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POTSNTIOMETRIC CÏUDIE3 OF ASGOHBINATE-TARTRATE HIXEÜ 
COMPLEXES OF Fo(II), Co(II) A NO Ni (II)

Mixed complexes of f:e U D .  Co(ll) and Ni (II) with ascorbic 
( H_A6c) and tartaric acids (H0T«»rt) were examined by the Lo; e- 
bvro method of potentiometric surface». The formation of com
plexes with the composition: [ M ( K a s c ) (Tart)]-(.where M(il) =Fe, Co 
or Ni) was found; their stability was characterized end the 
lues of log (5,,. in turn: 6,245 i0.064, 4,748 îQ.077, 8.ràü t 
t 0.100. 111

Introduction

une of our research .interestt ar«* the studies aimed r vne 
understanding of equilibrium procesÿas in systems containir»Q*hio- 
iTietal" ions and physiologically active compounds, playing part 
of biollgande [1-3], To the former agents belong, among other 
things, organic acids including ascorbic cid C^H^O^ (H^Asc), 
known as vitamin C[4] and tartaric acid C^n^o^iH^Tart). Ascorbic 
acid takes part in many fundamental biochemical processes, hence 
simple ascorbinats complexes vvers tho subject of our previous 
studies [5-8].

The present paper is devoted to potent low^tric investigation 
of mixed complexes of some transition metals with ascorbic and 
tartaric acids. Simple complexes of metals with tartaric ocid, 
similarly to simple complexes with ascorbic acid, show not too 
high stability [9]. The stability of mixed complexes with both 
this acids has not beer, known as yet. Therefore we have under
taken electrochemical examinations of systems containing ascor
bic and tartaric acids and Fe(ll), Co(II) and Ni(II) ions.



Experimental 

Rea99nts an(j solutions

The following reagents and solvents were used in the investi
gations« FeSO^ . 7H2<J. analar grade produced by POCh, Gliwice, 
perchlorates CofClO^ig and NiiClO^)^ prepared from analar 
reagents by the method described previously [l-3, 5-8, 10]. The 
concentration of metal ions in tha alkaline solutions was measu
red by the complexometric methods. Ascorbic acid C,H_Oc , analarO Q Q
grade, manufactured by Polfa - Kraków and tartaric acid ,
analar grade, produced by POCh - Gliwice, were used in the form 
of solutions prepared, as required, from weighed portions of so
lid reagents for successive titrations. The pH values of the 
solutions were adjusted with HClu^ solution (Jermpharm - GOR)and 
NauH (POCh - Gliwice) prepared from analar reagents. The ionic 
strength of one solutions under investigation was maintained con
stant (^.a 1.0) by means of a standard NaClO^ solution prepared 
from analar reagent produced by Reachim, SU. The calibration of 
pH-metar was made with buffers with pH from 1 to 10 produced by 
Radelkis or POCh - Gliwice. All the solutions were prepared with 
tiainineralized water with a conductivity below 0.2 ¿cs.

Apparatus

Potentiometric measurements ware made with the use of an 
Automatic Titrimeter 0P-506 (Radelkis) with a combination elec
trode (calomel electrode + glass electrode) of the type OP - 
8071-1/A (Radelkis). The readings of potentials of a titrated sy- 
st6B were taken from the voltage scale with an accuracy to - 0.5 
raV. It was found experimentally that the relationship E = f(pH) 
i3 a rectilinear one within the pH range from 1 to 10, and the 
number of mV for a unit of pH corresponds to the theoretical va
lue [ll]. Titration was made in a 200 cm3 closed airtight glass 
vessel under nitrogen at 20 ~ 0,5°C. The solutions were agi
tated on titration with a magnetic stirrer OP-912/3 (Radelkis).



Measurement method

A system containing two acids was investigatedt ascorbic acid 
(HgAsc) and tartaric acid (HgTart), which acted as ligands« .and 
ions of such metals as Fe(II), Co(II) or Ni(II). As was pre
viously stated [3, 6-3], the Lefebvre method of potentlometric 
surfaces allows to calculate equilibrium concentrations of com
ponents [m2*] , [hAsc-], ["Tart“”] at each titration point. In 
series of measurements the initial concentration of only one rea
gent was changed. Then for each system, three series of measu
rements were carried out with tho following changes taken place 
In turn» in I series« initial concentration of metal iene from 
0.0 to 0.02 mole/dm3. In II series« initial concentrator of
H0Asc from 0.03 to 0.07 mole/dm'' and in III series« initinl con-

3contratlon of H0Tart from 0,04 to 0,06 molo/dm . Th« remaining 
parameters asi ionic strength (ft ■ 1.0), initial volume of solu
tion (V„ » 100 cm3 ), initial concentration of hydrogen ions•»
([ H*) » 0,03 mold/dm ) and concentrat lone of the two remaining 
cowplexoforming substances in the given sories were constant.

.ieaulta and discussion

In a system, In which, beside a mutai ion, ascorbic and tar
taric acids are Included, the concentration of complexoforming 
ions increases with the change In M* ions brought about by the 
titration with standard NaOH solution as a result of the acid 
dissociation. In the case of ascorbic acid, within the pH range
1-7 these are HAsc ions (pK. » 4,23; pK0 » 11.32 [14, IS]), and

2-in the case of tartaric acid those are Tart Iona (pKj * 2.9, 
pKg * 4,1 [9, 16]). Under such conditions, beside the complexes 
ions of simple ions of the investigated metals with these ligand3, 
mixed complexes are formed with participation of both ligands. 
Assuming that a mixed complex is formed in the investigated By
stem, the simplest one with composition 1 j 1 t 1« one complote 
number or metal ions which was introduced to the solution parti
cipate in the investigated pH range in the following forms (1):



[m 2+]o - [m2*] ♦ [hha.s c] ♦ [m (HA8c )2] ♦ [mart] ♦ [MHAscTartJ ¡( 1.)

and the cornplexoforming anions from correeponding acids - in the 
forms (2) and (3).

f [ H+)
[HAsc"]0 * [HAsc“] (i + — ¡A*)* [MHAec] + [m(HAsc)2 ] +

K1

+ [MMAscTart] (2)

T 2-1 f 2-1 ( [^ ] \ r i [Tart jQ « [Tart j [1 +--  + ---- )* MTart +
Ki  Kl *2 L J

+ ^HHAscTart (3)

Knowing the stability constants of simple complexes of the
investigated metal ions with ascorbic and tartaric acids« it is
possible to calculate the concentrations of these complexes at
the yxven pH, and consequently to find the concentration of the
mixed complex HKAscTart from equation 1-3,[17J. The value of 
stability constant 6^11 °f the mixed complex was cilculated 
from the following relationship (4)i

[MHAscTartJ
ft. (4)
111 [h2+][hasc'J ITart2“] 

presented in a logarithm form by equation (5)j

log n log jVlHAscTart] + p[m2+] + p[HAac“] p[Tart2 ] (5)

The concentrations of uncombined metal ions and ligands. in 
a complex, required to calculate the stability constant of a mi
xed complex, were obtained from potentiometric data. PiQ* la-c

'fshows, es an t/i,Jmple, the titration curves obtained in three mea
surement series for the system containing Co(ll), H2Asc and 
HgTart. The shifts of successive curves in the given series are 
a zeeasure of the complexation processes taking place in the gi-



Fig. 1. Titration curvos in the eyatemj Co(II
» inpiai i i » 3 . ii"1 2 

O ¿ o
a) [H2Aec] - [HgTart] - 5 . IO“2 mol/dm3, [Co(C104)2](

H2Asc - H2Tart - NaClÜ4 - HC104 - HgO 
0 .0 ;  2 -  5 . 10~3 j 3 -  1 . IO” 2 ; 4 -  1 .5  . IO“ 2

5 - 2 . 10”2 f /dm
b) [co(ci04 >2jo a 1 . io“2 raol/dm3, [H2Tartlo “ 5 * 10~2 ®0V' ' [H2Asc]o * 1 " 3 • 10 ; 2 - 4 . 10 ; 3 - b . 10

4 - 6  . 1 0 }  5 - 7
c) [ c o ( c i 0 4 ) 2 ] o « 1 . IO-2 mol/dm3, [h2Asc](. - 5 . IO"2 o o l / d .

23 mol/dm"

[H2Tartjo -24 - 5.5 . 10 j 5 - • 10~“ mol/dm

H V(cw>3) ^ 
Na OH 1,33mol/dm3

U ____Vjcm^l
Ño OH V33 m. it ,’t?r

H--- 1--- k-
NÖÖHM^'a mol/dm3

10 12 H ------- V ie j a l  2 4 6 8 10



Potentlometrio studies of ascorblnato-tartrate alxad c-vuox*s 'li

ven system, being brought by the change in initial concentrjtion 
of ions Co(II) (series I - Fig. la), H„Aac (series II - Fig. lb) 
and H^Tart (series III « Fig. ic). 5o calculator oquil-ibrium 
concentrations of free ions in the Investigated system at tho 
given pH are given in Fig. 2a and 2c illustrate analogous rela
tionships for one system containing, beside the Investigated or
ganic acids, Fe(II) and Ni(II) ions. Based on these data, the 
values of concentration of on* mixed complex MHAecTart, calcula
ted from oqs. (1), (2) as weil as from (3) are the same, which 
suggests that the number of ligands coming to a metol ion in 
this complox correspond to ratio 1 : l si. The final valuos of 
stability constants of this mixed complex are given in Tab. 1-3 
for successively investigated systems containing Fe(II), or Co III) 
Ni (II) ions. There is a lack of data, in the literature, on the sta
bility of mixed complexes containing ascorbic acid as one of 
tho ligands and a few information on the stability of similar 
complexes with tartaric acid. In our laboratory, wo Investigated 
equilibrium processes in syatoms containing Fe(II) ions, tar
taric and oxalic acids [18} as wall as Fe(II)i tartaric and cl- 
tic acids [2], The stability constants simple and mixed comple
xes of Fe(II), Ni(XI) and Co(II) with some organic acids are 
given in Tab. 4. As in aeon the mixed complexes with H^Asc and 
H2Tarc show much higher stability than that of the simple com
plexes. In tho case of both acids, coordination takes place 
through oxygen vtom which mostly gives ligands with a low de
gree of polarizabillty of the bond. The deloeallzed IT electrons 
In the diene group of ascorbic acid cause the formation of li
gands of a soft character or of a high degree of polarizability. 
In addition, both ascorbic and tartaric acids belong to two- 
-donor ligands chelate character of both ligands can explain 
the high stability of the mixed complexes under invastig,.tion.
A more detailed discussion on this subject will be possible 
after examination of other systems.



Fig, 2. Dependence of ligand and metal Ion concentrations in th« 
equilibrium on the pH of the system» M(II) « H^Asc - HgTart -

- NaC104 - HC104 - HgO
a) M(II) «« Fe(II); [FeS04]o “ 1 * <"ol/dm3 ; [h2Asc]o

* [H2TartJo " ® mol/dm3
b) M (II) - Co(II)j [co(C104 )2]o -- 1 . 10~2 mol/dm3 j [H2Aac]0 -

■ [HgTartJQ - 5 . 10*2 mol/dm3 
C) M(II) « N1(II); [Ni(C104 )2]o « 1.01 . 10“2 mol/dm3 ; [h2Abc]q -

- [H2Tart]Q - 5 . 10**2 aiol/dm3



T a b l e  1

Experimental data for the calculation of stability constant 
of the mixed complex in system: Fe(II) - HgAsc - HgTart - NaClO^ -
- H20; fim i.O t » 20°C, [Pe2+j0 ■ 1.10“2 mol/dm3 j concentr. ratio

[Ffl2*]0 * i H2A#cJo * [H2TartJo * 1 ‘ 5 * 5

pH p[pe2+] p [hAsc**] pfjart2*]
...  - . - L.

log QU 1

2.66 2 ,2775 3,0117 3,4777 6.3667
2.77 2.3441 2.9213 3,3491 6.290
2.69 2.4150 2.8340 3,2372 6.216
2.99 2.4861 2.7570 3,1458 6.160
3.09 2.5613 2.7354 3,0792 6.182
3,18 2.6451 2.6&20 3.0353 6.198
3.28 2,7333 2.6298 2.9979 6.220
3.38 2.8255 2,6577 2.9571 6.234
3.48 2.9097 2,5188 2.9054 6.225
3.57 2.9936 2,4671 2.8644 6.226
3.67 3.0774 2.4266 2.8634 6.277
3.76 3.1655 " 2,3882 2.8690 6.338
3.07 . 3.2494 2.3390 2.8657 6.374

logfl^^j ■ 6,254 - 0,064



T a b l e  2

Experimental data for the calculation of stability constant B1;ll 
of the mixed complex in system, Co(lX) - H^Asc - HgTart - NaClO^ -
- HgO; (im 1 .0  t ■ 20°C [co2+] 0 ■ I.IO”2 mol/dm3 concentr* ratio 

[co2+]Q , [h2Asc]o , [H2Tart]o - 1 , 5 , 5

PH . p [ c 21 p [h a s c”] P [Tart2“] log BU 1

2.85 2.1110 2.7716 3.0695 4.866
2.98 2.1400 2.6696 2.9365 4.757
3.10 2.1747 2.5683 2.8262 4.685
3.21 2.2096 2.4732 2.7383 4.619
3.32 2.2732 2.3832 2.6686 4.691
3.44 2.3418 2.2995 2.6238 4.757
3.54 2.4182 2.2251 2.5892 4.824
3.65 2.4928 2.1527 2.5330 4.831
3.76 2.5656 2.0835 2.4728 4.818
3.87 2.6389 2.0174 2.4078 4.793
3.98 2.7138 1.9536 2.3333 4.754
4.10 ' 2.7878 1.8901 2.2482 4.695

4.23 2.8618 1.8312 2.1625 4.638

log 6m  - 4.748 - 0.077



T q b 1 e 3

Experimental data for tha calculation of stability constant 
of the mixed complox in system 1 Ni(II) - H0Asc - HgTart - NaClO^ 
*• HgO; ¡1 • 1,0 t • 20°C [Ni2+jCi • 1.01 . 10” 2 mo 1/dm3 1 concentr, 

ratio [ni2 *‘]0 * [h2Asc]6 1 [H2Tert]0 * 1 * 5 * 5

pH

|
S 

!
Za p [hA3c“] p [tsr:2-] log (31 U

2.29 3.0368 3.56*?9 4.1727 8,680
2.40 3.1747 3.4780 4.0183 8.588
2.51 3.4221 3.3919 3.8688 8.508
2.61 3.4890 3.3184 3.7430 8,481
2.71 3.6558 3.2448 3,6221 8.457
2.81 3.9179 3.1712 3.5060 8.430
2.90 3.9895 3.1100 3.4137 8.449
2,99 4.1613 3.0513 3.3263 8.475
3.08 4.3328 2.9926 3,2437 8.595
3.17 4.5094 2.9362 3,1772 8.547
3.26 4.6861 2.8800 3,0957 8.595
3.34 4.8527 2.8410 3.0502 8.676
3.46 5.0098 2.7669 2.9320 8.639
3.55 5.1668 2.7254 2.8789 8.700
3.64 5.3238 2.6862 2.6293 8.766

logfi3;I1 a 8.566 * 0.100



T a b 1 0 4

Stability constants of simple and mixed complexes of 
, Fe(II), Co(XX-) and Ni<II) with son« organic acldes

Composition Hethod Ionic
strength O O

logß Literature

[FeHAec]4 pötarstiometric 1.0 20 1.41 [8]
[FeHAsc]* potentiometric 3.0 25 0.21 [10]
[Fe(HAsc)2 ] potentlometrlc 1.0 20 2.30- [8]
[Fe(Tart)l potentiometric 1.0 25 1.43 [19]
[Fe(Tart)] potentiometric 1.0 20 1.14 [181
[Fe(Tart)2J2“ polarographic - am 4.85 [20]
[Fa(Tart)2]2" potentiometric 1.0 20 1.72 [18]
[Fa(C204 )] conductometrlc 0.0 18 3.70 [21]
[Fe(c204)2]Z- solubullty m *«• 6.87 122]

. i- j .

[Fe(HAac)(Tart)]“ potentiometric 1.0 20 6.25 this
work

[FeiTartKC^if2 potentiometric 1.0 20 1.41 [18]
[FeClt Tart]“ potentiometric 1.0 20 1.91 [2]
[CoHAsc]* potentiometric - 25 1.4 [23]
[CoHAac]* potentiometric 1.0 20 1.06 [8]
[Co(HAsc)2 ] potentiometric 1.0 20 2.85 [8]
[CoTart] 0.5 2.1 [24]
[CoHAacTart]“ potentiometric 1.0 20 4.25 this

work
[NiHAsc]* . potentiometric 25 1.05 [23]
[NiHAsc]+ potentiometric 1.0 20 1.24 [8]
[Nl(HAsc)2] potentiometric 1.0 20 2.08 [8]
[NiHAacTart]“ potentiometric 1.0 20 8.57 this

work
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POTENCDOMETRYCZNE BADANIA ASKORBINXANOWO-WINIANOWYCH 
MIESZANYCH KOMPLEKSÓW Fe(II), Co(II) i Ni(II)

Metody powierzchni potencjometrycznych Lefebvre badano mie
szane kompleksy Fe(II). Co(II) i Ni(II) z kwasami askorbinowym 
(H-Asc) i winowym (H_Tart). Stwierdzono tworzenie się kompleksów 
o składzie» [M(HAsc) (Tart)]“ (gdzie M(II) « Fe, Co i Ni) oraz 
scharakteryzowano ich trwałość. Wartości liczbowe log 6.«« wyno
szę kolejno i 6,245 2 0,064» 4.748 i 0.077» 8,566 I 0,10').

Ź aaH a  u la c a o B C d a , A jtaaa  Osiapen

nOTEHUaOMETPMHECKUE HOCJIEHOBAHHfl AOKOPBHHQBO-BäHOrPMHUX
CMSmAHHO.TarAHiWhiX KOMrWJKCOB Fo(II), Co(II) i Ni(II)

Do a&aiotM itexoaa JK>ieiny«oiia*pjiueoKHx noBepxaoctH Lefebvre aecae- 
j*oBano cueoaHKoahrawKOMaaexcu Fe(II) Co(II) u Ni(II) ts acicopÖM- 
eoboB itaa&otofi (h2asc) a BanoroBAHoS khcjiotoö (HaTert). yeraHOBaeao 
0öpa30BaHKe » paerBope kowwpkqos ooc*aBa [M(HAsc) (Tart)](rjie M(ii)« 
« Fe, Co h Hi) a oxapoxT«p«aoBauo ex oponaoctb. Hauj^SHu KOBoraqra 
oopa30BaH»a KOMnaeKCOB aoapaoTax>T .no paayt

Co (II) Fe(II) Ni(ll)
logßjn ■ 4,748 1 0,077j 6,245 - 0,064» 8,566 - 0,100


