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muﬁmmwmummwwmmmm) is
well known, and velues for this funetion are established for solutions

of various acids. This function is derived from the equilibrium

T s’

vhere B is an uncharged indicator base.

Another type of equilibrium is possible, one in which the reaction

o+ K = B 480 ,

and the indicator base is ROH.

The only difference betveen the sbove resctions is that in the
latter a molecule of water is split out rether than the indicator
mevely becoming protonated. Denp, Jeruzelski, and Schriesheim (6, T,
8) have done the most extensive work on the function derived from the
second lonization equilibrium (the J_ function), and it ves found
that this function differed from the H, function, although the sctuel
and theoretical diffevences are as yet not well correlated.
Nevertheless, it has beem established thet the kimetics of some acid-
catalyzed vesctions are related to the B function, wiile others ave
related to the J_ function, These funetions ave therefore useful in



the study of the kinetics and mechanisms of scid-catelyzed reactions
(2).

The purpose of this project ie to esteblish a basicity function

analegous to the l-u function vhieh is -deéfined by the eguilibrium.

D+ 0E - DOE ,
and is & quantitative messure of the basieity of the medium, The
function may be defined either as an aeidity function or as a basicity
function, since these can be related through the ionization constant
of water, just as the pH and pOH scales may be related.

A system of indicators vhich will allov these messurements has
been developed. The vatio of free indiecator to ite hydroxylated form
is determined by observing the ultraviolet spectra of the indicators.

Values for this function, which will be called the D function
vhen defined as n seidity function, have been measured in aqueous
sodiun hydraxide solutions from coneentrations of sbout .(2m to sbout
2 m

An attempt hes been made o correlate these velues with velues of
mnﬁmmwmmw(m. The



H_function is derived from en ionization equilibrium of the type,

HA+OfF = A +80 ,
m:mwmmmmm%mm

£ -
i B %
m » n'bm uw:nq-
8,0 oo ‘m
vhere the £'s are the sctivity coefficients of their respective species,
The right-hand term is ideally zero or st least & constant (see History

and Theory).

The correlation with Schwargenbech's values ylelds fair results,
but correlation with a set of theoretical values caleulsted by Auber
- and Yegil (3) is excellent.

The correlation between the two functions showld provide a very
useful tool for studies of the kinetics and mechanisms of base-catalyzed
reactions. It has alveady been established by Anbar and Yagil (3) that
certain base-catalyzed reactdons have rates correlated by the I fune-
tion, while others ave corvelated by H_+ log alf,0.



The acidity of dilute solutions of acids and bases is ade-
quately described by the pE scale. According to this scale the

acidity of & solution is defined by:

ol = Jog +2x .

¥

Alternatively, the basicity is defined by:
POH = log [éj "

The acidity and besicity are related through the iomization constant

of water, namely,

PH 4 pOH = -log K = 1 ,

The pH scale, however, is useful only in dilute solutions of
acids and bases, speeifically from sbout [H'| = 1M to about [H| =
1M, Outside this dilute range the setivity coefficient of H
becomes very significant, and it is found that the acidity of con-
expected if 1t vere dependent only on the concentration of scid.
This "super-acidity” has been explained in part by Bascombe and
Bell (4), who showed that this high seidity is due primerily to
strong hydvation of the proton. A similar phenomenmon is cbserved



in strongly basic solutions end is explained in an snalagous manner
by hydration of the OH dom (3).

h@&MMWIR)MQWiﬂmM
bad developed an acidity funetion to serve as & quantitetive measure
of scidity outside the dilute range. In the pH range their function
becomes equal to the pi. mumsemmmwmmm
and is besed on the reaction of a proton with en indicator base:
Befeml

The dissociation constent of the protonated base is

mmamxammmmmmm.

B £
w3 1
vhere 5, £, &re activity coefficients.
X .
Ay
z, J
ey e

bt +log K = Bl

and B, is defived as (13)



s st
() B, = -logag g = P *1"[[,;])

From equation (I) it can be seen that values of B mey be determined
wmmmmmmm,’;],m%. Velues of H_
have been measured for aguecus solutions of HNO ,m.m B,80,,
HFO,, HF, and BBr (13) using spectrophotometric or colorimetrie
nethiods to determine the indicator ratio and yK + . From these
values it iz cbserved that the ascidity incresses much more rapidly
than would be expected if 1t were dependent on the concentration of
" alone, es bas slresdy been noved.

The J function, originally proposed by Westheimer and Kharach

(15), is slso based on the reaction of a proton with an indiecator

base, but in this cese & molecule of water is formed.
rofi + B « K 4 HO

m:emmummmammmmmxum

(1) 3 = -log {;-;:?* P - m[g%

1f equation (I) is substituted in equstdon (II) we find that (13)

; g
(131) 9 =B + MO’QQ‘ M!?:;?



It has been suggested (10) that the term on the right might
cancel out, in which case the two functions should differ by log
aﬂzoq The”.J'O function was indeed found to differ from the Eo
function, although the assumption that the right-hand term wowld
cancel out is not realized. Nevertheless, the two functions are
very useful in the study of acid-catalyzed reactions; since some
reaction rates are correlated to the B function while others are

correlated by the J_ funetion (12).

This project is concerned with developing & function which is
& quantitative measure of the basieity of a medium and is derived
from the reaction of a charged base (OH ) with an indicator that is

acidic in the Lewis sense:
D+ OH = DoE™

A basicity funetion may be derived from this equilibrium in & manner

analagous to the derivation of the Ho funetion.

% [l e
% “m" %ﬁ

s o]

Gog” '@;;’g;: = Kpow™ [5]*



-

or
F 4
-10g 8.~ f'?": = -log K .- ~108 ?‘}j

Our new functdon may nov be defined as a basicity function as

follows (denoting 1t ni):

(W) D; = ~log ﬂ. o ?;2: - - «l0g T ]-J

1f we wich to define the seme function as an acidity function, we may

recall that

4
K = ?g--»n#wn »

W a.azo

where K@ is the ionization constant of water.

3 £ 0 £y ;
Bog—loga - --ug»t -1log Kw%" . "-?‘ = KDW- - Mb@j

OR f [DJ
4 £ -

Dok %"  Tpow™
atdl N ot sl
e % w0 " pos

Therefore the DA function defined as an acidity function (vhich will

be called the no function) is

+ T

(V) D, = -log ﬁzom

shalll o Chodiiog o gl




From equation (V) we see that
(viz) D = i - D!

or

g, tir il

Now that the Do function has been theoretically derived, it
mist be measured. Itmduci&edtoanmms ofn;andthen

calculste D values from equation (VIII).
{

D} = By <108 %’J

it is obvious thet we must weasure both the dissociation constant of

Biz_xcé

the complex, DOH ", and the ind:tmtor ratio, %-] in order to obtain

values of D'

\

. The measuvement of the indicator ratio will be discussed first.
It has alveady been stated thet the method used ves ultreviolet
spectroscopy. For any éalntiou containing the indicator in & partly

dissociated form,

R = Ap * Spoy™ #



~10-

vhere At is the total absorbancy, AD is the absorbancy due to the free
indicator, and Anw- is the absorbancy due to the hydroxylated form of

the indicator.

Then:
([o] + [powT] dey = 25+ Ay
where brackets denmote concentrations, in moles/liter, and g, is the

extinetion coefficient of the total solution,

Therefore,

, [0] # € [por] =€ [0] # € [poR]

It is m apparent that the extinetion coefficient of the indicator
and of the indicator in its completely hydroxylated form must be
measured, Then, from the extinction coeffieient of any pertly dis-
soclated solution and equation (VIII), we mey mm::a the indicator

ratio.



Of course we have assumed that concentrations of the indicetor
are low enough so that the Beer-Lambert law is obeyed. Since the
indicator concentrations used vere of the order of 10'1‘ M, this should

be a valid assumpbtion,

It is also cbvious that the absorption of the medium must be

corrected for in these measurements.

The definition of p%— is
f L
DOH
=2 a2 5
Since the concentration of the indicator is always very small and
activity coefficients approach unity at gero concentration, wve may

| £5) s B b&ﬁ:l- o
) st -, o -

Because of equation (IX) the PR 1Y be obtained by plotting
[103 .]-lag [onnvs. o] and extrapolating to zero. It should
be apparent that this method can be used only for sufficiently acidic
indicators (i.e., those vhich are partly hydroxylated in the [oa™]
range 0-2M). For less acidic indicators, a stepwise comparison
analagous to that deseribed by Paul and Long (13) for the H function

mey be used, If the indicators are of similar structure, then for &



given basic solution, we mey assume that the indicator ratios for the

two indicators are related to each other ag follows:

. o 4
(X) PRy = PRyoy™ = M%J -log %%‘]’J ’
in analogy to the situstion discussed by Paul and Long (13).

1f log I ia plotted vs. [0 ] , we should find thet the various
indicators give parallel plots if the Dﬂ function is truly a function
of the medium alone, and not dependent on the particular indicator
used, In this case the difference in the logarithim of the indicator
ratio between each indicator is also the difference in pxm‘-_- between
these indicators according to eguation (X). Therefore, if the pK of
any eingle indicator can be directly obtained from equation (1X), the
gbsolute values of the pK's of all the indicators can be determined
from equation (X), provided, of course, that the plot of each indica-
'tmx" overlaps with the plot of the one above and below it.

The H. function is defined as (13),

2
(X1) H. =~ log &, + z=-

Bl

and derives from the equilibrium,

3+ H =B



‘13"'

However, if one considers the standard neutralization reaction,
(XIT) HA+ OH = A + 5O ,

ve see that it differs from the equilibrium from which the Du funetion
was @erived only in that a water molecule is formed in this case. For

reaction (XII ) we may write:

_KA’ --a--a-- - = -[-[%';]] &%g ;&:

-

"~ ‘m

-log :&9 ;é: = =l0g Km\- 1log [g%

substituting
-
K HR S Ak

Ll

2

“u&a b £, [mm]
«lOg =wwmenwe *-"-v = ~l0g log ==
' K, %80 ‘o o [A ]

(XIIT) -1 X - m_
o i el 28 Ky

It is seen that the left-hand side of equation (XIII) is exactly the
definition of the H_ function, equation (XI). Thus we see that the

acidity function for the standard neutralization reaction (XII) is the

H. function.



Upon inspection it is seen that the D function (V1) should be

related to the H. function as follows:

3

b B £
(13°~H..)= -losa;;; -%»4105%-»;;

(m) (Bo w H..) = lag‘ i o + log " -

This 1s analagous to the theoretical difference between the B and J
functions. Ideally the second term on the right will equal zero or

& constant.

Both experimental and theoretical values of the H. function are
availsble. Experimental values have been determined by Schwarzenbach
and Sulgberger (14) and are listed in a paper by Anbar and Yagil (3).
In this same paper Anbar and Yagil have éaleulatad theoretical values
of . by assuning the OH  ion has a hydration mumber of three in

concentrated basic solutions.

Once values Iwmnommﬁwmmmd, they should be

correlated by the H. function by equation (x1v).
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When the two functions are fully developed and related to each
other they should be useful in the study of base-catalyzed reactions,

The work by Anbar (3) has alresdy been mentioned.

It might be added here that the system of indicators developed
for the Do function consists of derivatives of benzaldehyde., These
compounds all have very strong absorption mexima arcund 230 m to
280 m1 and undergo hydroxylation sccording to the general resction:

5, P "
¢ ﬂ-q-cm

1
+ OH =

The hydroxylated form is stable, except for the well-known Canizzaro
reaction, which vas found to be so slow that it did not interfere
with the necessary measurements, Care mist be taken, however, to
exclude oxygen from the solutions, since the aldehydes are oxidized
'inmpmaameoram,. The use of these compounds has the added
advantage that many of them are solids, and are, therefore, easy to

purify and handle,



I.

wlfom

The experimental work consisted of two separate phases:
1. The semi-guantitative work necessary to determine

if & given compound would be a suiteble indicator,

2. The setual quantitetive messurement of the I)o'

funetion, once the system of inﬁix:ators was developed.

Development of the Indicator System

A serdec of indieators vhich would undergo partial hydroxla-

+ tion in hydroxide ion concentration range 0-12 molel, and which

could be studied by spectrophotometric techniques had to be
found., Since no single indicator could cover the entire range,
it was necessary to find an overlapping series of successively

veaker scids (mcids in the Lewis sense).

The ultraviclet region was chosen because meny organic
cubstances absorb very strongly in this reglom, vhile few
absorb in the visible region. It was soon found that the sodium

nydroxide solutions themselves absorbed very strongly below 220-

230 mu, depending on their concentrations. This limited useful

indicators to those compounds having ebsorption maxine above

230 mu,



For this preliminery work sodium hydroxide solutions were
made from a 10M stoek solution, prepared with distilled water
vhich had been deaerated by boiling. This stock solution was
kept in poly-ethylene containers to prevent the solution from

dissolving auy contaminants out of & glass container.

Practically all the compounds studied required a solution

b M to give meaningful absorbancies, but

of epproximately 10~
since many of these compounds were only sparingly soluble in
weter the solutions could not be prepared directly. For this

veason the general method used by Gedansky (9) was followed:

1. A 1.0 x 102 solution in methanol was prepaved,

the indicator being weighed on an analytical balance.

2. A 10 ml. sliquot of this solution was diluted
to 100 ml. with water, giving & 107> M solution with 104

methanol content.

3 Anw&aﬂuu&mmgﬁwwMW-
tration desired was added to a 100 ml. volumetric flask
in which there was already & sodium hydroxide solution of

the eppropriate concentration, and the flask vas then



~18-
diluted to the wark with vater. (i.e.: for e 0.5 x 207 u
indicator solution in 1,0M NaOH, 5 ml. of the 10" solution
would be added to a flask containing 10 ml, of 10M NaOH
stock solution and approximately 80 ml, of vater and then
the flask would be diluted to the mark with water.) The

final solution wes always 1% or less methanol,

The indicator used was purified by distillation if it was &
liguid, or by reerystallization from an appropriate solvent if
it was & solid. Distilled water, which was boiled to remove dis
solved gases, was used in the preparation of all solutions. If
the solutions were air sensitive, as is the case with all
aldehydes, nitrogen was also bubbled through the solution to

 eliminate air.

nachpmntm indicator was first examined to see if it
hudmmmimmmmwthwmaaomwmzmm.
If this qualification was met it was examined in base to deter-
nine the range of base concentrations over which it would be
partially hydroxylated. mmmmmmmmmm
ummamxyhmwmﬁ;awu,mwnmmm

to yield another product.



Since some of the aldehydes examined slowly underwent the
Canizzaro reection, the following experiment was introduced.
After each timed spectrum waé rum, & portion of the solution was
neutralized with dilute HCL and its spectrum run again, If only
the hydroxylated form wes present before neutralization, the
originel aldehyde band would be regenerated. However, if some
of the aldehyde had undergone the Cenizzaro reection, the origi-
nal band would only be partially regenerated, In this vay, it
was possible to determine the extent of any reactions beyond
mere hydroxylation, This technique was also applied to other

indicators which were found to undergo complicating reactions.

These preliminary measurements were made on & Perkin end
Elmer Model 202 automatic recording spectrophotometer which

scans the entire region from 190 mu to 390 mu in two mimutes.

After the preliminery work wes done, 1t was no longer
necessary to observe the entire spectrum of the indicator, and
the Beckman D.U., which was fitted with a water jacket to main-

tain & constant temperature, vwas used. All measurements were

made st (25 +-1)° C.



The system of indicators used in the quantitetive work con~
sisted entirely of derivatives of benzaldehyde, The liguids were
purifie;& by distillation in & nitrogen stmosphere (benzaldehiyde),
or by vacuum distillation in a stream of nitrogen (O-anisaldehyde,
p-anisaldehyde), while the solids were purified by recrystalliza-
tion from an alcohol-water solvent pair, The purified compounds
were kept in a nitrogen amyﬁm and all solutions were de-
aerated by bubbling nitrogen through them, Distilled water, which
nad been deserated by boiling, was used in the preparation of all

solutions.

Sinee the exact hydroxide ion concentration now had to be
determined, it was necessary to have pure, carbonate-free sodium
hydroxide solutioms. Carbonste~free gsodium hydroxide was made
by preparing a saturated solution of sofium bydroxide., Aceording
to Akerlof and Kegeles (2) the ratio between carbonate and
Wm in & saturated solutdon 18 0,001 ér lover, The swbarated
sodium hydroxide solutions were kept in polyethylene containers,
to prevent the sMMmmaelmme out of
uwasmmiw, and all solutions were made up directly from

this saturated stock sal&tibn 1mmediately before use.
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To determine the hydroxide ion concentration the solutions
were titrated with standsrd HCl immedimtely after the spectro-
Ww measurements were wade. The HCL solutions were
standardized against specisl grade sodium carbonate, following
the procedure given in Willard, Furmen, and Bacon (16). The

NeOH concentration was determined as follows:

1. An aliguot of the solution was weighed.

2, The solution was titrated with stendard HCl, using

phenolphthalein as an indicator.

3. From the welght of the solution titrated and the
volume of HCL required, the molality of the solution was

caleulated.

4, BSince the density of NaOH solutions of molality
0-1k is sccurately kmown (2), the volume of the solution

titrated, end hence the molarity, can be calculated.

The metuel solutions were prepared by esgentially the seme
procedure given in part (I), except that the saturated NaOH stock
solution was used, In the fev cases vhere the Cenizzaro reaction

caused the absorbancy to change with time, an extrapolation to

zgero time was made.
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For each indicator the absorbancy of & known concentration
in water was measured to obtain the extinction coefficient of the
pure aldehyde. The absorbancy of & known concentration of indi-
cator in & solution basiec enough to convert the indicator com-
pletely to its hydroxylated form vas measured in order to obtain
the extinetion coefficient of the hydroxylated form. One excep-
tion to this was the determination of the extinction coefficient
of the hydroxylated form of p-anisaldehyde, for which an approxi-

mation was made, The reaons for this will be discussed later.

Finally, @ series of sodium hydroxide solutions of known
concentration were run on the P and B 202, From the spectra of
these solutions solvent correction curves were drawm for each
wavelength run on the Beckman D.U. The methanol was found not

%o absorb in the region of interest.



23~

The search for compounds useful as indicators for the no function
vas begun last ym- by Gedansky (9) at Unton College. He definftely
eliminated p-nitrobenzaldehyde and substituted benzeneboronic acids
aa,posém.e indicators. The peak he observed in o-nitrobenzaldehyde
is definitely too low to be of use because of the solvent absorption
in this region., While he experienced a good deal of trouble with
benzaldehyde, reinvestigation by the procedures just described showed

no complications.

The data collected in the investigation of these compounds ie
far too extensive to be inecluded here, but a table of the compounds

investigeted, along with the results, is given an the following page.

2, h~dimethoxybenzaldehyde was also considered briefly, but
insufficient work has been done with it, Ite low solubility does
not appear favorable, but it could possibly be used as one of the
very weakly acidic indicators. e,n,&wmmmmw is
another possible indicator in the very weakly acidic range which has

not yet been investigated.

The firet six useful indicators listed in the following table

mmmammwmwammmmwmtatnoms.



TABLE 1, - Compounds Investigated and Results

-2k

A. Useful Indicators
fJneful Range
Compound of foa7  Amax, > ‘o= _mr. _s.p.
1. menitroe 0-0.6 molal 234 m 20,550 3327 58%. .
benzaldehyde
2 2M-dichloro- 0-0.6 "  2Bhm 12,980 63 7%, -
benzaldehyde | | |
3. p-chloro- 15+2.5 " 261lm 16,190 324 47.5%. 2%,
benzaldehyde | |
b benzaldenyde .4e5.5 " 251 12,830 596 - 1719.5%,
5. o-snisaldehyde 1.5-8 " 2565 m 10,450 463 . 243%,
6. p-snisaldehyde 3.3-12.2" 286 m1 16,340 - » 247,
7. o-chloro- 2-3(2) " . 254 m " ’ - 208%.
benzaldehyde
8. piperonal 3-11(2) * 232.5, - - 3700- -
278,
318 m
B. Compounds Not Useful

Compound
o-nitrobenzaldehyde
p~dimethyleminobenzaldehyde
triphenylboren

benzophenone
m~dinitrobenzene
benzoguinone

duroguinone

Reason Not Useful

/kmx. too low

insufficient solubility

rapid oxidation

insufficient solubility
complicating reactions
complicating reactions
complicating reactions
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The data taken for each of the six indicators used is given in
the following tables. Data for the titrations of the sodium hydroxide
solutions is not given, but the method of determining the concentra-

tions follows that given in the section on experimental procedure.

The irregularities in the absorbency readings taken within the
first few mimutes after the solutions are maede up are probebly due to
the fact that thermal equilibrium has not yet been reached. In most
cases the readiﬁss become constant after a few mimutes. In these
cases this constant value was used in subsequent calculations. In the
few cases where the readings did not become constant (due to the
Canizzaro reaction) over the interval of observance, an extrapolation
to zero time was made, The graphs used for extrapolation to zero time

follow the data, (Figures 1-4)

Th§ reason readings were not begun sooner at the higher base con-
centrations was that & cloudiness occurred upon the addition of the
indicator solution, This is no problem up to about 5m, and from 5m
to 12m it clears up in a few mimutes. At higher base concentrations
it takes much longer to clear up, end it could present a real problem

at these concentrations., This phenomenon also occurs upon the addition
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of the same volume of deaerated distilled water, and has been attribu-
ted to the decrease in solubility of .minuh amounts of dissolved gas
in the water upon dilution of the very strong base, Because of this
cloudiness it was not possible to make measurements with p-anisaldehyde
above 12 molal base. This made it necessary to epproximate the extine-
timi coefficient of the hydroxylated form of this indicator. This

approximation will be discussed later,



Sol No.

10

TABLE 2. Data Using npnitrObenzaldehzgg

A mact Q 234 m

Indicator

Concentration

0.5330%10" "y

0.5330x10" 3¢

0.5330::10"‘#14

0. SIIOxlO‘hz'M

0. 5110)(1043!!

0. 5110110-1‘;!!

oH"

Molality

0.1804

0.2890

0.3679

0.03048

0.08450

0.2836

T = 259

Time
2 1/4 min

3 3/}4' ii:"s..n:*.
6172 *
TR "
o2 "
15 .
3 1/2 min
5 b
6 3/4 ™
01/4 "
13 "
15 3

2 1/2 min

31/
7
12
1€ 1/2
20 1/e

2 1/2 min
33/ "

"

WV -3

1

3/4
3/h

wwvw

3
17 1/2
2 1/4 min
h ”n
12 "

sssza

Absorbancy
4562
4566
578
585
585
586
470
473
481
487

457

476
476
476



TABLE 2. (Continued)

Indicator
Sol No. Concentration Molality Time Absorbancy
2 3/h min 373
5 6. " 37k
12 0.5110x10 0.6343 131/2 * «376
, 17 " «376
13 o.snomo’“u 2.021 2 1/2 min «337
(complete haife " 337
hydroxylation) | 9 o «337

v 0. snox.w'l‘u 0 1.050



TABLE 3. Data Using Etkadichlombenm%

lux = 265 ma
; Indicator
Sol. No. ce ration
3 0.9943%10
é o.~99h3xm'“>x
-l
3 0:9943x10 M
(complete

hydroxylation)

Yolality

0

0.,05666

0.08666

0.1800

0.3134

.51

? = 25%

Time

2 3/ m
4 1/2
81/ "
12 1/4

3 min
9
10
13 1/2
19 3/k
29

3 min

5y *
91/
121/2 "
15 3/4 "
191/)‘ ]
% ”

nik "

&
s

l.274

¢$2
895

85
895
<729
..758
<759
769
766
.'h82
<509
52T
533
536
534
«536
534

360

+109
<109

Absorbancy



TABLE 3. (Continued)

Indicator OH
Concentration  Molelity _Time Absorbancy
049971x10 M 0 - 1.310

3. . min 1.099

I 1/ iy 1.107

0.9971x10"‘)l 0.02402 | 1107

81/ * 1.107

10 " 1.107

2 3/ min <757

b 3/4 760

o-.9971x10‘-“u 0.09578 812 " W61
11 » &

12 " +T61

2 1/4 min 437

' 334 " 439

0.9971x10"‘u 0.2805 61/2 " J4ho

11 1/2 v B4l

17 " k2

2k » D2

3 min «288

§ e «293

| «295

0.9971::10“1‘!4 0.4931 i > V207

i " «297

19 * «297

- 2 3/h min «2h9

L " 249

= g 6 » +2h9

0099713‘10 n 0.6185 il n ‘2‘52

16 - 253

19 " «253

23 \ 252



8ol MNo.

Amx = 261 m

| Inﬁcutcr OH"
Ooneenm_tlon Molelity
0.7988x10y 0
0.7988x10" 0.1946
0.7988x10~4 0.3759
0.7988x10‘}‘n 0.4046
o.weaxlo"‘u 0.6843
0.798&::10‘1‘14 0.7992

TABLE 4. Dete Using p~chlorcbenzaldehyde

T = 250C
Time Absorbancy
- 1.293
3 1/2 min 1,189
L " 1.191
6 3/4 " 1.19%
81/ ™ 1.192
212 " 1.185
16 1/ " 1.183
21 3/ " 1,186
4 § " 1.185
3 1/2 min 1.098
h3s " 1.099
83/ " 1,200
131/% " 1.10k4
1T 36 ° 1,109
e11/2 " 1.110
3ye * 1.113
L9 - 1.115
3 1/2 min 1.062
5 » 1.063
T3/ * 1,062
i 1/2 1.060
16 . 1.059
3 1/2 rau 981
61/2 " 990
Sy * 990
e 1/ 2 " «990
3 min 925
hife ™ 925
9 " 935
15 i 935
17 3/% " 935



TABLE 4. (Continued)

Indicator OH
Sol No. Concentration Molality Time Abm ey
7 0.7988x10" M 0.9398 e * . +865
10 " +895
3 1/2 min «795
: 5 " +800
8 0,7988x10~ 1.196 T 3/2 o .805
nye " +800
13 " +800
" 21/2 min «731
9 0,7988x10" M 1.480 10 . +730
13 " +730
b wdn 619
: Y 6 1/1& ” 4619
10 0.7988x10" M 1.996 1k " 614
b 4 ¥ 614
2 1/2 min +561
& 33/4 " +560
11 0.7988x10" M 2,360 8 » 559
g1 " 559
19 1/4 min Jde5*
g 27 ' 134
15 0.8033x107"'M 10.45 %1/ * Al
bs 1/2 " k5
STae * «135

*
For solution No. 15 - reference cell found to sbsorb
0.050 « this must be added to observed readings.



iR,

Amex = 251 ma

Indicator

_Wﬂ

1-073!10 M

1.073x10"4

1.073x10""y

1.073x10" M

1.073:20" 1

1.073:30™y

1.0730™'M

 O.hkoh

0. 7964

1.518

1.995

2,358

2.963

3.254

BEBusr Bavw Borw Bovww Blvuw Bvarw EBRBovwrw

g8

LEE &

s 55 =
ll::& ttlg !lsg' 'ta'ajg iz‘s:g- ’"‘E ii'i"ﬂ't"ﬂ!

s 5555

1.377

1,30k
i.312
1.302
1.290
1.290
1.290

1.290

1.810
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1k

hydroxyletion)

TABLE § - (Continued)

Indicator

1.073:10~M

1.073x10"My

1.073x10"

1.073x20" 4

1.073a0~%

o

Mislity

3.63%

k,097

4,808

5.913

10.55

§

SEREE

% 585

cvs slicenssfnneh chvanh

-
5

5255 BBEE« bEaw REEEww
5

s 3 = 2 =

34

+696

4650
1690
691
61

639
629
..6@
629
«528
528
«526
524
522

463
458

5T

U452
242
243
et



g‘

€§§

0,9934310"%x

0.9934x20~4n

0.9934310"

0.9934x10~4

mede: BSol

2.37

3.173

3.950

.70k

5.617

6.540

6
10
18

6
19
2%
10
15
e2

7
18
e5
28

9
16
20
10
17
2h
28
33
L6
10
20
o7
37
bl

3

558

Mhasl s svvel 2B vo )

s %

sl osb o

632

550
+350
350

A7

A7h
478
478
472
62

387
« 384
« 36k
361
1

uwmww cells, the following corrections

be . 1’3,#,7,&,13 ‘ “ Q!m “ Mﬁ
in teble. Bol Nos. 2,5,6,9,10 - add 0.010 to read~
in table.




«36

S0l Fo. Avsorbency”
9 +330
«330
.292
.283
10 Ve 283
" ‘ms
win 197
" .m
13 0.9934x10*% 11,34 W /e * +187
(complete 52 ;i +186
hydroxylation) 60 " 186

*bue to sbsorption by the cells, the following cerrections
mist be mede: Sol Nos. 1,3,4,7,8,13 ~ sdd 0.015 to read-
1“5' in table. Sol Nos. 2,5,6,9,1@ - gid 0-019 %o read-
ings in table, .
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0.8325x10™"M

0.8325x10""M

0.8325:30~4n

0.8325x10"4M

3363

haghs

T.32%

8.085

9.093

10.02

3
@

¥

5

58

ES5BBE WABLEL SFERBE 8REFEw EB8hE e 8bva
gL R &

SRR W

 239C

E
F

1.360

1.299
1.299
1.286
1.899
1.172
1,167
1,172
1.267
1.165

«9k5
«930
+920
«915
+905
820
+T99

. T62
739
689
679
+6hT

601

+ 566
+523
499
JhT
JSLe7
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b3

Since it was necessary to correct for the absorption of the solu-
tions themselves, a series of sodium hydroxide solutions of known con~-
centration were run on the Perkin and Elur 202, These soluﬁm;n also
contained 1% methanol, although the sbsorbancy due to the methanol was
found to be entirely negligible. These spectra are given in Figure 5.
From these spectra, plots of the solvent correction necessary at each
NeOH molality were made for each wavelength used on the Beckman D.U..

These solvent correction curves appear in Figure 6.

It was also necessary to convert the molality of the sodium
hydroxide solutions into molarity. To do this it was necessary to
know the density of the sodium hydroxide solutions at each molality.
This data was available in the literature (2) at 20°C and 30°C. To
obtain values at 25°C these values were averaged. Teble 8 gives these
values and they are plotted in Figure 7. The density at each molality

required was read from Figure 7.
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TABLE 8 - Demsity of Aqueous NaOE Solutions
(teken from Akerlof, Kegeles; J. Am. Chem, Soe. 61, 1027 (1939))

Density

Molality at 26°C

0.0000
0.5101
1,0415
1.5955
2,1736
2.7TT%
3. 4087
4,0693
4,7613
5. 4871
6.2h92
7050k
7.8938
8.7827
9.7210
10.7129
11,7632
12,8772
14,0607

9980
1.020
1.0k2
1,064
1.086
1,108
1,130
1.5
.17k
1,196
1.218
1.241
1.262
1.284
1.305
1.326
1.346
1.366
1.388

Density
at 30°C
«9955
1.017
1,039
1,060
1,082
1.103
1,125
1,347
1,169
1.191
1.213
1.235
1,257
1.279
1.300

‘1,322

1,34
1.362
1,381

Dens ity
at 25°C*
9968

1,019
1,040
1,062
1,084
1,105
1.127
1,149
1.171
1,194
1,216
1.238
1.260
1.281
1,303
1.324
1,344
1,364
1,38k

#(average of density at 20°C and 30°C)
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Al) the data necessary to calculate D, velues has now been
deseribed. The calculations were carried out as outlined in the
section, History and Theory, and the results are tabulated in the

following tebles,

Tables 9 - 14 give ealculations of the logarithim of the indica-
tor ratios and the logarithim of the NaOH molarity, where it is

required.

As stated before, the extinetion coefficient of the hydroxylated
form of p-anisaldehyde had to be estimated, since it could not be
determined directly., It was found that the extinciion coefficient of
the hydroxylated form of each indicator corresponded quite closely to
the extinction coefficient of the corresponding compound without the

aldehyde group. Exemples are given below:

Cpor” €
p-chlorcbenzeldehyde 3Rk chlorcbenzene 310 (5)
o-anisaldehyde 463  anisole 501 (exptl.)
m=-nitrobenzaldehyde XRT nitrobenzene 2570%
benzaldehyde 596  benzene a5 (5

#r, Kevork Nahabedian, Doctoral Thesis



Examination shows that an error of 4 100 in the extinetion co~
efficient of the hydroxylated form of p-anisaldehyde will give a
maximm error of 0,01 in the logarithim of the indicator ratio.

On this basis the extinetion coefficient of the hydroxylated form of
p-anisaldehyde vas taken to be 500, since the extinction coefficient
of anisole at 286 mu is about 500, This approximation should intro-

duce no appreciasble error,

ing to equation (IX). The necessary date is given in Table 15, and

the graphs showing the extrapolation follow this teble. (Figure 8)
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If the logarithim of the indicator retio is plotted ve. NalH
molality, the plots for each indicator should be parallel (see History
and Theory). m,mamummpmuu&w*
cator should also be the difference in the pK's of each indicator.
From Figure 9 1t can be seen that parallel plots are indeed obtained,
indicating that the function being measured is independent of the
indicetor, and is dependent only on the basicity of the medium.

Bach dotted line in Figure 9 indicates a determinetion of the differ-
ence in pK between indicators. An averasge of three values wes used

in each case, The pK values which were obtained for each indicator

are given in Table 16 below:

TABLE 16 - pK V

m-nitrobenzaldehyde 0.95  dirvect exiraspolation
2,4-dichlorobenzaldehyde 0.98  direct extrapolation
p-chlorobenzaldehyde -0.3 direct extrapolation

p-chlorobenzaldehyde «0.32  comparison with ave. value of 0.97
for m-nitro and p-chloro B.A,

benzaldehyde «0.,68  comparison with ave. value of 0.97
for m-nitro and p-chloro B.A.

o-anisaldehyde «0.96  comparison with ave. value of 0.97
for m-nitro and p-chloro B.A.

p-anisaldehyde -1.89  comparison with sve. value of 0.97

for menitro and p-chloro B.A.

(wors: sSinece 2,4-dichlorobenzeldehyde and m-nitrobenzaldehyde are
indistinguishable in Pigure 9, an sversge velue of 0.97 was used for
comparison with other indicators.)
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mEAMDQWvWMMuWM»WMW
tration measured ave given in Teble 17.

In order to illustrate the "super-basicity” diseussed earlier,
unlotetn;w.m 3‘-h¢1mtnnmm. If the besicity were
dependent only on the negative logarithim of the hydroxide ion eon-
mum,ummormum(mm)mm
expected. uumwwmmw:m=mmmmn
showing that & "super-basicity" does occur in the move concentrated

Bince 1t vas desired to check the validity of equation (XIV),
m«rmmmmmw-.zammmm
literature, Anbar snd Yagil (3) give both Schwerzembach and
Sulgberger's values (14) and theoretical values caloulated on the
assuption of & hydration mumber of three for the hydroxide ion.
mmmmmwmxmmumunw
mmmmmmummmm Anbar and Yagil added
0.26 to the values of Schwarzenbach end Sulzberger for the purposes
of comperison with their theoretical values, Since the D, and H.
functions should be identical at lov base concentrations, snd since
only relative values ave of imberest, the values of both Auber and
Yegil and of Schversenbech and Sulzberger were srbitrarily set equal



i

mmmwm%mﬁmmlmwmmmmm
the purposesof compafison. Mmmmw“mm
0419 from all B. values given in the paper by Anber and Yagil (3).

mmﬁaomwemmmmuamm
. & paper by Akerlof and Kegeles (1) at 20°C,

Figure 11 is & plot of both K. and D, values vs, molarity of
NaOH. mmmmm&m»ammmwnaw,
while the H.- values were measured st 20°C, butithis should not be
o significant tempersture difference. It can be seen that the two
mtm&mum'mmm. mm
Yegil's mmtmmnzmammmmnamwm
lot-,ao (vwithin 0.05 logarithin units), as predicted.

mmummmwn,%mm¢m&zam1ﬁ
10 molaxr HaOR solutions, mw’ucmw%n.m*m
%,0° If equation (XIV) is obeyed, a streight line of unit slope
(1ndicated by dotted line) would be expected. It cen be seen that
Abaxr and Yagil's values agree with this prediction (vithin 0.05
logarithin units) while Schwarzenbach and Sulsberger's velues deviate
considerably.
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MM&MM&“MMNMV&WW& and
H. functions, uwmmaWemmm involved
are upheld experinentally. nmmuwmmma
wmm&mmummmswwmwm
resctions, |



TARLE 17 w
(LY ‘ﬂ - 9-9’1’)
0.02402 - 0.0239 +1.64
0.03664 - 0.0565 +1.25
0.08666 - 0.0864 +1.03
0.09578 0.0955 +1.05
0.2800 0.180 +0.72
0.2805 0.280 40,56
0.3132  0.312 +0. 44
0.493 0. hoe +0,26
0.6185 0,607 +0.13
yde (pK = 0.97)

Nolality  Molarity o
0.03048 0.0304 +1.51
0.08450 0.0843 +1.09
0,1805 0.180 - 0,77
0.2836 0.283 +0.56
0.2801 0.288 +0.54
0.3679 0.367 +0. 4k
0.6343 0.634 +0.15

P

12,36

12,75

12.97
12,95
13.28
13,44
13.56
13,74
13.87

12,49
12,91
13.23
13. kb
13.46
13.56
13.85



0.195 0.295
0.376 . 0376
0495 | 0.496
0,664 . 0,685
0.799 . 0.801
0.9% o.M
1.196 . 3096
1,480 L9
1.996 1.991
2,360 R.3%
bengaldeiiyds (3K = -0,68)
Q.810 Q.82
°'-796 9&?93
1.518 0 1.518
1.995 B % - -
2.358 2435
2.963 ' ' 2.943
3.254 o 3.ee7
3.636 3.599
k. 097 4,06
4,808 4,812
5.513 5.400

+0.59

+0.38
+0,25
+0.12
+0,02
"Q!Qh brg
“0,18
«0.29

-0.46

*0.5‘& !

n"i

. ~0.28

-0.41
«0.50
0,65
«“0.73

~°.l3

-0.93

""u 1-0 }

13.41

13.66

13.75
13.88
13.98
1k, 0k

14,8
k29

14,46
14,54

13.6@

13.95

FLNA
1%.50
k.65
14,73
14,83
14,93
15.10
15.25

w5



TARLE 17 (Contimued)

o-anisaldehyde (pK = -0.96)
1,568 - 1.566 -0, 34 1h.34
2,367 2,359 «0,58 14,58
3.173 3,147 «0,76 14,76
3.950 3.9 «0.93 14,93
4,704 4629 1,09  15.09
5.617 5,500 -2k 15,2k
6.540 6.351 U6 15,46
T.h0 7.161 «1.66 15.66
8.050 T+T0k -1.87 15.87

p-anisaldeiyde (pK = -1.89)

3.363 3.333 “0.79 14,79
k. 9h5 4,859 «1.21 15,21
To32b T.061 - «l.6e 15.6e
8,08y T.728 «1.78 15,78
9.093 8.595 ~1.9h 15.94

m“w 9i 3?6 *ﬁ. 19 16( 1.0



b4 de

+4ai

- T T
T T L i
i) . < I 23T
1 1 o 11T
3 1 133 H
i 3T 11
i 5 5 113
@! BEESI S8 B
4 44 4444
p¢ 4ty PR

TH

411

171

s
BB

8
BRI

b

$eab

reir

IESRESHERE AESNE SDN N

FEEREEINSUERSAEESERY

IRERESBE R

BAS

nsnBasisERsgsiceossnERu
........ BSEEEn R0 LG S
e NG

Fer

B S T o e

R

EEEEERERES RESEESREEA SRREI

IFHSENSERE SRENE RIS EEN RN RN
605 DE oD IEER ERANEENNGN ARG S

D e ST I SIS BIPESIE S

SR BRI AEE W)

N

, ] T I
] 1 IRBEB AN ke

T ! 3 WSS A e |

+ HHH +

gl 1 ERRENAEED! }

i EEPESBaR S s

IBEEE Han| 1

1 L :_L 1
{ ] 3 1 1 | R FA N ERAES FEREE B
} { 4 4 4 R R .H[._, IRDES FERES 8
+ it 4 4 4 +444 4 P e 4
i ! H HHH

- t + 4 : '

1 I 3 g B H B B
8 b : H 1 HH R S H
1 i SSgaBepaanadohnannEEan bnknn g
- i d i | 85 57 1 22| i 1 I i
~ (a3 Q
~N
]




=68=

\ AL Xyrour  Ho

%
N
)
%
%

- - — S S - - ————7 — S - - T T
ESBSAMENS AEESEANAGS PESAE MRS ARSERENAEE DARRE PASRE CURSRRRRAE SRUEERBE! SEESEBABRRBAEBAEE BREE] BENENEEERESE] T i3 2 B LI D EERDRE RS
ot e et e R HEHH R TR R R R 158!
e T e B s EEEE e R eeas EERDS SSSRE SESNSSRSEN PRaas sasss R R SR PEEeE SR Ee ...h... +4 t4d e R ERES — +41411+ e ey .3 4
et e T T S I R ‘.:IMH} HEHEEH T H3E P H R T 13 Kf oS ] B
- i - - . e
ERREREBSE, I BBRERRERL o i 36 B IBUSRNSRHIRSNEDESE 11 IBEREERED S0 B 11 if i 52 B 1]
iSEEisaiar ! BT 823EES8 EERREzERas PR s! FRSE EEERR IERRN ISRt RERES Ines *‘, HH i
EER2IABAY 4 IRES BRSO 2 $4344443 3 +4-1- 1444444 44 + - BEE S b
EhbEanumn iBERR oS EBRSRES! iGRsshRaasREuBEURS hERBLER P R e )
- - . - + i :
SESHSIRaS BEREREBESSRESST INDASEN tEENEEE RANE RS ImSEE b 3 B E EREEBEEIRIEERERS
LT azasi .ﬁ T 3T PSS FESEN 80 TIPEEY w 1 BEREREER ERERRSNE] P
SEasiines H T HHHT R i
BRESH TR ot ia e T eyttt St 12 Pt el S 58
Son 581 4 <
SE SE R AL D ESEEN IREREE N A4+ BEEEERE EEREREHETI Bl GENE B SEREREERSEE]
EEBhAENESS IERSESNEESREES S G R ESED! 5 2 NS BE RSN RS T 13 HEET waEs
b SESEN PREERESERE 413 EpEuBaESEEBEEnEES 1L f444 B R EE s PE 4
. eSS REESE RSN RS R 8= Rl SRR taa! RS Shh IRBEE SRAE m\
WE P2 E@A) ! T T i f t ,
e e I EaEnENEERBRED] IS EEREEEREATINHAE HHE.! o amnm i 2 .
srasive=ns mey FEREE R RS EERESNEEREEA RS REBEE NE BN SBREEumRS: T
SHEES SEA S AR A RAS R R B R R P E i S B 444 L
SESRSEawed Eewal u+ﬂl BRBHI R S EEs S s R Ranl SR as RS .w“¢. :L_f e - 1
B8R NB8) EFEEREYREIEREESESBERERREN BE BB p
BN S R t B M _
Saamsswam S8 ]
8 B S s |
SBESHRE R T 5
SEETFEEEE i B
111 =
——e bt -
—— e e Tj‘
EEERESERSSEREaaERSS) AESSBESBEA BHD B &\
e : e
Sl P
-1 433

yyyyy - x IBSES SRS

e e - !.‘frlAA..%n‘All.av. 'URESADLEY ISNIEBE BID FEREE SERNS DS BEE RS0

HEEREERES

EES NS SRFBEEEEES

e e

|
E
_
_
|

saEExamERE EeSuabhans)

e itees

EEEE R0 E

Li

b

to the Inch




(€) Tr8ex pue requy Lq Jaded ayy UT USATI SonTRA OUL WOIT PIOBIGNS USIQ TBY 6T °Ox

€29t 66°61 62°91 0~ T€°9T 19°91 ot
18°ST 69°6T gLe6T 220~ 6°6T 00°9T )
1961 g ST 96°¢T g 99°61 %L 61T L
6E°ST TE'ST 9€°ST - <0 0$°ST 9
gr*et CT°st TSt o1 0~ g2 St G2 et 9
T6°41 64T €6°4T g0°0- 66°4T T0°6T ki
Lo*%1 ELqT TL 4T 600~ 8L T oL*HT £
€q°41 o 4T 4T €00~ €4 qT Ly qT 2
Lot 9041 90°4T T0°0~ o4t Loyt T

(o]

2,62 1® 4 omm«m3+.m omnam8+.w omnawﬁ 002 38 “H 0,02 38 R AyTIeToR
§,UOBQUSZIBAUDS S,IBAUY D02 98  x5,UJBQUOZIBAUDS  4,J8qUY

sonTe) O DUs I JO UOSIiedmoy - QT TIEVE



SEPESEEUNEBERENENERT SSBEE RSN

PEUDIEEETE NEAUE NENDE SN INN CEYE

EBEEEEREES

SN FESEEFEENE IENEE IENRE SRS IERSESUERS NSEREESBRE
jhasen SEu B BEEBEEGE CRARE FIRSH EESSSIEEES
RS AUREEENER BN TR ISBESERNSEPRARSRURSE SSRSSIRSEE

7
I
8
1
1
T
!
|
4+
1
l:b
I
‘v
i
IL
185
Seh
e .
;‘c
el
1
3!
/6
(Cy0)

BENES EENSNEPSWE IKENE AENES SNFNESHSS] SNEONSRENY & A
BEANEEERESRUNRE (B 1 W (5 | RN S i N
35 mn] S IR AN NSNS T RO NSRS SRS FEEEE B E|

1
ENEEG AN E SN RS BB ORNSYISEES FARCN EERES LEESR NESEE
7 FH SiiiiaiifcisEasEiiee
2AGEEESEASEFANSEEESEIEEEE IAASARSELL I ZRSE UGS $ BRS:

+
:
1
4
I
1
+
1
"
i
- -4
111
i
!
|
)
4
1
i
|
|

MBS BERSE SN SN i ———

BREES ESRSESSSHLRL F ENBEE

|
|
l
7 Lo6

IEEESEEREERREY! NESEREEUS SERAr NI ANE La

J e 1 IEENE AN IRUES SERIN INESE VENES P EY Y

e e S e T e

ol

EERSHREESN TUSESANREA BRSNS R BNE EOEE wuum 6 DR 5 H R
+1 1T R el e S S SRR AAIA‘L~L;‘0M!A‘U

B

il
B

ESEESZsaRE ENE N

DR O

&

/5
8 to the Inch

00



Tho

A system of indicators, cousisting of eight derivatives of
‘benzaldehyde, mmmmwmumamno
function, Measuremente of this funetion in sodium hydroxide solutions
from 0.02 to 12 molal have been completed, and satisfactory correla-

tion of this function with the H. function has been made.

It has definitely been shown that the two functions diverge at
higher base concentrations, and this fact should be useful in the

study of base-catalyzed reasctions,

It is suggested that the messurement of the D funcbion be
carried into more concentrated sodium hydroxide solutions, where the
difference between the H, and D, functions will be greater. If the
problem of the cloudiness produced upon dilution of the very com-
centrated NaOE solutions becomes too serious, other technigues, such
as using micropipettes to introduce a solution of the indicator in
methanol directly into the NaOH solution (thereby eliminating dilution
of the NeOH solution), might de tried.



o,

Since excellent agreement with Anbar snd Yegil's theoretical H.
values was obtained, while agreement with Schwarzenbach and Sulzberger's
experimentel H. vas poor, umnuwmwmwmu
mentel K. values.

Wumnﬁmmmuummmmmm,

such as potassium hydroxide.

Another possibility, suggested by Dr. Kevork Nahsbedian, is the
sutdy of these functions in mixed solvent medis, such as aqueous
wmm In these solutions the basicity differences arve
mich more promounced, due to the decressed amount of water in the

solutions.

Ultimately, of course, it is hoped that the kinetice of various

vase-catalyzed Yeactions can be correlated by the D and E_ functions,
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