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SUMMARY

The primary objective of this work was to examine the
temperature dependence of dissociation constants of
hydroxylated substituted benzl'dehydes. The equilibrium of
2,4 dichlorobenzaldehyde in aquecus sodium hydroxide
sclutions has been studied at 35°C with varying hydroxide

ion concentrations ([0H~J).

CL , . CL o

G, + o Fast %

CL = S C \b OFH
I i 1

Timed readings of the absorbancy of the indicator base
solutions were made on the Beckman D.U. Spectrophotomerer
or on the Perkin-Flmer recording spectrophotometer. Plots
of absorbance vs. time were extrapolated to zero time and
these absorbancies were related to the ratio [ii} F§ [i] .

James MacGregor (1) had previously developed the expression:

[1D) = I:DOTE = 1"1)__Eb
D - e
Ql s By Ehor

where D refers to the free indicator, I, DO refers to the

hydroxylated indicator, II, and E, refers to the absorptivity

of a given basic solution of the indicator.

E 10 - -
A plot of log . D = By telog Eﬂijvs. I§H~]extrapolated

E, - Epor~

to zero base concentration gave a value of pKDOI[— for the

dissociation of the hydroxylated aldehyde. The pPK.  — value

DOTL

:ily be related to the dissociation constant hy the simple

exprossion:



pK log i = ~ log 1

Doy, G FUE e “port”
DO

The standard enthalpy,AII°, and the standard entropy,
AS°, for the reaction were determined for equations (1) and
(3):

(1] e K(vorr™), /M (oor™), 2 (Vg =g )

2.3030 1 2

+ A He

(11)as® = 2,303 R log K
( 1 T

DOH )

(III) 2589 = 2-303 R lOg K(DOH‘_) + ...,../v.\.!}.o.._

2 2
in which K(DOH-) equaled the dissociation constant at 35°C,
2
- res the dissociation ¢ ant at 25°, T
K(DOH )1 represented the d n constant at 25°C, T,

referred to 25°C or 298°K, and T2 equaled 35°C or 308°K.
The determined value of Ky, .= at 35°C is .776 and the

e ng 1 »
values of ATI® and A S° are -5.28 Kcal mole and -17.65

entropy units, respectiygly.



HISTORY AND THEORY

The H, acidity function was proposed by Hammett
and Deyrup (2) in 1932. This function dealt with the
equilibrium:
+ ¥
Beda By b B
where B is neutral indicator base and BIl+ is its conjugated
acid. The dissociation constant for the equilibrium was

exprecssed as the following ratio of activities:

kBII+ = B n H+
BH+

Iamme tt and Deyrup defined the JI; function as:

Ho % e E e phBH+ L MBHZ"J-.,
fp1e (8]

in which fB and fB ‘are activity coefficients. The I
: o

11+
function allowed quantative measurements of acidity to be
made in strongly acid media outside the pll range.

Westheimer and Kharaéch (3) developed a function very
similar to the I, function. The function is called the J, function
and deals with the .equilibr.ium:
ROH + H+ — R+ + }120

in whieh ROH is an indicator base. The J, function was

defined . analogous to the Iio function as follows:

sl e A =~ Peon = pK ~log - [5e
0 = : T i ROTI e
g 2 Ol [ROI |



'
James MacGregor (1) combined the ideas of Jlammett and
- Deyrup, and Westheimer and Kharasch with those of his own to
develop the Dol function for aqueous sodium hydroxide solutions,
the D, function deals with the equilibrium:
D+ Ol - DOI~
in which D is a neutral Lewis acid indicator and DO is the
hydroxylated form of the indicator.
MacGregor defined the D, function in a manner comparable
to llammett and Deyrup's definition of the I, function as

follows:

Koo - A g D : I AOH'Z_
o A i e
box DOH

f Bor)
.L‘LOII" . D . -4 I(DOII" . DOII

o
[«]
4
H
o
o
0’
.
(e
=
!
)
n
i
o
m
=
=
(o]
o 1}
H
(4}
=)
(=]
FL'

b . Ei ke
(1v) D, = phDOH_ - log OH]

The method for evaluating pKDOH— can be realized by

considering its definition:

Vo © log [DOHﬂ +2leg o™
ﬁ)] [OIﬂ | S e



MacGregor states, "the concentration of the indicator is
always very small and activity coefficients approach unity
at zero concentration " (1). Ile presented an altered foru

for the definition of kaOH— :

plyo= = lim [ log [poi ] i [bn"J]
(o]0 (3 |

TFor those indicators that are partically hydroxylated in base

concentrations of 0 - 2M, a plot of log [DOI | - 1log [bnf]
i3 D 2

vs. [01 ]extrapolated to zero [OH | yielded a value for P
i1

The last step in determining a pK value is the

DO~

evaluation of the indicator ratio [ DONJ by the use of
[D]

ultraviolet spectroscopy. The total absorbancy of any

solution containing a partically hydroxylated form of an
indicator can be expressed as follows:

A L C +

“wecno Carcmo . Parcuo™(om) By onon

ArCHO™ (110) 5

b=

C’ + B C, - ) - C
ArCHOH % “ArCO,- —ArC0p~ + B p(no™)yo  avc(mo~)o +

B - C -
ArCHO2 ArCHO2

where I is the molar absorptivity, C is the concentration,

E = AD which represents the absorbancy due to

arcio  Carcino
the free form of the imdicator, and Bypug=(on)y Cyono=(ou) -

ADOH~ which equals the absorbancy due to the hydroxylated form
of the indicator. The equation (ED Gy AD) is a slightly

modified form of the Beer-lLambert law. The concentration of

-4 ;
the indicator oo kept around 10 = M bo iusure the validity of

i1

Beer's Law.



“Arcl QI (’Arcngou SRy COy- CArCOQ"

are
considered to be negligible and LA ¢ (05 )) UArC(OH)G' e

B, jpn = C, .~ — are considered to make only a small
ArCHOQ,, ArCHoO,
2 2
contribution to the total absorbancy up to a 50% change from
the absorbancy reading in neutral solutions. Thus the
absorbancy of a given basic solution of the indicator is

given by:

Ay Ay v ¥ Spars me BN S e

A = ( [p] + [por] )m
in which Eb is the molar absorptivity of the entire solution.
Substituting for A, , separation of variables, and combining
of terms leads to the expression of the indicator ratio as

the appropriate ratio of molar absorptivities.
[por”] - By~ [pONT| = B, [0]- E [D]
B, - By [DOH i e R

, - TR
V) oo} % Mooy
- S o

The molar absorptivities of the various basic indicator

solutions were determined and the corresponding indicator
ratio was determined.

The pK.. ~ value was transformed into KDOH- by the

DOH

expres ssion:

pK, o~ = log Y- = -log K

o DoI™



} ABSORBTION MEASUREMENTS

MacGregoQ‘(l) developed a group of eight different
substituted benzaldehyde indicators that would be of use
when dealing with absorbancies of sodium hydroxide solutions.
The sodium hydroxide solutions used had a maximum absoerbtion
below 220 - 230 my whose magnitude depended on the hydrecxide
ion cdncentration. The indicator used absorbed in another
region of the ultraviolet spectrum. The 2,4 dichlorobenzaldehyde
used in this project had a maximum absorbtion at 204 e
The indicators did not undergo the Cannizzaro reaction to any
appreciable extent. Nevertheless, extrapolations to zero
time of absorbancy vs. time plots were made to counteract
slight variations.in absorbtion readings with time possibly
caused by the Cannizzaro reaction.

2,4 dichlorobenzaldehyde was purified by recrystallization
from ethanol until a melting point of 71°C was observed. Aldehyde
solutions were kept under a nitrogen atmosphere because of
oxidizirg action of air on aldehydes. All indicator solutions
were kept stoppered and nitrogen gas was Hubbled through the
solution if it was_exposed to the air. Indicator solutions
were prepared directly from the solid form on the day of
intended use. Water, deaereated by boiling, was used in the
preparation of all solutions.

The method of preparing the indicator solutions was

proposed by Gedansky (1) for indicators that are slightly

soluble in water. Generally, this method included the following



2.

The preparation of a 1 X 0 1 meinitien of
2,4 dichlorobenzaldehyde in methanol. The
solid indicator was weighed on an analytical

balance.

>

A 1077 M indicator solution containing 10%

methanol was prepared by diluting 10 ml of

30 g M solution to 100 ml with water.

3 M 2,4

Ten milliters of the 10
dichlorobenzaldehyde solution was added to
10 ml1 of deaereated and equilibrated in a
constant temperature water bath at 35° for
20 minutes. One hundred milliliters of

sodium hydroxide solution was equilibrated in

a like manner. Thermally equilibrated

solutions were mixed to facilitate constant
absorb#ncy readings. Water jackets were
attached to both the Beclkman D.U. and to the
Perkin-Ilmer Qdé.spectrophotometers to insure

a temperature of 35 Sio duringvthe timed
measurements of absorbance. After the base

and indiqator solutions had come to temperature,

they were mixed and an aliquot was taken for

absorbancy measurements.
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] D

DETERMINATION OF K s AH? = AND.A S°

DOH

The values of ED have been determined for 35°C and

were lower in magnitude than at 25°C. An average value of

ED was used in the calculations since a slight variation of

AD readings was observed for different concentrations of the

indicator. ~ was not measured at 35°C, but instead we

ED()H

"have assumed that EDOH— has the same value as at 25°C. This
assumption wasn't seridus because even if EDOH~ is neglected
completely, the magnitude of Eb - EDOH~ for the measurcements
made would be affected by at most 5%. The determination of
Eb involved a solvent correction that varied with the
concentration of sedium hydroxide. The solvent correctlions
necessary were obtained from MacGregor's solvent correction

curve for 2,4 dichlorobenzaldehyde (1). Thus E was obtained

from the following equation:

A .
= b -~ solvent correction

B
R (O 1

Table 2 has the calculation of log [ poi] .
: LoJ

The value of pKDOH— from the plot shown in figure 3 of

" log [DOH”] - log [QH~] vs. [QHfJextrapolated to zero base

(D]
concentration gave a pKDOH— value of 0. 75

pKDOH— = log KDOH~

K = .177 at 35°C

DOI™
MacGregor found a pKDOH- value of 0.98 at 25°C from a similar

1nt, The corresponding value at 25°C for Kngiy~ 1s 0.105.



-13-
The work of Dunnetit, Miles, and Nahabedian (6) with £,6

value

dihalobenzaldehydes suggestas that at 35°C the KDOH—

would be less than that at 25°C.

The reason for this discrépancy was obvious when
MacGregdr's graph of log iﬁgﬁil - log [pﬂfzvs [bﬂﬂjat
25°C was compared to our p££€ at 35°C. MacGregor's plot
showed an almost linear array of points, through which a

flineér»extrapolation to zero hydroxide ion concentration
was easily made to determine PKDOH"' Tigure 3 shows that
at 35°C the scattering of plotted pointé makes 1t difficult
to.make a linear extrapolation. A valge of pKDOH- could
have Beeﬁ selected almost arbitrarily. The value 0.75,
would have an error of at least 10.25 units or 33%.

If.activity coefficients are neglected, KDOH- can be

expressed as:

K= larcual loi]

DOH~ E\rCI[O" 017}

Since
~ [arcio™ (ou)] sl - Pomrsoln. = 5 -5
[ArCTI0] e e Sl
X B0 soln - Farcro (om) By~ Toon
then S ;
K = B Mg Lon™]
Dol - oE,
and a plot of B " _ ws [or] would have the slope
By — Epon~

% . intercept zero.
RDOH and the inte P

7 ) ' (4] X
The values of K.~ at 35°C and 25°C were computed from

DOH

Lie plots shown in figures 4 and 5, respectively, and the values

were 0.78 and 1.04 respectively.



ol
The relative magnitudes of these values are qualitatively
in agreement with the demoustrated temperature dependence
of hydroxylation equilibrium constants (6).
The evaluation of the standard enthalpy (A 1°) and the
standard entropy (a S°) for th(; dissociation was made using

the relationships

7 Tm 7 ) 70 - 0 1
2.305 RE log ]\DOH 2—-AT e AH + TaAS
and
Lo K. w o atie + A 80
BOH = 5.505 T 5.3051 ;

If we assumed that AT[° is insensitive tc temperature, then

a plot of log I vs. YT is linear and has the slope -2 110/2.3 03R

por™
and the i11tercept/_\$°/2.30')'ll. This plot would be of primary

use for a series of I(Ddﬂ— values at different temperatures.

When dealing with only two I&DOH“ values, the following

-modified equations must be used to find A H:

CIY el Ko f Bipans St F S (7, = Yi.)
(porr )2 (poit )l 5505 T 1 B
then, at T'lz
(11)as® _ 2.303 R . log K(Don")l - A}Pro
; 1
and at T2:
(1x1)Aase _ 2.303R log K(Dm{—)2 + A[;o
: 2

Valués of AH® and AS° previously found for similar
reactions with 2,6 dihalobenzaldehydes are in the neighborhood

= -1 .
of -8 Keal mole 1 2nd =21 eu mole  respectively (6).



= A g ? - : -1 :
The H#H° value from this work is - 5.28 Kgal meole and 8°

+

Sl S WA S eu/mole. An error of at least -~ 25% must be

Ant

bt

roduced in our All® and/\S° values because they are

accurate to only one significant figure. The large error
fgctoy has arisen because only two KD0H~ values were used

in the computation of/AAS° and/.N°., IfAIl° and AS° measurements
were made for similar reactions at a series of different
temperatures, theAH° andAS° values would probably approach

/

more clesely the previously measured values.
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Sol No.

0

TABLE 1.

ATA FOR 2,4 DICHLOROBENZALDEIYDL

264 mu

i

Indicato

Concentration

T

o
Molarity

0.5521x10"

0.5521x10

L

L

M

M

=l
0.5545x10" 'M

il
0.5545%10 ‘M

0.5545%x10"

4

M

0

0.05146

0.07788

.1016

1/2 min

1/b

3/

Time

"

6=

s 35°C

Absorbancy
B )

.662
.662
.656
- .652
.648
.642
.618

. 665
.665
.662
.662
052
.652
L6Lh
.638
.623
.623

.631
.631
.631
.631
.629

e i
hRde
.508
491
480
480

.Hkl
Dl
L
«939
«9539



~Yis
TABLE 1. (Continued)

Indicator on-
Sol Noi. Concentration Molarity Time Absorbancy

o!! 0.5541x10" "M 0 - 1 1/2 min . 74b
gafo o L Thh

5 i . Tl

10 d . 7hd

16 i 05

ol i #7135

L. 0.5551x10™ N 0.1415 1'a/s ¢ 7oL
L " .721

91/4 .719

15 t .709

20 3/4 .700

24 3/4 P .696

5 0.5545x10’4m 0.1687 1 " 462
5 i 462

10 " k6B

15 K 460

20 " .59

ghtt 0.5543x107 N 0 1 1/6 o .657
5 /g .658

ALY .658

11 1/2 .655

15 3/k # .648

6 0.55h3x10—4M 0.2042 1 " 641
3 i 643

L .638

9 & 633

2 " .628

15 1/ 624

Isides m 617

201 /4 v .609

95 1/4 ™ .601

29 E .597

36 3/4 M .592

Ly 1/h .582

oML o s5n1x107"N 0 1 3 640
i D .640

G/g .640

2 1/e . .630

B0 Jh .63%0

¥5.1/2.n 615

16 1/2 o 6730

21 4 612

25 14 .611



=B
TABLE 1. (Continned)

Indicator OH
Sol No, Concentration Molar ity Time Absorbancy
7 0.5541x10" M 0.2377 1  min .545
: 3 " .5kl
5 " .rlfj
Tagn- .538
10 3/4 " .535
13 " .531
16 1/ v .526
20 " 522
i A Y 519
28 1/4 D13
30 1/2 " .508
8 0. 55h5x10 0 0.3780 1 " .5hY
T . L5kl
Loyfa 543
654 543
9 B .540
15 " .5%0
15:1/2 .540
9 0.5545%10"y 0.4521 1 " .512
: 2 3/4 514
6 f .520
9 " .528
12 " .528
15 o .528
10 - 0.5545x10" M 0.6009 1 " 432
5 i 432
10 " 432
e 15 " 431
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LogL

TABLE 3. DETERMINATION OF pK BY DIRECT BEXTRAPOLATION

bor
Sol No. MOLARITY Log ] - Loglon]
1 0.05146 + 3.946
2 0.07812 + 1.600
3 0.1021 £ .355
4 0.1415 - .204
5 0.1687 + 490
6 0.2049 SN
7 0.2377 « 087
8 0.3789 - .164
9 0.4531 - sli7h
10 0.6009 ]
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SUGGESTIONS T'OR TFURTHER STUDY

The relationship of the dissociation equilibrium
constants at 35°C and 25°C has been studied for. the

equilibrium:
0 v 0—

CL Vi L
C —H Fast L/—-- H
ay e —
O el o én
CL Gl

The dependence of K on temperature could be studied

DOH™
over a wide range of temperatures (i.e. 2-62 °C). TheAHP°
and AS° should be calculated at each temperature to see if
they compare more closely with those previously measufed
for 2,6 dihalobenzaldehydes (6).

Similar studies with *‘he other seven indicator systems
developed by MacGregor would be fruitlul.

Oné very interesting project would be to examine the
kinetics of the (Cannizzaro reaction which presumably occurs
by the pathway:

ArCHO + Ol - ;§§ ArCHO (0H)

ity gl 4 |

ArcHo (017)+ OH - %%- ArCHO, _ + H,0

ArCHO + ArCHO B ArcH 0N 4 ArCO,,-
2 = 2 2

Second—order kinetics would be observed if a plot of
1/ [%rCHQJt vs time is linear and the slope of this plot

would be the observed second-order rate constant.

2
Rate = ‘ Kobs. [}rCHOi]t



This rate law can he related to the rate law-for the above

mechanism as follows:

N
y

Rate = K ErCHOQ-'»'] l'Ar()‘,lO\

il

» H.0O

2
p’ -2
= KK E\rcmﬂ 2 [on 1
1120
then
A T
Robs = RK Ixi[[gul ]
2
and
2 log Robs = constant + 2 log [()Hﬂ ~ log [ng

ﬁut [ArCHO]t cannot be easily related to the absor:’bance_of
the basic solution at tigne t. That this might be done, can
be appreciatéd from a close consideration of the following
equation, in which Ay is the absorbance of the solution, E
refers to the extinction coefficient, A and C is the

concentration of the species.

Ay = Byreno Carcuo * kArC]IQOII ™ hArCO2- CArco2 * Eyrc(moT)o

5 E X 38
Carc(0™)0  + 1‘1‘Arcno27 C.irC}IOQ»
If LAI‘CHQOH Cz\rCIIQOTI and I‘JAr'COQ" Cl\rCOQ are considered to be

negligible, then since By oy~ Corc(om)o 2nd BArcHo,,-

CArCHO _ make only a small contribution up to a 50% change in
: 2

absorbancy reading from that of the neutral solution, it can )



be assumed that the absorbance is given by

A_b = EArCI.IO CArCHO
Plots of 1/ Absorbance vs. time would then be linear for
second-order kinetics to be obeyed. Alternatively, the
complication of absorbtion by hydroxylated forn® can be
removed by acidifying timed aliquotes prior to determining

their absorbancies.

5
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