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INTOCTIoN

The uwee of acidebase titrations in momaquecus solventis 4s & relae
Awely Wil entablished procedare wich is euployed 4o & consideraile
extent o0 & eomirol msthod in phammontical dndustry, Unfortumstely,
the Sheoretieal aspects underiying the precticel applicetions have besn,
for the mosy part, neglected. In the prevent investigation, & fundemerriel
study of scids, Mses, salte, snd inticetors has been earried eut with
the hope of elarifying soms of the cbecwre principless
. Sectuse of the sise of this yessarch fisld, the study reported herein
45 imited 40 the following thres phases of acid-base equilibeis in acetls

(1) A potentiomstrie investigetion of yelative basicity
" with exphasis en the development of the yelatively
move alkaline reglons in acvile acid by the wee of

" (2) & spectrophatometris evalustion of indlestor sonstemts

1n Serms of the Hemewtt Adldlty Function, simed ob
finding indioators shich wndergs shary color trensitions
1n the yelatively mere slkaline regions of scetie scide

(3) A poterticometrie survay of various acid-bese indliestory
% dsternine Sheir potentislities for Hitrimetry purposes
4n scetls seid, |

I¢ {0 the hope of the anthor, timt with the experimental deta
secuwsulsted and wapublished information sweilabls o0 kin, that & elsarer
nderstanting of sons of the fundsmental relatisnsiips goverxing the wee
of soetis scid a9 8 solvend for amalytical purposes may be attained,
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& prosinent position in the £1e)d of scid-dess equilidwia for over fATYy
yoars and ws gomerelly scospied iy & larye paromntege of chewists, Theve
wore sons whe voulised thet $h1s thecy was dmadequate, being sppliceide
enly %0 squesus media snd of w0 value whem applisd $o sevtralisstion ree
sctions in other solvents, Unfortumtely for these latter few, the ins
emgistencies whieh thay cbserved yemsined smsploited for & muber of
yoarw witil the nover theories of acids and bases were postulated.

 Prowamably, the work of Eahlevberg (1) 4n 1502 represmts the firsh
slgnificsd departure from the Arrherdus theory of electrolytis dissocte
stion. Te was alle to demonstyate thed ®ionie® type reactions took place
in siyydrous bensens sclutions between netallic elsstes and dry lydree
ohloris scid gas, while at the sans tine the eonductivity of the solutions
remained virtually the seme, both Wefore and after the reaction ook plases
Zahlerbery scnelnded thet instantanceus chenies) reactions eould sosur in
solutions tiich werw excellant insulators, snd that the pressnce of Lo
was not an abeolute mecessity. In the fullowing year Vorlander (2), wiile
stadying he eolor changes oovurring with indicsters of different struee
Surel pelationships, descrided the titreticn of aniline with kydropem
ehloride in bensme, wsing p-dinethylardrcaschensme ("Wutter yellow*) s
the indioatow.

The earlisst significant work yelating to emalytieal Hitretions in
nonsquecus solvents 1is sserided 4o Folin, Flanders, and Vemtworth during
the yeave 1910 9 12 (3-5)s These mem realissd the mecessity of using
nonsssocisting selvente 4o cbtain shawp indlcater endpoints in the titres
tem of werious Mehew atty acide with sodium ethoxide, Among the



solvents widoh they employed were chloroform, esybon Setymchlorids,
benmns, snd $oluens, while phenclphthaledn wus used as the indiestor, |
They further shoved that the addition of sny exypmmsted solvemts (basls
solvents eontaining unshayed electvom paire) to the mediwm maykedly
Mumammm-nmmm-uum'
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applisd $o all solvent systens. | |
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of thoos sen (1~5) and ethere (6-8) was pomerully ovesdooked wntil 1923,
In that year, Ksntasch (9) yeported 8 study en the mature of scide and
scidie strengihs wiich sepresented & departure from prevailing theoxys At
the sww tine, Brynsted (10) published My prelimizary investigtion en
the protonis $heory of aclds and bases Wiich was sudstantisted early the
mext yoar in an independest stody eseried eud ty lowry (11)e In 2927
Mall end Consod (12,13) published the fired of thely mow famous series of
mmu&wmummnm
solvente. |

IHE QURCETIE OF ACIDS AND BASES

Before preceeding to 8 discussion of acid-base yelatiomships in
sostie 6cid $8 1o desivedis %0 wxanire Lriafly the waricus concepbs of
seids and Waoes,; along with defining the purt which the solvend plays in
the dovelopoent of their intrinsis chavester. The intriguing questiom of
esxactly vhel corwtitutes an scid or buse Jas been, end still is) & subject
of consideredis eortreversy, with 1o less than five principle ttworiss of
scide and bases baving been postulated, In view of this, the following
39 intended a8 & brisf seview of the werious scid-buse theories along with



s claswification of the diffevert enlvend Ypes and how thess effeet 4w
intringie styength of acids and Weses pressnd in twn,

The Arrdweiup Theory

Following the fxtrodustion of She Arvhemiug heory of slestsolytis
diasoctation, sclds and beses were defined as substances ssntaining Nydvoe
gea and hydroxy) doms, respectively, and videh wnderge dissocistion in
Squesus solutions $0 yeld the fres doms. The tesm mevtralisstion eometie
mnmatm-mmawumw
Suoen 6n scld nd base 1n aqueows eclutiony yesulting 1n the Sormtics of

& a2 and watew Sesonding $o yeestiom (1)e

-¢P+m'__;_§l,o W

T™his Npdrogen-dydrexyl Siwory provided & weeful Inowledge of aside
bese ghasecter &4 the time of ite inecption, however ite limitations with
~ yegard 40 e sclvend water bedng mscessnry a9 the fondsing medium were
soon weogrieed ty & maber of sclentists. .

The Solvend System Theory (1k-17)

The sclvesd systen theoyy wes firet employed bty Premklin (14,15) ia
1905, Shough mob yecognined & such, snd Jater extended Yy Mawelf and
Goymemn (16,17) 4a 4w Jears that followed, Idke the Arrhomiug theery, 1%
48 dopendent spon the presmcs of & ssdvest, with acids end beses being
dafired in terus of solvent estion s snisn eoncenteetionss Those gud-
stences Widch enbence the sation eoncentretion of the solvend axe desige
matod &8 sedds, wiile those enhensing the solvent suies eomsentretiom sve



beses, The forusd analogy o the Arrhemdus theory $» sees in resctions |
() ond (3), the mjor ¢ifferents being thed donimtion S8 nok yestricted
| umm nummmm.mmuﬁm
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of oxpounds emtaining sxewnium 1008 46 Sush & gysten enlunces it
acidity, wheress the addition of mclecules somtaining the smide species
enhance the besicity, Unfortomtely, 1ike e Arvhedus theory, the dee
finition of sclds snd Deses 18 Sgrin dopandent wpen the presenes of &
sclventy St represents, however, n Sdvancemert in that fomimtion Wy -
seivieis fa mt sestsioted $0 aqueees sltisns,
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© off ensh other, maintaing that sy substance, %o function as an Seid, mast
be espalle of fumishing protons, wheress & bage must be & Species which
eadily esordinetes or aceepte availshle protonse In yeaction (k), W
umnummcmmnwu-pmm.m
tnd te emfugete base, &%) of the acld WAy
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(L) 15 umids %o yrocesd to the right wiloss & proton eceplor s presust
wioh intrineloally hes & grester affirity for the proten Shan the eene
Sogete base with which 48 originally is ssmocisted, AS & yesuls, the
following equilileis must Do satisfiod in order for & subetence 4o dehave



eplonation of scid-base phencmenon, Unlike ether Sheoriss, the Lewls
éafinition of s acid or bass is nob dependensh upen the presenes of any

particnlay alemend or solventy, s on the addlity of Sons or melecules
%o form gecrdinate eovelent honds through avellsble wnshared alectron
An scidy sosording 40 lawis, i3 smyy subetence espsble of sombining
with an wnshared electren pair 40 forw & soprdinate eovalend bend, widle
" 5 base 15 sy substanee Wiich possssses the whared edectren paly which
is vtilimd in bond formmtion, Lewis proposed four fundesental experie
mntal eriteria %0 ;rw 80 & daeis for his defindition of scids and beses,
These eriteria includs meutrelisstion, titretion with indicators, dise
Mummmavmtmmumw
loder and Suffestd (18)s ALl four eriteris meet be exiidited Yy & molee
uhum_hmuumhmmm'm

 Borem triflouride; for emapls, 15 & Strng Levis acid bessuss of
the slection deficieny in the shell of ¥4 boun atomy, Wile mmonia is
8 tyrdeal base becsuse it possescss am unshared electron paly with wiich
torem triflourids esm seadily scmbine,

T b amy ) rymy e

TUE CLASSIFICAYION OF SOLVINE TIFES

The veriows solvemte employed for acid-base $itrimetry may b olassie
Tiad iste Sour min estegaries Mased wpom hedr behavior vith Tepards o
proton effinities and how they Send to influence the strength of seids
and beses dissolved therein, The following drvatment has bees eomyiled
from soversl sources (Q,462), :



thereiy having & high proton affinity snd being espadle of converting &

~ Jaype mubey of hydrogen eompounds inte 4he eorrespending oniwm icne,

The amines are {ypicsl exmples ef jeotopidlis selvents, posssesing & M
olectron devwity om the mitrogen atomy, which resdily allows guordinstiom
with & protens Protophilis solvents Send $0 exhanee the acidis properties
of weekly Somised hniregen compounds Yy nearly esuplete intersetion with
the acid, resulting in $he formetion of thw enium fem, and incvessing the

_ mmmuamhm(’).
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vonts of this 4ye 1ie intervediste betusen the protogenis and peetephilis
solverts and can generally e chameterised by soms extend of hydropm
bending, Water, though an ssphiprotie tolvent, possesses strong protos
philie properties which mkes possitls noerly ecsplste interaction with
strong stnesel acids, "leveling” them to the seme degme of scidity
thxoush formstion of the hydremdum dom. I¢ 48 beccuse of Ahis phencmsmom,
et 8 solvend sush a8 soetic acid must be enployed te differentiate the
Srus acdd strengths of the various minezel selds, |

AFROTIO selvents, 1.0, Densene and enrbon tetrechloride, axe those
widch mither giw wp Mor coerdinats with protens to any messurable extent,
These melvents are sharacterised Yy the lack of intersction betwesn the
solute and solvent, henos a1l yesctions teking plase are dependent ene
tirely wpon tiw indringis strengths of the yecpective melscules fxwolved,
3% io only in & solvent of this 4gre thed intrinels strengths of acide
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solube molscules which are fyes of solvetion effects,

PROTOCENIC selvents are thoss whidh resdily domate protens e any
species posmecxing sn wnshared slectron pair, therely resulting in the
formation of the eorresponding snium foms A & yesul$ of the solwolysls
reastion, 4he beste strength of wesk beser is euhenced. This increcse in
the relative desiclity rosuits from s envichuend of the selvent axiom
congentration, which 4s the strongest base tiad eun exist in ary glwes
solvent, The selvolysis which enhances bagic strength may b written as
nm(m,ma-mnuwm

b“m:&m‘.“h.&:hhﬁ“d
 wesk smines 15 aeetls acid, Although & mmber of Sclvents are superisr
%0 acetis acid as & medimm for nomaquecuns $itmations, thay do mot possess
e may inherent adventages present in this selvest (21)e Dus to She
 relstively small suteprotelytis cmwbent of sostls seid, the sise of the
potenticowtrie "hreak® 15 of sufficlent mgnitude to werrend 1% wee Sov
scld-dase Sitretions, IS Tesently was shows by Plfer and Wollish (27)
thet the addition of p-dlowsns $0 Soetls acid increnses the magwitnds of
the "hrenk® &b the potentionvivis endepoizt dus 40 & further deerease fn
the mtoprotolytis ccnvtant, therely increasing the possidilities of
mlovormlytionl procedures, On exposuze of anhydrows acstis acld %o S
stmoerhoze fur shord time intervals, emly treoss of modsture are adeorbed
W the seld, Sherely mking Jaboretory handling quite esuvenient, Furthere
more, bessuse of ite ergnis meture, & mmber of substances wiich are ine
oluble n & variety of ether solvemts aze sasily dissolved. | |
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which tend %0 infioenes mormal sclid-bess relationships. Om dissolving
snine of moderate strength inm sestis scid, solvatien Sokes place resulis
mnwmuummmuuwm_
and scotste erien, The Jow dlelectrie comstand of acetie acid (apprest~
mately 6.3 8% yoen empereture) mintmises i axtent of dissonletion of
theoe oppositely charged Senes These Scnd 46 remein in the preximily of
ssch other ae neutrel fonls sonbinetions deing held togetier by the
coulaetde foroes of sttraction. Theve is some tendemney for tieee fonis
soubinetions 4o dissoeiate inte thedr yespevtiw ionsy; sad the dogrwe of
 this “onpeiy® dissociation is yesponaitle for 41w developmmad of yelae
tive basteitly in sostis asid, Throurhoul $w dliscwesion which follows,
additiomn] infommtion perieining to the influence of thess *Son-pairg®
on the yreperties of 4he system will be discusved in deteil.

Wfortunstcly &4 the prosent time, 20 soriats reversidls slsetrods
bas beem developed, consequently a1l messuvements in scetis scid ave
Zelative yethey than adsolute, snd the debermivetion of esact dlssociation
sonwtonts 45 not posaible, The tespewature scefficient of expansien for
acetie avid is, Narthervere, quite larpe, thesely pooducing deviations
in eonesntretion with temperature changes,

In sddition to it%s protogenie prorertises, sostis auid poswsemes
somg Wiighd protophilis properties wiich aids in the differertistion of
intrinels aedd strengthe, The yeastion bebween the acid and solvent
Tesults i the formetica of the eniwm fon, the extent of intereeticn Vo=
twsen the 4w Veing dependont upon the prvten~domating Sendeney of the
sctd (61), ' '
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POTENTIGIETRIC STULIES
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imowledge of acid-base equilidris in scotis seid are Wased. Eaploylng
& sstureted shlsrentl electreds 1n cenjunciion with the standard enlomed
slestrods, Sy were abls 40 Mearie Sprarent differences in Mydrogen-don
activity of various acide and bases 1n sortls aelde With tMs electrode
systen, they axbtitrerily defined the 029 valus of thely seals as 0,566 |
volte, With the hope Saat Ahis valus would be shown 0 be meer the Sere
point of the erdimxy pi sesle in wter, Raplaying Whis "sere wlw®,
they defined the scddity of an aoetls seid selution as pi{he), were,

™0 o (0.5 - ) / 00 . aw

B buing the sbesrved electromotive fores of the eoll i questloms
Pallowing the development of & setisfactery alostrode sywhem, Hald
ek Vernew (21) qualisatively eoapared the acid strengths of perchlosis,
sulfurie, snd hydrochloris acids sud were akls ¢o show thed perehlerie
acid 40 the strongest of the mineral seidy whes present in & “mon-leveds

. Ang® solvent, They poveseded 40 ®xley theee acide in the titretion of

bases of verying strengths and showsd the effects of (a) acld strength,
() the et formed, (e) the comcentration of beme preseat, snd (d) e
styength of the bese on the shape of the titretion eurve. In addition,
they 520 made & compredensive eomparisen with smslogous situations 48

If & saxden of aguecus solutictw of & shreng base, differing fyom



ench other Yy 8 fackor of ten-fold, axe tilreted with a strong seld, the
Sitretion surves 1is very eloss 10 e pif WiS spart, are rether similar
in shaps, and parullel te sash other, Howsver; in acstls acid, though

mmha‘-&-fm“murﬂumhmm
um.hm-uwmuumhmip

it rether them & ful) wdd apard,

488 %00t for “week® and streng® base behevior in verieus solvests,
the curve ebtained Wy plotting $he electromstive Sorve sguinst the
logardthm X/(1aX), X being the fraction meutrelised, follows eertain
sloetro-chuienl suvertions, Per wesk bases, Ahe eurve follews Whe mss
2aw without eorrestion having & slope of 5 M1livalte par wit chenge
in the loprritim of the ytic, Wherees wtrong beses show & marked depare
Sure from this glops. Of the seversd bases ixvestigeted in this marmey
Y D12 and Nerner (21), the slopes showed & curveture wiieh steadily ine
ereased with the strength of the bess, and n all sases the slope was
loss tivm the thecaetioal welus, nmmuﬂnmdh
wmmw&mummww
bases in wnter, honoe thess workers resorted %0 8 more sensitive test for
' vamammﬁnuummw«rn
sgairort the elostronctive force gives, for & strong base in water, &
stred bt 2ine vith & slops of 59 xi)livolde per Sen-fold shangs in come
smtretion, This Sesd vhem applisd 46 the sune Dses &5 Shove, gave &
streighd 1ine with & alope of W millivolte for e strouger bases,
wherees, 88 the Basle strength dininished, the eurvetuye end dsperémy
from Wheoreties] slops becane more pronoumesds

A5 & fiml test of dissociation behavior, the poterdlonstris dilne
ten curwe of dletiylaniline, pyridine, sodim sestats; e-ehloroandline
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aod geardding were experimntally dotermined and esch of the bases exidbie

ted & slope in the vicinity of 0.5, sorresponding %0 & change of 55.1/%
nillivolts per Semefold varistion in concentretion, As & sempletely dlee
sociatod electrolyte has & slope of .1 nillivolts for the seame concens
sration changs, $8 is quits ebvious thed in acetis acid all substenses

" gellow the Ostwald 1aw of concentretion effect (squere yeed dissceistion

selationship) | _
in investigetion of T1 different bases in acedle scid lod Ml (23)
%o &rew sems portinent concineions 88 %o the liniting walues of besie
strength in Uds solvent. 1y pobamticmetric Sitretion with perchlorie
acid undey standardised eenditions 1% wae possible 49 arvenge all 71 bases
in the erder of their strengths by computing the pH(EAG) o4 which the

. Jogaritim of the yatie of 4he Dese ¥ SalS Serm wnishes, dence |
pliRe) g 51 the latter being the dissociation eonstant for the prow

Sonatod tasee A plot of Fhesteity{BAed* yoningy Frastoity(H.0)%e gives
tm'uMth : _

58 the besis strength beomes progressiwly grester in wter, 1§
kowine insreaces 1n sostie acid wp 40 & sertsin value beyond wiich exidy
winor varistions in basie styength soeur, even though the strength dn
aquecus solutions is eontirmally inevessing, The poird &b which bases
tend 40 boooms "wtrong® in scetis acid ccours &b py © k.75, wiich elosely
epproxizaties $he strength of sostate ion 63 & bass in waten,

On the basis of the Sitretion eurves inm acetis scid (23) and Pigwe

* Tnpmicity(8he) & pxe o pilihe) § og R st R @ 3, 1.0, 2% e mide
point of the titration eurve where the Jogaritim of the dase %0 sels:
retio (1) wanishes,

* Doasictty{B20) § piig vwlog By & 3Ky
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1, the various beses wre classifisd inte one of thres estegoriest weak
beses, intemmdiste strength bases; and strong besss, e Wiretiem
sarves of Ahe weaker bases rise yether ropidly ab firet snd esntinue 4
rise with inevessing ssid eonsentretion, though sob as shaxply. This
eontinual yise may be sttributed %0 the faob thet soms of thess dases s3e
such wesk entities thet Sheiy Sendency 40 weeeh with porchloris acid is
dixirdehed %0 & point vhere the selution behaves as 4f Just the solvend
2loms Weye present,

T™he eurves of 4he intermediste strength deses are semsvhed snslogows
to $hose of wesk bases in water; however thess tond 46 %o somsthed
fattennd in characten, This anomalous bedavier has been showm o b

 esused Wy ehanges in activity wefficients during the ssurse of & $itre-

tion (2h) a8 & Temls of wariations in the *tente strengih,%

The streng bese curves are amlopous 40 thoss for strong beses in
wter which my b setionclised en the fachd thad streng Jases yeadily
S00eph & Jeoton in acetds asidy therely being present almet entively in
the foniwsd Soem, The additicn of perchloris aeid % the system merely
serves %o swbstituts pervhiorste ien for sestate fen, henos the "iomie
strength® yemsing virtually sonwtent and the proten aetivily 4s dopendent
wpon the renowval of scetats Lon from the sywtem,

OCONDUCTOMETRIC STUDIES

 Adtheugh the work of Hall, Comend, snd Wermer (12,13,20,71,23,%h)
Monsered the 1014 of acidity snd basicity in scetis acid, thess werbere

hunmwmw,wm«ummw
& nisnoner sincs the astual mumber of fyee ions present as such is

[



sonventyated thedy efforts primrily en the messurenmd (potentiometrie
eally) of yroten sctivity in various solutions, and in this mumey were
able %o drew qulitative conclusions as ¢0 yelatiwe indrinsis strengthe,

In erder 40 obAain quantitetive dets perteining %o the strength of
acids and beses, Xoltheff and Villmen (25,26) ewployed conductance
ssapurenents in emhydrous scetie seids On the basis of the conduetivity
. of the sespestive solutions, the relative intrinsie strengths of several
seide and bases were approximated with soms degres of ascursey,

As previsusly poimted eut, the sbility of an H-acid 0 denste & proten
%0 8 protogenic solverd poscessing some pretopidilis properties &s 8
mawmmwﬁ-m

X 4 G000 u,oou,'or | (12)
nmmuwm.m(mxm-m;nmmn'
KX exists predomimently & sweh in solution, lNowsver, if KX 45 & streng
aid; there 18 & greater tendency fer the solwtion yeastion 40 proceed
% sompletion and yenction (12) lies predenizently %o the right, |

T4 mst be pointed eub that the dlelecirie censtant of acetle aeid
is quite low (6.3), hence the ions formed have & tendency 40 yossis as
Meutral “loopaire® or eonline a8 Mpher meutrel ionie aggreogations, This
*lon-pais® formation wae £irst postulated Wy Bjerrun (60) and later doe
Scrided bty Namtssch and Vaigh (27) in thedy work desling with the deters
mizetion of the Srus strengthe of minerel acide in weter-free chloreform,
 The prosence of "Lon-paire” as the normal sherseter of fonised soliwtes in
Sostis acid has yecently been substantisted Wy the werk of Oriswald,
Jomss, snd Mrdvidsteld (26) vhe showed that the melubility of potassimm
bromide in acetis acid is snhanced iy e addition of selutes eemdaining
2 scmom 4om %0 the mywiem, whervas the sddition of solwtes lacking 3



esswn 1o produces wery little effects This they stiributed 40 am eme
change Yesction between the “iom-paire” and were abls %o eosputs squie
1ibrivm comstants which jemained fairly constant ever & wide yange of

In 8ddition %0 "Som-paiy® formtion, the wesley acids &ve espadls of
sssociating themselves with the solven’ giving sise $o addition compounds
whish exish ap such in selutiom (25).

A @ifferemtintion betwesn "Lon-psire® and mevtre) eonbinetions is
quite inpertant in wnderstanding the ehanges eesurring in the slectriesl
senduotivity end basicity of acetis scid solutions imde which mimste
amounts of wter are imirodused. In the sheence of weter, the conductence
cmmnmm-mwwmm(ﬁ)u
deoresse in the following erdere |

B S e

A & comeemtretion equivalent 4o 0,005 mlar, $he yatle of the sondustivie
ties of the adowe acide are 40011601 30491], yespestively, thess vesults
being in direch agremeent with thoes eported Wy Randssch and Veigh (27)
@ the intrinsie strengthe of the wariew acids,

m,mammmmmmh
Soetde acid, interects with ¢he weakwr acids and incresses the maber of
Pion-paive” present in acetis acid (25), Om the sther hand, streng scide
wich have wndergone dissociation 40 some extent in this sclvent msrely
solvets preforentislly with the water molscules bty means of & trensferenss
MhWMhanﬁﬁﬁmnﬁnmam.
shange (percentege-arise) in the mwber of *ion.paire” present. Therefure,
he not reeuld 45 that in the ense of & week acld, bectuse of erbuneed
dissociation, the sonductencs will e msrkedly ineveased whereas in the




osse of the strong aald, the effect on the eondustanes will be wary mall,
On the adéition of wter 40 acetis scid sclutions emntaining wariens

acids, nod only 6 the esndustivity of the aystem altered, bub the asldity
Sends 10 decresss, the extent of decrease being dspendend wpou the Reture
of the acid presermd (29), As poimbed out Yy Sedth and Ellioth (29), the
changes ccourring in scidity are depsndent upen the yelative dasicities
of thres speciest the aniom of the acid, the water mlesules, and the
. aeetle scid molecules. 4is the emjugate base (smiom) of & week asldy 4.0
. hydreehloris 8cdd, is strenger than the eonjugete base of & strung seid,
1.6, porchlorie acdd, it is evident thet the former will mot heve a8 Mgh
an affinity as the lstter for he besie wter molecules. Therefors, 4he
yesction of & weaker aeid with weter will mot preceed te the axtent of
| the stronger aeld, and the scldity of selntions cemtaining stronger acids
will e decressed 40 & grester extent than thoss of the weeksy acids,
This hes been shown % be the sese by Swith and Elliotd (29) whe wamd
further and showsd that $he daclcity eonstand of Water in acetis scid 4s
dependent upom the strength of She asid present, and Wot upon the weter
molocnles themselves, ' | )
The condustence dete aweilable fram the werk of Kelthoff and Villmw
(25) has oo willisnd (29) %o cmmpute disseciation enstent values for
several "fon-peis” gonbinations in scetis said, Ry ewploying 8 Puoss and

whe o » e (a3)
("onmpair*) . (free lome) |
Ksiosoatation g () (A")/0M") » ()

quiw.n) WYpe plot, it was posrible o sspute wines of the equives
lond econductence &b infinite dilution and classiocsl dissosiation emnstand



for perchloris acid, Using the asswption thet the limdting equivalest
. eonductences for the other scids snd Mithiwm shloride ave mearly She mess
as porchlorie acid, dissecistion constants based em thed of perchlorie
acid were esleulated. These wluse® a8 given ly Suith and X1ioas (29)
v 08 ol | - o |

Actd or 834 X

perchlorie acid 9.0 x 107
Rydrobronis asdd 1.9 x 207
edfwrlosedd  Thxw?
Rydrochloris seid .1 x 200
2 tktun ehleride o x 078

Quantitative rolaticmships ameng the Variows insrgenie scotebes
wiish behave ac bases in acvils acid were alse deterined ty eondustes
mwtric mans, The condustanee of equirmclay sclutisns of various acetates
in sortis acid as yeported by Xelthoff snd Willmen (26) shows the in=
ereasing exder of cidity for eations o bet b, K, N, (M5, ®K), N,
13, Ag, Da, Br, Ge, and Mg, A sixilar study earvied ows in acetle
arhyéride by Usanovich and Yatatmireld} (32,33) fownd the exder 4o bet
Ky W, b, 57y MR, PV, 18, Mo, Cay T, Cd, Ou, Mg, KL, Zn, AL, and Be.
Solthoff and Willwen (26) further werified thedr work hy sn indiostor
Prosedure, messuring the specifie ssnductence of & potassium scetade
Solution posssssing $he seme eolor intereity as & fimed esnsentyetion of
®tion scetate, L.0¢ the conoentretion of potessium sovtets wae varled
wmtil £§ prodused the ssme color s thet produced Ly & fixed amount of
¢ opinion of the presswt swthor thet these dissociation constamts

teken enly

RS & gruds approximstion, as the sssumptions made
nod wholly welid,

55‘
5
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 In em atbeupt $0 sorrelate somo of thelr dats with Shed of Held (23),
Kolthoff and William fnvestigeted the conuctanes bebavioy of sovesul
 ergerde bases in ¢ sixilar mmer, On the besis ef Ahelr sosults, Shey
. asswmod thet the axtent of diseociation of the selwation preduct veries
 @ireetdy with the sl of the ormnie estion, This 1s in sgrewwmt with
e lswelstion bahavier of $he iurganic esticn Gcetates, the lermer U
o150 of the lon, the greator being the diosoeistion. |
_ Tor & given series of salts 13 asetde acid possersing the suw estdom,
the 8cdd vesction of the salutions tends %0 decresss in the erdery
€10, *> I™> "> C1%™ >W0y" Vhere & common suiom is present, the Musiclly
docressos sceordinglys Wb >kt & mbomd>1ab (26),
COLOKIMETRIC STUDIES

The work of Hal) snd Conant (17,13) provided & meenw of masoring the
relative strengthe of seids and deses in oetls seids In the echodes of &
tere point for thelr axbitvary seals (ses squetion 11), thess workure
selsched 0,556 velts for the fullowing roasonse |
*I% soons probahle thet the strenvih of anhyfre bases should be srrrexde

mtely the seme in differend solvents and this 45 the case for uree
dinethylpyrone and scotamide in sectie acid and waler as we heve ﬁ-l
e

Pia of sostis acid in weter,® |

In w sttampt o sorrelate acidity weesuremnts in strongly acid
solutions with thoss ebtained im dilnte aquecws solutions se thed the we
Seales world owerlsp in yegions of mederete acidity, Numett end Dayrwp
(3h) Gafined "acicity in terwe of a bagle indflostor,” which des since



poonss Inue a8 the Sumett Acldity Punction, Nye In measuring the
acidity of & solution Iy means of & simple dasic intiostor”, the extesd
0 wiich any acid present is eanedle of transfurring 8 proton 40 & meutral
orgarie Yass 415 & mnsure of the total acid concentreiion present and
a1£2ere soneiderebly from the Sheoreties) eoncept of iydrogen-dem Sotivity,
The acidity funetion has been dafined for wee in solvemts of Mgh
dislectris ssnstant vhere the protomsted form of the indiestor dase is
indeperdiont of 42w anion present) however, &8 will e pointed oub later,
there s & weeful correlstion between H, and potentiometris masuresents
in scetis aeid (3,36), The indicetors empleyed are of wuch type that 4he
ad2ition of & proton yesulis in & changs in the visidle eslor intensity
@9 o changes in the fonisetion retio, Mi¥/3, where B represemis the ine
The theeretioal derivation of the Hammetd Acidity Pumetion is based
o U foct At Ay meutred mloculs wideh hes accepted & protem Sends
%o waderge dissoeiation 4o semp exbtant aceording %o the following schemet

and

P 8 o dog (EH/EW) o g (pnrh/eoah) (16)

In diluvte squeocns solutions, if pXs* 49 known, them the pX? of ary
sther indisstor, wiich overlaps & pertion of the adidity renge covered VW
$ndlostor A, may b ewvelusted in 8 etepwise procedure, This fullows from



sqonl scidity.
|
wh o ml * g Q_ tog 2 an
_ H =~
mmmmnumummv
. funciion scale 18 thet the 1etie of the sctivity ecefficiems, fo/m¥,
the saae forr 311 bases in any glven solution, henoe the yetio of the age
| tivity ocefficlents in equetion (17) vanishes and the folloving expression |
,m, - nt'; * -ha(nmn‘m#)w - 18)

mmmmmuhmmmmwmu
mmumawmamumnumm

| mmmwmmmﬂwmhmm
ing menert |

N © 3 o dog (n¥)/(e) o Q9

By subetituting the definition of pi inte equatiom (19), R, my be ewe
precsed in 1% sqdwalent form showing 4% 40 be independent of the mature
of the bass swployed 0 meesure ity provided thet She protonated ferm of
the indicater base 15 independent of the sonjugste base of the acld pres
went,

R & o dog (mh)tn)/(0m®) - (20)

By wing & series of beste indiesters eovering 8 centinuous Scldity
Mage, and 8 stepadse appliesticm of equation (18), the base strength of
oy acidis solution yelative to weter may be oblained, As previcusly



pointed suty 18 i3 essential, thet the protonsted form of the indicster
b eonpletely fres of the mnion in erder ¢o obtain & true mssure of the
yetie BE¥/B, sines in the derivetion 14 is asoumed thet B¥ &5 independemt
" of the sxion form, Im this mamer, Nasmett and Dayrup (3) weve sble %
cmpute iy velues for sulfurie scid solutions yenging from 0 40 100 pere
cond in scid comosntration, AS those results were cutside the runge of
"3 ute Squeows selutions,” 16 was mot possidle %0 estahlish the sere
podat of ¥he Hyeesle, This wes corried out ty Rmmett and Psul (3%)
eglaying strongsr indicator bases in salutions of wesker acidity, sad in
this numer were ahle 40 eorreet the previcus data of Huewtt and Deyrup
(”o ' : |

%all end Spengenss (36) used the vimual eclerimetris method developed
Wy Bmmett (31,35) o obtain Hy wealues for scetis scid solutiens enteine
ing from 0,02 % 50 peveent sulfuris seid with the intent of re-dnterprete
ing sune of the esrlier potentionstris deta (23,2)s Using sm indleator
whose pE' wag ebtained ty Hemmott and Peul (35), they employed five 4ne
dloators whose pk* values thwy determined in & steprise grephical preces
Sure, hmhmmMﬂuMﬁMﬂtm
scals and Ny, thay showed thet in dilute soluticns of sulfurie scid in
scatls acid, the velstionship "y @ pu(FAG) § 9o, 35 aproxinately
sorrect, This wes erigimlly sugpested ty Basmett mad Dayrup (3h) sxying
thet “In ¢12ute aquecns solution, Hy becomes equal te pij in acetis acid
14 1s theoretioally equal 4o pH(EAG) of Hall and Comsnmt, bub 41ffers \y
B additive sonstant from the valng ectually given ty thelr seals,®
~ Hall and Wemner (37) further axtended the valuss of the Hy yenge in
Sortis acid into the more positive sepiens bty employing buffer systens
of constend solute eoncentretion, Again, indicstor constamis were doe
Sernined in the weusl stepwise procsdure, Ny the use of sulfurie acid o



wesydroges sulfate buffers, they covered the runge «l.é $¢ <0,385 with
sres.hytrogen sulfate « ures, the yengs «0.17 % 1.935 and with amtie
porine.hydroges sulfste « antizyrine, the sange 0,67 ¢ 3,62,

Razbottls (38) applisd the acidity function %o mixtwres of 6 Formal
perehlorie scid « sodimm perchlorate systens weing indlesters previsusly
sveluated ty Humette A series of srganie acids were prepured by Smith
and E1lioth (29) whe measured the By values of their solutions iw scstie
acid conteining 0,18 pervent water, On the besis of these measurements
they showed that perehloris scid 19 the strongsst of the minerel acids,
though incompletely Sonised in scetic acid, and that the di~ ani Srisube

Lomive sod looss (10) further added $o the muber of Aindlostors
svilable for acidity mssuremensts in acetis acid and employing thees
wore &hle %o messure the basic strength of severul wesk bases, They shews
od thad the relationship betwwen the thermodymnis sonstant, pig, of &
base and 444 domimstion contant, XI, in soetls aeid eemteining pere
mmhmwuumt-mbw-

X .::tq,o:-.(a‘n-m ()

mmmummmmumm
humumm.m.mmm,
ad othere,
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Along with thely eonstants in acetis acid, as determined Wy warious worke
e i given dn Tobls I, The majority of these indicstors sve of the
niling type which senforn t0 the Hamaets definition, howsver the color
thanges which they exiibit are gradual yether them sharp,

As amother attenpt in the developnent of &m scidity scale 88 & means
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of seasuring hydregen~don activily in extremly secidic selutions,
Miohaslis and Orexick (h1) wtilised & Mvalent, yeversidls indiestey
gysten wiich s eapatile of distinguishing thyes levels of exidation o
yeduction, In this aystenm the potentials of the sednesd « semi-oxidined
(r)) snd semi~oxidized « Sotally-cxidised (Eg) states were dependemt
wpom the Nydrogen-don concentration snd were imterrelated Ny the meen
potentis) (E,), wrich seprescunts the momml potential of the Teduoed
Sotally-oxidiesd symtom, |

B S (34 N ()

The differenss (Ep « By) was dependesd upon the hydrogemeion eonccntyee
tiom of the system and the sprond Datween thees Swo potentials was empleye
od a8 & masure of the hydropension setivity st pit values lses than seve,
The systems vere 3o chosen thet in the exdinery scidity yenges, they
ooincided with plf, The valuee of By and Eg were deterwined by means of
potentionetrie titretion experizents.

The indleators chosen Weaw employed ia solutions wiose acidity
'mwummm-uamhmamdm
potential eurves, Ky and Ky, Jusulting from changes in the state of
Scidis tonimtion of tiw indicetor forme dus $0 protom attagimert, Thevee
fore, indicstore which everiarped their renges were exployed 4 extend
izte the move scldie yegions,

™he values odtained Yy t:is method were in elose agresnent with the
voluee cbtained with the Eammett Agidity Pumction (). 4 dletined
Sdvantage of this method lies in 1ts use of wmoharged, singly eheavred,
Snd doudly eharged deses, whareas the Huwwtd N, aysten is derived for
wncharged and singly charged indicator bases,




| xgmweruoy -, O

A eonsdderable smount of work s been dons in the Felstively acidie
. yeglons of the acsiic aeld solvend systeme These stuliss heve beon cone
 osrned with the development of stronger scids and the use of indlestors
wiich show sharp eolor trensitions in the acidie regions, Unfortunstely,
e relatively alkaline regions of this sywtem have bosn, for the most
part, msglected as & solvent for snalyticsl purposss. |

There are & mmber of methods svailsdle for acid-bess investigstions,
however, the present werk hes been limited %o potentionetrie end eolerie
mstrie studies of the relatively alkaling egions of scetis scid, Im
earrying oub Ahis work, esphards vas placed on the duvelopment of strenger
tases than thoss eommonly ueed a8 present for titretion puwposes, IS wae
initially destred 46 Jooste sn effectively totally dissocisted buse in
acotie acid, housver i4 Socm Docans apparent thet such sa entity wuld de
Mghly Lmprobable, AS 8 yesult, attection was them directed fowards
Studying the effecte of stervochemisal eonfigurations en dissociation bee
hevior 4n scotie acid, with the sim of Jocating the strungest base possie
L |

The measuremnt of hydrogenddon activity of & muder of bases of
varying stsucturel types n sostis acid was carried out by means of &
potentiometris dilution procedure, In the ehoies of erganie smines for
potentionetrie study, particular sttention was paid t0 steris; eonfiges
sations sbout ¥he nitregen atom wines previous workers (26) heve shown
that "Sonepair® formetion ess be yeduced Yy increasing the interionde
distencs, In eomparing yelative dissocistions of the waricus bases,.
Potentionetrie acidities were eouilibreted, and the yetde of the dlssosie
Sticn eometents of the dases deterwined socordingly. Bines me absolute



mmpﬂmhmﬁcuﬂ.mmumﬂhﬁﬁ
40 thot of s arkdtrery standard, R

The constants ef sewerel indicators widch exkitd$ hedr eolor change
in the relatively alkaline regions of acetie acid were evaluated by
spectrophetametris procedures, Ry determining the scldity st which the
yetio of the protonated %0 wnprotorated indicater forns was ene, it ws
poesibls $0 deterxine the indieator ssnetaxt (pK') in terws of the Huuwit
Acidity Punetion (3h). With the sid of thess alkaline indiceters, 1t was
possible o extend the Nemmett Acidity Punstion scale %0 the meve alkaline
vegions of the selvent, |

nmumumammwmm—
pertios in scetds acid, potentiomstris acidebase titrations were performe
od in the presence of & choswn indiostor, The suitadilily of ssed ine
dlostor was obtained 1y & eswarisom of the eolovimetrie endpoint with
that obtained from & greph of the potentiometrie ttvation eurve,




sodures purformed 4n this vessarch study are described below,

PR It Mlative Mesicliy Yy Potentiowtric Measureneats,

APPARMITUS, Deckusa il meter, dodel O,

Beckmen Olass Electrods, Noe 1190.00, In erder to obtain veproducie
ble results 1% was found desirebln 40 Lfamerse the elsotrode in 0.1 morml
Mydrochloris acid solution for & short 4ims interval after wes, and then
allow i¢ %o soak overmight in distilled water defore subssquent wesage.
By mans of Wis procedure repreduciile yesults ware sonsistantly attaine

. Bocknen Calemel Elsctyode, Mo, h870=TA (Slseve type)e To insure
proper Yesponss the slectrods sleeve wis yemoved and the sstureted po-
tessium ehlorids solution allowed 48 partially dreia eut snd then replaced
with fresh solutions AS various imderwals, the elsctrods was complotely
dreined, finshed with distilied weter, and then Yefilled with frech poe
Saselm ehloride solution and seversl potassium ehloride erystals 48 ine

EEAGFNIS, Olacial acetis ecldy e.pe Yeagent, ws refluand with
 Sriseetyl borate According 48 the precedure of Eichelberger and la New
(L3), and then distilied from am sll-glass spparetuse This purified scid
was employed in the preparstion of all solutions and in potentiometrie
Soasurements, During the latter stages of this work, the scetis scid wme
vefluned with borem sestate obtained frem the Amsricen Petash and Chemionl
Corporetieon, and then distilled in & sinilay msmers

Bodium salicylate, Us 8¢ Py grede, 0,200 molay in sostis scid,



Sotessim Mphthelate prinsry stendard (Merek),
Quinaldine ved (Eastman Xodek #1361) indienter solution, spproxi~
patoly 0.1 per cmnt in acotie acdd, | |
) Nerchlorie acid, spproxinately 0,05 mlar, in aestie acid was pre-
pared 8ocording %o the procedure of Frits (hi)e Standardimation of the
" acid was ssomplished againgt potassium biphthalate prisary standerd with
quinaldine ved as the indieater, |
Stock solutions of the various imorganie seststes, axines, and substi~
Suted asmoniom sestates, spproximstely 0,05 molar, wre propared and
standardined ageinst perchloric cid vith quinaldine yod as indiesters
where mecsssary, ths wealny incrpanis sostate sclutions were standnrdived
Wy potentiemetrie titretions, The bases fiwestigated inclndeds beriue
scotate}, mereuris scetete, Jithim acetatel, mpwsivm scstate, potassie
 wn sostate, odlum acetste}, strentium asstatel, mmoniws acetate,
| aeutrlenine?, d1-dsobutylamine’, denteiylanize?, trivenyleninets?,
 frienciutylanize’, Sricyolebexylaving (15), triethylmine?, tri-n-heptyle
suine?, tri-ndexylmdne?, Srimihylanine?, tri-ncoetylamined, trie
honylmdne?, tri-n-propylamine’, and Setrebutylamoniun sesteted, Thees
solutions were stored in the yYeserveive of sutomatie bureis, The ine
erganie acetates ware of amlyticsl resgent quality dried &b suitadle
tesperetures, The mitrogencus scrpeunds were titrated for theiy molecular
weights n aostis acid using perchlorie acid titrent and quinalding red
indlestor, The results indicated het all ihe mines were better than 99
por emmt.pure, After swversl recrystallimtions the Setradutylsswninm
Scstate was found te Dave & moleculsr wight of 357.0 csmpared with the

L}
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~ # Obtained from Sharplss Chemicale Inc,, Philadelphis, Pa.
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endoulated weight of 1.5, sorresponding 40 & purity of 84,50 per ommt,

PIOCEIUER, A series of diluticns of the waricus bases in asetis
scid were prepared iy dllution of the stock selutions 0 25,0 millilitere
in volumotris flasks, In this munnay & seriss of solutions renging frem
mamwmmmlmmmmw Yor
thoss mubstances investigated &t concentretions greater thaa 0,05 molar,
Aiutions of the nore esncentrated stock solutions were employed.

Kisctronotive fores measuremenis in ssetic scid are mot indlestivwe
of teuwe euilidterium wltages; Wb relative wlues, henoe it ws Necessery
te ¢hoose snd extitrary standard with widch t0 sampare &l potentiometris
yeadings, Sodimm salicylate, being ¢ salé of am acid stronger than
sostie scid, was chomm s the teference standard with widch 4e corpare
all ENF messurenents, A 0.100 molay acetis Scid solution of sodtum
slioylate used a8 the seference gave 8 petential of 376 milliwits,
being consistant and reproducidie within the seasitivity range of the
Nodel § pE meter. This potential wms subtrested from &ll other msssuyee
sents, henos 81l readings sre wpreesed ia terne of mlliveits relative
% the reference selution,

‘ T™he use of this standard yeferenes solution provided 8 dally check
o the meproducitility of the slectrods systeme Failure of the system %
five the proper referencs resding with sodium saliqyliate solutiom indiens
tod that the elactrodes required soms eonditioning defore setuil messwrve
ments were begun, Under thess eivoumstances the elsetrodes wre subjected
40 the Sreatment discusesd sbove until the proper reference Wing Wes Je
Producitle, |

All potentiometyic msesurenents ware oarrisd sud \y trensferring the
Proper dllution %0 & SOwwml, beaker, Lmersing the elsotrodes in the
Solutdon and yecerding the EMF reudingss It was mecsesnsy that both the
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top and botten of the calomel aloeve were fsmarved in the sclution 40 ine

pure reproducitility. Exposure of the electrodes t0 Scstis scid solutions
for periods longer than & nim:te or % resulted in deviations, presume
Wy fren 8 dehydration of the caloswl slseve Joint by the scetis acid,
tesdings were theyefore talm 88 soon a8 possidtle and fyequently shwcked
ty tw e of freshly prepared selutions. |

After sach neasuyennt, the electrvdes ware ¥insed with ethancl, then
with wster, and finlly allowed ¢0 soak e mimutes in wter prior te the
sext determinetion, Thorough drying was dnsured by the ues of chesse
cloth and lens paper, making eertain all the wter was removed frem the
groove of the slesve elsctvods,

Tesults were ebteined ly plotting the logaritim (molarity x 304)
againet relative millivold readings sad date ssnlywed en the Wesis of this
chard as showm in Pigure £, _mwmmmihm
00,0001 %o 0,01 molar where the curves exhibis & marked degres ¢f parals
2elism, | |

A1l experimental msasuyermnts ave belisved socurets $o the extend of
dilution orrors and the sensitivity of he Model 8 P meter,

PARY IXs Mumm(ﬂ'iumwm
Hmmett Acidity Amotion, By (3h)e

APPARAYUS, Cary Recerding Speetrophotomster, Model 1UE,

Quarts abeorption eslls, Oudy 1.0, and 10.0 en,

REAGENTS, Aeetis acid, prwpared &8 in Purt I,

Antipyrine, N, 7. grede, 0,1111 molay in asetie scid,

Pare sulfurie scid, prepared ty the "fair and foggy” method of
Fanaley (1) . | |

Artipyrine dligdrogen sulfste, 0,111 molar in acetie acid, prepsred
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.mﬂ-ﬂnmﬁﬁnﬂmmmm“ |

Nerchioris acld, approximstely 0,05 molar, prepared end standardised
MQNMd'MﬁW-

Tricyclehexylaxing, 0.1111 molar in acetis acid,

Bodium 8eetate, As Rup 0c1112 molar 4n scetis Scid,

Potassium Sostate, Ay Rop 0.1111 molar in acstie acidy

Strentium scetate, Ae Rey 01111 molar ia acetis acid,

Aovtis seid solutions of the following indiestorw in concentrstions
widch provided suitable opticsl density messuressnts, The indicetors
were secrystallised from the solvemia indlested, dissclved im acetis acid,
end filtered bafore wee 40 insuse fyesdom from wadissolved indicator
| Quinalding red (Eastman Xodsk £1361) « yecrystallised

from ethanole |
pePharylanincascbensens (Eastaan Kodek #171h) o recrystalls

Seed fyom am ethanclacetons mixture,
peOinetiylanincagobemsens (Esstmen Kodek £338) «

recrystallised from Shelly Eo
Tynel diue (Fastsen Xodsk #753) & recrystallised from
Bensopurpurin AB (Fastaen Kodsk £1071) © swpleyed i &

sstumted solution in Sostie acide
Ovangs IV (Rastman Kodsk #7 §23) o poerystallised from
«lapitholbensein (Eastaen Kodak #924) » recrystallised
£fron ethanol, ’

Hmm, Buffer solutiony of sonstand solute comeentretion and
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end antipprine.dliydrogen sulfate solutiens as deserided iy Rall and

reyer (37)e The vesulting solutions were 0,1000 melar in totel selt come
contretion after addition of the indieator solution, The finad corpo-
sition of these solutions aleng with their scidity funetion values are a8
followms | |

5
%
i
.

AL2 - 0,000

A 0,001 10,0809 2.2

L6 0.0022 0. 0778 2.60

A8 0,0l 0.0556 2.96 _
‘0 0,0667 0.031 30
A 0.0778 0.0222 0 :
’23 0,2000 . .

% soch solution & Lixed volwe of indiester solution was added and
the yeslting visibls abscrption spectrum was Pecosded evey the region
30Smrdo 700mp, Omeeems quarts Alworption eslls vere empleyed with the #
Cary epectrophotoneters | .
In order %0 insure wmplete comversion of the indlesters 4o thelr
 acldls and Weels fome, the sbsorptien Spestre of AP and 423 buffers wre
_mWﬁlmdmmMﬂwm
king il eonsiderstion any veristions produced 3y “wedluw® (i7) and/or
The determination of the iomdmation metie, H¥/5, was Scoemplisted
YW the wee of the spectrophotonetris date and equation (23), which &9
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'amu'mmuhm.mm&m). By and Spd
peprecent the mlar extinetion coefficients of the bass and salé ferme,
yospoctively, While § 15 the molar extinction scefficiend st sy dntere
sediste seidity vhare B and ¥ sxe present a8 an equilitwium mixture.
The sctivity evefficiend Seme for the base and selt forms heve been
Saken a5 unity sinos the dye concemtretions are presomd im extremsly
sell mounts, Sines $he meler dye eomcentretion and ¢ell length ave
_ mmqmmamwﬂmmmu—
Mmmaw—(m.ma
e - m”.'n] | ()

where B, By, and R ave e optics] density walues corresponding 4o
Spp Bpmby end Be Tiilising this dats, the veluse of pk' were cosputed
grephioally Wy plotting Hy ageinst the Jogsrithm of the iomisstion retio
. and Jooting the value 8t which the logarithm of MH/B for sach indlestor
1s mrv, and therefore pK* equals N,e

Cuinaldive yed was subjected %o & thorough speetrophotemetric ine
vestigation S0 show the effest of changes in the solstion somposition em
the wave length of the absorption maximan in the alkaline form, Among
the factors considered were “iomis strength,” indiontor concemtretion,
anions, and eationsy all of which will W discussed in detail wndey the
Section desling with tids indlcators The extent $0 which quimaldtine yed
muw-mmmvm%m.qu
mm.mmmmmw-m
of Sen~fold in ench inetance,
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AR IIZ The Investigstion of Indicaters for Titretion Purposess
APPARATUS, Beckuan pR weter, Nodel O
" Deckman Glass Klectrode, Ko, 115080,

"mmm,n.mntmvu).

 Nagnetle stirrer with $aflon coated sbirring bevy -

| NAGENTS, Aestis seld, prepered e in Pard L.

mmmm%mmum
scoording S0 the precsduve of Prits (bh)e
| mmmmwu*muwme
rmsler (16). 5

Wmumumm |

Sodium sortate, As Rup 0,111 moler in acetis scid,

' mdmmmammanm
concentrations e a8 4o yender calow chenges Yeadily visibler quinsidine
704, woteni) yollow, malackite geen axalate, bensopupurin kB, erengs IV,
proryl red, thymsl blusy ot-eapirtholbenseing pepherylasinsssobmeens,
pedinetiylaninesssbensens, note~cresol purple, fornyl violet 843, beile
Mazt yellow, snd mpbtol green By The latter B indleators were weed
in fyeshly prepsred snd filteved soluticns.

_ PHOCEIVRE, Solutions of perchloris said in acetis acdd ware titrnted
© potenttmetrioally with trieyeloharylonine ta the presence of verious
intleators, Joth poientionstric and solorimetris data Were yesorded &
suitebles (ntervals and grephical eomparisens Detween the w0 endpointe
vere made, thess resulds Buing shown in Figures 22 W 33

Velghed samples of pure sulfurio seld were titreted potenticmetrds
eally with (1) sodiwm scetate and (2) trigyelchesylasine. A comparisom

of the potentionetrie "breaks” axe showm im Figure 3, %he cuwrves daving
~ Yoen shifted wverticslly so that the half-msutrealisstisn points ecincide.
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hmmmmmummm |
tn soetic soid, Deesuse of the low dislectris eonstamt of sovile acid,
the Tesulting "Lonpeize® of the mmwnium acetate ave weile 40 wndorg
dlovsciation 1nte sharged particles, the sslS thus yemaining intact &8

. yeutrel wndissociated bedies, As besisity in scetis scid i due entirely

 the smemtretion of free scstste 1ans present in he syvies, the
._mummmmmmm
 the relative "alkalinity” of the sclwidom, | |
© . The yesults of & linited study on animes esrrisd eut by Xolthoff
end Willmen (26) showsd thet ©w disseciation of the *ion-paire® increased
 with their fomlo dlsmster, Thus, in soccrdenss with their work, 1% wowld
e expected thet the Nigher moleoular wight Sertiary smines weuld be
sxong the strongest bases, and that dasie strength would increass with
the Jength of the alky)l shains, This may nob Escesserily be frue, a8
will be shown Jater, sines the extend of dissocistien may be dependend
 wpom move Abem Just the fonis sives, |

Ap prrd of the present search for strongly dWasic resgents for the
acetio acid sywten, 3% was folt dosireble 4 conduet & systemstio dwe
wstigation of the relatisnsiip tetween structurs and basicity of axires
in Wie sedvend, Por tils pusyoss, the potentiometris dilntion technicus
previcusly deserided and shown $0 bs suitable for the eveluation of yelee
tive acldity and besicity was esployeds The techzique wied and some of
the underlying theories have beem diseussed adequately under thelr yow
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pigure 5, Peosuse of the Lmtations in space snd overlapping, the die
mmmwmahmmwm
ghome T4 bas 304 besn possitle o show the yemaining dilvtion surves for
Ariea-heyloning, tri-neheptylsdne, trinetiylanine, di-isotetylanine,

m,um«m;m,m.mam

pettern and Sheiy slopes &re reccaded in Table Ve . )

B mm&mhm:-hmmunmu -
 the fellowing derivation. Yor my glven scetats sali, Ko, there is 8
Ciasociative squilibrium gresart, the extend of videh s dopendent wpom
the individusl bage, end wiich methamatioslly 48 expressed in equation
(26)e 2% oqual elsctzemctive furvs potentials, the kydrogen-ion concene

'__m'---u-a-#0w- o | ;m

x ¢ (20

© tretions of sy H® solutions mv identisnl sincs potenmtionetris meesures
maie with the glase slectrode are indleative of relative scidities in
notMqesous selventes m._ﬁmmmunﬂm
solutions ave alse idemticsl as thw jen product of hydrogmn and soetate
tons 46 & constant sizilar 40 the fom product of hydrogem and hydrexyl
Sone in weter, mnmmmmmaum
(") [x(m)]‘ E (m
Sum potentialy 3% 48 pessible to equate twe dlfferent sostite ealte
Againgt sach othey by means of ocuations (27) and (28)¢ In thie memer,
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WIAFITY  Dene ne . Amondom  Trie
1 acetate

0,000} - - . -

002 8 o3 8 .

©,000k n ” ™ -

0,0006 & - W -

0.0030 ] aQ € -

0.,0020 » 2 53 -

0,000 h3 - W8 -

0,009 2 » » .

0,0200 » » » -

0,0200 20 - ” -

Gox0 ¢t e § .

0,1000 - - - -

0, 2000 - - - -

0.5000 - - o
— |
®x the sverage of the mrbor ef determinetions an imdiosbed
bW the individusl superseripte. /eadings are yelstive to that showm
W & C.2000 modar solution of sodiux salicylete in soetis ecids
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-FIGURE 2., THE POTENTIOMETRIC DILUTION BEHAVIOR OF
VARIOUS BASES IN ACETIC ACID.
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& wiilising the soncomtretion yange 0,001 te 0,050 melar, where
e dlztion curves weye parullicl o sach other, 4% wes poseible 40 squie
3itewte soviate iom cencentietions sesulting frem dissccistion of the
*lonspaive,” Ny the use of erunticm (29) 46 we possiltle te establish
rmummm@mumvmmmm
" bases over & $00-fold Tenge n toted solute comcemtreticms Adse included
in TeXle ¥ oo waltew of tie aloper over this llmited concentretion yengs,
Thess weluee indicate how closels the varieus beses confesm b0 the lew of
incernlote dlssociation, wiich theavetioslly yequires & slope of 59,0/
w1livelte (0.5) pew 10-fold change in total sonewntretion,

The dissociation of strentivm agetate was arbitrurily shosen a@
wity, 211 other welnes representing the dissociation of the “ian-peirs®
of sy given btase coupared 40 thet of strontium acstete, Pucavee of the
low dlelectrie constsnt of scetie acld, the dissociation of the second
Scotate Som of strontium and darivm acetates heve heem meglected 8o the
exterd of this dlssociation was extremely small, Af escwring &% all (26),
" Yhe narked devistions frem linsarily shown dy the dilstion eurves
& Mohey solute comesntrations mxy b sttriduied to chonges in the matwarw
of the solvent as the soluts eoncentreiion was progresuively incressed,
In acotis acid sodutions of high solute comcentrationy the wmtde of
. Solvent malecules 48 not very lzyve as compsred with an aquecus svlutiom,




nhﬁt. Relative Dissocistizm Constente of Various Beses in Acetie
Acid and Bxperimentally Determined Slopes in the Region

0,0001 %0 0,05 Nolare .

3 Pemfig e
Srontium Acwtate 2.0 0.0
IAtium Aestate 2.7 c.5
Iariue Acetate 1.9 ._ 6.50
Sodtvm Acotate TR ase
Asmordun Acetate | 3.6 050
B=Dutylsscing - had LX)
Mea-dutylaxine kY 0,50
Potaceium Aostete 5.3 0.5
Disdoobutylaning 53 WY
Trizethylsnine 8.7 0.5
Trica-sctylsuing 9. X

 Triea-heptylning 9.6 Oul®
Trdon-boxylaming 30,0 019
Triep-tutylaning 15.8 Ol
Tri-a-propylanine 38.4 0.l#
Triethylsning 29,8 0.50
Tridennylaning %.8 Ol
Tricyclohexylaning 72.8 0.50
Tetrobutylameniue sestate 8s.2 0.5¢
W ’
® Coputed eu the dasis of mu Dilution law, A alope of



penos 88 the maber of solute milscules 18 insroased, the chevecteristios
of the solvent 20 longer sppreach thet of ke pure fom, bub ave marinde
1y slitered and produse the anonelous belwviors cbeerved, In wery cilute
concenrtrtions, the sclutions, tend 40 spprosch ia the lixit, that of pure
soetie arid, with 29 lixiting yelative edectromotive force swesrenents
sppronching the of the pure solvents

mmmm.mmumwnm
alution proesdure ave in close spreamsnt with those obbelinsd ty the come
dcctence mathod of Xolthoff and ¥“i11lman (26), the degree of dissocistion
ineronsing with largsr ionie wice and docreasing lemis chirgs, Hovever,
" the sawe eanot be andd for the orpamis tertiary mdines, the gime of the
Srialkvisswonivm $on 30t being o @ritieel a8 the steric emafigureilons
of the aliyl groupse

™ sotual dependense of the relative beeicities of & hosclopous
serins of tertiaxy amines, R3R, an the Jength of the Re provp is hown
in Figare 3, wherw mewuivs scetate; the first mwmber ¢f the serics, s
satdtrarily deen ssxigned & dissocistion valus of wallye In sxuining
Whis Sapgrem 44 i quite sppayent thet Uw pelative degrees of dlssociae
tin of ¢iffervent "on-paiye” varies over & 5-fold yengs, The shepe of
the exrve may be yaticmalised om the dasis that the protem affinities of
Aheos bases have 1ittle or Mo infinence en the Felative dogres of dlse
mmmmmmw&-ummuu
positivaly almrged estion, As the moleculsy sims of the exmondium iom is
inoressed from the wnsubstituted to the Wrimetiyl snd triothy) xitrogem,
the oppositely shargod sostate fon was heid off &b grester and groster
mmmuwmummwﬁ.
hm—uummm%m.mum
e spparent basicity, gredoally at firsty followsd by & sharp drop, sod

i
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fimlly 8 leveling off oecurring beyend the -Ogllyy aliyl ehatn, Comsee
quently & molecule such as the tribexylesmsnina fon, despite the fuch Ahed
14 possessss & mmch larger volume than the tristiylamonium fom, is & |
pelatively lese dissociated base wiieh indioates that factors other them
Jud sime effech the extent of “lonepaisr® dissosistion, |

The decresss in sppsrent basicity as the moleculsy sise 18 incyvesed
beyond the etiyd group is &ifficult to comprehends the following 4w pares
grephs, however, are fintended 45 speculation as %0 posaible ssuses of this
decrense,
© In & selvant such 68 water, long ehain hydrocerbom molecules tend %o
eur]l back on thamsclves in an effort 40 avedd the water molosulss with
which they are miscible enly ¢ & limited extermt. In doing se, these
chaing ¢end 40 0ll wp into & somowtind compaet mass, the Simterior of which
ontaing the positiwe centery of the sclwtion preduct, along with wn-
¢issocisted amion, the latter being held in the vicinity of the positive
mueleus Wy & eombinstion of enlondis foress and curled wp alkyl shains,
A¢ e chaing decons progrecsively longer, the aMilily %o setain eniens
withis this "web«like" structwre 15 euhanoed, therely decreasing 42w exe
tont of disscciation of the solwation produst, When 4he same anine is
@ssolved in mn orpenie solvent sudh 48 acetis acldy; Viw extent of yo-
Pulsion between anine and soivert melecules is somewhat dindnished, thue
liphatis ehaing have & grester tendeney 40 yemnin stretohed ous in @
long, spindly type of structure, As the langth of the alkyl growp is
inereased by the Sntroduction of additional metiylens greups, the ehainm
becemes less rigid in character, and 15 eepabl of bending abeut the
Positive meclous, thereby entrapping scus of the amions within SMis webe
Hin® gtregture, Howsver, in the esse of an ergenie solvent, the smoumd
o anion yetained is much lees than secure in water, henes the varistioms

k8



4n disseciation 1a sn ormnie solvent ave mot 88 great,

Anothew poseidls factor which Vends $0 influence the yelative degrees
of dissociation of the various snines mey be attribuied 4o what bas Deem
carned & "metiyl effect.™ The metiy) gprowp, Seing bulkisr then the
corvespending methylens group, 18 espabls of afferding & subetantial ine
aroase in protection sgeinst & "squessing 4 effect ly Nostate ions bee
sween the alkyl ehains, Nence, 89 the terwimal metlyl growp is moved
dloser %o She mualeus, the Fesulting dissecistion of the solveted amime
{*tomepaive®) incvesses, presumsbly des to $Mis added shislding furmished
W the metiyd prowps owe mtiylone groups. Nowwer, & shortening of the
aliyd ehain Wayond She othyl sedical preduces & marked decrvass 45 Yolae
tive Walcity, deopite the fact thad the mitrogen of trinethylaning hes
much better shielding $han in tristiylanine, This is attriduted %0 the
relatively emsll disneter of the trimsthylesmonium ion, making 18 possidle
for the eoulosdis forees of stirection t0 play & msjor part in determining
the degree of "Lonepair”™ sepsretion, ;

As evidens fyom Figure 3, somewdeses between e othyl and mepropyl
groups is Jocated & eritical siwe and chaps nscssseyy % provids the
saxcimm physios) barrier between the ions, theyely erhaneing the dissocie
Stione A Wwenched projyl group or selsted strusture, 1¢ weuld seem,
®ould be eapahle of promsting wuch prester “lom-peis® sepasstica them
Sither the etiyl er Rpropyl groups esm afferd, Triphenylamine, whish
Possesses the Ssopropyl Yype brwnehing, Wt & plamay senfiguretion, has
the proper stavstural sequirements, The thyes phesyl grewps, hovever,
2% sush exosllent edeotron yessrvoeliye that the mitrogen atom 4 virtuslly
Gpleted of 148 mehared electzon pair, thereby being wnable $o wnderpe
" T1s tern "metiyd affoct® my be & misnmer




the solvetion videh Temlts in the formation of “Lom-paire”s

The estalytie Rydrogemation of triphenylamine (LS) o triyelow
nexylexing 508 enly destroye 4he electres affinity of the phenyl growps,
Wt introduoss an electrodotis effect towards 2e Mitregen atem, Sherely
mWMn“Mamuﬁﬁm
olse snd vteris ecnfigwretion, Purthesmore, the fixed eonfiguyetion of
the qyslshexyl Fadical prevents & surling wp sboud $he mitrogen aton,
ety 50b irkibiting the dissociation of the "lemspaire.” OComfirmstion
of thiis ehanosd dissociation 18 shows in Figere 3, Srieyclohsrylsning
being approxisetely 21-4ines wore dissocisted than eamouiwm scetete.
Sinilarly, Sribensylenine which doss mot possess quite the protection of
trtqyaloheaylaning dus to the planey eonfiguretion of the pheyl growps,
wierpes spproximately 10-4ime greater dissocistion then ssmonium
The Sotrealiylamsoniun Sostate beses 1n seetis scid ave smalogous in
charecter and strength %0 tetrenlkylsmcnium hydrosides in water, Both
Wpee ave wable 4o underge self-decomposition Wy the loss of sslverd
moleculas 88 45 aph %0 happen with selveted emines, henes Yoth 430 eepadis
of furnishing & Mgh ewmcentretion of besis amion %o thely yespective
solvents, Furthewmore, sterie factors which play & prominent part in
Sortle acid salutions are grestly increased in & s51b of this dype, there
Yy cshencing the mownd of “Son-pais® dissosiation.

mmumwmamwm
Sine snd & tetrealiylemuniun scrtate 18 eaelly explained ia Serms of
thielding abews the mitrogsn atoms 8inmoe the four esvalemd donds of &
Setrealiylassondivs 4on are symsetrieslly distribeted sbeut the tetrehedral
Mirogen atom, the serter of oharge 18 quite deeply Wuried and the
~ pronch of the acetste ion is mrkedly yedused by the yressnse of four
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o
palky Alkyd growpse The distyibubion of groups about & tertisry snine
“mmmmnmwumummm“

3o bs oqually @istributed spacially, the presense of the protom &s eme

'gmmmmmmmmmumd

mm:ummumhm
fovess of stirection betwesn the fonse .

| nmmhmwwﬁmmmw

mmmpuummmhmmm
(%0)e As a3 example, ia water, the bsleity of the sthylaxires wearies
acoordinglys |

(W‘<‘c’l”l-»‘cl‘§))'

This yelaticnship wes senfiymed ty Rrowm and Taylor (51), wio further
extonded theiy work 90 Teferwnce acids other them the proten, f.ee trie
metiyltoren, a8 & mens of determining the relative basicities of an
sedne serien. Thay cencluded that the steris zequivements of e etiyl
. growp sve quite 1args, therely emusing & grester dissociation of the
© addition product between Aristhylsmine snd trimetiylberon, '

(Colig) J1B(CHy) ge Davis and Botssr (50)enplayed aprotis slvents o show
Mumumumumwum
ffoct® of the solvent snd sterie facters associsted vith the melecule.

As previcusly shown, sterie hindrance plays & prominent pard in de=
ternining the extent of “fomepeis” dissocistion in scetls seid, Toble ¥
shows the yelstive dasicities of fowr different Wutylsmines in acetis
0cid) mebutylanine, ae-dibwiylaning, dieisobutylenine, and trien-butylsmine.
The primary and scoondszry sxines underge yelstively the sems degree of
Slasocistion for equinsley solutions, vharess the Sertisry sxing wiergoes




smth greater dissecistisn, This yefiects itself in shielding adoub the
,;wmuu-wwcamwwmmu
Wammmmmmm-&a
In waters uu,<u,u»m,u
- Inm CHyCOOHS “.(ha‘«h’l

mamdwmhmaﬁnﬂdﬁ
Jitersture values for the sems hases in water, it esa Do comeluded that
the order of strengths of any given group of bases in water 45 wot & good
guide b0 theiy strengihs in & nonaquesus solvents Amalogies sre mob
 possitle #inoe weter and ether siniler sphiprotis selvents emart ¢
 wleveling offect® om bases in the sems memner in whieh they de on scids
© Sven Shough molecules such 88 Setrabutylemmnium scetete and trie
@elohaxylaxine are effectively much strunger beses them & large majority
of the other ormnic amines, their effectivenses in enhancing titretion
"ireaks® 13 dotermined mainly Wy the extent $0 viich the “ion-paire® of
' he vesctamte and products are espable of wndergoing dissoeistion, Tor
.wdmmhmm,_'ﬁmmwumﬁuh

Bye § BX o> RyNX § Hie ()
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~ Squations (X1)end (32), mmmmwm-tua
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Caneeling terme i taking tie ion-produot of Rydrogen and acetate iens
mmmv.mmmummwum
nmdummnmm
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I8 is essily seen that the oversll extend of swaction varies directly
with the dissociation of the yesctants and inversely with the dissocia~
tion of the products. JNemes, 68 ihe intevionie distenee ef the prodush
 Sone decresses, 1888 "Son-paiy® dlasociation Wekes §lses and Ahe vesstiom
is motiveted towards the Pight eide of resstiom (0)e |

Farther ovidenes of this dependency en the extat of “Lon-pals®
dlosociation 48 borme oub in the condustomstrie work of Higuehi und Felm
(5W)e In the titretion of mulfuric acid with Mthivey Sodium, eud poo
tarsium acetates, the specific conduotencs of the systen Tuee a8 the firve
hydrogen was mevtrelised, the extent of the ¥ise in eenductence deing dee
Sermined by the sdsme of the setion (K¥>Na¥>14¥) wployed, After eome
Plete sautralimetion of the firwt lydrogen, $2e sondustance them fell,
the drep bedng the largest with the swaliset estion (14¥)e The secent
"breek® was mick more promounced with 1ithiwm acetate then potassimm
Scotate becanse of the smller interionis distance and deervased dissocia~
Hony After sither mutrelisstion or oomplexing of the Msulfste iqe
bad taken place, the condustoncs then insreased with further sdditions of
%485 dus 40 & sentimual increass im the total ion esncemtretion of the




gystone
ghe yosults obtained Yy the presest potentiometris dllution pyos

codure ocupare favorably with those ebtained ly Hall (23) whe ewployed
\itrimirie methods, 88 40 the yelative order of disssciations, The
prosszh procsdure has the distinch edvantage of buing free frem imtese
foring Sons and changes ia total solute soncentration during the couree
of the Lmvestigation, The quantitetive varistions betwesn the 4wo sets
of &ata (qualitative relationshive being identical) may b attriduted te
the presence &f parchlorste Lom in the systems of Nall, as the relative
order of tacicity was established Yy piA% wuiiee ot the midpoint of
the titretion where the logsritim of [salt/bass] is sere,

| mmmcum«mnumm
and a8 previously moted Yy Kolthoff and Willmen (26), the extent of
*ionepais® dissoeiation 48 fevored Yy inereases in molecular sines
Therefove, it sppesze that there ave sewverel inconsistancies with regards
to order of basicity in the dsta obtsined Yy Hall (23)e Awoniun scetate,
Wy Hall's potentiometris evaluation procedure, is segerded #s & “stromger®
bose thean either dimethylaming or disthylamine, beth of which sre sube
stitoted smmnias and consequontly possess larper molcenlsry sises tham
the unsubstituted form, Furthermore, Eall yeported drien-tutylsmine and
Claebutyluning to have the seme pi* values in scetis scid, wheress im
the precent Lovestigetion, tri-ne-buiylsnine is & mch "strvngey® bace 89
vould be anticipated frem the sterie factors Lmvolved,




o1 Sis Deterizetion of Indlester Constante (pE') in Tems of
The Hasmwtt Acidity Function, %y ().

 ¢he use of indieatore in acctie acid hns Beem limited essentially
4o thoos wWiich show distinguishaile eolor Sreasitions in the moderstely
" and styengly scidie vegions of this solvent, YVexry little attention Mes
mwhmmmmammmmmtm
changes in the selatively alialine regions of acetls acid, mainly becsuss
of the lack of beses of sufficient strengih %0 produce thess changes, I¢
has beon pointed out by Devis end Schubmann (€3) Ahat "Pafore acid-bese
metgurencnts of organis sclutions cam be perfommed as yeadily as those of
agueous solutions, 48 will b necevsaxy S0 provide & seriss of indicstors,
yenging from strongly acidic 40 strongly besis eompoundss A further meed
18 for stable, erystalline orpmnie acids and Weses sufficiently strong %o
mutrelim wealk banes and aclds.”

In an offord %o obtain quantitative dats on the behaviay of soveral

 indiestory whioh exhidid eolor changms in the relatiwely Alkaline regions

o acetie acid, their dlosecistion constante (pE') in tems of the Nt
Aeldity Punction () have beem ovalusted using the epectrophotometrie
Procedure provicusly deserided. In this menmer the regions of indiontor
oolor changs have been established with the aim of wsing thess valuwes in
extending the yelstively alkaline veglons of the Hemmett Acidity Sesls in
Scetio aeid, ap Wil & providing for indicators 40 b used in acid-bese
Hiriwtyy, The chemistry and observations mde en each indiestor aw
discussed in this section,

Before turming t the individual indieators, it mey b wll to dies
©u88 cartain aspects of the widsrlying theories which apply in particulssr
%0 e mthod of study employed. Im the following discussion, liberalities
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pave Deon talun i weing the tenw AX2 throush A2) snd G23, The solutioms

gopreseatod 1y $hose eode lettere have been adequstely discuseed ia the
" In the present method of owluating Whe pX' of variow indlostors,
s g0t of Ny Sguinet the logiritie of the loximtion mtic, N¥/5, we
snde (sve squation 19), snd the velos st which K, & pE* grepdicelly eome
A the Scidity funciion scals Was origimlly established in wetere
sulfuris acid aystems (beth solverts pessessing Mgh dlelectrie conwtants),
the 538 form of the indleator, Bi¥, was fuirly independent ef the eniom
peosmnt dus 40 the Mgh degrwe of dissociation eemrring, This indee
pendenos of the estion from anion 19 not meeessarily tres in scetioc scid
bocsuse of 148 Jow dledestris constant &s ecompared with the sulfuris
Scidewnter ystems As & sesult, deviations n alope from the Sheoretised
valse anticipated ty equation (19) my be avtrituted ia pext) %o m
oquilibriue between the dissociated sal8 femmy MY, and the wadissocisted

a1t form, HifA®, |
Amother factor which 1is encountered in strengly acidis selutions has
Beon termed iy Flaxser eb.ale 35 the "medium sffect” (L7)s An indioster

Wich behsves properly etiilits & wall defined isosbestis point”, all

b e

Y .

"I & ziven solute existe in twe forms or resction produets, 1.0,
B and mh, cach of which possesses & charectoristie absorption wiich
is constant for s series of molutions, both of the forms hawve equal
xtinetion eonfficients at somn weve ienrth, if, that is, the abeorpe




ppectrophotanstrie curws paexing through 48 vith enly mizsy waristions,
1a strongly Scidie solutions, sbeorption cuzves show & tendengy to be
displaced, the exact yesvons for these displacemests not buing elearly
understood, Nowsver, they may be atiriduted de resomence changes withia
tbe moloowle eaused by the Mich derres of acidity, the prescnce of
coontorions, oF other unexplainetle factors, In sorrecting for this
smodium affect,® Flexwer, Humwtt, sod Dingwall (47) assumed that the
irtensity of the absorption spectrum is umaffected, bub thet merely &
1aterel displacement of the surve has taken plass, Therefore, the curves
may bo shifted Jaterally 0 thet all pass through & common isosbestis
point with the irtersection of the twe eurves most closely representing
_ﬁmmgmmummummudnuumm
ence pointy In this memner shinwos im the abesorption spectis of the
various indieaters produced ly countexions, strenger acide, and strenger
beses have been Socounted for and the appropriste eerrections spplied.

With certain dasie typs indicators, the steorption ivtensity
(opticel density) of the sal$ form of an indlester, Hi¥, diffure with the
¢ifferent acid species present, In solutions of 821 the indiceters ine
vestirated, except benmopurpurin LB, perchlerie acid mersly served te
Srtensify 4he abeorptiom band withoud passing threugh em isosbestis
Polnt with the AL2 buffer seluvtiom (artipyrine.fpfOy)e Generslly the e~
®ulting intensity inerosss was Dot very slgnifisent, hence the acid form
of the indextor was taken A2 buing the spectrum produced in the A2
tuffer wintdon, With bemsopurporin kB, & definite iscsbestic point wes
Present and the perchloris acid spectrun was used as the somplstely
Scldie fom of the indicator, |

In e relatively more alkaline solutions A23 and 023 (0,1000 molar
®tiyrine and tricyclobexylanine; yespectively), "medium affects® were




‘got visills t0 Y extente WitA the exosption of thymal hlue, whidh is
o strongly alksline indisator in scvtie acid, $he absorption Lmtensiy of
Ge alialine fors was mearly identiesd with both 423 end G23 solutions,
mmﬂmmm&m :

Quinsldine Ped

Quinalcing 2ed is & ene slor indiontor possessing & falrly starp
endpodnt 1n both acetis acid snd squeous Solutions, In water 4he ealer
Srensition Sakes place over the pil zenge 1 %0 2, whervas in scetie seid,
W change oecurs in the relatively alinline yegionsy ite pk' having desn
detervined sxperinemtally a8 3.ldis The structure of quimldine red, along
with resonance forms ave shown below,

Ca”:
@ CH3
CFHCH@ B CH -CH
\cli; \CHS

-H' *H

Cz“:

CH3
el

mmm-tu-mwmumuau
Soetls acid wuffer sclutions of Ball and Neyer (37) sve shown in Tadle VI,
Pigore § shows the sbesrption spestra from which these dats were ebtained,
A ;areful smamination of this diagren showed thet all soluticns comtsine
fng sulfurie acid (AL2 %0 A22) hod their sbecrption maxing ot the sum
v length (525 adllimierens), vhovess the pure sntiyrine solution hed
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44s maxism shifted slightly tovards & longer wave lengthe This ehift in
paximm was sttributed 40 the eounteriom ar "medium effeet.® 4 Jatersd

Wammhum-ﬁmumumm

the isosbostie point scomwm $0 &1l other solutions, showsd the position

of the sdeorpticn maximua te ococur &% 525 millimigrons, this serrespond-
ing 0 Ahnt of the other absorption spectre, The indlestor ecomstont s

dsternined graphieally, along with the slope of the fonisation yetie curve
are shown in Figwe 5. .

fable VI, Spectrophotometris Data for Quimldine Red,

| X

Lo 0,000 -
Alh o .30
Y 04200 .88
A8 0.0 0.53
420 0.609 0.2
s L 03 0,03
A2 .48 «Ould
A3 1,620 -
(= et 3,600 -

hmhmhmmmmﬂwm,

B 1 RN
'immmmmsmmumm
** 823 19 & 0,2000 wolar solutice of triqyelohwylsnine in sostis seid,
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ACIDITY FUNCTION, H,
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SLOPE =-0.97

FIG.
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IONIZATION RATIO, LOG (BHYB)

QUINALDINE RED, = pK'

+3.44




. polecules coused & shift ia the position of the absorption meximm %
Qightly shorter wave langths, & seriss ef solutions whose csspesition
genged botween that of A2 and A23 were prepsred, The sulfurie scdd
contend of thess soluliens progreesively decressed s showm in Tedls VII,
the scldity function velues of thess selutions were wwmecssssry &8 1%
ws orly dezired 49 show the shift in the ewrve maximum e the sulfurie
acid sonoentration was decressed, In all esses, the scliutions were

041000 molaxr in total solute conoentyetion,

Tadle VII, The Xffect of Sulfurie Acid em the Position of the
Absorption Neximm of Quimeldine Red,

Solntion  Artipyrime  Antirgrime  Pesk ot
Molarity Rpfys 8 ™

APy 0.,09558% " Q.00LLS $25.0
0.097T7 0,0022) 26,7

Ay,
Ap2g 0,09868 o.00012 527.h
A2} 0.10000 - - 8.8

Pigure 6 shows the shanges in the position of the sbeorption mexime
% e camposition of Alw solutions ware warisd, the pesk wive lengths
Mving been deternined from & Mighly yesolved Fecording of esch spsctrum.
is the position of the sbeozption meximm of solution AP2p eoineided with
thmamm&mumdmm
hhmwa'mcwumuﬁg
Searption spectrwm.

The 1aflnence of five different acstate Bases, 1.0, 0,000 molar
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gyrine, sad tricyelohexylanine, en quinalding red axe shown in Figure 7.
A Mighly yesclved recording of thess spestrs showsd enly miner waristions
40 Sale place detween 527 and S7.5 millimierons, In esch instance the
¢ndicstor concentyation was the same, hovever the surves were shifted upe
ward 0,05 optioal density wai$ 40 edliximate overlapping, _

The results sbiained Yy varying the eations and snions present in the
solution &1 in sgreamnt with $hose $0 be expected of & positively eharged
indiostor in & low dislectrie sonstant solvezde In the presenss of aa
seldy quinalding red adds & proton an the anine-citrogmn, hearely fxtres
Guddng & Second positive chargs inte the molecule, In Accordsnce with the
Jam of attrection and yepulsion, the presence of different estion beses
aving & soom axiom hawe e offech en the indicetor, wheress warying the
scidie anions Sends 40 form *fon-peire® of 1fferent sombinetions with
inlding yed, These differest “lonwpais® eondinetions produse slight
shifts in the abesrption spestrvm of quineldine yed, the extend of the
S being dependent upon $he anion preseets |

The absence of sry interection between quinaldine yod and (1) smiie
“ pyrine or (2) sodium asstete, 88 well as the wniferm changes eoeurring in |
e option) denedty vith champing indicator eonsestrutions sxe shown in
Figuros § and 9. The ecoposition of the warious sclutions are givem ia
Telles VIIZ (sodiue scetate) and IX (antijyrine).
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gals VIII, Changss in Opticel Deasity with Changss in Indicstor
Conerntistion ab Constant Sodium Acetate Comommtretion,

Selviom  Pim} falt - ml, Indlester  Optiesd

!hhri! Solution — BamiL

n 0.08698 0.0 0,000
I 0.08698 0.5 0.ka?
1, ouees 2.0 0.82)
1 0.08698 L8 L20
Xg 0.08698 2.0 - LG0
24 0.08698 2.5 2,055

As shoum by the 1ast eolum of Tehle VIIT, the optiesl density
seadings were propartionsl 40 the indicator consentretion, showing that
Beer's law was fallowed over & Wids Tunge of indlcator senesntretions,
This wae further econfivued ty optical density messsremsets ade with
~ Oedy 1405 and 10,0 centineter quarts abeorpticn eslls, Kach 10-fold ine
| wease 13 esll Jength was aecomparied ty & eerresponding Mwfeld dilue
ticn in indlestor soncentraticn. In all thres eases, the Srenswission
~of the solutions were squivelent a9 yequived Yy Deer's law,

'ow.-:.ﬁnq S logli/X S22 (3%)
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gstle Mo Chengos in Optical Density with Changes im Indientor
Conomntration st Constand Antipyrise Comcenmtration,

Solutiom  Fimal 8al4  al. Indicater Optical
Densd

Iy 6085 ol 04000
19 o8s o.§ 0uk23
Iy 0.0868 2.0 0,810
Ly . 0.0868 1.8 L.26
Ly 0o 2.0 168
Le 008658 2. 2,090

mhmmm(mmﬂm
® sigaificant chenges in the absorptiom spectrvs of quinalding sed,
Table I shows the composition of the warious solutions whoes spovtra

Tadle X mnwmmﬁwhmm
Conoentration &t Constant Indicator Strengid, |

Salution Totald Sals mle Indicetowr Optienl

_ Kolard _ Som“ IMl
B 020000 18 . 0.9
By 0,06667 .0 0,950
% 003333 0 XY

e alight wristion in solution By 65 esspared %0 B; and B my
% atiributed %0 experimmtal error in adding indlestor 40 the sintien,

*1nee e veriation $a opticsl density is enly 0,006 unit and the spsctre
&% Ldentienl,
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with regesds ¢ the practical use of quinaldine red as an indicator
4n sootic 8cddy Eiguchd snd Concha (57,53) eve shown $hst 18 oould be
used Hitrinetrisally to differentizis betwesn verious desie snionw, As
the eolor shangs ecomrw in the rel:itively basie segions of the solvemt,
Gese vorkers were alls 4o Sitrete seetate and chlorids ieme 8s deses in
the predunes of each othew,
peDinethyleninesscbmnssns ("Putter Yollov," Netdyl Jellow)

pelimetiylaninsassbensene 1o & W0 color indicater, being yellow and
rod in the alkaline and seid forms, vespectively. Yhe Srunsitics Swtere
vl in wter sscurw over the pi yenge 2.0 %0 ko2, whorees the indioster
ssnstard n acetic actd has been experimemially deterwined as 3,65, In
scetis seid, the solor changs iy mot $00 sharp, hence 4t value for
Utrinetay purposes i3 linited, The usefulness of this indleator lies in
14s alility to show eolor waristions in the highly alkaline yegions of
Scstis scid selutions, thereby making poesidle the estallistmwst of Mgher
N, values, The abeorption spectas fur this intiester, 88 shown in Figue
-~ Ry exhidits & strong acid band b Sk adllinierons which has beon wwed
 conpute the femistion retio, The gruphieal evaluation of pk? is
shown i Figure 12, the values being ebtained from the spectrophotometris
®te ta oMo XL, 00

Yothyl yollow 49 & yether peculiay Dehaving indicator iu scotis acid
88 evidenced bWy the slope of «1.81 shown Yy tiw iontsation yetie eurve
in Mrure 12, This seems 40 indicete that approxismtely twe protons are
Yeing scospted for sach molecule of indlester prisr te & shangs in odler,
The saditicn of the firet proton takes place en the Aso-nitroges farthest
Towved from the exine-witrogen, giving vise 4o thi strustures shown
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ABSORPTION SPECTRA OF p ~ DIMETHYLAMINOAZOBENZENE IN
THE BUFFERS OF HALL AND MEYER (37).
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vithin the uncharged buse indicstes that 4he grestest soparetion of charge
therely favoring sddition of the proton en the latter,

CHs

OPR-n R,
. Addition of & second proten 40 pedimethylanincasobensens, inm all
Jrodebility, takes place an the dimethylaminownityogen, yether than em
he mcont am-nitropen beesue of the instatility of adjecwnrd positive
Sarges, The addition of this second protom produses very 1ittle change
in the abserption spectrum a8 w0 additionsl yescnmnes structures of ime
Portance eem be writtem for it Hentssoh (59) has showm that werious
%pe on the axine-nitvogen of this indieatory S.e. wilipy «H(Cly)gy
“HCylig)gs emd wN(CHly) 4T, produced me sigrifiemnt changes ia the sbsorptice
®eotrum, all possessing spectre closaly selatod te ascbensens iteelf,
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In the mom acldis buffer solutions, AR f0 A2, & ccamm Lisosdestis
point wis obssrwed, This poind showed & sdif$ Sewards the longer wmve
Sengths 48 the solntion decomes progressively move slkalime (A22, A23,
023, and 8 highly soncontrated C23 solution) in sharacter, widch soems %
tnticate thet the ndiester form present 48 wndergolng & chengw o0 the
relative aAlkalinity of the solution changes, The epticel density weasure-
mets of the varions alkaling eelvtions in the yegion of Whe atworptiam
mmmmmmmu-m-
entirely in 440 alkalins furme

Wﬂﬂm*%‘%ﬂl”
without having any dsosbestisc pednt esineldent with thet of the AJE
Solntion, indieating that & countasion effect may have Desm preswsl,




L1
e Y L3 .
n2 218y -
Al 1,058 0.9%
T 099 . o
U 0.0y L 68
AZO 053 X
A R N | 8,18
Ao 04650 «0,03
ay 0,155 -
ces 0.158% -
ﬂ!” -

0440

In order 40 show the effects of various sudetituent prowpe on the
dssociation sonetamt (PK?) of *butter yullow,® seversl subwiitubed dee
Hwtives wre spectrophotonstrionlly investigsted, The resulis ave givem
in Table XIX, The presencs of megetive substituents on the ring propes
Yends %0 decrosse the walng of pK? witheut heving much effect on the celes
Fopertion of the indieston, However, negstive substituemis not direotly
'hﬂmnhﬁmﬂﬂﬂrmm
lowr the velne of §E', bub the e0lor changs of the indieater 18 merbedly
Qtered, The presencs of m sthyl growp a8 eonpared %0 & methyl grovp
o . - ' : '

*ow h.mmﬁmum




umh'mﬁuﬂmaammmmumw
stant, PRt T2de 19 4n agreement vith theoretionl expectations Decsnse
.gmmnmmaumm '

m positions for uwm

WCW

pPhanylardnosmbmmney ks 411 the aw dyes, 38 & e eeior indle
tor devivod from the parent stivciase swmbenmenss The spectrum of this
indicstor was quite sharply defined in scetis acid, chowing wireng scid
*ad alksline abeowption bends &b 537 ad WS mlilinderons, yespectively,
Iz aquocus solntiens, iis indlestor undergoes coler change fyum violed
4% Jellow over the p zengs 1.2 W 2.% In sostin acid, the waiue of pk*
We axperinentally detesmined a@ 2,79, being considersbly less alisline
Mmmm' .

mmmmmm«-mhmwﬁ
iomdsation retie wiues (Talle X1TT) heving buen soputed from the seld
band ot 537 milltuiorons, A sinilay eslewlation ewpleying the Adudime
bent at 1408 millinderons gave iiw smm velus for pK's The grephlesl
Weﬂmmmmammam:ﬁ
Flgure 1k,




" *sedlp esey duidyddns doz LAorooun Jo susmiardeq
UTSUCOSTA Jo £3TSJAATUNl 83 JO JOTTTE ‘Y °L “dQ 03 Pessexdxe ST @PNIISED &

e3usio 3sToTA oy 1~ 64°€ 928 ~8%0= 4
sBuwae 9T0TA 94 1~ 0L°€ 92% «SHO= o
AoTI3&  ®serI0T00 €60~ €y°c 112 ~%d0~42
AOTLOL xuid r 4 8 o ¥ 4 oty -g=tP=,$¢ €
aoTTek nottel
WSq Awiys - 88%0= 6z°¢ 20§ ~d-1a23-,9° 9%, 2
noTTe& auid 9¢C 1~ e 60§ -d=TO= ' 6
AoTTO4 wid wl"0- €o°¢c 06y -d=T-9°Z
noTToL xuid ¥z 1- 95°2 8cs ~d=TP=45* 2
010D <S0T09 odoTg eAm) rh
QUL EALY pioy ©T3%H uoTyE3ITUOL Ja q3duey sawy JoATIRATLeq
SOATIPATING LMOTTSX ﬁaa&. pesnytasqng  “YIX TIqwi



A

g

. "(L€) Y3A3IWN ANV T1TVH 40 SH344Nn8 3HL NI
AN3ZN380ZVONINVIANIHA -9 40 VHL103dS NOILMHOSEV €1 914

SNOHOINITTIN

009 00¢ 00%

- €av ' !
2V

vV

oI

ALISN3Q 7VOIldO



.SLOPE = - 0.89

| |

0 -0.5 0.0 0.5
IONIZATION RATIO, LOG (BH*/B)

- PHENYLAMINOAZOBENZENE, pK =+2.79



u'mmma—-maccmm.
ummwdmmmmmmuh
mins-nitropen 90 add & svosnd proton 40 the Molecuie.

Ferchloris seid does 200 hove mich effect Gu the sbempiion spectrum,
e bend dntensity being virtually umchanged, bub siifted alighily Sewards
the shorter veve lengths. likewiss, my effects produced by & triqyelos

mmwhmmmu-ﬁammum
dloats thet the sult fomm of U indleatew, W%, may 20t be entirely
mdﬂummm‘m“mm
the twe forme,

hnmhmmmmuwmm
®dpoint yery sesy S0 sheerve, |




Solutiom Adg:}f:? .- 8
L) 2,060 -
A1 240h5 -
AL 1708 &7
AN 1017 0e3h
218 0.563 «0.15
A%0  Oukh) 0,59
AR} 0,062 ) 086
A2 0,13 =l 22
23 0,023 -
023 0018 -
~ Tropasolin 00 (Orengs IV)

Orangs IV, liks the powvious O indicaters dloenswed, 16 & dorie
witwe of aschensens, ©driditing & color shangs over the il zeglenm 1.4
% 2.8 in squecus solutions, Ar an indioator in acstis acidy its codew
dhanay was quite sharp, beiny red snd yellow in the acld snd alialine
forme, vespectively, The saperimertally deterrired walos of pK' in sostls
suid way 2,94, Being gregivically evaloated from Figuve 14 and $he Londsse
Yo retis dute given in Tadls XIV,




500 600 : 700 -
MILLIMICRONS

PTION SPECTRA OF ORANGE 1V (TROPAEOLIN OO) IN THE
RS OF HALL AND MEYER @37,



SLOPE = - 0.89

| “ | | |

-1.0 -0.5 0.0 0.5
IONIZATION RATIO, LOG (BH*/8B)

FIG.16 ORANGE IV (TROPAEOLIN 00), ,K'= +2.94




the 914 of en am &%, A solntion of pevchlovis seid shifted the
mﬂnawmmmyammnm
m“dﬁn“hmhuv. Tricydlobexylsming
mmmhwmmanmmm
bwlmmummwlm
changs in abeorption intensity. Consequently,; the iomimtion yetio we
mummmmwummwu
indicator was &% & minimum,
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:

Bensopurpurin B

Azother ase dye vhish has shown prosise 86 en indicstor in aeetis
scdd titrimetsy 48 bensopurpurin k3, Differing from conge sed enly Yy
e introduction of metiyl prouwps ea the bphenyl portion of the molacule,
~ this indicstor undergoes its eolor ehengs in he pil segiom 1.2 %0 kO,
The drensition frem the scidie 40 busie forws da water 15 ot sharp,
bence 140 wine in Sitrimetzy is liwited, In sestis scid, the experie
mentally determized walue of the Sndicator ezastend, pi*, was 3.1k, the
®lored forws of the indiestor being sky-blus end pink inm scid and alkee
lw scdutions, respectivelys IR




NH; NHy

So, Nﬂ- .So,ﬂo..

The mxperiamtal evaloation of the indiestor senstant, pk', fop
tansoperpuria A is shown in Figures 17 ant 38, The abmorption spectre
~ shown in Pigwre 17 were obtained after allowing & ssturated selution of
the indiostor 4o equilitwete for thres days in scetie acid, befere filter~
ing and uring”. The absowptiom intensitdes (optical densities) smd
fontsation yetis date are givem im Table XV,

Dus 40 aymwisy in staucturs, this Andleator was expected %o edd
only ene protem. This wes esnfirwsd by the slope of «1.07 im the
lonimstion satie ourve shown in Figure 18, The additien of the prwten
takes plase, 4n a1l probability, on the Smenitropen fxrthesh removed
from the sxine growp 68 in WS othey ame dyes. The additicn of the proe
“n ot this point produces the most sMable emfiguetion fev chargw
Yescnanos between the bensold and Somerile quineid strvetural fomme.

The spectrun in & perehlorie seld solution of this indlester wes
Sakem 2y the acid form sines 1% showed & dafinite Sscebestis poiwt with
e 132 selution, A soluticon of triqrelohexylasing ales produced &
madivm effect” on this indloator, Dowever a8 555 nillinderens, whare the
lomistion vetle was eompuied, the sbesrption intensitiss of the AZY and
023 saluticns ware identies) (see Table IV), '
— "

. :
e mture of the sdeorption surwe veried with the “age” of 42
Sensopurpurin kB solutiome
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FUNCTION

ACIDITY

3.5

3.0

SLOPE = - |.07

2.5

| | | |
-1.0 -05 0.0 0.5
IONIZATION RATIO, LOG (BH'/B) ,

FIG. I8 BENZOPURPURIN 4B, K'=+ 28I
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Tiynel Bine  (Thymosultenpirthelein)

The investigation of thymel dine has heen earvied sut %0 mote the
Medavior of & protogenie indlostor in sestic acid, In amueous solutions,
% eolor change intarvals 1w eheerved, the fivet taking plsee in the
M moge 1.2 10 2,8 and the second cosurring detween 8,0 md 9.5, In
Sostie scid, nly sme color chive $ckes place, the expmdmemtally svalue
- ot indicator esastert being b2k (Figuxe 20 end Table IVI), The celer
Srancition from the scidie 9 a2keline forms i3 met sharp, Web mevely o
Sentimous eoler chengs of incressing er decressing ixtensity (ses Piguse
3)e The use of his indicator 1ies in 148 adility %o dietinguish degress
o 2cidity in the relatively alkaline yegions of acebls seid heosuse of
‘huamm.mwml.mmnmmm
Hunmumm




CH3

sosH
~ CHj

qm-cmmmmmwm(ham
thynol Blne du sodhum acetuts, the walue of pE' was eomputed as Le25 wiieh
48 in closs agremmnt with the value of L2l using the buffers of Hall
end Neyer (37)s The sodium aostete soncssiration at wildh the lssaritim
H¥/3 vaniated wss ebtained from & pezh of sodimm soetate eomeentretion
sgainet Sontsetion mtio. This sodius seetate concentration was them ewne
verted 45 4%0 relatiwe electiomotive fores measuremsnt Yy mesns of Figure
2, sad using the eomverxion ehart of Danguilsn'e (L2) for B, imte yelstive
wi1livelte, the wlue of k25 was obtedned,

The experisentally determined pXt of he2lh for thymel Wlus wae used
%0 obtain am spprosimate N, velue of h.1) for the antipyrine solution,
423, This ealoulation was poseible since the selutions A23 end (23 were
wite diffarent in thedr abserption intensities, indiceting the$ A23 was
fagutficiently basie 4o converd ¥iymol blue 40 fte alkaline form, A%
546 millinterons, vhere the domiseticn yeilo wes eomputed, abworption Wy
e C23 selution was at & nindmum 8 shown in Table XVI,
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MILLIMICRONS

ABSORPTION SPECTRA OF THYMOL BLUE
BUFFERS OF -HALL AND MEYER (37).
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w =
Hca0y, Ll .
Al .03 -
Y .99 2,01
A1 1,368 L8
A8 1,23 - Otk
A20 - 0.2
AR 1.009 0.3
ap 0.9%  ee
AZ3 0,822 -
ce3 0,07, -

The ebsorption spectre of thymol hiue in the duffers of Nall and
Meyer (37) ave shom in Figue 19, An wominetion shows Ahad 4he curves
of solutdone AL2, All, and A2S 1o fairly alose tegvther, Memes suy
Mgt elscrepancies in epticsd densities aze magnified in values of the
fonimtion ratios Por this yesson, the sbecwpticn spectrvm of solution
A12 was Saken 88 the acid form of the indicator and She velues of the
AL} andt A6 solutions were meglected in the grephisal swlnation of pkv
(riguve 20), ,

Perchloris scid produces 8 "medius effest® in the sbecrpticn ewrve
| Wik 4o secompanied Ny & slicht inereass in bend imtensity,

Qrha-lisptholbensedn




Unlike the other indicators Smvestigsted, anaphtholbenssin is &
rhinol type dyse In Gquecus soluti — eter oo aee
 yisible, 0ne ot pi values 1ess Shan onm, sud the second ever the 5l yengs
5.2 % 10¢ In sertis aeld, ceniptholbenmein behaves 48 & momoprots
indlestor, exhiditing only ons eolor changs, being yellow in the meutrel
or s1aline form and greem in the scidis form, The experimentally dee
insd pE? walue is 0,25, indiceting thad the eolor Srensition takee
place 1n the moderetely acidis roptons of this salvembe

gig 8

/

...H"' +H




SLOPE = - 1.53

| | |

-2.0 -3 -1.0 . —0.5 ! 0.0
' IONIZATION RATIO, LOG (BH*/B)

G. 21 X —NAPHTHOLBENZEIN , pK' = + 0.25



_ : n
The visible sbecrption spestava of dbemaptholbensein 49 quite eowplex

st vave lengthe delow 555 millirierons where & wall defined iscetestis

point is present, A% 62h midlimicrens, there is & streng setd band which
hee Doon used in soputing $he Somistion Jtie for Whis indlestor, The
perchloris seid and A2) spectre were used &8 the acid and alkaline forne
of the indleatory tricrelohexyleming solution not being mecessery, a5 the
fntioator Tequizes euly & weslly basis solution 40 esmvers 14 entirely

4nt0 146 alkaling fom, The sportrophotomstrie date v ¢iven in Table

XVII, widls din Figuwe 21, the ereridonl evaluation of pK* 43 shown,

Tadle XVII, M‘MMW

..
m - 1.850 *
A X" 0, 30
Al 0,09 et
Y] 0,058 oSk
A 0,08 =K
AR | o.002 e
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P2 IXIs The Dnvestigstion of Intiestors for Titration Pyoesdures,

In exrder %o eveluate varicus indieators in acetis acid as replacecants
 for prtenticmtrie procedures, sclutions of perchloris acld were Hitreted
with 8 Srigreichexyloming solutions Thess titretions were esrried oud
potentiometrioally Sn the pressnce of sn indicetor, Sherely making possible
s snparison of the potentiometric and ¢olorimetris endpoints, In Pipres
2 thaough 33, the coloy shanges taking place along the poteniionotris
 ditmtion wurvs are shown, and from thess essparisens, the suitebility of
each indioator was sseertained, In Tabde IVIII, the changes in indlestor
eslar 8¢ the endpoind hawe bDeen classified as sharp, faint, or o trensie
tion, along with the strustwrel 47 of each indlcston,

Table XVIII, mmm#mlﬂm

AaShere Trengitiog

QuinalMne Tod Basiss tertisry swine md
Ovengs IV R Insiot amo, sls
pihanylanincs wdenmeng Basiet o

~ Bamsopurpurin hB . Inaiet ame, sal$
Mlschite Greem Geslste  Basies sald
Netard) Yellow Basiet amo, sels
Rrilliant Yellow | lesiet ass, suld
delapbrtholbonsein . Triaryiesrtdmel

Forwyl Vicded 845 Dsie
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FIGURE 22. POTENTIOMETRIC EVALUATION OF ORANGE IV
: AS AN INDICATOR IN ACETIC ACID.
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FIGURE 23.

0.5 1.0 1.5
MOLES OF BASE/MOLE ACID

POTENTIOMETRIC EVALUATION OF p-PHENYIL-
AMINOAZOBENZENE AS AN INDICATOR IN
ACETIC ACID.
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RELATIVE

€00

400

€&—pale blue

¢«—faint pink

FIGURE 24.

0.5 1.0 .5
MOLES OF BASE/MOLE ACID

POTENTIOMETRIC EVALUATION OF BENZOPUR-
PURIN 4B AS AN INDICATOR IN ACETIC ACID.




MEASUREMENTS

EMF

RELATIVE

800}—
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700}—
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FIGURE 25. POTENTIOMETRIC EVALUATION OF MALACHITE
: EE%EN OXALATE AS AN INDICATOR IN ACETIC
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FIGURE 26. POTENTIOMETRIC EVALUATION OF METANIL
- YELLOW AS AN INDICATOR IN ACETIC ACID.
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&green
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FIGURE 27.

0.5 1.0 .5
MOLES OF BASE/MOLE ACID

POTENTIOMETRIC EVALUATION OF FORMYL
- VIOLET S4B AS AN INDICATOR IN ACETIC
ACID.
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FIGURE 28. POTENTIOMETRIC EVALUATION OF «-NAPH-
' THOLBENZEIN AS AN INDICATOR IN ACETIC
ACID,
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EMF

RELATIVE

800

700
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500

400

[ &—yellow

| | ]

0.5 1.0 .5
MOLES OF _BASEIMOI.E ACID

FIGURE 29. POTENTIOMETRIC EVALUATION OF BRILLIANT
' YELLOW AS AN INDICATOR IN ACETIC ACID.
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RELATIVE

800
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FIGURE 30. POTENTIOMETRIC EVALUATION OF "BUITER
YELLOW"™ AS AN INDICATOR IN ACETIC ACID.
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MOLES OF BASE/MOLE ACID

FIGURE 31. POTENTIOMETRIC EVALUATION OF PROPYL RED
AS AN INDICATOR IN ACETIC ACID. '
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RELATIVE
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FIGURE 32. POTENTIOMETRIC EVALUATION OF m-CRESOL
PURPLE AS AN INDICATOR IN ACETIC ACID.
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FIGURE 33. POTENTIOMETRIC EVALUATION OF THYMOL
' - BLUE AS AN INDICATOR IN ACETIC ACID.



Zn the Stretion of sulfurie asid with sodium acetete snd trie
elohaxyloing solutions (Figure 3h), the potentiometriec "bresk® ebtaine
. of with $he Jatter 15 such sherper showing its enhenesd value for
titretion procedures, Thess titretion surves axe semnhat analogous e
the titmtion of & maderetaly streng acid with & weak and streng base,
respectively, in aquecws selntions, The eurves showm in Figure X hewe
been ahifted vertically se that the halfeasutrulisstion points sednclde.

ol =



E,MiLLivoLTS

-200

-300

<O~ TRICYCLOHEXYLAMINE
@& SODIUM ACETATE

| |

0.5 1.0
MOLES OF BASE/MOLE ACID

FIG. 34 THE POTENTIOMETRIC TITRATION
OF - SULFURIC ACID WITH VARIOUS
BASES IN ACETIC ACID.



SONCLIBTONS

The interestion Detween an crysnie smine and acetie scdd semilte in

- mearly omplete formation of the ssmenium sals which yremsing prededinsstly
in the form of wndissociated *ionepaize® dus t» the Jow dlelectyie eonstant
of the wolvent, As the developmmt of relative Masicity is dependent wpom
the extent %0 which Yiwes mewmivn acstate molacules dissociate, pertions
Jar sttention has tem paid 40 the influenee of wteris fectors &n promots
ing "ionwpals® separetion, On e besis of experinental wrk performed,

and resulis edtaimed, the following eomclusions have bosm drewn,

The affects of veriation in chain leangth and arrangment hewe shom
that special eonfiguetions abovd the esnter of positive eharge play &
predonined pard in the extend of "Lon-paiy” dissociation, In seetis
. Saldy 48 has boen found that e oxder of Besicity of alkyl aminey de=
sreases fren the tertiazy to the scconduxy %o the primnty sxine, This
differe considerably from squeous solutions, vhere the secendary amine is
the strongest, while the exder of strengths of the primary and tertiayy
anines axe depondent upon the individua) ehaim lengthse

In GHy00HS  (meCylig) o >(190-C)Ho) M > (meGy o) 20 >

In Vaters  (CHy) B> G M >(CHy) 8
'- (Cof)g® >y @ (G 8

()0 > (ae i) > eyt
&-us—arummmuum;mmmcm

Sxineg in acetis acid and in weier shows 8 sinilar pattern 49 ' preserd
12 both solventss In scetds scid and watey, Sriethylamoniue soviste




. undergoss the grestest axtent of dissoclation, This 1s ia agremnt vith
the data of Drown and Taylew (51), $hese workers having shown thed the
mw-suwmmmmumnmh
m%lm

:-m,mm (u,!s),lﬂa-c,n-,),n {0y B,) 3 > MN,D
(neyiy) 3¥ > (mepityy) 3 > (cls) o >ty
In Uaters (Bglg),l>(n-c,a,),l>(.-chu,)’l>(m,)’.>.,

I3 10 boen found that an dseprovyl Yype emnfiguretion, as is present
in triyolohenylening, adjecent to the Mitrogen stom of & tertiaxy swing
provides & large smomnt of sterie Mndranss, This spongy, mymsetriesd
wamwmmmummumwnh
soetats fon, therely enhencing “fonpaiy® dissectation, o

&mmmmw,wmm
the greatest extont of "Sonepalr® dlasocistiom im acetle aetd, In eome
sidering the sterie fastors inwlved in Aids Ype of stansture, it seeme
Mohly Miely thet the tetrealkylamonium soststes mey repsesent the
 lniting strength of mses in acetie acid, The sterie factors whidh
#1ield the nitrogen atom adtain thely meximm in & qustermry sald,

I¢ emn be ooncluded frem this investigetdon of sterie Pactore, b
the ovder of strwngthe of sy riven group of beses 4n water is wot &
good guide S0 their strengthe in acetic acid er othey nomagueous solvents.
Water and other sinilay sphiprtte solvents exerd & "loveling affeet?
™ bases in the swms mumey in wich they do em aalids (D)),

The spectrephotowirie swalvetiom of indlesters in acetis acid so
~ Iutions of known acidity hes provided seven indicator scustents im terns
Of the Hesmett Aclaity Punetiom, Fy (3)e The basie indloators quinaldine



)]
pody ovengs IV, pephenylaminoaschensens, snd bensopurpurin 4B, and the
risrylenrtine) cemmphtholbmnmdn ehids sherply defined eolor dhanges
in aostds acid, OF these five indicsters, the firet four Mewe 3&* values
© in the relatively alksline sepions of the solvent, wheress s-mephthole

bensein undergues ite solor elwrpe in the mederutely scidis vegloms,
| The indicatoss "utter Jellov” and thymel hlue heve pk' valuss which
extend fay inte $he alkaline yegions of acetde seld, Dowever the culow
chenges ©Aidited are gredusl, snther them shaxp, Both of thess indl. |
SRt0TS APTOAY §0 Scoepd Ywe protons prior $0 S1w cecurrencss of & dvtectable
In general, 809 type indicetore eemteining am alsetrophilie gy in
their stvotre aaibit the shaapeot eclor shenres in acetis acld, e
olor thanges wiich opcur with scidis inticators, and with amw tndicstore
containing o megetive substitvents aze ruther gradusl, henes thelyr velus
ia Wirinstay s 1inited, |



it §

 the sppliestion of menaquecus titretions in sSeetle acid is wndere
going extensive spplication in the ares of pharmscsuticel Spalywis,
Bossuse of the eomplaxity of delwvior of various solutes in the scotds
. acid sysien, a5 sttonph has becn wads 0 elarify sowe of the cbecure Tee
Ixtionstips dnvalved o a8 40 Sciviews & eleare wnderstanding of scid~
base emilitels in this solvends -

Although & eonsidershile sxnmd of work has been dne in e Yoo
Jatively scidis yegions of ¥ds solvent, vesy 1ittls sttention hes bem
* pedd 45 the use of the Wove Alkaling regiens for amlytiesd purposess
n $he pressut Luvestigstion, eyhasis has been pleced en sxtending the
relatively sore alkaling regions of aeetis acid by the wee of dases
strongsr thes sodiwm asstete, which 48 the e Nosh Gemonly used &8 &
treand, Along with the development of theee stremger Dases, & surwy
was mds 40 wneovey suitadls fndiestors for use in the more alkmling
tegions of the solvends IS was intiially desized 4o Jooats en effee~
tvely Sotelly dssociated dese in acstis acid) this however proved wme
Sugconsnful, &6 sven the strongest tases fallow the Ostweld Dilutiom Jaw,
After extonsive investigation, 14 was ovidend Shad steris factors plsy &
Proxinent yole in 1iwiting the teletive alkalinity of the solution,

The present study inte $he more alksline yegions of acetds scid
Das been esrried oul by mears of potentiomirie end colovimetrie
(intlestor) prossdures, Unfortunstely, potentiometzie deviations ab the
Kgher solute soncentvetions yeised some douwdt o t0 $he el of
Masurenmts 8% smoizetions grester and 0,05 moler, '

By mans of & potentionetris &llution procedure, Muines of iffering




strusturel gpes, L.0s Buallyly Qrulic, and sremstic, were studied for
thedr relstive dlesociation bedaviors in scetls acid, A onveful dnvestie
grtion of e warious strustarel ©pe Sertiszy amines showed & eviticel
~ wdse snd shape mecessery ¢ ebtain the amximm intericeis distance, In
Figure 1y the varistions in "Lonepals® dlssocistion of the erpsnis smines
With changes in chain length and cenfiguretion ave shown, The dissocie~
tion of swcrdun scetete has artitrerily besm set a8 wnity, sll other
dlosociations being yalative 40 thet of smoriwm scetate, |
The fact thet the maxizun degres of “Son-paiy® dissocistion wag
obtained with & tetrealkylesmoniun sostate fends 40 indieate thet thess
~ bases, &8 expected, represent the Miniting strengths in acetle acid,
Tis 40 deosuse the positive charse 4o desply buried smong the fouy alkyl
groups, therely limiting the distanse of acetats Lom spprondh,
© Awong the monoe=y $ley snd trisubetituted amunis derivatives, the
ordey of baslcliy in acetis acid differs sonsidessdly fyem that in water,
In sootis acidy the oxder of basicity 46 tertiay secondary prinery}
Waress in vater, the svoondiry sdine 40 4w strongeet, Wils the order
ﬂm#&mamdmmhp“wh
individual chein lemgthe,
Mmmmumm
scnstante (pk') of waricus acid-bose indicatosw in sostie acld, As the
ordizayy jR seals 1s walid enly fur dilute squecus solwidoms, the Samets
Addatty Punction (3h), K ) was erlayed te establish the seldity vaiues
of the different asetis acid solutions, The scidity fumetion, a¢ defined
in equation (19), malkes wee of Sesis indicatesw (B) as & measure of Sotal

R, S50 e leg (¥ a9
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scddity in acidie solvents, yelative 0 the acldity of dilute aquoous

solutions, As erfgimilly defined, the B, funciion is walid enly for
selvents of Mgh dlelsotrie escwtant, however Hall end Spengewan (36) heve
own thet in dlinte solutions, there 10 & ueeful eorrelation hetewen
potentiomstrie and K, values in Sootis acid,

The ecnstents for the indicators Aisted Salow were mxperisentally
 doternined in Seotis acid weing sclutions of huown K, value,

Intlonter pt
Thymol WloResessssevscecssesssesses Mol
POimeAhyLani ot ot en NS esecsese oo 3005
Quinaliing yodecoesessssesecsrcence Jobh
Pansopurpurdn iBssscssasessoscenves Sodh
Orenge IVesessssosessssnsssesvocens 294
.Mo‘u.uuon LY
Gediaghtholbensnii, cessesaresssnsece 0428

These indicators M2e sommibad sxomalous in thelr behavior dn soeile
Seid selutions a8 compared 40 thelr behavier in an aguecus olution,
The strengly scidls cherecter and lov delectrie sonstant of 4he solvent
anrd & streng influence on the charecter of the indlester, These ine
 fluences sxe manifested in "medine® snd sounterion effects which remid
ia 1ateral displscemente and intonsity chenges in the abecption surves,
In determining the *trus® fonisation ratios, BV/B, the wesssstry eore
Potions fow these anonslous Dehaviors were enplayeds |

Fiftomm indicators dave been evaluated a8 yeplacsments for
Potentionstris Sitention procedures in seetls seid, Of these, the Mesis
ad trisrylosrtinol types were found 40 give e sharpest dhenge 84 the



Fosy 8y
stolckdonetris endpoint, With scidis Ype indisstors, the endpoints were
wry irfisult o distinguish,

In swensy, thess Lovestisstions have shown thet velative alkadimity
in acetis acid 49 linited %0 Ny velues in the vicinity of § 5, corres~
ponding % & pil of appwoxizately S, The intieators Hund % be WAL usee
ful in this relatively alkaline yenge of the solverd were quinaliine yed
and pedinstiylanincssosbenseng with pk* valves of 3.4k and 3.85, yespectives
lys Altheugh the indieator, tiymol blue, wae found 40 heve 8 pE' of h.2h,
$4s ovlowy changs in acetie acid is yather dAffiouls 4o dlscern,
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