬂgcﬂé)zﬁg»e Hgl, —> 20-C1C,H,CH,Hgl - - - ~ - (6)

;In order to check the scetate, bromide and chloride they were
falso prepsred from the bis-compouné end the corresponding mer-
;cnry salts. The eaquetions sre snslogous to ecustion 6., Ibr-
;cury di-o~chlorobenzyl »ezcts quantitatively with mercurie

- pronide, chloride and iodidse.

The nitrste was prepared by treaiing sa slecholic

- golution of o-chlorobenzyl mercuric chioride with the szlou-

: izted weight 02 silver nitrste. The rezeiion goes quantite-~

- tively end was used for determining the percentage of iodine

- in o-chlorobenzyl iodide.
o-GlCGEngéHgCI * Agﬁoz-——9 o-CIGsﬂchéEgﬁcg + AgI - ~ (7)

The scetste snd benzoate derivatives were prerared by re-

fluxing an sleoholic solution of the chloride with silver

acetate and silver benzoszie respectively.
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0-01c62403é3g01 - Agooccsﬂs O-CICGH#CEéchoccsﬂé
+ 48201 - - -=- - - -~ {9)

The Grignard reasgent was prepared in the ususl men-

- ner, No difficulty was experienced in getting the reaction

i sterted. A& crystzal of iodine wes vsed as z catslyst. The
rezetion started on the sddition of & few drops of the sther

. solution of the kalide on being wermed.

| The yield of the Grignerd reesgent wes dstermined by

' %he method developed by Gilmsn znd stndentsla. Phe method

. consists in dissolving 5 c.c. 0f the ether solution contain-
ing the Grignsrd resgent in 200 c.c. of weter conieining 50

- CeCe Of 8 standard zcid =2nd back titrating with a stasndard
 base. Determinetions made on sSeveral runs gsve yields be-

' tween 75-76% of Grignsrd. Ho aitempt was mede %o obtein a2

: meximum yield of Grignerd resgent. This yield compared favor-
' ably with those obtained on a series of different halides by
Giilmen and HbCraekenlg. However, for benzyl chloride they ob-
teined their highest yield of Grignerd which wes 94.28%, For

the o-chlorobenzyl chloride considerable di-o-chlorobenzyl was

obtzained,

To The Grignard reagent prepered from ,5 M of

o-chlorobenzyl chloride, +15 M of powdered dry mercuric
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chloride was added in smell portions, the mixture being re-
fluxed with stirring for three hours. The excess Grignsrd re-

agent was hydrolyged, the ether lsyer separated snd evspor-
| ated, leaving the impure merecury di-o~chlorobenzyl, which was
recrystallized from alcohol, ML.P. 101°, Yield 18.3 gm. The
mercury wes determined dy the method descridbed by Jokms,
Peterson and Hixnnzo.

The compound is very soluble in ether, fairly

soluble in hot slcohol, quite soluble in cold benzene, feir-
1y soluble in cold chloroform angd carbomtetrachloride, slighi-

iy soliuble in 5013 or kot peiroleum ether and cold slecohol,

o-Chlorcbenzylmercuric iodide,
his compound ig eesily prevsred by sdding the

3

theorsticel quentities of mercury di-o-chlorobenzyl 2né mer-
curic iodide o = smell volume of alcohol, The 2lcohol is
brought to boiling and sdditional cusntities o2 eleohol sre
zdded until complete soluticn results. On cgooling, the
iodide crystellizes out in white needles in practically 2
pare state. £ few minutes exposure of the crysizls to light
turns thef yellow. . P. 148°.

The percentzge of iodine wes determined by diss
ing the compound in the minimum guantity o kot aleche
precipitating the iodide with z2icoholic silver nitrate and

weighing the silver iodide. The reason for determining the
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iodide content instead of the mercury was because the percent-~
sge of mercury in mercuric di-o-chlorobenzyl and o-chlorcbenzyl-
mercuric iodide is prasctically the ssme, 451.62 and 453,05 re-~
spectively. The compound as stated zbove was prepered by
treating the mercury di-o-chlorobenzyl with the calculested
weight of mercuric iodide. The percentege of mercury in each
of the two compounds is 44,42 and 44.28 respectively. The
percentage of mercury in & mixture of the two would be between
44,42 =nd 44.28. And Purthermore the moleculsr weight of mer-
curic iodide ig 454,47 énd percenisge of mercury is 44.14.
Pherefore o mercury snclysis wonld be valueless since 8 mix-
ture of any two or three of the sbove compounds would give
practieally the theoretically percentage of mercury for the
bis~compound. The determinstion of cerbonand hydrogen in the
presence of mercury and icdine by the combustion method is
moTe Or 1es8s eomplicated. The determinetion of the iodide

in presence of mercury vy the Carius method sppeared unsetis-
Psctory since the mercury must be removed before the halogen

gan be determinedzz.

Since the sbove methecds zppsered unsatisfzciory the
following method was used:

The sample, weighed by difference {since it hss s
tendeney to sdhere to the wstch gless! wes put in solution

in just enough zbsolute slcechol to dissolve it. The iodide
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was precipitated by sldding with stirring the scalculated weight
pPlua .03 t0 04 g. in excess of Ag0g to the bot HHgI solm-
tion, The precipitete was heated gently for a few minutes and
then ailowed ¢ stand soveral Mouwrs, Them, it was opain hest-
o6& and the clear ligquid wes decanted through & weighed goseh.
The precipitate wes washed three times with & few e.s8. of hot
absolute alcohol by deocantation, The sides of erueidls were
then washed with the hot sleohol. ¥The precipitate was trans-
forred t¢ the goook by the usual method with hot waler instesd
of alecohol, The gooch was then dried in the oven and weighed.
F0 GOTTESVIOon wos Tade fox the soindbility of Ael in eleohol.

Anal. Cale. for 8734011381, I., 28.01
Fousd 27,92, 27.78

The compound is fairly soludle in bot slcohol, quite seludble
in eold benssne, chicroform end carbonieirachloride, slightly
soluble in c0ld or hot petroleum ether and ethyl ether, Soiu-
bility in sleohol at 27° C, .56 grm. per 100 grams solutions.

o-Bhlorobenzyimercuric shioride.

To the Grignard reagent prepsred from .I M of o-
chlorobensyl chloride, .185 ¥, of dry powdered mercuris
shloride was added in smell eamounts, reliuxe& and sStirTed

for severzl bours, the ether ewaporsted off snd the oruds
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materisl weshed several times with 250 c.c. portions of & one
percent scetic scid solution. The crude compound was extract-
ed with hot slcohol {or hot benzene.) It melted =t 111°C,
after being recrystsllized 2rom het elcohel, The erystsals
have & marked pyramidsl hebit; prismatic faces not common,
Pyramidsl forms seem to be 3~-sided indiceting the hexsgonsal

systen.

+Ansl. Cale. for 073601233, Hg., 55.27
Found Hg., 55.48, 55.27

4+Analyzed by E.H.C.Feng.

The compound wes also prepare@ by boiling 0025 XM, of
mercury di-o-chlorobenzyl with ,0025 i, of mercuric chloride
in 25 ce. 0of alcohol for =z few minutes. Almost & cusntitative
yield of ecrystesls, melting at 111°C,, wes obtained on cooling.

The compound is slightly soluble in cold alcohol
and carbontetrachloride bul Pairly soluble in the hot, quite
8Qluble in cold benzene asnd chloroform but very soluble in
the hot, slightly soluble in cold and hot ethyl and petroleum

ethers.

o-Chlorobenzylmercuric bromide.

The same med reparetion wes nsed for this
compound ss thet used for the chloride, excepting Tthai bpen-

zene is more suitsble for extirscetion of the bromide from the
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} erude preparation. From .2 M, of O-chlorobenzyl bromide, 25

grems of the crude compound was obtained. After being re-
erystallized from hot slcohol, the compound melted at 128°.
After bpeing filtered, the crystels sometimes changed tc &
ctubical form similar 4o those of the chloride while st other
times they remsined needle shesped. No difference was ob-
Served in the meliting points of the two crysisls.

The compound was 21so prepsred by boiling ,0025 i,
of mercury di-o-chlorobenzyl with 0025 M, of mercuric bro-
mide in 20 cc. of absolufe sleohol, A quantitative yield of

3 ryetels wes obisined when the solvent wes evaporated

&
(4]

off at room tempersture.

inel, Calc, for G H.ClHgBr; Hg, 49.41.
Found 49.29, 49.55

The compound is slightly soluble in ceold benzene,
alcohol, ehloroform, carbonbetrachloride, hot and ecld ethyl
and petroleum ethers, moderately soluble in hot alcohol

while very soluble in hot benzene, chloroform =2nd carbon-

tetrachloride.-

o~Chlorcbenzylmercuric nitrate.

o~Chiorovenzyimercuric chloride (.02
solved in the minimum volume of hot ebsolute aleohel to which
was added with stirring, & hot azlcoholic solubtion of silver
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f-nitrate. The silver nitrate solution was prepered by dis~
solving .02 ¥, of silver nitrsie crysials in 5 cc. of water,
then 2dd 50 ec. of sbsolute slcohol., The solution and pre-
cipitste was hezted on 2 weier bath st 55° %o 60°., Any
trzces of chlorides were removed by droppirng in slcoholie
silver nitrate after hesting & couple of hours., The Pil-
trete, ofter Piltering through sn asbestos fLilter, was evap-
orsted in an eleciricelly hested vecuum dessicstor to about
20 cc., The nitrate crystsllized in clesr trsnsperent plate-
like crystels. After recrystsllizing Pfrom ether, the white
needle-like crysisls melied st 58°, They a2»e not affscsed by
diffused sunlight and do not blister the skin.

+
Anal, Cele. for CpH CiHgR;; Hg., 52.23

Found Hg. 52.08, 52,39
4 Anslyzed by E.H.C. Fang.

The compound is very soluble irn hoi sicohol, fzirly
sciuble in cold slcohel, hot and cold chlorcform, slightly
soluble in co0ld snd not cerbonteirschloride &nd only very

slightly in w=ter.

o-Chlorobensylmercuric acetate.

o~-Chiorobenzylmercuric chloride (,01 ) 2nd silver
ascetete (o012 X) were refluxed in 50 cc. of slecohol until a

Pew drops o2 the elsezr solution gsve no fest for chloride
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with s2lcoholic silver niftrste. The solution was filfered.
To the filtreste was sdded 100 cc. of warm distilled water and
allowed to crystallize as smell white needles, Melting pointwe=
101.5%C, after being recrystallized from hot weter. The
yield wes practically cusntitative,

The compound was 8lso prepared by boiling the mer-
eury di-o-chlorobenzyl with mercuric acetate in sleohol,

Anel. Cslc. for C,HC1Eg0,C.E,  Hg, 52,03,
Found EBg. 52.35, 52,21

The compound is very stiudble in chloroform, carbon-
tetrachloride snd benzene, cuite soluble in alcohol and fair-
1y soludble in hot water and ether, slightly soluble in
petroleun ether, Besides hot water, it may be recrysiallized

from & mixture of carbontetrachloride and petroleum ether,

o-Chlorobenzylmercuric benzoste.
o-Chlorobenzylmercuric chloride (.01 M) and silver

benzoate {,012 M) were refluxed in 100 ecc. of glcohol until
& test portion gave no precipitate with slcoholic silver
nitrate. After the silver chloride was filtered off, the
golution was eveporsted to one-helf its volume end =2 smell
amount of brown precipitate (AgQO) wag fiitered off., The
solution wes then concentrated to 25 or 30 cec., and on cool~

ing 2 heavy derk liocuid separsted which finally crystsllized
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. gfter considersble time. Yield 4.0 grams, For the purpose

of recrystallization, it was placed in 80 cc. 0of petroleum

- ether, sufficient cerbontetrachloride being added to dissolve
- 4% in the not., On cooling, white necedles gepsrsted, the

~ melting point being somewhsat indefinite, the crystals soften-
" ing at 56° and spparently melting between 58-59°,

Ansli. Cslc. for 67336133020232 Bg, 44.86
Found Hg. 45.11, 45.16

The compound is very soluble in ether benzene, sieco-

+ hel, chloroPorm and carbontetrschloride, and is siightly

goluble in hot and cold petroleum ether asnd water,

Dotermination of the Bquilibrium Consisnt

for the Resction
2 o-GlGGEéCEé — (o-ClGéEﬁCBé)zﬁg 3 3312

Phe concentretion of mercuric iodide was determined
by mesns of concentration cells by the methcd deseribed s~
bove. A Ieeds end Horthrup type K potentiometer with gal-
venometer 2soo;h with lamp =nd scale st one meter was used
$0 determine the volisge produced in the concentration cells.

Iy c'hvus

hich ware §

modiZied type used in this lsboratory by Bird z=nd Eixnngz.

The hasif-cells were those dsvelcopsd

These cells are shown in figure 8. The measurements were
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Type of corcentrstion cells used.
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y )
carried out in 8 constant tempersture air bath at 25° 2 1%,
Solutions 0.005 and 0.01 molaer in o-chlorobenzylimer-

curic jocdide were made up by dissolving the ecslculsted
quantity o the ocompound in shsolufe slcobolic solution 0,05
molar in potsssium ifodide. Solutions 0,0025 snd 0,005 molar
in mercury di-o-chlorcbenzyl snd mercuric lodide were pre-
pered in a similar manner. The 0,005 molar mercuric iodide
stendard half-ecelli was used as a reference cell, This hglf-
cell wes checked at esch reading of the cells against the
0.0025 moler mercuric iodide hslf-cell and the voltsges pro-
dnced checked sdmirsbly with those obtsined by Johnms,

The voltages produced by the organomercury halfl-
cells sgainst the reference half-cell st various {times are
given in Tebles X, and XI,

Irregulsrities of the di-o-chiorobenszyl mercury helf-cell,
It will be noticed from the Tables that the vold~

ages produced by the half-cells made up from organomercuric
jodides do not check those mede up from the bis-organo-
mercury compounds. Since the voltages of the Rzﬂg cells gre
not constant fhe equilibrium constants have not been csglcu-~-
latede The egquilibrium constant calculated on the REgI
ceils fall on the carve determined by Jobms, In the RpHz
cells a very smell smount of HgIz is used up over e iong

period of time, however, the volisges do increase with time
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TABIE X,
E, i F, OF THE o-CEIDROBENZYL MERCURY IODIDE CON~

ERCES CBELL,

CERTRATION CELLS AGAINST 0.005 MOLAR REFER~-
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indicating the rate of reaction to be very siow. However,
on the other hand, starting with the RHgI compound sn ecuili-
brivm is soon resched. After a few deys the voltsages drop
very slowly with these cells indicating s shift of the re-
action with the formation of more BgI2 as was glso found by
Jolns in his work with cells of this type.

Since the rate of resction between mercury di-o-—
chlorobenzyl sppeared to be very slow there was some doubt
as to whether the bis-organo compound was in realily RoHg
or some other inert compound. In his work Jobns found that
the soullibrium wssS sS00n reached in similer vesclicns. In
order to deltermine the setuslity of the bis-orgesnomercury
compound several experiments were tried., First, a reansly-
gis was msde for mercury. The snalysis checked the theoreti-
cal within the experimental errors. Secondly, calculated
quantities of R Hz and EgIa were sesled in = tube witk s
smell quesntity of alcohol snd shsken on 8 machine for a mum-
ber of dsys. The mercuric iodide was used up, In s third
sxperiment, cslculated quantities of R Hg and HgIz were boil-
ed together in = smell amount of sbsolute alechol, On eool-
ing s compound precipiisted out, presumsbly RHEgI since gll
traces of Egl, had dissppeared. These experiments show that

nl\wpnxmﬂ was -nnicu?\ .321:{ the b St gcmmorn-nmy 3\:@3““&.

In order %c show more conclusively that {the dis-
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crepancy between the RHgI and Rzﬁg cell was due mainly %o the
slowness of the rate of resction between mercury di-o-chloro-
benzyl and mercury iodide ithe caleulated quantities o
poiassium iodide and sbsolutve &alcchol nscassary tc meke the
solution 0.0025 molsr, were sdded to the precipitated RHgi in
the last experiment mentioned ebove, The volisge produced
against the 0.005 moisr Eg12 refersnce cell was measured. 4%
the end of one day the voltage wes 0,0181; two days 0,0170;
nineteen dsys 0.0168, These voltsges are sbout three milli-
volts lower thsn the voltages produced by the 0,005 molar
REZI sells given in the Pable, Ths orloulsted cons$ant was
10.0 x 10~1, This voltage and comstant is in fsir sgreement
with cells prepsred Pfrom the isolsied RHgI compound.
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SUMMARY

(1) The dissocistion constant for o-chlorobengyl amine has
been determined.

{2} Ths icnisaticn constanis for = number of the avsonic
acids have been determined by the conductivity method
and from E.},F, dats, Free~energy of ionization for
these acids has besn cslculsted. The coneept of
electron-sharing svility hss been extended 4o include
the arsonic scids series,

(3) The ionigation constant for o-chlorobenzyl arsonic
acid has been determined. _

(4) The mercury di-o-chlorobenzyl, and the chloride, bro-
mide, iodide, acetate and benzoste of the o=chlorobenszyl
mercury radicsl have been prepared and described.

{5) An sttempt has been made 40 determine the equilibrium
constant for the ecuilibrium between o-chlorobenzyl-
mercuric lodide and mercury di-o-chlorobenzyl plus mer-
curic iodide in asbsolube slcoholic potassium iodide so-
lution, The woltage obtained from cells mede up from
REgI checked the valunes predicted by means of the dis-
sociation constanis of the corresponding amines and
arsonic acids. The cells prepared from RoHg + Bg12
did not come to equilibrium within the period of ob-
servetion., 3By boiling these latter constituents in s
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small volume of alcohol so that practically complete conver-
sion %o BHgI was accomplished before the cell was actuslly
prepared, voltages in fsir agreement with cells prepared fron

4he isolated RZgl could be obisined.
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