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Abstract

The chemical analysis and the thermal decomposition of the complex are consistent with the formation of an intermediate,
which is a mixture of ammonium carbonate and uranium trioxide, subsequently decomposing to ammonium uranate. The
ammonium uranate decomposes to uranium trioxide which is finally reduced to U;Og. Thermal decomposition, infrared
absorption spectra, and X-ray diffraction patterns are used to characterize the complex and the intermediate products of the
thermal decomposition. Based on this data, the complex salt may be represented as (NH,4)>[UO,(0,)(C,04)(H,0),]-H,O.
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1. Introduction

It has been shown spectrophotometrically that per-
oxyoxalatouranate anion is formed when hydrogen
peroxide is added to a solution of uranyl oxalate [1].

The change in pH in the titration of a solution of
uranyl perchlorate, hydrogen peroxide and sodium
oxalate with sodium hydroxide affords further evi-
dence for the formation of this ion in solution [2]. A
solid of composition (NH4),[U>04(0,)(C,04),] was
precipitated on the addition of hydrogen peroxide to a
saturated solution of ammonium uranyl oxalate (or a
concentrated solution of ammonium and uranyl oxa-
lates in appropriate amounts) [2,3]. The analysis
though not exact supports the proposed formula quite
closely.

“ Corresponding author. Tel.: +91-891-554871/309;
fax: +91-891-555547.
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In the presence of excess oxalate ion the formation
of a peroxydioxalatouranate(VI) species was also
detected spectrophotometrically [1]. By adding hydro-
gen peroxide to a solution saturated in both uranyl and
ammonium oxalates, a yellow solid of composition
(NH4)6[U204(02)(C204)4]'7H20 was obtained [3]
The formula indeed represents the dimeric form of
the peroxydioxalatouranate(VI) complex. When hy-
drogen peroxide was added to a solution containing
less ammonium oxalate no precipitate was formed, but
alcohol precipitated a different hydrate of the same
anion (NH4)s[U204(0,)(C504)4]-3H,0 [3].

A third ammonium peroxyoxalatouranate(VI), for-
mulated as (NH4)[UO,(O,)C,04]-nH,0, has been
obtained by adding 30% hydrogen peroxide to a
14% solution of ammonium uranyl oxalate [1] while
a fourth, described as (NH,4),[U,04(0,),C,0,4]-nH,0O
has been mentioned in another report [2]. It is not clear
whether the last two compounds are really different

[1].
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In the present work, the ammonium dioxodiaqua-
peroxyoxalatouranate(VI) complex was prepared by
the reaction of UOz2+ with oxalic acid and then
hydrogen peroxide in the presence of ammonium
ion. The thermal decomposition of the complex has
been studied and a detailed account of the mechanism
has been worked out on the basis of the thermal data,
infrared spectroscopic and X-ray diffraction studies.

2. Experimental
2.1. Instrumentation

2.1.1. Thermal analysis unit

SEIKO combined thermal analysis system (TG/
DTA-32), temperature programmable thermal balance
and platinum crucible as container is used for measur-
ing the thermograms in air. The rate of heating was
fixed to 10 °C/min and the sensitivity of the instrument
to 0.1 mg.

2.1.2. Infrared spectroscopy

The infrared spectra of the complexes were
recorded on a SHIMADZU FTIR-8201 PC Infrared
Spectrophotometer in KBr pellets.

2.1.3. X-ray diffraction data

An X-ray diffractometer of Rich Seifert & Co.
attached to a microprocessor was used to measure
the X-ray diffraction patterns using Cu Kal (4 =
1.540598 A).

2.2. Preparation and analysis
The ammonium dioxodiaquaperoxyoxalatourana-

te(VI) complex salt was prepared by using the follow-
ing procedure [4].

Table 1

About 1.0 g (1.99 mmol) sample of UO,(NOj3),-
6H,0O was dissolved in water (10-15 cm3) followed
by addition of 25% ammonium hydroxide solution
with stirring, until a yellow precipitate ceased to
appear. The yellow precipitate was filtered off and
washed free of ammonium and nitrate ions. To an
aqueous suspension of the product was added 4 cm®
(10 mmol) of a concentrated solution of oxalic acid to
obtain a clear solution, which was stirred for ca. 5 min.
A 25cm’ (220.5 mmol) sample of 30% H,O, was
added, while the U:C,0,4:H,0, ratio was maintained
at 1:1:111 and the solution was stirred for ca. 15 min
followed by the careful addition of the ammonium
hydroxide solution until the pH was raised to 6, where
upon a yellow product just began to appear. An equal
volume of ethanol was added with occassional stirring
to obtain yellow microcrystalline complex of ammo-
nium dioxodiaquaperoxyoxalatouranate(VI) hydrate.
The compound was allowed to settle for ca. 20 min,
separated by centrifugation, purified by washing with
ethanol (3-5 times) and finally dried in vacuo over
silica gel. The compound obtained was tested to
confirm the absence of nitrate.

The reaction of hydrogen peroxide with uranyl ion
leading to a complex peroxyuranate(VI) of definite
composition is highly dependent on the pH of the
reaction medium. Thus, evaluation of an appropriate
pH for successful synthesis of a peroxyuranate species
was an important prerequisite. A suitable pH for
bringing about the coordination of both peroxide
and oxalate with the uranyl center was ascertained
to be 6. The compounds isolated at a relatively lower
pH (e.g. ca. 4) on being analyzed did not show any
peroxide to the desired level (i.e. U:0227 as 1:1),
indicating therefore that the O,>~ uptake process
was in progress but did not reach the U:0,>" ratio
of 1:1.

The compound was analyzed for its uranium(VI),
oxalate, peroxide and water content. Uranium(VI) was

Chemical analysis data of ammonium dioxodiaquaperoxyoxalatouranate(VI)

Composition (%)

u(vI C,0,.2 0>~ NH,** H,0*

Mole ratio Possible formula

U(VD):C,0,27:0,>~

53.37 19.54 7.22 7.95 11.92

1:1:1 (NH4)2[UO,(02)C,04(H,0),]-H,0

# Calculated from the formula.
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estimated by the photochemical reduction with alco-
hol [5] and oxalate and peroxide by volumetric titra-
tion with standardised cerium(IV) sulpahate [6,7]. The
water content was determined by the difference and
from the thermal data. The results of the analyses are
shown in Table 1.

3. Results and discussion
3.1. Thermal studies

3.1.1. Thermogravimetric analysis (TGA)

The thermogram of ammonium dioxodiaquaperox-
yoxalatouranate(VI) hydrate and the data obtained
from it are given in Fig. 1. The TG curve shows that
the loss of water took place in two steps. The first was
the removal of crystal water of crystallization which

corresponds to a weight loss of 3.31% (at 59.3 °C)
compared to the calculated value of 3.75%. The
second was due to the loss of the two molecules of
coordinated water corresponding to 12.67% (at
97.3 °C) of the total weight loss (ca. 11.25%).

The steepness of the weight loss curve between 97.3
and 232 °C indicated a significant weight loss which
may be attributed to the formation of a carbonate
intermediate.

The anhydrous intermediate product, which is pos-
sibly ammonium dioxoperoxyoxalatouranate(VI)
(NH4)>[UO»(0,)C,04] was assumed to be thermally
unstable and hence underwent decomposition at the
above temperature range to give (NH,4),CO5-UOj; [5].
This intermediate was possibly a mixture of ammo-
nium carbonate and uranium trioxide, the later being
unstable under the condition, may decompose to
ammonium uranate [8]. The ammonium uranate
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Fig. 1. TG/DTA curve of ammonium dioxodiaquaperoxyoxalatouranate(VI) hydrate.
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decomposes to oxides of uranium with variable com-
position. The observed oxide is probably UO3; which
further reduces to UsOg as reported earlier [9,10].

3.1.2. Differential thermogravimetric analysis (DTG)

The DTG curve of ammonium dioxodiaquaperox-
yoxalatouranate(VI) is also shown in Fig. 1. From the
figure it is evident that there are two adjacent peaks
corresponding to a two-step dehydration of the com-
plex. The first peak having AT, at 88.6 °C and a
shoulder at about 49.6 °C indicates the formation of
the anhydrous product. The second significant loss at
208 °C is attributed to the decomposition of the later to
(NH4),CO3-UOs;.

3.1.3. Differential thermal analysis (DTA)

The DTA results of the compound are also shown in
Fig. 1. From the DTA curve it is evident that the
endotherm with AT, at 88.6 °C and a shoulder at
53.9 °C indicates a two-step dehydration of the com-
plex. The DTA thermal responses correspond to the
loss of the crystal and coordinated water, respectively.
There is also an endotherm at 210.1 °C corresponding
to the formation of an unstable intermediate product,
which was possibly a mixture of ammonium carbonate
and uranium trioxide. An exotherm with a sharp peak
and AT, at 310.4 °C indicates the detachment of
ammonia from ammonium uranate [10].

3.2. Infrared spectra of ammonium
dioxodiaquaperoxyoxalatouranate(VI)

The IR spectra of ammonium dioxodiaquaperox-
yoxalatouranate(VI) hydrate and the products
obtained by heating the complexes at 90 and 250 °C
and cooled to the room temperature are given in
Fig. 2(A)—-(C) and Table 2 respectively. From the
spectra of the original complex it is noted that the
distinctly strong and sharp bands at 907, 723 and
606 cm™ ! have been assigned to the v(U=0) (trans-
linked O=U=0) [11], v(O-O) (the peroxy modes) [12—
21], and v(U—0,) respectively. The peak at 606 cm "
also indicates the presence of crystal water [22]. The
definite presence, shapes and positions of v(O-O) and
the complementary v(U—O;,) modes in the regions
stipulated by the presence of triangularly bonded
bidentate peroxide led to the inference that the
0>~ group is bonded to the UO,*" center in a

triangular bidentate (C,,) manner. The IR modes
due to the coordinated C2042* ligand (at
1634 cm™ ") are quite straight forward and unequivo-
cal show the presence of a chelated oxalato group [22—
25]. The v(O-H) and 6(H-O-H) bands in the IR
spectra of the compounds resemble in their shapes
and positions those generally observed for the coor-
dinated water [26,27]. Nevertheless, results as well as
the loss of water as evident from the pyrolysis studies
suggest that the water molecules in the complex occur
both as lattice and coordinated water.

A very strong absorption at 3499 cm ™' corresponds
to the stretching mode of [28]. Similarly, a very broad
and very strong absorption at 1634 cm ™' may be due
to the bending vibrations of H-O-H [29] and asym-
metric stretching vibrations of C=0 [18-20]. More-
over, the presence of a very broad and strong
absorption at 3171 cm ™" is assigned to the stretching
mode of vibration of N-H indicating the presence of
ammonium ion [30].

There is a similarity in the spectra of the original
complex and the first decomposition product suggest-
ing that the water only is removed from the former.
The difference in the shape of the bands at around
3500 and 1600 cm ™' regions clearly indicates this.
On the other hand, the spectrum of the second
decomposition product shows that some of the char-
acteristic bands of the original complex and the first
decomposition product are missing. Particularly lack
of significant peaks in the lower frequency region
(~600 cm™"), which are supposed to be due to the
stretching modes of vibrations of the —O—O- and the
U-0O, linkages is suggesting that the original com-
plex has undergone step-wise decompositions. How-
ever, the band assigned to the v(U=0) appears to be
more intense in both the decomposition products as
compared to the original complex indicating the
possible transformations of the uranium—oxygen
linkage. The broad bands in the range of 3500-
3000 cm ™' for the decomposition products may be
due to the absorption of moisture from the atmo-
spheric air combined with the N-H stretching modes
of vibrations.

3.3. X-ray diffraction data

The X-ray diffraction data of ammonium dioxodia-
quaperoxyoxalatouranate(VI) and that of the product
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Fig. 2. (A) Infrared spectrum of ammonium dioxodiaquaperoxyoxalatouranate(VI) hydrate; (B) infrared spectrum of ammonium
dioxodiaquaperoxyoxalatouranate(VI) after heating to 90 °C; (C) infrared spectrum of ammonium dioxodiaquaperoxyoxalatouranate(VI)
after heating to 250 °C.

obtained after heating the original complex to 90 and The data cited in the table clearly shows that the
250 °C and cooling are given in Table 3 along with heated product obtained at 90 °C is a single com-
those of uranium(VI) oxalate and ammonium oxalate pound and not a mixture of ammonium and uranyl

for the comparison. oxalates.
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Infrared absorption data of ammonium dioxodiaquaperoxyoxalatouranate(VI) and the decomposition products®

Complex

Band assignment

Original (ecm™h

Heated at 90 °C (cm™)

Heated at 250 °C (cm™")

3499 sp
3171 b, s
1634 m

1437 vw

907 sp, s
723 m
606 b, w

3450 sp, s
3230 b
3110 b
1640 sp, s
1535 m
1500 m
1460 w

900 sp, s

Vas,s(H_O_H)
vas.s(H_O_H)

3200 vb vN-H
vo(C=0) + o(H-O-H)

(C=0) + §(0-C=0)

1650 sp, m v4(C—0) may be due to CO3>~
1350 w v(C—0) may be due to CO5>~
950 sp, s v(U=0)

W(0-0)

W(U-0,)

#b: broad; m: medium; s: strong; sp: sharp; sh: shoulder; w: weak.

The complex was also heated to 250 °C and main-
tained at this temperature for half an hour. The
product obtained in this manner was tested for the
presence of carbonate by the usual acid test. The result

Table 3

of this test indicated the presence of carbonate in the
product.

On the basis of the above thermal data, the com-
pound was represented by the structural formula

X-ray diffraction data of ammonium dioxodiaquaperoxyoxalatouranate(VI) and the product after heating it to 90 and 250 °C compared with

uranium(VI) oxalate and ammonium oxalate monohydrate

NH,4* complex Complex heated to 90 °C Complex heated to 250 °C UO0,C,04 (NH4),C,04-H,0
6.249, 6.320,

5.869, 5.0982, 5.2354
4.225, 4.2823, 41714 4.87¢ 4.380;
3.422,4 3.4748, 3.445¢ 4.57¢
3.393, 3.7263,4 3.3106 4.46, 3.256¢
2.947, 2.8254 2.666,
2.488, 2.4409, 2.142;5
2.359, 2.3708,
2.231, 2.1654, 2.041,
2.015, 2.0239, 2.008,
1.966, 1.9323, 1.866; 1.8705

2.6275, 1.749, 1.750,

1.8470,

3.2031, 1.408,

2.0858; 1.357,

1.9126,

1.7501, 1.594, 1.668,

1.2887,

1.4833, 1.7945 1.696,

1.3389,; 1.4614

1.4370,

2.7085,

1.6338,

1.5121,

1.3661,
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(NH4)2[UOz(Oz)C204(H20)2]H20 Based on the
results of these investigations the following thermal

dec

omposition mechanism is proposed:

(NH,),[UO,(0,)C,04(H,0),] - H,0

3

5

9

~300—~600°C
—

0—-53.9°C
= (NH4),[U0O2(0,)C204(H,0),]

3.9-97.3°C
277C(NHL),[UO,(0,)C,04]

7.3-232°C 232-300°C

= Y(NH,),C0s - U5 =" “(NH,), U0,

~650—~950°C
—

UO0; U30g

and overall:

(NH,),[UO,(0,)C,04(H,0),] - H,0

— (NH4)2UO4 + 3H,0 + 2CO,

The literature [31] suggests that uranyl ion (which

has

a linear structure) has conventionally been

assumed to be the center of the complex, as it does

not

take part in the inner-sphere substitution reactions

and remains unchanged. Besides, uranyl ion exhibits

Six

coordination. Hence, it can be concluded from the

results of the above investigation that the complex has
an octahedral structure with composition

(NH3),[UO;(0,)C,04(H;0),] - H,0
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