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Abstract

Acid dissociation of 2-mercapto benzothiozol (2HMBT) in Doxane -water
mixture at 25 %c was obtaned to be 8.3X10°%. stability constants of complexes formed
by (2HMBT) with Th*",UO,""and Pb** ions were established.

Results otained indicated that the organic ligand behave as hard base according to
pearson's defination ,Hardness-sofiness parameters for ligand were calculated using
Messono's equation,the order of Haidness could be arranged as follows:
$2032<I' <Br” <phenol < 2HMBT < CI'< NH; <OH'

metal ions have not been investigated

Introduction stherefor it is the task of the present
The compound 2-Mercaptobenzothiozole paper to clarify these aspects and
abriviated as (2-HMBT)have been therefor stability constants were
prepard’ through the reaction between suggested to do the task.
Aniline ,carben disulphide and sulpher
at 250 °c and 450 P.S.1. . Experimental
NH; N 1
/ \\\ Materials
C8 45, @ — B.D.H pure thorium '
N\ A 2HMBT) nitrate,urany nitrate and lead nitrate
s ,Fluka (AG) 2-mercapto benzo thiozole
The compound (2HMBT) was (99.91. purity) were used. Dioxane was
used as a reagent forming coloured used after redistillation a B.D.H analar
complexes useful for quantitative grade reagent . All solutions were
determination of Se ( IV )*** Os made with deionized water and the
(111)5, Hg( II )6_ Nicked complexes carbonate free alkali solutions were
were used in Indust% in fixing the standardized against pure potassium

colour of Jut fabrics 7’ ,On the other hydrogen phthalate .
hand ,Zinc complexes were used as an

accelerators in rubber Industry ®* and APPARATUS AND PROCEDURE
Tin complexes were used as an pH mesurements were made using
antibacterial agents!'? | Many other practironic pH —mater ,equiped with
complexes of this lig%anc} have been glass electode and standared silver —
extensively studid " all of which silver chloride electrode. The pH —
were found to be stable at ordinary meter was standarized befor each run
temperatures. against buffer solutions of know pH
Pearson's Hard-soft interaction ¢'? values and was checked at the end of

between the ligand (2HMBTYand. - - -»wespewaChrun.
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Titration were carried out in aclosed
vessel provided with magnetic stirrer .
The titrant was delivered from a
semimicro burette and the PH value
was recorded as soon as it becomes
steady .Temperature control  of
solutions was made with Townson and
Mercer thermostated bath of 0.05 °C
sensitivity . In 40 volume % dioxane ,
it was necessary to calibrate the pH
meter , Van vitert and Hass " have
shown that a cell containing aglass
electrode measures hydrogen ion
activity in dioxane —water solutions as
defined by the hydrogen electrode and
that at a given salt concentration an
empirical calibration ~Log [H']=B
+Log Uy in solution ,B is the meter
reading and Log Uy  is the meter
reading and Log Uy is the correction
factor .The pH meter was calibrated by
titrating an aqueus solution of known
nitric acid content with dioxane . The
values obtained in this fashon were
checked against atitration of dioxane
with 0.10N nitric acid solution , The
addition of —0.038 to the reading of the
pH meter , in the case of 40% dioxane
and + 0.039 in the case of 60% dioxane
All calculations in this research were
made using aspecial computer
program.,

. RESULTS

It is customary in using
Bjerrums method for the
determination of stability constants of
metal complexes to calculate two
functions the concentration of the free
chelating species (L) and the degree.
of formation (h"), which is defined as
the average number of ligand species
bound per atom of metal , -

In the titration against a base, a
solution of thorium ( [V )ionand (2
HMBT) a (3:1) complex system . The _
following equilibria may occur :

489

Th* +QHMBT) <2 -
Th[2HMBT}** +H*

ThZHMBT}'+ 2HMBT) «-*2—
Th{2ZHMBT; +H " ..., )

K2
Th[2HMBT]*" +2HMBT) €—>
Th2HMBT] "3+ H " ......... (3)

The same type of equilibria occur
between pH (I1) ions and 2 HMBT a
(3:1) complex system As well, on the
other hand titration against a base of
solution of uranyl ions and 2HMBT a
(2:1) complex system, the following
equilibria may occur:

UO,™ +2HMBT) >

UO,2HMBTY +H™ .......(4)

UO,; 2HMBT)" + (2HMBT) 2
UO: [2HMBT), + H...... (5)

The free chelating species.is the [2
HMBT] anion (L), which is, however
in equilibriums with its zwitter ion ,and
its cation [ LH™ ] :-

K
[LH*} <> [L}+H"

L] 5> 1 + W

In the case of thoriom (IV) and
lead(11)/ [2ZHMBT] systems , (n) must
be between 0 and 3 ,and it is for
Uranyl /[ 2HMBT] system between 0
and2 .

The precise relation between n and
PH depends on the relative affinities of
the ligand for the metal ion expressed
by PK ; PK2 ..etc. and for the
hydrogen ion expressed by pka.

In the present inventigation the
calucated value of pka for [2HMBT] (
0.0125 M ) in 40% Dioxane ~water
mixture was found to be equal to
(7.007 £0.1 ) at 25 ° ¢ at which the
PKw (40%Dioxane -water )is 16.5
Experimental data can be seen in
table(1)

Representative titrations of metal
ions —chelate mixtures with potassium
hydroxide solutons are given in
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table (I} for thoriom (IV) and lead
ions and in table (111} for uranyl ions.
Calculations of  stability
constant were accordin% to J. Bjerrum'
s summation equation ° and expained
fully in previous papers '® . Table
(ID,(I) and (IV) give detailed

Hard and soft parameter for the
ligand 2HMBT) were calculated using
Mesono 's equation : Pk= -Log K =
@x+By+Y - )

Where K is the instability constant ,
and were found to be :

calculation for the two parameters( L") 0=0227and f =323
and (n) for the three complexes respectively.
studied , from which values of stability
constants were computed and given in
table (V1) .
Table (1)

Determination of acid dissociations constant of 2HMBT) in 40% dioxane ~
water mixture

20ml 0.025M(2HMBT) disolved in pure dioxane +27.5 ml deionized water, PH

correction factor= -0.038, PKw(40%dioxane) =16.5 Temprature 25%¢
7 2

1 2 3 a1 s 6
Mi Stoicheometric [LH]+{CH]
0.1M PH Actual Concentration [OH-]
KCH Meter PH PK=PH+Log colomn 7
reading : {LH) (L1 [LF+[OH]
0.00 527 5232 0.01 0 -
-H
0.50 6.2 6,182 0.009 0.001 4.8x10 9 7.136
1.60 6.66 6.622 0.008 0.002 4 7.224
1,50 6.9/ 6.872 0.007 0.003 2333 7.239
2.00 ) 2.08 7.042 0.006 0.004 1.3 7.218
2.50 7.3} 7172 0.005 0.005 1.0 2172
3.00 7.34 7.302 0.004 0.006 0.666 7125
3.50 7.45 7412 0.003 0.007 0428 7.044
4.00 7.54 7.502 0.002 0.008 0.35 6399
4,50 7.64 7.602 0.001 0.009 0.111 a.64
9
5.00 775 7712 0.0 0.019 1.62x10 S ¥
Total=63.697
Pka, =7.077
average
8
Ka=8.2x10
o, R
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Table (1)

Titration of (2HMBT-Pb’") complexes

30 ml 0.023 M(2HMBT) in dioxane + 5 ml 0 .05 M pb (NOs); + 12.5 ml deionized
water , titrated with 0.1 M KOH , Temp = 25¢ , % Dioxane =60 , PH correction
=H).039 ,PKw (60%Dioxane ) =17.76

1 2 3 4 5 6 7 3 9
mil
0.1M
- KOH F ‘:’ “”;;“" W [Po“]y | [KOH] Log[L7] 1Ll H
meter
reading
- 2 & %
0.00 362 % e 001579 526410 - 5.219
0.10 6z 3,709 0.01575 525107 | 2.10x10% -5176 6.65910% 0.0126
0.20 3.97 51309 0.01572 5.24x10" | 4.193x107 -5.083 8.255x10¢ 0.0519
0.30 1.85 1389 | 001569 523107 | 62710 -5010 6.769x10* 0.092
0.40 .94 3.979 0.01565 521107 | 8035x10° 4927 1.182xt0° 0.132
0.50 400 4039 0.01562 5205410" | 1.041x10% 4.874 1.335x10° 0.173
0.50 £07 4109 0.01559 5.19x10°% | 1.247x107° 4,811 1.544500% | 02127
0.70 o 4139 | 001556 5.18x10% | 1.452x10? 4,768 1.703x10° 0.254
0.80 218 4219 0.01552 5.17x10° | 1.656x10°7 4716 1.923y10° 0.293
0.90 i | azso | 001589 | sieaao® [ VOSPNOL 4ees om0t ] 03
1.06 455 4289 0.01546 5.15x10°% | 1.061x10° 4,660 11835107 0372

n=10 = pka=7.077

, ka =83 x10% , Temp=25

Log[L'] =(pH -Pka) + log[[L}t -[KOH] ]

(L]t -{{H"]+1} [L]
ka

[M] ¢
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Table ( IT1)

Titration of (ZHMBT-'_I‘h“) complexes

30 ml 0.025 M(2HMBT) in dioxane + 5 m! 0..05 M Th (NO3)s + 12.5 ml deionized
water , titrated with 0.1 M KOH , Temp =25%¢ ,
% Dioxane =60 , PH correction =+0.039 .PKw (60%Dioxane ) =17.76

1 2 3 4 5 6 7 ] 9
ml LT [TE" ) [KOH] LogiL] L] —
0.1m PH Actual n
KOH
meler PH
reading .
0.00 0.01579 5265307 - -6.0396 9.1285107
2.80 2.839
0.10 0.01575 | 525x107 | 2.104107 -6.0363 9,192,107 0.0132
281 2.849
020 001572 | 5244107 | 4,193,107 -6.0432 9.051107 0.0533
281 2.849 _
0.30 G.01569 | 523,107 | 627,107 -6.0400 9.1184i07 0.0936
282 2859
0.40 001565 | 5214107 | 80354107 -6.0372 9,177,107 0.1343
2083 2.869
0.50 001346 | 5204107 | 8.35,10° -6.0342 9.2414107 0.1746
2084 2879
1.00 0.01530 | 5.15x10” | 2.06¢i07 -6.0509 8.894x107 0.3762
286 2.89¢ .
1.50 001515 | 5.102¢107 ] 306,107 6,080 8312107 0.578
2.87 2909
2.00 : 0.015 505 4045107 6.0922 8.085,107 0.780
290 2.939 '
2.50 0.01485 5x10% 5005107 -5.108 7.798x167 0.98]
2.93 2.969
300 | 001456 | 495:10° | 554,107 -6.138] 7.275¢107 1.1837
| 295 2.939
4.00 0.01428 | 4.8544107 | 7.76516° -6.2038 6.224x107 1.587
3.00 3.039
5,00 0.01401 | 47614107 T 952,107 -6.3006 5.004x107 1.9910
3.06 3.099
6.00 001351 | 4675107 | 1112107 -5.7677 1.707107 2998
3.16 3.199 N
n =12
e ————
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Table (IV)
Titration of ZHMBT-UQ,"™) complexes
20 Oml 0.025 M(2HMBT) in dioxane + 5 mi 0 .05 M UQ, (NOs), + 22.5 m} deionized
water , titrated with 0.1 M KOH , Temp =25 %,
% Dioxane =40 , PH correction = - 0.038 LPKw = 16.5

i 2 3 4 5 6 7 3 9
ml
0.1M
KOH Py demal g Luoe s (KOH] | LogiL] L] "
meter PH .
reading
' a ; - "
0.00 Sl 3437 | 001052 | 5263410 0.00 56220 | 238410
A 4 &
0.10 i 3572 | 001050 | 5753,00 21410 54925 | 3216410 -
. O] b < .3 -
0.20 452 3382 | 001048 524510 4.19410 54923 | 3128410
.3 ol =5
0.30 163 3502 | 001046 523510 6.27x10 -54923 | 3.128410 0.102
Bl C] e
0.40 3570 3662 | 001044 T 5219410 835410 5432 ) 3.694510% | 0.1426
-3 -3 S
0.50 o 3712 | 001041 | 5208410 1.04x10 -5.393 | 4.045410 0.182
3 -3 5
1.00 i 3g72 | 00103t | S154510 2.06x10 5288 | 5.014x10 0.384
A -3 £
1.50 - o 0.0102 5.102x10 3.06x10 '-522r 6.006410 0.586
' ] -3 4 - -4
2.00 i1 412 0.0101 5.050x10 4.04x10 5172 | 6.721x10 0.788
x) 3 -
2.50 b 4.5 0.0100 50410 5.0410 5,126 | 7481410 0.989
3 3 -3 5
3.00 40 a3a2 | 990410 495410 594510 -5.097 7.99¢10 1.191
. 3 -3 -3 &
3.50 4 i3 asia | 9-804x10® [ 4901510 6.86x10 -5.96 8.015410 1.392
n =12
Table (V])
Summary of the computed stabilify constants of [Metal: (2ZHMBT)] complexes
Metal ion K, K Ks K=K, XK; XKy
Th™ 1.683,10° 2.852x10° 1.043 5.01x10"
vo,™ 1.392,10° 1.584510° - 2154107
Py 2.377510° 2.309x10° 0.154 £.408,10°F
Table (VII )
Hard - soft parameters of some metal ions
Interaction paremeler Metal jons
TH' Vo N B
X 893 70,32 318
y 275 186 358
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Table (VIIL )
arison of hard and soft interaction meters of ipands with
other Ligands
. Interaction Li e
parameter OH" NH2 CL (ZHMBT) Phenol Br T
y 1.58 0.83 0.6 0227 0.16 1.19 0.99
P 0.40 108 - | 249 303 346 5.58 717
¥ - - 1.79 417
Discussion - parameters of metal ions of

The compound 2HMBT could
be written in different tautomeric
forms under certain conditions of PH .
The compound undergoes ionization as
it can be seen from the equation below

‘:‘: AN
, M

Com
\ \/
S o) S
@ (II) +H'
(2HMBT) (2HMBTY

In order to evaluate proton affinity
for the molecule - ion 2ZHMBTY) | it
is necessary to calculate the acid
constant: of the molecule itself , this
has been done in Dioxane -water
system as can be seen in table (1) .The
obtaind value of 8.3x10” is comparable
with those of glycime'” , dihydroxy

benzenes '* 8-hydroxquinoline and
others 7.
It was shown %° that the

coordinating sites of 2HMBT moleale
are the soft sulpher atom and the hard
nitrogen atom of the thiozole moity
.Resultant Hard —soft interaction of the
this ligand with metal ions is the
overall interactions of Nitrogen and
sulpher atoms involved.

Introducing  stability  constant
values of (metal ion : 2HMBT)
complexes ,together with hard & soft

s

494 -,

table(VII)* in Messon's equation 2
gives the interaction parameters ( a)
and ( ) for the ligand , this can be
seen from table( VIII ) .

Comparison of the softness

parameter value (B) of (2HMBT)ligand
(B =3.230) with others as shown in

table (VIIl) will enable one to-write

softness interaction sequence (i .e the
covalent contribution ) asfollows:
1> Br’ >phenol >2HMBT >C]| ">
NH3 > OH
Again : comparison of the hardness
parameter value ( a) of
( 2HMBT) Ligand ( @ =0.227 ) with

corresponding values of phenol ( «

=0.16 ) and others will enable one to
write hardness interaction sequence (i .
e The ionic contribution )as follows:
OH > Br">1" >NH3 >Cl >
2HMBT > Phenol

In conclution ,and from the above
disussion , it is quite clear that Harder
behavior of (2HMBT) Ligand is the
predominant Interaction forming
étﬁble complexes with hard metal jons
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