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ABSTRACT 

The KHA of water and five alcohols were determined in !-butyl 

alcohol employing sodium and potassium !-butoxides. The order of 

acidity is methanol>water>ethanol> 2-propanol~cyclohexanol>menthol. 

It was also shown that potassium !-butoxide was twice as strong a 

base as sodium t-butoxide. A spectrophotometric method was employed 

with p-nitroaniline as the indicator. Calculations were made employ­

ing the methods of Stearns and Wheland and of Hine and Hine. 
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INfRODUCTION 

Historically, the pKa data of weak acids (PKa>l4) listed in the 

literature have been incomplete, and are based on many false assump­

tions. These include such assumptions as "pKa's are not a function 

of solvent or temperature", that "ion pairs have no effect on acidity" 

and that "there are no aggregates formed in solvents of low polarity". 

On examining various pKa values for a specific indicator, it appears 

that the values are dependent upon the solvent and the base employed. 

In this work a visible spectroscopic method was used to deter-

mine the KHA 1 s of water, methanol, ethanol, 2-propanol, cyclohexanol 

and menthol in ~-butyl alcohol with sodium and potassium ~-butoxides. 

The method is accurate, but has the shortcoming of using concentrations 

much lower than those employed in the kinetic studies. 

Prevj_ous workers have determined ionization constants by colori­

metry, infrared spectrometry, UV-Visible spectrometry, nuclear mag­

netic resonance, conductimetry and polarimetry using a variety of 

solvent systems and bases. 
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CHAPTER I 

LITERARY REVIEW 

A systematic determination of ionization constants of weak 

acids was initiated by Conant and Wheland (1) in 1932. They 

established a scale for a number of weak acids by studying competi­

tive equilibria of the type 

RH + R 1M ~ RM + R I H 

by colorimetry. The position of equilibrium was determined by 

comparison of the spectra of their individual salts and the 

spectra exhibited by the reaction mixture at equilibrium. 

McE,ven (2) expanded the list of pKa 1 s of weak acids by examin-

ing alcohols, amines, and hydrocarbons using colorimetry and polar-

imetry. The polarimetric method used depended on the differences 

in optical activity of mixtures of an optically active alcohol, 

its salts and a weak acid, in which the values of the optical 

activity of the optically active alcohol and its salts were known. 

McE,ven has established a base for most of the work done on pKa 

determinations (Table III and IV). 

In 1947 Stearns and ffi1eland (3} developed an advanced spectre-

photometric method for determining the pKa values of 4,4' ,4"-trinitro-

phenylmethane, 2,4-dinitrodiphenylamine, 2,4-dini.troaniline and 4-

nitrodiphenylrunine in ethanol and of 4-nitrobenzyl cyanide in 

water. A large shift in the position of the absorption maxima of 

the undissociated indicator and the ion of the indicator in the 

· · of the concentration of visible region allows the determ~nat~on 

the negative ion by standard spectrometric methods, provided 

' h ext~nction coefficient of the colored 
Beer s law is obeyed and t e • 
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ion is known. It is also important that the Debye-Huckel limiting 

law holds in the solvent system being studied. The pK values can 
a 

be determined by varying the ratio of base to indicator concen-

trations. The values obtained for some of the indicators in 

ethanol are given in Table I. 

Hine and Hine (4) determined the relative acidities of water, 

methanol and 48 weak acids, including alcohols, glycols and amides 

in isopropyl alcohol with sodium isopropoxide using an expansion 

of Stearns and Wheland spectrophotometric method. They measured 

the change in optical density when a weak acid was added to an 

indicator with base present. This method gives a pK for each 
a 

acid relative to the indicator employed. 

Stewart and O'Donnell (5) determined the pK 's of 14 sub­a 

stituted diphenylamines and 8 substituted anilines in four sol-

vent systems: water, pyridine-water, su1folane~water, and di-

methylsulfoxide-water, each containing tetraalkylammonium hydrox-

ide. The data in Table I show their results in two of these 

solvent systems. The values for indicators in sulfolane-water 

and pyridine-water show only a slight difference in the pKa 

values. Stewart and O'Donnell (6) also ran a comparative study 

of substituted phenols and anilines, examining the inductive, 

electromeric and steric effects by adding nitro and/or chloro 

( bl II) They found that the differ-groups around the rings Ta e · 

b substituted phenols and anilines 
ence in pKa values, ~PKa' etween 

is almost a constant quantity and lies between 10.80 and 12.17 

PKa units. 



TABLE I 

pKa 1 S of Indicators in Various Solvents Systems 

Ethylene Ethanol Hydra- Hydrz- Su1pho1ane Sulfolane Pyridine Ethanol 
diamine amine zine zine water water water 

water water water water 

Reference 10 10 10 9 12 5 5 3 

4-Nitrobenzy1 cyanide 13.45 13.45 13.45 13.43 13.43 13.4 

6 Bromo 2,4-dinitroaniline 13.71 13.60 13.66 

3-Nitrocarbozo1e 15.10 15.10 15.01 14.16 14.03 14.16 

4,4-Dinitrodipheny1 amine 14.97 14.97 14.90 14.48 14.00 14.09 

2,4-Dinitrodipheny1 amine 14.65 14.65 13.38 13.38 17.71 

2,4-Dinitroani1ine 15.80 15.43 15.02 18.46 

4-Nitrodipheny1 amine >19 16.95 15.43 15.76 15.90 20.6 

4,4 1 Dinitrodipheny1 methane 15.90 15.82 

4,4,4" Trinitrotripheny1 17.44 
methane 

2-Nitroani1ine >19 718.75 17.88 

4-Ni troaniline >19 18.47 18.37 

2-Nitrodipheny1 amine >19 18.85 17.57 
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TABLE II 

Comparison of the Acidities of Anilines and Phenols 

EKa 
Substituent Aniline Phenol .6pKa 

2-Nitro- 17.88 7.08 10.80 

4-Nitro- 18.37 7.15 11.22 

2,4-Dinitro- 15.00 4.07 10.93 

2-Nitro-4-chloro- 17.22 6.36 10.86 

2,6-Dichloro-4-nitro 15.55 3.48 12.17 

2,4,6-Trinitro- 12.00 0.3 11.9 

Stewart, O'Donnell, Cram and Rickborn (7) published data which 

permit calculation of rela~ive acidities, but not pKa values, of 

some indicators in methanolic DMSO. They describe the Hanunett 

acidity function H_ as the ability of a solvent to remove a 

proton from a very weak aci~ essentially neutral except to strong 

bases. H_ is defined by the equation: 

au+ fA' (A-) 

H = - log = pKa + log - fHA (HA) 

In very dilute aqueous solutions H_ becomes identical with pH. The 

ratio of log A-/HA is determined spectrophotometrically and when 

it is plotted against the H_ values the pKa's can be computed. 

Ridd and More-O'Ferrall (8) determined the acidity function 

H_ in methanol containing sodium methoxide. Ionization constants 

of six substituted anilines and amines were determined. If the 

indicator had one nitro group, its pKa was determined in methanol 

with sodium methoxide; if there were two nitro groups isopropyl 
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alcohol with sodium isopropoxide was used; and if another system 

was needed ~-butyl alcohol with sodium ~-butoxide was used. When 

another alcohol other than methanol was used, the values were con-

verted to comply with the acidity function in methanol. The corre-

spending extinction coefficients at the absorption maxima were used 

to calculate the ionization ratio (R=CA_/CHA) for the indicator in 

methanol. The pKa values of these six indicators are shown in 

Table I. 

The first attempt to construct an acidity function in a binary 

solvent system was made by Dena (9) in 1952. He varied the concen-

tration of hydrazine from 5 to 60% (by weight) hydrazine in water. 

The acidity function varied from 11 in 5% hydrazine up to 15.93 in 

60% hydrazine. The pK values for indicators determined in hydra­
a 

zine-water syster!l are shown in Table I. 

In 1955 Schaal and co-workers (10) determined the acidity 

functions for ethylenediamine-water, ethanolamine-water, hydrazine-

water and !-amyl alcohol containing sodium amyloxide. The pKa's of 

some indicators in these solvent systems are sho'vn in Table I. They 

found a limiting H_ value of 15.53 for anhydrous ethanolamine, 18.2 

for ethylenediamine and 19.4 for !-amyl alcohol. The agreement of 

H_ values obtained with 4-nitrobenzyl cyanide for ethylenediamine-

t ' 1 · t ar1d hydrazi."ne-water is excellent. On wa er, etaano am1.ne-wa er 

h h 1 of 3-n~trocarbazole and 4,4'-dinitrodi-t e ot er hand, the pKa s .._ 

phenylffinine vary slightly in hydrazine-water. 
The values for 3 

indicators in hydrazine-\vater reported by Schaal and co-workers 

h Co~unicated in the work of Dena. 
are ~lightly higher than t ose "~' 
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Paul and Long (11) commented that this large discrepancy casts con­

siderable doubt on the assumption that these H_ scales are indepen­

dent. of the indicator employed and makes it imperative that this be 

tested by studies with other indicators. 

Langford and Burwell (12) determined the pKa's of 10 hydro­

carbons, substituted anilines and substituted amines in sulfolane-

\vater solvent using phenyltrimethylammonium hydroxide as the base. 

Employing a spectrophotometric method, they obtained an acidity 

function value near 20 for a solution of 5 mole %water, 95 mole % 

sulfolane and 0.013 molar phenyltrimethyl anunonium hydroxide. They 

pointed out that sulfolane containing 5% water is a million times 

more basic than pure water when both contained 0.01 molar hydroxide 

ion. This increased activity is due to the increased activity coef-

ficient of the hydroxide ion. 

Streitwieser, Brauman, Hammons and Pudjaatmake (13) worked on 

a precise method for determining equilibrium acidity measurements 

for the range 18-34 pKa units. They used lithium and cesium salts 

of cyclohexylamine in cyclohexylamine solvent system to measure 

the concentration of the two anions at equilibrium with the aid of 

visible spectra of the solution. The pKa's of 11 hydrocarbons were 

determined; some of these are shown in Table III. 

Steiner and Gilbert (14) obtained comparable pKa values for 

hydrocarbons in DMSO, DMSO-methanol and DMSO-water mixtures (Table 

III). They related the pKa's of triphenylmethane and diphenylmethane, 

plus several other indicators by Stearns and Wheland's method to 

place DMSO in an overall acidity scale. Steiner and Gilbert's data 

h data Obtained by Streitwieser and co­
diverged seriously from t e 

workers. 
The K r s in DMSO are on the order of 2 to 5 units lo,,er 

p a 



TABLE III 

pKa r s of Hydrocarbons 

References (12) (14) (13) (13) 

DMSO CsCHA LiCHA 

McEwen Systems in CHA in CHA 

9-Phenylf1uoren~ 21 18.38 (18.49)b (18.49)b 

3,4-Benzofluorene 19.45 19.38 

Indene 18.2 19.93 29.97 

1,2-Eenzofluorene 20.05 20.24 

Benzanthrene 21.17 20.67 

4,5-Methyl nephenanthrene (20.0)c 22.63 22.60 

Fluorene 25 20.5 22.74 22.83 

2,3-Benzofluorene <19.5 23.17 23.16 

9-Phinylanthrene 24.2 28.5 

Triphenylmethane 33 27.2 31.48 

Diphenylmethane 35 28.6 33.1 

4-Nitroanaline 18.6 

_E.-Butyl alcohol 19 
00 

DMSO 31.3 

Methanol 16 
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than in cyclohexylamine. The difference may be a solvent effect and/or 

an ion-pairing effect. In DMSO the equilibria involve largely dis-

sociated ions and in cyclohexylamine ion pairs are formed. 

Bethell and Cockerill (15) using visible spectrophotometry 

measured the pKa's of seven substituted anilines in ~-butyl alcohol 

containing different !-butoxides as bases. The cations employed were 

potassium, sodium and benzyltrimethylammonium. It was found that the 

potassium ~-butoxide was twice as strong a base as sodium !_-butoxide, 

but \vas no more than one-one thousandth as strong a base as benzyl-

trimethylmnmonium !_-butoxide. When a small cation is used ionization 

is incomplete, but when a large cation is employed complete ionization 

seems to occur. They also found that when the temperature of a solu-

tion of base in !_-butyl alcohol was increased the basicity of the 

solution decreased. When they added dimethylsulfoxide, tetrahydro-

thiophen-S, S-dioxide or pyridine-N-oxide to a base in !-butyl alcohol, 

the basicity of the solution increased substantially. A shift of the 

\nax in the direction observed for benzyltrimethylammonium !.-butoxide, 

was also note4 when one of these solutions was added to an indicator 

containing potassium !-botoxide. 

The first pKa st,1dies \vith DMSO were initiated by Corey and 

Chaykovski (16) in 1962, when they prepared the conjugate base of 

D 1 1 Carball-: 0 n known as the "dimsyl ion". It was 
MSO, methylsu finy ~ 

d b · powdered sodium hydride with excess dry DHSO. 
prepare y reac t1.ng 

b · as 1·s shown by its rapid reaction 
Dimsyl sodium is highly as1c 

with triphenylmethane to produce a deep red solution of triphenyl­

methyl carbanion. 
Deuteration of a known anillunt of dimsyl ion and 

0 · DMSO gave an equilibrium constant 
triphenylmethane with excess Dz ~n 
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of 21±4 (25°) measured by the ratio of triphenylmethane: triphenyl­

methane-d1. 

Price and Hhi ting (17) \vorking with dimsyl sodium in DMSO 

found that under anaerobic conditions, titration of weak acids can 

be carried out quickly, with the end point being located to a single 

drop of dimsyl sodium using triphenylmethane as the indicator 

(Table IV). Steiner and Gilbert (18) carried out a similar study 

using dimsyl potassium. They found end points were being reached 

when about one half the predicted amount of dimsyl potassium had 

been added, if the weak acid was an alcohol or an amine. Their 

values appear in Table IV. 

There is some doubt as to the validity of the work of Steiner 

and Gilbert, and of Led\vith and McFarlane (19), bec.ause the dimsyl 

potassium produced from potassium and DMSO under reduced pressure 

was probably contaminated with methane-sulfenate (CH3SO-M~ as has 

been shown by 0' Conner and Lyness (20). Ledwith and McF<'rlane made 

the assumption that the gases given off from the reaction mixture 

of potassium and DHSO were dimethyl sulfide and hydrogen, when 

actually they were dimethyl sulfide and methane. Ledwith and 

McFarlane did find that the dimsyl ion was formed when potassium 

~-butoxide was added to DMS0. 0 
t -

CH3-s-cH2 + t-BuOH 

have also been employed to determine the rela­
Kinetic methods 

d Deuter1·um exchange experiments have 
tive acidities of weak aci s. 

been follmved primarily by infrared spectrometry, but occasionally 

with visible and nuclear magnetic resonance spectrometry. 
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TABLE IV 

Comparison Weak-Acids with Dimsyl Bases 

Acid 

Reference 

Benzoic acid 

Acetic acid 

2,4,6-Trichlorophenol 

Phenol 

Formanilide 

Glycerol 

1-Methoxy-2-propanol 

Dipropylene glycol methyl ether 

Tripropylene glycol methyl ether 

Water 

Ethanol 

n-Butyl alcohol 

t-Butyl alcohol 

Cyclopentadiene 

Indene 

Diphenylamine 

Aniline 

Triphenylmethane 

Lit. 
pKa 

1,2, & 4 

4.2 

4.8 

6.2 

9.9 

15.7 

18 

19 

17 

21 

23 

27 

33 

Moles of dimsyl ion per 
mole of acid to give 
visible cone. of Ph3c-
Na +b K+ 

17 18 

1.03 

1.02 

1.56 

1.00 

0.98 

1.06 

0.99 

0.98 

0.99 

0.01 

1.01 

1.01 

0.99 

(l.OO)c 

1.00 

0.54 

0.54 

0.53 

0.64 

0.31 

0.45 

0.33 

0.97 

0.98 

1.00 

0.01 
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Shatenshtein (21) concluded that the strengths of weak acids could 

be determined from the rate of hydrogen exchange, the point of 

equilibrium in protolytic reactions and its rate of attainment. 

Dessy, Okuzumi and Chen (22) used infrared spectrometry to 

measure the rate of exchange of benzylic hydrogens of acetylenic 

and aromatic hydrocarbons with deuterium oxide in DHF-trimethyl-

amine solvent system. The rate of exchange was followed by the 

appearence of the peak due to the formation of DOH. 

Richie and Uschold (23) reported that 4,5-methylenephenylan-

threne has a pKa of 20.0 and that 9-methylfluorene has a pKa of 

19.7 in DMSO. The rate of proton transfer was followed spectra-

photometrically. They noted that the rates of proton transfer 

between fluorene and its lithium salt in DMSO is approximately 

-1 
sec The work of Eigen (24) shows that D20 has a rate 

10 -1 -1 0 ( ) of proton transfer of 8.4x10 M sec at 298 K, H20 ice a 

rate of 8.6xlo12M-1sec-1 at 263°K, and H20 a rate of 1.4xlo11 

M-lsec-1 at 298°K. This shows there is a great difference in the 

ability of a dipolar aprotic solvent and protic solvent to trans-

fer a proton. 

Eigen determined pKa' s of organic compounds (T.cble V) in '"ater 

by a perturbation method noting the changes in electrical properties 

of the system. Pearson and Dillon (25) in 1952 employed conducti­

metry in ITLeasuring the rates of bromination to determine the rate 

· · g ketones, aldehydes, 
of ionization of 48 weak acids compr1s1n 

lf and nitro compounds (Table V). 
ec;;ters, acids, amides, mitriles, su ones 



TABLE V 

pKa'a Determined in Water 

Reference 

Acetone 

Acetoacetic ester 

Acetylacetone 

Diethyl Halonate 

Diethyl Ethylmalonate 

Water 

Ice 

Deuterium oxide 

(25) 

Pearson 
& 

Dillion 

pKa, 

20 

methyl 10 

ethyl 10.7 

9 

13.3 

15 

13 

(24) 

Eigen 

pKa 

20 

[CH3COCHCOOR] 

10.68 

9.0 

15.75 

21.4 

16.5 



Charman, Tiers and Kreevoy (26) employed NMR to measure the 

rate of base-catalyzed hydrogen exchange between phenylacetylene 

and 'vater. These rates were followed by the broadening of the 

acetylenic hydrogen NMR peaks caused by the exchange. 

Another method for determining the acidities of hydrocarbons 

is to follow the rate of exchange of a tritiated compound with a 

hydrocarbon. By using liquid scintillation counting techniques, 

the amounts of each tritiated compound can be determined. Hofman::t,. 

Muller and Schriesheim (27) used tritiated dimethylsulfoxide with 

potassium t-butoxide to determine pK 's of 40. They have worked 
- a 

primarily with toluene and polyalkylbenzenes. The instrumentation 

involves a radio-assaying gas chromatograph to determine the amount 

of exchange. 
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CHAPTER II 

THEORY 

In 1936 Stearns and Wheland (3) showed that the Keq and Ktrue 

for an indicator could be determined by the following method. They 

showed that if the absorption of a solution of indicator is measured 

at a wave length at which the conjugate base of the indicator absorbs, 

but the undissociated indicator does not, and if the concentration of 

indicator used is negligible compared to the concentration of base, 

then 

1 1 1 = ------- + ------Ern- (OR-) 
1 (1) 

e' 

At the wave length employed, e1n- or Ktrue~cHin is the molecular ~x­

tinction coefficient of the conjugate base of the indic~tor, e' is called 

the apparent extinction coefficient and is equal to the optical den-

sity divided by the formal concentration of indicator, (OR-) is the 

original concentration of base added to the solution; therefor~ for 

the equilibrium 

Hin + OR- ~ In- + ROH 

(2) 

1 "l"b · constant of a weak acid KHA can be determined T 1e equ1 1 r1um 

for the equilibrium, 

HA + t-BuO- ~ A- + t-BuOH 

= 
(A-) -

(HA) (!:_- Buo-) 

(3) 
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;e KHA for a weak acid, the concentrations of A-, HA 

and t··-1::. obtained by the following procedure. From Beers law, 

the c~;nc . · .. =ion of indicator anion is 

A = 
Ktrue(l) 

(4) 

where In 'he concentration of indicator anion, A is the absorption 

measured, : the cell width (which is 1 em in all cases and Ktrue 

is the gr ' ~~ally-determined extinction coefficient for the system 

employed. · t<:· concentration of indicator is 

(Hin) = (5) 

where c1L: : ,; the concentration of indicator added to the solution. 

Then thl? .~·· ntration of t-Buo- or B- is determined by 

= 
(In-) 

(riin) Keq 

\vhere th · ( . is determined for the blank employed in a run. 

The , t'l:. ·. concentration of bases present is 

= + (In-) + (A-)' 

then 

= 

The· . : ... : ·!ntration of HA is 

where C: ·\ · 
\.". 

soluti.or... 

(HA) = 

Concentration of acid added to the 
the original 

(6) 

(7) 

(8) 

(9} 
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After attaining the values for A-, HA, and B- the value of 

KHA is determined, 

= 
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CHAPTER III 

EXPERIMENTAL 

The equilibrium constant KHA has been determined for water, 

methanol, ethanol, iso-propanol, cyclohexanol and menthol in !,-butyl 

alcohol with variation of the !,-butoxide base. 

A. Analvtical Method 

Solutions of the alcohols and indicator were prepared by 

Height on an electric analytical balance followed by volumetric 

dilutions with calibrated pipettes. All dilutions were carried 

out in a dry box with a nitrogen atmosphere at 30°C. The concen-

trations of the bases employed were determined by titration, with 

standardized hydrochloric acid employing phenolphthalein as the 

indicator. Immediately after the solutions of base and indicator 

or base, indicator and alcohol were mixed, the optical density was 

measured in a Beckman DU Spectrophotometer. Absorption measure-

ments were at 450Illj.l (The maximum for the anion of the indicator 

is at 432Illj.l in !,-butyl alcohol). The measurement of absorption 

of the indicator anion at l•50m!J. would require the subtraction of 

the amount of absorbance by the indicator. A time versus absorp­

tion study shown in SpectrumNo. 1 was run with 2.8xl0-5M p-nitro­

aniline in ~-butyl alcohol with 2.2xlo-2M potassium !-butoxide.• 

This measurement was run on a Beclanan DK-2A Recording Spectro­

photometer to determine if therewere any spectral changes with 

time. It was found that there was less than a one percent change 

· b h All solut1"0 ns were mixed at such concen-
1n a sorption per our. 

· 1 dens~ty readings in the range of 0.3 to 
tration as to give opt1ca ~ 

0.6 absorption units. 
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B. Preparation of compounds 

t-Butanol \vas Fisher Certified Reagent grade. It was dried 

by adding 1 mole of sodium to 4.5 liters of alcohol and refluxed 

for 48 hours. It was then distilled at 81°C at 740mnHg. Only 

the middle portion of distillate was employed. 

Potassium t-butoxide solutions were prepared by dissolving 

reagent potassium ~-butoxide in purified !,-butanol. It was also 

prepared by reacting potassium metal with purified !,-butanol. 

Sodium t-butoxide ,.,as prepared by reacting metallic sodium 

with purified !_-butyl alcohol 

p-Nitioaniline was purified by triple recrystallization from 

95% ethanol and 5% water. It was then dried and had a melting 

point of 147-8°C. 

Ethanol - Anhydrous ethanol was prepared from 99.5% ethanol 

by reaction with sodium metal following refluxing with diethyl-

phthalate. The ethanol was then distilled at 87°C with only the 

middle portion employed for these studies. 

~!ethanol - Anhydrous methanol ,.,as prepared by reacting Fisher 

ACS anydrous methanol with magnesium metal. Cooling was employed 

to control the rate of reaction. The methanol was then distilled 

at 64°C using only the middle portion of distillate. 

2 1 A h d 2 -propanol was prepared by distilla-
-P~~~ - n y rous 

tion from sodium hydride at 82°C. Only the middle portion of 

distillate was employed . 

.Qyclohexanol _ Anhydrous cyclohexanol (Hatheson Coleman & 

Bell) was prepared by distillation from sodium hydride at 160°C. 

Only the middle portion of distillate was employed. 



Water - Distilled water was always freshly redistilled to 

ren~ve all carb~n dioxide. 

Menthol - !-Menthol (Aldrich Chemical) was distilled at 

21 

64°C at l81nmHg. Only the middle portion of distillate was employed. 
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C. Determination of KHin for p-nitroaniline 

To determine the Keq for the weak acids it was first necessary 

to determine the Ktrue and the Krun for the indicator in sodium and 

potassium !-butoxides. Ktrue and KHin were determined by noting 

the change in absorption versusvaryingconcentration of base, while 

holding the concentration of indicator constant. In Tables VI and 

VII the data for the runs in sodium and potassium !-butoxide 

values are plotted in Figure 1. The graphic values obtained were 

Potassium !-butoxide 

Sodium t-butoxide 

KHin 

51.64 

23.14 

D. ~eterm_inatio~of ~ for weak acids 

Ktrue 

2.40xlo4 

2.42xl04 

Once the Kuru and Ktrue for a particular base have been deter­

mined a solution of base and indicator w·as chosen that gave an ab-

sorption in the range of 0.3 to 0.6 absorption units. After choosing 

the correct set of concentrations, weak acids were introduced and 

the change in absorption was noted. The data for the runs in potas-

d h 1. n Tables VIII and I. X respec-sium and sodium t-butoxi es are s own 

tively. The results are shown in Tables X and XI. 

E. _S2..!_t:t£le calculations 

A sample calculation is shown for methanol in potassium !-

hutoxide. 



Concentration of p-nitroani1ine 

Concentration of methanol 

Concentration of potassium !-butoxide 

Absorption of blank. 

Absorption of methanol 

= 30.3 

= .s2 x to-5 
2.28 x 1o-5(30.3) 

-3 = 7. 54 X 10 

2.8 x w-5M 

7 X 10- 2M 

2.66 X 10-2M 

1. 25 

= 2.66 X 10-2 - .754 X 10- 2 - .52 X 10-5 = 1.906 X 10-Z 

[HA] 

K 
MeOH 

2 -2 -2 = 7 X 10- = 1.91 X 10 = 5.09 X 10 

= 1.91 x to- 2 _ = 49.7 
(5.09 x 1o-2) (7.54 x to-3) 
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TABLE VI 

Data for K Determination with Potassium t-Butoxide 
Hin 

Concentration of p-nitroaniline 2.8 x 10-SM 

Concentration of Absorption 
potassium ~-butoxide 

4.16 X Io-2 .520 

2.60 X lo- 2 .380 

2.08 X Io-2 .345 

1.56 X 10-2 .320 

1.04 X lo- 2 .240 

5.2 X 10-3 .086 

TABLE VII 

Data for KHrn Determination with Sodium ~-Butoxide 

Concentration of p-nitroaniline 2.8 x 10-S M 

Concentration of Absorption 

sodium t-butoxide 

1.63 X 10-1 .540 

9.75 X lo- 2 .470 

6.50 X lo- 2 .lJ-10 

3.25 X Io- 2 .328 

1.63 X Io-2 .212 
,. 

3.25 lo- 3 .065 
X 

24 
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TABLE VIII 

Data for KHA Detenninations with Potassium t-Butoxide 

Concentration of indicator 

Concentration of base 

Concentration of HA 

Run I 

2.8 x lo-5 M 

2.15 x lo- 2 

1 x 10-l M except 
Menthol 4.3 x lo-2 

45.0 

4 2.40 X 10 

Absorption Data 

Run I 

Blank .330 

Methanol .108 

Water .128 

Ethanol . 218 

2-propanol 

Cyclohexanol 

Henthol .312 

Run II 

2.8 X 10-5M 

2.66 X 10- 2M 

-2 
7 x 10 M cxc~~t 
Menthol 1 x 10 M 

33.0 

2 4 10/+ 
• X 

Run II 

.300 

.125 

.140 

.212 

.263 

.265 

.282 



27 

TABLE IX 

Data for ~IA Determination with Sodium_!-Butoxide 

Concentration of ir.dicator 

Concentration of base 

Concentration of liA 

Blank 

Menthol 

Water 

Ethanol 

2-propanol 

Cyclohexanol 

Menthol 

Run III 

2.8 X to-sM 

1.13 X 10-lM 

1 X 10-lM 

23.6 

2.42 X 104 

Absorption Data 

Run III 

.495 

.348 

NA 

.427 

.475 

.478 

.490 

Run IV 

2. 8 X 10-5M 

6.82 X 10-ZM 

1 x 10- 1M except 
isopropanol, cyclohexanol 
and menthol -2 x 1o-1M 

23.7 

2.42 X 104 

Run IV 

.420 

.220 

NA 

.314 

.350 

.352 

.410 



TABLE X 

KHA Determined with Potassium !-Butoxide 

Run I Run II 

Methanol 48.9 49.7 

Water 37.3 40.2 

Ethanol 10.3 12.8 

2-propauol 3.74 

Cyclohexanol 3.70 

Menthol 2.95 1.26 

TABLE XI 

K in _t-Butyl Alcohol with Sodium !-Butoxide 
HA 

Run III Run IV 

Nethanol 47.0 45.2 

~·later 

Ethanol 10.1 13.7 

2-propanol 5.50 3.00 

Cyclohexanol 3.3 2.92 

Menthol 128 139 

28 



ERRATUM 

P. 29 

The standard free energy change for the exchange of potassium 

and sodium ions between anions of the alcohols is approximately zero. 

However, the standard free energy change for the exchange of 

sodium and potassium ions between the anions of the alcohol and the 

indicator is not equal to zero. 
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CF.APTER IV 

DISCUSSION 

A. D~scussion of results 

The results obtained in the determination of ~ in !-butyl 

alcohol were methanol>water>ethanol> 2-propanol~yclohexanol>menthol, 

which is in agreement with the order of those values obtained by 

Hine and Hine (4) in 2-propanol (['able XII). The values obtained 

for the ~veak acids are given in Table X and XI. Water was not 

measurable in sodium .!:_-butoxide, because the solution became cloudy 

due to the formation of solid sodium hydroxide. 

The values of methanol and water show methanol to be a much 

stronger acid than water. Methanol is approximately four times 

stronger than ethanol while ethanol is about four times stronger 

than 2-propanol. 

The values of KuA for 2-propanol and cyclohexanol are approxi-

mately the same. This would be predicted, since the two compounds 

are structurally the same. Menthol has the same basic structure, 

but is a weaker acid than 2-propanol and cyclohexanol, apparently 

because the iso-propyl group alpha to the hydroxyl group blocks the 

abstraction of the hydroxyl proton. 

The values of KuA obtained in potassium !-butoxide and sodium 

These values would be expected 
!_·-butoxide are found to be the same· 

to be the same, since the only difference in the measurements is the 

amount· of base employed to obtain a measurable color change of the 

indicator. 
f 1 to be inde-

f h Weak acid is there ore s town 
The KHA o t e 

It was found \.Jhen 
pendent of the cationic change in the bases· 
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TABLE XII 

KHA Determined by Hine & Hine in 2-propanol 

KHA 

1-'lethanol 4.0 

Water 1.20 

Ethanol 0.95 

2-Propanol 0.5 
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fle]:ermining the Keq for the indicator, that potassium .!:_-butoxide is 

twice as strong a base as sodium ~-butoxide. This effect was also 

shown by Cockerill and Bethell (15) on various indicators by changing 

the E_-butoxide cation in .!;_-butyl alcohol. Th.e difference in basic 

strength gives a slight insight to the amount of ion-pairing, but 

one needs to be cautious in describing the amount of ion pairing 

in this type system. 

B. Di~cussion of method 

p-Nitroaniline was selected as the indicator, because it had 

been employed throughout the literature and was in the desired 

range of the weak acids to be determined. 

There are four factors w·hich must be considered when choosing 

a solvent for Keq determinations. They are: 1) the basicity of the 

solvent or the limiting acidity function; 2) dispersion interaction 

of highly colored anion with the solvent; 3) the amount of hydrogen 

bonding in the solvent; and 4) the electrostatic effects of the 

solvent. 

!_-Butyl alcohol was employed as the solvent, because it ~-1as 

desirable to know the relative acidities of th~ alcohols in .!:_-butyl 

alcohol for Michael reaction studies. 

The spectrophotometric method employed is simple and easily 

repeatable. Once the proper concentrations are determined, a set 

of solutions may be prepared and run in a short period of time. 

The precision of measurements may be imporved by employing greater 

accuracy in the measurements of concentrations in each of the 

S 1 to remeinber tllat these solutions are 
amp es. It is important 

. kly when taking measurements. 
very hygroscopic and must be .employed qulC 
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In reading the absorbances it is important to read them as care-

fully as possible to three significant figures, because any devia­

tion will change the KHA significantly. Another important precaution 

is to measure the absorption of the base to see if it absorbs at the 

wave length being empolyed. If the base blank does absorb the value 

must be subtracted from all the absorption values obtained for that 

run. 

An attempt was made to determine the KHA for four malonate esters 

iu !-butyl alcohol with potassium !-butoxide employing p-nitro-

aniline as the indicator. It was found that a reaction was occurring 

between the malonate esters and the indicator in the presence of 

potassium !_-butoxide. This reaction ~vas discovered by employing an 

amount of ester equal to the amount of indicator and noting any 

change in absorption. This change could not have been due to the 

KHA of the ester, since concentrations one thousand times greater 

\vould be needed to see any change in absorption due to the KHA of 

th~ ester. 

Attempts ·\vere also made to determine equilibrium constants in 

DMSO, but t\vO difful ties arose. First the hygroscopic nature of 

DMSO is so great that a sophisticated system is needed to handle 

samples. It was found that stoppered silica cells will keep the 

11 d the time interval 
system stable, but a shortage of silica ce s an 

ly difficult. 
in preparation of smnples made measurements extreme 

Th the Preparation of dimsyl bases with-
.· e second difficulty involves 

out the color. 
from sodium hydride and D}ffiO 

{.[hen preparing dimsyl sodium 

be attained only if the 
it was found that a colorless solution could 

temp·: rature was kept belmv 50°C· 
d Of t hree hours the 

Over a perio 
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color of solution became a faint yellow and then slowly turned green. 

Attempts to make dimsyl lithium as a colorless solution failed. It 

was found that the solution turned pink at 30° and 70°C. ~vhen attempts 

were made to prepare dimsyl potassium from potassium amide, the 

potassium amide exploded. It should be noted that potassium is readily 

attacked by oxygen to give highly dangerous oxides of potassium, 

which can explode upon contact with the amide. 

Futher studies should be made in ethanol to determine the values 

of methanol and water. It may be possible to find a relationship 

between solvent systems, if enough systems and compounds are measured. 

This may be accomplished by relating the ~ values obtained for 

weak acids in these systems. 
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CHAPTER V 

CONCLUSIONS AND RESULTS 

The KHA have been determined for water and five alcohols in 

.!:_-butyl alcohol employing sodium and potassium !_-butoxide. The 

K values are methanol 47.8, water 38.7, ethanol 11.7, iso-
HA . 

propanol 3.3, cyclohexanol 3.3 and menthol 1.24. It was also 

shown that in .!:_-butyl alcohol p-nitroanaline has a KHin value of 

51.6 employing potassium .!:_-butoxide and 23.1 employing sodium 

!_-butoxide. The K values show that potassium t-butoxide is 
illn -

twice as strong a base as sodium t-butoxide. 
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