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ABSTRACT

Speciation of Co(ll), Ni(ll) and Cu(ll) complexestiw5-Sulfosalicylic acid (5-SSA) in the presendeNo N'-
Dimethyl formamide-water mixtures(0.0-60% v/v) mfi@nic strength of 0.16 mol dhand temperature 303 K were
investigated pH metrically. The existence of déiferbinary complex species was established fronetimgdstudies
using the computer program MINIQUAD75. The increaseability of the complexes with increasing DMFswa
explained by electrostatic forces. The influenc¢hef DMF on the chemical speciation is discussesebeon the
dielectric constant of the medium. Distribution gtiams of various species of the complexes in maib pH are
presented.
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INTRODUCTION

The toxicity, bioavailability, bioaccumulation, ldegradability, persistence, mobility, solubilityiteactability and
many other critical properties depend on the fond mature of the chemical species [1-3]. Bioavditgtof metal
ions depends on either in Free State or in bindtate or in complexation state with various couostits present in
the requisite amounts during biological reactidrtse changes in various constraints like changeHintemperature
and ionic strength cause change in complexatiomehof metals and binding state. So complexatian signify
the bioavailability of the metal ions in various$ystems [4, 5].

Speciation analysis, the determination of the cotreions of separate and unique atomic and maedalms of
an element instead of its total concentration ga®ple is important in human biology, nutritiorxitmlogy and in
clinical practice [6-8]. On the other hand, speomprofoundly influences both the toxicity and dilability of an
element. The speciation study of toxic and esakentetal ion complexes is useful to understandohe played by
the active site cavities in biological moleculesl éime bonding behavior of drug residues with théaimien [9, 10].
The species refined and their relative concentmatilmder the experimental conditions represenpdtissible forms
of drugs in bio-fluids.

Cobalt is essential for the production of red blgells. It acts as coenzyme in several biochenpicaesses. Cobalt
in the form of vitamin B12 is essential for animalitamin B12 is synthesized only by microorganisrirs
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particular anaerobic bacteria. Nickel is associatgth several enzymes [11-13] and any variation it
concentration leads to metabolic disorders [14]pfgeaw is largely rejected from cells but outside dedl, it is
essential for the metabolism of many hormones amthective tissue. The biological functions incluglectron
transfer, dioxygen transport, oxygenation, oxidatieduction and disproportionation [15, 16].

The aim of the present study is to understanddheaf metal ions at active site cavities in bidaecimolecules like
drugs, enzymes and proteins to know the effecti@édtric constant of the medium on the chemicacggion of
the title systems. 5-SSA has been taken as a ncodgbound for drug residues, since the dielectritstant at the
active site cavities is very small compared to #tatio-fluids, low dielectric constant is mimickbg using a water
soluble organic solvent like N,N’ Dimethyl Formarmai(DMF).

Among the different solvents, the H-bonded strueguof amides and their mixtures, especially withtewand
aliphatic alcohols have an important role in bidad systems, because the hydrogen bonds are iami@s a force
governing the structure and the dynamics of chdn@od biological system. In the case of amides, dipplar
aprotic solvent, DMF is unable to engage in N&=C hydrogen bonding with dialkyl substitution at nijem.
However, with water and alcohols DMF forms the C@and C=0O'H type H-bond interactions, which result in
the complex H-bonded network structures of theseesys.

MATERIALS AND METHODS

Materials

5-SSA (TClI, India) solution (0.05 mol) was prepared in triple-distilled deionised waigmaintaining 0.05 mol
L™* hydrochloric acid concentration to increase thelsity. DMF (Qualigens, India) was used as reeeiv2 mol
L sodium chloride (Qualigens, India) was prepareah&intain the ionic strength in the titrand. 0.1l ind aqueous
solutions of Co(ll), Ni(ll) and Cu(ll) chlorides we prepared by dissolving G.R. Grade (E-Merck, dhdialts in
triple-distilled water maintaining 0.05 mol*Lhydrochloric acid to suppress the hydrolysis otahsalts. All the
solutions were standardized by standard methodsis§ess the errors that might have crept into ¢hermiination
of the concentrations, the data were subjectednadysis of variance of one way classification [1B]. The
strengths of alkali and mineral acid were deterthinging the Gran plot method [19, 20]

Apparatus

The titrimetric data were obtained using EQUIPTRORI(Model EQ 614 A) pH meter (readability 0.01),ieth
was calibrated with 0.05 mol”Lpotassium hydrogen phthalate in acidic region @d mol L* borax solution in
basic region. The glass electrode was equilibrate@ well stirred DMF-water mixture containing theert
electrolyte. All the titrations were carried out ihe medium containing varying concentrations of Biater
mixtures (0.0-60% v/v) by maintaining an ionic sigéh 0.16 mol [* with sodium chloride at 303.0 + 0.1 K. The
effect of variation in asymmetry potential, liqujdnction potential, activity coefficient, sodiumnocerror and
dissolved carbon dioxide on the response of glestrede was accounted for in the form of corracfiactor [21].

Procedure

For the determination of stability constants of aigand binary species, initially titrations ofr@eng acid with
alkali were carried out at regular intervals to dhehether complete equilibration was achievededch of the
titrations, the titrand consisted of approximat&lynmol mineral acid in a total volume of 50 mL.r&ttons with
different ratios (1:2.5, 1:3.75 and 1:5.0) of metaligand were carried out using 0.4 mol Bodium hydroxide.
Other experimental details are given elsewhereZ3p,

Modeling Strategy

The computer program SCPHD [24, 25] was used trutate the correction factor. By using the pH-netitration
data, the binary stability constants were calcdlatéth the computer program MINIQUAD75 [26, 27], ish
exploit the advantage of the constrained leasttgguaethod in the initial refinement and reliabbevergence of
Marquardt algorithm. During the refinement of biypaystems, the correction factor and the protonatmnstants of
5-SSA were fixed. The variation of stability congtgawith the dielectric constant of the medium \aasalyzed on
electrostatic grounds on the basis of solute-sa@uatesolute-solvent interactions.
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RESULTS AND DISCUSSION

The results of the final best-fit models that camtthe stoichiometry of the complex species andrtbeerall
formation constants along with some of the impdriatistical parameters are given in Table 1. \lew:standard
deviation in overall stability constants (Ig) signifies the precision of these constants. Tinalsvalues of
(sum of squares of deviations in concentrationggfedients at all experimental points) correcteddegrees of
freedom, small values of mean, standard deviatimhraean deviation for the systems are validatethbyesidual
analysis [28].

Table 1. Parameters of best fit chemical models @o(ll), Ni(ll) and Cu(ll) — 5-SSA complexes in DMRwater mixtures. Temp= 303 K,
lonic strength=0.16 mol dn®

?,\\A’Q/ VIR |Iog Eﬂmll';_'(SDﬁ NS pH-Range| NP| W, | Xx* | Skewness| Kurtosi§ R-factgr
Co (Il)
00 | 403(90)] 13.93(32) 752(98) 1.809.80 Bl 5338424] 025 414 | 003885
10 4.16(43)| 13.81(44 7.80(59) 2.00-10.30 58 54.684.51 0.11 3.59 0.05938
20 4.38(76)| 13.65(55 8.02(61) 3.40-10.B0 17 26.530.41 0.07 411 0.09611
30 | 4.55(65)| 13.48(49] 8.32(63) 3.60-1040 D1 4120735 007 481 | 0.0953P
40 | 4.78(78)] 13.36(81] 857(90) 3.80-10.00 B4 5.388.76 |  0.06 511 | 0.06881
50 4.97(76)| 13.20(61 8.80(59) 3.90-10.p0 10 55.080.73 0.04 4.43 0.07340
60 | 5.15(52) 12.98(42] 8.93(60) 4.00-10.80 53 44.54543| 0.08 413 | 0.08425
Ni (11)
0.0 4.12(49)] 13.57(32 7.25(94) 1.90-10.10 [3 30.386.80 0.25 3.86 0.11338
10 4.34(98)| 13.69(42 7.54(59) 2.00-10.50 71 41.08.23 0.41 3.53 0.06891
20 | 4.48(88)| 13.47(44] 7.71(4%) 2.20-1080 b4 31.883.08| 046 266 | 0.0924p
30 4.69(54)| 13.62(52 7.84(51) 2.50-10.p0 67 41.150.11 0.42 2.72 0.0645y
40 | 4.86(35)] 13.38(41] 7.96(67) 2.20-10.00 B5 2l.2@/.24| 056 244 | 0.08177
5C 4.98(82 | 13.24(77) | 8.12(63 | 3.2(-10.0C | 46 | 53.8¢ | 67.1¢ 0.1 3.3€ 0.0771¢
60 5.15(67 | 13.01(52 | 8.33(47 | 3.3¢-10.0C | 53 | 52.7¢ | 54.1: 0.1¢ 3.5€ 0.0847:
Cu (Il)
00 | 474(9L)] 13.97(30) 7.70(43) 1809090 58 44027.56] 023 384 | 032120
10 4.86(35)| 13.79(92 7.89(89) 2.30-11.p0 53  50.233.35 0.22 3.43 0.0594p
20 | 4.94(53)] 13.66(63] 8.03(90) 2.30-11.p0 b7 49.182.73| 045 3.18 | 0.09727
3C 5.17(44 | 13.47(64 | 8.21(66 | 3.0C-10.0C | 37 | 55.1% | 52.6¢ 0.0t 5.2 0.0862¢
40 5.43(74 | 13.20(77 | 8.45(58 | 3.3¢-10.0C | 34 | 45.81 | 32.2i 0.01 5.57 0.0971:
50 5.68(42)| 13.07(45 8.61(65%) 3.50-10.p0 P3  55.421.32 0.01 5.11 0.08564
60 | 5.82(50)| 12.93(37] 8.78(73) 3.70-10.0 B6 54.225.14| 003 446 | 0.0975P

Ueor = U/ (NP — m); m = number of species; NP = numio¢experimental points; SD = standard Deviation.

Residual Analysis

In data analysis with least squares methods, giduals (the differences between the experimerita dnd the data
simulated based on model parameters) are assunfielibte Gaussian or normal distribution. When trealare fit
into the models, the residuals should ideally beaétp zero. If statistical measures of the redelaad the errors
assumed in the models are not significantly diffiefeom each other, the model is said to be adequairther, a
model is considered adequate only if the residdalsot show any trend. Respecting the hypothesisttte errors
are random, the residuals are tested for normaitdision. Such tests agg, Skewness, Kurtosis and R-factor [29].
These statistical parameters show that the besidiels portray the metal-ligand species in DMFewatixtures,
as discussed below.

2
x test
¥? is a special case of gamma distribution, whoséatsitity density function is an asymmetrical functi This
distribution measures the probability of residualsning a part of standard normal distribution wigro mean and
unit standard deviation. }f calculated is less than the table value, the miscetcepted.

Crystallographic R-Test

Hamilton’s R factor ratio test is applied in complequilibria to decide whether inclusion of moreesigs in the
model is necessary or not. In pH-metric method réaelability of pH meter is taken as thg,R which represents
the upper boundary of R beyond which the model dear significance. When different values are olataifor

models containing different number of species, nwudose values are greater than R-table are egjethe low
crystallographic R-values given in Table 1 indicdte sufficiency of the model.
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Table 2. Effect of errors in influential parameterson Co(ll) and 5-SSA complex stability constants i10 % v/v DMF-water mixture

Log Bun(SD)
110 111 120
0 4.16(43)| 13.81(44] 7.80(59
4 4.31(65)| 13.99(68] 7.90(79
2 44099) | 1371(85) | 7.6((99)
+2 | 4.15(76)] Rejected  7.81(6¢€
+4 | 4.24(76)| 13.56(62] Rejecte

Ingredient| % Error|

Acid

(eI

4 Rejected] 13.32(61) 8.00(62)
2 4.34(89)| 13.66(82] 7.60(93
Alkali +2 | 42587) | 1372(90 | Rejecte
+4 | 403(95 | 14.12(72) | 7.99(77

4 4.50(58)| 13.50(75] 7.39(44
2 4.18(96)| 13.65(78] 7.72(82)
Ligand +2 | 4.33(85)| 13.41(46] 8.10(43)
+4__ | 4.4834) | 13.5042) | 8.0385)

4 4.25(52)] 13.65(59] 7.89(38)
2 4.35(28)| 13.55(55] 7.65(66
Metal +2 | 4.10(90)| 13.80(72] 7.58(56)
+4 | 4.12(52)] 13.60(65] 7.60(81)

4| 413(45) | 1364(47) | 7.66(39)

2 4.28(59)| 13.66(42] 7.72(92
Volume +2 | 4.31(65)| 13.92(62] 7.60(56)
+4 | 4.43(63)] 13.96(52] 7.63(94)

-4 | 4.16(44) | 1364(60) | 8.00(61)

2 4.25(66)| 13.82(75] 7.62(39
+2 | 4.15(45)| 13.55(51] 7.55(39)
+4 | 4.18(76)| 13.90(81] 7.61(99)

Log F

Skewness

It is a dimensionless quantity indicating the shapé¢he error distribution profile. A value of zefor skewness
indicates that the underlying distribution is syntriwal. If the skewness is greater than zero, thakpof the error
distribution curve is to the left of the mean ahd peak is to the right of the mean if skewnesssis than zero. The
values of skewness recorded in Table 1 are bet@d®hand 0.25 for Co(ll), 0.14 and 0.56 for Ni@nd 0.01and
0.45 for Cu(ll). These data evince that the red&lf@m a part of normal distribution; hence, lesgtiares method
can be applied to the present data.

Kurtosis

It is a measure of the peakedness of the erroriliibn near a model value. For an ideal normatritiution
kurtosis value should be three (mesokurtic). If taculated kurtosis is less than three, the pdathe® error
distribution curve is flat (platykurtic) and if tHeurtosis is greater than three, the distributiballshave sharp peak
(leptokurtic). The kurtosis values in the preseuatlg indicate that the residuals form leptokurtattern.

Effect of Systematic Errors on Best Fit Model

In order to rely upon the best-fit chemical moftel critical evaluation and application under vdriexperimental
conditions with different accuracies of data acijjois, an investigation was undertaken by introdgcpessimistic
errors in the influential parameters like conceitres of alkali, mineral acid, ligand, metal, logaRd volume in
Table 2. The order of the ingredients that inflleetite magnitudes of stability constants due to ripaation of
errors is alkali > acid > metal > ligand > volumelog F. Some species were even rejected when ewers
introduced in the concentrations. The rejectiorsafne species and increased standard deviatiot istability
constants on introduction of errors confirm thetahility of the experimental conditions (conceritas of
ingredients) and choice of the best-fit models.
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Effect of Solvent

The dielectric constant is one of the charactesstf liquid. The metal-ligand stability constarmtee strongly
affected by the dielectric constant of the mediunduse of the fact that at least one of the cowestis is charged
and other is either changed or has a dipole. Vianigtin the relative strengths of acids and basés ehanging
solvents should be a function of the charge, thausaof the ion and the dielectric constants ofrtrealium [30].
When the ionization of an acid gives a net incredsens, a decrease in the dielectric constathefsolvent should
be accompanied by an increase in the stability temtf a weak acid dissolved in it. The variatiminstability
constant or change in free energy with co-solvemitent depends upon two factors, viz, electrostatid non-
electrostatic forces. Born’s classical treatmentifigood in accounting for the electrostatic cdmition to the free
energy change [31]. According to this treatmeng, eéhergy of electrostatic interaction or stabitipnstants should
vary linearly as a function of the reciprocal oé ttlielectric constant (1/D) of the medium. Sucledinvariation of
stability constants of 5-SSA in DMF-water mixtusdsows the dominance of electrostatic interactionsthe trend
is showed in Figure 1.

A plot of log B versus 1/D (D is dielectric constant) should beedir if Born's classical treatment holds good
indicating that electrostatic forces alone operates values of Co(ll), Ni(ll) and Cu(ll) complexe$ 5-SSA with
1/D reveals that the electrostatic forces are datimig the equilibrium process under the preseneenental
conditions. The solute-solvent interactions, relatithermodynamic stabilities and kinetic liabilieare also
expected to play an important role.
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Figure 1. Variation of overall stability constant \alues of metal-5-SSA complexes with 1/D of DMF-watenixtures (a) Co(ll); (b) Ni(ll);
(c) Cu(ll); (m)log Buc; (e) log Puin; (A) log Burz

log K

Distribution Diagrams

5-SSA is a tridentate ligand, it has one carbox@@@OH), one hydroxyl (-OH) and one sulfo (—=B{pgroups. The
different forms of 5-SSA are LH LH*, and I*” in the pH range 1.5-8.5, 1.5-11.9 and 4.7-11.peesvely. Hence,
the plausible binary metal-ligand complexes campteelicted from these data. The present investigatoeals the
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existence of ML, MLH, and Mjfor Co(ll), Ni(ll) and Cu(ll). The formation of veus 5-SSA complex species is
shown in the following equilibria.

M(Il) + LHy == MLH+H" ... 1
MLH ‘:‘ ML +H 2
M(Il) + LH? _—— MLZ+2H . 3
M(Il) +2LH; ————" ML HZ+2H ... 4
MLoH > = MLH¥*+H" .. 5
ML H* ——  MLMH" 6
MLoH ——  MLM2H" ... 7
M(l) +2LH? — = ML,"+2H" ... 8
M(Il) + 3LH?*  ————> MLgH:* +3H ... 9
ML 3H5* ————= MLHSZ+H" ... 10
ML 3Hz* ———— MLHL+H ... 11
ML 3Hs* —— MLH"+H ... 12
M(Il) + 3LH* ML+ 3H .. 13

Some typical distribution diagrams in DMF-water tabes are shown in Figure 2. They indicate thatkimary
complexes of Co(ll), Ni(ll) and Cu(ll) are formexd the pH rangel.5-12.5. MLH, ML and Mbre simultaneously
formed with the increasing pH. ML, Mlspecies percentage successively increases withaisiog pH. Successive
deprotonation of MLH forms ML beyond a pH 5.0. Tieercentage of the Mlspecies increases successively with
increasing in pH up to 11.5. The concentration afHvspecies decreased, while the concentration ofavitl ML,
increased in the pH range 4.0-12.0. Miirmed at higher pH with high percentage in theeaafsCo(ll), Ni(ll) and
Cu(ll).
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Figure 2: Distribution diagrams of binary complexesof 5-SSA in 10% v/v DMF-water mixture: (a) Co(ll), (b) Ni(ll) and (c) Cu(ll)
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MLH species is formed at pH less than 2.0 (Equilitor 1) by interacting LK with free metal, which might have
been quickly deprotonated to ML (Equilibrium 2)the Free metal interacts with EHo form ML(Equilibrium 3)

at pH more than 4.0. Free metal reacts with”Lid form ML, (Equilibrium 8) at a pH greater than 6.0. The
deprotonation of MkH * and ML,H,?* results to form Mkat more pH (Equilibrium 6 and 7) in the case of IQp(
Ni(Il) and Cu(ll).

Structures of complexes

5-SSA has three functional groups such as -OH, -BCGd SGQH groups, and is helpful to form different
complexes with Co(ll), Ni(ll) and Cu(ll). Octahedistructures are proposed to the complexes ohallnietal ions.
The VSEPR theory suggests that Co(ll), Ni(ll) andI§ complexes shall be octahedral because, thereaix outer
electron pairs. This argument supports the strastof complexes proposed in Figure 3.

Figure 3: Structure of 5-SSA complexes, where S &ther solvent or water molecules
CONCLUSION

The following conclusions have been drawn from iti@deling studies of 5-SSA complexes of Co(ll), Nid@nd
Cu(ll) in DMF-water mixtures.

1.5-SSA forms both protonated and unprotonated caxeplender pH range 4.0-12.0

2.The complex species formed due to interaction 883 with the essential metals are ML, MLH and ML
3.The linear variation of the stability constantshwit/D of the DMF indicates the dominance of elestfitic forces
over non-electrostatic forces.

4.The order of the components in influencing the nitages of the stability constants due to incorgorabf errors
is alkali > acid > ligand > metal > volume > Log F.

5.Some species are stabilized due to electrostataraictions and some are destabilized due to thecased
dielectric constant.

156



G. Srinivasa Raoet al Der Pharma Chemica, 2016,8 (8):150-157

REFERENCES

[1] T. M. FlorenceAnalyst 1986 111, 489.

[2] M. Scoullos and A. Pavlido@roat. Chem. Actal997 70, 299.

[3] E. Lores and J. PennodRhemospherel998 37, 861.

[4] S. Sangita, P. Ashish, B. Jasmin, R. Jayesh addVara,Res. J. Chem. Enviror201Q 14, 314.

[5] V.M. Rao, M. P. Latha, T. S. Rao and G. N. Rhd&erb. Chem. So2008 73, 1169.

[6] M. Brenhard, F. E. Brinckman and P. J. Saddgringer-Verlag Berlin, 1986 763.

[7] Nagamine, Tsukuba and Ibarakial. Sci., 2006 22, 1055.

[8] M. Demeux, R. Meneux, R. Meilleur and R. L. Ben@ign. J. Chem1968 46, 1383.

[9] Ch. Nageswara Rao, M. Ramanaiah and B.B.V. Saildjam. Speci. Bioavail014 26, 266.
[10]V.G. Kumari, M. Ramanaiah and B.B.V. Sailazhem. Speci. BioavaiR015 27, 121.

[11]R. A. Poellot, T. R. Shuler, E. O. Uthes and FNitlson,Proc. Natl. Acad. Sci., USA99Q 44, 80.
[12]M. W. W. AdamsBiochim. Biophys. Actd990,102Q 115.

[13]R. CammackNature,1995,373 556.

[14]A. K. Kolodziej, Prog. Inorg. Chem 1994,41, 493

[15]R. H. Holm, P. Kennepohl and E. I. Solom@iem. Rev1996, 2239.

[16]R. MukherjeeElsevier,2003, 747.

[17]Ch. Nageswara Rao, M. Ramanaiah and B.B.V. SaBaith Chem. Soc., Ethiopi2016 30, 71.
[18] M. Ramanaiah, S. Goutham Sri and B.B.V. Saildjdndian Chem. So2014 91, 351.

[19]P. Grans and O. Sullivan Breddrglantg 200Q 51, 33.

[20] G. GranAnal. Chim. Actal988 206, 111.

[21]M. Ramanaiah and B.B.V. Sailaja,Indian chem. So2014 91, 1649.

[22]M. Ramanaiah, S. Goutham Sri and B.B.V Sail@faem. Speci. Bioavaik013 25, 285.
[23]M.Ramanaiah and B.B.V. Saila@hem. Speci. Bioavail014 26, 119.

[24]M. Ramanaiah, Ch. Nageswara Rao and B.B.V. SaPaf. Natl. Acad. Sci, Indi&014 84, 485.
[25]M. Ramanaiah, S. Goutham Sri and B.B.V. Sail@jaem. Speci. Bioavai014 26, 231.

[26]M. Balakrishna, G. Srinivasa Rao, M. Ramanaiah@nhNageswara Rao, B. Ramardres. J. Pharm. Biol.
Chem. Sci.2015 6, 1430.

[27]M. Ramanaiah, S.Goutham Sri and B.B.V. SailBja|. Chem. Soc. Ethiopi2014 28, 383.

[28] M. Ramanaiah and B.B.V. Sailajh,Indian Chem. So2014 91, 639.

[29]W. C. Hamilton Acta Cryst.1965,18, 502.

[30]M. Balakrishna, G. Srinivasa Rao, M. RamanaiatR&naraju and G. Nageswara RBer Pharma Chemica,
2016 8, 24.

[31]Born M, Z Phys.,192Q 1, 45.

157



