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ABSTRACT

The formation constants of binary complexes of IGaklig(ll) and zZn(ll) with glycylglycine in (0.0-2% v/v)
TX100-water mixture were determined pH metricatl$@3.0 K and an ionic strength of 0.16 mdl The existence
of various binary complexes was established frondetiog studies using the computer program MINIQUAD7
The best fit chemical models were arrived at basethe statistical parameters like crystallograpRdactor and
sum of squares of residuals in mass-balance equatibhe trend in the variation of stabilities ohdiy complexes
with change in the mole fraction of the medium wgglained based on electrostatic and non-electtasftarces.
The distribution diagrams of the complex speciesaso presented.
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INTRODUCTION

The chemical speciation of elements in aquaticrenments is one of the most important topics in fiekls of
analytical chemistry, geochemistry, toxicology, ar/ironmental chemistry. Chemical speciation seasial for
discussing the chemical reactivity of trace counstits in the environment, such as biological abditg and
toxicity, and the geochemical behavior of chemiga¢cies. The term “chemical speciation” has bedmett in
IUPAC Recommendations 2000[1]. In this recommertatthe term “chemical species” is utilized as acsx
form of an element: isotopic composition, electoowir oxidation state, and complex or molecular citme.
“Speciation analysis” is an analytical process iftentifying and/or measuring the quantities of aremore
individual chemical species in a sample, and “sgtea of an element” implies to know the distritoutiof an
element amongst defined chemical species in armyste

The purpose of this study is to confirm the spetoesied under the present experimental conditiomsta validate
the models by statistical treatment of the datae @ffect of medium on the chemical speciation ef ¢bmplexes
and the influence of errors in ingredients the nitagles of stability constants are also studied.déethe stability
constants of the binary complexes of glycylglycivigh Ca (II), Mg (ll) and Zn (1) have been deterred using pH
metry. These values are potentially useful to emritental and biological problerfZs4].
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MATERIALS AND METHODS

Chemicals and Standard Solutions

Glycylglycine (GG) (E-Merck, Germany) solution (8.6hol L) was prepared in triple-distilled deionised waigr
maintaining 0.05 mol T* hydrochloric acid concentration to increase thalsiity. TX100 (Merck, India) was used
as received. 2 mol T sodium chloride (Qualigens, India) was preparemh&intain the ionic strength in the titrand.
0.1 mol L* aqueous solutions of Ca (I1), Mg (Il) and Zn (¢hlorides were prepared by dissolving G.R. Grade (E
Merck, Germany) salts in triple-distilled water mi@ining 0.05 mol [! hydrochloric acid to suppress the
hydrolysis of metal salts. All the solutions wetarglardized by standard methods. To assess thes énad might
have crept into the determination of the conceiatnat the data were subjected to analysis of veeiaf one way
classificatior]5-10]. The strengths of alkali and mineral acidevdetermined using the Gran plot metfidd 12].

Instrumentation

The titrimetric data were obtained using Metrohrviodel 905) Auto titrator (readability 0.001), whiavas

calibrated with 0.05 mol T* potassium hydrogen phthalate in acidic region@6d mol L* borax solution in basic
region. The glass electrode was equilibrated irell stirred TX100-water mixture containing the inefectrolyte.

All the titrations were carried out in the mediuontaining varying concentrations of TX100-water tanes (0.0-

2.5% v/V) by maintaining an ionic strength of 0.16 mot'with sodium chloride at 308 + 0.1 K. The effect of
variation in asymmetry potential, liquid junctiortpntial, activity coefficient, sodium ion error carlissolved

carbon dioxide on the response of glass electraeagcounted for in the form of correction fa¢id; 14].

Analytical Procedures

For the determination of stability constants of aiWigand binary species, initially titrations ofr@ng acid with

alkali were carried out at regular intervals todbehether complete equilibration was achieved.nTthe calomel
electrode was refilled with TX100-water mixture efijuivalent composition as that of titrand. In eadhthe

titrations, the titrand consisted of approximat&lynmol mineral acid in a total volume of 50 ml.r&ttons with

different metal to ligand ratios (1:2.5, 1:3.755Ylwere carried out with 0.40 mol L sodium hydroxide. The
analytical concentrations of the ingredients areigiin Table 1. Other experimental details are mietsewhere
[15].

Modeling Strategy

The computer program SCPHD [16-18] was used tautatie the correction factor. By using the pH-metitiation
data, the binary stability constants were calcdlatith the computer program MINIQUAD739], which exploit
the advantage of the constrained least-squaresorhdth the initial refinement and reliable convergenof
Marquardt algorithm. During the refinement of biypaystems, the correction factor and the protonatmnstants of
glycylglycine were fixed. The variation of stabjlitonstants with the mole fraction of the mediuns\saalyzed on
electrostatic grounds on the basis of solute-sa@uatesolute-solvent interactions.

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 impdr&atistical parameters are given in Table 2. \lew:standard
deviation in overall stability constants (Ig signifies the precision of these constants. Tinallsvalues of
(sum of squares of deviations in concentrationggfedients at all experimental points) correcteddegrees of
freedom, small values of mean, standard deviatiwhraean deviation for the systems are validatethbyesidual
analysig20-22].

Residual Analysis

In data analysis with least squares methods, giduals (the differences between the experimeria dnd the data
simulated based on model parameters) are assunfieltbie Gaussian or normal distribution. When tratalare 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 diffefeom each other, the model is said to be adequéaitrther, a
model is considered adequate only if the residdalsot show any trend. Respecting the hypothesisttte errors
are random, the residuals are tested for normalfildliion. Such tests arg, Skewness, Kurtosis and R-factor.
These statistical parameters show that the bestefitels portray the metal-ligand species in TX1@Qewr mixtures,
as discussed below.
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In the present study, thé values are less than the table values, and smdldels are accepted. The kurtosis values
in this study indicate that the residuals form ddgpirtic pattern. The values of skewness recordedaible 2 are
between 0.10 and 1.64 for Ca (ll), -2.51 and 0a89Mg (I1) and -0.12 to 0.85 for Zn (I). These da&vince that the
residuals form part of a normal distribution. Henleast square method can be applied to the prekgat The
sufficiency of the model is further evident fromystallographic R-values. These statistical paramdtais show
that the best-fit models portray the metal-ligapdcses in TX100 media.

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 acifjois, an investigation was undertaken by introdgcpessimistic
errors in the influential parameters like concetitres of alkali, mineral acid, ligand, metal, logRd volume (Table
3). The order of the ingredients that influence iegnitudes of stability constants due to incorfioneof errors is
alkali > acid> metal> ligand> volume> log F. Some species were even rejected when errorsimteoeluced in
the concentrations. The rejection of some speaiesiacreased standard deviations in the stabilitystants on
introduction of errors confirm the suitability ofi¢ experimental conditions (concentrations of idgmets) and
choice of the best-fit models.
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Figure 1: Variation of overall stability constant values of metal-glycylglycine complexes with mole iction (n,x10%) of TX100-water
mixtures (a) Ca (I1); (b) Mg(ll); (c) Zn(11); ( m)log Buiz; (@) log Buizen (A) log Buizne

Effect of Solvent

Many workers were opinion that both electrostatid aon-electrostatic effects should be considerash én the
case of simple acido-basic equilibria; one domindite other, depending upon the nature of soludesatven{23-
25]. The effect of surfactant on complex equilibaad apparent shift in the magnitude of stabilipstants in
micellar media can be attributed [26] to the cabf a concentration gradient of proton betweenitierface and
the bulk solution. The number of micelles increasith the concentration of surfactant, and oppbsitharged
ions are concentrated in the Stern layer [27]. Tiedectric constant of the medium has a directuigrfice on the
protonation-deprotonation equilibiia8, 29]. According to Born equation, the energyetectrostatic interaction is
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related to dielectric constant of medium [30]. Naiations in logBs of complexes of glycylglycine with mole
fraction of TX100-water mixtures are given in Figur. The linear trend indicates that long rangerattion
between metal ion and ligand is electrostatic iturea The deviation from linearity may be due tamso
contributions from non-electrostatic forces.

Distribution Diagrams

Glycylglycine contains one dissociable (carboxylaaed one associable (amino) proton. The diffefenins of
glycylglycine are LH', LH, and Lin the pH ranges viz., below 5.0, 3.0-9.0 and alib@grespectively. Hence, the
plausible binary metal-ligand species in differsgstems can be predicted from these data and owdirby
MINIQUAD75. The present investigation reveals théstence of MLH,, ML,H and ML, for Ca (Il), Mg (Il) and
Zn (Il).

The formation of MLH, by Ca (ll), Mg (Il) and Zn (ll) probably indicate¢bat the side chain amino group is still
protonated in the presence of Ca (1), Mg (Il) aid(ll). The ML, species is the predominant species at higher pH
and MLyH,is the predominant species at lower pH among albihary complexes. Low concentration of free metal
ion (FM) indicates the strong complexing naturglytylglycine. The formation of various binary colep species

is shown in the following equilibria. Some typiadistribution diagrams of TX 100-water media are vghdn
Figure. 2. The present investigation reveals thetenxce of MLLH,, ML,H and ML; for Ca (ll), Mg (ll) and Zn(ll).

In case of MLH,is formed as the concentration of free metal iod BH," decreased as seen in Equilibrium (4).
Equilibria (7) and (8) are proposed for formatidrvii. ,H but the latter is more probable than the eallerause is
ML,H formed with decreasing concentration of MLH. hetcase of, Equilibria (9) is the possible ways tfoe
formation of MLH but (10) is more appropriate because during itsn&ion there is a decrease in ML
concentration and the percentage of N increased as the concentration of ML and,Mlare decreased at the
same pH range which is described by Equilibriaaft] (6).
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Figure 2: Distribution diagrams of binary complexesof glycylglycine in 1.0% v/v TX100-water mixture:(a) Ca (ll), (b) Mg (Il) and (c)
Zn (1)

Structures of Complexes
It is not possible to elucidate or confirm the stumes of the complex species pH metrically butytoban be

proposed based on literature reports and chemiwabledge. Taking this into consideration, batbne andbis-
glycylglycine complexes have been identified for(N)-glycylglycine system of the Ca, Mg and Zn mistaThe
first donor is the oxygen of carboxyl group and seeond donor site is amine nitrogen atom of gblggine. The
oxygen or nitrogen in the amide group could alsiaacthird donor site of glycylglycine. This addial chelation
results in a five-membered ring. In view of thengiple of soft and hard acid and bases (SHAB), g soft
character of Ca (Il), Mg (ll) and Zn (ll) prefersnae nitrogen site over to harder carboxylate ordanoxygen.
Probst and Rodf81] observed that below pH 8.0, the terminal caybharoup and terminal amino group are
simultaneously coordinated to cadmium ion and theda might also be simultaneously coordinated thihou
carbonyl oxygen atom resulting in a five-membereélate ring, which is proved from the X-ray difftan analysis

of glycylglycine complexes of cadmium ion [3}d mercury ion [33].
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Figure 3: Structure of glycylglycine complexes (& either solvent or water molecules)
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Octahedral structures are proposed to the complek&a (Il), Mg (Il) and Zn (ll). Amine nitrogen @ts can
associate with hydrogen ions in the lower pH rand#snce, there is often significant competition wastn
hydrogen and metal ion for this second donor 3ités situation results in the simultaneous existeofcequilibria
producing protonated and unprotonated complexes.pbssible structures for the species of M (llycglglycine
complexes are given in Figure.3.

Table 1: Total initial concentrations of ingredients (in mmol) of titrands in TX100-water mixtures [NaOH] = 0.4 mol L™; V(,=50.0 cnf,
temp=303 K; ionic strength= 0.16 mol [*; mineral acid= 1mmol

% viv ™0 _
TX100 Ca(ll)  Cd(ll) Mg(l) _ Zn(ll) TLO(GG) TLO:TMO
0.2488 2.50
00 0.10031 0.10019 010012 03767 375

0.4990 5.00
0.2483 2.50
0.5 0.10031 0.10019 0.10012 0.3749 3.75
0.4996 5.00
0.2493 2.50
1.0 0.10031 0.10019 0.10012 0.3744 3.75
0.4986 5.00
0.2494 2.50

15 0.10031 0.10019 0.10012 0.3771 3.75
0.496¢ 5.0C
0.2498 2.50
2.0 0.10031 0.10019 0.10012 0.3762 3.75
0.498¢ 5.0C
0.2498 2.50
25 0.10031 0.10019 0.10012 0.3737 3.75
0.496¢ 5.0C

Table 2: Parameters of best fit chemical models @a (1), Mg (1) and Zn (ll) - glycylglycine comple xes in TX100-water mixtures

TX100% viv NS Iog,\[/l}rﬂ'zl_('SD) MH, ~ PH-Range NP W ¥  Skew-ness  Kurt-osis R-factor

Ca(ll)

0.0 4.80(38) 14.80(22) 22.85(27) 3.0-10.1 28 16.76.80 0.16 3.32 0.0280

0.t 5.35(36 14.28(26 22.37(39  3.C-10.1 25 5.1: 53.2 0.1¢ 5.02 0.031¢

1.0 478(39) 1425(21) 2363(28) 3.0-10.8 26  16.08.92 052 3.39 0.0238

1.5 4.84(24) 14.71(29) 22.59(32) 2.3-10.9 36 10.518.37 1.64 6.93 0.0206

2.C 491(26 15.38(36 23.43(39 2.8-10.¢ 37 22.8¢ 87.41 0.2t 5.51 0.025¢

25 4.44(46) 1561(34) 23.40(32) 2.8-10.8 28 103848 027 3.73 0.0372
Mg(ll)

0.0 6.97(28) 16.32(25) 23.68(19) 2.2-10.3 73 21.1466.98 0.14 4.37 0.0343

0.5 7.27(26) 1658(28) 23.91(17) 22-103 67 41.096.11 0.89 413 0.0442

1.0 6.92(20) 16.11(25) 23.65(19) 25103 54  16.526.49 0.71 386  0.0331

1.5 6.82(29) 15.96(30) 23.78(22) 2.5-10.5 47 19.5 5.72 -2.51 13.5 0.0370

2.0 759(37) 15.70(41) 22.64(47)  3.8-105 39  11.3@5.02 1.29 596  0.0328

25 762(52) 15.30(12) 22.84(25) 3.9-10.0 39 12.7B4.25 0.37 429  0.0390
Zn(ll)

0.0 746(30) 14.76(35) 21.76(40) 2581 56  13.94 2.68 033 455 0.0305

0.t 7.55 (40 14.75(47 21.94(43 2.7-8.3 57 10.1Z 5.0t 0.8t 5.7¢ 0.025¢

1.0 8.02(32) 15.29(37) 22.69(32) 2.4-8.3 66 11.47 3.13 0.39 4.05 0.0254

15 8.54(26) 15.68(33) 22.86(21) 2.88.1 49 1876 249 012 232 0.0370

2.C 8.39(28 15.79(51 22.77(13 2.8-8.1 45 20.4( 11.7¢ 0.62 3.6 0.029°

2.5 8.33(44) 15.95(59) 22.97(45) 28-7.5 32 15.58 10.83 0.12 3.44 0.0459

Ucor = U/ (NP-m) X 16, NP = Number of points; m = number of protonaticonstants; SD = Standard deviation
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Table 3: Effect of errors in influential parameterson Zn(ll)-glycylglycine complex stability constans in 1.5% v/v TX100-water mixture

. o LOg Bmlh(SD)
Ingredient % Error 120 121 122
0 8.54(26) 15.68(33) 22.86(21)
-5 10.78(65) 17.75(70) 24.20(61)
Acid -2 9.35(31) 16.61(37) 23.46(26)

+2 7.83(24 1542(35 22.70(20
+5 6.82(21) 14.51(50) 22.14(24)

5 6.82(27 14.71(44 22.35(23
2 7.83(24) 15.49 (33) 22.77(20)

Alkali +2  928(30) 16.48(37) 23.36(24)
+5  1052(49 17.34(58 23.89(43
5 842(23) 15.77(33) 22.87(19)
Liand 2 849(25) 15.89(33) 22.98(20)
9 +2  859(27) 16.06(34) 23.13(22)
+5  868(29) 16.19(35) 23.25(24)
5 870(28) 16.04(37) 23.14(23)
Metal 2 861(22) 16.01(35) 23.09(27)
+2  849(25) 1596(32) 23.03(20)
+5  840(24) 15.92(30) 22.99(19)
5 849(25) 15.92(33)  23.00(20)
2 852(25) 15.96(33) 23.03(21)
Volume +2 8.56(26  15.99(33 23.06(21
+5  858(26) 16.02(33) 23.09(21)
5 85526 15.98(33 23.06(21
Log F 2 855(26) 15.98(33) 23.06(21)

+2 8.54(26) 15.98(33) 23.06(21)
+5 8.54(26 15.98(33 23.06(21

CONCLUSION

The following conclusions have been drawn fromrtiaeling studies of the speciation of binary cometeof Ca
(1), Mg (1) and Zn (1) with glycylglycine in TXDO-water mixture.

1.Glycylglycine forms both protonated and unprotodatemplexes under a pH range of 2.0-10.0

2.The binary species formed due to the interactioglyfylglycine with metals are CaH,, Cal,H, Caly, MgLoHo,
MgL,H, MgL,, ZnL,H,, ZnL, and ZnLL,H. These models are validated by statistical treatrof data.

3.The linear variation of stability constants as action of dielectric constant of the medium indesatthe
dominance of electrostatic forces over non-eletdtims forces. Some species are stabilized due dotrelstatic
interactions and some are destabilized due togbeedsed dielectric constant.

4.The order of ingredients influencing the magnitudéstability constants due to incorporation ofoesrin their
concentrations is alkali > acid > ligand > metabtal volume > Log F.
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