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Summary

Conductometric, colorimetric and pH observations of the mixed solutions of uranyl
acetate and lactic acid revealed the existence of two complex compounds in (1:1) and
(1:2) molecular ratios. The compounds were isolated in the pure state and the constitution
was established by estimating the amounts of uranium and lactic acid present in the
isolated samples.

The results on the formation of complex compounds between uranyl
acetate and mandelic acid have been reported in the previous part of
this series!). It wasthought desirable to extend this work in the case of
aliphatic hydroxyacids. Lactate probably behaves as a bidentate ligand.
Caxxvax and Kierick?) have observed higher values of association
constants for «-hydroxy acids than the corresponding carboxylic acids.
Similar observations have been reported by Davies?®). Less work seems to
be carried out on the complexes formed between uranyl acetate and
lactic acid, although uranyl salts with hydroxyacids which have been
isolated and characterized are the diethyl citrate?), glycolate®), lactate®)?),
malate®), and quinate®). Complexes of uranyl salts with some other
hydroxyacids have been reported in literature. Ascorbic acid forms in

1) PaxpE and Misra, This journal 1961.

2) CanNaN and KiBrick, J. Amer. chem. Soc. 60, 2314 (1938).

3) Davigs, J. chem. Soc. London 1938, 277.

¢) P. KigrkEGAARD, Acta Chem. Scand. 10, 599 (1956).

5) G. Courtorts, C. R. hebd. Séances Acad. Sci. 158, 1688 (1914).

6) G. Courros, C. R. hebd. Séances Acad. Sci. 158, 1688 (1914).

7} H. EngeELHARDT and R. MapprELL, Ann. 63, 99 (1847).

8) L. W. ANDREWS, Proc. Towa Acad. Sci. 82, 299 (1925); Chem. Abstracts 21, 713
(1927).

9) G. Courrors, (. R. hebd. Séances Acad. Sci. 158, 1688 (1914).



14 Journal fiir praktische Chemie. 4, Reihe. Band 17. 1962

solution a 1:1 uranyl complex1%)). Uranyl salicylate has been cry-
stallised in anhydrous state!2)'®)1). Uranyl tartarate has been known
from the earliest days of uranium chemistry®). A considerable amount
of work has been done on the optical properties of the uranyl salts with
tartaric and other aliphatic hydroxyacids.

More recently, NEUMAN, and his collegues have used spectrophoto-
metry, polarography and pH titration to study solution of uranyl com-
plexes of the aliphatic hydroxyacids. The stoichiometries of the lactate
complexes with uranyl nitrate in solution have also been examined?$).
These authors showed the evidence of the formation of 1:1 complex in
solution and also studied the polymerisation effect on the uranyl-
lactate complex17).

Physicochemical properties such as conductivity, colorimetry and
pH have been used by us to study the solutions of uranyl complexes with
lactic acid, which show the
ecidence of the formation
of two complexes at the
molar ratios 1:1 and 1:2.

Experimental

Procedure — Stock solu-
tions of M/20 uranyl acetate
dihydrate (B.D.H./A.R.) and
M/10 lactic acid (B.D.H./A.R.)
were prepared for the prepara-
tion of mixed solutions. A set
of 20 mixed solutions was prepa-
2 I | . . . red by following Navar and

0 $ 0 s 0 25 PanDE’S Monovariation me-
Mi.of factic acid (Mpy) added 1o 10mi, of thod!8), viz., the concentration
uranyf acefote (Mfp) of uranyl acetate was kept con-

Fig. 1. Sp. Conductance, optical density and pH. stant in all the solutions (0.01 M)
The System-Uranyl acetate-lactic acid-water while that of lactic acid varied

sp. Conductance (x 10%)
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systematically from 0.0 to 0.38 M. The composition of the solutions are given in column 2
of Table 1.
Conductivity — An electrical magic eye appara-

tus (Type: GM/4249/ Philips) was used to determine nk e b
the conductivity of the solutions. A pyrex glass con- b
ductivity cell with platimum electrodes was used for mr
such measurements. The cell was rinsed several times 10r
with the solutions and at least 3 readings were taken )
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Fig. 2. Conductometric titrations Fig. 3. pH-titrations
Table I
Ml. lactic acid .
, (M/10) added to Specific Optical
Solution No. 10ml. of uranyl conductance density pH
acetate (M/20) (x104)
1 0 4.499 0.320 4.10
2 2 4.480 0.360 3.85
3 3 4.321 0.400 3.72
4 4 4.228 0.432 3.65
5 5 3.726 0.450 3.60
6 6 4.298 0.352 3.75
7 7 4.822 0.348 3.32
8 8 5.460 0.357 3.25
9 9 5.510 0.370 8.25
10 10 5.010 0.385 3.15
11 12 6.448 0.320 3.20
12 13 6.646 0.300 2.95
13 14 6.912 0.285 2.95
14 15 7.332 0.250 2.86
15 16 8.110 0.234 2.81
16 18 8.920 0.220 2.72
17 20 10.111 0.210 2.72
18 22 10.982 0.190 2.62
19 24 12.000 0.186 2.60
20 26 13.120 0.170 2.52
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for each solution. All measurements were made in an electrically heated thermostat at
85 °C - 0.1. The results are recorded in Table I.

(Colorimetry — Colorimetric measurements were made with a KLETT-SUMMERSON
colorimeter. 3 readings were taken for each solution. The wave length employed was
420 mu. The relative optical desities were calculated for each solution, which are recorded
in Table 1.

pH-measurements —

Table 11 pH-measurements were car-

Specific conductanceof (1:1)and (1:2) mixtures of ried outby using a Rye pH-
uranyl acetate and lactic acid containing diffe- meter (cat. No. 1103) using
rent amounts of equivalent alkali a glass electrode, the results

- of which are given in TableI.

Equ1.valent Specific conductance ( x 104) When the values of sp.

No. alkali added ) conductivity, optical den-
ml. (1:1) mixture (1:2) mixture ity and pH of the solutions

1 0 900 were plotted against the

5 i Zlgg gOgO varying volume of lactic

3 0.5 (Z) - '82() acid, curves are obtained as

1'9 é.gm 8 5 given in Table I.

4 ig R 5:3 7.65¢ Conductometric ti-

5 N 6.012 7.503 trations — Conductome-

6 2.5 6.060 7.396 e .

- 5 tric titrations were carried

é 3'0 glg(} 7?;8 out in a thermostat at

b b.145 7. 85 °C 4 0.1 with the help of

9 4.0 6.197 6.990 st .

10 L5 6.995 7113 a resistance measuring as-

o ) sembly, Philips G. M. 4249.
11 5.0 6.250 7.200 .

o ) (1:1) and (1:2) mixtu-
12 5.5 6.282 7.298

. X res of uranyl acetate and
13 6.0 6.300 7.424 . .

X lactic acid were prepared.
14 6.5 — 7.531 3 .

5 70 To these mixtures varying
16 : . - ;S;g quantities of KOH of known
i [0 | - e strength were added from a
17 8.0 | — 7.896

micropipette, keeping the
total volume in each case
constant. The solution was stirred for 15 minutes and left for another five minutes to
attain the temperature of the bath. The titration observations are given in Table IT
and Figure 2.

pH-titrations —pH-titrations were carried out by adding KOH from a micropipette
to 20 ml. solution of (1:1) and (1:2) mixture of uranyl acetate and lactic acid. The pH
was noted after stirring the solution for two minutes and waiting for another two minutes.
The reading was noted after each addition. The readings are recorded in Table III and
Figure 3. For purposes of comparison M/100 lactic acid was titrated with the standard
alkali under similar conditions.

Isolation of the compounds: UO,(C;H,0,) - 2 H,O — The solutions of uranyl
acetate and lactic acid were mixed in the stoichiometric ratio of 1:1 and the solution
evaporated on a water bath till it became saturated. The solution was then cooled
slowly. The crystals formed were separated, washed, dried and recrystallised. The cry-
stals formed were shining yellow in colour.
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Table 11T

17

pH values of M/100 lactic acid, (1:1) and (1:2) mixtures of uranyl acetate and
lactic acid containing different amounts of equivalent alkali

Equivalent pH
No. alkaliadded M/100 lactic (1:1) (1:2)
ml. acid mixture mixture
1 0.0 2.10 3.25 3.10
2 0.2 2.42 3.39 3.22
3 0.4 2.75 3.55 3.34
4 0.6 3.00 3.60 3.40
5 0.8 3.22 3.78 3.52
6 1.0 3.50 3.90 3.70
7 1.2 3.97 4.10 3.82
8 14 4.55 4.30 4.00
9 1.6 5.75 4.50 4.15
10 2.0 6.60 4.82 4.35
11 2.2 .75 6.60 4.60
12 24 8.75 6.98 4.80
13 2.8 9.20 1.35 4.99
14 3.0 9.88 7.70 5.20
15 3.2 10.53 7.82 5.42
16 34 10.95 8.15 5.63
17 3.6 11.15 8.40 5.85
18 3.8 — 8.65 6.30
19 4.0 — 8.95 6.85
20 4.2 — 9.22 7.75
21 4.4 — 9.55 8.95
22 4.6 — 9.80 9.55
23 4.8 — 10.10 10.10
24 5.0 — 10.40 10.55
26 5.2 — 10.55 10.90
26 5.4 — 10.80 11.10
27 5.6 — 10.99 11.55
28 5.8 ‘ — 11.10 11.80
29 6.0 — 11.25 12.00
30 6.2 ' - 11.42 12.22

U04(C,H,0;), — This was prepared by evaporating a solution of uranyl acetate and

lactic acid in the molar ratio of 1: 2 on a water bath and recrystallising.
The compounds were then analysed to assign them possible formulae.

Estimation of uranium — The uranium was estimated by ,,oxinate‘‘ method®),
and the percentage uranium in the compounds calculated. The theoretical values are in

agreement with the estimated values for uranium as given in Table IV,

Estimation of lactic acid — The lactic acid content of the compounds was deter-
mined by the method of ErRNsT and HorvaTu20). They have described a microdetermi-

19) A.I. VogErL, A Text book of quantitative Inorganic Analysis page 471, edition 1951.
20) E. Ernst and G. HorvaTh, Biochem. Z. 224, 133 (1930).
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nation of lactic acid in which the sample in 59;, H,80, is heated with excess permanganate
for 15 minutes on a steam bath and is thereby oxidized to acetic acid. 4 equivalents of
oxidant are required per mole of lactic acid; 1 ml. of 0.1 N permanganate corresponds to
2.26 mg. The self decomposition of permanganate has to be considered and a correction
for it established by oxidising known quantities of oxalic acid under similar conditions.
The results of some of the experiments are given in Table V.

Table IV
9% of uranium
. 1:1compound UO (1:2) compound UO
Experiment 2 2
No. (CaH.sOs) -2 H20 (03H403)2
Estimated Theore- Dif- Estimated Theore- Dit-
tical ference tical ference
1 60.00 \ 0.91 51.90 0.97
2 59.90 ; 1.01 52.00 0.87
3 60.10 60.91 | 0.81 51.98 52.87 0.98
4 60.15 \ 0.76 51.99 | 0.88
5 60.11 l | 0.80 51.81 I 1.06
Table V
9, of lactic acid
Experiment 1:1 compound UO, { (1:2) compound UO,
No. (C3H503) -2 HzO “ (CaH4Oa)2 |
Estimated Tl.leore- Dif- . Estimated Theore- | Dif-
| tical ference ‘ tical ! ference

1 23.10 2.16 ! 38.20 ‘ 1.95
2 23.62 1.64 | 38.85 1.30
3 23.45 25.269, 1.81 38.54 40.15 l 1.61
4 \ 23.70 1.56 38.61 ‘ 1.54
5 | 23.65 1.61 38.80 I 135

Discussion

Fig. 1 which represents the results of colorimetry, conductivity and
pH, shows that there are two definite breaks in the regular curves at
intervals corresponding to 5 c¢.c. and 10 c.c. of lactic acid solution.
Curve A shows the results of conductivity while B and C that of colori-
metry and pH respectively. Since lactic acid solution was M/20 in strength,
these values corresponded to 10 c.c. and 20 c.c. of M/10 lactic 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 lactic acid
at these points are 1:1 and 1:2 which corresponds to the formation of
two compounds in solution.
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Fig. 3 represents the pH titration values of uranyl acetate-lactic
acid mixtures against equivalent alkali. Curve A js for M/100 lactic acid
alone while B and Care for (1:1) and (1:2) mixtures respectively. Curve B
shows an inflection at two equivalents of alkali and C at four equivalents
of alkali.

The pH of (1:1) mixture of uranyl acetate and lactic acid increases
when a solution of equivalent alkali is added. When a complex is formed
between UO%2 and lactate ions there is a rise in pH. When two equi-
valents of alkali have been added, pH rises at once showing an inflection
at 2 equivalents of alkali. This may be attributed to the formation of a
(1:1) complex in solution. The Ht ions of the —OH group and H+ of
the —COOH group both take part in the reaction and are liberated, the
H-ion concentration increases causing an increase in the pH and ultima-
tely a break in the curve. The reaction may be represented as follows:

H
+2 . /OH — ‘/O\\ - CH
[UO#* (n H,0)]X, + CH, - C — | {(— 2) H,0} VO, C.CH,
H \COOH ~0—¢ H
I
0
+ 2H,0 + H* + K- (1)
I

I will probably then react with KOH as given below:

O~
I+ H+ +2X- 4 2KOH — | {(x — 2) H,0} UOZ\ 0 CH,
0—C/ H

Il
0

+2H,0 4 2K X~ @)
I

forming a (1:1) compound, which has been isolated as UO,(C;H;0;) - 2H,0.

An examination of curve C in Fig. 3, which is for 1:2 mixture of
uranyl acetate and lactic acid, shows an inflection at 4 equivalents of
alkali indicating the formation of a (1:2) compound. Four H* ions are
liberated when four equivalents of alkali have been added and the
reaction which takes place may be put as follows:

H
OH 0
VO + CH,- ¢ S| vo” T~c.om,| + Bt 3)
H \COOH \0o—C/H
I
0

IT1
2%
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TIT further reacts with another molecule of lactic acid,

H
LOH PN -
IIT + CH, - ¢ ~H, | U0 ~.Q-C + H* )
HN\COOH | ° \o—c/ H
I
0 2
v
and TV when reacted with KOH forms a 1:2 compound.
0 -
IV + 4KOH — K, < ~.C-CH, + 4H,0. (5)
vo,| No—¢/H
|
O 2
v

The V has been prepared in its acid form [UO,(C;H,O,],H,

Fig. 2 represents the changes taking place in conductivity when
equivalent alkali is added in (1:1) and (1:2) mixtures of uranyl acetate
and lactie acid. The addition of equivalent alkali lowerts the conductance

t 2 equivalents of alkali in curve A and a minimum is observed at that
point, which infers the formation of a 1:1 chelate in solution. With any
further addition of alkali the conductance rises. The decrease in the
conductance is due to the removal of H* ions and as soon as all the H*
ions have been removed the conductance increases due to the excess of
CH,; COOK in the solution.

In the same way curve B shows a minimum value of conductance
where four equivalents of alkali have been added, which indicates the
formation of a 1:2 compound in solution. The increase in conductance
after the break is due to the excess of KOH in the solution.
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