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CHAPTER III

?HYSICQFCHEMICAL“PHOPERTIES OF N-ARYLHYDROXAMIC ACIDS

RESUME

The physico-chemical properties viz.thermogravimetric
(TG) and differential thermal analysis (DTA), thermal
stability, chemical stability, noh-aqueous titration,

ionization and hydrolysis constants have been described.

The thermal dissociation of hydroxamic acidsare
studied by differential thermal analysis (DTA), The DTA

curves show exothermic peaks by melting of the compound.

The synthesised hydroxamic acids are titrated visually
in non-agueous media (methanol and dimethylformamide)
using thymol blue as indicator against 0.1 N potassium
methoxide. Potentiometri9 titrations were also performed
in non-aqueous media with platinum and’calomel electrodes,

The molecular weights of hydroxamic acids are calculated.

The chemical and thermal stability and thermodynamic
ionization constants of the synthesised acids in 50-70%
dioxan-water media at 35°C + 0.1°C have been determined.

A

The hydrolysis constants are also reparted;



PHYSICO~CHEMICAL PROPERTIES OF N-ARYLHYDROXAMIC ACIDS

The knowledge of the physico-chemical properties of
the hydroxamic acids is essential for understanding their
nature, reactivity and analytical applications. The
hydroxamic acids are sparingly soluble in aqueous media
but readily soluble in organic solvents like benzene,
chloroform, dioxan, dimethyl formamide etc. These acids
are weak acids. They can be titrated visually in aqueous
media but no sharp neutralization point is obtained and
gives erroneous results (1,2), hence they can be titrated
accurately by non-aqueous titration technigue using

tetrabutyl ammonium hydroxide or potassium methoxide
(3914)‘0‘

In the present investigétion the thermodynamic
proton-ligand stability constants, hereafter termed as
thermodynamic ionization constant; pK_, of N-aryl-
hydroxamic acids are determiped by the pH titration method

in 70% (v/v) dioxan-water media at 35° + 0.1°C,



The pH meter cell employed for pKa determination
was of the undernoted typed.

Salt bridge Caiomel

Glass HA (0,01M) in |
Electrode dioxan-water ? ag saturated Electrode
nixture | KC1 aq saturated

The thermodynamic dissociation constant:

Ka( aq) of

hydroxamic acid, HA,

A i+ a7

in an aqueous medium is given by equation (1) and (2)

[+ [

?{a( aQ) = [HA]

(1)

: ' HA
pKa(aq) = = log [H"']-i- log EA-;-]] - 2 log y_t (2)

- where y, is the mean activity coefficient of the uni-~
valent ion (yHtE; y+) at a given temperature and medium;
it is assumed fhat the activity coefficient of the unionized

acid YA is unity.

The Van Uitert and Haas (5~7) relation was used to
obtain the hydrogen ion concentration from the value read

on the pH meter (B):
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- log [H"] = B + log U;I - log 1/Y+ (3)

.0
The values of log UH were determined experimentally as
described by Agrawal (8) and mean activity coefficients
- were obtained from the data of Harned and Owen (9) and

Agrawal (10).

"The final equation for calculating ionization
constant in dioxan~water medium is obtained by substituting
the value of hydrogen ion concentration from equation (3)

in equation (2), we get,

B

= 8

K, = B+ log U; + log + log 1 (4)

(47 £

The pKa values; thus determined, are termed as thermodynamic

values, for they include correction due to activity

coefficients,
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. HYDROXAMIC ACIDS

The synthesis of hydroxamic acids is described in
Chapter II; These were recrystallized before use, from

‘benzene and dried in vacuo over PZOS}

SOLVENTS

e ’ over
Distilled Water: Pure distilled water redistilled/alkaline

potassium permanganate and freed from carbon dioxide was
used. It was tested for the absence of carbonate by

Kolthoff's method (11). ' ‘

Q;ggggz ﬁ-Dioxan was purified by the procedure of
Weissberger (12). It was refluxed over pellets of KOH for
about 8-10 hrs, distilled and middle fraction of the
distillate refluxed over metallic sodium for 5-6 hrs, and
fractionally distilled; The middle fraction was used.

Its purity was established by freezing point, which varied
from 11.,65° to 11.80° (uncorrected) égéinst the reported
range of 11.65° to 12§Q° £13,14).

Methanols The anhydrous methanol was pfepared by the
. method of Weissberger (12).
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Benzene: G.R.,Uvasol, E;’Merck was used without
purification;

Dimethvl formamide (DMF): Pro Analysis, B.D.H. grade

was used without purificatién.

Acetone: K, Light (England) was used without further

purification}
REAGENTS
Tetrabutvlammonium hvdroxide:s 0.1 M solution was

prepared in dioxan water medium by the method of Cundiff

and Markunas (15).

Potassium methoxide? The potassium methoxide was
prepared by reacting potassium metal with methanol and
diluting it with benzene so that the benzene-methanol

ratio was 10 to 1 (16),

Fgrricrohlgridéusoiution: A 0,05 M solution was
prepared by dissolving the requisite amount of ferric

chloride in 0.1 N HC1.

-

Indicator: 0.1% indicator solution of thymol blue was

prepared in dimethylformamide or methanol.



N.P.,L, certified graduated apparatus of Gallenkamp,
Technico, grade 'A' was used for measurements., The 5-ml

microburette graduated to 0,01 ml

pH meter: _ A Systronics digital pH meter equipped with
glass (0z14 pH) and saturated calomel electrodes was used

for pH measurements.

The platinum and calomel (satufated with KC1 in
methanol);electrodes were used for non-agueous titrations:’

The pH meter was calibrated in 0}61 unit of pH.

Poténtiometer: Cambridge potentiometer equipped with
platinum and calomel (saturated with KCl in methanol)

electrodes was used for potentiometric titrations.

Thermal énalxzer: Simgltaneous TG and DTA curves of
hydroéamic acids were recorded on a Mettler thermal

analyzer fitted with a 12 channel recorder.

TITRATION VESSEL

A titration_vessel, qapacity4about 75~11l, was
specially fabricated for pH titrations. Besides an inlet
from the side for nitrogen gas, it had three necks, which
accomodated the glass electrode, the calomel electrode

and the microburette.
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STANDARD BUFFERS

The pH meter was standardized at 35°C with buffer
solutions such as 0.05 M potassium hydrogén phthalate
(pH, 4,019 at 35°) (17,18), 0.01 M borax (pH, 9.100 at
35°) (17, 18) and National Bureau of standard buffers.
Standardization was checked, both before and after each

titration by at least two buffers.
PERCHLORIC ACID

E, Merck, G.R. 70% perchloric acid was apprbximaﬁely
diluted with glass distilled water to give 0.5 M solution.
The solution was finally standardized volumetrically.

NITROGEN

Nitrogen was passed through a series of bubblers
-containing a saturated alkaline solution of pyrogallol,
2 N sulphuric acid, distilled water and finally the

requiied solvent:
TG AND DT4
The TG and DTA curves of hydroxamic acids in air

were recorded on a Mettler thermal analyzer maintaining the

following instrumental factors in all the experiments:
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IG range C -1 mg full scale sensitivity;
DTA range - 50 V, heating rate ~ 8°/min,
A ,

' Gas flow rate - 100 ml min~', mass of the sample - 10mgs

Alumina was used as a refergnce material for DTAk
NON-AGQUEOUS TITRATIONS

A weighed amount of hydroxamic acid was taken into
50-mlstitration vessel. The vessel has C-10 joints for
burette and nitrogen gas; Next 20 ml of dimethylformamide
or methahol was added and the solution was stir;ed with a
magnetic stirrer. Then 2-3 drops of indicator were added '
and titrated against 0.1 M potassium methoxide in an

atmosphere of nitrogen.
DETERMINATION OF IONIZATION CONSTANTS

The titration procedure was essentially thé same

as recommended by Agrawal et.al, (10,19-21).

Generally, hydroxamic acid (0.5mM) in dioxan 3 H,0
(47.5 ml) were placed in a three necked titration vessel,
thermostated at 35° i 0.1°C, carrying the glass and calomel
electrodes, microburette (5 x 0,01 ml) and inlet for nitrogens
Nitrogen gas, presaturated with carbonate free water and the
desired solvent mixture, was passed through the solution.

The solution was titrated with 0,1 M tetrabutylamﬁonium



hydroxide which too was also prepared as to contain the
required dioxan percentage (50-70%) by adding aliquots
(0.5 m1). The highest appropriate drift free pH reading

"was recorded,

HYDROLYSIS OF N-ARYLHYDROXAMIC ACIDS

In a thermostated (35 + 0.1°C) 150-ml conical flask
having B-24 joint and stopper, transferred 25 ml of 0,01 M
solution of hydroxamic acid in acetone and added 25 ml of
0.1 M solution of sodium hydroxide and thorqughly mixed}
The aiiquots of the reaction mixture were withdrawn
periodically starting from the time of mixing and complexed
_with i ml of ferric chloride solution, The complex is then
diluted to 10 ml with acetone and water to get a final
composition of solvent (acetone : water s: 50 $ 50).
Measured the absorbance of the pink coloufed ferric . ;.
hydroxamate at the regpective maximum absorbance against the
FeCl, blank, Absorbance at infinite time (Aye ) is

3
measuredkeeping the reaction mixture for 48 hrs.
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RESULTS AND DISCUSSION

TG AND DTA

The thermal data are given in Table 1. The DTA

curves are reproduced in Fig. 1.

The hydroxamic acids were heated upto 700°C in an -
atmosphere of air. The thermogram shows no change in
weight till the melting point of the hydroxamic acids,
indicating the absence of water molecules, The weight
loss stafts after the compounds get melted and continues
till it finally taers. The DTA curves show mainly one
endothermic and two exothermic peaks; The endotherm
corresponds to the melting of the compound, soon after
which the decomposition starts shown by exothermic peak,
The decomposition is gradual and the end is denated by an
exotherm showing the complete decomposition of the acids
which finally tars. The products obtained by the thermal
decomposition of these hydroxzamic acids were analysed
and found to be mainly their carboxylic acids, anilides

and finally tars.
THERMAL STABILITY

A 0.5 ml of 0.1 M chloroform solution of hydroxamic

acid was transferred into fifteen 25-m1‘volumetric flaskﬁ
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After evaporation of chloroform under vacuum, the flasks

were heated in the thermostated oven.

CHEMICAL STABILITY

0.1 M solutions-of hydroxamic acid in 6 M‘H0104,
6 M HC1 or 0.8 M HNO; were kept in a thermostatic bath at
50 % 0v1? and hydroxamic acid was determined colorimeterically

at regular intervals. The data are given in Table 2.

Non-Aqueous Titrations

The Nearylhydroxamic acids can be titrated visually
as well as potentiometrically in dimethyl formamide with

reasonable accuracy (Table 3).

The indicator, thymol blue colour changes from .acid
to base, yellow-greenishyellow for compound I, yellow-blue
for compounds III~V and yellow-bluishgreen for compound II,
respectively in dimethyl formamide and methanol. The
non-gqueous titrations are also performed in dimethyl
formamide and methanol potentiometrically using platinum
end calomel (saturated KC1 in methanol) elecgrodes.

The data (Table 3) show that potentiometric titration
technique is more accurate as compared to visual titrations.
Mostly in the potentiometric determination of these acids

a sharp end point is obtained. The results thus obtalned

(Table 3) are in agreement with the theoretical values.
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TABLE - -

Non=Aqueous Titration Data of Hydroxamic Acids

98

Compd., Hydroxamic acid Molecular Visible Molecular weight
No, weight - colour found, titratio
(calculated) change  Titration %otenn'
visible tio=
- B metric

I N-E—Chlorophenyl- 363,80 Y-GY  263.0 26%,2
3,4, 5=trimethoxy=-
cinnamo- ~

II  N-p-Chlorophenyl- 319.80 Y-BG 320 320.1
p~butoxybenzo=- :

IIT  NePhenylep- 285,34 Y-B 285 285.0
butoxybenzo-

IV  Nep-Chlorophenyl- 340,22 = Y-B 341 339.8
p-chlorophenoxy- ‘ -
isobutyro-

v N-Phenyl-p=- 305,76 Y-B 305 304.7
chlorophenoxy-
isobutyro=

Y = Yellow;

GY = Greenishyellow;

BG = Bluishgreen;
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- TABLE 4
EFFECT OF CARBON DIOXIDE ON APPARENT MOLARITY OF TITRANT

Final solution, in DMF, 0,1 M in tetrabutylammonium
hydroxide and 0,025 M in carbonate

Hydroxamic acid/M. Apparent Molarity
. molarity‘ o ~ change
0.01 . 0.089 0,011
0.02 0.087 0,013
0.05 - 0,085 0,015
0425 | 0,079  0.021

0450 _ 0.072 04028
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The carbon dioxide decreases the a@parent molarity
of the titrant (Table 4), indicating the formation of
carbonate (22;23). It also became apparent that the change
in molarity of the titrant was dependent on the amount of
acid titrated and solvent used (23). The error due to the
carbon dioxide was eliminated by carrying out the titrations
in the atmosphere of nitrogen and ensuring that the
titration and solvents are themselves free from carbon

dioxide.
IONIZATION CONSTANTS

The knowledge of the proton ligand stability constants
(ionization constant) is essentigl for understanding the

nature and their complexing capacity;

Hydroxamic acids are found to be versatile reagents
for organic and inorganic analysis (24-28). Though they
are weak acids due to the strong intramolécular hydrogen
bonding, they are much stronger than phenols., The
suppression of acidic character may be attributed to the
intramolecular hydrogen bonding in these compounds.
Evidence in support of the intramolecularly hydrogen

bonded structure has been presented on several occasions



101

by infrared spectroscopic studies (29-31).

The hydroxamic acids synthesised here are insocluble
_ in water but soluble in most of the organic solvents like
chloroform, alcohol, dioxan, acetone, ether, benzene etc.
The extend of solubility in the solvents differ from
compound to compound., Choice of dioxan-water mixture for
the study has been delibrated for several reasons. Dioxan
is completely miscible with water and has a neutrai character.,
The boiling range of both the solvents are approximately
same., Many of the physical properties of dioxan-water
mixtures needed for studying the proton~ligand equillbria
are accurately known and are easily available (5-9,1%).
The thermodynamic significance qf operational pH numbers
obtained with pH meters in dioxan-water solution‘is fairly
well understood as a result of extensive studies of Van

Uitert et.al. (5,6) and others (7,8,10,32-34).

The ionization constants: of the synthesised hydroxamic
acids were determined in 50=70% dioxan-water mixtures for

compounds IV and V., The compound I-III are insoluble in



50 and 6G%vdioxan~water nixtures and hence the pKas were
determined in 70% dioxan-water media. The experimental
observations fof only three representative titrations are-
recorded in Tables 6-~7. The values of pKa of Nearyle-
hydroxamic acids in various dioxan-water media at 35°:
041°C are given in Table 2; The average pKa generally
falls within a spread of’i,0.0Z but not beyond % 0.03 in

any case.

In Fig; 2; the pKa are plotted against mole fraction
" of dioxan, Ny, a linear relationship is observed. The
empirical values of oK, indicate the maximum deviation from

linearity of the order of about 0.5% in pKéf

Gurney (35) and tthers (10;36~38) have pointed out
that the standard free energy change of p?oton transfer
©
be considerdin two parts - electrostatic ( O G;i;’-)' and

° . w
non electrostatic (AS.Gnon). Born (39) has shown for

electrostatic energy as

; 2
° Ne® (1,1
Bl = 25 Gr7) (5)
Where T, and r_ are the radii of ions and D is the

dielectric constant of the solvent. Hence

AN 2 *
nonp - Ne® .1 1
®, =z303R * > &, -7’ (6
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TABLE 5

DETERMINATION OF pK_ OF N-p-CHLOROPHENYL-p-CHLOROPHENOXY-
 ISOBUTYROHYDROXAMIC ACID IN 50% DIOXAN-WATER MEDIA

&

Structural Formula Mol.Wt, Temperéture log Uy
340,21 35° + 0.1°C 0.24
c1-<(:j>-w - OH
Cﬁsl
Cl 0~{=C = 0

. S . . -
Concentration ¢ 0,01 M at half neutralization.N-p=Chlorophenyl-
p-chlorophenoxyisobutyrohydroxamic acid (0.17010 g) was
dissolved in 23.75 ml of dioxan + 23,75 ml of water

T I III v v VI VII
Titrant B Stoichiometricl log of log oK _
0.1000M concentration fa-] column Ty

o) Tl ] o
0.00 8.62 0,01 - - - - -
0.50 11.30 0,001 0,009 9/1 0.954 0,055 1255

1.00 11.63 0,002 0.008 8/2 0,602 0,0825 12,56
1.50 11.85 0.003 0,007 7/3 0,368 0.1024 12,56

2,00 12,02 0.004 0,006 6/4 0,176 0,115 12455
2.5C 12,19 0,005 0,005 5/5 0,000 0.1221 124,55
3,00 12.34 0,006 0,004 4/6 ~0,176 04135 12,54
3,50 12,53 0,007 0,003 3/7 =0.368  0.1457  12.55
4,00 12,76 0,008 0.002 2/8 =0,602 0,155 12,54
4,50 13,11 0,009 0.001 1/9 =0.954 0.16 12,56
5.00 13451 - - - - - -

Results ¢ Average pKa = 12@55 + 0,01
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TABLE 6

DETERMINATION OF pK; OF Nep-CHLOROPHENYL—p-CHLOROPHENOXY~
ISOBUTYROHYDROXAMIC ACID IN 60% DIOXAN-WATER MEDIA

- - & [
Structural Formula Mol.,Wt. . Temperature log UH
cb<::>~N - OH . 340,21 35° # 0.1°C 0.42
CHS - " ’
{0 )-0-¢=C = ©
CHy

Concentration ¢ 0.01 M at half neutralization. (0.17010 g) was
dissolved in 23.75 ml of dioxan + 23.75 ml of water.

I i1 III : v

Titf%ng?.1000 M B‘ A | pK,_
0,00 9.25 - -
0.50 1141 1446 12.87
1400 11.72 1416 12.88
1.50 11,92 0.95 12487
2,00 1241 0477 . 12487
2,50 12,26 0.61 ‘ 12,87
3,00 - - 12,41 - 0.45 | 12,86
3.50 12.58 0.27 12485
4,00 12.83 0.04 _ 12.87

450 13.16 ~0.29 12.87
5,00 13.58 - - -
Where = log [ J + 1og U + log 1

[47] Ty
Results ¢ Average pKa = 12.87 & 0,02
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TABLE 7

DETERMINATION OF pK; OF " Np—-CHLOROPHENY L pwCHLOROPHENOXY ~
ISOBUTYROHYDROXAMIC ACID IN 70% DIOXAN-WATER MEDIA

- . . ,’ 0.
Structural Formula MolWt, Temperature log UH
CLA<:j>uN - OH 340,21 35° + 0,1°C - 0.83
CHg ' ' ’
cl @ 0-¢'-C = 0
CHgy

Concentration $ 0:01 M at half neutralization. .(0.17010 g) was
dissolved in 23,75 ml of dioxan + 23,75 ml of water.

7

I II 111 iv

Tltr?$§A231ooo M B A pk_ "
0,00 9.80 - -
0.50 C 11.36 1.92 13.28
1,00 ' 11.65 1,65 13.30
1450 11.83 1.46 13.29
2,00 12.01 1.30 13.31
2.50 12.15 115, 13430
3.00 12,31 0.99 13430
3450 1249 0.82 13,31
4,00 12,72 - 0.60 13432
4,50  13.02 ' 0.27 13,29
5400 13.42 - ' -

Lﬂ ! U° 1
Where = 1og EYﬂ + log g + log §:

Results ¢ Average pKa = 13,30 * 0.02
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Fig, 2.
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A plot of pK_ against 1/D is’ourved (Fig. 3). This
suggests non electrical forces which could include
geometrical factors, hydrogen bonding and solvent solute

interactions, influence the dissociation process.

The substitutions have a marked effect in the pKa
‘values:: In examining the effect of R2 an the pKa values,
it is evident that a substituent which tends to stabilize
the gnion derived from the hydroxamic acid will bé acid
strengthening or the pKa will be decreased. ‘TO~have an ‘
idea of the influence of R2 on acid strength, thg possible

resonance forms for the conjugate base anion is essential

- - -® -
16 101 151° 161
TR ]

Ry -C-XN-R, Ry=C=N~-R,

(1Y (2)

In the present case, since the group R2 = phenyl; resonance
delocalization of the lone pair on N is easier which enhances
the stability of the hydroxamate ion, by the induction of the

built up positive charge on N,

—_0 -
lo] ol ol 10
Nt i |

? - N - ? - N4
R1 R1

(3) : (4)
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Fig, 3.
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By the introduction of electronegative group like chlorine
in Nephenyl ring, the electron delocalizing capability of
the ring will increase, there by incPeasénd:: the acidic
nature of the molecule. This is observed in the pK, values
obtained {compound I-V), This delocalization of the
nitrogen electrons can be influenced by the inductive
and/or resonance effect of the carbonyl function and R,

(Table 2).

HYDROLYSIS OF N-ARVLHYDROXAMIC ACIDS

_ The rate constant (K) for the first order reaction is

calculated from the equation (I)

.- ,“ h A - - )
K = 2308 105 0T b6 (1)

t = fhe

Where Ad and %x:are the absorbances of the reaction mixture
froel
at zero and at infinite tiﬁéﬁ”“iz is the absorbance at

time ‘%Y,

The rate constant: (K) for the alkaline hydrolysis
of the hydroxamic acids studied here are given in Table 8.
From fhe experimental results it is inferred that the order

of the reaction is of pseudo first order. The plot of

A -
log X, _‘%x: against the time 't' showed a linearity in
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the case of all the hydroxamic acids studied here; which

further confirmed the first order reaction.

To assertain the actual route of the reaction, the
final products were analysed and found as corresponding
apylhydroxylamine and carboxylic acid, It is not confirmed
whether the water molecule is attacking the hydroxamic acid

‘molecule or the hydroxamate anion.

The possible mechanism for the hydrolysis of the

hydroxamic acid can be as follows:

R, = N - OH R, -

4 4 N~O

‘ { + OHT — I + H.O

. rﬂ‘
R, =C=0 R,-C<0

R1 - N -0 o R1 - N - OH

’ + H20 —_—
R2 -C =0 RZQ~ ? - Q
OH

R1-C-0H _ |
- + H20 — RqNHOH + RZCOOH + OH™
R“Cﬁ- \
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It is evident from the results shown in the Table 8
that the substitutiondR and R, in the hydroxamate moiety o
has a marked effect on the rate of alkaline‘hydrélysis of
the hydroxamic acids. Compound I has shown more stability
towards alkalie as shown by a low rate constanttggh be due
to the presence .of conjugated double bonds which require
high energy for hydrolysis} While the hydroxamic acids
derived from the p~chlorophenoxyisobutyric acid have
higher rate constants due to the presence of the tertiary
carbon atom,  which lower the activation energy of the

molecule, The order of the K value is

I III  IT <V < 1Iv

The electron/withdrawing effect of the chlorine atom has

shown,an'enhanoing effecf on the réte of the reaction.
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