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INTRODUCTION AND HISTORICAL

It seems probable that the relative positivity or
negativity of argaﬁiﬁ radicals can best be explained by the
electron theory of valeney and can be interpreted as the
abllity of the substituent radicals to shamelectrons with or
transfer them to or from the atoms to which they are linked
causing a change in the electronle configuration of the molecule
which affects its lonization.

This influence of substituents on the magnitudé of the
ionization conatants of orgsnic scids was first observed by
Ostwald (1), who found that the ionization constant changed by
a definite fmotor when the substituent was placed In & certein
position relative to the acid hydrogen of carboxylie acids,
Hegscheider (2) investigated this "factor 1&w"yfuf£her and
summarized the available data from which he compiled tables of
faetors representing the effect of the varlous subsiituents in
the various positions on the ionization constants of organie
acids. This "factor law" of Ostwald's, or the "Ostwald-
Wegschelder Hule" as it is sometimes called, has been the basis
of much experimental work and was used early by Walker (3) for
determining the effect of introducing radicals inte dibasle

acids and esters and later by Chendler {(4), Adams {5), and

(1) ostwald, J. prakt. Chem., 31, 433 (1886); Z. physik. Chem.,
3, 170, 241 {(188%).

(2) Wegscheider, Monatsh., 23, 287 (1903}.

(3) walker, J. Chem. Sec., 61, 715 (1892},

(4) Chendler, J. Aim., Chem. See., 30, 694-713 {(1908).

{5} aAdsms, J. Am. Chem. Soe., 38, 1503-10 (1918).
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Bjerrum (6) who were interested in the lonlzation of dibasic
acids., Nore recently Eueken‘(?) has tr&ated‘th& "Ogtwald Law"
from the point of view of dipole moments and has drawn the
importaent conclusion thaf‘optiaal rotation, dissociation
constants and Raman frequencles must be influenced in the
sameé general way by substitution.

In an attempt to ocorrelate electronegativity of orgenie
radicals with degree of ionizatlion of their compounds, Hixon
and Johns (8) have demonstrated a mathematieal relationship
which places esach organic radical attached to the same polar
grouplng in & Gefinite position in a polarity serles. The
substituent groups, however, must not have polar linksges
attached %o them, nor must they rearrange to ilsomeric forms.
Also, the slectron-sharing abillty appesars to be dependent upon
'tha mass and the 9aténtial of the atoms and the spatlsl
sonfiguration of the moleoule. The latter is 1llustrated by
the difference in ionization constants for malele and fumaric
acids end for the ecis-trans crotonic acids (9).

The authors mentioned above {10) extended the electron-

sharing ability concept to the organic derivatives of mercury

Bjerrum, Z. physik. Chem., 106, 219 (1923).

(6} ,

{(7) Eucken, Z. angew. Chem., 45, 202 (1932).

{8) Hixon and Johns, J. Am. Chem, Soc,, 49, 1786 (1927).
(¢) Ostwald, Z. physik. Chem., 3, 380 {18869).

(10) Johns with Hixon, J. Phys. Chem., 54, 2286 (1930).



ZRHgX —= Railg + Hgi,

whereby they were able 0 place the organic radicals in
positions in an alac%raa&ga%iwe series coinclding with the
positions held by the same radieals in RNH, and RCOOH.

 Allison and Hixon (11) observed that the polarity of the
orgenic radicals varies from & range more positive than
hydrogen to one more negative than chlorine. It has been
found also that there are sliphatiec radicals that are more
negative as well as more positive than the typleal aromatic
groups as shown by the fact that in the order of relative
electron-sharing sbility the sromatic groups lie between the
most positive and most negative aliphatic groups.

Osburn (12) end Ware (13) investigated the relastionship
of the electron-~sgharing ability of the substituted organie
radicals atﬁaaheé'@o the arsonie acid graﬁpiag to the lonization
aeﬁstants of the acids by conductivity and e.n.f, methods,
respectively, and obtained an order of electronegativity of
radicsls similar to that of Alllson and Hixon.

Cralg and Hixon (14) found that the lonization constants

of the H-substituted and o/-substitutbd pyrrolidines were a

e

(11) Allison and Hixon, J. Am. Chem. Soc., 50, 168 (1928).

(12) Osburn, The Lffect of the Eledtron-sharing ability of
Organle Hgdleals on the Conductance and Toxielty of
Certein Organle Arsenical Compounds. Unpublished Thesls,
Librery, Iowa State College, wnes, Jowe. 1930.

{13) Were, The Electron-sharing Ability of Organlc Radicals.
Orthochlorobenzyl Radical, Unpublished Thesls, Library,
Iowa Stete College, Ames, Iowa. 1930,

{14) Oralg and Hizon, J. Am. Chem. Soc., 53, 4367 (1931).



funotion of the electroniec effects of the substituent organic
radicals, Craig (18), more recently, in an attempt to
correlate toxiclty with structure in a series of K-substituted
ﬁ*ﬁﬁthylyérrmliainea; found a relationship similar to the above
in respect to basia strength and polarity.
| &% Harverd University, Bent and assoclates (16) have
worked along somewhat similar lines snd have determined electron
affinities of free radicals in abseclute values using the
reversible reaction
{(R)4C * Na =—= (R)4C~ + Ne
They have dealt only with the aromatic radicals phenyl,
naphthyl and diphenyl substituted in (0,Hg),0~R eand have not
yeﬁ investigated other sromatic groups or the aliphatic groups.
Most of the work on lonization has been done in water
end in the past the solvent effect has been more or less
assumed to be constant for each compound measured. Nore rscent
investigators, y&#%iaaiarly Conent (17), have emphasized
the possible digturblng effect of the solvent on the values
of the equilibrium constants; end this certalnly is a factor
to be gonsidered when eguilibris date in different medis
and even in the same me&iam are to be compared. However,

there seem %o be cases, &8 shown by Goodhue and Hixon (18)

Craig, J, Am, Chem. Soc., 55, 2543-50 (1933).

{15) 85 v

(18] Bent, J. Am. Chem. Soc,, BE, 1498 (1930); 53, 1786 (1931).
(1?% Conant, Ind. Bng. Chem., 2%, 466-472 (19327,

{18

Goodhue and Hixen, J. am. Chem. Seoec,, 586, 1329 (1934).



end Goldschmidt and co-workers (19), where the variationms in
the relstive baslcities of some compounds are approximstely the
same in different solvents. The former measured the ionization
constants of & series of amines and organic ascids in water,
methanol and ethanol and on comparison of the values found the
slopes of all three curves to be approximately the ssme, which
indieates that each solvent changes the lonization constant of
every compound in the series by a constant value. Bent {20)
has found that the solvent has about the same effect on the free
energy value of each of the radlcels in & series investigated
by him. Brgnsted's (21) interpretations of the r8le of the
solvent in disscciation have thus been substentiated to some
degree, but more dete are necessery for the proper elucidation

of the problem.

(19) Goldsohmidt, 7. physik. Chem., 99, 116-154 {(1921); 1189,
430-473 (1926). :
(21) Brgnsted, Chem, Rev., 5, 291~312 (1928).



-9 -

STATEMENT OF THE PROBLIM

Goldschmidt and Bader {22) were interested in obtaining a
clearer relationship between substitution and degree of
dissociation and in 1929 investigated the equilibrium between
a series of cxnarylysnhsti%utad B-benzoylhydrezyl radicals and
thelr corresponding tetrazanes.

2{aryl) ,H«E;mes,ﬁi, =—= /Taryl) .;%s-fwac&x;?g
They measured the dissoclation constants of the substituted
tetrazanes in toluene by a combination volumetrie and spectral
method, The tetrazanes varied only in the aryl groups sub-
stituted, the rest of the sﬁruature belng unchanged, so that
any difrer@néa in properties among the compounds would
logiecally be due to the se gpeoific groups and their electronie
effesot on the rest of the moleculs. It was felt that a
corrslation of the variations of the dissvciation constants in
a series of similerly substituted diphenylamines with those
obtained by Coldschmidt and Bader would strengthen the evldence
for the eleatronegativity series of organic radicals proposed
by Hixon and Johns. Substituted diphenylamines were used, as
~ thus the redicals under investigation were sttached directly
t0 nitrogen as Goldschnidt and Bader had them in their compounds.
They xept one slde of the molecule, *§Gﬁc‘ﬁ,, eonstant through-

out; in this work the hydrogen was always linked to nltrogen

(22) Goldsehmidt and Bader, Ann., 473, 137 (1929).
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80 that the change in dissociation constants could be expscted
tae be in the same direction in the series of compounds
measured, Substlituted hydrazines were not used, as they were
too diffieult to prepare and too unstable,

The lonization constaents of the series of para substituted
diphenylamines were measured by an s.m.f. method in absolute
methanol (18) beesuse of the insolubility of the compounds in
water. Since the measurements were so sstisfactory, it was
decided to investigate several other serles by this method in
order to obitaln further evidence for the slectron~sharing
abllity concept and also to learn more about the efrfect of the
solvent upon the electrical properties of argénie compounds,

The other serles measured were RNHC,H,, RNHCHs, (R),NH, and

R““[ J »
N

 “CHg
The literature (23) has made avellable lonization datae
on several compounds of each of the above series in water which
have been adupted to this concept and whieh have been plotted
on & graph by ths method of Johns and Hixon, 41l of the valucs
used are satisfaetary except that for A -naphthyl-Nemethylamine
in the RNHUH, series. The value of pf

“bi,0
is higher than that predicted from the gurve end sinoce the

for %nis compound

values of the other members of the series Tit the curve 1%

{28) Hall and Sprinkle, J. Am, Chem. Cos., 54, 3469 (1933).
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‘ﬁygears that 1t 1s erroneous, the low ianxsaﬁian.yrabahly
belng due to the extremely weak basiecity and low zolubility of
the compound in water. |

Whan the pXKy valuesof the RNHCH, serles are measured

CH0H
iﬁ mﬁ%hénal and the;.glaﬁﬁaa as ordinates against tﬁa él&atran-
shering ability of the substituted raﬁiegla as abseclissas, a
curve is obtained which should parailel that for tﬁé ®¥ny o
of the same serles in water (18}. When the curves are straight
lines, the diffsrence in pKy between them has a constant value
and can be used to caleculate the pKy of & compound in one
golvent when 1ts DK, ia the other solvent is known. The ioni-~
zation constant of o -naphthyl-N-methylamine will be aat%rmin&d
hy‘the sbove method to test the v&liﬁity of ﬁa;i'ané Sprinkle's

measurement in water.



EXPERIMENTAL

Preparation of Compounds

Symmetrical Secondary Amine Series

pyp'=Disnisylamine.

This compound was prepared by the g@ﬁerai wethod of
Goldberg (24) with some modifiocations.

Forty grams of acetyl-p-anisidine prepered from 33.5
grams (0.3 mole) of p-anisidine end 28 grams {0.3 mole) of
acetic anhydrlide were intimately mixed with 20 grams (0.15
m&le) of powdered potsssium carbonate and 1 gram of potassium
iodide. This mixture was transferred %o & 200 cc. three-necked
Tlask Titted witn a meroury seal mechanical stirrer &n&‘a
Hopkins condenseyr and 100 grams {0.53 mole) of p-bromoanisole
added, One grem of copper-bronge powder was then added snd the
- whole refluxed for 24 hours. 4 dark brown oil was obtained.
The sxcess p-bromoanisole was steam-distilled off and tﬁé residual
01l extracted with sther and flltered. The ether was alimiﬁat@d |
under diminlished pressure snd the olly residue allowed to
erystallize. A nush was obtained which was raflaxé& 3 hours
with alcgholic potassium hydroxide {70 co, of 40 per cent KOH
and 125 ce, of aleohol}. The alcohol was distilled off and the
olly residue separated from the water layer. an approximately

70 per coend scolution of methanol was carefully added to the oll

(24) Goldverg, Der., 40, 4541 (1907},
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and the whole allowed to stand overnight when a pale lavender
erystalline mass formed which melied at 35,996, The mass was
filtered, washed with methanol and recrystallized three times
from carefully diluted methanol, The melting point of the
colorless, purifiﬁa compound was lﬂzﬁ* Wielend (25) found the
melting point to be lﬁﬁgand'athar investigators (26) obtalned
101-102 .

Anal. Calod. FOT C, .0, 40,N: N, 6.11 per cent.
Found: N, 5.98 per cent.

p,p'~Ditolylamine.

An intimate mixture of 18 grams (0.12 mole) of acetyl-
p-toluidine and 9 grams of potassium asrﬁuaate was placed in a
200 cec. three-necked flask to which was sttached a Hopkins
condenser and a mercury sesl mechanical stirrer and then 30.5
graus (0.1% mole} of iodotoluene, 1 gram of potassium iocdide
and 1 graﬁfef sopper~bronze were added and the mlxture reflaxed
for 22 hourz with constant stirring., The excess lodotoluene
was steam distilled off and the brown olly residue extracted
with ether. The ether solution was filtered and the ether
evaporated leaving a brown erystalline mess of - melting point
?8»89Q¢ The crude acet-di-p-tolylamine was refluxed with
alooholic potassium hydroxide for three hours and the alcohol

then distilled off leaving an oily residue which was separated

{25) Wwieland, Ber., 41, 3494 (1908).
(26} Meyer and GottlTeb-Billroth, Ber., 52, 1482 (1918).
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_fram the water layer by extraction with ether. The ether
.salutian was washed several times with distilled water and
finally the ether was evaporated. A brown oil remained, which
crystallized on cooling overnight. The crude product of
4$mal£ing point 68a was dried and fractlionally distilled and the
frection bolling from 330~34§° kept. The yleld of B0 grams
was again fractionated and the portion distilling over from
32&~326c further purified by four crystallizations from slightly
diluted ethanol. Coloriess crystals that melted at 79° were
obtained. The same compound prepared by a different method
was found t0 have & melting point of 79" by Merz and Mbller {g7).
Aunal. Caled. for O, H,gN: N, 7.10 per cent. Found:

6.85 per cent.

Diphenylamine.

This preparation, & c.p. grade, was digtllled at 13 mm,
pressure and the fraction boiling &t lﬁl.sa teken., This wasr
recrystallized three times {rom ethanol and melted at ﬁéﬁ.
Auwers and Kraul (28) reported tha,msiting point as 54?.

The remaining compounds of thls series were obtalned from
Lastman Kodak Company and were purified before use as

indicated below for the respective preparations.

(27) Nerz and Maller, Ber., 20, 546 (1887).
{28) Auwers and Kraul, Z. physik. Chem., 116, 458 (1925).
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Di-n-butylemine.

Purification of this compound was schleved by converting
it to the hydrochloride and reorystallizing the latter from
absolute ethanol. The amine was then liberated from its salt
by means of concentrated potassium hydroxide solution, dried
over stick potassium hydroxide and fraetionally distilled., The
compound boiled at 160 (£9). When the amine was dried over
potassium hydroxide and frectionally distilled without the
above purlfication process of salt formation, no difference in
the vélue of its ianiaatigﬁ constant was obtalned from that of
the highly purified amine.

Ansl. Caled. for (C Hg).NH: neutral. equiv. 129.2.
Found: 129.0, '

Dibenzylamine.

The ELastman product was dried over potassium hydroxide and
fractionally distilled. It bolled at 175-176 /12 mm.
“Anal. Csled. for (CeHeCHg) HH: neutral. equiv. 187.1.
Found: 197.1.

Di~(B-hydroxyethyl)-emine.
aArter belng dried over solid potassium hydroxide, the

eolorless compound was distilled and the freetion bolling at
1ﬁ?~169°/15 mm, used, The litérature gives the boiling point

o
at 15 mm. as 167-169 (30).

{29) Rossi, inn., 158, 172 (1871). , ;
{30) Preloz, briza snd Hanousek, Collect. Trav. Chim. Tcheco~
slovaquie, 3, 578-84 (December 1981); Centr. 1532 (1932).



Anal. Caled, for (HOCgH) NH: N, 13.3% per oent.

Found: I, 13.16 per cent.

The N~Substituted aAniline Series

@-Hydroxyethylaniline.

Hinety grams (1 mole) of aniline and ninety grams (0.85
mole) of anhydrous sodium carbonsgte were put Iinto a 500 eo.
round-bottomed flask fitted with a Hopkins condenser and then
80.4 grams {1 mole) of ethylenechlorohydrin added. A reaction
oegurred imma&;ataly end the &ixtura was allowed to reflux
gently for & h;arﬁ. The contents of the flask were flltered
and the residus w&ahe& several times with enhydrous ether. The
Filtrate and weshings were fractionally distilled., The ether

.was removed and the flrst fraction &5~156u/19'mm, was discarded.
The seocond porition l&ﬁ»l??a was refractionated end the part
distilling over at lﬁﬁml?@aflgkmm, was kept. On redistilletion
of this fraction the portion boiling at lﬁ8~169a/19 mm. was
considered to be sufficlently §ure and was sesled in welghed
ampules. The pure product is pale yellovw and viscous and was
obtained in 65 per cent of the theorctieal yield.

The above procedure is essentislly that of Rindfusz and
Harnack (31). Adams and Segur (32) obtalned better ylelds by
& different methou and the constants cobtained above dupllcate

theirs.

{81) Rindfusz and Hernack, J. Am. Chenm. Soc., 42, 1725 (1920).
(32) Adams and Segur, J. Am. Chem, Soc., 45, 765 (1923).
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P-ethoxydiphenylanine. |

This compound could ﬁasﬁ be prepared by the Goldberg {24)
wmethod with some modifications, |

To 36 grams (0.22 mole) of acetyl-p-anisidine, 18 grams
of anhydrous potassium carbonate were added end this mixture
eovered with 250 grams (1.2 moles) of lodobengzene., To catalyze
the reaction 1 gram of copper-bronze powder and 1 grem of
potassium lodide were added. The whole was refluxed with
stirring for 22 hours and the excess iodobenzene then steam~
distilled off, The remalning dark red-brown oil was extracted
with ether, the ether evaporated and the residue allowed %o
erystallize. The erude product was refluxed with alcoholie
potassium hycroxide for O hours and then the alcohol distilled
off, The purplish-brown solid residue was filtered, washed
with water and dried. The yleld of ¢rude p-methoxydiphenylamine
was 20 grams (46 per cent of the theoretical). ¥When recrystal-
1ized four times from carefully diluted methanol it gave a
constant melting gainﬁ of l@ﬁgiunearraated}. The literature
gives loﬁg(éarreaﬁaa){ﬁﬁi*

Anal. Caled. Tor C,aH,40N: N, 7,03 per cent., Found:

N, 6.78 per cent.

p-liethyldiphenylamine.

Thirty-six grams {0.24 mole) of acetyl-p-toluldine were

(23} WillstBtter and Kubli, Ber., 48, 4138 (1909).



intlmately mixed with 18 grams of potassium carbonate and
sovered with 300 eo. of %rsmﬁhegz%gs. about 1 gram of potassium
iodide ané\l granm of copper~bronze powder were added and the |
whole refluxed for 20 hours. Af%&fitha exeess bromobenzene was
removed by steam distillation, & thick red-brown oil was left
which was the crude acetyl-p-methyldiphenylamine. This product
was extracted with ether and after the removal of the ether by
distillatisn was purifieérby ﬁryataliizaticn from aleohol,

Fine gray corystuls were Tormed whioh melted at 513, By saponi-
fication with aleoholie potassium hydroxide, 10 grams of
p-methyldiphenylamine were abt&in&d* The yleld was 23 per cent
of the theoretical. Goldberg (24) obtained 33 per cent. Three
recrystallizations from alcohol gave a constant melting point

<G
of 87-88 whlch cheoks that inm the literature (34).

Methylaniline.

The Hastman Xodak Company preparation was redistilled and
the hydrochloride prenered and recrystallized several times
from alechol. The amine was liberated from its salt, dried
over solld potassium hydroxide, and fractionaelly distilled to
obtain the pure gréﬁuat. The bolling point was lQQQ. |

Anal. Caled. for G.HgN: N, 13.07 per cent., Found:

N, 12.96 per cent.

(84) Ullmann, Anm., 355, %25 (1907).
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Benzylaniline.

o The Esstman Xodak ﬁompany ﬁr@ﬁaﬁt was yeary&talliaeé
three tim&s fr&m methenol and. m&lz&d at 3ﬁ~$? « The literature
| givas 37 (ée).

Anal. Celed, for G&,ﬁlgﬁ. H, 7.65 per cent. Found:

N, 7.51 per cent.

Ph@gyl—ﬂ-ngy&thylam&nel

This csm@aaﬁﬁ>wa$ purchased from the Eastman Kodak Company
and was r&crystallizad‘twina ff@m ethanﬁl* It melted at 66.50
which vslue coincides with that in the 1llterature (36).
Anal, &aléﬁ. for Qlﬁﬁ;,ﬁz‘ M, 6.39 per cent. Found:

N, 6.08 per cent.

The §&Sﬁhsﬁitut§é Methylamine Serles

ﬁ~Butylmathxla&ina.

The Braaeﬁur@ employed by Graymore (37) was used. Tri-
n~butylxrim@taylanetriam&na was first made and thenr it was
reduced to n-~butylmecthylemine.

To 20 grams of fr@ahly di&tilleé n~-butylamine, 21 grams
of 40 per cent farm&lﬁ&hy&e solatian'wa%agraﬁually added at U .
The solution was made basle with an excess of sadium/hydroxide
and the top oily layer seperated. This layer of tri-n-butyl-

trimethylenetriamine was dried over barium oxide for several

(38) Tafel and Pf&ff@rm&nn Ber., §g 1a13 {1902} .
(56) Frie, Ber., 16, 2077 (1883).
(37) Graymere, I Chen. Soc., 1355 {1938).
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days and distilled from the oxide, The first fraction up to
' 1250 was éisaa&dad éﬁ& the next one from 12&-2&5° kept. About
20 grams were ebtaine&’ﬁhich came over mostly at 2?5«2853.
Tventy grams of this base were dissolved in eold dilute
hy&roehigric acid and 20 grams of zine powder added. About
100 ¢e. of 20 per cent hydrochloric acid were added and the
vhole allowed to stand overnlight when all of the zine had
reacted and the reduction was complete. Ths s@iuti&n was
boiled for 3 hours to remove any excess formaldehyde. Sodium
hydroxide was added until the solution was just neutrelized
when @ heavy white precipitate of zlne hydroxide formed. This
was filtered and the filtrate made extremely basic with a
large excess of sodium hydroxide when the yellow oil of lmpure
n~-butyl wmethylemine separated out in the top layer. The yleld
was 11 grams. The secondery amine was purified through the
nitroso compound. The amine was dissolved in about 1l:1 hydro-
chloric acld, cooled in lee, and a concentrated solution of 18
grams of sodium nltrite added slowly. Alter 3tanﬂingva while
the nitroso compound was liberated by &n excess of 3aﬁiﬁm
hydroxide solution snd extracted with ether. The ether solution
was eveporated in a vacuum and the oily nitroso smine refluxed
several hours with aslcohollc hydrogen chloride solution to form
the smine salt. The base was llbersied with sodium hydroxide
solution after the alcohol was dlstilled off and was extracted
with ether, The ether solution was dried over anhydrous

potassium carbonate for several days and then the solvent
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distilled off and the aumine also distilled and kept over
splid auﬁium\hydrexi&e for two deys. The pura, dry emine wes
fractionated and the portion k@iling at 9&*91 sealed in
empules, ﬁha vield was about 5 grams.,

§§§§¢ Caled. for O HgWHOH,: MNeutral. egulv, 87.1C.
Found: B87.21. | ‘

3~§§draxy&thx§m&tﬁylamine,

Fifteen grams (6,33 mala) of ethylene oxide and 41 grams
~of a 33 per cent water solutlon of methylamine (0.44 mole
methylamine) were heated in a s@ai&d tube at l@ﬁa'far 12 hours.
On cooling, the contents were poured into a B00 ce. flask and
s8011d potassium hydroxide carefully added in excess. 4 pale
yellow oil of strong amine odor came o the surface, The
0ily layer was separated, dried over potassium hydroxide and
fractionally distillsed, The first fraction bbiliﬁg up to
1396 was disearéaﬁ; the second from 15&*1&06 was refractionated.
Most of the diﬁﬁill&t@ came over in the lﬁénlﬁéc pértian
- which was again distilled and the part bolling fram 153»156
segled in weighed ampules and used as the pure product.
Schotte, Priewe and Hoeschelsen (38) pragareé the éomyeund
by another method and found the beolling yoiﬁt to be 155~156°.

Anal. Caled. for u.ﬁ@em. H, 18,686 per'eent;
Found: N, 18.42 per cent. e |

{38) Schotte, Priewe and Roeschelsen, Z. physiol. Chem.,
1?4 11@ (192&),
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Benzylmethylamine.

Benzylidenemethylamine was first prepared aﬁaérding to
Zaunscehirm's amsthod {39} and was reduced to the dssired compound
(40) . ‘Te 113 grams (1.1 mole) of benzaldehyde, 100 grams of
3% per cent water solution of methylamine was added, and an
immedlate reaction occurred. The reaction mlxture was extracted
with ether, the latter ﬁrie& over anhydrous potassium carbonate,
filtered and then the ether evaporated. The residue was |
fractionally distilled and the fraction boiling at 176-180"
taxén, A yleld of 25.5 grams (23 per cent of the theoretiéal}
of the crude pré&uet was obtained. The craﬁe'benzylidena~
methylamine was dissolved in 250 ce. of absolute éthanal and
10 grams of sodium gradually added. The solution %&s allowed
to reflux until all the sodium had reacted, and on the cooling
of thé mixture a solld separated out. The reaction products
were hydrolyzed with lce water, hydrochloriec éaid added until
the mixture beceme scld, and then the aloohol distilled off.

An excess of sodium hydroxide solution was aéda&.%a‘tha residue
and & dark brown oil saﬁafatgd in the u@paf layer. The oil was
made acid to form the hydrochloride and then exbracted with
gther to rama#@ any benzaldehyde. The scidified water layer
was treated with sodium hydroxide solution, and the dark §rnwn

oily amine that was libereted was separated and dried over

(39) H. Zaunschirm, Ann., 245, 281~-282 (1888).
(40} ©. Bmmerieh, Ann,, 241, 544 (l887).
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atick potessium hydroxide. It was then filtered and fraction-
ally distilled. The Pirst distillate which boiled at 181-187
was further fractlionated and the portion of boiling point
163-185 , which was colorless, sealed in welghed empules as
pure benzylmothylamine. Zaunschirm {(40) gave the boiling
polnt at 749 mm. as 164-185 .

Anal,. Caled. for C.HgCHaNHCHz: neutral. equiv,

121.1. Found: 121.0.

Methyl-p-anisidine.

The directions of Spaeeth and Brunner (41) were followed
for this synthesis. In & 200 cc. three-neecked flask fitted
with & reflux condenser and dropping funnel, 10 grams (0.8 mole)
of p-anisidine were dissolved in 10 ece. of methanol snd the
flask cooled with ice while 9 cc. of dimethylsulfate were added
rérc§Wise. After the reaction had sabsiéaé the solution was
refluxed on the water bath for one hour. The methanol was
distilled off under diminished pressure and a brown ail remalined,
which erystallized to & blulsh mass overnight. The product was
dissolved in water, potassium hydroxide was added until the
solution became alkaline, and the solution was then extracted
with ether., The ether layer wes dried over anhydrous sodium
sulfate, flltersed, and the ether reﬁaved Trom the rfiltrate by

evaporation under diminished pressure. The residusl brown oil

(41) Spaeth and Brumner, Ber., 58, 522 (1e25).
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distilled over as a oolorless liquid at 111-113/9 mm. The
produet was redistilled at 111-113/9 mm, and immedlately sealed
in welghed empules. Seven grams of pure compound were obtalined

- {63 per cent of the theoreticall.

Methyl-x-naphthylamnine,

The methyl-o-naphthylamine used in this study was obtained
ff&m tﬁa Zastuman Rodak Company. It was dried over solid
potassium hy&raxiﬁa'aﬁd purified by distilling under reduced
pressure. 1% bolled at 14&»;@5°/;z mm. Yhen this colorless

1iguid is exposed to sunlight, 1t qulekly turns brown.

Hethyl-p~toluidine.

This compound was also purchased fram the»ﬁastman~ﬁndax
Gompany. The pale yellow oil wes purified in the same manner
as the preceding preparation and boiled at 36&0. Thomsen (42)
found the boiling polnt to be Eaﬁa. |

AL ~Substituted~N-methylpyrrolidines

The compounds of this series were prepared by L. C. Cralg
{16} and kindly donated to us for Turther experimentation.
Their purity was verified by wmeans of thelr neutralization
equivalents.

In the series of compounds used, all purified liquids were

immedietely sealed in weighed ampules. 4ll erystalline

(42) Thomsen, Ber., 10, 1584 (1877].
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gompounds, after purification, were dried in vacuo over
caleium chloride for e day and then kept in a vacuum deslccator

over phosphoric anhydride.
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Measurement of Ionization Constants

Abttempts have been made in the past to determine the
e.m.f. of cells and also standard eleotrode potentials {43) in
aleoholie solvents bui these have usually been inconvenient
because of the following difficulties:

1. The high resistance of the aleohol sclutions whiech did
not allow use of the ordinary potentiometer apparstus.

3* The lack of constant and ragra&ueaahle reference
electrodes,

3. The use of elecirodes, such ae the quinhydrone electrode
{44, 45) of dublous value becsuse of their inconstancy of
potential.,

4. The use of calomel half-cells in water as reference
eslectrodes where liquld junction potentials become an
uncertainty and where there is the risk of contamination by
water {(46).

5+ Insufficient purification of the solvent.

The work of Buckley snd Hartley (45} and Goodhue and
Hixon (18) has reme#é& most of the above mentianed sources of
error, The following sxplanation of procedure is taken

primerily from the work of the latter authors,

{43) Neustadt and Abegs, Z. physik. Chem., 69, 486 (1909});
lsgarischew, 4. bleet., 18, 568 (1912)5 1bid., 18, 491
{1913); Neustadt, ibld., 16, 866 {(1910}; Carrara and
Agostini, Gazz. ohim. ital,, 85, (I) 132 {1908).

(44) MacParlene, J. Chem, Soc., 52812 (1931).

{45) Buckley and Hartley, Phil. Meg. (7) B, %39 (1929¢).

(46) ZEbers, Ber., 58, 175 (1920).



Goodhue, Sohwarte and Fulmer (47} have devised e vacuum
tube potentiometer apparatus for use with the highly electrically
resistant glass electrode, and the first difficulty was removed
by adapting it to the measuremenis of e.m.f.s iIn methanol
solutions.

The second end fourth objectionable features were elimin-
ated by the preparation of sultable alcoholic ealomel half-
cells. These were made in 0.1 Formel sodium chloride solution
of methanol and dupliceted in appearance the type used for
water measurements. To proteot the methanol sclutions from
moisture, U tubes of concentrated sulfurie &aia, phosphoric
anhydride, and mercury were attached to the haif~eails{{fig. 1).
Other reference e¢lectrodes could heve bheen used but thé agéva
were satisfactory over short periods of time, and their
potentials were shecked periodically ag&iﬁst silver-silver
chloride electrodes freshly prepared by the methed of Harned
(type 2)(48), Two half-~cells of s.m.f. 0.0449 volt and 0,0487
volt referred to the silver-silver ehloride elaetraée were
ﬁaed. Un restandardization of the first ome after a month, the
value 0.0454 volt was obtalned. |

The e.m.f. of the silver-silver chlorilde electrode
‘referred %o the normal hydrogen electrode in methanol was

caleulated to be 0.0711 volt by Buckley and Hartley (45) end

(47) Goodhue, Schwarte and Pulmer, Iowa State Coll. J. Sel.,
{(48) Harned, J. am. Chem. Soc., 51, 416 (1929).
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was added to the voltage of the calomel half-cell to refer
the latter to the normal hydrogen él&etrmde.

The measurements of the %.m.f‘s,cf.thé:mathana& sclutions
were made in a U tube (fig. 1) both arms of which were
connected by means of a closed ground glass stopeock. In this
- way no intermediate bridge was necessary as the current flowed
through the ungreased and wet stopeock, and still encugh of a
seal was made to keep any calomel solution from getting through
%o polison the hydrogen electrodes in the opposite half of the
cell. Various saturated selt solutions were tried by Bucokley
and Hartley (48] to eliminate the liguid junction potentiels
in the cell Ag, 4gll, HCY (0,1 r)}//NaCl (0.1 T), AgCl, Ag
but potassium lodide gave the best results (4.35 mlllivalta@(
Goodhue and Hixon {18) tried bridges of saturated s@lutienaﬁéf
potassium thioeyanste and sodium lodide raageatively and found
that the voltage of the cell did not change more than 1
millivolt from the value obtained without the bridges.

Thert (46) claimed to heave obtained sabtlsfactory results
using a guinhydrone electrode in the measurement of potentials
of mathanml cells, but Buckley and Hartley could not get steady
values after considerable experimentation. In view of the work
of the latter %ﬁn, investigators in this lasboratory decided to
use the hydrogen electrode. At first some difficulty was
encountered in obtaining & coating of platinum black whieh
would not cause the elecirode to become erratie almost

immedlately, but after numsrous trials it was found that a thick
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layer was the most satisfactory.

The hydrogen electirodes used were smaller than the usual
kind snd were sbout § mm, square. They were prepared in
duplicate and were platinized from a 3 per sent platinie
chlorids solution contalining & trace of lsad acetate wlth a
ecurrent density of about 0.4 ampere for four minutes for both
glectrodes. After belng washed with distilled wéter, they were
eleotrolyzed at a moderats rata in very dilute sulfuric aeld
for five minutes snd then washed with distilled water, 99 per
gent methanol and finally absolute methanol to remove the last
trace of watler, ﬁ

The two elestrodes were kept together by a sulfur~free
rubber stopper which was of‘a dismeter sn@h that it would it
snugly into the mouth of one slde of & U tube having s ground
glass stopeock between its arms {fig. 1). A third hole in the
stopper held s plece of glass tubing whieh was drawn %0 &
narrow tip and which extended downward to glightly below the
level of ﬁhe»piaﬁinﬁmkflags so that hydrogen bubbling through
would bathe them. A fourth hole contained & short exit tube for
the hydrogen gas. Thls at first was submerged in methanol to
‘keep out molsture, but later this seal was found to be
unnceessary. The solution whose constant was to be maésured
was poured into the U tube and covered the platinum flags in
one arm of the vell while the ealomel half-cell dipped into the
solution in the other arm. The glass stopecock was closed but

moistened with the solution so that no dissolved calomel could
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get through to polson the hydrogen electrodes and still a
surrent could flow through the &all; The cealomel half-cell had
a ground glass stopper in 3%5 tip to keep it from getting
contaminated by the solutlon. Tﬁﬁ vertical side arm of the
reference electrode was held in place in thé U tube by a rubdbber
stopper. These stoppers alse servéd the purpose of keeping
moisture out of the cell. | |

The hydrogen used was bubbled through absolute methanol
before enteriag the cell, Its purity was determined by check-
ing the e.n.f. of a palladlum-black coated hydrogen electrode
in a 0.0 molar potaéﬁium acid phthalate solution in water,

A palladiun coatling was ussed to elimlnate any reduction of the
‘buffer whioch might coocur with the more actiwve platinum;blaek
layer, The pletinum-blaek electrodes 4id not reduce the buffer
appreaiably snd were considered to be satisfactory if a pH of
3,97 was obtained, | "

The abaelute‘mﬁthanal was prepared by the method of
Hartley and Raikes (4%) with several modifications. Instead of
meroury seals for conncetlng the Hempel column with the
distilling flask and thermometer, corks soasked in paraffin
were used., To remove volatile impurities by refluxing over
anhydrous copper sulfate, s current of dry hydrogen was passed
through the aleohol, as a matter of convenlence, rather than

dry sir. In subssquent runs no gas was used. The final

(49) Hertley and Raikes, J. Chem. Sco., 127, 584 (1925).



- B2 -

aistillatian,was done through an ordinary Liebig condenser and
the distillate, considersd pure enough for this work, preserved
in Pyrex flasks with sulfur-free rubber stoppers. About 5
liters of solvent were prepsred at & time., Several runs were
made on the seame compound with sleohol from different sources
and similar values were obtained,

Sometimes traces of free mergury from the aluminunm
amalgam came oveyr during the disﬁill&tiﬂﬁfcf the alcobol, end
when this ovcurred the sleochol was decanted and redistilled.

The method used for the measurement of the hydrogen ion
activity of the methanol solutions is the same as that
described by Carothers, Blekford and Hurwitz (50) for water
solutions. The elochollc amine solutions were half-neutralized
by edding half of an equivalent amount of en alecoholle hydrogen
ochloride solution. The oconcentration of the latiter was
determined by titretion with & standasrd alkall solution in
water, All solutions of the amines were about 0.05 molal &as
indiested in table II, column 2.

HMeasurements were made on two solutlons of each compound
in an air thermostat at Eﬁaiﬁgia, and each reading was checked
with a duplicate hydrogen elsctrode. 7The electrodes were
replatinized for the messurement of each compound to aveld
pelisoning errors. Cccasionally poisoning occurred, and this

was indicated by a fluctuation of the e.m.f. around the maximum

{50) Carothers, Blekford and Hurwitz, J. am. Chem. Soc., 49,
2908 (1927).
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and then a gradual decrease in wvalue. When the flow of
hydrogen was stopped, the voltage rose agaln Vo 1ts maxlimum.

| 411 amine solutions were messured immediately after half-
neutralization to avoid esterification errors (51). 4Also, sall
alocoholic hydrogen ahleriée solutions weré used within thfaa
hours after preparation for the same reason.

The caloulation of the pg@ﬁﬁsﬁﬁ values at aﬁa from the
hydrogen ion activity is the same as that for §Kbg&g fpr’water
solutions except for the substitution of the disscciation
constant of the solvent, methenol (1.95 x 10~ ), for that of
water., The equations used are

~log &y = B ¥ By, - Boal
0.0591

PRogi,on = =108 Kgm,om - (-log ax)
?Kbsggﬁﬁ = 16,6990 - (-log aH}‘b
E = ogbserved e.m.f.

Epgr = ©.m.f. correction for the barometric pressure.

Bygy = e©.m.f. of the calomel half-cell.

(51) Nonhebel and Hartley, Phil. Mag. /67, $0, 729 (19285).
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TABLE I.
T PRuae o T '
Radical : “Gﬁsﬁg :  px ™}
| : (B) oNH t [TR) H-NCOC Hy7,
(p=CH4 00 Hy) g~ 13,45 highly dissocclated
( };’*Cﬁ,ﬁ; 'E{‘ } a™ lgn 86 8;?7
Qnﬁﬁ,ﬁﬁ,ﬁ‘
CeHe > 14.15 2,46%
F“"m{ g-{.};{i‘ ‘ .
OeHg > 14.30 3.56
(f};E‘)g*‘ l‘&aﬁi} 3.%4
Cs 'i> - 4.48
P-N0LCal, ’
CoHy ™ _— 4.08°
(p-BrGeHy) o= - 4.84
(p=NO4CoHy) 4= —— 6.22°

The constant recorded for each compound of the diphenyl-
aemine series is an aversge of two values sgreeing within 0.05

of & pK unit.

The wvalues of the constants for the tetrazanes were
measured in toluene excepting those marked (a) and (b)3; {(a)

was measured in scetone and (b) in ¢hloroform.

The last four compounds of the diphenylamine series were
not basic enough to be measured by the method used.

%

‘Thase pK values were caleulated from Goldschmidt and Bader's
dissociation constants for ihe substituted teirazane serles,
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TABLE II.
E.JM.F, of Cells for & Series of HeSubstituted
Anilines in Methenol

Pt/H, (1 atm.), imine // NaCl (0.1 f£), Hg,Cl,/Hg
» ‘

' i T&tal i g&%&ﬁ?& . o
Compound : Coucentration : ocorr, to: pag ¢ pKp..
| :  (molel) 2 760 mm, : i RO
Methylaniline 0.0574 0.4539 5.71 10.98
B-Hydroxy- 0.0556 0.4290  5.29 11.41
ethylaniline 0.0574 0.4897 5.30 11.40
Benzylaniline 0.0562 0.4080 4,93 11.70
040630 0.4087 . 4,94 11.76
p-¥ethoxy- 0.0824% 0.8665 2,57 14.13
diphenylamine 0.068008 0.2686 2,52 14.18
p-Methyl~ 0.0618% 0.2562 . 2.39 14.31
diphenylamine 0.0646% - (0.2568 2.40 14.30
Diphenylamine 0.0520% 0.2450 2,20 14,50
0. 04772 0.2446 2.20 14.50
Phenyl- 0.0596 0.2274 1,86 14,82
«~-naphthylamine 0.0621 0.2278 1.88 14.82

8The e.m.f. of the celomel half-cell used in the measurenment
of these sempounds referred to the normal hydrogen elsctrode
was 00,1148 volt. The other compounds were measured with a
similar half=-cell of 0.1165 volt.
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TABLE III.

EJi.F. of Cells for a Serles of N-Substituted

Methylamines in Methanol.

PE/Hg (1 atm.), inine // NeCl (0.1 ), HgaCla/He
salt -

=% Total t L. li.F. ¢ :
Compound : Concentration : corr. to: pay 3 pKp,
| . b (molsl} : 760 mm. 3 B CH, O
Butylme thylamine 0.0572 0.8091 11.75 4,95
0. 0572 0.80886 11.74 4,94
B-Hydroxy=- 0.0574 07690 11.04 5.66%
- ethylmethylemine 0.05696 0.7714 ii.08 5,628
Benzylmethylamine 0.0674 0.7080 9,96 6.74
0.0674 0.7017 9.80 6.80
Hethyl-p-enisidine  0.0574 0.5187 .61 9.89
0.0672 0.5187 6.81 F.89
Methyl-p-toluidine  0.0578 0.4832 6.20  10.50
0.0570 0.48B32 6.2C 10.50
Methylaniline 0.0574 0. 4559 5.71  10.98
‘ 00656 0.%541 5.71 10.98
Methyl- 0.0674 0.4022 4.83 11.87
‘=-naphthylamine 0.0871 U.4022 4.83 11.87

The calomel halfecell used referred to the narmal hydrogen
glectrode had an e.m.f. of 0.11656 volt.

Thﬂ&& values are not very acocurate, and the errors are
probably due o & trace of water %hau could not be removed
in the short perlod of drying.



TABLE IV.

E.¥.F. of Cells for a Series of Alphe Substituted

NelMethylpyrrolidines in Methanol,
Pt/He {1 atwm.) smine // NeCl (0.1 T}, Hg.Cls/Hg

salt '
: Total T BelaTe % :
Alpha Substi- : Conocentration: ceorr. to : pay - 3 pgbaﬁ H
tuted Hadleel : (molal)} = : 760 mm, : : | 0
Methyl 0.0494 0.7344 10.46 6 .24
.  0.0590 0.7364 10.48 6,28
Ethyl 00522 0.7308 10.40 .30
0.0552 07300 10.39 6.51
n-Fropyl 0.0552 0.7337 10.43 6,27
n~-Butyl 0.0552 0.7509 10.40 6.50
0.0540 0,7296 10.38° 6.32
p-Methoxyphenyl 0.0552 0.6883 $.68 7.02
0.0540 0.6878 9,68 7.02
Phenyl 0.0614 0.6695 9.%6 7.34
p~Chlorophenyl 0.05778 0.6450 9,08 7.85
0.0598% 0.6440 9.03 7.6%
@-Pyridyl 0.08567 0.5980 8,15 8.55
{Niecotine) 0.0556 0.5980 8.15 8.55

aThe e.m.T« of the calomsl half-cell referred to the normal
phydrogen elecirode was 0.1146 volis.
The e.m.f. 0f the calpmel half—eell was 0.1165 volst.

The other ocompounds of the series were measured with a halfl
gell of 0.1160 voli.
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TABLE V.

E.M.F. of Qells for a Series of Symmetrical
Secondary aAmines in Methanol.

Pt/Hy {1 atm.) Aiina // HaCl (0.1 f), HgsCl,/Hg
~ Balg

T Total T Bellala T :
Compound s+ Concentration ¢ corr, to Pay 1Py
| : {molal) 3 760 mm, s ﬁ 3 CE‘OK
Di-n-butylemine  0.0590 0.7990 11.55 5.15
0.0590 . 0.7990 11.55 5.15
Di-(@-hydroxy-  0.0562 0.7482 10.59 6.11 2
ethyl)-amine 0.0596 0.7419 10.58 6.12
Divenzylamine 0.06386 0.6654 9.28 7.41
0,0856 0.6690 8435 7.35
 p,p'-Dianisyl- 0.06468 0.3058 B.23 13.47
amine 0.04008 0.3073 5.26 13,44
p,p'~Ditolyl- 0.0500% 0.2763 2.73 13.97
amine 0.05188 0.2757 2.72 13,98
Diphenylemine a.ﬂﬁeﬁﬁ 0.2450 2.20 14.50

0.04778 0.28446 2.20 © 14.50

a?hes& compounds were measured by a calomel half-cell having

- an e.d.f. of 0.1148 volt when referred to the normal hydrogen
electrode, A4 calomel elsctrode of 0.1165 volt was used with
the other compounds in the series,
These valuss are not very accurate due to a trace of water
that eould not be removed readily from the compound.
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DISOUSSICR GF RESULYS

Tablw . shows & comparison of the m@@%wwwmw of Goldschmnidt
and dnder's subsiltubed tobrezenss with those of sizllarly
subailiuted diphenylaninvs. The radieals sre arranged in ths
grder of inereasing negativiiics mmﬁﬁwﬁamMmm gy ol the aompound).
4% no vaelues could be obialpsd for the lwust Pour dlphenylesine
susipoundes, the p=bromo- and peniire- diphenylaainos were pigoed
in the order in whieh the redleals supoeur in the Wl series.
als 1s loglosl, s in the case of the diphonylesices the
mmmamwa& ig constent snd in Sthe prizery smine series the immn¢
is www Bane @Wﬁ&ﬁﬁﬂﬁﬁﬁ 80 thai ihe agwmmwwmwm in %he jonlzation
sonstente should e 1n the sane diredsion for osnh aserlaes, Ib
5 mors 4ifMleuls, however, to plaow the p,p'-dibrono- and
P, pr-dinlitrodiphonyienines, as hore there are Lwo radliasls vary-
Mww in esch compound. These were piassd ln the order obteslned
by Coldschaldy and Dader.

The Cirst subsiitused tetragane 1o the ihird colusm could
not be mpeasured boeesuss of Lis high dissgoietion. 7Ths third
compound is thls surizs could not be sossured in toluone, and
Goldsshnldd and Beder used seetone beoguse of 1¥a simllsrisy to
toluene In 1%s solvent effeet. The olisongoe of selvent is
undoubledly the resson why this compound has u Jow p¥ and is
out of pluce In the serios. Hopsuwrenoenits on Lhe subsblituted
tetvazance in boih asctone and tolusne Indleads that the pi
value should be largey in the lattar solvont, The p-altro-

siphenyle- subsilituied Setrezasne s slso ln the erong place in
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~the series due to & change of solvent. Slince it could not be
meesured in elther toluene or acetone, chloroform wes used.
Previous work shows that the pK should be larger in toluene
then in chloroform, and a greater valué would tend to place
the compound in the correct position. ‘

In genersl, the results found confirm the order of electro-
negatlvity of radicals obtained by Goldschmidt and Bader in
their work on the dissoclation of o-aryl substituted B
benzoyltetrazanes,

A further verification of Erénstad‘é statement that the
solvent influence is constant and additive for amines in water
and methanol has been made by determining the iaﬁizatian{
constants in methanol of seven %«subs%i%at@ﬁ anilines (table IX),l
seven N-substituted methylamines (table III}, eight «-substi-
tuted Nemethylpyrrolidines {table 1¥), six symmetrical secondary
amines {(table V}, and comparing them with thelr water constents
(figs 2, B3, 4}, The pyrrolidine serics was used malnly to
denonsirate that compounds having a structure quit@ different
from the sscondary &miaés are aifected similarly by the solvent,.

Ionization constants in webter for the water soluble
compounds of the series war@‘xnmwn and differed widely encugh

t0 allow pletting of the vslues to form representative curves.
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In figures 1Y and IV the veluss of for G-hydroxy-

ooy, on
ethylmethylamine and di-{@~-hydroxyethyl)-amine, respectively,

do not coinecide with the curves and evidently are in error.

The discrepsncies are probably due to traces of water present

in the compounds which could not be removed in the short period
of drying. Both of the compounds are hygroscople and the
presence of water would increase the ionization in msthanol as
was observed. The faet that the ?Kk value obtained for
B-hydroxyethylmethylamine in wateé; in which it is very soluble,
fits the water curve verifies the »urity of the compound énd
further indicates that water is the ocsuse of the error im the
methanol measurement. The ienizatian constant for di-{B-hyéroxy-
ethyl)=-eamine in weter has been obtalned from the literature, and
it also colncides with the water curve.

In contredistinetion to the above, another ethanol
derivative, @-hydroxyethylaniline, is only slighily soluble in
water and easlly dried and gives setisfactory pKy values in
both methanol and water {fig. Xijv

The remainder of the compounds of the symmetriesl secondary
amine series have ionization velues colnelding falrly well with
the smooth methanol curve. The combined electronic effects of
the two slimiler radicals substituted in the compounds glve
ionization constants which place the combined radieasls in s
sorles of electromegativity similar to thet for the individual
radlicals in the ﬁﬁﬁg‘aarias;

There also scems to be a guantitative effect, The decrease
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ef‘pﬁbgﬁgﬁﬁ when a methyl group 1s substituted in diphenylamine
in the para position is 0.19 unit, and when another methyl
group is placed in the para prime position a further decrease
of 0.34 uniﬁ is observed. ‘The substitution af a methoxy group
in the para position of diphenylamine lowers the PXoou, o
valué 0.35, and substitution of another methoxy group in the
other para position further lowers the value 0,69 unit. It
appears then that the introduction of two similar radicals in
the para and para prime yésitinna has about three times the
effect on the pK vealue of diphenylamine of that of only ons
radical. t}nmrtun&ﬁely it was not possible to obtaln further
data on this phenomenon as the constants of the bromo and nitro
substituted diphen&lamin&s could not be measured hy the same
method,

The slopes of the water curves for the A-gubstituted
pyrrolines, o~substituted pyrrolidines, and «~-substituted
E?mﬁﬁﬁylgyrraiiﬁiﬂﬁs and the methanol curves for the latter two
are almost identieal. The solvent and radical effects are
therefors constant for each serles and the differences in the
positions of the surves on the chart are due to structural
influences such as the introduction of one double bond in the
pyrrolidine ring to form the pyrrolines and the substitution of
a methyl group for & hydrogen stom atteched %o nitrogen in the
pyrrolidines to form the Nemethylpyrrolidines.

The water curves of the RNH, and RNHCH, series and also

their methanol curves have the same slope and can be explained
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as'aﬁéve,

In the Rﬁﬂ@ﬁ, series it appears that the ionization constant
for mﬂth?l*“mn&phthylamiﬁe as Tound by Hall end Sprinkle (23) is
in error as the pKy value 10.30 does not it the water curve,

A4 corrscted value 9.87 has been caleulsted by subtracting
‘the constant term 2, found for the difference in pKy, between the
wézer and methenol curves as desoribed on page nine, from the
§Kbgﬁ‘gﬁ of %hﬁ compound in methanol {1;.8?3*

This error of 0.4%3 pKy unit is probably due to the extremely
weak basiclity &5& low sala%iliﬁy of the compound in water,



SUMMARY

1. The ianizatién‘aanstant$ of eighteen secondary amines
and eight slpha-substituted Nemethylpyrrolidines heve been
measured in absolute methanol using the hydrogen electrode and
a reference calomel half-cell scétaining U«l f. sodium chloride
in methanol, '

2. The resulis found confirm the order of electiro-
negativity of orgasnle radiecals abtaiheﬁ frﬂmfésldschmiét and

Bader's data on the dissocistion of a series of A ~aryl

substituted A-benzoyltetrazanes.

3. The effect of substitution of orgenic radicals into

the series RNHUH,;, RNHC,H, and R« on the lonizetion

N
constunts of the compounds gives &ngigﬁ&r of elecironegativity
of radicals similar to that obtained by Hixon and Johns and
co-workers. |

4. The order of polarity of & series of (R),- radicals
obtained from the ionization constents of (R),NH compounds
was found to be similsr to that for the R~ series.

5, DBrgnsted's oplnlon that the solvent inflaegee is &
e&nstant and additive factor in the lonization of bases and

anids in slooholic soclutions has been verified further for the

case of bases in methanol.

6. The pK, value of -naphthyl-K-methylemine in water
obtained by Hall and Spinkle has been corrected from lonlzation

dsta in methanol.
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