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Abstract :

Stability constant of complexes formed by Fe™™ and Pb ™ ions with
Anthranillic acids And sulphanillic acids were established . Results which are
obtained indicated that instability of metal ion complexs are in harmony with the ease

of disociation of the acids involved.

Overall Enthalpy and Entropy of complex formation were calculated from
stability constant measurements at different temperatures, Also experimental results
showed that metal ion complex formations with Anthranillic acid are exothermic
while those of sulphanillic acid are endothermic.

Introduction
Anthranillic acid or (O - amino

benzoic acid) is known t0 be weaker
acid than benzoic acid and a stronger
acid than glycine ' However, metal
ion complexes are known for the
: 2 i de 3)
former "~ and for the later acids ™",

Sulphanillic acid or ( P -
aminobenzoene suiphonic acid) is less
versatil in analytical chemistry than
anthranillic acid . It is known to form
complexes with silver ions ' and some
lanthanide ions .

Preliminary  investigations  on
Anthranillic and sulphanillic metal ion
complexes have been made in our
laboratory and in afl cases a lowering
of pH wvalues accompanying the
resulting solutions, which in some
cases a colour change occur . These
observations are clear cases of
complex ion formations in solution
and these require through

investigations.

Experimental
Reagents:-

Standard solutions of
Nitrate and ferrous sulphates were
prepared from B.D.H. Analar grade
qualities .

lead

Freshly = prepared  solutions  of
Anthranillic acid ,sulphanillic acid and
potassium hydroxide were made from
AR grades .All solutions were made
with  deionized waters and the
carbonate free alkali solutions were
standaredized against pure potassium
hydrogen phthalate!”,
Apparatus; -

pH measurements were made
using practirionic pH —meter equiped
with glass electrode and saturated
silver —silver chloride electrode, The
pH meter was standardized befor each
run against Buffer solutions of known
pH values and was checked at the end
of each run . The titrant was delivered
from a semi micro burette and the pH
values recorded as soon as it becomes
steady.
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Results:-

Re invesfigation of the acid
dissociation constant of Anthranillic
and sulphanillic acids at different
temperatures were made , as can be
seen in tables (1,2,3) and figure (1).

Representative titration of
mixtures of acids and Metal ions with
alkali solution are listed in tables
4.5,6,7).

Calculations of chelate formation
constants were made according to J.
Bjerum' s summation equation ® and
explained fully in previous papers 7.
Typically results are summarized in
table (7) and table (8}

The Logarithm of overall stability
constants of complexes are ploted
against reciprocal absolute temperature
as it can be seen in figure (2),from
which thermodynamic properties of the
reaction involved are calculated
Results are shown in table (9).
Discussion

Anthranillic acid and sulphanillic
acid are bidentate chelating ligands
.each of which with one -electron
releasing and one anionic site , they
may form 1:1 ,1:2 and 1:3 complexxes
in solution with metal ions , they could
form complexes with Pb ™" and Fe™
ions according to the following
equations;
M2+ i L.

- (ML)

(ML) +L" «— (ML,

(ML;) +L° «—» (ML3Y

Where M*" represents Pb " and
Fe™ ions ) .- represents
Anthranilliate or sulphanillate ions .

Evalution of chelate stability
requires comparison of the acid
dissociation constants of the chelating
reagents .

Acid dissociation constants are
tisted in table (3) indicate a very high
order of stabilty for chelates of
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Anthranillic acid , they are greater than
those of sulphanillic actd . Since
according to Calvin and Wilson @
the force holding a hydrogen ion to a
moloule are a similar to those that will
hold a metal ion to the same molcuale .
The High stability of chelates of
Anthranillic acid can be explained by
the high basicity of its functional
groups , Also in accord with Calvin
and Wilson . the low stabilities of
chelates of sulphanillic acid could well
be associated with its high acid
dissociation constant (PKa, = 4 .52).
High stability of Anthranillic acid
complexes could be atiributed to ease
of chelate formation ., since the two
functional groups (- NH: - and —cooH)
are not far from each other forming six
membered ring structure with metal
ion , while the functional groups
{- NH; - and —-SO;H ) in sulphanillic
acid are far from each other forming
elght membered ring structure chelate
with  metal ions which is of low
stability .the general ligand metal
complex  stability order  being
Anthranillic acid > sulphanillic acid .
The stability sequence for metal ion
studied with Anthrantllic acid and
sulphanillic acid as ligands has been
shown to be in perfect agreement with
those of E. D.T. A " and sebacic acid
as ligands , The general metal complex
stability oder being
Fe™ >Pb ™,
Effect of Temperature on

dissociation of the acids

When a reaction is an endothermic
one , that is if A H is positive , its
equilibrium  constant increases as
temperature increase.
From the point of lLechate lier = s
principale , an increase of temperature
is astress that 1s partially relived by the
occurrence of a net reaction that
proceeds with absorption of heat by the
system.

In  the present  problem
temperature rise affect dissociation of
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the acids . Results are shown in table
(2) and fig (1) .
The enthalpy of reaction was
determind from Vant's Hoff plot of
Log K against —— and it was found
T

tobe (17:16 and 4. 12)
K.cal/mol for Anthranilhic acid and
sulphanillic acid resprectively .

The over all change in entropy of
dissocation was calculated for these

acids from the following
thermodynamic functions and were
found to be (-17 00 and -13.

52)cal/deg for Anthranillic acid and

sulphanitlic acid reprectively .

Fom thermodynamics

AG=-RT Ink

............... (2)
Where A G , AH and AS are the

change s in free energy , enthalpy and

entropy of reaction respectively , k

being the stability constant .

Negative  enthalpy  change
observed in these dissociations of the
acids at high temperatures , and more
water molecules were captured by the
hydrogen ions that set free during
ionization of the acids,

Effect of Temperature on
stability of complexes

Vant's Hoff plots between Log
Bsagainst 1/T for all complex
Systems studied give an overall
Enthalpies of complex formation
Applying equation (1) and (2) to these
systems , an overall entropy changes
are obtained .

Results presented in table (9) and
figure (2) indicate clearly that complex
formation reaction involving
anthranilliate  fons are  allwayes
exothermic , while complex formation
reaction with sulphanilliate ions are
allways endothermic . Also a decreased
in entropies were found with the first
system while an increase in entropies
were found with the latter system,
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Hard — soft Interactions

The relationship between stability
constant of complexs and the
characteristic  properities of their
constants were established by pearson
(12 he forwarded the interpretation of
hard interaction as electosatic and soft
one as covalent , parallels the two
parameter system of Drago and
wayland U for Lewis acid -base
interactions. Such an interpretation Led
Misono "' to the development of an
analogous system for coordination
compounds.

PK =-Log =a¢x X +By + y ....(3)
Where K is the “instability constant”
of the complex ,(X) and (Y) are

parameter of the metal ion , and ( & )
and ( B ) those of the ligand .The
parameter (Y ) is characteristic of the
ligand and is used to adjust the PK 'S
,50 that all lie on the same scale . This
equation provides an insight into the
nature of the bonding between acids
and bases . The (Y) parameter is
considered to be a measure of softness
: hard ion have values below 2 .8 , soft
ions have values greater than

3 .2 and border lines species are
(2.8-3.2).

The analogous ligand parameter
(B) .like wise show the expected
increase in value from hard to soft
species .

Softness parameter (Y) for ions
under consideration have values of S
321, and 4361 for Pb ™ and Fe*
ions respectively , indicating that Fe'"
ion is more hard acid than Pb"™ which
is a border line species .

The analogous parameter () for
the two acids (as ligands) be under
Investigation can be seen from (able
(10) show an increase in value from
hard base ( { .¢ Anthranillic with 8 = -
0.564) to a less hard base (ie
sulphanillic-with § =+ 0.178).

The ( o< )and (X) parameters were
interpretated by Misono as hardness.
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Table (1)

Acid dissociation constant of sulphanillic acid at 30°c
15 ml 0.05 Msulphanillic acid +32.5 ml distilled water

[KOM]=0.1 M

Temp=130°% |,
I

2 3 ] 4 5 6 7 8
MI Sloighyometric POH=14-PH BT _
KOH concenrations [OH] (BIFTHOWT |, |  Phe=PHe
0.0M PH cotomn 6 | COLOUMN
) 1BH") B [B] = {OH"] 7
0.00 2.83 0.0158 4 . - .
0,08 2.86 001462 L0107 | 7.244510° 14.044 11474 40074
.00 294 0o13as | 2OBISNTT 1 gang g 6.562 0817 3757
10 | 300 | ooizas | ORIy g 40114 0.6033 3,603
200 1.06 0011148 | 404y10" | 1.1481,10" 2759 0.4408 3.5008
2.50 (313 | 0010036 5.0¢107 1034, 107" 2.007 0.3026 34326 |
300 | 312 0.008947 | 5945107 | 1621510 1.5062 0.17789 33878 |
3.50 3.31 0.00788 | 6.862x10” | 2047410" | 4466 016013 340 |
4.00 344 0.0681 7767107 | 2.754x10™" 0.86778 Q0571 | 3382
4.50 3.58 0.00580 | 80653x10° | 3.9019x10™" 0.6703 -0.1737 3406
PKa Average = 3.5488
Ka=2.826x10™
Table (2)

Variation of acid dissociation constant with temperature

Anthranillic m:ifl

Sulphanillic acid
1

Temp _.:___ | Ka Temp —_— K
35 33500° 1.076y107 24 1364107 172107
3 3.30410" 204107 30 RS 2 82x10™
35 3244107 2044,10" 35 124107 | 22900
|38 1z2ix10" 3.28,107 38 311,\.“1__‘ 263107
40 3194107 308007 40 LACNTT 26310
42 317007 40755107
Table (3)
Acid dissociation constants
Acid | Temp'c PKNH P in P Koasn PKavceas
Anthranillic acid | N T.24 6.07 - 6.97
Sulphanillic acid | - 5 48 s ] 355 4.52
Table (4)

Titration of 0.015 M Anthranillic acid and 0.005M Ph(NO;), solution with
standard KOH solution at different temperatures

MI K(.‘;'I-! 0.1M i FH of mixtores at d@!‘!fn‘nl temperaiures
X% 35" 38" 42 "¢
0.00 337 3150 FER 300 |
0.5 3.50 3 ot 452 322
10 3.68 343 467 343
1.5 384 198 486 359
2.0 399 4.13 403 3.76
e 25 4.13 426 5.14 391
. 30 42 = T T
15 - 4.18
a0 421 |
45 - -
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Table (5)
Titration of 0.015 M sulphanillic acid and 0.005M Pb(NO;). solution with
standard KOH solution at different temperatures

MEKOH B0 PH of mixiures at different lemperatures

% 307 357 38 °c

0.00 2.5 2.59 2 76 2.78

- 0.50 251 2 .60 , 2 82 2 85
. 1.00 1 z.5 266 _ 22 88 2 89
s 2.63 — | 2m 2 95
2.00 T 2.70 278 | 2099 2.9

2 .50 277 2 .54 3 .04 304

300 2 84 2 91 308 3.09

330 3 91 299 3.13 3.06

4.0 P 3 .06 3.2 30

4.50 3 .05 314 328 326

Table (6)

Titration of 0.015M Anthranillic acid with 0.005M FeSQ, solution with
standard KOH solution at different temperatures .

' e PH of mixtures at different temperatures |
24 % 0%
0.00 357 2,95
050 160 00
1 .00 2 .64 2 .04
130 2 68 2.07
2 .00 271 2.10
2 50 275 2143
300 279
, 350 2 K3
T 200 ) 2 89 g
4 50 394 )
Table (7)

Calculation of stability constant of Fe ™ /sulphanillate complex
15 ml sulphanillic acid (0.05 M) +5 ml Fe So4(0.05M) +27. 5 mi distilled water .
Temprature 24°c , Ka=1.072 x 10 , PKa =3.764

mikon | M, (KOl " S | o I TN _
[ : : Ik P s Hl Ka i N
000 | 274 | 00398 | 5263 0.00 | 1 8197x107 | 10579 | 1493
| 0.0 2.97 0 015625 5.208 I.416 1. 896 x 10 v E73 1 492 -
1.00 2 80 0 013464 5.154 2 061 1. 584 x10" 9214 1455 | 0.115
1. 50 2 82 0. 015306 5102 3.060 1. 513 x107 £ 80 1393 | o324
200 285 0 01513) 5 050 4 040 1412 x107 %212 1.354 | 0.529
| 2.50 288 0 1500 3000 5 000 1.318 x10” 7 664 1306 | 0.736
3.00 292 01485 4950 5940 1,202 x1¢" 6, 989 1.276 | 0.940
| 330 297 | 0.14708 4 807 6 862 1.07t x10° 6.229 1.260 | 1.163
| 400 3102 | 0014563 4.762 7.766 1. 954 x10°" 5. 552 1225 | 137
450 | 3.9 0 01442 4717 | 860 . 812 x107 4.1m5 | 1.3 | 1584 1

Log [L'] = (PH- PKa )+ Log [ [ L] - [ KOH] ]
(L} - {8 +1}([L]
Ka

[M]r
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Table (8)
‘Stepwise stability constants of complexes at different temperatures
camplexes | Temp *c B B '
24 6052x10" 2 617x10" 7 &5x10"
Pb **/ Anthranillate 35 1 248x10" 7.850x10° 6 28x10°
I8 | .651x10 2, 249x10" 9 3710
24 2. 3nx10° 4 433x10° 4 Déx 10’
Ph/sulphanillate 38 2 673x10" 1.677x10" 3 90x10°
42 !.633x10" | 2.203x10° 2 4410’
24 | a0ds10™ 1.123x10" 32.90x10"
Fe/Anthranillite 15 1.78x10" v s
40 2 980xin" & A60x10" . 62x10°
24 10123x10° & 807x10° 2. 1x10*
Fe/Sulphanillite 35 R 5 :
I 40 1093x 10" 4 375310° 1 45x10°
Table (9)
Thermodynamic proprieties of metal complex formations
conifileves A H Keal dle As
Ph "/ Anthranillate 213346 -390.5
Fe ' /Anthranillate 7348 2233
Ph "~ /Sulphanillite 20.00 98,6
Fe ™ 7 Sulphanillite 6.00 | 486 |

parameters , thus (X) is closely related
to the electronegativity of the ion
(evaluated from the ionization energy
necessary to form M'") and measures
the tendency of the metal ion to accept
electrons from the ligand . Hardness

parameter ( o ) for Anthranillic and
sulphanillic acids presented in table
(10) indicates clearly that an increase
in wvalue from hard base (1 e
sulphanillic acid) to less hard base (i.e
Anthranillic acid).

Pearson' '* has classified metal ions
as hard acids and soft acids , ligand
atoms such as N, O and F are hard
bases and those similar to P.S and |
are soft bases . The most stable
complexes result from hard - hard
acid-base and soft -soft acid — base
combinations .

According to pearson and Ahrland
(19 acids such as Fe?* and Pb*" ions
are border line acid species in the
hardness scale ., on the other hand
calucations of Hadness — softness
parameters of these acids and of the
ligands Anthanilliate and sulphanillate

ions as indicated from table {H]Jiaad
to the following results:-

Table (10)
Meson 's Hardness — Sofiness
parameters
Mhetal mon \ Liganal
|
Metal comples T b
I
X ¥ o ‘ A }/
Pb - .
Anthranilfime Lt i, 1.0 LEL 0. Gibd LE
ket Ao
| Apihranifliale I e il i il 0. B64 e
.
.ﬁmhrnlni'llml.i* T 54 na 1 as n i 0, 564 L]
ik 1
1
.
Sulphanillisse E L ] 3o LR o, A1 kD] i g
Fel - 338 | 4 saas | nsg | moam | 1w
Sulphaniiaic I - ; \.l ' :
B = 1 S6R non | aams | woams | noate | ouow
Fulphanilliars - '
i
[ i
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1. When sofiness parameter () of the
ligands are compared to each other ,
Anthranillate ion seem to appear . a7
harder base than sulphanilliate ion. o i /"
2. Where softness parameter (Y) of the it o Ll
acids (Fe** and Pb " ions) are 1 . Ar" s
compared to each other , Fe’* ions " - 4
appear to be harder acid than Pb™ o /.'-/‘;r
ions. L o’ ¢
3. From the above argument one can "] 4
predict Fe'™ / Anthranillate complex I Ve
to be more stable than Pb™ / il /;’
Anthranillate complex , a result i “Jf—w-qufﬁ'*':‘f_‘_*_ft___
which is in accord with pearson's rule ; Ay A ___'
4, When hardness parameter (&) of the 2 ) h
ligands is considered ,sulphanilliate 2 o s
ion appear to be harder base than _ ik
Anthranilliate ion . bl e e
5. when hardness parameter ( X) of
theMetal ions is considered ,Fe** jon
seem to be harder than Pb ** ions . Refrences
6. From the last statements one can 1. Charles ,D.H and Robert
predict Fe'" /sulphanilliate complex ,C.W.1963.Hand book of chemistry
to be more stable than Pb” and physics,44*). The chemical
/sulphanillate complex , a result Rubber Puplishing Co.page 1761 .
which is also in agood agreement 2. Majid ,Y.A, Zaki , NS.
with Pearson's rule. ,AlMuddaris.M, 1982 . stability
constants of some lanthanide and
actinide ions with anthranillic acid
,M* Jraqi. J.Sci. 23: 515
ﬁ:;;ﬂ*fi‘ 3., Yatsimirski , K. B. and Vasilev
j_ﬁfﬂ-f-?"’" V.P. 1960. Instability constant of
e L complex compound . pergamon.
4. Ahrland, S ., chatt, J. , Davis, N,
Rand W.A.A. 1958.complexes of
- P-aminobenzene sulphonic  acid
~5.04 with silver ions . J.chem.soc.3(:
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—0 1989. stability constant of some
P TR e lanthanide and actinide complexes
T of sulphanilic acid and 8-Hydroxy
o B a5 s quinoline . Iragi J sci, 30:349,
Figere (1) : Cfpeet of Compratuce an ocis 6. Lewis J. and Wilkens ,R.G. 1960 .
TR Modren coordination chemistry
JInterscience. Page 229,
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