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- The successive equilibrium constants of complexes of cis-2-amino-cyclohexane-carbonic
acid with Co(Il), Cu(Il), Mn(ll), Hg(I) and Cd(Il)-ions have been determined. It was stated that
. in the case of transition metal ions the logarithms of stability constants increase with the growth
of the atomic.number and -ionization potentlal ’

Introduction

Equilibrium correlations prevailing among different amino acids and metal
ions in aqueous solutions have been discussed in a great number of papers since
BjErRrUM’s first investigation [1]. Investigation of these correlations is not only
of theoretical but also of biochemical interest, since in the case of most enzymes
and proteins metal ions are found to be linked with amino acids.

~Experimental

Apparatus and . chemicals employed: The pH-metric titrations were carried =
out by using a Radelkisz titriscope Model OP 205. Accuracy of the pH-measurements
was 10,01 pH. Temperature was kept constant within +0,2 C° by means of
a Hopler ultra-thermostat. The stock-solutions containing the Co(II), Cu(II), Hg(IT),
Cd(1) and Mn(IT)-ions were prepared of the corresponding p.a.  metal-nitrates.
The cis-2-amino-cyclohexane-carbonic-acid was prepared according to [2] and
recrystallized by using aqueous-acetone mixture; Mp. 231 C°. The ionic strength
was adjusted to 0,1 by KNQO; solution. For the pH-metric titrations 0,1 M and
0,2 M NaOH, and 0,1 M HCI solutions were used.

Titration: Solutions of metal(Il)-ion and cis-2-amino-cyclohexane-carbonic
~acid of 2-107®*M and 10~2M concentrations, respectively, have been titrated,
the ionic strength was adjusted to 0,1. For the determination of the dissociation
constants 102 M cis-2-amino- cyclohexane carbonic ac1d was used at 25 C° and
I=01.

Calculations: Formation curves were calculated from the titration data accord-
ing to the relations obtamed by ALBERT [3]:

CA—[A][1+[H ] 1[<H2 ] o
= - e a2 al a2 . (1)
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— [NaOH}+[HCI)— [H*]+[OH "]
[H*], , [H'P
Ka2 + 2 KalKa2

4=

(2)

In equations (1) and (2) C, and Cy, refer to the total concentrations of the ligand
and metal-ions respectively, while the square brackets stand for the equilibrium
concentrations. K,; and K, refer to the acidic and basic dissociation constants of

' _the ligand, [A4] to the concentration of the free ligand, while 7 indicatés the average
coordination number. The formation curves

n are plotted in Fig. 1.
2 Using data of Fig. 1, the successive con-
N stants were calculated graphically according
& to F. Rossortt and H. RossoTTI [4] on the
/] basis of the following equations:
N -
2 iB[AY
A A — n=——ty—— 0
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Fig. 1. Formation curves of metal (1I)- : . .

-cis-amino-cyclohexane-carbonic acid com  Rearranging the equation we obtain

plex systems at 25C° 1=0,1(KNO;). o

Metal(ID)-jons = 2-10-3 M, cis-2-amino- N .

cyclohexane-carbonic acid = 1,0-107* M 2—mplai =0 )
. < :

whereof the following equation can be deduced'

Q Q- n)[A] - y
T = PR Z’ ﬂM] ®)

. Thus B,, B, and ﬂ3 can be determmed with a graphlc method using the following
equations:

P —R)4] | , G=R)A]
=i = b 0 ©
A= -4 o m)4] |

c-wiar AT @

According to equations (6) and (7) values 0 <fi<1 and 1 <fi<2, respectively fdr the -
calculations can be used f, can be calculated as an ordinate intercept’ from the‘

following equation: ‘
(2—n)

G-m

Bu(i— DA+ 7
@3- m[4P

= Bs 45 ®)
Results

Dissociation constants of the cis-amino-cyclohexane-carbonic acid resulted
‘to be P,;=3,47 and P,,=10,44. Calculations of the successive equilibrium constants
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Table I

Stability constants of complexes of Co(ll), Cu(II) Hg(ll) Cd(11) and Mn(11)-
ions with cis-2-amino-cyclohexane-carbonic acid
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1g ky 1g ks, Ig ki/ks 1g B, 1g &, 1g kofks 1g B,
Cu(1) 8,62 1,74 0,88 16,36 — — —
Co(I) 5,52 4,80 0,72 10,32 3,20 1,60 13,52
HgI) . 3,68 2,71 0,97 6,39 — — —
Cd(11) 3,45 2,65 0,80 6,10 — — —
Mn(ID) 3,25 2,41 0,84 5,66 — — —_

~-were made by using these dissociation constants. Values obtained are llsted in Table I.

From Table I it can be seen
" that, according to their stability,

the metal-ions can be put in the .

following order: Cu = Co >Hg >
>Cd =>Mn; in the case of transi-
tion metals: Cu=Co=>Mn. For
different ligands, as stated by
MELLOR and MOLEY [5, 6]; the
order of bivalent metal-ions is
Pd=Cu=Ni=>Pb> Co=>Cn=>
>7Zd > Fe > Mn > Mg. Accor-
ding to the view of the authors
this order can be explained by
the basicity of the metal-ions. The
weakly basic Cu and Pd form the
most stable complexes, while the
most unstable ones are formed
by Mn and Mg of strong basic
properties.

A relation betwen the atomic
number and the logarithm of
stability constant was found by
IrwiNG and WiLLiaMS [7]. In
Fig. 2 lg f8; and lg B, are plot-
ted as functions of the atomic
number.

It is obvious that with in-
creasing atomic numbers the
" stability ‘increases.

In Fig. 3 the loganthms of -

the stability .constants are plotted

. Fig. 3. Logarithms of stability con-
stants versus (1) second ionization po-
tential and (2) sum of first and second

ionization potential
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against the second tonization potential (/) and the sum of the first and second ioni-
zation potentials (2).

. During ionization of transition meztals the-electron splits off from the d orbit.
Fig. 3 shows that in the case of transition metals the logarithms of stability constants
change linearly with ionization potentials. It is to be noted that the increase in the
number of 3d electrons is the same as if the stability constants increase. Therefore
it is likely that in the bond between the metal-ion and the ligand the participation
of d orbits plays a decisive role.
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PABHOBECHBIE COOTHONIEHUS KOMITJIEKCOB UOHOB
Co(il), Cu(ll), Hg(Il), Cd(I), Mn(II)
2-AMHUHO-LIMKJTOTEKCAH-KAPEOHHON KUCJIOTOM

B. Huxoaawes, JI. Tendew u T Bepnam

ABTODBI PacCYUTAIM KOHCTAHThI PABHOBECUS. KOMIITICKCOB 2-aMuHo-unxnorexcau-xap6oanou
KHUCJIOTBL C HOHAMM - METAJLNIOB.

OHH HalliH, 4TO B CIy4ae NMEpPexOfHBIX METAJUIOB JOrapudMBl KOHCTAHTBI CTa6HJIbHOCTK
YBEIUYHBAIOTCA C YBEJIHYEHHEM - AaTOMHBIX' HOMEPDOB M HOHHM3ALUMOHHBIX NOTEHIMAOB.



