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ABSTRAK

KOMPLEKS URANIL KARBONAT DI DALAM SISTEM LINGKUNGAN
TERBUKA DAN TERTUTUP 'DITINJAU DARI SUDUT KIMIA ANALITIK..
Diterangkan perubahan konsentrasi ion C~ ~-di dalam air alam pada lingkungan terbuka dan
tertutup berasal dari gas C(h yang terdapat di udara terhadap pH larutan. Reaksi antara kation
U0,%+ dengan anion CO3 juga diterangkan dengan menggunakan perhitungan, perbandingan
antara masing-masing species kompleks uranil karbonat terhadap nilai totalnya. Perangkat
lungk Lotus 123 release 2,4 digunakan untuk menghitung masing-masing molfraksi dari
masing-masing spesies kompleks uranil karbonat terhadap pH larutan. Didapatkan bahwa
spesies kompleks uranil karbonat di dalam air alam pada lingkungan terbuka pada kondisi
asam lebih sederhana dibandingkan dengan di dalam air alam pada lingkungan tertutup.
Sebaliknya kompleks uranil karbonat di dalam air pada lingkungan terbuka dan dalam
suasana basa kandungannya lebih sederhana daripada di dalam air alam pada lingkungan
tertutup.

ABSTRACT

URANIL CARBONATE COMPLEXES IN OPEN AND CLOSED ENVIRONMENTAL !
SYSTEM FROM ANALYTICAL, CHEMISTRY VIEWPOINT. Variation of COt ion

concentration from CO2 gas originated from atmosphere, in natural water in an open and .

close system versus pH of the solution is described. Reaction between U02% cation with
CO032~anion is also described by using calculation, comparison of each species of uranyl
carbonate complexes to its total values. Each mol fraction of uranyl corbonate complex
versus pH of the solution is calculated using Lotus 123 release 2.4. It is found that uranyl
carbonate complexes species in natural water which is slightly acid in an open system is
simpler than that in a close system. On the other hand, uranil carbonate complexes species in
natural water which is slightly base is simpler in an open system than that in a close system.

INTRODUCTION atmosphere  because  chemical and

Carbon dioxide is an important element for  transportation industry are burning fossil
various processes, such as biological process fuel in large amount. The huge amount of
of respiration, biosynthesis and other. CO; in atmosphere can be understood from
Recently CO2 gas is rising rapidly in the green house effect and corrosion of
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steels which can become setious: problems,
espeaially in oil and petrochemical. industries.

Comparad . with other gasses; COp gas is
quite' soluble in water. Some of soluble CO2
gas in water willl react with water’ to form
cakbonic  acid. Concentration  of catbqn
dioxide in catbenic acid solutjon depends; on
the pastial pressure of catbqn dioxide gas; in
atmosphere.. A higher paxtial pressure of
casbon dioxide gas in atmosphere  will|
produce higher cocentration of C~ in
solution. So the chemical equilibrium of the
cakbonate system plays an. important role in
environments, for it will react with other
cation in  patwal  water, such as
Ca?+,U0p 2+,Ba’+ Festc.

Cakhonic acid in water will dissociate into
its amions and cations, in two steps. The
amount of cakh@nate ion in solution strongly
depends on the pH of the solution. H2CO03,
HC03 +and C~ 2-are not found in solution of
the same pH. The amount of [C03f in
solution is not determined only by pH of the
solution, but it is also determingd by
properties of the system. Ia an open system,
the concentration of [Co3F is higher  than
that in a close system, because CO2 gas is
always supplied by the atmosphere. O the
other hand CO, gas in a close system is
limited.

Uranium,, is an element wich has many
oxidation states (+3,+4,+5 and +6), in which
+3 and +5 states are unstable, +4 is less stable
in the aix, and +6 state is stable. Uranyl ion,
U022+ with oxidation state +6,

is glways
found in urapjum migerals, such as in
carnotite K2(U02h(V04h.3H20,

ruthesfordine  U02C03  etc.  Rutherfording
U02C03 mireral_is slightly soluble in water.
Sea and ground water always contain.
uranyl ion or uranyl carbQnate complex.
These are caused by uranyl ion which has a
strong tendency to form. cathonate complexes
in catbonate  media,, uranyl  catbonate

complexes such as U02(C03h2-, u02(Coz )3*

The relatively strong complexes of uranyl
ion with catbonate can be seen fiom the
values of log
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- log _~2 and log ~3 of U02C03,
u02(Co3h%-., u02(cozh* The
concentration ~ of uranyl ion or metal and
complex ion in water is governed | by pH of
the solution.

This  paper will discuss of uranyl
cakbonate and its complexes in an open and
close system in vakying pH value by use of
Lotus 123 as a tool for the calculation

which is based on -1 ~2and ~3values.
THEORY
Most  commonly  used  equilibrium

between cathbanate species and hydrogen is

Henry's  constant,, which is witten as
follows

CO2(gas) -~ CO2(sol)  k=ky=10""
Where khis Henry's constant

CO2(gas) + H20 -~ HzCO; K,=10-28
H,C0; — W + HCO3- K=10-35
H2C03 -~ W + HCO3- K,=10-03
HCo3- -~W + Ccog® Ka2= 10-103

Figure 1 shows the effect pH vatiation on
mole faction of each catbonate ions. It can
be seen that H,CO3 predominantly existy in
a solution with pH less than 6. For pH
under_ 4, the amount of [HCO3l and
[Cng in solution are very low and they
can not be seen in mole fraction as seen
figure 1 above. [HCo3l  exists
predominantly in a range of 6 to 8,5. In this
range, H,C03 is decreasing drastically. In a
range of 10 to 14, [CO31 is predominant,
while [HCOsI" is decreasing and H2CO03 is
almost nothing.

The amount of [C03)2- is necessary ' to
know because it will affect the results of
reaction of uranyl and carbonate ion. For
calculating [C~t concentration in open
and close systems, the value of notmal
atmosphere is used. In notmal atmosphere,
the air contains 10-3s atm. C~, while its
equilibrium with CO» (sol) can be obtained |
fiom. Henry's constant above, [H2C03) =
[CO, (sol)) =ktPeoz = 10-15x 10-° M,
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As_mentioned above that the amount of
[Cng in solution is not determined only by
pH of the solution,, but also by properties of
the system. Figure 2 shows that in an open
system, cakbonate species in solution are
always in equilibrium with CO2 gas, so it is
reasonable to take the concentration of
H2C0s to be 10-° M. For others species, —such
as CO03 and HCOz they can. be calculated as

follows.
HoCO, - HCO3- +Ht

kal = [HI| [HCOs11 [H2C03] (1)
HCO; - C0s2- + H

ka2= [HI] [CO3)/ [H2C03]  (2)

Since in an open system, the concenttation of
H2CO03 is always constant at 10-°> M, then the
concentration of [HCOs will be 10-°x Kal /
[H] and log [HCOz =-5- pKal + pH =pH
- 11,3. This equation produces a straight line
for [HCOs versus pH as shown. in figure 2.
Similary, for [COs; concentration which can
be calculated from eq 2 gives log [CO3 = -5 -
pKal- p~ + 2pH = 2pH - 216. This
equation  also produces a straight lige for log
[COs1 versus pH as shown in figure 2.

In a close system, catbanate system follows

the normal acid which dissociaties into 2
species, HCO03- and CO/-respectively.
H2C03 ~ HCO0s3 +H"
kal = [H'] [He03])/ [H2CO03]
HC03, ~ CO03 + H"
ka2= [H"]] [CO3]! [H2CO03]
If the total concentration of cakbqnates is 10-°

M, the amount of [Cost 5 [HCO3I" and
H2CO03; then can be calculated. Based. on the

mass balance, the total [COs; is Crcoz =
[H2C03] + [HCO3) + [CO3 = 10-°.
The lines for each of the C~ species can.

be dxawn by using the following expression.

[H2C03] = Crcoz (1/(1 +Kad[H]| +

Kal Ka2/[H19).......... ....(3)
[HCO03] = CTem (U[H] /Kal +
L+ K@2/[H v, n(®)
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[CO3] = Crcos (U[H]2 / Kal Ka2+

[HY Ka2+ 19)..cceennn.... ®)

From Figure 2, it can: kaown  as following.
The amount of [Cost in an open system
increases linearly and rapidly for the range
of pH 1-11, while for pH > 11 it remains
constant. . If there are some uranyl ion in an.
opened and close system, uranyl cakbanates
and ity complexes would be produced,, for
uranyl and catbanates ions will react to
form uranyl catbqnate figst.. Since uranyl
catbqnates . will also, react with other
cathanate ion to form_uranyl complexes, the
result of those: reactions are not simple. As
mentioned . above, the form and the
concentration or mole fraction of cakbqnate
ion depend on the pH of the solution,, the
reaction . between uranyl and catbonate ions
depends  on pH of the solution too. For
foeming complex reaction between uranyl
and catbqnates ions, it has to have enough.
uranyl and cakhQnates ions: in the same
solution. The amount of each complex can
be calculated and it is based on the
chemicak_ equilibrium . of the reaction below.
Chemicak!| reaction between uranyl and
cath@nate ions can be wtitten as follows.

U022+ +C~ 2- ~ U0zCO03

-1 =1010._.. .........(6)
U02CO, + CO, 2-~ U0p(Cozh 2-
2=10" ... @)
U02(CO5 22-+ C~ 2-~ U02(CO3) 3a-
=102 8)
where  ~ = Summed Formation Constant
K = Stepwise: Formation Constant, ,
and
-1 =ki
~2=kl x k2
-3 =kl x k2x k;

RESULT AND DISCUSSION

The effect of pH on the H2C03 amd its
ions:

Natwrall water containing catbonates and
nuanyl ions; will react to form. uranyl




canbonate, through a simple reaction. Uranyl
carbonate forms a complex with another
carbopate ions, but through complex
reactions, because the result is the sunbstance
which is not simple and has a negative
charge. If carbonate ion is more than enough
in the solution containing uranyl carbonate
complex, it will produce another uranyl
carbonate complexes. That result is a
substance which has 3 ion carbonates and one
uranyl ion and has negative charge. As is seen
in the egs (6,7,8) the uranyl carbonate and its
complexes strongly depend on the amount of
(COs- in open or close system.

Based on the atmosphere normal condition
the amount of species (RCOsI" and (003| are
found from very low concentration ti high
concentration. The comparison between them
can be seen in figure 2, the same amount of
H,CO; in close and opene system as a source
‘of (C03)2- does not produce the same amount
of (C03)2- . Concentration of (C0O3)2- does not
dependent on the pH ofvthe solution, but also
is dependent on the kind of the system.
Concentration of (cosl in close system is
higher than in opene system for pH 1- 6, but
the opposite is happened for pH 7-14. From
Figure 2, it can be seen the (C~ 2% produced
at pH = 8 in open system is about 10-° and in
close system is about 10-", meanwhile at pH =
11, the (COs 2) in open system has a
concentration close to 1, while, the (C0g3)2- in
close system has a concentration 10-6. The
difference in concentration of (C03)2- which
is significantly high, will affect the resuylt of
the reaction between uranyl cation and
carbonates to from uranyl carbonate and its
complexes, because the amount of uranyl
complex in natural water depends strongly on
the concentration of (COgI - Since the
amount carbonate ion in natural water
depends on the acidity or pH of the solution,
so the result of the reaction between uranyl
and carbonates ion depends on the pH of the
solution.

In an open system, for example, at pH<4
uranyl carbonates has not formed yet, because
the concentration of CO; 2- is less than 10-*
as can be seen from Figure 2, carbonic acid

Widyanuklida« No.3 Vol.2, Agust. 2000:26-3:::

H,CO; and the uranyl ion predomint in the
solution. In a solution of the pH less than 4.
there is no reaction between H,CO® and
uranyl ion. Uranyl ion reacts with carbonate
ion, if there is enough (C~)2- in the
solution. In addition, if the (C03f
concentration is very low, the concentration
of (U02)2+ will be governed by the
solubility of U02C0s;. However, at higher
(Cng concentration, reaction of eq (6,7,8)
above are driven to the right and the total
concentration of dissolved (U02)2+ is
considerably greater than of (U0;)2+ alone,
then more complexes of uranyl carbonate
will be produced. The concentration of
uranyl decreases rapidly as pH increases
because there is reaction between uranyl
and carbonate ions to form simple uranyl
carbonate and complex uranyl carbonate. In
a solution of pH>4 uranyl carbonate is
formed, the maximum mole fraction is
reached at pH closed to 7. Complex U02
(COosh 2-is formed in the range pH 2 and
10, because the (COs; 2')concentration is
rising rapidly from 10 -125 to 10 -2. The
amount of U02CO; decreases for neutral
condition, exactly at pH>6,6 and at pH=9,
the solution practically is run out of
U02C0s.  On the other hand complex U02
(COsh 2-starts to form and it has achieved
to maximum mole fraction at pH 8. The
utmost complex of U0,(CO;h . starts to
form at pH 6.5 and it has achieved to
maximum at pH 10 as can be seen at Figure
3 below.

Uranyl ion has completely reacted with
carbonates at pH 7.4 as can be seen in
Figure 3. In the range of pH 4 and 10 there
are 4 species of uranyl-carbonates,
meanwhile in the range of pH> 10 almost
all uranyl and carbonates is in the form of
U02(C03)3 4-. A solution coanting uranyl
and carbonate ions will produce complex of
uranyl carbonate, its complex can be
determined in simple uranyl carbonate,
simple uranyl carbonate complex or really
uranyl carbonate complexes.
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Effect of colsed system for the form of
uranyl carbonate complex,

Since the amount of carbonates in glose and
open systems are different, it causes different
in the distribution of uranyl carbgnates
complex. Both the chemical reagtion
calculations between uranyl and carbgnate
ions in close and opensystem are the same but
the result are different; because the amount
of carbonate ions in open and close system
has the same pH is different, If the amount of
carbonates ion in open and closed system are
the same, it will be produced the same
amount of uranyl carbonate complex. Sipce
the calculation nethod and the -n ~2and J33
values are the same, so the result shoyld bg
same.

All the calculations are based on the mass
balance and total analytical concentrgtion,
The mass balance eqution of U02, ip the
u02 containing  substances  is
{U02]+[U02C03]+[U~(C03n]+[U~(C03)3]
= C total of U02

Each of the species of uranyl complex is
then compared to the total concentration of
uranyl complex. The result of that comparisgn
is called mole fraction of each species, that is
[ UO2 ;1 C total of U02, mole fraction of
[U02C03] is [U02CO03] IC total of U~ .
Reaction between uranyl and carbgnate with
the known equilibrium abgve, for example,
which is sum of the total concentration
‘uranyl, uranyl complex. It can be written as (1
+ 1010x [CO3] + 1017x [CO3f + 10 216 X
[CO3r.. Each mole fraction of the uranyl
complex can be seen in Figure 4.

The distribution of wuranyl carbgnate
complex in Figure 4 is not similar to that in
Figure 3 even the amount H,CO3 is the same.
That means the distribution of wuranyl
carbonate complexes U~(C03n - in bgth
systems are not the same. In addition, the
range of formation of uranyl carbgnate
species is wider in Figure 4 than in Figure 3.
Simple Uranyl Carbonate has been formed at
pH<2, meanwhile ill the opened system
uranyl carbonate is formed at pH<4. Spggies
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of uranyl carbonate complexes U~(C03h

2 is formed at pH = 4.6 until pH = 14 and
uranyl carbonate complexes U~(C03)3 u is
formed at pH 7.2 until pH = 14. Uranyl
carbonate complexes U0,(COJh -2 bgcgme
maximum at pH = 10 and it decreases
slowly as pH increases, meanwhile uranyl
carbonate  complexes  U~(CO03)3 4
increases slowly untul pH = 12, then
remains stable. In camparison, in open
system at pH = 8 there are3 uranyl
carbonate complexes, while in glose system
there are only two uranyl carbgnate
complexes. In contras, for pH more than 11,
in open system there is only one uranyl
catbonate complexes as U~(CO3h =,
while in close system there are two uranyl
carbonates complexes. In neutral solution
open system is more complicated than close
system, but in base solution, close system
becomes more complicated than in open
system. However, in acid solution, in open
system is simpler than in closesystem.

CONCLUSIONS

1. Based on the composiuon of uranyl
carbonates complexes, the source of
uranyl complex can be predicted.

2. The description of the above diagrams
are simple, since there are oply two
components used. For actual open and
close environmental systems which
usually have more than two
components, such as CI;, N03-, S04. »-
etc, the diagrams therefore will be
more complicated.

3. If other cations in environmental is also
considered as in forming uranyl
carbonate complexes, they woyld hgve
produced very complicated diagrams.

4. In a slightly acid solution,in open
system the composition of uranyl and
uranyl carbonate are it mixed, but it is
mixed in close system. In a slightly
base solution, on the contrary, the
composition of uranyl complexes are
more complicated in ¢losed than in
opened system due to concentration of
[CO4¥




REFERENCES

L

ROJAS-HEMANDEZ, A et al;
PREDOMINANCE-ZONE DIAGRAM
IN  SOLUTION CHEMISTRY, L
CHEM.EDUC 1995No 12 1099-1105
CHOPPIN, GREGPRY R ASPECT OF
NUCLEAR WASTE DISPOSAL OF
USE IN TEACHING NASIC
CHEMISTRY. 1. CHEM.EDUC 1994 No
10826-829

NISHIMURA, R et al; CORROSION
BEHAVIOUR AND HYDROGEN
CONTENT OF CARBON STELLS IN
CO; ENVIRONMENT; MATERIAL
SCIENCE RESEARCH
INTERNATIONAL 1996, No 4 254-260.
MACCA, C; UPTAKE AND LOSS OF
CARBON DIOXIDE IN VOLUMETRIC
ANALYSIS 1. CHEM.EDUC 1986 No 8
691-693

SNOEYINK,V.L and JENKINS D;
WATER CHEMISTRY. JOHN WILEY
& SONS, NEWYORK 1980.

Widyanuklida « No.3 Vo1.2, Agust. 2000:26-32

31



0.4r

S0a=00=T @=0

Figure 1. mole fraction of catbanate ions as a function of pH
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Figure 3 : Distribution of complex uranyl catbanates vs pH in opened system.
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Figure 2. Logasithna. of species HCO3 - and COs* versus; pH in open and close system
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Figure 4 : Distribution of complex uranyl cabenates vs pH i close system
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