Commun. Fac. Sci. Univ. Ank. Series B
V. 33, pp 48-52 (1987)

SPECTROPHOTOMETRIC INVESTIGATION OF COMPLEX
FORMATION

Part I. UOy2+ Complexes of Some Substituted Salicylic Acid in Aqueous
Solution.

FAISAL N.K. AL-OBAIDI and HUSSIN AM. SALEH
Department of Chemistry, College of FEducation, Salahaddin University, Arbil- Iraq

(Received May 10.1985; accepted November 11.1985)

ABSTRACT

A study of the interaction of uranium as uranyl ion with salicylic acid and 3-methoxy,
5-chloro, 5-nitro, 4-methyl and 4-iodo salicylic acids has been carried out spectrophotometri-
cally, It was found that UQ,2* forms 1:1 complex only under our experimental conditions.
Stability constants have.determined at 25°C in. aqueous solution. The results also include the
correlation of the stability of these complexes with those of respective proton complexes.

INTRODUCTION

Salicylic acid and its substituted (F,L) can form strong chelate
compounds with metal ions, and by using Bjerrum method (1941)
Perrin (1958) reported the stability constants of many metal complexes.
U0,2* ion is known to form complexes with salicylic acid and its deriva-
tives and use of this tendency has been applied in analytical chemis-
try (Irving 1956). Complex formation between UO,(1T), Cu(II), Ni(II),
Co(II) and Be(II) with 2,4~and 2,5-dihydroxy benzoic acid have been
studied in aqueous—dioxan medium, and observed a linear relationship
between the logarithm of stabilities of metal ligand and proton ligand
complexes (Vartak et. al., 1971), Foley and Anderson (1949) have shown
the existence of only a 1:1 uranyl-sulphosalicylate complex in aque-
ous solution. Same conclusion has been reached by Rajan and Martell
(1964) for the same complex.

In the case of free ligand an intramolecular hydrogen bonding is
expected (intermolecular hydrogen bonding should not be excluded).
Branch and Yabroff (1934) suggested that hydrogen bonding stablise
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the anion much more than the undissociated molecule, and it requires
coplanarity with the benzen ring for its existence (Bary et. al., 1957).
Accordingly, hydrogen bond would increase the acidity of the ligand,
and on the other band it would hinder the interaction with the U022+
ion in chelation. Another factor which affects the acidity of the ligands,
is due to the electron withdrawing properties of the carboxylic group
(Powel and Russell, 1977). In other words, the acidic hydrogen of
carboxylic group which released from dissociation would tend to
interact with the hydroxy group, weaking the coordination (Liu, 1961).

THEORETICAL
The expected equilibria to be occured in the solution are:
H,L = HL- + H*
HL- = L2- + H+
U02* + H,L = UO,L + 2H+
U0,** 4 HL- = UO,L + H*
U022 4 L~ = UO,L

The above equilibria can be described in terms of thermodynami.cA

equilibrium constants : : , .
K, = £;2 (HL) (H")/ (H,L) G
K, = £, (127) (H¥)/ (HL) | @)
Fy = £,2(U02) (H)?/f, (U0,2) (H,L) . 3)
F, = (UO,L) (H*)/f, (UO2Y) (HL") | (4)
S = (UO,L)[£;? (UO2H) (L) (5)

where £}, f, are the activity coefficients of the singly and doubly charged
species. The above equilibrium constants can be related to each other
by the following equations:

F, = F, x K, (6)
F, =8 x K, (7
S = F,;/K|K, : (8)

Let:
B m = The total concentration of. U0,(CH;C00),
~a: = The total concentration of H,L (Ligand)
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= The concentration of free hydrogen ion (H*)

C = The concentration of the complexed uranyl ion (UO,L)

Then we have:
m = (U024 + C (9)
a = (HL) + (HL9) + ¢ (10)
(L?7) is negligible in the (pH) range studied.

From equation (9)

(U02) = m - C (11)
Combining equations (9), (10) with equations (1), (4) gives

(HL7) = K, (a-C)/ (bfi2 + Ky) (12)
(H,L) = hf;2 (a-C)/ (hfi2 + K) (13)
a/C=1+h (bfi2 + K,)/FKf(m-C) (14)

From Lambert-Beer law, and for cell of 1 cm path length:
- D/l= Eyg, (U02*) + Em,i (H,L) + Egg, (HL-) + EC

where D is the optical density of the solution, and E is the molar ex-
tinction coefficient of the complex and other species.

Substitution of (UO,2*), (H,L) and (HL-) from the above equations
into (15) and simplifing:

D/l = m EU02 + au + C (}Z'—J—:Eu'o2 - u) (]_6)

where u = (Em,1, hf;2 + EmiK;)/ (bf;2- K,) (17)
The optical density was measured at a certain wavelength where the
complexes absorb, and in this case Eyg, = u = 0, and equation
(16) can be reduced to:

D/1 = EC (18)

By substituting C from equaticn (18) into equation (14) and simplifies:
m/D = 1/El + 1/EIlF, (b(hf;2 + K,)/fy(a-D/EL) (19)

In the determination of stability constants the variables, h, 1, m and a
were arranged in such a way to maximize the accuracy in the optical
measurements.
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RESULTS AND DISCUSSION

The formation of a complex between UO,2* and salicylic acid was
confirmed by the change in colour. The solutions used were very diluted,
so the formation of any pelynuclear species could be ignord (Bartusek.
1967). The 1:1 complex was formed in the pH range (3-4.7) where therc
is no precipitation or hydrolysis been observed. There was no prec-
tipitate formed in the metal complex titration in similar studies
(Jahagirdar and Khanolkar, 1973). Also no hydrolysis has been reported.
up to pH 9 by Baunks and Sing in UO,-5-sulphosalicylic acid system
(Banks and Sing, 1960).

A certain quantity of standart solution of a given salicylic acids
were mixed with different amounts of solutions of CH;COOH, NaOH
and CH;COONa. A fixed excess of a standard selution of (CH;C00),
U0, were added together with the required quantity of water in order
to keep the ionic strength constant. The optical densities of the solutions
were measured at wavelength (475 nm).

By assuming that b == (NaOH), p = (CH;CO0H) and q = (CH;
COONa), then (CH3007)=2m + p + q and (Nat)=b + q. By
applying the electroneutrality principle and providing that both (OH-)
and (1.27) are negligible then:

(HL) +2m +p -+ q=h 4+ b 4 q - 2 (UO,2Y (20)
combining equations (11), (12), (18) and (20) yicld:
b2 £;2 4+ h (K| + 2 (b-p-2D/ED) + K, (b-p—a-D/El) =0 (21)

value of h can be determined from above equation. The jonic strength
can be calculated by:

I=h+b+4+ q+ 3 (m-D/E] (22)
Davies equation (1962) was used ir the estimation of activity coefficient
—logof, == 0.5 Z2 ((105/ (1 - 105)) — 0.31) (23)

Equation (19) can be solved by means of the method of least squares
for the approximate values of E and F,, where the expression (a-D [ El)
was intially replaced by a. Approximate values of D/ El and a -D/ El
were found, and an accurate values of h and I computer by means of
equations (21) and (19) respectively.
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Table (1) shows the result of calculation for the uranyl 5-methoxy-
salicylate complex. The other constants for all six complexes calculated
in the same way and summerized in table (2).

Table 1. Stability Constant of ['ranyl 5-Methoxy Salicylate

A= 475nm,1 = 1 em, a = 1.787 x 10~ mrie/ 1,

m x 103 hx10°

(mole/ 1) D (g.ion/ 1) Xx 103 Yx 103
1.224 0.452 - 3.137 5.159 2.708
1.071 0.420 3.201 4.926 2.550 \
0.918 0.380 2.7117 3.862 2.415
0.765 0.332 2.650 3.466 2.303
0.612 0.273 2.469 2.946 2.241
0.306 0.150 2.095 2.109 2.039
0.152 0.078 2.093 1.936 1.954

S = 17.4066 x 10'2 logS = 12.867 = 0.058

¢ = £ 0.003 E =562 3= 4

x = 07+ K)o Y = m/D

f,(a-D/E)])

The stability constant of a first (1:1) metal ligand complex can be
related to the logarithm of the acid dissociation constant pK of the
corresponding ligand (22), (23). The general form:

log S = ApK + B : (24)

where A and B are constants, which first used by Bjerrum (1941) and
much discussed by Martell and Calvin (1952). The above linear relation
has been found by many workers (Jones 1958, Calvin 1945, Ernest
1963). (6) to hold for metal complexes of a series of closely related ligands.
Bartusk (1967) has drawn linear plots between formation constants
of uranyl complexes and the acidity of phenolic ligands. Equation (24)
has no general validity, where ligands of different character are com-
pered; and in most cases the slopes different from unity. The slope
could only be unity if the changes in partial molar free energies of the
metal-ligand and proton-ligand complexes compensated one another
exactly. The deviation from unit slope can also be explained in term
of n-bonding (Yousif 1980; Jones, 1958). The slopes will be greater
than unity if the metal ion has m—acceptor properties, and smaller than
unity if it has =—donor properties.
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Figure (1) shows a fairly statisfactory linear relation, (whose slope
is 1.04) this was obtained by using the method of least squares to the
data given in table 2. Since the slope is approximatly unity, it is indi-
cated that the metal complexes and the proton complexes have been
affected to the same extent by substitution.

. . n 13 pK2 15
Fig.1. Relationship between logS and pK,

EXPERIMENTAL

All chemicals such acetic acid, sodium hydroxide, and sodium
acetate were of analytical reagent grade. Salicylic acid and 5-methoxy,
5—chloro, 5-nitro and 4-methyl salicylic acids were obtained from
(Aldrich), and 4-iodo salicylic acid was synthesized from 4-amino
salicylic acid using (Sandmayer-reaction) (Dunn 1966). All the subs-
tituted salicylic acids were recrystalized and their purity was checked
before their use. Standard solutions of acetic acid were prepared an
standadized against sodium hydroxide (Vogel 1961). Uranyl acetate
was supplied by Merck Measurements of optical density at 25°C were
made with a Pye-Unicam SP-8800 spectrophotometer.



52 FAISAL N.K., AL-OBAIDI AND HUSSIN A.M. SALEH
REFERENCES

BARTﬁSEK, M., J. Inorg. Nucl. Chem. 29, 1089, 1967.

BARY, L.G., DIPPY, J.F., HUGHES, S.R. and LAXTON, L.W., J. Chem. Soc. 2405, 1957.
BANKS, C.V. and SINGH, R.S., J. Inorg. Nucl. Chem. 15, 125, 1960

BJERRUM, J., Chem. Revs. 46, 381, 1950.

BJERRUM, J., Metal Ammine formation in cqueous solution. P. Hasse, Copenhagen (1941).
BRANCH, G.E. and YABROFF, D.L., J. Am. Chem. Soc. 56, 2568, 1934.

CALVIN, M. and WILSON, K., J. Am. Chem. Soc. 67, 2003, 1945.

DAVIES, C.U., Ion Association, Butterworths, London, 1962.

DUNN, G. and KUNG, F., Cand. .J. Chem, 44, 1261, 1966.

ERNST, Z.L. and MENASHI, J., Trans Faraday Soc. 46, 723, 1930.

ERNST, Z.L. and MENASHI, J., Trans. Faraday Soc. 59, 2838, 1963.

FOLEY, R.T. and ANDERSON, R.C., J. Am. Chem. Soc. 71, 909, 1949.

JAHAGIRDAR, D.V. and KHANOLKAR, D.D. J. Inorg. Nucl. Chem. 35, 921, 1973.

JONES, J.G., POOLE, J.B., TOMKINSON, J.C. and WILLIAMS, R.J., J. Chem. Soc. 2001,
1958.

HOK - BERNSTROM, B., Acta Chem. Scand. 10, 163, 1956,
JRVING, H. and ROSSOTTI, H., Acta. Chem. Scand. 10, 72, 1936.
LIU, C.H., J. Am. Chem. Soc. 83, 4169, 1961.

MARTELL, A.E. and CALVIN, M., Chem. of Chelate Compounds, Prentice - Hall New York
1952.

PERRIN, D.D., Nature. 182, 741, 1958.

PERRIN, D.D., J. Chem. Soc. 3125 1958.

POWELL, H.K. and RUSSELL, J.M., Aust. J. Chem. 30, 1467, 1977.
RAJAN, R.S. and MARTELL, A.E., J. Inorg. Nucl. Chem. 26, 789, 1964.

SALEH, H.A., M. Sc. Thesis. 1981.

SCHWARZENBACH, E., ANDEREGG, G., SCHNEIDER, W. and SENN, H., Helv. Chim.
Aecta. 38, 1147, 1955.

VARTAK D.G. and MENON, K.R., J. Inorg. Nucl. Chem. 33, 1003, 1971.
VOGEL, A.L., (Text Book of Quantitative Inorganic Analysis( 3rd edition London, 1961 p. 242.

YOUSIF, Y.Z. and AL-IMARAH, F.J., J. Inorg. Nucl. Chem. 42, 779, 1980,





