PHYSICO-CHEMICAL STUDIES OF COMPLEX FORMATION
BETWEEN MOLYBDIC AND TARTARIC ACIDS. PART IL
STUDIES ON THE OPTICAL ROTATION PROPERTIES
OF MOLYBDOTARTARIC ACID COMPLEX IN PRESENCE
OF DIFFERENT BASES, ACIDS AND ALCOHOLS

By AL Brusan Biswas

The stability of complex molybdotartaric acid in different pir ard in solutions contain-
ing suitable organic acids, alecohols and phenols which ere expected to form similar co-ordina-
tion complex as tartaric acid, has been examined by measuring optical rotatory power. The
change of the rotation values of such complex solution has been associated mainly with the
preferential formatifon of the undissociated acid or its ions between pr limits L.Oand 42 and
the complex breaks beyond that on either side. The relative affinities of oxalic, malonic,
suceinie, citric and malic acids for complex formation with molybdic acid in solution con-
taining tartaric acid are calculated from optical rotation values.

In Part I of the serics (J. Indian Chem. Soc., 1945, 22, 351) the cause of
enhanced rotation exhibited by a solution of d-tartaric acid in presence of molybdic
acid, bas been ascribed to the formation of a co-ordination complex compound,
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The normal molybdate ion (MoQ4") is known to be unstable in acidic medium
and so it readily co-ordinates with other similar ions te form polymolybdates or
with the tartrate ion when present in the solution, to form molybdotartrate complex.
But the molybdate ion is stable in neutral or alkaline solutions and hence in these
systems. the complex compound formation cannot be expected.

If to a solution containing molybdotartrate complex another inactive organic
acid, whose anion also is capable of forming a co-ordination complex with melyb-
date ion, is added, a new equilibrium condition will be attained; the concentration
of the two complex compounds from the two organic acids will depend on their
relative affinities for molybdate ion, and thus it may be possible to compare, from
changes in optical rotation values, the relative affinities of different co-ordinating
substances.

Another factor which affects the stability of complex in cases where the
groups occupy two co-ordination points, as indicated in the present case, is the
length of the closed chain. Five-membered ring is more easily formed than higher
ones as can be tested by adding substances which can form closed chain compounds
of higher order.

In the present investigation, we have studied (1) the stability of molybdo-
tartrate complex at different pu adjusted by adding strong and weak bases and
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also by strong and wenlk acids which have Iittle tendency for complex formation ;
(2) the relative affinity of tartaric acid for complex formation with molybdic acid
in presence of similar organic hydroxy-acids or phenols and alcohols which also
can form similar complexes ; and (3) the relative tendency of molyhbdic acid to form
five or more membered closed chain compounds.

EXPERIMENTAL

The influence of the following substances on the optical rotation values of
molybdotartaric acid complex in solution has been observed, the rotations having
been meagured similarly as described in Part [ using 3, 0°54 dm. tube at 25°.

Caustic soda and ammonia

(a) Bascs
HCL H;80,. CH3COOH and mono-, di-, and tri-chloroacetic acids

(&) Acids

(¢) Dibasic carboxylic acids Oxalie, malonie and succinic acids
(d) Hydroxy-acids Citric and malic acids

{e) Phenols and alcohols Catechol, ealieylic acid and glyeerol.

Aetion of Bases like NaOH and NH,OH.

The neutralisation of a solution containing 0.0252M-molybdic acid
(calculated as MoO3) and 0.0252M-H,T (tartaric acid) with 0.838 A-NaOH (represen-
tative of a strong base) and 0.873N-NH,OH (represcntative of a weak base}
has been followed to sce whether the nature of the base has any influence on the
rotation values-or in rotation-neutralisation curves at any stage. The results are

presented in Tables Ia and In.

TABLE Ia TaBLE Ip

NaOH Observed rotations at wave-lengths NI OH. QObserved rotations at wave-lenpths

HgL ° BIOKHE, 578pp,  Bi6He, 43614, H,T 680ag, 5T8kK, 5a6ua, $36ppm,
0.00 +06.44 -+-0.53 +0.62 +1.16 0.65 -+0.563 +-0.67 +0.74 +1.4
0.63 4052 4065 +075 143 165 4070 4081 4102 +2.06
1.59 +071 o8 4101 4205 22l 4060 +0.77 4088 +1.78
2.12 +062 4076 4087 4174 359 40,11 +0.i4  +0.18 +0.30
3.44 4014 4020 4322 4037 432 4008 +0.06 0.0 +0.18
424 4007 4011 4013 +0.23

The behaviour of pure tartaric acid solution during similar neutralisation
with NaOH has zlso been examined and the results are represented in Table I1.

TapLe II

Titration of 00988 M-HoT solution with N/2-NaQH.

.E‘;.O '_[[‘i‘ Observed rotations at wave-lengths
* GO0HK, BT8uK, B4BuK, 4364M,
0.00 +40.12 +0,13 +40.15 -+0.20
0.84 +0.18 +0.19 +u.22 +0.32
1.68 -+0.23 +0-26 +0.32 -+0.50
2.10 —+0.25 -+0.32 ~+0.36 -+0.55

204 +0.26 +40.32 +40.36 +0.55
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The Action of HCI, HySOQ,, deetic acid and its three Chloro-acids.
These acids are of widely different stren zths and their relative influences on
a complex acid solution are noted in Tables IIla and IITB bclow.
Tapte JIT a
Influence of HpS80, and HClon a solution contaiiing 0°0252M-MoQ,
+0.0252 M-H,T.

Cone. '3£ the P Obeerved rotationd at wave.lengths
s 690up, BT8uk Sy Buu, 436 ki,
H,S0,
o,00M 1.90 +0.44 -+0.64 —+062 +1.18
0.03 1.31 40,34 —+0.44 -4+052 40,98
0.06 0.86 4028 +0.38 +0.42 +0.76
0.09 0.80 —+0.22 +0'268 -+0.32 +-0'62
o016 o83 +-0.20 +0.24% +0.27 +0.63
HCI
0.00M 1.99 +0.44 +-0.54 -+0.82 -+1.20
0.01 1.70 +0.88 +0.60 —+4-0.58 +1.14
0.04 1,27 +0.34 +0.43 -+0.58 —+0.96
0.08 0.84 +0.26 --0.34 +-0.42 -+0.80
0.19 0,65 +0.21 +0.28 +0.29 4089

TasLe Il B
Influence of acetic acid and tis three chloro-acids on the optical rotation of

a solution containing 0.0241 M-MoO, +0.0241M-H,T.
Observed rotations at wave-lengths

Conc, of acid. PH.
690 kR 678 B4, 546 Am, 438 pp,
Acetic acid. £=18x10"s
0.00M 2,02 +4-0.41 +0.50 -+40.60 4111
012 1,08 —+0.40 +-0.48 ~+-0.59 —+1.10
0.97 1.91 -+0.38 +0.46 0,56 +1.05
215 1.85 +0.35 +0.42 -+0.51 +0.88
Monochloroacetic acid A'=1.6x10-3,
0.00 2,02 +0.41 —+0.50 +-0.60 —+1.11
0.19 1.73 +0.37 +0.44 +0.54 +1.03
0.26 1.62 ~+0.35 —+0.42 -+0.60 +41.00
0.82 1.40 +0.84 +0.40 +0.49 +0.95
Dichloroacetic acid. K=5x10-?,"
0.00 2.02 +0.41 +0.50 +0.80 +1.15
0.10 1.87 ~+0.84 +0.41 +0.47 —+-0.96
0.18 *1 23 -+40.80 +0.36 4041 -+0.83
0.32 *1.17 —+0.30 +0.35 +-0.42 -f-0.82
0.38 *1.10 ~+0.30 +0.36 +0.41 -+0.81
Trichloroacetic acid. K=33x10-"
0.00 2.02 +0.41 +0.50 +0.60 +1.15
0,08 1.35 +-0.82 +0.40 +0.45 +0.£9
0.14 *1,21 +0.30 40,87 +40.41 +0.82
0.21 *1.01 +0.20 +0.36 +0.41 +0.81
0,27 086 +0.26 -+0.80 —+0.35 +-0.89

0.30 0.70 4-0.2t +027 +4-0.82 -+0.61



252 A. B, BISWAS

Influence of Ozalie, Malonte and Succinie Avids.

The complex fofmation between molybdic and ozalic acids has been
reported by Rosenheim (Z. anorg. Cheni., 1826, 11, 225) and Spittle and Wardlaw
(J. Chem. Soc., 1931, 1748. The results on the addit'on of the, above acids in
increasing amounts to a solution containing 0.02611/-MoQO3+0.02613LHsT, are
shown in Table IV.

TavLe IV
Rotations at wave lengths

690 su. 678 mp, 546 HE, 138 pp,
Conec. of

acid. pH.  Obs, Corrected Qbs. Correeted. Obs. Corrected Qha, Corrected

for pix for pu for pu for pir

Oxalic acid.
0.00M 1.94 +-0.48 - ~4-0.69 - -+0.66 —_ +1.30 —
0.0070 1.92 —+0.39 40.89 +0.50 +0.50 +057 -+05T +1.10 +1.11
00138  1.87 4030 4031 3030 4040 4045 40.48 +0.80 +0.93
0.0268 1.80 +-0.2¢ ~+-0.22 +0.23 +40.25 +0.20 4032 +0.54 +4-0.59
0.0393 1.70 -+0,12 ~+0.15 +0.15 +40.19 <+0.10 —_— =+0.24 4042
Malonic acid.
0.00 194 4048 — 40859 — +066  — +1.30 —
0.0(85 1,92 -+-0.47 —_ -+0.68 — +-0.65 — -+1.28 —_
00247 188 4045 — 4055 — 4062 — +1.25 —
0.0616 1.86 —+0,it ~4-0.42 +0.50 +40.61 -+4+0.57 4059 +1.13 +1.16
Succinic acid.

0.00 1.94 +0.48 - +4-0.69 — -+-0.68 _— +1.30 —_
00094 1.92 +0.46 — +058 — +0.85 - +1.27 -
0,082 1.91 +0.15 — +0.56 — -+-0.G3 — + 1.25 —
0.6700 189 -+0,43 0.44 +0.55 <4056 +0.62 +4-0.63 +1.21 +1.22

“ i

In the above tables the optical rotation values under the head ‘“‘obs” are

observed rotations after the additin of the respective acids, and under the head
“corrected for pi’” are tho rotation valaes after correction for the partial diminution
of rotution caused by inercasc of [H*). This aspect is dealt with later on.

Influence of Organic Hydroxy-acids like Malic and Citrie Aeids.

Due to their similarity in structure with tartaric acid, they are expected to
form complexes readily with molybdic acid. Darmois and collaborators (Compt.
rend, 1925, 180, 921 ; 1924, 179, 629 ; 1924, 178, 2183) and Travers and Malaprade
(Bult. Soc. chim., 1926, 39, 1408) observed complex formation between molybdic and
malic acids. In the present case we have used inactive malic acid so that the
resulting complex becomes optically inactive, The influence of the two acids in
increasing amounts on a solution containing 0.0219M-MoQ;+0.0219M-H:T has been

studied as represented in Table V.



Cone. of
acid.

0.00M
0.0112
0.0280
0.0561
0.0841

0.00

0.0065
o011
0.0330
0,0550

PH.

2.09
2.00
1.82
1.83
1.78

2,09
1.89
L76
172
1.70

690 up
Obs, Corrected

+0.37
-4-0.31
+0.26
+0.23
+0.21

+0.37
+-0.32
+0.24
+0.13

for pxt

+0.32
+0.28
+-0.27
+0.25

+0.33
+0.28
+0.20
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Tante V

Rotations at wave-lengths
578 up

548 up

Qbs. Corrected Obs,

for px

Malie acid.
+0.46 — +-0.52
4040 4042 4045
+0.36 +40.39 ~+-0.41
+0.28  +0.33 +4-0.32
+0.24 +030 028

Citric acid.

+0.46 — +0.52
+0.39  40.41 +0.44
+0.27 +0.33 -+0.31
~+0.19 --0.26 +4- 0,23
+0.17 —_ —+0.20

Corrected
for pxx

+0.47
+0.45
+-0.28
4-0.35

+0.456
-+0.36
+0.31

Obs.

+1.06
+0.86
+0.96

+0.60
+0.54

+1.06
40,90
+0.59
+0.43
40,39

Influence of Catechol, Salicylic acid and Glycerdl.

253

436 pu

Corrected
for px

+0.92
+0.82
+0.71
+0 67

+0.54
+0.72
+0.58

The above are often known to form compounds similar to tartaric acid as
exhibited Dy enbanced conductivity and [H*] (Holleman, “Organic Chemistry™

1925, p.275).
containing 0.021917-MoQOs and 0.0219M-H,T and the results are noted in Table VI

Conc.

0.00M
008
0.15

0.00
0.08
0.20

0.00
0.16
0.30

pH

2,09
2.07
2.04

2.09
2.07
2,00

2,09
2.07
2.06

The affinitics are compared with that of tartaric acid in a solution

Observed rotations nt wave-lengths.

TasLe VI
BY0RA. 578up.
Catechol.
+0.37 +0.16
-+0.86 +0.46
+0.36 +0.44
Salicylic acid.

+0.37 +0.46

+0.36 ~+0.44

+0.34 +0.41

Glycerol.

40.37 +0.48

+037 —+-0.16

+0.36 4045

DiscussiIonN

The Aection of NaOH and- NH,OH.

546HH.

4052

+0.51
+0.60

+0.52
+0.51
+0.47

+0.52
+0.62
=050

436HH.

+1.08

+1.03
+1.02

+1.06
+1.05
+0.98

+1.06
+1.04
+1.02

The action of the two bases are more or less similar in affecting the rotation
The rotation values first increases during

neutralisation and passes through a maximum followed by rapid decrease until it
reaches a steady value which is the same as that given by pure HoT solution

values of the complex acid solution,
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under similar conditions. From the pu—rotation curves (not shown) it appears that
the maxima at all concentrations of the complex acids, are always near pn
4.2 and the minima of steady rotations are reached at pu 7.0.

Britton and Jackson { 7. Chem. Soc., 1934, 1035) interpreted the region,
where rotation values increase; to be due to the increasing formation of the
complex, the maximum complex formation occurred near pm 4.0, when tartaric
acid was 3/4 neutralised. There i8 no justification for such assumptions. We have
advanced here a more reasonable interpretation to co-ordinate all the observed
facts better looking into the parallel behaviour of the active component, viz,
HoT ander similar ¢onditions. We have seen in Table IL[ similar to the observa-
tions of Vle’s and Vellinger (Compt. rend., 1925, 180, 742) and Britton and Jackson
(J. Chem. Soc., 1934, 978) that the rotation value of a tartaric acid solution gradually
increases during neutralisation with NaOH and ultimately a steady valne is attained.
This phenomenon is associated with the different molecular rotatory powers of H,T
(non-ionised tartaric acid), HT (acid tartrate ion) and T” (tartrate ion) which are
of increasingly higher order; a steady wvalue is reached when tartaric acid is
completely dissociated containing T ion in solution responsible for the observed
steady value. Similar phenomenon operates during the neutralisation of the complex
acid solutions.

The non-ionised complex acid Ho[MoO3T, HoO] and its two ions H{MoO,T,
H,OJ and [MoOsT, H2O]” have rotatory powers of increasingly higher order and
hence the rotation values increased during neutralisation due to the formation of
the stronger rotatory complex ions more and more by progressive ionisations. But
beyond pu 4.2, [MoO3T, H:0]" ion is unstable and begins to dissociate into its
components ; the rotation values rapidly fall due to large difference between
rotatory powers of the complex ion and T ion. This dissociation becomes complete
near pu 7.0, when rotations observed are due to T” ion only. This isin accordance
with our expectations indicated before, that MoO4"” is stable in neutra! or alkaline
medium and hence in such systems it will freely ionise in the solution unco-ordinated
with tartrate or similar organic anions.

If we assume that the complex anion of the molybdotartaric acid does not
decompose at or before pu 4.2 and the complex acid remains completely ionised at
this pm, then in a system free of uncombined HoT the observed mazimum
rotation value at this pu may be ascribed to the complex ion [MoO;T, Hz0)" only
and hence the molecular rotation of this jon can be determined thus : the rotation
values observed under the stated conditions are

25 25" 25" 25

o = +{030; o« - +0.38; of = +0.43 ; o = +0'91
680, 5784, 546, 436,y
for a concentration of 1.061 X10723f of [MoO3sT, HoO]". Therefore the molecular
rotation wvalues at respective wave-lengths are 28.28, 35.82,40.53 and 85.76 for
0.54 dm. length at 25°
The Action of HC), HeS0y, Aeetic acid, elc.

While the increase of rotation values of a complex solution with the addition
of alkali is caused by the formation of stronger rotatory ions of the complex acid,
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conversely the decrease of pi in such systems should diminish the rotation wvalues
by the repression of ionisation when less rotatory molecules or ions will be formed.
When strong acids like H;SOy, HCI are added fo a solution containing the complex
acid and its ions, the rotation values decrease continuously. Provided the complex
does not break at low »n, itis expected that there will be a definite pu value
(depending on the ionisation coustant of the complex acid) below which the acid
will remain completely unionised, the rotation value will then remain steady. But
this steady region could not be revealed with H2SO, or HCl, probably the complex
acid is unstable in their presence at low pi value.

The influence of acids like acetic acid and its three ehloro-acids, whose strengths
are of gradually increasing order (K=1.8 X107%to 3 X107!),on the complex
solution has been studied alternatively. Acetic acid and monochloroacetic acid are
probably wealk to suppress completely the ionisation of the complex acid. But the
desired region is revealed in the case of di- and trichloroacetic acids where the
rotation values remained constant even when the pH dropped from 1.20 to 1.00.
But with trichlorcacetic acid the rotation values diminished below pr 1.0. If we
assume again that the complex acid in solution remains completely unionised between
pu 1.2 and 1.0, the molecular rotation of unionised acid can be determined from
rotation values observed under the stated conditions thus:

25 25 25 25"
o« -+030; « = +4(.38, < = +(4]1, o =('82

690, 578,y 548 up A3l
are the observed rotation values when the concentration of the complex acid
is 1987 x1072M. The molecular rotation values at respective wave-lengths
are 15.09, 18.11, 20.63 and 41.25 for a 0.54 dm. tube at 25°

The Action of Ozxalie acid, elc.

While oxalic acid causes rapid decrease in rotation values (Table IV) with
increasing concentration, the other two acids, viz. malonic and succinic acids, have
little influence in affecting the rotation of a molybdotartaric acid seclution ; probably
in the latter cases, if they are to form a co-ordination comples, the length of the
closed chain increases from 5 members in the case of tartaric and oxalic acids, to G
and 7 respectively for malonic and succinic acids as shown below and thereby the
affinity for combination is weakened.

O - (II) = Q 3
o @ o o ¢ o-c Q o-C—cH,
Hi| Mo Hf Mo >0H2 HJ Mo |
H,O 4§ 0—C HsO § o—ﬁ: H.0 ( O—C—CH;
, - C > - o)
Oxalic acid complex Malonic acid complex Sucecinic acid complex

The presence of oxalic acid in a sclution of molybdotartaric acid complex
(MoT) creates in the system a new equilibrium of the type.

K
Hy [ MoOT, H:0]+(CO0H); =2 Ha[MoO; (000)s, HoO|+H.T
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If the applicability of Mass Law in such a complex system is assumed, the
value of the equilibrium constant (X} will be given by

[Oxalato complex] X[ HoT] _ [MoOx]{H,T}
[Tartrate complex] x{[(COOH):] [MoT] [Ox]

The oxalato complex is optically inactive and so the observed rotations at
any stage in presence of oxalic acid are due to (MoT) and uncombined HgT. The
diminution of rotation is due to the proportional transformation of MoT to MoOx.
It is now possible to determine the value of K from the data in Table IV. A typical
calculation is shown below,

In the starting solation the concentration of molybdotartaric acid, 7.e. [MoT},
as calculated from the equations given in Part I, is 0.0215M and [H,T] is equal to
(0.0261 — 0.0215). If = be the amount (in molarity) of MoT decomposed by the addi-
tion of 0.00737 oxalic acid (Ox), then z will also be equal to the concentration of
the new oxalato complex, i, [MoOx] and an equivalent amount of H,T will be
liberated in the solution. Then

-

= =X[HeTtz]
[MoT —x] [Ox—x] "’

Now the observed rotation = (original concentration of MoT — x) X molecular rotation
of MoT+ {original cone. of HeT +2) X molecular rotation of HyT.

The molecular rotations of MoT and H,T for a 0.54 dm. polarimeter tube
at the 4 wave-lengths in question are taken from the values given in Part I.

Then 0.39=(0.0215 — z) % 22.4 +{0.0046 + z) X 1.01 {for wave-length 690 »R}

z=0.0048
and F—BoOx]  [HET]_ __ (0.0048) X(0.0046+0.0048) _ _; 54
[MoT][Ox] (0:0215 — 0.0048) (0.0076 —0.0048)

similarly the values of A are calcuiated from other data and represented in
Table VII.

It will be noticed that along with the diminution in rotation values by the
addition of oxalic acid, the pH of the system also decreases and obviously this is
also partly responmsible for the diminution of optical rotation. With reference to
Table IlIs for dichloroacetic acid, the proportional decrease of rotation for a cer-
tain pHE drop is known ; thus the observed rotation values in Tables IV and V are
corrected for the rotation that the solution in question would give if there were no
change from the original pe caused by the addition of foreign 3substances. These
corrected values are noted in respective tables and only those are used for determi-
ning K. Similarly the following equilibrium constants K;, Kz K and K4 are also
determined from recorded data in Tables IV and V

[MoQOg. Malonic] [HyoT] tree _ [MoQOj3. Succinie] [HaT] teee
[MoT] [Malonic acid] tree =~ 2 [MoTF] [Succinic acid] tree

— [MoOs, Malic] {H,T] . . _ [MoOs. Citric! [HeT]
MoT] [Malic acid] iree %2 [MoT] Citric acid] ree

I{]_ =

K3
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TaBLE VII
Acid wo Oxalic Citric  Malic Malonie  Suceinic
Mean of  relutive cqgnili-
brium constants 13 x 10% 153 86 16.5 2.87 1.17

From the above table an idea about the comparative affinities, relative to
tartaric acid, of different acids for complex formation with molybdic acid is obtained.
While oxalic acid has more affinity than tartaric acid, citric acid has got slightly
le-s and malic acid has still less affinity. The affinities of the other two acids, viz,
malonic and succinic acids are much smaller.

Referring to Table VI, phenols. phenolic acid and alechols appear to have
negligible affinities for complex formation in presence of tartaric acid.

My best thanks are due to 8ir J. C. Ghosh for his kind interest in this work.
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PHYSICO-CHEMICAL STUDIES OF COMPLEX FORMATION BETWEEN
MOLYBDIC AND TARTARIC ACIDS. PART III. ULTRAMICROSCOPIC
STUDIES ON THE CHANGE COF PARTICLE NUMBER AND
CATAPHORETIC VELOCITY OF MOLYBDIC ACID SOL
PARTICLES DURING COMPLEX FORMATION

By ANIL Bausan Biswas

That an appreciable portion of molybdie acid in its sol is present as true solution
und niso the presence of wertaric acid in the sol transforms the colloidal particles into
solution, have been shown Ly couuting the number of particies per c.e. with an ultrami-
eroscope. The cataphoretic velocity of molybiic acid sol particles, either alone or in presence
of tartarie acid at different pis has been studied and the results discussed.

The work of Dumanskii and ecollaborators (J. Russ. Phys. Chem. Swe.,
1928, 60, 1033 ; Nolloid Z, 1929, 48, 49) indicated the existence of a “colloidal
complex” when tartaric acid (ITeT) wus added to a sodium tungstate solution. This
can be advantageously tested if we start with a colioidal solution and follow with a
ultramicroscope the change of particle nuinber tuking place with the addition of
an organic acid.

We started with a wmolybdic neid sol in which an appreciable percen-
tage of the ncid was present as true solution and the sol particles were found to be
negatively charged.  Dhar and collaborator (J. Indice Chem. Soe, 1843, 20, 282)
assumed the likely existence of nn equilibrium of the type

—_— —
] ; R]
nHA ( ]]A) " [(HA)m Lxlnddy
Simple molecules, Poly merised Colividal particles

moleculuk. negatively charged.



