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Summary

Conductometric and pH studies of the mixed solutions of uranyl acetate and mandelic
acid revealed the existence of two complex compounds in (1:1) and (1:2) molecular ratios.
The compounds were isolated in pure state and the constitution was established by estima-
ting the amounts of uranium and mandelic acid present in the isolated samples.

No systematic physico-chemical work, however, appears to have
been carried out on the complexes formed by uranyl ions with mandelic
acid and other acids like glycolic acid and its substituted products like
salicylic acid, although studies have recently been carried out on the
complexes formed by uranyl ions with some other acids: ArRNo MULLER!)
studied complex uranyl compounds of ascorbic acid and their properties.
Sulphosalicylicacid forms1: 1complex with UQO,2). Similarly CH,CICOOH?)
B-hydroxynaphthoic acid?), hydroxamic acid®) have all been found to
form complexes with uranyl ion. A survey of literature reveals that the
preparation of some complex salts of the above acids of uranyl have also
been described ) 7). UO,{(C;H,0,), was isolated and analysed by MULLER 8).
Much work has been done on the complex formation between mandelic
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acid and other metals such as Zr?®), Cal?), Mo!) which forms MoO,
(CeH,0,)— and Al'?) which forms 3 complexes.

The present work deals with the study on complex formation between
uranyl acetate and maundelic acid. The nature of the complex species
present, when uranyl ions are treated with mandelate jons in aqueous
solution, has been investigated by conductometric and electrometric
titrations which showed the evidence of the formation of two com-
plexes at the molar ratios 1:1 and 1:2.

Experimental

Stock solutions of M/20 uranyl acetate dihydrate (B.D.H./A.R.) and M/10 mandelic
acid (B.D.H/extra pure) were prepared for the preparation of mixed solutions. A set of
20 mixed solutions was prepa-

Table I red by following Navar and
T PanpE’s Monovariation me-
. MI. mandelic acid Specific thod!3) viz., the concentration
Solution | (M/10) added to b
conductance | pH of uranyl acetate was kept
No. 10 Miof uranyl (X 108) constant in all the solutions
acetate (R/20) (0.01 M) while that of mandelic
! acid varied systematically from
1 0 | 4499 ) 318 aow&%MmemmémW
2 2 " 4.389 3.29 f the solutions are given in
3 3 I 4300 | 325 © &
| colum 2 of Table I.
4 4 ; 4.187 3.24
5 5 | 8.937 | 321 Conductivity. An elec-
6 6 | 4.499 3.26 trical magic eye apparatus
7 7 { 4.950 l 3.32  (Type G M 42/49/Philips) was
8 8 | 5350 | 3.33 used to determine the conduc-
9 9 5.400 } 3.31 tivity of the solutions. A pyrex
10 10 5.210 3.24 glass conductivity cell with
11 12 6.646 3.30 platinum electrodes was used
12 ‘ 13 6.790 3.31 for such measurements. The
13 | 14 7.182 3.29 cell was rinsed several times
14 15 7.386 8.29  with the solutions and at least
15 \ 16 7.985 3.30 3 readings were taken for each
16 | 18 8.748 3.30 solution. All measurements
17 ‘ 20 9.842 3.30 were made in an electrically
18 | 22 10.860 | 8.29 heated thermostat at 35 °C
19 | 24 11.625 3.30 4- 0.1. The results are recorded
20 | 26 12113 | 330  in TableL
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pH-measurements. pH-measurements were made by using a Pye pH-meter (Cat. No.
11083) using a glass electrode, the results of which are given in Table 1.
When the values of sp. conduc-

tivity and pH of the solutions were Hr <
plotted against the varying volume 72t :?
ot mandelic acid in the mixture, 7l Q: N
curves are obtained as given in _ x
> o
Fig. I. S 34
Conductometric titra- T gt 8|
tions. Conductometric titrations § gl §l 123
were carried out in a thermostat § g“‘l B
at 35 °C & 0.1 with the help of £ 7}/ ®al 2
a resistance measuring assembly, §_ 6 132
Philips G M 4249. 9
- .. St
Two mixtures containing ura- q
nyl acetate and mandelic acid in 4t 137
the malar ratio of (1:1) and (1:2) L | .
were prepared. To these mixtures 5 0 5 20 25
varying quantities of KOH of Mi.mandefic acid © Mpy) added fo 70 ml. of
known strength were added from urany! acetate (M)
a micropipette. The total volume Fig. 1. Sp. Conductance and pH. The System-
in each case was kept constant. Uranyl acetate-mandelic acid-water
The solution was stirred
for 15 minutes and left for Table LT

another 5 minutes before Specific conductance of (1:1) and (1:2) mixturesof
noting the readings so that uranylacetate and mandelicacid containing diffe-
the solutions attained the rent amounts of equivalent alkali

temperature of the bath. Equivalent o

The titration observations No. all(:a,li added Specific conductance (X 10)
are given in Table IT and ML (1:1) mixture | (1:2) mixture
Fig. 2.

Electrometric titra- 1 0 7.000 8.000
tions. Electrometric titra- 2 0.5 6.300 7.800
tions were carried out by 3 | 1.0 5.056 7.600
adding KOH from a miero- 4 1.5 4.500 7.200
pipette to 20 MI. solution 5 2.0 4.190 6.505
of (1:1) and (1:2) mixture 6 2.5 4,355 6.150
of wuranyl acetate and 7 3.0 4.595 5.930
mandelic acid. The pH 8 3.5 5.000 5.705
was noted after stirring 9 4.0 5.501 5.500
the solution for two minu- 10 45 6.095 5.650
tes and waiting for another 11 5.0 6.634 5.905
2 minutes. The reading was 12 5.5 7.190 6.150
noted after each addition. 13 6.0 7.500 6.500
The readings are recorded 14 6.5 — 6.735
in Table IIT and Fig. 3. 15 7.0 — 7.000

For purposes of compari-

son, M/100 mandelic acid was titrated electrometrically with the standard alkali under
similar conditions.
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uranyl |, mondesc| Table ITI

Kurve aceiate |" oid

Al 1 71 pH values of M/100 mandelic acid, (1:1) and (1:2)

EN 8 -l ; mixtures of uranylacetate and mandelie acid
E containing different amounts of equivalent
il Vi alkali
N
3
~ ) pH
§ ¢ No. | alloliadod | /100
g i R 13;1 ° Mandelic .(1: 1) ,(1 2)
. mixture | mixture
5 acid
] 1 0.0 590 | 318 | 824
. e 2 0.2 5.00 3.23 3.60
1 2 3 4 5 &6 7 3 0.4 5.20 3.28 8.72
Equivalent aikali acded (m(.) 4 0.6 5.80 — —
Fig. 2. Conductometric titration 5 0.8 7.60 3.48 4.00
” 6 1.0 10.40 — —
7 1.2 12.00 3.713 420
B 8 1.4 13.80 — —
7t 9 1.6 — | 408 4.40
- 10 2.0 — 6.15 4.70
11 2.2 — — 4.82
0 12 2.4 — | 87 5.00
9t 13 2.8 — | 1062 5.30
B 14 3.0 — 11.00 ~
g 15 3.2 — — 5.82
7 16 3.4 — 11.41 —
I 17 3.6 — — 6.62
s 18 3.8 - 11.70 —
19 4.0 — — 8.70
4 20 4.2 — 12.10 9.80
: — Lk 21 4.4 — — 10.82
rZ3 4 s5f 22 46 - 12.41 | 11.40
Equivelent atkali ogded (mi.) 25 4.8 _ — 11.80
Fig. 3. Electrometric titration 24 5.0 — 12.70 12.00
25 5.2 — — 12.22
Isolation of the Compounds 26 5.4 — 13.00 12.40
RIUO, (GEOp — At G0 B0 T | P
ascertaining the evidence for the 29 6‘0 : 13'40 13‘12
formation of complexes by phy- : ) :

sicochemical methods, attempts
were made to isolate these compounds. The solutions of uranyl acetate and mandelic
acid were mixed in stoichiometric ratios of 1:2 and the solutions was evaporated on a
water bath till it became saturated (when the crystals began to appear). The solution
was then cooled slowly. The crystals formed were separated, washed, dried and recry-
stallised. The crystals were shining yellow incolour and very light.

UO0,(CHO,) - 2 H,0. It was prepared in presence of KOH in the mixture of uranyl
acetate and mandelic acid in (1:1) molar ratio and then crystallising it out.

The compounds prepared above were then analysed to assign the possible formulae.
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Estimation of uranium. The uranium was estimated in the compounds by ,,oxi-
nate* menthod4) and the percentage of uranium calculated form the theoretical values.
The theoretical values were in excellent agrement with that of the estimated values for
uranium as given in Table IV.

Table IV
9, of uranium
ith' (1:1) Compd. UO,(C;H,0,) - 2H,0) (1:2)Compd. UO,(CH,0,),

0.

9, Diffe- I 97 Differe-

Estimated | Theoretical Ar)encee Estimated | Theoretical A)ren:;e
1 51.13 ‘ 0.83 41.00 0.60
2 51.05 L o001 40.71 0.89
51.96 t 41.606

3 51.27 0.69 40.92 0.68
4 51.20 , 0.76 40.90 } 0.70

Estimation of mandelic acid. The mandelic acid was estimated by ceric sul-
phate method®). A kown weight of the compound was dissolved in dilute H,80, and
volume made upto 100 C. C. in water. An aliquote of this solution was boiled for twenty
minutes with excess of N/10 ceric sulphate. A quantity of ceric sulphate was boiled with
acidulated water for the same length of time to serve as blank. The solutions were cooled
and excess of ceric sulphate titrated against ferrous ammonium sulphate. (0.1 N} using
N-phenyl anthranilic acid as indicator (instead of ferroin). Mandelic acid can be calculated
from the following equation:

C,H,CH(OH) COOH 2. C,H,CHO
C,H,CH(OH)COOH + 2 Ce(S0,), > CeH,CHO + Ce,(SO,); + €O, + H,80,

1 C.C of N/10 Ce(S0,), solution =0.007607 g. mandelic acid. Some of the results ob-
tained are given in Table V.

Table V
9, of mandelic acid
E"Pt (1:1) compound UO,(CgH0,)-2H,0 | (1:2) Compd. UO,(C4H,0,),
0.
. 9 Ditfe- . . 9y Diffe-

Estimated | Theoretical rence Estimated |Theoretical remce
1 32,78 ! | ot 52.10 i 0.71
) 32.62 0.87 52.24 L0567

.83.49 | 5281 ]

3 32.91 0.58 52.00 | 081
4 32.90 ' 0.59 51.98 | | 083

13) A 1. VoaErL, A Text Book of Quantitative Inorganic Analysis, p. 471, edition 1951.
15) M. R. VeRMA and 8. D. Pauy, J. Sci. and Industr. Res. 13B, 347 (1954).
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Diseussion

On examining the curves in Fig. 1, it will be noticed that in both
the curves there are two definite hreaks in the regular curves at intervals
corresponding to 5 C. C., and 10 C. C. of mandelic acid solution. Since
mandelic acid solution was M/20 in strength, these values corresponded
to 10 C. C. and 20 C. C. of M/10 mandelic acid solution. As each solution
contained same quantity of uranyl acetate solution (i-e., 10 C. C. of
M/10); the ratios of uranyl acetate to mandelic acid at these points are
1:1 and 1:2 which correspond to the formation of two compounds in
solution.

Fig. 2 represents the titration values of uranyl acetatemandelic acid
mixtures against equivalent alkali. Curve A is for 1:1 mixture having a
break at two equivalents of alkali and curve B for 1:2 mixture which
shows an inflection at four equivalents of alkali.

The addition of a solution of equivalent alkali to a solution of uranyl
acetate in mandelic acid in the moler ratio of 1:1 lowers the conductance
of the latter. The continued addition of alkali results in a progressive
fall in the econductance which reaches a minimum when two equivalents of
alkali have been added. With any further addition of the alkali, the con-
ductance increases (curve A). The decrease in the conductance is due to
the removal of H* ions and after all the H* jons have been removed
the sp. conductance increases due to the excess of CH;COOK ions. The
break in the graph at two equivalents of alkali may be attributed to the
formation of (1:1) complex in solution.

The reaction which takes place during the titration may be assumed
to be taking place as follows:

OH H
C O
To,* AN I-i\COOH S AN
[! } X+ | - VN0 T |
(xH;0) N x=9H,0 | N\
0
+Ht+2X-+2H0 I )
I then reacts with KOH forming the (1:1) compound.
AN
I+ H+2X- + 2 KOH — Noo/m ||| +2HO+2KX @
(x=2)H, 0~ | N\
11

and formula I1 is confirmed by its isolation in the form UO0,(CyH40),H,0.



C. S. Paxpe and S. K. Misra, The System: Uranyl acetate-mandelic acid-water 11

An examination of curve B in Fig. 2 which represents the titration
values of (1:2) mixture of uranyl acetate and mandelic acid shows that
when four equivalents of alkali have been added the curve shows an
inflection which infers the formation of (1:2) chelate. The increase in
the value of sp. conductance after the break is due to the excess of KOH
in the mixture.

In this case the possible mechanism can be given in the following
manner. Firgt one molecule of mandelic acid reacts with nranyl ion.

I-I
, OH /0
] 7N U0, T 7
voi + | ' \cooH > \0 o ﬁ | ()
NS [ N
O
IIT
IIT then veacts with another mole of mandelic acid, thus,
H
OH O .
AT vo,[ ¥ oA
Ul+ | H \CooOH — No—o H | ﬂ +2HY (4
N I N
(6] 2
v

IV when titrated with KOH forms (1:2) compounds in the following
fashion,

O
. U0, N N -
IV +- 4 KOH — 0— C/H‘ \ +4H,04+2K (5)
il
(0] 2

v

The formation of V was further confirmed by its isolation in the form
H,[UO,(CH0,),] and analysing.

Fig. 3 represents the changes taking place in pH when standard alkali
is added in (1:1) and (1:2) mixtures of uranyl acetate and mandelic
acid. Curve A is for M/100 mandelic acid and curves B an C represent
the titration values of (1:1) and (1:2) mixture of uranyl acetate and
mandelic acid which show one inflection each at two and four equi-
valents of alkali respectively.

It becomes clear from curve B that when nearly two equivalents
of alkali have been added pH rises at once showing an inflection in the
curve is probably due to the formation of (1:1) chelate in the solution.
The H+ of the —OH group and H of the—— COOH group both are liberated
and take part in the reaction thus H+ jon concentration is increased and
the pH rises and causes a break in the curve.
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In the case of curve C a break is at about four equivalents of alkali
showing that reaction (5) takes place. Four H+ ions re liberated at four
equivalents of alkali and the pg at once rises.
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