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ABSTRACT. The ratio between the complexing metal and ligand in the complexes Fe (III), Zn (II),
Mn (IT), Cu (IT), Co (II) and D-fructose was determined by the metal-indicatory method. In the study
methods of isomolar series and shift of equilibriums are used. On the basis of Bent-Branch method
logarithmic relations between metal ion concentration and optic density of solutions were calculated.
Optical densities of complex solutions were measured on spectrophotometer UV-VIS. In the process
of study of optical properties of Fe (III)-D-fructose, the colorimetric reagent of Fe ions —
pyrocatechol-violet (pcv) was used as the indicator, while nitrate Fe(III) was taken as the standard
solution. Optical densities of the investigated complexes — Fe (III)-D-fructose were measured at 520
nanometer wave length. The dependence of the optical density of the metal-indicator system on the
D-fructose concentration were measured, after adding D-fructose to solutions of Fe(NO:3)3 and pcv in
various quantities (at PH=6). Concentration of metal in the complex that is bound to metal-indicator
was determined by means of preliminary constructed calibration curves. The relationship between
the values of —Ig[Fe-Fru]-[Pki]/[Fe-Pki] and - Ig [Fru] was determined by immediate calculations.
Tangent of angle inclination of the line, which reflects the dependence of these value, corresponds to
the number of fructose ions participating in equilibrium (tga = n). By researches of the optical
properties of the complexes of metals Fe (III), Zn (II), Mn (II), Cu (IT) and Co (II) with D-fructose,
respectively, at wavelength of 520, 530, 540, 590 and 630 nm, it was established , that the relation of
the constituent components (metal : ligand) in all the cases is 1:1. © 2018 Bull. Georg. Natl. Acad. Sci.
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Spectrophotometric — metal-indicatory method
enables us to determine qualitative or quantitative
composition of the investigated compounds
according to the absorption intensity. Quantitative
investigations performed by the above method are
based on Bouguer-Lambert-Beer law, according to

which the main decisive factor at measuring of the

wave length is optic density and concentration of
the investigated colored solutions [1].

The goal of the research was the determination
of the ratio of complex-forming metals and ligand
in complex compounds containing Fe (III), Zn (1),
Mn (II), Cu (II), Co (II) and D-fructose by the
metal-indicatory method.
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Methods
A method of

Computations were based on Bent-Branch law

isomolar series was used.
which establishes logarithmic relations between
metal ion concentration and optic density in
[1-5].

solutions were measured by the Packard system

solutions Optic densities of complex
spectrophotometer UV-VIS. In the process of
studying the optical properties of Fe (III) -fructose
solutions, the colorimetric reagent of Fe-ions -
pyrocatechol violet (pcv) was used as an indicator.
The standard compound used was iron nitrate.

Results and Discussion

Absorption spectra of the standard compound - Fe
(NO3)3, (pev) and their complexes were obtained to
establish optimal condition for research optical
densities of complex solutions (ratio 1:1 and pH=
6). The Fe-fructose complex was studied in a
wavelength region, where its absorption degree
differs significantly from the absorption of the
complex of Fe-indicator and the net indicator (A =
520 nm, pH = 6.0). In this case, the overlapping of
the absorption bands of these compounds is
excluded. In addition to the above, optimal
concentrations of solutions for the preparation of
isomolar series are determined.

For spectral studies, the solutions were prepared
in the following order: 5 ml (2.10-4 mol/l) of
Fe(NO3)3 and 5 ml (2.10-4 mol/l) of (pcv) were
placed in the volumetric flasks (25 ml), then in
flasks various amounts solutions of D-Fructose
(Fru) were added. Volume of mixtures was filled
with water to the mark.Optical densities were
measured only when the equilibrium of the
obtained mixtures was achieved (after 48 hours).
The dependence of the optical density of the metal-
indicator system on the concentration of added
fructose is graphically shown in Fig. 1.

Composition of Fe - Fructose complex was
computed by the method shift of equilibrium [2, 3].
Equilibrium in the Fe (IIT)-pcv — Fructose system is

expressed by the equation:
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Fe-pcv + n Fru <-> Fe -(Fru)n + pcv;
The constant of the equation
K= [Fe -(Fru)n] - [pcv] / Fe-pcv:[Fru]n
is obtained, when its logarithm is found and
common transformations are performed:
Ig[Fe-(Fru)n] [pcv]/[Fe-pcv]- n Ig[Fru]+Const=0.
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Fig. 1. Optical absorption curve of Fe.pcv-Fructose

system PH=6.0; A=520 nm.

Concentration of metal that is bound to metal-
indicator in the complex was determined by means
of preliminarily construed calibration plot [1],
which establishes the relations between metal-
indicator system’s optical density and dilution.
Thus we get:

[Fe-(Fru) n] = [Fe] general - [Fe -pcv].
[Felfree [pcv]free = [pcv]general - [Fe -pcv]
The graphical relationship between:
-lg[Fe-(Fru)n] ‘[pcv]/ [Fe-pcv] and - Ig [Fru].

When equal scales of these values were
determined the angle tangent of the incline line
(tgo. = n) , which conforms to the number of the
participating fructose ions. Terms of the
experiment and intermediate computations are
offered in Table 1.

According to Fig. 2 for the fructose solution a ~
45, while tgo. = 1.

To prepare the standard series for solutions Cu
sulfate was used.

- Fru- complex copper

Measurements of optical densities of blue solutions
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Table. Fe-pcv + Fructose system investigation according to equilibrium shift method

D [Fe-pcv] [pev]- [Fe-(Fru)a]- [Fe-(Fru)a]-[pcv] [Fru]- -1g[Fru]
10°mol/1 10°mol/1 10° mol/1 B 10° mol/1
[Fe-pev]
0.30 1.55 2.25 2.30 4.40 13890.30 0.80
0.40 2.00 1.75 1.70 4.80 7475.20 1.10
0.50 2.50 1.25 1.25 5.00 4170.55 1.35
0.60 3.10 0.65 0.65 5.70 1588.15 1.70
0.70 3.65 0.20 0.20 6.79 145.60 2.80

were carried out after addition of ammonia to the

solutions studied at a wavelength of 590 nm.

-] ~

4]

—lg [Fe-(Fru)n]- [pev]/ [Fe-pev]

F

0 1 2 3 4 -lg[Fru]

Fig.2. Graphical relationship between —lg [Fe-Fru].
[pev)/ [Fe-pev] and — g [ Fru]. (PH=6).

that dissolved in carbon

tetrachloride was used as colorimetric reagent for

Dithizon was
Zn- Fru- complex solutions. Measurements were
performed in alkali medium at 530 nanometer wave
length.

Optical densities of Co — Fru- complex
solutions were measured in alkali medium at 630
nm wave length (colorimetric substance —nitroso R
— salt, 0.1% solution).

Optical densities of Mn- Fru complexes were
measured in acidic medium, at 540 nm.

It was established that maximum difference in
absorption of Fe-indicator complex and that of the
pure indicators (pH= 6) was fixed in 520 nm zone.
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Analogous results were obtained by the
application of the metal indicator method as a result
of study of solutions of Co, Zn, Cu, and Mn —
fructose complexes, in the case of copper in the 590
nm zone,in the case of zinc in the 530 nm zone,in
the case of cobalt in the 630 nm zone and in the case
of manganese in the 540 nm zone,

The conditions for the formation of complex
between fructose and various transition metals are
different. The formation of complex of fructose
with Fe** occurs at pH 6 with Zn?" and Co?" ions in
the alkaline medium with Cu?>" and Mn?" ions in a
weakly acid medium. The ratio of constituent

components in all cases is 1: 1.

Conclusion

Thus, the stoichiometric characteristics of complex
formations of transitional metals Fe, Co, Zn, Cuand Mn
with D-Fructose in solutions were investigated by the
use of optical methods. It was proved that the above
listed metals form complexes with fructose in the case
of the ratio of components metal : ligand = 1: 1
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20b03796H0 s MBHysbryemo Jodos

oMb 3mI3ewgdligdol dgagbomdol 33¢g3s
@om™bobo35EHMOmwo Igmm©ol dobgz0m

@. ROBH0A]", 3. 390IW0s", 9. Logrd3sdg”, M. EmIMsdy”,
3. 30Bdobodzomo*

* 03569 x953560030¢m0l bsb. 0dogrobol bsbgerdfogzem @boggtlbodgdo, 3. gcrojodzoemol 30bozwMHo ©s
635679cm0 Jodool obbhod«ydHo, 0dogrobo, bogstogganm

(§969m©agb00s 535009300U 93600l 6. Jomsg35M05L Joge)

@00mbobogs@memmo dgommpol gsdmygbgdom gsblsbmg@mmmos 3ma3egdufscomadla-
690 ommbols s oysbol Msbsgstmds Fe(Il) - gOmd@mBol, samgmgg Zn(II), Mn(II),
Cu(II), Co(Il)- g36d@mbol 3md3emgdugddo. 33emggzol 3MmEglido gsdmygbgdwmmos obmdmens-
o Lyeogdol s FrmbslfimGmdol dgtol dgmmgdo. d9b@- dGYBRoL dgmmEBY syM-
6md00m 258mmMZWO0s MYSHOMIMEo ©EI3MIOEIDMErgds bibstgddo  mommbgdols ombgdols
3Mb63gb@GH®sEosly s m3Gogme Lodzzmogg dmMol.  3mA3egdugdol BlbsHgdoL m3Gozmmo
103330039900 25Bmdoos Pacard-ol LobEdol b3gdGHOhmgm@Emigd®dy UV-VIS. Fe(Il)-
BOMIEHMBoL (Fru) 3md3dggdbol m3@ozm®o mgolgdgdol 3gwgzol 3hmsglido 0bozs@m®mso
359my9gbgdmmos 3oMmm3s@gbob ooliggho (330) 3060l 0mbgdol 3mem®modgGmeo Mgsd@ogo,
boenem BEsbsdE M boghoms bsdgsamgb@Gosbo 3060l boGmado.

1533930 H30b6s- BHMIGHMboL 3MA3egdlol bbsmol m3Gozmmo odzzmogy gobmdomos
520 63 Gsememolb LogMdgby. Fe(NOs)-ob @5  330-0b blbs@gdby sdsGgdmeos bbgsslibgs
65010096md0L D-gMvd@mbol blibs@gdo. §mbslfim®mdol @sdgs@gdol dgdogy (PH=6,0) 25%bm-
do@os  mommbobozgs@Gmdmmo  LobGdol ®m3Gozmmo  1od3zMmoz0L  EITMIOEIOMENIDS
©505¢)00Mwo BOHdGmbol 3mbagb@™msEos®y. Fe(Ill)- 3mddemgduol 8gagboemmds gsdmmg-
@oos fmbslfjmG®mdol dgtmol dgmmool b58wysemgdom. ommbobozs@mMmb 8g35g80-
6900 wommbol 3mbEgbGMmag0s gobLEBMIMHMEOS FobsLfjs® s39dmmo 15535eodGMM FGmEol
1535 gdO0m.

mdeErgEm©o 950mmgemgdol Bs8w)semgd0m ©TYsMYDINMEos ©IFMIoEYdNEgds -lg[Fe-Fru]
x [330] / [Fe- 330] s - Ig[Fru] Loo@ygdl BmeMol. Bg@oas®, 5330w IGMEDY
356L5sBzOMEos HHROL EIBMOL Jmmbol Gsbygblo (tga=n), Mog Fmbslfjmmmdsdo dmbsfoemy
BOMIEHMBoL 0mbgdol Gogbgl Ggglisdsdgds. BMHmIEmbol bbsmgdolsmgol a= 45, bmeom tga=1.
506035, dmagdmen 3ommdgddo (PH=6,0) Fe(IIl)- g6wmddmbol 3mddemgdido 3md3mbob@os
05b5535MMds Fe:Fru 8gsc0p96L 1:1.

woombgdol Fe(Ill), Co(ll), Zn(II), Mn(II), Cu(Il) D-g6wd@mbslbosh 3mddemgdugdol
990039b0cmmdol 33¢rg30L dg9ad@ Tglsdsdolba 520, 530, 540, 590 s 630 63 Gosewmol
LbogMdgbg ©saobs, Gmd gzgms 8gdmbggzsdo wommbols @s oysbEol MIBsGRIMHEMDS
9950096L L1
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