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ON A GENERALIZATION OF THE AUTOCORRELATION VECTORS:                                      
CONCEPTS AND APPLICATION 

G. LEKISHVILI 

Iv. Javakhishvili Tbilisi State University  

A new molecular descriptor, conceptually extending the autocorrelation vector, has been introduced. It 
was shown that the formalism of the classical descriptor could be understood as a particular case of applying a 
functional kernel in the feature space. The generalization is acquired by considering non-diagonal entries of the 
kernel matrix. The vector composed with the leading eigenvalues of the matrices corresponding to different in-
ter-atomic distance thresholds has been suggested as a new molecular descriptor. The new approach has been 
tested with the help of the benchmark steroid dataset. The research revealed high modeling power of the new 
descriptor (R-Squared=0.9236, Press R-Squared=0.8526, RMSEP=0.4334). The troublesome 31st steroid con-
taining a fluorine atom was handled as follows: fitted, 31 steroids: -5.6939, predicted, last 10 steroids: -5.6088, 
experimental: -5.797. 

Introduction 

Elements of the Kernel Theory 
If we consider atoms of a given molecule as some vector ‘variables’, x, z, the atomic properties can be 

treated as functions to be applied to such variables. Therefore, the functions characterizing molecules via their 
atoms, Φ, Ψ, can be presented as follows (Equation 3): 

......21 mφφφ=Φ ,  ......21 mψψψ=Ψ   (3) 

φi and ψi are the atomic properties. Now, we construct the kernel [3] (Equation 4): 

∑
∞

=

=
1

)()(),(
i

iiK zxzx ψφ       (4) 

Under certain conditions, this (Equation 5) holds true: 

∫ =
X

dK )()(),( xzzzx λφψ      (5) 

Here λ is the eigenvalue. Namely the leading eigenvalue is what we use to characterize the autocorrelation 
between the atomic pairs separated by the given distance. 

Results and discussion 

Kernel Matrix of Atomic Properties 
In order to make the kernel approach practically applicable, we made several simplifications. Firstly, one 

has to remember that the number of atoms and their pairs in a molecule is finite, as well as the number of the 
atomic properties one uses practically, i.e., we consider degenerated kernels. Therefore, the dimensionality of 
the kernel matrix, H, is m×m, where m is the number of the atomic properties used in a model. Next, we shall 
assign a kernel matrix to a particular equivalence class as it is our task to characterize the equivalence classes, 
rather than several particular atomic pairs. Again, we assume that Φ≡Ψ. Finally, we shall assign the 
contribution weight to the atom pairs as a factor that defines their membership degree to a particular 
equivalence class. We shall employ the radial membership functions. The kernel matrix, H, is given as follows 
(Equation 6): 

∑∑
= =

−−=
n

k

n

l
kljiij drBlpkp

nm
rh

1 1

2 ])(exp[)()(1)( , r=rmin…rmax  (6) 

Here, pi(k) means the ith atomic property calculated for the kth atom, dkl is the Euclidean distance between 
k and l, B is the smoothing factor, n is the number of atoms and m, again, is the number of atomic properties. 
Our design also considers the zero-distance atomic pairs, i.e., the situations where k≡l and dkl≡0. Clearly, the 
diagonal entries of the matrix, hii, correspond to the classical RDF codes, see above. Another advantage of this 
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formalism to generate descriptors is that one can include numerical estimates (evaluations) of chirality (of en-
vironment) of atoms. 

As one can see, the matrix is square and symmetric (because for each matrix element, hij and hji, any ato-
mic pair is counted twice, first as pi(k)*pj(l), next as pi(l)*pj(k)). However, the matrix’s being positive semi 
definite generally depends on which atomic properties are selected. To solve this ambiguity, one can either use 
only the first (leading, dominant) eigenvalue, as we do in this study, or recalculate some atomic properties 
(e.g., partial charges, electrotopological state indices) as suggested by Todeschini: p:= p+7. 

Once the matrices are computed, one for each equivalence class (i.e., distance threshold), one calculates 
their leading eigenvalues and uses them as molecular descriptors for QSPR/QSAR studies [4,5]. 

To estimate practical aspects of the newly introduced molecular descriptor, KAP (Kernel of Atomic Pro-
perties), we applied it to the benchmark steroid dataset. The results of the numerical experiments are given below. 

Modeling the Binding Affinity of the Steroids 

The dataset containing 31 steroids has gained the reputation of the benchmark to test newly introduced 
molecular descriptors. We also used the dataset to verify the modeling power of the KAP descriptor. The 
dataset was obtained from the TORVS web site. The 3D structures were generated with CORINA. Our 
descriptor was implemented on the basis of JOELib1. We used NCSS2000 to build our models. 

To achieve good modeling quality, we varied the parameters of the KAP descriptor. The numerical values 
of the descriptor appeared sensitive to such variations; however, the models produced were of high or satisfac-
tory quality. The best result was achieved with the following settings: rmin=0.2Å, rmax=10.2Å, B=25. As one 
can see, the dimensionality of the resultant vector (=51) was too high to be used with 31 patterns. Therefore, 
we selected the best model with 4 predictors, by means of the options of NCSS2000, ‘all possible regression’ 
and ‘multiple variable selections’ (Equation 7): 

BA=-6.043048+ 1.060547λ7.8-0.7248234λ8.2 -0.770077λ9.4 + 0.8163146* λ10.2  (7) 
 R2=0.9236, PRESS=5.180202, R2

PRESS=0.8526, F=78.6167, RMSE=0.3213165 

Here, BA stays for the Binding Affinity, and the subscripts of λ mean the values of r in Equation 6. The 
statistical parameters of the model reveal a high modeling power of the KAP descriptor. More details about the 
model are given in Table 1. 

Table 1. The numerical values of the selected descriptors, the calculated (fitted) and experimental values of 
the binding affinity, and the residuals 

№ λ7.8 λ8.2 λ9.4 λ10.2 BAexp BAcalc residuals 

1 2.033941 1.618408 2.132301 0.365236 -6.279 -6.40291 -0.12391 
2 1.123795 0.786131 0.309735 0.541473 -5 -5.21752 -0.21752 
3 1.028422 0.865205 0.255807 0.644928 -5 -5.25001 -0.25001 
4 0.747028 0.951695 0.906073 1.949746 -5.763 -5.04674 0.71626 
5* 1.376522 0.458434 1.014741 6.28E-04 -5.613 -5.69638 -0.08338 
6 1.364039 2.352488 2.018053 0.606151 -7.881 -7.36081 0.520195 
7 1.242921 2.755114 1.894489 0.590434 -7.881 -7.69877 0.182234 
8 1.484285 2.60748 1.553352 0.585534 -6.892 -7.07708 -0.18508 
9 0.883077 0.833434 0.359321 0.622386 -5 -5.47924 -0.47924 
10 1.462492 2.52757 2.159848 0.634805 -7.653 -7.4691 0.183904 
11 1.323304 2.917221 2.036904 0.591489 -7.881 -7.83982 0.041176 
12 1.128026 1.264949 0.509921 0.280425 -5.919 -5.92735 -0.00835 
13 1.680472 1.026654 0.29759 0.56805 -5 -4.77043 0.229569 
14 1.730074 1.150127 0.851082 0.415682 -5 -5.35793 -0.35793 
15 1.751125 0.988671 0.478774 0.477314 -5 -4.88156 0.118436 
16* 1.610479 0.878858 5.79E-04 6.63E-21 -5.225 -4.97252 0.252479 
17 1.765321 1.649227 0.89003 1.219741 -5.225 -5.05594 0.16906 
18 1.419943 1.626238 0.759197 1.20671 -5 -5.31545 -0.31545 
19 1.233449 1.891675 1.576237 0.362569 -7.38 -7.0239 0.356098 
20 1.120194 2.343536 1.475443 0.342166 -7.74 -7.41057 0.329431 
21 0.743371 0.953438 0.865362 0.224146 -6.724 -6.42916 0.294837 
22 1.402503 3.001432 1.870631 0.687189 -7.512 -7.6107 -0.0987 



zogadi da Teoriuli qimia 
General and Theoretical Chemistry 

 11

№ λ7.8 λ8.2 λ9.4 λ10.2 BAexp BAcalc residuals 

23 1.564346 3.14343 2.50548 0.824058 -7.553 -7.91914 -0.36614 
24 1.275852 1.822203 1.296711 0.303628 -6.779 -6.76143 0.017567 
25 1.367576 2.341961 2.018582 0.596869 -7.2 -7.35741 -0.15741 
26 0.779947 0.996162 0.904791 0.231972 -6.144 -6.44532 -0.30132 
27 1.169961 2.453403 2.168211 1.722315 -6.247 -6.84427 -0.59727 
28 1.239518 1.975862 1.887742 0.737846 -7.12 -7.01202 0.107977 
29 1.288815 1.973719 1.643149 0.378151 -6.817 -7.06346 -0.24646 
30 1.45019 2.655739 2.112268 0.654664 -7.688 -7.52219 0.165808 
31 2.946095 2.450075 1.944202 0.609748 -5.797 -5.69389 0.103113 

These compounds are enantiomers and thus must have identical values of KAP. The differences observed 
here are due to well-known inexactitudes in empirical calculations of the Cartesian coordinates. 

To continue the routine validation process, we extracted the last ten steroids to make a test set. Such a 
split has an advantage: the distribution of the steroids via their activities is completely different for the first 21 
and the last 10 steroids. There prevail the steroids of low activity for the former, whereas the latter contains on-
ly highly or intermediately active compounds. Therefore, only the descriptors capable to extract most versatile 
information can pass the test. 

Again, we selected the best quadruple of the descriptors and built a model. It so happened that the same 
predictors appeared winners as in the case of the complete dataset. This coincidence, however, was not 
observed generally. The best predictors differed at other settings of B, rmin, rmax. Below is given the model for 
the reduced training set containing only the first 21 steroids (Equation 8): 

BA=-6.129588+ 1.226335 λ7.8-0.7029608 λ8.2-0.9190384 λ9.4+ 0.6838331 λ10.2 (8) 
R2=0.9430, PRESS=4.066113, R2

PRESS=0.8529, F=66.1173, RMSE=0.3139572 
Finally, we applied the aforementioned equation (Equation 8) to the test set of the last 10 steroids. The 

results justified the expectation produced by the previous experiments: the value of the root mean square error 
of prediction, RMSEP=0.4334, appeared among the best results of applications of this dataset. A further 
examination of Table 2 witnesses for this. 

Table 2. The test set steroid predictions with KAP vs. other approaches 

№ COMFA CoMFA 
(FFD) 

similarity 
matrix 
analysisc 

COMPASS 
 

MS-
WHIM 

SOMFA 
 

KAP Exp. 

22 -8.084 -7.883 -7.453 -7.062 -7.300 -7.279 -7.769 -7.512 

23 -7.666 -7.430 -7.022 -7.729 -8.332 -7.034 -8.160 -7.553 

24 -6.538 -6.642 -6.939 -6.462 -6.821 -6.925 -6.830 -6.779 
25 -7.804 -7.705 -7.146 -7.466 -7.445 -7.232 -7.546 -7.2 

26 -6.396 -6.495 -5.908 -5.994 -6.121 -5.744 -6.546 -6.144 

27 -7.346 -6.962 -7.046 -6.383 -6.901 -6.800 -7.234 -6.247 
28 -7.010 -6.848 -6.569 -6.625 -6.532 -6.603 -7.229 -7.12 

29 -6.864 -6.816 -6.850 -7.403 -6.838 -6.692 -7.188 -6.817 
30 -7.970 -7.767 -7.539 -7.741  -7.860 -7.345 -7.712 -7.688 
31 -8.005 -7.793 -7.457 -7.779 -7.491 -7.283 -5.609 -5.797 

RMS
EP 

0.837 
(0.486)a 

0.716 
(0.356)a 

0.640 
(0.385)a 

0.705 
(0.339)a 

0.662 
(0.411)a 

0.584 
(0.367)a 

0.433 
(0.317)b 

 

* The data for the models built with COMFA, COMFA(FFD), Similarity Matrix Analysis, MS-WHIM, SOMFA 
are taken from ref xyz. a) Excludes steroid 31. b) Excludes steroid 27. 

As one can see from Table 2, the troublesome 31st steroid containing a fluorine atom was predicted rather 
well; however, it was steroid #27 that appeared to be predicted difficultly during our studies. It should also be 
mentioned that other approaches often fail to predict this steroid well. Exceptions are e.g., MEDV-13 and 
GRIND. Therefore, our results have not justified the assumption that steroid #31 was a well-known outlier due 
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to the presence of a fluorine atom. Probably, outliers characterize particular molecular descriptors rather than 
datasets themselves. 
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avtokorelaciis veqtorebis ganzogadeba: zogadi koncefcia da                        

gamoyeneba 

g. lekiSvili 

iv. javaxiSvilis saxelobis                                                                                               
Tbilisis saxelmwifo universiteti 

reziume 

avtokorelaciis veqtorebis konceptualuri ganzogadebis bazaze SemoTavazebulia 
axali molekuluri deskriptori. naCvenebia, rom avtokorelaciis tipis klasikuri 
deskriptorebi unda ganixilebodes, rogorc SemoTavazebulis kerZo SemTxveva. 
gamokvlevam 31 steroidis sacdeli (e.w. benchmark) monacemebis bazaze aCvena siaxlis 
efeqturoba: R-Squared=0.9236, Press R-Squared=0.8526, RMSEP=0.4334. fTorSemcveli stero-
idis (cnobilia, rogorc the 31st troublesome steroid) biologiuri aqtiuroba pirvelad iqna 
maRali sizustiT Sefasebuli. 
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MODELING OF THE MECHANISM OF THE POINT MUTATIONS OF DNA                                      
UNDER THE INFLUENCE OF NI2+ IONS 

N. VASILIEVA-VASHAKMADZE, G. LEKISHVILI, R. GAKHOKIDZE AND P. TOIDZE  

Iv. Javakhishvili Tbilisi State University                                                                              

The work deals with the problem of modeling of a possible mechanism of point mutations of DNA under 
the influence of Ni2+ ions. Two feasible schemes of interaction of Ni2+ with nucleosides are considered. The 
first scheme presents the formation of the planar complex of Ni2+-G-C, and the second shows the incorporation 
of Ni2+ between the two neighboring complementing pairs. We used the MOPAC package to compare the force 
constants and energies of intramolecular hydrogen bonds in the complexes and corresponding values in a free 
G-C pair. The comparison enabled us to make a conclusion implying that the formation of the Ni2+-G-C 
complex is accompanied by the weakening of a hydrogen bond, nearest the joining point of Ni2+. 

The incorporation of Ni2+ between the two neighboring complementing pairs of G-C causes the 
weakening of all the three pairs of hydrogen bonds, but to a lesser extent. It has been demonstrated that in the 
first case the probability of point mutations, the replacement of G-C by A-T increases, and the probability of 
divisions, the fallout of triplets of type GGХ or ХGG increases in another case.  

Metals commonly get into a human or animal body as soluble compounds – salts, which, when dissociated, 
yield cations, the metal ions in the body. The results of numerous experiments have enabled us to fix a regular 
dependence between the high concentration of some metals (Ni, Zn, Co…) in the animal body and the tendency of 
cells for invasive growth – malignant transformation [1, 2]. A number of experiments have demonstrated that the 
aforementioned metals may result in carcinogenic activity [3, 4]. A notorious example of the metal influence on the 
DNA structure is the transformation of guanine G→G, resulting in a possible replacement of G-C pair by A-T pair.  

 As it is known, there are data evidencing the special role Ni2+ plays in the process of malignation of cells. 
The transformation of nucleosides under the influence of nickel is a process that takes place at an electronic 
level. Therefore, in order to study the mechanism of this process, the peculiarities of the electronic structure of 
nickel and its complexes are to be taken into account.  

 The total content of nickel in the earth’s crust is ~0,003%. It is a permanent constituent element of an 
animal body (~10-2%). However, biochemical nickel regions of a plant contain much more nickel. Besides, 
they often have a deformed shape evidencing the disturbance of their genetic apparatus.  

 Ni in microscopic concentrations, as a microelement is included in liver, skin and endocrine glands; it is 
the activator of arginase in the body; it is a constituent element of insulin and it has an effect on the oxidation 
processes [5,6]. In nature, nickel is spread as minerals - pentlandin (FeNi)9S8, nickeline (NiAs), garnierite 
(NiMg)3Si4O10(OH)10·4H2O and others. Many of the nickel compounds are complex ones, e.g. hexamine 
[Ni(NH3)4·(H2O)2]·X2 among them, where X is a monobasic anion. There are nickel compounds known as 
dimmers, having a square-planar structure, e.g. [Ni(CN)3]2-. 

 Nickel is characterized by a square-planar form of coordination (with the coordination number of 4), as 
well as octahedral form (with the coordination number of 6). A relatively better-studied specimen of square 
complexes of nickel is the salicyl-al’diminat complex.. Nickel is attributed to the group of transition metals 
(Z=28) and has an open 3d shell. Its fundamental state is …3d94S1. Bivalent ion (sulphion) Ni2+ has an 
electronic configuration of … 3d8, which depending on the symmetry of the ligand field may result in different 
configurations of nickel complexes – octahedral spatial structures or almost planar squares [7].  

 Many metallic complexes of purine nucleotides were studied by the method of X-ray structure analysis. For 
instance, a compound of a hydrated nickel with nucleotides is known, with five water molecules and purine nucleotide, 
bonded in the state N(7), forming an octahedral coordination sphere of the metal [1]. However, the formation of nickel 
complexes with a square-planar coordination is also possible, like natural compounds of a tetra-coordinated nickel.  

It is known that the formation of complexes has an effect on the configuration of systems of the 
constituent components and their chemical properties - when the power levels of the higher occupied orbits of 
the metal are cut in between the levels of valence states of ligands, they may participate in the rearrangement 
of these states, which in its turn may change the properties of ligands.  

 When studying the metallocomplexes in water solutions, it is reasonable to apply the theory of ligand 
substitution [8, 10]; it considers the electronic structure of all atoms included in the complex, viewed as a 
unitary quantum-mechanical system.  

 The transient period metals, with Ni among them, being hydratable in water solutions, capture the polarized 
water molecules. Besides, as it is known, the radius of a hydration shell and the coordination number characterizing 
the local electrostatic field, eventually are the result of the properties of a central cation, the complex-former.  
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 As the coordination number of such compounds exceeds the valency (the number of coordination bonds 
is more than the number of the valence electrons), the electron density at the bonds is less than one. This 
results in the lability of bonds which becomes apparent in that the coordination bonds spontaneously break up 
and are re-formed, creating favourable conditions for the process of the ligand replacement.  

 Besides, a significant role is attributed to stereo-specific interactions when the radius of a hydration shell 
and the coordination number of a cation ensure the steric conformity between the active center of the molecule 
and the coordination sphere of a cation.  

It is known that the energy of the higher occupied orbital defines the electron-donating properties of the mo-
lecules. Guanine has the highest heterocyclic base filled with the highest energetic level: E= - 0,307β [8], and 
relatively more electronegative atoms of guanine are N(7) [qπ = -0,571e] and O(10) [qπ = - 0,46e]. Atoms of 
guanine nitrogen may be arranged in the following order according to the value of the electronic charge π [8,9]: 

N(7)>N>(3)>N(1)=N(2)>N(9) (Fig. 1) 
As it is known, the reaction of interaction of the ligand with the electron-seeking reagent is possible, if the 

energy of the highest occupied level of ligand is higher than or equal to the energy of the lowest free level of 
the reagent. Therefore, it is the guanine of purines and the cytosine of pyrimidines that are considered most 
inclined to the electrophilic reactions. The ability of the metals to interact with guanine is reduced in the range 
of Cu>Ni>Zn>>Mn>>Mg. It has been proved experimentally that bonding of metals often takes place along 
the imidazole ring of histidine N(7) and N(9) or pyrimidine ring in nucleotides N(3) and N(1). Bonding in 
nucleosides takes place via N(7) and O(10) of guanine and N(1), N(7) of adenine (Fig. 1).  

The works indicate [2, 3] that the possibility of incorporating the metal between two neighbouring 
guanines in one chain or joining the metal between N(1) purine and N(3) pyrimidine is possible.  

Analyzing different schemes of interaction of nickel with nucleosides, we dwelt on the two most typical 
cases. These are the interaction of nickel with a complementing pair G-C and a respective formation of 4- and 
6-coordinated complex with Ni2+.  

 
We consider that a 4-coordinated hydrocomplex of nickel, which is in fact a planar system, when 

interacting with purine, which also has a planar structure, must stabilize as a planar system 
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Incorporation of nickel between two neighboring purines, located along a polynucleotide chain, must 
result in the formation of an octahedral complex with a spatial configuration. as presented in Fig. 2. When 
designing the schemes of a complex-formation, mean and interatomic distances and angles were taken of the 
data gained through the results of the X-ray analysis of similar complexes, as well as of the relevant tables. 
The scheme of incorporation of Ni2+ between two neighboring pairs of G-C was designed by considering the 
data on the configuration of 6-coordinated complexes of Ni2+ and based on the data on the most 
electronegative ligands O(10), N(7), N(3) and N(17), O(20), N(13) (Fig 1, Fig. 2).  

The present work deals with the influence of the formation of complex Ni-G-C on the stability of the 
hydrogen bonds in complementing pair G-C. As the calculation has shown, in the process of complex 
formation according to scheme 1 (Fig. 1), the binding energy E[O(10)-H] ≈0,06 ev, i.e. ≈1,38 kcal/mole 
corresponds to van der Waals interaction which is less than the energy of the hydrogen bonds, whose value 
≈3÷8 kcal/mole. 

This evidences the weakening of the hydrogen bonds allocated near the jointing point with metal. Besides, 
the values of force constants for three hydrogen bonds Pkp, π-electronic charges for Qπ atoms and binding 
energy Ekn were found (numbering is referred to in Fig. 1).  

For the sake of convenience, we introduced the numbering of hydrogen bonds in Fig. 1 with Roman 
numerals (I, II, III).  

PI=0.024   Qπ[O(10)]= - 0.310   E1=0,060 ev 
P1=0.057   Qπ[O(1)]= - 0.200   E1=0,087 ev 
PIII=0.068   Qπ[O(2)]= - 0.200   E1=0,090 ev, 

where: Pi – is the force constants and Ei is the binding energy.  
Thus, at forming a planar 4-coordinated nickel complex with G-C pair, the hydrogen bond O(10)…H-N is 

destabilized (Fig. 1) while other two H-bonds are quite strong.  
The destabilization of H-bonds O(10)…H-N in the forming complex Ni…G-C increases the probability of 

the cytosine easily splitting off guanine at the subsequent replication.  
Thus, it may be supposed that such kind of complex-formation at the subsequent replication reduces the 

ability of normal formation of a complementing G-C pair, whose stabilization needs the formation of three 
hydrogen bonds.  

As through this process, the ability of forming two hydrogen bonds is preserved, the transformed guanine 
G* may join thymine at replication.  

Thus, G* acquires the similarity to adenine, capable of forming two hydrogen bonds with thymine. At the 
subsequent replication, adenine must join thymine, i.e. a point mutation takes place which is the replacement 
of a pair G-C by A-T secured during the subsequent replications.  

Thus, as the analysis shows, joining of a hydrated 4-coordinated Ni2+ to guanine in the complementing 
pair G-C causes the transformation G→G*, whose result is the possibility of replacing the pair G-C by A-T.  

Unlike a 4-coordinated Ni2+, the 6-coordinated Ni2+, when incorporated between two neighboring 
complementing pairs (G-C …Ni…G-C) causes changes of a somewhat different nature.  

Similarly to the method used by us to carry out the preliminary analysis to design a planar tetra-
coordinated complex Ni2+ with a complementing G-C pair, a corresponding scheme was drawn up for the 
complex formed by 6-coordinated Ni2+ incorporated between two neighboring pairs of G-C, and the calculus 
by using the program MOPAK was used.  

For the sake of convenience, instead of numbering the atoms as in Fig. 1, for hydrogen bonds we used 
numbering by Roman numerals. 

The values of force constants Pkn and binding energies between guanine and cytosine in both 
complementing pairs of complex G…Ni2+…G (Fig. 2) calculated by us are referred to below: 
 

P(I)=P(IV)=0.039  E(I)= - 0.12 ev = E(IV) 
P(II)=P(VI)=0.042  E(II)= - 0.12 ev = E(V) 

P(III)=P(VI)=0.042  E(III)= - 0.13 ev = E(VI) 

The comparison of the force constants of the hydrogen bonds evidences a simultaneous destabilization of 
all the three pairs of H-bonds between guanine and cytosine in both complementing pairs of the bases. 
However, such destabilization is observed to a lesser extent than in case of formation of a planar complex. 

This evidences the reduction of the ability of forming complementing pairs during the replication at the 
points, where triplets of type G-G-H or H-G-G were located.  

We may conclude that the incorporation of Ni2+ between the neighboring complementing pairs 
(G…Ni2+…G-C) may cause deletions, the fallout of triplets of type G-G-H or H-G-G in DNA.  

On the basis of the accomplished analysis, the following conclusions may be made:  
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1. The formation of complex Ni-G-C causes the transformation of guanine G→G*, during which the 
destabilization of the hydrogen bond in the complementing pair G*-C, being the nearest to the jointing point of 
Ni takes place. As a result, in the phase of replication, guanine loses the ability to form three complete 
hydrogen bonds to form a normal complementing pair with cytosine. At the same time, the formation of the G-
T pair is also possible. At the subsequent replication, thymine joins adenine, i.e. in place of G-C pair, there 
may appear A-T pair. This means point mutation.  

2. In another case, the incorporation of Ni2+ between the complementing pairs causes the destabilization 
of all the three hydrogen bonds in both neighboring pairs. At a subsequent replication this may cause divisions 
(fallout) into triplets of a type G-G-H or H-G-G.  
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Ni2+ 
ionebis gavleniT mimdinare dnm-is wertilovani                                                                 

mutaciis meqanizmis modelireba 

n. vasilieva-vaSaymaZe, g. lekiSvili, r. gaxokiZe, h. ToiZe  

iv. javaxiSvilis saxelobis                                                                                               
Tbilisis saxelmwifo universiteti 

reziume 

winamdebare naSromi eZRvneba NI2+ ionebis gavleniT mimdinare dnm-is wertilovani 
mutaciis SesaZlo meqanizmebis modelirebas. ganxilulia Ni2+ ionis nukleinis mJavebTan 
urTierTqmedebis ori SesaZlebeli sqema. pirveli maTgani warmoadgens Ni2+-G-C plana-
ruli kompleqsis formirebas, xolo meore — or mezobel komplementarul wyvils Soris 
Ni2+ ionis inkorporacias. Zaluri konstantebisa da kompleqsebSi intramolekuluri 
wyalbaduri bmebis energiebis, aseve, Tavisufal G-C sistemaSi Sesabamisi mniSvnelobebis 
gamosaTvlelad Cven mier gamoyenebul iqna MOPAC paketi. Catarebulma gamoTvlebma 
mogvca SesaZlebloba, dagveskvna, rom Ni2+-G-C kompleqsis formireba mimdinareobs Ni2+ 

ionis mimarT uaxloesi wyalbaduri bmis SesustebiT. Ni2+ ionis inkorporacias Tan ax-
lavs wyalbaduri bmebis samive wyvilis Sesusteba, Tumca ufro mcired. naCvenebia, rom 
pirvel SemTxvevaSi izrdeba wertilovani mutaciebis, G-C wyvilis A-T wyviliT Canac-
vlebis albaToba, xolo meore SemTxvevaSi ki izrdeba dayofisa da GGХ an ХGG gamoyo-
fis albaToba. 
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adamantanSemcveli axali nitroaniliduri ligandebi                                                        

d-metalebis koordinaciuli naerTebisaTvis:                                                                 

sinTezi da kvantur-qimiuri gamokvleva 

 x. barbaqaZe, n. lekiSvili, T. lobJaniZe, r. vardiaSvili,                                                     

d. zurabiSvili, z. faCulia 

iv. javaxiSvilis saxelobis                                                                                         
Tbilisis saxelmwifo universiteti 

Catarebulia anthelminTuri preparatebis: fenacetinis, trinoinis, diamfenetidis, 
rafoqsanidis modifikacia O,N-atomebis adamantilirebiT da adamantoilirebiT, ker-
Zod, fenolebis adamantilirebiT 1-adamantanoliT da 1-bromadamantaniT, adamantoqsi-
benzolis nitrireba da aRdgena sxvadasxva sistemiT, alkil(aril)oqsianilinebis acili-
reba karbonmJavaTa qloranhidridebiT fuZe agentebis Tanaobisas da maTi nitrireba. 
modeluri sistemis gamoyenebiT Catarebulia 4-(p-qlorfenoqsi)-3-qlor-adamantoila-
nilidis kvantur-qimiuri gamokvleva. dadgenilia adamantanSemcveli nitroanilidebis 
kadmiumis iodatebTan da bromatebTan urTierTqmedebiT axali kaTionur-anionuri ko-
ordinaciuli naerTebis miRebis SesaZlebloba. 

literaturidan [1, 2] cnobilia, rom zogierTi biologiurad aqtiuri naerTis O, N-
atomebis adamantilirebiT da adamantoilirebiT miiReba Znelad hidrolizebadi, maRali 
membranotropuli da imunotropuli Tvisebebis mqone nivTierebebi, prolongirebuli 
fiziologiuri moqmedebiT da specifikuri aqtiurobis gaZlierebuli efeqtiT.  

anthelminTuri preparatebi: fenacetini, trinoini (ungreTi), diamfenetidi 
(inglisi), rafoqsanidi (aSS) ver akmayofileben Tanamedrove moTxovnebs, xasiaTdebian 
maRali Terapiuli doziT, dabali Terapiuli indeqsiT, Sewovis dabali xarisxiT da 
sxvadasxva gverdiTi reaqciiT [3,4]. 

zemoaRniSnulidan gamomdinare, perspeqtiulad miviCnieT aRniSnuli preparatebis 
tipiuri struqturebis modifikacia adamantanis dajgufebiT [5]. garda amisa, miRebuli 
nitroanilidebi sainteresoa, rogorc axali nitroaniliduri ligandebi d-metalebis 
koordinaciuli naerTebis misaRebad. 

am mizniT Catarebul iqna fenolebis adamantilireba 1-adamantanoliT da 1-brom-
adamantaniT [6], adamantoqsibenzolis nitrireba da aRdgena sxvadasxva sistemiT, agreT-
ve alkil(aril)oqsianilinebis acilireba karbonmJavaTa qloranhidridebiT fuZe agen-
tebis Tanaobisas: 

X

NO2 OH

OH

O NO2

O

+ NO 2

X = Br, OH.

Fe / NH4Cl, H2O

arom.gamxsneli

O NH2

RCOCl

O NH C

O

R

I

II III-VI

R = CH3 (III), R = Ph (IV), R = CH2Ph (V), R = Ad (VI).  
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O NH2
. HClR

X

AdCOCl
tea

O NHR

X

C

O

R = CH3, C2H5, X = H (VII-VIII), R = 4-ClC6H4, X = Cl (IX)

VII-IX

 
sqema 1. zogierTi adamantanSemcveli anilidis sinTezi 

aRsaniSnavia, rom miiReba maRali sisufTavis Sesabamisi alkil(aril)oqsianilidebi 
79-87% gamosavlianobiT. 

CavatareT alkil(aril)oqsianilidebis nitrireba 56-58% HNO3-iT CH3COOH-is areSi 
5-100C-ze: 

O NHRI

X

C

O

RII HNO3
CH3COOH

O NHRI

X

C

O

RII

NO2III-IX X-XVI  
 sadac, RI=Ad, RII= CH3, X=H (X); RI=Ad, RII= Ph, X=H (XI); RI=Ad, RII= CH2-Ph, X=H (XII); 

RI=Ad, RII= Ad, X=H (XIII); RI=CH3, RII=Ad, X=H (XIV); RI=C2H5, RII=Ad, X=H (XV);  
RI=4-ClC6H4, RII= Ad, X=Cl (XVI)  

 sqema 2. adamantanSemcveli nitroanilidebis sinTezi 

dasinTezebuli naerTebis Sedgeniloba-aRnagoba dadgenil iqna infrawiTeli da bmr 
speqtrebis monacemTa safuZvelze. infrawiTeli speqtrebi gadaviReT speqtrofoto-
metrze FTIR - “THERMO NICOLET”, xolo bmr speqtrebi – speqtrometrebze “BRUKER” AM-
360 (300 mhc) da UNITY-400 uppkemws 2 (400 mhc); lRobis temperatura gansazRvrul iqna 
xelsawyoze BOETIUS vizualuri mowyobilobiT PHMK-05. reaqciis msvleloba, naerTTa 
sisufTavis kontroli da individualoba, aseve Rf-is mniSvnelobebi ganvsazRvreT qroma-
tografiuli firfitebis (Silufol UV-254, Silufol, Alufol) gamoyenebiT. mas-speqtrebi gadavi-
ReT xelsawyoze Ribermag 10-10B; Termogravimetriuli da diferenciul-Termiuli ana-
lizis meTodiT (derivatografi “Paulic, Paulic & Erdei”) SeviswavleT dasinTezebul koor-
dinaciul naerTTa Termolizi, xolo elementebis Semcveloba ganvsazRvreT kompleq-
sonometruli, merkurimetruli da diumas meTodebiT. 

cxrili 1. dasinTezebuli naerTebis (III-XVI) zogierTi Tviseba                                                        
da speqtruli (iw da bmr) monacemebi 

 
 

lR. 
t., 
0C 

Rf  
heqsan: 
eTeri, 
1:1 

 
iw speqtrebi, ν, sm-1 

 

 
1H bmr (DMSO-D6) 

 

13C bmr (DMSO-
D6) 

 
III 

 
165-
168 

 
0,5 

3330(N-H), 3100, 3030 (C-
H arom.), 2908, 2845 (CH 
Ad), 1650 (C=O), 1210 (C-
O-C) 

δ 9.82 (s, 1 H), 7.44 (d, J 8.8 Hz, 
2 H), 6.86 (d, J 8.8 Hz, 2 H), 
2.11 (s, 3 H), 2.01 (s, 3 H), 1.75 
(m, 6 H), 1.55 (m, 6 H) 

δ 167.8, 148.7, 
135.0, 124.5, 
119.5, 76.5, 42.2, 
35.5, 30.1, 23.8 

 
IV 

 
160 

 
0,41 

3390(N-H),3050(C-H 
arom.), 2908, 2845 (C-H 
Ad),1650 (C=O) 

δ 10.18 (s, 1 H), 7.94 (d, J 7.0 
Hz, 2 H), 7.67 (d, J 8.8 Hz, 2 H), 
7.58 (t, J 7.1 Hz, 1 H), 7.52 (dd, 
J 7.0 Hz, 2 H), 6.94 (d, J 8.8 Hz, 
2 H), 2.13 (s, 3 H), 1.79 (m, 6 
H), 1.57 (m, 6 H) 

δ 165.2, 149.3, 
135.0, 134.8, 
131.3, 128.2, 
127.5, 124.5, 
120.9, 76.7, 42.2, 
35.5, 30.1 

 
V 

 
181-
182 

 
0,53 

3290 (N-H), 3030 (C-H 
arom.), 2908, 2845 (C-H 
Ad),1650 (C=O) 

δ 10.07 (s, 1 H), 7.48 (d, J 8.8 
Hz, 2 H), 7.33 (m, 4 H), 7.24 (m, 
1 H), 6.87 (d, J 8.8 Hz, 2 H), 
3.60 (s, 2 H), 2.10 (s, 3 H), 1.75 
(m, 6 H), 1.55 (m, 6 H) 

δ 168.6, 148.9, 
136.0, 134.9, 
128.9, 128.2, 
126.4, 124.6, 
119.5, 76.6, 43.2, 
42.2, 35.5, 30.1 

 
VI 

 
240- 

 
0,77 

3420 (NH), 2950, 2930, 
2850 (Ad), 1670 (C=O), 

δ 9.01 (s, 1 H), 7.52 (d, J 8.9 Hz, 
2 H), 6.85 (d, J 8.8 Hz, 2 H), 

δ 175.5, 148.8, 
135.0, 124.3, 
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lR. 
t., 
0C 

Rf  
heqsan: 
eTeri, 
1:1 

 
iw speqtrebi, ν, sm-1 

 

 
1H bmr (DMSO-D6) 

 

13C bmr (DMSO-
D6) 

241 1210, 1050 (C-O-C) 2.12 (s, 3 H), 2.01 (s, 3 H), 1.89 
(m, 6 H), 1.76 (m, 6 H), 1.70 (m, 
6 H), 1.56 (m, 6 H) 

120.7, 76.5, 42.2, 
40.7, 38.3, 35.9, 
35.5, 30.1, 27.6 
 

 
VII 

 
178-
179 

 
0,6 

3290 (NH), 3050 (C-H 
arom.), 1640 (C=O), 
1230,1035 (C-O-C) 

δ 8.95 (s, 1 H), 7.52 (d, J 9.1 Hz, 
2 H), 6.84 (d, J 9.1 Hz, 2 H), 
3.71 (s, 3 H), 2.01 (s, 3 H), 1.89 
(m, 6 H), 1.70 (s, 6 H) 

δ 175.4, 155.0, 
132.3, 121.8, 
113.4, 55.0, 40.6, 
38.3, 36.0, 27.6 

 
VIII 

 
206-
207 

 
0,4 

 
3290 (NH), 3050 (C-H 
arom.), 2930, 2908, 2834 
(C2H5, Ad), 1640 (C=O), 
1230,1035(C-O-C) 

  

 
IX 

 
176-
177 

 
0,45 

 
3290 (N-H), 3030 (C-H 
arom.), 2908, 2845 (C-H 
Ad),1650 (C=O), 1530 
(Cl),1250 (C-O-C) 

δ 1.704 (6 H), 1.9 (6 H), 2.02 (3 
H); 6.90-6.92 (dd, J 8.94 Hz, 1.5 
Hz, 2H); 7.143-7.161 (d, J 8.87 
Hz, J 2.45 Hz 1H); 7.381-7.399 
(dd, J 8.94 Hz, J 1.5 Hz, 2H); 
7.654-7.677 (dd, J 8.87 Hz, J 
2.45 Hz, 1H); 8.025-8.030 (d, J 
2.45 Hz, 1H); 9.33 (s, 1H)  

 

X 119-
122 

0,42 3090 (C-H arom.), 2916, 
2854 (CH, Ad), 1650 
(C=O),1350 (N-O), 1250  
(C-O-C) 

  

XI 151-
153 

0,8 3447 (N-H); 3090 (C-H 
arom.), 2915, 2854 (CH, 
Ad), 1681(C=O), 1342 (N-
O), 1265, 1234 (C-O-C) 

  

XII 127-
130 

0,65 3317 (N-H); 3108, 3070 (C-
H arom.), 2908, 2854 (CH, 
Ad), 1697 (C=O),1334 (N-
O), 1272, 1234 (C-O-C) 

  

XIII 172-
174 

0,86 3448, 3371 (N-H), 3090 (C-
H arom.), 2928, 2850 (CH, 
Ad), 1689 (C=O), 1342 (N-
O), 1265, 1242 (C-O-C) 

δ 9.75 (s, 1 H), 7.75 (d, J 8.8 Hz, 
1 H), 7.51 (d, J 2.6 Hz, 1 H), 
7.34 (dd, J 8.8, 2.6 Hz, 1 H), 
2.15 (s, 3 H), 2.03 (s, 3 H), 1.76 
(m, 24 H) 

δ 211.1, 175.8, 
130.4, 128.0, 
125.8, 120.0, 78.6, 
41.9, 40.6, 38.4, 
38.1, 35.9, 35.9, 
35.3, 30.1, 27.4, 
27.3 

XIV 134-
135 

0,65 3278 (N-H), 3090 (C-H 
arom.), 2908, 2846 (CH, 
Ad),1650 (C=O), 1581, 
1350 (N-O), 1288, 1249 (C-
O-C) 

δ 9.62 (s, 1 H), 7.65 (d, J 9.0 Hz, 
1 H), 7.49 (d, J 3.0 Hz, 1 H), 
7.30 (dd, J 9.0, 3.0 Hz, 1 H), 
3.83 (s, 3 H), 2.02 (s, 3 H), 1.88 
(m, 6 H), 1.70 (m, 6 H) 

δ 175.6, 155.7, 
142.8, 127.3, 
125.0, 120.3, 
108.8, 55.9, 40.5, 
38.2, 35.9, 27.5 

XV 
 

133-
135 

0,73 3379 (N-H); 3090 (C-H 
arom.); 2930, 2908, 2854 
(C2H5, Ad); 1650 (C=O); 
1581, 1350 (N-O); 
1280,1056 (C-O-C) 

δ 9.61 (s, 1 H), 7.65 (d, J 9.0 Hz, 
1 H), 7.46 (d, J 2.9 Hz, 1 H), 
7.29 (dd, J 9.0, 2.9 Hz, 1 H), 
4.10 (d, J 6.9 Hz, 2 H), 2.02 (s, 3 
H), 1.88 (m, 6 H), 1.70 (m, 6 H), 
1.34 (t, J 6.9 Hz, 3 H) 

δ 175.6, 155.0, 
142.7, 127.2, 
124.9, 120.7, 
109.3, 64.0, 40.5, 
38.2, 35.9, 27.5, 
14.3 

XVI 168-
170 

0,91 3290 (N-H), 3030 (C-H 
arom.), 2908, 2845 (C-H 
Ad),1650 (C=O), 1530 (Cl), 
1342 (N-O), 1250 (C-O-C) 
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saintereso iyo dasinTezebuli adamantanSemcveli nitroanilidebis, rogorc 
axali tipis ligandebis kvantur-qimiuri daxasiaTeba (energetikuli da geomet-
riuli maxasiaTeblebis dadgena, atomebze efeqturi muxtebis gansazRvra). Teo-
riulad dasadgeni iyo, agreTve, Tu rogori iqneboda nitrirebis reaqciis savara-
udo mimarTuleba da ra rols iTamaSebda nitrojgufis mdebareoba nitroanili-
debis bioaqtiurobasa da d-metalebTan kompleqswarmoqmnis unarSi. 

kvantur-qimiuri gaTvlebi SevasruleT CS MOPAC-is (Chem 3D Ultra-version 
8.03) saSualebiT AM1 (Austin Model 1) meTodiT (cxr. 1 da 2) [7, 8].  

modelur reaqciad SevarCieT 4-(p-qlorfenoqsi)-3-qlor-N-(1-adamantoil)-
anilidis nitrirebis reaqcia: 

O NH C

O

Cl

Cl
HNO3

O NH C

O

Cl

Cl

NO2
I

O NH C

O

Cl

Cl

II

NO2

 

sqema 3. 4-(p-qlorfenoqsi)-3-qlor-N-(1-adamantoil)anilidis  
nitrirebis modeluri reaqciis sqema 

 optimizirebuli 4-(p-qlorfenoqsi)-3-qlor-N-(1-adamantoil)anilidis 3D 
modeli mocemulia nax. 1. 

 

 

naxazi 1. 4-(p-qlorfenoqsi)-3-qlor-N-(1-adamantoil)anilidis  
3D modeli 

 naxevrad empiriuli meTodiT AM1 gaviangariSeT sawyisi naerTis molekulaSi 
(nax. 1) efeqturi muxtebi, atomTaSorisi manZilebi da savalento kuTxeebi (cxr. 2-
4), reagentis, SesaZlo produqtTa warmoqmnis siTboebi (ΔHwarm.) da reaqciis 
siTburi efeqti (ΔHreaq.). 

4-(p-qlorfenoqsi)-3-qlor-N-(1-adamantoil)anilidis molekulaSi savalento 
kuTxeebi C-C-C benzolis birTvebSi 118-120°-is farglebSia (cxr. 3), rac 
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naxSirbadis atomis sp2-hibridizaciis mdgomareobas Seesabameba. kuTxeebi C(2)-
C(1)-N(8), C(6)-C(1)-N(8), C(9)-N(8)-H(38), C(3)-C(4)-O(7) da C(5)-C(4)-O(7) agreTve 
Seesabameba zemoaRniSnuli hibridizaciis tips C da N atomebisaTvis. 

 
 
 

 cxrili 2. atomuri manZilebi 4-(p-qlorfenoqsi)-3-qlor-N- 
(1-adamantoil)anilidis molekulaSi 

 efeqturi muxtebis analizisas (cxr. 4) Cans, rom eleqtronebis yvelaze didi 
deficitiT xasiaTdeba naxSirbadis C(9) atomi, rac SeiZleba aixsnas misi kavSiriT 
Zlier eleqtrouaryofiT N(8) da O(10) atomebTan. eleqtronebis didi deficitiT 
xasiaTdeba aseve naxSirbadis C(1) da C(4) benzolis (a) birTvSi eleqtrouaryofiT 
N(8), O(7), Cl (21) atomebTan maTi kavSiris gamo. benzolis (a) birTvSi C(2) 
naxSirbadis atomTan efeqturi muxtis sididea – 0.23315, xolo C(6) naxSirbadis 
atomTan –0.20288. nitrirebis reaqciis procesSi azotis atomi (nax. 1) Setevas gana-
xorcielebs orTo mdebareobis C(2) naxSirbadis atomTan. 

sawyisi 4-(p-qlorfenoqsi)-3-qlor-N-(1-adamantoil)anilidis warmoqmnis siT-
bo ΔHwarm. = – 220.16 kj/moli. reaqciis savaraudo produqtTa warmoqmnis siTboTa 
gamoTvlam gviCvena, rom nitrirebis aRniSnuli reaqciis Sedegad warmoiqmneba 4-
(p-qlorfenoqsi)-2-nitro-3-qlor-N-(1-adamantoil)anilidi (I — sqema 3), romlis 

atomebi bmis  
sigrZe, Å 

atomebi bmis  
sigrZe, Å 

atomebi bmis  
sigrZe, Å 
 

C(1)-N(8) 

C(2)-C(3) 

C(2)-H(35) 

C(3)-C(4) 

C(3)-Cl(21) 

C(4)-C(5) 

C(4)-O(7) 

C(5)-C(6) 

C(5)-H(33) 

C(6)-H(34) 

O(7)-C(22) 

N(8)-C(9) 

N(8)-H(36) 

C(9)-O(10) 

C(9)-C(11) 

C(11)-C(12) 

C(11)-C(16) 

C(11)-C(17) 

1.401 

1.388 

1.103 

1.404 

1.713 

1.406 

1.392 

1.371 

1.103 

1.102 

1.394 

1.390 

1.004 

1.246 

1.537 

1.537 

1.533 

1.536 

C(12)-C(13) 

C(12)-H(37) 

C(12)-H(38) 

C(13)-C(14) 

C(13)-C(20) 

C(13)-H(39) 

C(14)-C(15) 

C(14)-H(40) 

C(14)-H(41) 

C(15)-C(16) 

C(15)-C(19) 

C(15)-H(42) 

C(16)-H(43) 

C(16)-H(44) 

C(17)-C(18) 

C(17)-H(45) 

C(17)-H(46) 

C(18)-C(19) 

1.525 

1.118 

1.118 

1.525 

1.527 

1.120 

1.526 

1.118 

1.118 

1.517 

1.527 

1.121 

1.119 

1.119 

1.528 

1.118 

1.118 

1.505 

C(18)-C(20) 

C(18)-H(47) 

C(19)-H(48) 

C(19)-H(49) 

C(20)-H(50) 

C(20)-H(51) 

C(22)-C(23) 

C(22)-C(27) 

C(23)-C(24) 

C(23)-H(29) 

C(24)-C(25) 

C(24)-H(30) 

C(25)-C(26) 

C(25)-Cl(28) 

C(26)-C(27) 

C(26)-H(31) 

C(27)-H(32) 

 

1.548 

1.121 

1.118 

1.118 

1.118 

1.119 

1.400 

1.405 

1.389 

1.102 

1.397 

1.101 

1.399 

1.708 

1.390 

1.102 

1.102 
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ΔHwarm.= –175.60 kj/moli (II naerTiswarmoqmnis siTbo ΔHwarm.= – 166.90 kj/moli — 
sqema 3). miRebuli Sedegebi srul SesabamisobaSia 1H bmr speqtrul monacemebTan. 

cxrili 3. valenturi kuTxeebi                                                                                                
4-(p-qlorfenoqsi)-3-qlor-N-(1-adamantoil)anilidis molekulaSi 

 atomebi kuTxe, 

gradusi 
 atomebi kuTxe, 

gradusi 
 atomebi kuTxe, 

gradusi 
C(2)-C(1)-
C(6) 
C(2)-C(1)-
N(8) 
C(6)-C(1)-
N(8) 
C(1)-C(2)-
C(3) 
C(1)-C(2)-
H(3) 
C(3)-C(2)-
H(3) 
C(2)-C(3)-
C(4) 
C(2)-C(3)-
Cl(21) 
C(4)-C(3)-
Cl(21) 
C(3)-C(4)-
C(5)  
C(3)-C(4)-
O(7) 
C(5)-C(4)-
O(7) 
C(4)-C(5)-
C(6) 
C(4)-C(5)-
H(33) 
C(6)-C(5)-
H(33) 
C(1)-C(6)-
C(5) 
C(1)-C(6)-
H(34) 
C(5)-C(6)-
H(34) 
C(5)-C(6)-
H(34) 
C(4)-O(7)-
C(22) 
C(4)-O(7)-
C(22) 
C(1)-N(8)-
C(9) 
C(1)-N(8)-
H(36) 
C(9)-N(8)-
H(36) 

117.845 
118.065 
124.090 
120.857 
119.335 
119.808 
121.085 
118.015 
120.898 
117.316 
122.348 
120.321 
122.541 
118.887 
118.571 
120.347 
121.458 
118.192 
118.192 
113.937 
113.937 
130.901 
111.117 
117.982 
123.046 
115.177 
121.777 
109.913 
110.202 
109.677 
109.477 
108.980 
108.648 
109.886 
109.950 

C(11)-C(12)-
H(38) 
C(13)-C(12)-
H(37) 
C(13)-C(12)-
H(38) 
H(37)-C(12)-
H(38)  
C(12)-C(13)-
C(14) 
C(12)-C(13)-
C(20)  
C(14)-C(13)-
H(39) 
C(20)-C(13)-
H(39)  
C(13)-C(14)-
C(15) 
C(13)-C(14)-
H(40) 
C(13)-C(14)-
H(41)  
C(15)-C(14)-
H(40)  
C(15)-C(14)-
H(41) 
H(40)-C(14)-
H(41) 
C(14)-C(15)-
C(16) 
C(14)-C(15)-
C(19) 
C(14)-C(15)-
H(42) 
C(14)-C(15)-
C(16)  
C(14)-C(15)-
C(19)  
C(14)-C(15)-
H(42)  
C(16)-C(15)-
C(19)  
C(16)-C(15)-
H(42)  
C(19)-C(15)-
H(42)  
C(11)-C(16)-
C(15)  

111.048 
109.805 
109.129 
106.973 
109.473 
109.534 
109.479 
109.364 
109.018 
110.163 
110.159 
110.213 
110.284 
109.997 
106.990 
109.439 
109.355 
109.997 
109.439 
109.355 
109.812 
108.758 
109.462 
109.571 
110.187 
110.225 
109.761 
109.973 
107.092 
109.932 
110.965 
109.955 
109.193 
109.765 
106.980 
 

C(17)-C(18)-
C(19)  
C(17)-C(18)-
C(20) 
C(17)-C(18)-
H(47)  
C(19)-C(18)-
C(20)  
C(20)-C(18)-
H(47)  
C(15)-C(19)-
C(18)  
C(15)-C(19)-
H(48)  
C(15)-C(19)-
H(49)  
C(18)-C(19)-
H(48)  
C(18)-C(19)-
H(49)  
H(48)-C(19)-
H(49)  
C(13)-C(20)-
C(18)  
C(13)-C(20)-
H(50)  
C(13)-C(20)-
H(51)  
C(18)-C(20)-
H(50)  
H(50)-C(20)-
H(51)  
O(7)-C(22)-
C(23)  
O(7)-C(22)-
C(27)  
C(23)-C(22)-
C(27)  
C(22)-C(23)-
C(24)  
C(22)-C(23)-
H(29)  
C(24)-C(23)-
H(29)  
C(23)-C(24)-
C(25)  
C(23)-C(24)-
H(30)  

109.526 
109.167 
109.294 
108.909 
110.080 
110.076 
110.186 
110.095 
109.109 
110.385 
106.935 
109.483 
110.156 
110.054 
110.319 
106.912 
120.202 
120.814 
118.981 
121.179 
119.111 
119.710 
119.524 
119.518 
120.958 
119.813 
120.269 
119.918 
120.515 
120.592 
118.888 
119.979 
119.274 
120.741 
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 atomebi kuTxe, 

gradusi 
 atomebi kuTxe, 

gradusi 
 atomebi kuTxe, 

gradusi 
N(8)-C(9)-
O(10) 
N(8)-C(9)-
C(11) 
O(10)-C(9)-
C(11) 
C(9)-C(11)-
C(12) 
C(9)-C(11)-
C(16)  
C(9)-C(11)-
C(17) 
C(12)-C(11)-
C(16) 
C(12)-C(11)-
C(17) 
C(16)-C(11)-
C(17) 
C(11)-C(12)-
C(13) 
C(11)-C(12)-
H(37) 

C(11)-C(16)-
H(43)  
C(11)-C(16)-
H(44)  
C(15)-C(16)-
H(43)  
C(15)-C(16)-
H(44)  
H(43)-C(16)-
H(44)  
C(11)-C(17)-
C(18)  
C(11)-C(17)-
H(45)  
C(11)-C(17)-
H(46)  
C(18)-C(17)-
H(45)  
C(18)-C(17)-
H(46)  
H(45)-C(17)-
H(46)  

C(25)-C(24)-
H(30)  
C(24)-C(25)-
C(26)  
C(24)-C(25)-
Cl(28)  
C(26)-C(25)-
Cl(28)  
C(25)-C(26)-
C(27)  
C(25)-C(26)-
H(31)  
C(27)-C(26)-
H(31)  
C(22)-C(27)-
C(26)  
C(22)-C(27)-
H(32)  
C(26)-C(27)-
H(32) 

naxevradempiriuli kvantur-qimiuri AM1 meTodiT gamovTvaleT agreTve AH-
is, misi nitronaerTebis da Sualeduri produqtebis (AH-is kompleqsi 
manitrirebel narevTan) warmoqmnis enTalpiebi. AH-is nitrirebis procesi 
ganxilulia Semdegi reaqciiT: 

AH + NO2
+ + HSO4

- →  ANO2 + H2SO4 

sawyisi manZili AH-is naxSirbadis atomebsa da nitroniumis ionis azotis 
atoms Soris (RCN) aRebuli iyo 2.50 Ǻ. NO2

+-is miaxloeba AH-is molekulasTan 
xorcieldeboda 0.05 Ǻ-iani bijiT. rac Seexeba hidrosulfat-anions, manZili misi 
Jangbadis atomsa da AH-is molekulis Casanacvlebel wyalbadis atomebs Soris 
mcirdeboda RCN-is cvlilebis sinqronulad.  

cxrili 4. efeqturi muxtebi                                                                                                   
4-(p-qlorfenoqsi)-3-qlor-N-(1-adamantoil)anilidis molekulaSi 

sistemis enTalpiis cvlilebis damokidebuleba Semtevi nawilakis — NO2
+-is 

manZilze gviCvenebs, rom orive SemTxvevaSi Tvisobrivi suraTi erTi da igivea. es 
damokidebulebebi mocemulia nax. 2 da 3. 

atomi  muxti atomi  muxti atomi muxti atomi  muxti 
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 

0.10404 
-0.23315 
-0.04126 
 0.03545 
-0.16977 
-0.20288 

C(9) 
C(11) 
C(12) 
C(13) 
C(14) 
 
C(15) 

0.38497 
-0.08632 
-0.23775 
-0.16102 
-0.24443 
 
-0.16405 

C(16) 
C(17) 
C(18) 
C(19) 
C(20) 
 
C(22) 

-0.22828 
-0.23910 
-0.16030 
-0.24526 
-0.24527 
0.05010 

C(23) 
C(24) 
C(25) 
C(26) 
C(27) 
 

-0.18751 
-0.16605 
-0.08462 
-0.16718 
-0.19257 
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naxazi 2. enTalpiis (ΔΗ) damokidebuleba 

reaqciis (RCN) koordinatze 6-nitroanilidisaTvis 
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naxazi 3. enTalpiis (ΔΗ) damokidebuleba 

reaqciis (RCN) koordinatze 2-nitroanilidisaTvis 
 
sistemis enTalpia dasawyisSi izrdeba RCN = 2.05 (2.15) Ǻ mniSvnelobamde, ris 

Semdegac is monotonurad mcirdeba. aqtivaciis energia 6-nitronawarmisaTvis 
Seadgens ΔΔΗ# = 71.0 kj-s (RCN = 2.05 Å), xolo 2-nitronawarmisaTvis ΔΔΗ# = 100.8 kj-s 
(RCN = 2.15 Å). orive SemTxvevaSi nitrirebis procesi egzoTermulia (ΔΔΗ = − 266.4 
kj da ΔΔΗ = − 296.2 kj Sesabamisad). aqtivaciis energiisa da warmoqmnis enTalpiis 
naklebi mniSvnelobebi 2-nitronawarmis warmoqmnis SemTxvevaSi miuTiTebs am 
mimarTulebiT reaqciis ganxorcielebis umetes albaTobaze, rac Seesabameba 1H 
bmr speqtrul monacemebs. 

winaswari gamokvlevebiT davadgineT, rom miRebuli nitroanilidebi SeiZleba 
gamoviyenoT, rogorc axali reaqciisunariani ligandebi d10-metalebis Semcveli 
bioaqtiuri koordinaciuli naerTebis misaRebad. 

saintereso iyo adamantanis nawarmebis bazaze d10-metalebis Semcveli poli-
funqciuri koordinaciuli naerTebis sinTezis SesaZleblobis dadgena [10]. 

d10-metalebis (Cd) kompleqsnaerTebis dasinTezeba SevecadeT Cvens mier 
dasinTezebuli nitroanilidebis kadmiumis iodatebTan da bromatebTan 
urTierTqmedebiT spirtwyalxsnarSi. qvemoT mocemulia reaqciis savaraudo 
sqema [10]: 
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sqema 4. adamantanSemcveli nitroanilidebis d10-metalebis (Cd) 

kompleqsnaerTebis sinTezis zogadi sqema 

sakvlevi naerTebis Sedgeniloba-aRnagobis dasadgenad Catarebul iqna iw 

speqtroskopiuli gamokvleva, ris Sedegadac dadginda, rom maTi iw speqtrebi 
(cxr. 1) sawyisi produqtebis msgavsia. iodat-ionis ν3(E) maxasiaTebeli zoli myar 
mdgomareobaSi SeimCneva 745-750 sm-1 ubanSi [11, 12]; aromatuli birTvis Sesabamisi 
STanTqmis zoli, ν3(E), gayofilia or komponentad, maqsimumebiT 750 sm-1 da 730 sm-1, 
rac miuTiTebs imaze, rom IO3

– dakavSirebulia kadmiumTan. miRebuli kompleqsna-
erTebis infrawiTel speqtrebSi nitrojgufis damaxasiaTebeli sixSire, 1342 sm-1, 

ixliCeba or StanTqmis zolad 1504 sm-1da 1311 sm-1, rac miuTiTebs nitrojgufis 
araorganul (metalSemcvel) fragmentTan kombinaciaze. 

Termuli analizis meTodiT dadgenil iqna Termolizis temperaturuli 
intervalebi da agreTve dasinTezebuli naerTebis mdgradoba. 

miRebuli kompleqsnaerTebi 165—400oC-is intervalSi kargavs Tavisi masis 
58.4%-s, kerZod am temperaturul intervalSi xdeba molekulis organuli 
nawilis destruqcia (Teoriuli — 58.1%).  

rTulad mimdinareobs araorganuli fragmentis Termolizi, magaliTad, 400—
460°C temperaturul intervalSi kadmiumis kompleqsis masis danakargi Seadgens 
16.6%-s, rac Seesatyviseba I2O5-is mocilebas (Teoriuli — 16.4%).  

organuli fragmentis moxleCis Semdeg darCenili kadmiumis iodatis(V) 
Termolizi SegviZlia warmovidginoT Semdeg reaqciaTa erTobliobiT: 

Cd(IO3)2 → CdO + I2O5 
I2O5 → 2 IO2 + 1/2 O2 
2 IO2 → I2 + 2 O2 
580°C-ze endoefeqti Seesabameba kadmiumis oqsidis warmoqmnas. masis danakar-

gi Seadgens 9.5% (Teoriuli — 10.0%).  
Tga Sedegebi saSualebas gvaZlevs davaskvnaT, rom sakvlevi nivTierebis Ter-

molizi mimdinareobs Semdegi sqemis Sesabamisad [13]: 

 
sqema 5. adamantanSemcveli nitroanilidebis                                                                            

d10-metalebis (Cd) kompleqsnaerTebis Termolizis sqema 

zemoT motanili speqtruli, diferenciul-Termuli da Termulgravimet-
ruli analizis Sedegebis mixedviT SeiZleba vivaraudoT, rom miRebuli nivTiere-
bebis struqtura reaqciis zogad sqemaze mocemulis identuria [10].  

dasasrul, aRvniSnavT, rom vinaidan kadmiumis naerTebi xasiaTdeba sakmaod 
maRali fiziologiuri aqtiurobiT, unda vivaraudoT, rom Cven mier dasin-
Tezebul kompleqsebSi organul-araorganuli fragmentebis da nitroaniliduri 
dajgufebis Tanamyofoba kidev ufro gazrdis maT farmakologiur zemoqmedebas. 
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NEW ADAMANTANE-CONTAINING NITROANILID LIGANDS FOR COMPLEX-
COMPOUNDS OF d-METALS: SYNTHESIS AND QUANTUM-CHEMICAL  INVESTIGATION 

KH. BARBAKADZE, N. LEKISHVILI, T. LOBZHANIDZE, R. VARDIASHVILI,  
D. ZURABISHVILI, Z. PACHULIA 

Ivane Javakhishvili Tbilisi State University 

Summary 

There were carried out the modification of anthelminthic preparation - Fenacetine, Trinoine, 
Diamphenetide, Raphoxanide by adamantilation and adamantoylation of O,N-atoms, particularly, the 
adamantylation of phenols with 1-adamantanole and 1-brom-adamantane, nitration and reduction of 
adamantoxybenzene with various systems, acilation of alkyl(aryl)oxyanilines with carbonic acids’ 
chlorine anhydrides in the presence of basic agents. By using of model systems quantum-chemical 
investigation of adamantan-containing nitroanilides have been carried out. By interaction of 
synthesized adamantan-containing nitroanilides with cadmium iodates (bromates) it was established 
the posibility of the obtaining of new kationic-anionic complex compounds of some of d-metals. 
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zogierTi d-metalis biologiurad aqtiuri koordinaciuli naerTebi 

adamantan-1-karbonmJavas hidrazidis bazaze 

n. lekiSvili, x. barbaqaZe, g. cincaZe 

iv. javaxiSvilis saxelobis                                                                                               
Tbilisis saxelmwifo universiteti 

dasinTezebulia adamantan-1-karbonmJavis hidrazidis bazaze d-metalTa 
xsnadi marilebis axali koordinaciuli naerTebi. Seswavlilia sxvadasxva 
faqtorebis (temperatura, sawyis komponentTa moluri Tanafardoba, kompleqs-
warmomqmnelis tipi) gavlena warmoqmnili naerTebis aRnagobasa da gamosavliano-
baze, agreTve maTi zogierTi fizikur-qimiuri Tviseba. miRebuli naerTebis 
agebuleba dadgenilia iw speqtroskopiuli da Termogravimetriuli meTodebis 
saSualebiT. naCvenebia, rom organuli ligandis molekula metalebis centralur 
atomebTan koordinirebulia karbonilis jgufis Jangbadatomisa da azomeTinuri 
jgufis azotis atomis meSveobiT ciklur-bidentanturad. 

Tanamedrove gamokvlevebiT dadgenil iqna, rom adamantanis rigis azot-
Semcveli warmoebulebi gamoirCevian unikaluri farmakologiuri aqtiurobiT, 
maT Soris iCenen cofis virusis, adamianis imunodeficituri virusis damTrgun-
vel moqmedebas [1, 2]. aRsaniSnavia, rom adamantanebis maRali biologiuri aqtiu-
roba gamowveulia maTi membranotropulobiT da imunotropuli moqmedebiT, 
xSir SemTxvevaSi adamantilis jgufis Seyvana biologiurad aqtiur naerTTa 
molekulaSi iwvevs preparatis toqsikurobis Semcirebas da farmakologiuri 
moqmedebis gaZlierebas. aRniSnulis gamo, adamantankarbonmJavis gamoyenebiT 
modificirebuli iqna: antibiotikebi, glikozidebi, steroidebi da sxva [3-7]. 

literaturidan cnobilia, rom Sereulligandiani kompleqsnaerTebi xasiaT-
debian maRali specifikuri biologiuri aqtiurobiT. ukanaskneli wlebis manZil-
ze saqarTveloSi intensiurad viTardeba karbonmJavaTa hidrazidebis da hidra-
zonebis bazaze miRebuli koordinaciuli naerTebis gamokvleva [8, 9].  

zemoaRniSnulidan gamomdinare, perspeqtiulad miviCnieT adamantan-1-
karbonmJavis hidrazidis, rogorc organuli ligandis da zogierTi d-metalis 
marilebis bazaze axali koordinaciuli naerTebis miznobrivi sinTezi rogorc 
Teoriuli, ise praqtikuli gamoyenebis TvalsazrisiT, eleqtronodonoruli da 
farmakoforuli adamantanis radikalis gavlenis Seswavla naerTebis reaqciis-
unarianobasa da specifikur biologiur aqtiurobaze. 

Cvens amocanas warmoadgenda adamantan-1-karbonmJavas hidrazidis bazaze 
zogierTi d-metalis koordinaciuli naerTebis sinTezis meTodebis damuSaveba, 
sxvadasxva faqtorebis (temperatura, sawyis komponentTa moluri Tanafardoba, 
kompleqswarmomqmnelis tipi) gavlenis Seswavla warmoqmnili naerTebis 
aRnagobasa da gamosavlianobaze dasinTezebuli naerTebis agebulebis dadgena iw 
speqtroskopiuli da Termogravimetriuli meTodebis saSualebiT, bioaqtiuri 
Tvisebebis kvleva. 

kobaltis(II), nikelis(II), spilenZis(II) da kadmiumis(II) zogierTi marilis koor-
dinaciul naerTTa sinTezi organul ligandTan ganvaxorcieleT or etapad:  

1. organuli ligandis sinTezi: adamantan-1-karbonmJavis hidrazidi miRebul 
iqna adamantan-1-karbonmJavis eTerifikaciiT konc. gogirdmJavis Tanaobisas da 
miRebuli adamantan-1-karbonmJavis eTilis eTeris hidrazinoliziT dieTilen-
glikolis areSi: 
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-H2O

H2SO4
COOH C2H5OH H2N-NH2

 . H2O
C+ COOC2H5 NH2NH

O

 
sqema 1 

2. organul ligandTan d-metalTa marilebis urTierTqmedeba: 
a) adamantan-1-karbonmJavis hidrazidisa (L) da d-metalebis marilebis (MXn) 

urTierTqmedebas vatarebdiT eTanol-wyalxsnarSi wylian abazanaze 5-6sT duRi-
lis pirobebSi (moluri TanafardobiT MXn : L — 1:1 da 1:3), gamWvirvale xsnars va-
yovnebdiT kristalizatorSi, 2-3dRis Semdeg gamoyofil kristalebs vfiltrav-
diT, vrecxavdiT da vaSrobdiT vakuum-eqsikatorSi CaCl2-ze: 

eTanol-wyalxsnari

t, 4-5sTC

O

NHNH2
MXn + 3 M

m

Xn 
.  k H2ONHNH2C

O

 
M = Cu, Cd, Co, Ni; X = Cl, SO4, NO3, CH3COO; n = 1, 2; m = 2, 3; k = 0, 1, 2. 

sqema 2 

imave reaqciis sust tute areSi (pH ≈ 9) Catarebisas miiReba deproto-
nirebuli organuli ligandis Semcveli kompleqsi M(L-2H) · 3H2O. 

b) adamantan-1-karbonmJavis hidrazidisa (L) da d-metalebis marilebis (MXn) 
urTierTqmedebas vatarebdiT aceton-wyalxsnarSi wylian abazanaze 5-6sT duRi-
lis pirobebSi (moluri TanafardobiT MXn : L — 1:3), gamWvirvale xsnars vayov-
nebdiT kristalizatorSi, 2-3 dRis Semdeg gamoyofil kristalebs vfiltravdiT, 
vrecxavdiT da vaSrobdiT vakuum-eqsikatorSi CaCl2-ze: 

C

O

NHNH2
MXn+ 3 M

m

Xn 
.  k H2ONHNC(CH3)2C

O
aceton-wyalxsnari

t, 4-5sT

 
 M = Co, Ni; X = Cl, SO4, NO3; n = 1, 2; m = 2, 3; k = 0, 1, 2. 

sqema 3 

miRebuli naerTebi warmoadgens sxvadasxva feris wvrilkristalur nivTi-
erebebs, kompleqswarmomqmneli metalis bunebidan gamomdinare, romlebic 
lRvebian an iSlebian gansazRvrul temperaturaze. 

dasinTezebuli naerTebis agebuleba davadgineT iw speqtroskopiuli da 
Termogravimetriuli analizis meTodebiT.  

infrawiTeli (iw) speqtrebi gadaRebulia speqtrofotometrze FTIR — “THER-
MO NICOLET” (400-4000sm-1), Ge-is firfitebsa da vazelinis zeTSi [10]. Termogravi-
metriuli kvleva Catarebul iqna ungruli firma MOM-is warmoebis F. Paulik, I. 
Paulik & L.Erdey-is sistemis Q 1500D tipis derivatografze, gacxelebis siCqare 
10º/wT. lRobis temperatura gansazRvrulia xelsawyoze Boetius, vizualuri 
mowyobilobiT PHMK 05 da blokze. 

 dasinTezebuli kompleqsebis da adamantan-1-karbonmJavis hidrazidis STan-
Tqmis iw speqtrebis analizma aCvena, rom organuli ligandis molekula, meta-
lebis centraluri atomebTan koordinirebulia karbonilis jgufis Jangbadato-
misa da azomeTinuri jgufis azotis atomis meSveobiT ciklur-bidentanturad: 
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C O

HN N

H H

M

                               

C O

HN N

CH3

M

CH3

C

 
sqema 4 

marTlac, kompleqsnaerTTa speqtrebSi karbonilis jgufis savalento rxevis 
ν(C=O) Sesabamisi STanTqmis zolis Semcireba [Δν(C=O)≈30-40sm-1] Tavisufal ligan-
dTan SedarebiT miuTiTebs, rom organuli ligandi metalis atomTan koordini-
rebulia karbonilis Jangbadatomis meSveobiT M←C=O. meores mxriv, –NH2 jgufis 
Sesabamisi STanTqmis zolebi arakoordinirebul ligandTan SedarebiT gadaweu-
lia grZeltalRian ubanSi [Δν(NH2) ≈ 120-200sm-1], rac damaxasiaTebelia NH2→M 
bmis valenturi rxevebisaTvis. 

cxrili 1. dasinTezebuli zogierTi koordinaciuli naerTis Tvisebebi da iw 
speqtrebis monacemebi 

 
naerTi 

 
feri 

 
lR. t., 

0C 

 

iw speqtrebi, ν, sm-1 
 

gamosavlanoba, 
% 
 

NiL2(NO3)2 · 
2H2O 

cisferi >330 3594.8, 3540.8, 3479(NH2); 
3332.6, 3278.6(NH); 2908.2, 

2854.2(CH, 
Ad);1643.1(C=O); 

1535.1(CONH);1349.9,1041.
4, 825.4(NO3); 1373 (C-N) 

93.4 

NiL3SO4 · H2O cisferi >230* 3401.9(NH2); 3239.9(NH); 
2908.2, 2854.2(CH, Ad); 

1643.1(C=O); 
1535.1(CONH); 

1373.1(C-N); 1079.9, 1187.9, 
671.1(SO4) 

64.6 

CdL2Cl2 · 2H2O TeTri >230 3587.1, 3509.9, 3417.4(NH2); 
3340.2, 3293.9(NH); 2923.7, 

2854.2 (CH, Ad); 1635.4 
(C=O); 1504.2 (CONH); 
1373.1(C-N); 1103.1(Cl) 

84.4 

CdL2(CH3COO)2 
· H2O 

TeTri >360 3533.1, 3479.1(NH2); 
3278.5(NH); 2908.2, 2854.2 

(CH, Ad); 1643.1(C=O); 
1520 (CONH); 1373(C-N); 

1411.7, 1450.2, 748.2, 663.4 
(COO); 1334.5(CH3); 

918.0(C-C) 

93.0 

  *) iSleba 
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naerTebis ML2(NO3)2 · 2H2O iw speqtrebSi ~1380-1538sm-1 ubanSi SeimCneva νe(NO3
-) 

jgufisaTvis damaxasiaTebeli intensiuri, or komponentad gaxleCili STanTqmis 
zoli, rac saSualebas gvaZlevs, vivaraudoT, rom NO3 jgufi uSualod aris 
dakavSirebuli metalebis atomebTan da Sesabamis kompleqsebs aqvT oqtaedruli 
aRnagoba.  

naerTebis MLmSO4·H2O (m=2,3) iw speqtrebSi ~1080-1110 sm-1 ubanSi SeimCneva 
νe(SO4

2-) jgufisaTvis damaxasiaTebeli intensiuri, singleturi STanTqmis zoli. 
metalis centraluri atomis koordinaciuli ricxvi kompleqsebSi MLmSO4 · H2O 
(M=Co, Ni, Zn) aris 6. Sesabamisad SO4

2- jgufebi am kompleqsebSi Sigasferul 
jgufebs warmoadgenen. CdL2SO4 · H2O-Si SO4

2-is Sesabamisi STanTqmis zoli Zlierad 
aris gaxleCili ramdenime komponentad, rac saSualebas gvaZlevs davaskvnaT, rom 
jgufebi am kompleqsebSi pirdapir ukavSirdebian kadmiumis centralur atoms.  

SeviswavleT miRebuli kompleqsnaerTebis Termuli mdgradoba. maTi 
destruqciis sawyisi procesi mimdinareobs 220-320°C-ze, xolo intensiuri daSla 
− 400-460°C-ze (naxazi), rac damaxasiaTebelia aseTi tipis naerTebisaTvis [11]. 

 

 
 (a)                                                                                                                      (b) 

adamantan-1-karbonmJavas hidrazidis da kadmiumis kompleqsnaerTis dTa (naxazi a) da 
Tga (naxazi b) mrudebi 

dasinTezebuli adamantanis Semcveli axali koordinaciuli naerTebi, maTi maRali 
reaqciisunarianobisa da Zlieri farmakoforuli jgufebis Semcvelobis gamo 
warmoadgenen saintereso da perspeqtiul biologiurad aqtiur naerTebs.  
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BIOLOGICALLY ACTIVE COORDINATION COMPOUNDS BASED ON SOME 
 d-METALS AND HYDRAZIDES OF ADAMANTANE-1-CARBON ACIDS 

N. LEKISHVILI, KH. BARBAKADZE, G. TSINTSADZE  

Iv. Javakhishvili Tbilisi State University 

Summary 

New coordination compounds based on of hydrazide of adamantane-1-carbonic acids and dissoluble 
salts of d-metals have been synthesized and studied. The influence of various factors (temperature, molar 
correlation of initial components, type of copmlex-formation) on the yield and structure has been 
established. Some physical-chemical properties were studied. By using IR spectroscopcal and 
Thermogravimetrical analysis methods the composition and structure of the synthesized compounds have 
been established. It was shown that the organic ligand coordinates to the central metal atom through oxygen 
atom of the carbonyl-group and the asomethine nitrogen atoms by cyclic-bidentante. 
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THE EFFECT OF SOME FACTORS ON HYDROSILYLATION OF                                                             
3,4-DIMETHYLHEXIN-1-DIOL-3,4 BY ETHYLDIPROPYLSILANE 

K. CHERKESISHVILI, R. KUBLASHVILI, K. GIORGADZE 

Iv. Javakhishvili Tbilisi State University 

The effect of various factors (temperature, reaction time, solvent, a ratio of reacting components, an 
amount of the catalyst) on hydrosilylation of 3,4-dimethylhexin-1-diol-3,4 by a ethyl dipropyl silane, at the 
presence of the Speier’s catalyst, is studied. It is shown that in a temperature interval of 20-40 OС, only the 
addition compound according to Farmer's rule is formed; and at higher temperatures (60-100 OС) products 
both by Farmer's rule and by Markovnikov’s rule are formed. As a result of increase in temperature and 
reaction time, and also with increase in amounts of glycol and the catalyst, the yield of reaction products 
increases. 

Hydrosilylation of alkynes containing functional groups, these groups are kept in structure of formed 
olefine molecules. Earlier we have shown that the interaction of triethylsilane with acetylene α-glycols 
containing terminal triple bond, at the presence of the Speier’s catalyst, in the conditions accepted by us as 
standard (the reaction medium without solvent; at temperature of boiling of reacting components; a molar ratio 
acetylene α-glycol / silane = 1:1; the reaction catalyst - 0,1М solution of H2PtCl6.6H2O in isopropyl alcohol, in 
amount of 10-3 gram-molecule on each gram-molecule of acethylenic α-glycol; reaction time 4 hours), 
basically proceeds with the addition of hydrosilane to the triple bond of glycol. As a result isomeric products 
are formed which yield on the average makes 20-40 % (from theoretical) for products of hydrosilylation by 
Farmer's rule (a), and 8-10% for products of hydrosilylation by Markovnikov's rule (b) [1]. 

In this article the effect of various factors (temperature, reaction time, solvent, a ratio of reacting 
components, an amount of the catalyst) on hydrosilylation of 3,4-dimethylhexin-1-diol-3,4 by a ethyl dipropyl 
silane, at the presence of the Speier’s catalyst is investigated. The obtained experimental data (see Table 1) 
show that in an interval of temperatures of 20-40 OС the addition compound (a) according to Farmer's rule is 
formed only; and at higher temperatures (60-100 OС) products both by Farmer's rule (a) and by Markovnikov’s 
rule (b) are formed. 

 
R 1

R 2

OH OH

HSi(C2H5)(C3H7)2

CH3

R 1

R 2

OH OH

CH3

Si(C2H5)(C3H7)2

R 1

R 2

OH OH

CH3

2

Si(C2H5)(C3H7)2

C C C CH +

C C CH CH C C C CH

(a) (b)  

At the presence of the Speier’s catalyst, the maximal yield of products of hydrosilylation is achieved in 
conditions of heating at temperatures of 95-100 OС within 4-5 hours. In an interval of temperatures of 60-100 
OС both are simultaneously formed, products by Farmer's rule and by Markovnikov’s rule; according to our 
hypothesis, this fact specifies that these two ways of binding are mutually independent. 
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Table 1. Reaction of ethyl dipropyl silane with 3,4-dimethylhexin-1-diol-3,4 

 

Yield of products of 
hydrosilylation 

(% from theoretical) 

Ratio: glycol 
/ 

silane(gram-
mole) 

Amount of 
catalyst(gram-

mole per 
gram-mole of 

glycol) 

Solvent Tempera- 

ture, 

OC 

Reaction 
time 

(h) 

a b 

1:1 10-3 Without solvent 20 0.5 >5 - 

1:1 10-3 Without solvent 20 4 5-8 - 

1:1 10-3 Without solvent 20 24 11 - 

1:2 10-3 Without solvent 20 4 12 - 

1:1 10-3 Without solvent 40 4 10 - 

1:1 10-3 Without solvent 60 4 12 
Trace 

amount 

1:1 10-3 Without solvent 60 6 14 >2 

1:1 10-3 Without solvent 80 4 16 3 

1:1 10-3 Without solvent 100 4 20 6 

1:1 10-6 Without solvent 100 4 8 3 

1:1 10-3 Diethyl ether 34.5 4 10 - 

1:1 10-3 Tetrahyd-rofuran 65 4 14 
Trace 

amount 

1:1 10-3 Benzene 69 4 14 
Trace 

amount 

1:1 10-3 n-Hexane 80 4 15 2 

The replacement of solvent does not change the qualitative composition of reaction products. As well as it 
was necessary to expect, by use as a solvent of a diethyl ether (b.p. 34.5 OC) is formed only an adduct by 
Farmer's rule, and in more high-boiling solvents (benzene, n-hexane, tetrahydrofuran) the adducts of both 
types are formed.  

The change of molar ratio of reacting components and of catalyst’s amount essentially influences a yield 
of reaction products. The certain importance has as well the order of mixing of reacting components: the best 
yields were received when to a mix of glycol and catalyst the ethyl dipropyl silane was slowly added. 
However, it is necessary to note that the molar ratio of adducts formed by Farmer's rule and by Markovnikov’s 
rule makes 3:1, and this ratio remains to constants in an interval of reaction temperatures of 60-100 OС. 

Experimental 

With the purpose of study the effect of various factors (temperature, reaction time, solvent, a ratio of 
reacting components, an amount of the catalyst) on hydrosilylation of 3,4-dimethyl-hexin-1-diol-3,4 by a ethyl 
dipropyl silane, at the presence of the Speier’s catalyst, the reaction mix consisting of 1.38 g of 3,4-
dimethylhexin-1-diol-3,4, 1.16 g of ethyl dipropyl silane, and 0,1 ml (10-5 gram molecule) of the Speier’s 
catalyst (0.1M solution of platini hydrochloric acid in isopropyl alcohol) was prepared. Hydrosilylation was 
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carried out in view of the above-stated factors. In medium of the solvent the reaction was carried out at boiling 
temperature of a reaction mixture. After finishing of the reaction, reaction mixture was neutralized by a 
solution of soda and extracted by diethyl ether. The ether extracts were dried over potash. The analysis of 
reaction mixtures was performed by means of gas-chromatography on the chromatograph CHROM 5 (Flame-
ionization detector; analytical column with a length of 1200 cm, and an internal diameter of 0.6 cm; carrier - 
fire brick; stationary phase - dodecyl phthalate; carrier gas – nitrogen, 30-32 ml/min; temperature of column 
150 OC; temperature of dosimeter 190 OC). Calculation of composition of mixes of hydrosilylation products 
was carried out by a method of the peaks areas, with the help of calibration curves constructed for both of 
hydrosilylation products. The hydrosilylation products necessary for construction of calibration curves have 
been preliminary synthesized by hydrosilylation of the indicated above glycol [1]. 
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zogierTi faqtoris gavlena                                                                                  

eTildipropilsilaniT 3,4-dimeTilheqsin-1-diol-3,4-is                      

hidrosililirebaze 

q. CerqeziSvili, r. kublaSvili, q. giorgaZe 

iv. javaxiSvilis saxelobis                                                                                                      
Tbilisis saxelmwifo universiteti 

reziume 

Seswavlilia sxvadasxva faqtoris (temperatura, reaqciis xangrZlivoba, gamxsneli, 
moreagire komponentTa Tanafardoba, katalizatoris raodenoba) gavlena 
eTildipropilsilaniT 3,4-dimeTil-heqsin-1-diol-3,4-is hidrosililirebaze, speieris 
katalizatoris Tanaobisas. naCvenebia, rom temperaturul intervalSi 20-40OС, reaqciis 
Sedegad miiReba mxolod aduqti farmeris wesis mixedviT; xolo ufro maRali 
temperaturis pirobebSi (60-100 OС) miiReba produqtebi, rogorc farmeris wesis, ise 
markovnikovis wesis mixedviT. reaqciis temperaturisa da xangrZlivobis gazrdis, 
agreTve glikolisa da katalizatoris raodenobis gazrdis Sedegad, izrdeba reaqciis 
produqtebis gamosavlianoba. 
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CALCULATION OF CONDITIONAL STABILITY CONSTANT VALUES                                        
OF SOLID COPPER-HUMIC COMPLEXES 

G. MAKHARADZE, TS. GOLIADZE, A. KHAIAURI, R. KAKAVA 

Iv. Javakhishvili Tbilisi State University 

Copper (II) sorption on humic acids has been studied. The effect of pH on the quantity of sorbed metal has 
been established. On the basis of sorption data, stability constants of solid copper-humate complexes are 
calculated for two pH areas. It is shown that: at pH 1÷3 βnχn= 1·10-2 and at pH 3÷5 βnχn=10. 

A system humic acids – metal ions is one of the most complicated among equilibrium systems of natural 
waters. For its full characteristics the data on their sorption and complexing ability are needed. The centers of 
complexing in humic acids are the fragments of salicylic and phthalic acids [1-4]:  

C
C

O

OH
OH

O

+ Me2+ C
C

O

O
O

O

Me + 2H+

C
O

O-

OH + Me2+ C
O

O
O Me + H+

 
Practically, there are no data on conditional stability constants of solid humates. The aim of the present 

study was to obtain the data on stability of solid complex compounds of copper with humic acids. For solution 
of this purpose there were used the data on sorption of copper on humic acids.  

Experimental 

Humic acids were extracted from the bottom sediments of the Paravani Lake. The hinge of precipitation 
with the mass of 200 g was placed into glass with capacity of 1 l, then 250 ml 0.1 N NaOH was added. After 
diurnal sedimentation, the suspension was centrifuged at 3000 rpm for 5 min. The centrifugate was discharged 
into pure glass and acidified by means of hydrochloric acid solution (1:1) till pH 2. After sedimentation, the 
solution with HA precipitate was allowed to stand on water bath for 2 h, then overnight at room temperature. 
Precipitate of humic acids was dissolved in 0.1 N NaOH and it was precipitated again by acidation, centrifuged 
and centrifugate was poured off. The procedure of humic acids re-precipitation was repeated three times. 
Further purification was performed by 5-6 times treatment in polyethylene rotary flasks with solution HF+HCl 
(10 ml 48% HF in 1 l of 0.1 N HCl) and double treatment with solution of 0.1 N HCl. Humic acids were 
freezed and finally traces of Cl- were removed. Humic acid was dried till constant weight in vacuum exiccator 
over P2O5 at room temperature.  

For the experiment we used humic acids with particles size d<0,2 mm. Standard metal solutions were 
added, stirred in mechanical mixer for an hour (ionic strength μ=0). Water precipitation was left for 24 h, 
centrifuged and equilibrium metal concentrations were determined in the solution using atomic absorption 
spectroscopic method (Perkin-Elmer-603). 

Results and Disscussion 

Sorption of copper on humic acids starts instantly and reaches maximum in 30 min. Sorption becomes 
visible with pH 2. The peak of sorption is reached at pH 7÷8 but in this range of pH it is difficult to determine 
which share comes on sorption and which - on hydrolysis. Proceeding from the above mentioned, in our view it is 
advisable to study sorption till pH 5. In these conditions the ionization of carboxylic groups is almost completed 
and complexation joins to the process. Metal with the best complex-forming property is sorbed in great amount.  

The parameters of sorption isotherms are: KF=6.03; 1/n=041; qm(av.)=26.90; KL(av.)=0.29.  
Sorption capacity of humic acids in relation to copper is high and makes 36 mg/g(0.56 mmol/g) at pH 5. 

The isotherm of exchange has H-like form (Fig.1). It shows extremely high tendency of copper ion to the 
exchanger and indicates the selectivity of certain complex forming functional groups on sorbent surface [5]. 
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Figure 1. Isotherm of copper sorption (II) on humic acids 

Cux – Copper concentration (II) in the solution (in molar shares) 

Cux – Copper concentration (II) in solid phase (in molar shares) 
 
Acid-base properties of humic acids and possibility of their participation in equilibrium processes 

(complexation, sorption) is mainly conditioned by the presence of carboxylic and phenolic hydroxyl groups in 
various states in molecules and their ability to ionization. By potentiometric titration of humic acids it was 
shown that pKCOOH= 4.2 and pK phen.OH=10.54 and S

RC  =3.77 [6]. 
Experimental dependences of distribution coefficient logarithm Kd on pH are illustrated in Fig.2. It is 

evident that expected regularity really exists but at pH 3 the deviation of experimental dots from straight line is 
observed, which is a sign of reconstruction of surface complexes apparently connected with the change of n 
number.  

Humic acids with hard metals are capable to form both soluble and solid complexes. The most significant 
differences in conditions of complexation in solution and on the surface is that in the latter case ligands are 
fixed and their total concentration on the surface of the given sorbent S

RC  (mole/g or mole/cm2) is constant 
value not depending on dilution of sorbent with solution [7-10]. If the disposition of ligands on the surface 
allows simultaneous coordination of several (n) graft ligands with one metal ion, then such group of ligands is 
considered as one n-dentante ligand (adsorption center).Total concentration of such centers on the surface 
equals to S

RC /n [11-15]. 
In correspondence with the model of polydentante binding [15], the equilibrium of complex formation is 

recorded in the following way: 

 
Me + nR       MeRn  

           
[ ]
[ ][ ]n

n
n

RMe

MeR
=β ,          (1) 

where βn – is the concentrated stability constant of fixed complexes; 
 [Me] – is the equilibrium concentration of metal ions in solution (mole/l); 
 [ ]R and [ ]nMeR correspondingly, are concentrations of graft ligand and graft complex expressed in the 

same units (mole/l) at homogenic approximation or (mole/g) at heterogenic approximation; 
 n – is the number of graft ligands with one metal ion (dentanteness of fixed complexes). The line above 

the symbol of the particle means that the particle is bounded with the carrier (sorbent). 
 Despite numerous studies [11-17], the problem of calculation of complexes stability in the phase of 

sorbent has not been solved yet. Multiplicity of models indicates shows the discursiveness of views on the 
mechanism of formation of fixed complex compounds.  

 For the description of complex forming processes in the system humic acids (solid phase) – metal ion we 
used the model of static polydentante centers (SPC) [15,16], which includes calculation of total number of 
groups from n ligands capable of coordination with metal ions. 
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This approach was successfully used for the determination of the composition and stability of fixed 
complexes formed from aqueous solution of metals on silica surface with grafted carboxylic groups [16,17].  

According to SPC model [17] the bond between coefficient of distribution Kd and stability constant βn is 
expressed by the following equation: 

( ) Fn
n

C
K

S
R

nnd lglglglg −⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+= χβ ,  (2) 

where F is the function from acidation of media (aH+) and ionization coefficient of complex forming 
functional groups (KCOOH) 

COOH

H

K
a

F
+

+=
γ
1

 , 

γ – is the coefficient of activity for n charging ion,  
 χn – for each arbitrary ligand is the number of groups from n ligands including the given  
ligand capable to form the complex of MeRn composition.  

At small filling of the surface according to the equation (2) n is determined from tangent of inclination of 

line in coordinates lgKd – pH. On the ordinate axis the line cuts the section equal to ( ) n
C S

R
nn lglg +χβ . 

Thus, it is possible to find not the constant βn itself but only product βn χn. In the frames of this model the value 
of sorption at constant S

RC  will depend on steric accessibility of functional groups whose measure is χn. The 

latter must be considered as fitting parameter which, nevertheless, has real physical sense.  
 

 
 

Figure 2. Dependence of the coefficient of distribution on pH 

From the data of the experiment of sorption using the equation (2) conditional stability constant of solid 
complex Cu-HA was calculated. From the diagram (Fig.2) it is seen that in the range of pH 1÷3 of inclination 
line tgα=n=1 and nnχβ =1·10-2. In the range pH 3÷5 stability constant of solid copper humates increases in 

three orders: tgα=n=0,5 and nnχβ =10. 
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myari spilenZ-humaturi kompleqsebis mdgradobis                                                  

mudmivebis gaangariSeba 

g. maxaraZe, c. goliaZe, a. xaiauri, r. kakava 

iv. javaxiSvilis saxelobis  
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reziume 

Seswavlilia Cu2+-is sorbcia huminis mJavebze. dadgenilia pH-is gavlena sorbirebuli 
liTonis raodenobaze. sorbciis monacemebis safuZvelze gaTvlilia spilenZis myari 
humaturi kompleqsebis mdgradobis mudmivebi pH-is ori ubnisaTvis. naCvenebia, rom pH 
1÷3 nnχβ =1 ·10-2, xolo pH = 3÷5, nnχβ = 10. 
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THE METHOD OF ESTERIFICATION OF SOME AMINO ACIDS                                              
FOR SEPARATION BY CAPILLARY GAS-CHROMATOGRAPHY 

K. AMIRKHANASHVILI, N. NADIRADZE, R. VARDIASHVILI,                                                      
N. SIDAMONIDZE, SH. GAGUA  

P. Melikishvili Institute of Physical and Organic Chemistry  

By the use of capillary gas-chromatography method, the saparation of some amino acid methylester mixtures 
has been studied. The technique for amino acid trans-formation into volatile compounds has been developed with 
the purpose of their further division. Methyl-esters of amino acids have been obtained as well as their acetylated 
forms, and their analysis has been conducted by capillary chromatographic method. Stainless steel capillary column 
40m in length and 0.25mm I.D. coated with OV-1 stationary phase and CO2 as carrier gas have been used. The 
obtained sequence of elueted amino acid compounds, within the working temperature interval of 165-1750C, was 
as follows: valine, alanine, leucine, iso-leucine, asparaginic acid, glutamic acid, and tryptophan.  

Introduction 

Chromatography has become one of the most indispensable methods for the separation of volatile and 
non-volatile biochemal compounds. Amino acids belong to non-volatile components and for their separation 
it is necessary to protect functional groups by oxidation, acetylation or alkylation.  

The study of separation and determination of amino acid derivatives by the method of gas-adsorption 
chromatography covers comparatively few works, in spite of the process rapidity, its automatization 
accessibility and possibility to separate components with similar properties. This is caused by low volatility of 
these compounds. There are more scientific works regarding the use of high effective liquid chromatography 
[3]. To increase the density of amino acid vapors, they are transformed into ethylic esthers [1.2]. But these 
methods do not give opportunity for the analysis of all amino acids and they are applicable only in the case if 
partial analysis of amino acids meets the requirements of a specific problem. 

Results and Disscusion 

In the present work concerning the study of separation, for some amino acids the following method has been 
used: methanol saturated with sulphuric acid (H2SO4) was added to amino acid or amino acid mixture and the 
obtained mixture was boiled within 68-700 C for 5 hours. The process of neutralization was conducted by 2N KOH, 
with its further transformation into a base, which was filtered and distilled on a water bath within 40-500C. The 
obtained sample mixtures were analyzed by capillary gas-chromatography. The results were compared with Beyer’s 
methods [2]. According to the given methods, the received amino acids are characterized by better vaporization. 

A gas-chromatograp equipped with a flame ionization detector (FID) was used, column temperature was 
changing within 100-2000C, carbon dioxide was used as a mobile phase, flow rate 10-12 ml/sec. Methyl esters 
of amino acids were examined on stainless steel capillary column 40 m in length and 0.25 mm I.D., coated 
with stationary phase OV-1.  

To estimate the separation of the studied amino acid mixtures the following chromatographic characteristics 
have been calculated: the retention time of separate compounds (tR), the asymmetry factor at peak base (kas), the 
number of theoretical plates (n), and the height equivalent to a theoretical plate (H) [4]. It is obvious that according 
to given data in tables 1-3, methyl esters of amino acids are eluted better from the column at 165-1750C in the 
following sequence: valine, alanine, leucine, iso-leucine, asparaginic-acid, glutamic-acid, tryptophan. 

Table 1. Retention times (tR) of methyl esters of amino acids obtained                                                     
through capillary column with OV-1, carrier gas CO2, at the flow rate 10 ml/min. 

Column Temperatures OC 
ESTERS OF AMINO 

ACIDS 
135 145 155 165 175 

alanine 0.55 0.55 0.45 0.35 0.35 
valine 1.15 1.10 1.05 1.00 1.00 
leucine 2.55 2.50 2.35 1.55 1.55 

iso-leucine 2.70 2.70 2.45 1.45 1.35 
asparaginic acid 6.50 6.30 5.35 3.30 3.10 

glutamic acid 12.30 11.20 7.10 4.20 4.10 
tryptophan – – 10.30 8.20 6.15 
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Table 2. Asymmetry factors (kas) for components of test mixtures on stationary phase OV-1 
(Column 40mx 0.25 mm, carrier gas CO2) 

Asymmetry factors at peak base (kas) 
ESTERS OF AMINO ACIDS 135 145 155 165 175 

alanine 0.55 0.55 0.86 0.92 1.00 

valine 0.54 0.57 0.75 0.90 0.95 
leucine 0.87 0.88 0.90 0.91 0.91 

iso-leucine 0.89 0.89 0.91 0.91 0.93 
asparaginic acid 0.45 0.55 0.70 0.75 0.80 

glutamic acid 0.45  0.45 0.75 0.75 0.81 
tryptophan ------- -------  0.65 0.67 0.75 

Table 3. Number of theoretical plates (n) and height equivalent to a theoretical plate (H) for the separate 
compounds on stationary phase OV-1 (column 40m x 0.25 mm. carrier gas CO2) 

 
The acetylation of some amino acid esters has been studied [2]. The separation of the obtained amino 

acid mixtures was shown on the chromatogram [Fig. 1.2]. The acetylation of components turned to be better 
than the result of the etherification. 

 The usage of CO2 as the carrier gas, due to its high density, decreases the analysis time, improves the 
asymmetry of chromatographic zone and increases the column efficiency. [5]:  

 
 
 
 
 
 
 
 
 
 

Figure 1. Separation of amino acid mixture at column temperatures1350C (a) and 1650C (b) 
Peaks: 1. valine, 2. alanine, 3. leucine, 4. iso-leucine, 5. asparaginic-acid. 

 

Column Temperatures OC 

135 145 155 165 175 Esters of 
Amino Acids 

n  H 
(mm) n H 

(mm) n H 
(mm) n H 

(mm) n H 
(mm) 

alanine 
3600 1.70 3600 1.70 6400 1.65 6500 1.61 6500 1.61 

valine 
2220 1.78 2220 1.78 3136 1.63 3136 1.63 3625 1.52 

leucine 
2766 1.68 3115 1.64 3453 1.52 3553 1.62 4333 1.29 

iso-leucine 
3330 1.51 3330 1.51 4000 1.40 4150 1.39 3683 1.20 

asparaginic 
acid 2646 1.72 2479 1.76 3900 1.61 3900 1.61 3955 1.41 

glutamic acid 
2560 1.84 2560 1.84 2988 1.71 2991 1.63 3600 1.59 

tryptophan 
–––– –––– –––– –––– 1124 3.57 1138 3.42 2875 2.39 
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Figure 2. Separation of amino acid mixture by etherification at column temperatures 1650C: a) and 1750C 
b). Peaks: 1. Valine, 2. Alanine, 3. Leucine, 4. Iso-leucine, 5. Asparaginic-acid,  

6. Glutamic-acid, 7. Tryptophan. 6. glutamic-acid, 7. tryptophan. 

The proposed method of esterification of some optically inactive amino acid mixtures for capillary 
chromatographic separatoin gives satisfactory results and the usage of CO2 as the carrier gas improves the 
elution and separation of the studied amino acid component mixtures. 
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 racematuli aminomJavebis aqroladi naerTebis miReba da  

maTi dayofis kvleva kapilarul qromatografiuli meTodiT  

k. amirxanaSvili, n nadiraZe, r. vardiaSvili, n. sidamoniZe, S. gagua  

petre meliqiSvilis saxelobis  
fizikuri da organuli qimiis instituti 

iv. javaxiSvilis saxelobis 
Tbilisis saxelmwifo universiteti 

reziume 

kapilarul qromatografiuli meTodis gamoyenebiT Catarebulia zogierTi 
racematuli aminomJavebis meTil-eTerebis qromatografiuli kvleva. SemuSavebulia 
aminomJavebis aqrolad naerTebSi gadayvanis meTodika. miRebulia aminomJavebis metal-
eTerebi da maTi acetilirebuli formebi. kapilarul qromatografiuli meTodis 
gamoyenebiT Seswavlilia miRebuli narevebis analizi. kvlevebi tardeboda OV-1 uZravi 
faziT dafaruli uJangavi foladis svetze (0.25mmx40m.), air-matareblad gamoviyeneT 
CO2. dadgenilia aminomJavebis eTerebis eluirebis mimdevroba: alanini, valini, izo-
leicini, leicini, asparginis mJava, glutamines mJava, triftofani. optimalur samuSao 
temperaturad dadgenilia 165-175 0C. 
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THE ETHANOL INFLUENCE                                                                                             
ON ACRYLIC ACID POLYMERIZATION KINETICS AND MECHANISM                                                      

IN INVERSE EMULSIONS STABILIZED BY LECITHIN 

S.A. APOYAN, R.S. HARUTYNNYAN, J.D. GRIGORYAN                                                                           
AND N.M. BEYLERIAN 

Yerevan State University  

The functions which describe the dependence of polymerization rate (Rpol) of acrylic acid (AAc) initiated 
with potassium persulfate (PP) in inverse emulsions stabilized by lecithin (Le) in the presence of ethanol (Et) 
on [Et]0 and [Le]0 are bell shape curves. Rpol ~ [PP]o

n [AAc]m . With the increase of [Et ] 0 n increases from 
0.5 to 1. m=1 when 0 < [AAc]≤ 1M. With the increase of [AAc]o more than 1M m decreases striving 0. Both 
phenomenona are explained. It is established that the polymerization initiation rate (R in) does not depend on 
both [Et]o and [Le]o . They have considerable influence on colloid-chemical properties of the emulsion 
assisting the Rpol increase. It is concluded that the coexistence of Et +Le displays simultanously positive and 
negative effects which condition the appearance of maximums on curves Rpol = f([Et]o) and Rpol = f([Le]o) 
functions.  

Introduction 

The influence of some aliphatic alcohols on kinetics of styrene and chloroprene polymerization kinetics 
has been studied [1-3]. In particular it has been established that alcohols are chain transfer agents, so they are 
being used to regulate the mean molecular masses (MMM) of the obtained polymers. Besides, is shown that 
they influence the colloid-chemical properties of polymerization systems. So, by this means they act on the 
overall polymerization kinetics.  

In [4] it is shown that in the case of AAe polymerization initiated with PP in inverse emulsions (IE) 
stabilized by Le in a more extent unsoluble polyAAe is obtained.  

Taking into consideration the presented data [1-4], it is assumed to use alcohols to obtain watersoluble 
polyAAe in IEs.  

The aim of the present research-work is to study ethanol’s influence on AAc’s Rpol initiated with PP in 
IEs stabilized by Le, as well as on the obtained polyAAe MMM.  

It is worthy to note that Et is not toxic and is available.  

Experimental 

Rpol is determined by using dilatometry. The volume ratio water/oil(toluene) = 1:2 = const. Water was 
bidistilled.  

PP is recrystallized fivefolds from water solution. The purity was 99,8% (iodometric determination). Le 
was 10% ethanol solution (“standard” grade). The prepared Le initial solution was kept in oxygen-free 
medium in the refrigerator. MMM is determined using viscositnetric method [5]. The following formula is 
used: [η]=6,6·10-4·M0,5 at 243k and for 0,2% HCl solution of AAe.  

The surface and interface tensions are determined by Rebinder’s method [6] (determination of the 
maximal pressure in bubles).  

The stability of the emulsion has been determined at room temperature measuring the moving on of the 
separation boundary between two phases[7].  

Results and discussion 

The curves depicted on fig.1 present the AAc Rpol and polyAAc MMM’s dependences on [Et]o in the 
absence and in presence of Le. In Le absence with the increase in [Et]o Rpol decreases. But in presence of Le 
(1% in toluene) Rpol has maximum value at [Et]o =1M. 
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Figure 1. Dependence of AAc polymerization rate ( Rpol in %· min-1) and polyAAc MMM on [El]o (M) in 
absence (1) and in presence (2,3) of L. [L]o=1% (2) and 0.5% (2,3). [AAc]o =1M, [PP]o = 2· 10-3 . 
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Figure 2. Dependence of Rpol on [Le] o in presence of different amounts of Et. [Et]o : 0(1); 1,1 M (2) and 
6,6(3) at [AAc]o = 1M, [PP]o = 2⋅10-3 

The same regularities are established for MMM=f([Et]o). At [Le]o≤0,5% and in the presence of Et the 
obtained polyAAc is water soluble. MMM decreases with [Et]o increase. But by increasing [Le]o the obtained 
polyAAe solubility decreases.  

The observed maximum corresponds to [Le]o=1%. It depends to a lesser extent on [Et]o. Further kinetic 
studies are carried out for this condition.  

The study of Rpol dependence on [PP]o shows that Rpol ~[PP]o n, where n=f([Et]o) (see Table 1). 

Table 1. Rpol’s dependence on [PP]o at [Le]o=1% and 318K [AAc]o=1M. 

 
 

[Et]o 
 
103[PP]oM 

0 1.1 6.6 

0.5 1.0 1.03 0.42 
1 1.35 1.58 0.8 

1.5 1.65 2.43 1.32 
2.0 2.20 2.65 1.52 

Rpol 
%·min-1 

n 0.5 0.73 1.0 
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These data show that in the presence of Le with the increase in [Et]o the mechanism of chain termination 
is changed. In the absence of Et the chain termination occurs by quadratic mechanism, while at [Et]o =6,6M it 
becomes linear.  

The following step is the study of Rpol dependence on [AAe]o in the presence of different amounts of Et.  
The obtained data are summarized in Table 2.  

 Table 2. [Le]o=1%, [PP]o=2·10-3M, Vw/ Vtol =1:1, T=318K 
 

[Et]o 

 

[AAc]M 

0 1.1 6.6 

0.5 1.3 1.5 0.5 

0.75 1.8 2.0 1.0 

1.0 2.2 2.65 1.52 

1.5 2.3 2.82 1.9 

2.0 2.5 2.95 1.95 

Rpol 
%·min-1 

 
 
From the data presented in table 2 it follows that Rpol~ [AAc]m. It is easy to show that when [AAc]o≤ 1M 

m=1. But when [AAc]o>1M m tends to 0.  
To explain this regularity, at first the Rin dependence on [Et]o end [Le]o has been studied. The inhibitory 

method has been used to determine Rin. The inhibitor was TEMPO.  
obtained kinetic data unambiguously show that Rin does not depend on [AAc]o , [Et] and [Le]o. These 

results are in full accordance with the data obtained earlier [8-10]. So, the primary radicals are formed in the 
water phase as a result of persulfate dianion monomolecular decomposition.  

Therefore, Et and Le may influence the chain propagation, termination and transfer reactions. But the 
following circumstance must be considered too.  

As it was mentioned, the polymerization is carried out in IE. Principally the influence of Et and Le on the 
emulsion colloid-chemical properties may not be excluded. The data given in table 3 confirm the expressed 
assumption. 

Table 3* 

σ dyne/cm 
 

[AAc] % [C2H5OH] M Tss min 

[Le]o=0% [Le]o=1% In water In toluene 

0 6 34.4 11.5 70 30 
1.1 8 22.9 9.5 66 34 
6.6 14 5.7 5.0 50 50 

 * [AAc]o=1M , VH2O: V C 6H5CH3 =1:1, T=303K  
 t ss – is the emulsion semidecay time, σ – the surface tension.  

It is obvious that Et increases the emulsion stability. On the other hand, they both diminish the surface 
tension which results in the decrease of micelles size , which in its turn must result in the enhancement of 
micelles(the polymerization loci) number upon which Rpol depends. This is the positive influence of the Et + 
Le mixture on Rpol.  

But, at the same time, that mixture also displays a negative influence on Rpol , as well as on MMM. It is 
due to the fact that they both efficiently transfer the chain , in the case of Le- with degradation. This may be 
the reason why at a high concentration of Et , when Le solubility in the water phase may be increased , the 
chains are terminated by linear mechanism.  

What which concerns the peculiar dependency of Rpol on [AAc]o , one can say the following.  
The main polymerization loci is the water phase. It is well known that all carbonic acids, AAc too, form 

dimers: 2AAc↔dimer. It is obvious that the dimer is less polar than the monomeric acid. So, it is more 
probable that the dimer molecules cross from the water phase into the ‘oil.’  
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If [AAc]o is the AAc’s initial concentration , then a part of AAc molecules will be dimerized resulting in 
the decrease of AAe’s real concentration ([AAc]real)(see table 3). As it was mentioned before, both forms of 
AAc are in equilibrium. So; [AAc]real =[AAc]o- [dimer]. Monomerie molecules of AAc take part In the 
propagation reaction, whose concentration in the reaction zone (in the water phase) is equal to 
[AAc]real<[AAc]o. It is easy to note that increasing [AAe]o [AAc]real may be increased only to a very little 
extent. Probably for this reason increasing [AAc]o the reaction order with respect to acrylic acid tends to zero.  
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eTanolis gavlena lecitiniT stabilizirebul Sebrunebuli tipis 

emulsiaSi akrilis mJavas polimerizaciis kinetikasa  

da meqanizmze 

s. apoiani, r. arutuniani, j. grigoriani, n. baileriani 

erevnis saxelmwifo universiteti 

reziume  

dadgenilia, rom funqcia, romelic aRwers kaliumis persulfatiT inicirebuli 
akrilis mJavas polimerizaciis siCqaris damokidebulebas [Et]0 da [Le]0 sidideebze le-
citiniT stabilizirebul Sebrunebuli tipis emulsiaSi eTanolis Tanaobisas, warmoad-
gens zaris formis mruds Rpol ~ [PP]o

n [AAc]m. naCvenebia [Et ]0-is gazrdisas n izrdeba 0.5-
dan 1-mde. m=1, roca 0 < [AAc]≤ 1M. roca [AAc]o-is koncentracia aWarbebs 1M, m mcirdeba 
0-mde. dadgenilia, rom polimerizaciis inicirebis siCqare (Rinic.) ar aris damokidebuli 
arc [Et]o-ze, arc [Le]o-ze. maT mniSvnelovani gavlena aqvT emulsiis koloidur-qimiur 
Tvisebebze, rac iwvevs Rpol gazrdas. agreTve dadgenil iqna, rom Et + Le Tanaarseboba 
vlindeba dadebiTi da uaryofiTi efeqtebis erTdroul moqmedebaSi, rac ganapirobebs 
maqsimumebis arsebobas Rpol= f([Et]o) da Rpol = f([Le]o) funqciebis mrudebze.  
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2- da 5-fenilindolebis zogierTi axali warmoebulis                                                            

sinTezi 

i. CikvaiZe, n. barbaqaZe, e. mumlaZe,                                                                                             

n. megreliSvili, m. labartyava, S. samsonia 

 
iv. javaxiSvilis saxelobis                                                                                                     

Tbilisis saxelmwifo universiteti 

Catarebulia 2- da 5-fenilindolebis warmoebulebis gverdiTi jaWvebis qimiuri 
gardaqmnebi. kerZod, Seswavlilia 2-rTul-eTeruli jgufis zogierTi gardaqmna da 3-
aldehiduri jgufis kondensaciis reaqciebi sxvadasxva tipis naerTebTan. dadgenilia 
reaqciebis optimaluri pirobebi. miRebulia 2- da 5-fenilindolebis axali war-
moebulebi, maT Soris sami azotis atomis Semcveli tricikluri sistema. 

mniSvnelovani bunebrivi indoluri naerTebis axali funqciuri da struqturuli 
analogebis sinTezis mizniT mTel msoflioSi mimdinare intensiuri gamokvlevebis 
Sedegad dagrovda bevri saintereso mecnieruli monacemi da aRmoCenil iqna mravali 
biologiurad aqtiuri nivTiereba. am mxriv did yuradRebas imsaxurebs arilindolis 
warmoebulebi. cnobilia maTi antibaqteriuli, antimikrobuli, anTebis sawinaaRmdego 
aqtiuroba, aseve antidepresantuli, trankvilizatoruli, centraluri nervuli 
sistemis blokatoruli da sxva saxis zemoqmedeba[1-5]. 

yovelive zemoTqmulidan gamomdinare, migvaCnia, rom uaRresad sainteresoa 
indolis rigis mniSvnelovani naerTebis izomerebisa da funqciuri analogebis, kerZod, 
2- da 5-fenilindolebis axali warmoebulebis sinTezi da gamokvleva. 

Cven ganvaxorcieleT 2- da 5-fenilindolebis warmoebulebis gverdiTi jaWvebis 
qimiuri gardaqmnebi, kerZod, SeviswavleT 2-rTul-eTeruli jgufis zogierTi 
gardaqmna da 3-aldehiduri jgufis kondensaciis reaqciebi sxvadasxva tipis 
naerTebTan. 

 5-fenilindol da 5-(p-nitrofenilTio)indol 2-karbonmJavebis (3,4) warmoebulebis 
miRebis mizniT, Cven mier, SemuSavebulia aRniSnuli naerTebis qloranhidridebis 
sinTezis preparatuli meTodi, kerZod, aprobirebul iqna miznobrivi produqtis 
sinTezis araerTi gza, iseTi agentebiT, rogorebicaa POCI3, PCI5,SOCI2 [6-9]. 

 eqsperimentulma Sedegebma aCvena, rom (5,6) naerTebis misaRebad gacilebiT 
mosaxerxebelia cnobili [10] meTodi, romelSic maqlorirebeli agentia Tionil-
qloridi. reaqciebs vatarebdiT dioqsanSi 450C-ze. TiTqmis raodenobrivi gamosavli-
anobiT miiReba qimiurad sufTa produqtebi (sqema 1): 

N
H

COOEt

R

N
H

COOH

R

N
H

COCI

R
SOCI2

1,3,5   R=ph

2,4,6    R= NO2S

1,2 3,4 5,6

OH

 
sqema 1 

 
POCI3-sa da PCI5-is gamoyenebis SemTxvevaSi sareaqcio masis mniSvnelovani Sefisvis 

gamo miznobrivi qloranhidridebis (5,6) gamoyofa rTuldeboda. 
5-fenilindol-2-karbonJavas da 5-(p-nitrofenilTio)indol-2-karbonmJavas qlo-

ranhidridebis (5,6) safuZvelze, Cven mier, miRebulia hidrazidebi da amidebi sqema 2-is 
mixedviT: 

 



organuli qimia 
Organic Chemistry 

 47

N
H

R

COCI N
H

R

COX

5,6 7-16

5,7-11 R=ph
NO2S6,12-17 R=

7,12 X=NH-C6H4-SO2NH2

8,13 X=NH-NHCO

9,14 X=NH-C6H4-COCH3

10 X=NH-C6H4-COOH

15 X=NH-NH2

11 X=NH-

16 X=N(CH3)2

N

 
sqema 2 

qloranhidridebiT aminebis acilirebas vatarebdiT absolutur dioqsanSi oTaxis 
temperaturaze trieTilaminis Tanaobisas. qromatografiulad sufTa produqtebis (7-
16) gamosavlianobam Seadgina 50-95%. 

mravali biologiurad aqtiuri nivTiereba aris aRmoCenili indol-3-il-aldehidis 
gardaqmnis produqtebs Soris. cnobilia, rom aromatuli hidrazonebisa da Tiosemi-
karbazonebis rigSi aRmoCenilia maRali tuberkulostatikuri aqtiurobis mqone naer-
Tebi [11]. farTo farmakologiuri speqtri gaaCnia aseve indoluri aldehidebis oqsi-
mebs [12]. garda amisa, indoluri hidrazonebi da oqsimebi farTod gamoiyeneba faqiz or-
ganul sinTezebSi, rogorc saintereso intermediatebi. 

molekulaSi polaruli karbonilis jgufis arsebobis gamo, aldehidebi metad reaq-
ciisunariani naerTebia, romelTa ZiriTadi Tvisebaa moZravi wyalbadatomis Semcvel 
naerTebTan nukleofiluri mierTeba-moxleCis reaqciebi. Cven SeviswavleT 2- da 5-fe-
nilindolebis 3-formilwarmoebulebis kondensaciis reaqciebi hidroqsilaminTan, fe-
nilhidrazinTan, TiosemikarbazidTan, izonikotinis mJavas hidrazidTan da hidrazin-
hidratTan.  

cnobilia [9], rom 3-formilindolis kondensaciis reaqciebi aRniSnul naerTebTan 
mimdinareobs pH 4-5 an neitralur areSi oTaxis temperaturaze. amasTan, reaqciis siCqa-
re, rogorc wesi, damokidebulia nukleofilis siZliereze. sainteresod gvesaxeboda 
dagvedgina am reaqciebis msvlelobaze sakvlevi aldehidebis (17,24-26) Camnacvlebeli 
jfufebis gavlenis xasiaTi. 

3-formil-2-eToqsikarbonil-5-fenilindolis (17) kondensaciis reaqciebi zemoT 
dasaxelebul nukleofilebTan ar mimdinareobs 3-formil- indolisaTvis aRweril pi-
robebSi. rogorc mosalodneli iyo, a-eToqsi- karboilis jgufis eleqtronuli da siv-
rciTi gavlenis Sedegad, es reaqciebi mxolod maRal temperaturaze mimdinareobs. ga-
monaklisia am naerTis hidrazinTan da fenilhidrazinTan urTierTqmedeba, romelic 
mimdinareobs oTaxis temperaturaze. 

aldehidis (17) kondensacia hidroqsilaminTan mimdinareobs 800C-ze. es reaqcia ar 
saWiroebs mJavis damatebas da mimdinareobs neitralur areSi, rac hidroqsilaminis 
Zlieri nukleofilurobiT aixsneba. reaqciis Sedegad warmoqmnili narevidan miznobri-
vi produqtis gamoyofas vawarmoebdiT qromatografiuli svetis meSveobiT. oqsimis 
(18) gamosavlianobam Seadgina 60%. 

3-formil-2-eToqsikarbonil-5-fenilindolis (17) kondensacia fenilhidrazinTan 
mimdinareobs oTaxis temperaturaze pH 4-5 pirobebSi. Sesabamisi hidrazoni (19) TiT-
qmis raodenobrivi gamosavlianobiT miiReba. aldehidis (17) kondensacia Tiosemikarba-
zidTan da izonikotinismJavas hidrazidTan mimdinareobs spirtxsnarSi duRebiT sust 
mJava areSi. kondensaciis produqtebi — 2-eToqsikarbonil-5-fenil-3-formilindolis 
Tiosemikarbazoni (20) da 2-eToqsikarbonil-5-fenil-3-formilindolis izonikotino-
ilhidrazidi (21) warmoiqmneba, Sesabamisad, 80 da 85% gamosavlianobiT. 

cxadia, rom am reaqciebis msvlelobaze me-17 naerTis SemTxvevaSi 5-fenilis bir-
Tvis gavlena umniSvneloa, rac sagrZnobi xdeba (24-26) arilis birTvis sareaqcio cen-
tris mimarT a-mdgomareobaSi arsebobisas. 

kerZod, 2-(p-bromfenil)-3-formilindoli (24), 2-(p-meToqsifenil)-3-formilindo-
li (25) da 2-(p-dimeTilaminomeTiniminofenil)-3-formilindo-li (26) advilad Sedis 
kondensaciis reaqciaSi iseT Zlier nukleofilur agentTan, rogoricaa Tiosemikarba-
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zidi da maRali gamosavlianobiT iZleva Sesabamis Tiosemikarbazonebs (27-29) (sqema 4). 
reaqciebs vatarebdiT spirtxsnarSi duRilis pirobebSi, rac, Cveni azriT, molekulaSi 
α-arilis birTvis arsebobiT aixsneba.  

aRsaniSnavia 3-formil-2-eToqsikarbonil-5-fenilindolis (17) hidra-zinhidrat-
Tan urTierTqmedeba. am reagentebis narevis yinulovan ZmarmJa-vaSi duRebisas pirvel 
safexurze warmoqmnili hidrazoni (22) ganicdis ciklizacias 3,4-dihidro-4-oqsopiri-
dazino-[4,5-b]-5-fenil-1- indolis (23) warmoqmniT. cxadia, rom aRniSnuli reaqcia mim-
dinareobs eToqsikarbonilis jgufze hidrazonuli NH2 jgufis Sigamolekuluri nuk-
leofiluri Setevis Sedegad. 
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eqsperimentuli nawili 

naerTTa sisufTavis kontrols, aseve Rf-is mniSvnelobebis gansazRvras vawarmoeb-
diT silikagelis firfitebze “Silufol w-254”.  

infrawiTeli speqtrebi gadaRebulia xelsawyoze “FTIR” – furie gardaqmnis infra-
wiTeli speqtrometri. “THERMO NICOLET”, AVATAR 370, diapazoni: 400-4000 sm-1; gazom-
vis sizuste: 0,5 sm-1. 

ultraiisferi speqtrebi gadaRebulia xelsawyoze “UV–VIS” – ultraiisferi xilu-
li speqtrometri “VARIAN”, CARRY 100”, diapazoni: 900-190 nm. 

1H bmr speqtrebi gadaRebulia “ruker DRX-500” da “Varian Mercury-300VX” speqtrofo-
tometrebze. 

2-hidroqsikarbonil-5-fenilindoli (3). (0,8g, 3 mmoli) 2-eToqsikarbo-nil-5-
fenilindolis(1), 200 ml 10% NaOH-isa da izopropilis spirtis suspenzias aduReben 3 
saaTis ganmavlobaSi. xsnars aciveben, filtraven da SeamJaveben 2N HCI-iT (pH 1). 
filtraven, naleqs recxaven wyliT neitralur reaqciamde da aSroben.  

2-hidroqsikarbonil-5(p-nitrofenilTio)indoli (4). iReben III naerTis 
analogiurad (0,34g, 1 mmoli) eTerisagan(2). 

2-eToqsikarbonil-5-fenilindol-2-karbonJavas qloranhidridi (5). 0.237g (5 
mmoli) mJavas (3) xsnars 50 ml mSral dioqsanSi, mudmivi morevis pirobebSi, 00C-ze 
wveTobiT umateben 10 ml SOCI2-is xsnars 10 ml abs. dioqsanSi. ureven 450C-ze 3sT 
ganmavlobaSi. gamxsnels aorTqleben Semcirebuli wnevis qveS. mSral naSTs xsnian 30 ml 
mSral benzolSi da isev aorTqleben mSral naSTamde. am process imeoreben orjer. isev 
xsnian abs. benzolSi da aorTqleben 15 ml-mde. gamoleqaven mSrali heqsaniT. naleqs 
filtraven da aSroben vakuum-eqsikatorSi. 

5-(p-nitrofenilTio)indol-2-karbonmJavas qloranhidridi(6). iReben me-5 
naerTis analogiurad 2,5g (8 mmoli) 5-(p-nitrofenilTio)indol-2-karbonmJavasa (4) da 
25 ml SOCI2- sagan. 

hidrazidebisa da amidebis (7-16) sinTezis zogadi meTodika. (1.5 mmoli) mJavas 
qloranhidridis xsnars 50 ml mSral dioqsanSi umateben 50 ml trieTilamins da mudmivi 
morevis pirobebSi (2 mmoli) amino naerTs. ayovneben oTaxis temperaturaze 2 sT-is 
ganmavlobaSi. anzaveben 100 ml wyliT, naleqs filtraven, recxaven wyliT da aSroben. 

2-eToqsikarbonil-5-fenil-3-formilindolis oqsimi (18). (0.147g, 5 mmoli) 
aldehids (17) 20 ml dimeTilformamidSi umateben (0.069g, 1 mmoli) hidroqsilmins. 800C-
ze 5 sT-is duRilis Semdeg xsnars aciveben. xsnian 100 ml wyalSi, filtraven, recxaven 
wyliT, aSroben, asufTaveben qromatografiul svetze, eluenti: benzoli-heqsani (10:1).  

2-eToqsikarbonil-5-fenil-3-formilindolis fenilhidrazoni (19). (0.147g, 5 mmoli) 
aldehidis (17) xsnars 15 ml dimeTilformamidSi umateben 0,6 ml ZmarmJavas da (0.216g, 2 
mmoli) fenilhidrazins. xsnars ureven 1 sT-is ganmavlobaSi oTaxis temperaturaze. xsnian 
100 ml wyalSi. gamoyofil kristalebs filtraven, recxaven wyliT da aSroben.  

2-eToqsikarbonil-5-fenil-3-formilindolis Tiosemikarbazoni (20). (0.08g, 3 
mmoli) aldehids (17) gacxelebiT xsnian 20 ml eTanolSi, umateben (0.08g, 6 mmoli) 
Tiosemikarbazids da aduReben 4 sT-is ganmavlobaSi. xsnaris gacivebis Semdeg gamoyo-
fil yviTel kristalebs filtraven, recxaven eTanoliT da aSroben. 

2-eToqsikarbonil-5-fenil-3-formilindolis izonikotinoilhidrazi-di (21). 
iReben (20) naerTis analogiurad (0.1g, 3 mmoli) aldehidisa (17) da (0.09g, 7 mmoli) 
izonikotinoilhidrazidisagan. 

3,4-dihidro-4-oqsopiridazino-[4,5-b-5-fenil-1H-indoli (23). (0.147g, 5 mmoli) 
aldehidis (17) suspenzias 20 ml ZmarmJavaSi umateben (0.05g, 1 mmoli) hidrazinhidrats 
da narevs ureven oTaxis temperaturaze 30 wuTis ganmavlobaSi. warmoqmnil yviTel 
suspenzias aduReben 1,5 sT, filtraven, recxaven ZmarmJaviT, wyliT da aSroben. akris-
taleben dimeTilformamidSi. 

2(p-bromfenil)-3-formilindolis Tiosemikarbazoni (27). iReben me-20 naer-
TisaTvis aRwerili meTodis Sesabamisad (0.3g, 1 mmoli) aldehidisa (24) da (0.18g, 2 
mmoli) Tiosemikarbazidisagan. 

2(p-meToqsifenil)-3-formilindolis Tiosemikarbazoni (28). iReben me-20 naerTis 
msgavsad (0.25g, 1 mmoli) aldehidisagan(25). 

2(p-dimeTilaminomeTiliminofenil)-3-formilindolis Tiosemikarba-zoni (29). 
iReben me-20 naerTis analogiurad (0.2g, 1 mmoli) aldehidisa (26) da (0.4g, 4 mmoli) 
Tiosemikarbazidisagan. 
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cxrili 1. dasinTezebul naerTTa zogierTi maxasiaTebeli* 

# gamosav. %, 
Rf, TlR, 0C 

bruto 
formula 

iw speqtri, 
ν, sm-1 

ui speqtri, 
λmax, nm, (lgε) 

3  80, 0,23a  
245-246 

C15H11NO2 3380,3330(NH); 1715,1675(CO)  206(4,4);261(4,6);30
0 

(4,1) 
4  67, 0,18g 

>260 
C15H10N2O4S 3330(NH); 1530,1380 (NO2); 1670(CO) 203(4,43);239(4,56); 

298(4,14); 
341(4,15). 

7  60, 0,23a 

>280 
C21H17N3O3S 3320(NHind),1590(CO), 3360(NHamid) 262(3,19); 

272(4,26); 
318(4,0). 

8 55, 0,42a  
>190 

C21H16N4O2 3260(NHind),3360(NHamid), 1700(CO) 261(3,18);270(4,34); 
317(3,9) 

9 50, 0,34a 

>200 
C23H18N2O2 3340(NHind),1700(CO), 3280(NHamid) 266(4,22); 305(3,86) 

10 85, 0,51a 
>240 

C22H16N2O3 3340(NHind), 1590(CO), 3360(NHamid), 256(4,12);303(3,46); 
315(3,7) 

11 70, 0,37a 

>255 
C25H18N2O 3270(NHind), 3180(NHamid), 1690(CO), 260(3,18);265(4,12); 

308(2,7) 
12 68, 0,8v 

>250 
C21H16N4O5S2 3380(NHind), 1335(NO2),  

3200-3300(NHamid),1 
660(CO) 

203(4,41);210(4,43); 
230(4,40);267(4,29); 

319(4,47) 

13 46, 0,6b 
158-159 

C21H15N5O4S 1520,1335(NO2), 3450(NHind), 
3230(NHamid),1665(CO) 

210(4,54);242(4,56); 
303(4,28); 
338(4,22). 

14 95, 0,73g 
243-244 

C15H9N2O3S 1530,1330(NO2), 3380(NHind), 
3290(NHamid),1655(CO) 

209(4,44);224(4,38); 
277(3,94); 
327(4,33). 

15 89, 0,57d 
234-235 

C15H12N4O3S 1520,1340(NO2), 3340(NHind), 
3280(NHamid),1630(CO) 

203(4,43);231(4,43); 
250(4,38); 
321(4,24). 

16 93, 0,4e 
216-218 

C17H15N3O3S 1520,1340(NO2), 3250(NHind), 
1625(CO) 

205(2,93);236(3,38); 
316(3,04); 
340(2,97). 

18 88, 0,53a 

>220 
C18H16N2O3 3320(NH),1670(C=N),3150-3200 (OH) 272(4,41);322 (4,3);  

350mx (3,79) 
19 90, 0,8a 

144-145 
C24H21N3O2 3320(NH),1670(C=N), 

1600 (CO) 
267 (3,87); 298 

(3,84); 401 (3,44) 
20 88, 0,41a 

224-225 
C19H18N4O2 3430 (NH ind),3320(=N-NH), 1220 (C=S), 

1690 (C=N) 
262 (4,3); 281 (4,39); 
340 (4,21);373 (4,0) 

21 86, 0,47a 

269-270 
C24H20N4O3 3310(NH),1680(CO),1640 (CO) 213(4,36); 337 

(4,09); 364 (4,04) 
23  92, 0,29a 

>275 
C24H20N4O3 3310(NH),1680(CO),1640 (CO) 213(4,36); 337 

(4,09);364 (4,04) 
27  81, 0,71v 

225-227 
C16H13N4SBr 3410(NH ind), 3250 (NH hidr), 

3130(NH2), 1610(C=N), 1285(C=S) 
213(4,59);241(4,37); 
245(4,37);250(4,29); 

256(4,23) 
28  93, 0,68a 

224-226 
C17H16N4SO 3410(NHind), 3250(NH hidr), 

3140(NH2),1620(C=N),1285(C=S) 
212(4,37);234(4,23); 
245(4,16); 270(4,60) 

29 80, 0,76z 

140-141 
C19H20N6S 3420(NHind), 3245(NH hidr), 

3150(NH2),1610(C=N), 1275(C=S) 
214(3,40);238(3,09); 
241(3,07);248(3,07); 
253(3,09);261(3,09), 
303(3,42); 357(3,35)

*a-benzoli-eTeri, 2:1; b-benzoli-acetoni, 1:2; g-heqsani-eTeri 1:2; d-dmf-wyali 
1:1; e-qloroformi; v-eTeri; z-izopropanoli-amiaki 50:1. 
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cxrili 2. dasinTezebul naerTTa 1H bmr speqtrebis monacemebi 
dimeTilsulfoqsidSi 

naerTis δ, mln.w. ssuk, J hc 

7 7,39(s,3H); 7,76(d,4H); 7,62(dd,6H); 7,63(d,7H); 7,48(d,2′H); 
7,40(t,3′H); 7,27(d,4′H); 6,57(d,2″H); 

6,72(d,3″H);7,37(s,NH2S);11,62(s,NHind);11,93(s,NHamid). 

J4,6=J6,4=1,6; J6,7=J7,6 = 
7,5; J2′3′= J3′2′=J3′4′=7,5; 

J3″2″=7,7. 

9 7,24(s,3H); 7,8(d,4H); 7,56(dd,6H); 7,5(d,7H);7,58(d,2′H); 
7,39(t,3′H); 7,28(d,4′H); 6,57(d,2″H); 6,72(d,3″H); 

2,6(s,COCH3);11,2(s,NHind);11,4(s,NHamid). 

J4,6=J6,4=1,6; J6,7=J7,6= 
7,5; J2′3′= J3′2′=J3′4′=7,5; 

J3″2″=7,7.  

10 7.22(s,3H); 7.8(d,4H); 7.6(dd,6H); 7.52(d,7H); 7.66(d,2′H); 
7,4(t,3′H); 7.28(d,4′H); 7.06(d,2″H); 

7.44(d,3″H);7.52(d,4″H);7.84(d,5″H); 
11.4(s,NHind); 11,6(s,NHamid). 

J4,6=J6,4=1,6; J6,7=J7,6= 
7,5; J2′3′= J3′2′=J3′4′=7.5; 

J2″3″=7.7, J5″4″=7.2. 

13 12.09(s,1H); 8.04(d,3H); 7.36(d,4H); 7.39(dd6H); 7.63(d,7H); 
7.21(d,AH); 8.09(d,BH); 7.84(d,A′H); 8.80 (d,B′H); 10.82(s,NH-

NH);  

J4,6=1.47;J6,7=8,04;JAB′=
8.77; 

JA′B′=5.48; JNH=1.46. 

14 12.27(s,1H); 7.2(d,3H); 7.38(d,4H); 7.41(dd,6H); 7.20(d,7H); 
7.18(d,AH); 8.12(d,BH); 7.94(d,A′H); 8.14 (d,B′H); 10.71(s,NH-

NH); 2.57(s,COCH3) 

J1,3=1.7;J4,6=4.39;J6,7=8.
77; JAB′=7.95; 

JA′B′=6.58.  

16 11.94(s,1H); 6,97(d,3H); 7,96(d,4H); 7,35(dd,6H); 7.61(d,7H); 
7.17(d,AH);8.09(d,BH);3,20(s, CH3N) 

J6,7=8,04; JAB′=8.41. 
 

18 12,14(s,1H); 8,42(d, 4H); 7,65(dd, 6H); 7,57 (d,7H),7,63(d, aH); 
7,47(t, bH); 7,34(t, cH); 4,40 (k, CH2-Et),1,38(t, CH3-Et); 8,89(s, 

N=CH); 11,22 (s, OH).  

Jo = 7,7; J6,7 = 8,9; J4,6 = 
1,26; JEt = 7,25. 

19 12,89(s,1H); 7,58 (s,4H); 7,69(d,6H); 7,59 (d,7H); 7,74(d,aH); 
7,37(t,bH); 7,26(t,cH); 4,41(k,CH2-Et); 1,42(t,CH3-Et); 

8,83(s,N=CH); 10,64(s, N-NH);7,53(ArH)..  

Jo = 7,8; JEt = 7,25. 

20 12.28(s,1H); 7.44(d,4H); 7.66 (dd,6H); 7.59(d, 7H); 7.72(d,aH); 
7.45(t,bH); 7.33(t,cH); 4.42(k, CH2-Et); 1.42(t,CH3-Et); 

8.97(s,N=CH); 1164 (s, N-NH),  

Jo = 7.5; J6,7 = 8.8;  
J4,6 =1.6; JEt = 7.3. 

21 12,29(s,1H); 8,88(s,4H); 7,60(d,6H); 7,68(d,7H); 7.69(d,aH); 
7.50(t,bH); 7.30(t,cH); 4.43(k,CH2-Et); 1.42(t,CH3-Et); 
9.34(s,N=CH); 1218(s,N-NH), 8.80(d, a1); 7.89(d, b1).  

Jo = 8.51; JEt = 6.94. 

23 12.83(s,1H); 8.51(s,4H); 7.83(d,6H); 7.69(d,7H); 7.76(d,aH); 
7.49(t,bH); 7.36(t,cH); 8.83(s, N=CH); 12.78(s,N-NH). 

Jo = 7.75; J6,7 = 8.51. 

27 11.93(s,1H); 8.33(d,4H); 7.16-7.25(m,5H,6H); 7.44(d,7H); 
7.77(d,H); 7.58(d,H); 8.46(s,CH=N); 11.11(s,NH-N); 8.03(s,NH2).  

Jo = 8.41 

28 11.78(s,1H); 8.30(d,4H); 7.16-7.26(m,5H,6H); 7.43(d,7H); 
7.58(d,H); 7.14(d,H); 8.48(s,CH=N); 11.08 (s,NH-N); 

8.00(s,NH2). 

Jab=8.6; Jo=8.40; 
JOCH3=1.47. 
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SYNTHESIS OF SOME OF DERIVATIVES OF 2- AND 5-PHENYLINDOLES  

I. CHIKVAIDZE, N. BARBAKADZE, E. MUMLADZE,  
N. MEGRELISHVILI, M. LABARTKAVA, SH. SAMSONIYA 

Iv. Javakhishvili Tbilisi State University 

Summary 

Chemical transformations of the derivatives of 2- and 5-phenylindoles were carried out, some 
transformations of 2-ester group and condensation reactions of 3-aldehyde group with some compounds were 
studied. Optimum conditions of the reactions were established. New derivatives of 2- and 5-phenylindoles 
were obtained, among them – tricycle system containing three nitrogen atoms.  
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NEW OPTICAL TRANSPARENT                                                                            
CYCLOPROPANE CONTAINING POLYMERS 

K.G. GULIYEV, A.M. GULIYEV 

Institute of Polymer Materials                                                                                 
of Azerbaijan National Academy of Sciences  

On the basis of MCPSt optically transparet new homo- and copolymers have been prepared. Homo- and 
copolymerization were carried out in the solution of benzene in the presence of AIBN. Optical and physical-
mechanical properties of the synthesized polymers have been studied. It has been established that the prepared 
polymers possess high optical transparentness and their refraction index is 1.5890-1.5900. Homo- as well as 
co- polymers combine the qualities of polystyrene and polymethylmethacrylate and possess higher 
mechanical properties in comparison with polystyrene and poly methyl- methacrylate. Light-transmission in 
the visible part of spectrum for these polymers is 90-98% and little depends on the thickness of sample to 8 
mm. Moreover, high transparency of the proposed polymers is conserved within the range of temperatures 
50°C-100°C. The prepared data allow us to conclude that an introduction of polystyrene substituted 
cyclopropyl styrene fragments into aromatic nuclei in macromolecules leads to the improvement of optical 
and some physical-mechanical properties and allow their recommendation for use in various branches of 
technique. 

It is established that the fluorine-alkanes are the active modificators of polyphenylene oxide, which 
conditions the reduction of the coefficient of polymer friction, the reduction of tribodestruction and the 
increase of wear-resistance of the material. 

Introduction  

Not so many optically transparent materials are used in practice now. Inorganic glass, mono- and 
polycrystals and polymers [1-5] can be referred to these materials. From these materials the most widely used 
is the inorganic glass, which is characterized by excellent optical parameters. However, the inorganic glass 
has a higher density, it hardly yields to colouring and reprocessing and is not shockproof either. Only polymer 
materials possess these properties. Therefore, in recent years organic polymer materials have been widely 
used as optically transparent materials in optics, decoration works and in the production of various electric 
apparatuses. This has been stipulated by the fact that unlike inorganic glass such materials are characterized 
by little mass, the absence of cutting fragments in their destruction and the possibility of making optical 
details from them by means of using a comparatively cheap method. The most popular optically transparent 
polymers are poly-methyl(meth)acrylates, homopolymers and copolymers of styrene and polycarbonates (e.g. 
poly-diethyleneglycol-bis-allylcarbonate). These polymers are bases of optically transparent polymers, since 
they possess sufficient light transmission ability. The coefficient of light transmission for these polymers is 
85-95%. However, low heat-stability and physical-mechanical properties still limit their wide use. 

PMMA has excellent transparency and higher strength indices. However, the coefficient of its water 
absorption is higher and the surface of the material easily subjects to scratching. PSt yields PMMA on 
transparent and double ray refraction easily arises in volume of body, which leads to the mixing and distortion 
of the observed object. However, it possesses excellent strength indices and low coefficient of water 
absorption. Consequently, the necessity of creation of material combining the properties of PSt as well as 
PMMA arises. 

General results 

This paper is devoted to the synthesis and study of properties, including optical cyclopropane containing 
polymers. The objects of investigations were homopolymers of meth- oxycarbonylsubstituted cyclopropyl 
styrene, copolymers of MCPSt with MMA and styrene. 

We have carried out the synthesis of monomer of MCPSt by the interaction reaction of 
methyldiazoacetate with p-divinylbenzene in the presence of catalytic quantity of anhydrous CuSO4. 
Homopolymers of MCPSt and its copolymers with methylmetacrylates and styrene were prepared in the 
presence of radical initiator of DAA. 
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 After their purification and drying the prepared polymers were white powders. In the process of 
identification of their structure it was established that polymerization in the investigated conditions proceeds 
due to opening of the double bond C=C. Cyclopropane ring in these conditions does not participate in the 
process of polymerization with opening of ring about that an availability of characteristic absorption bands in 
the IR-spectra of prepared polymers witnesses. 

 Consequently, tricarbon cycle remained non-affected during polymerization and participates in 
macromolecules of prepared polymers. This is also seen from the analysis of the data of 13C NMR spectrum 
(Fig.). 

The prepared data are presented in Table 1.  
It is seen from Table 1 that monomer of MCPSt is more active in the copolymerization reactions, both 

with styrene and MMA. The observed comparatively large activity of MCPSt has been stipulated by higher 
level of conjugated monomer MCPSt. 

It should be noted that some peculiarities of the structure of prepared homo- and copolymers have been 
connected with the fact that these polymers can combine the values of both polystyrene and 
polymethylmethacrylate possessing higher mechanical properties in comparison with poly-styrene, and a 
larger flow in comparison with polymethylmethacrylate. Being aware of these characteristics of polymers we 
have studied the optical properties of synthesized homo- and copolymers (Table 2) and also their physical-
mechanical and heat-physical properties (Table 3). 

 

 
 

Figure. 13C NMR spectra of polymethoxycarbonylcyclopropylstyrene (1), copolymer of meth-
oxycarbonylcyclopropylstyrene with styrene (2) and copolymer of methoxy carbonyl- cyclo-propylstyrene 

with methylmethacrylate (3), taken in solution of tetrachloride carbon at 90°C 
 (concentration of solutions – 10%) 
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Table 1. Copolymerization of MCPSt with MMA and styrene  
(Initiator-DAA, solvent-benzene, temperature 70°C) 

Composition of initial mixture of 
monomers, mol % 

Composition of copolymers, mol % 

MCP 
St 
[M1] 

MMA 
[M2] 

Styrene 
[M2] 

Conversion MCP 
St  
[M1] 

MMA  
[M2] 

Styrene 
[M1] 

 r1  r2 

80 
70 
50 
30 
20 

20 
30 
50 
70 
80 

– 
– 
– 
– 
– 

6,0 
8,0 
10 
5,0 
7,0 

85,61 
78,63 
64,29 
48,19 
37,89 

14,39 
21,37 
35,71 
51,81 
62,11 

 1,35 0,30 

80 
70 
50 
30 
20 

– 
– 
– 
– 
– 

20 
30 
50 
70 
80 

8,0 
10 
12 
6,0 
8,0 

84,35 
76,75 
61,24 
43,52 
32,89 

 15,65 
23,55 
38,76 
56,48 
67,11 

1,24 0,42 

The results are presented in Table 2. 
As it is seen from the data of Table 2, the transparency (light transmission in the visible part of spectrum) 

of poly-MCPSt is 90-98% and little depends on thickness of sample to 6-8mm; in large thickness occurs 
partial deterioration of optical properties, which is characteristic of all the known transparent polymers. 

As follows from Table 3, cyclopropyl substituted polymers possess more high physical-mechanical 
properties in comparison with polystyrene itself. Their density, impact viscosities are considerably higher than 
in glass. During impacts and shocks a sample of this plasmas does not give dangerous fragments. An easiness 
and shock resistance of polymer glass determines its use in apparatuses of optical application. These qualities 
make it a good material for contact lenses. Theobtained results showed that, along with high physical-
mechanical characteristics, polymers on the base of MCPSt possess good optical properties (Table 3). In 
particular, while investigating its optical properties, it was found that poly-MCPSt keeps transparent up to 
100°C with its endurance for 2 hours. 

 Table 2. Optical characteristics of synthesized polymers on the base of methoxycarbonyl substituted 
cyclopropylstyrene 

Composition of polymer, mol 
% Code of polym. 

Ст ММА М 
 nD Light 

proceeding, % 
Density, 
g/cm3 

PSt 100 – – 1,5900 95  1,07 
PMMA – 100 – 1,4917 92-93 1,19 

Poly-MCPSt – – 100 1,5920 95-96 1,20 
Poly-MCPSt-Styrene 80 – 20 1,5870 95-96 1,07 
Poly-MCPSt-MMA – 80 20 1,5790 94-95  1,05 

Glass – – – 1,5100 91 2,45 

In table 3 the data on physical-mechanical properties of the obtained polymers are presented. 

 Table 3. Physical-mechanical characteristics of prepared polymer 

Parameters MCPSt-
St* 

MC 
PSt-MMA* 

Poly-
MC 
PSt 

Poly- 
styrene 

Poly-
MMA 

Weak heat-stability, С°  130 123 138 103  115 
Brinell hardness, kg/mm2 21,8 20,0 22,5 14  13 

Specific impact viscosity, kg.cm/см2 19,0 19,8 21,0 18  12 
Tensile strength, MPa 50,0 50,7 52,0 39,0  60,0 
Relative elongation, % 1,9 3,5 3,8 1,7  2,1 

Adhesion to metal, Mpa  4,80 5,85 8,85  – – 
Water absorption for 24 h.% 0,08 0,12 0,06  0,1  0,3 

*In composition of copolymer 20 mol.% 
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The investigation of physical-mechanical properties of poly-MCPSt within the range of temperatures 
from 80°C to -25°C showed that at these temperatures it keeps higher tensile strength and practically does not 
decrease elasticity in the field of low temperatures. 

 Polymer on the base of MCPSt in relation of moisture on its indices does not yield polystyrene itself or 
copolymer of styrene with methylmethacrylate. The qualitative optical goods from poly-MCPSt can be used 
both pressing and extrusion or casting under pressure. 

Experimental 

n-(2-methoxycarbonyl)cyclopropylstyrene. The Solution of 0.1 mol methyldiazoacetate in benzene was 
dropwise added to the solution of 0.3 mol of n-divinylbenzene in benzene containing 0.1 g anhydrous CuSO4. 
At the end of the reaction the solvent and excess of divinylbenzene was distilled in vacuum and isolated n-(2-
methoxycarbinol)cyclopropylstyrene – 18.38 g (91%). B.p.= 108-110/1 mm. 20

Dn =1.5800; 20
4d =1.1236; 

MRDcalc./mRDfound=58.411/59.75. 
The polymerization was carried out in ampoules in solution of benzene in the presence of DAA. The 

polymer was transplanted into methanol and dried in vacuum. 
The characteristic viscosity of polymer was determined in Ostwald viscosimeter in solution of benzene at 

20°C ([η]=1.06-1.1 dl/g). The IR-spectra of polymer were registered on spectrometer UR-20. The PMR 
spectra were recorded on spectrometer BS-487B produced by the firm “Tesla” (80MHz) in the solution of 
deutered chloroform. 
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ciklopropanis Semcveli axali optikurad gamWvirvale polimerebi 

k. gulievi, a. gulievi 

azerbaijanis mecnierebaTa akademiis  
polimeruli masalebis instituti 

reziume 

meTilciklopropanis bazaze miRebulia axali optikurad gamWvirvale Tanapolime-
rebi. Seswavlilia dasinTezebuli polimerebis optikuri da fizikur-meqanikuri Tvise-
bebi. dadgenilia, rom miRebul polimerebs aqvT maRali optikuri gamWvirvaloba da 
maTi gardatexis maCvenebeli aris 1.5890-1.5900. homo da TanapolimerebSi Serwymulia 
polistirolis da polimeTilmeTakrilatis Tvisebebi da aqvT ukeTesi meqanikuri Tvi-
sebebi polistirolTan da polimeTilmeTakrilatTan SedarebiT. sinaTlis gatareba 
speqtris xilul ubanSi aRniSnuli polimerebisTvis Seadgens 90-98%-s da mcired aris 
damokidebuli nimuSis sisqeze. garda amisa, mocemuli polimerebis gamWvirvaloba Se-
narCunebulia 50°C-100°C temperaturul ubanSi. miRebuli monacemebi gvaZlevs saSuale-
bas davaskvnaT, rom makromolekulebis aromatul birTvSi polistireniT Canacvlebu-
li ciklopropilstirenis fragmentebis Setana xels uwyobs polimerebis optikuri da 
fizikur-meqanikuri Tvisebebis gaumjobesebas da iZleva teqnikis sxvadasxva sferoSi 
maTi gamoyenebis saSualebas.  

dadgenilia, rom fTorirebuli alkanebi warmoadgens polifenil-oqsidis aqtiur 
modifikators, romelic iwvevs polimerebis xaxunis koeficientis da tribodestruq-
ciis Semcirebas da masalebis cveTisadmi mdgradobis gazrdas.  
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IMPACT OF EXTRACTION AND PROCESSING OF SULPIDE ORES OF ARSENIC ON THE 
DISTRIBUTION OF THE ELEMENT IN SURFASE WATERS 

N. LABARTKAVA, G. SUPATASHVILI, N. LORIA  

Iv. Javakhishvili Tbilisi State University  
 

For the purpose of studying the distribution of anthropogenic arsenic in the environment in the gorge of 
the river Lukhuni (Racha, Georgia) during the periods of 1982-1985 and 1999-2000, atmospheric 
precipitation, surface waters, drift (floating matter) and bottom deposits and also arsenic-containing run-off 
waters (in total 400 specimens) were examined on the content of the element and its compounds. Arsenic 
content in samples was determined photometrically, using silver diethyldithiocarbamate (AgDDTC) 

Introduction 

The establishment of regularities of arsenic distribution in the environment is an urgent issue of 
ecochemistry, due to the toxicity and carcinogenicity of compounds of this element. The problem is especially 
important in the regions of extraction and processing of sulphide ores of arsenic, in particular, in the upland 
regions of Georgia (Racha, Lower Svaneti). During the period of 1930-1990,annually nearly 2-2.5 tons of 
arsenic ores (realgar, auripigment, arsenic pyrite) were extracted, enriched, processed and arsenic-containing 
preparations were produced. 

For the purpose of studying the distribution of anthropogenic arsenic in the environment in the gorge of 
the river Lukhuni (Racha, Georgia) during the periods of 1982-1985 and 1999-2000, atmospheric 
precipitation, surface waters, drift (floating matter) and bottom deposits and also arsenic-containing run-off 
waters (in total 400 specimens) were examined on the content of the element and its compounds.  

The typical mountainous river Lukhini, the right tributary of the river Rioni, springs out from the 
southern slopes of the Great Caucasus at the altitude of 2650 m. The river length is 38 km, mean water 
discharge makes 11.7 m3. The water of the river Lukhuini belongs to the slightly mineralized (65-245; on 
average 153 mg/l) waters of carbonate class of calcium group. 

Experimental 

The samples for analyses were taken at the river source (point 1), below the arsenic mines (2), above and 
below the ore-burning shop (3-4), up to the village of Uravi (where the Racha Mining Industrial Complex was 
functioning), below it and at the river estuary (5, 6, 7). The samples of water from the river Rioni were taken 
over the point of confluence with the river Lukhuni and below it (8-9). 

Arsenic content in the samples was determined photometrically, using silver diethyldithiocarbamate 
(AgDDTC) [1, 2]. The 10 ml analysed sample containing 1-40 mcg of arsenic was dissolved in suitable 
conditions. The solution, which may contain undissolved particles should be warmed with concentrated 
hydrochloric acid.To the prepared solution in the generating flask 5 ml KI solution, 2 ml of SnCl2 solution, 10 
ml 1:1 HCl and 3 g of zinc were added. Then the apparatus was closed with the tube of which the second end 
is immersed the absorbing solution, containing 5 ml of 0.25 % AgDDTC solution in chloroform with 1 % 
ethanolamine. 

After 30 min, the distillation apparatus was removed and the absorbance was measured at 525 nm using 
the proper cell length for obtaining the absorbance in the optimum range. The results were read from the 
calibration curve obtained from standard solutions of elements, or were calculated from the molar absorptive 
values providing that the conditions of hydride evolution and absorption measurement were the same. 

General results 

The conducted experiments showed that the main sources of the river Lukhuni pollution with arsenic 
were acidic (pH 2.45-4.20) waters, flowing out from the mine, ore deposit, burning wastes and the Chemical 
Industrial Complex. Average content of arsenic in these samples was 1.0, 8.0, 168 and 47 mg/l, 
correspondingly. Oxidative processes seem to be the main reason for arsenic transition into motile state. Due 
to this, direct correlation of water-dissolved arsenic with sulphate concentration and feedback relationship 
with pH (correlation coefficients +0.76 and -0.66 correspondingly) seem to be logical. 
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The impact of anthropogenic factors on the content of dissolved arsenic is especially clearly seen in the 
water samples taken below the village of Uravi. Its maximum was marked in the second half of the day, 
which corresponds with the operation rhythm of the Industrial Complex and discharge of run-off waters. The 
tendency to the decrease of dissolved and suspended arsenic in the lower bed of the river (Table 1) might be a 
result of dilution of the river water with waters of other tributaries poor in arsenic compounds. 

The gases exhausted from the burning plant were the strongest source of emission of anthropogenic 
arsenic in the gorge. Due to this, the arsenic content in soils adjacent to the territory of the burning plant 
amounts to hundreds of mg per kg (the background makes 1-20 mg/kg [3]). As a result of the same factor, 
arsenic concentration was increased 10 times and more in atmospheric precipitations fallen on the village of 
Uravi and the waters of the Tsana glacier (Lower Svaneti, the background <1mkg/l). 

The obtained results show that the ecochemical situation in the gorge of the river Lukhuni was rather 
complicated during the period of functioning of extraction and processing plants of arsenic sulphide ores. 
According to the data released by the Ministry of Health and Social Affairs of Georgia, the situation has 
reflected on the health condition of the local population. 

In the suspended drift and bottom deposits arsenic is presented in oxidized, sulphide and silicate forms. 
As a result of sedimentary fractionation, the share of sulphide form in the bottom deposits is 3 times higher as 
compared with the drift and makes 61% on average. 

Table 1. Arsenic content in waters and suspended drift of the rivers Lukhuni and Rion 

Water, mkg/l Floating matter, mg/l Point min. max. average min. max. average 
1982-1985 

1 0.2 0.3 0.3 2.0 14.5 8.0 
2 2.0 2.3 2.2 - - - 
3 3.0 22.5 15.4 94 100 97 
4 11.3 40.0 14.8 50 360 173 
5 3.8 90.0 28.2 50 188 133 
6 4.3 83.0 24.8 40 390 200 
7 6.5 46.9 16.3 56 620 282 
8 0.3 1.6 0.7 14 26 16 
9 0.8 8.0 4.4 31 80 50 

1999-2002 
2 0.2 0.3 0.3 - - - 
3 0.5 5.0 2.4 14.8 23.8 18.7 
4 1.0 28.0 7.6 12.3 37.8 21.0 
6 1.0 8.6 4.6 10.7 27.9 18.1 
7 0.5 2.0 1.0 8.8 14.4 10.6 
8 0.5 2.0 1.5 10.8 19.8 13.6 

Table 2. Arsenic content in waters of the rivers Lukhuni and Rioni during the period of 1982-2002 

Water, mkg/l 
Floating matter, 

mg/kg 
 

Bottom sediment, mg/kg Point 

1982-1985 1999 2002 1982-1985 2002 1982-1985 2002 
1 2.7 1.0 0.3 8.2 7.0 15 13.6 
3 11.3 4.0 2.3 8.2 18.6 79 14.0 
4 14.3 13.0 7.6 127 27.3 45 13.0 
6 25.7 5.0 4.6 88 18.1 71 17.0 
7 1.5 - 1.0 14.8 10.6 12 - 
8 3.0 - 1.5 40.2 13.6 24 - 

Using the data obtained by us and also the hydrological data, the amounts of dissolved and suspended 
arsenic transported annually by the river Lukhuni were calculated. During the period of 1982-1985 these 
values approached 33 and 39 tons and during the period of 2001-2003 this amount decreased by 42 and 46%, 
correspondingly. 

Despite the positive ecochemical changes, arsenic content in the waters of the river Lukhunu is higher as 
compared with other regions of Georgia (background 1-3 mkg/l [3]). Still high concentration of arsenic in 
soils adjacent to the territory of ore burning plant may be responsible for this [3]. Nearly 70 000 tons of slag, 
formed as a result of burning of sulphide ore, which contains 13-52 g/kg of comparatively motile oxidized 
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form of arsenic, remains a serious source of environmental pollution. The content of other standardized 
compounds (biogenic and organic ones, heavy metals) in the waters of the river Lukhuni is much below the 
admissible norm. 
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dariSxanis sulfiduri madnebis mopoveba-gadamuSavebis gavlena  

zedapirul wylebSi mis ganawilebaze 

n. labartyava, g. supataSvili, n. loria 

iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti  

reziume 

dariSxanis naerTebis toqsikurobisa da kancerogenuli Tvisebebis gamo, garemoSi 
maTi ganawilebis kanonzomierebis dadgena ekoqimiis aqtualuri sakiTxia. problema 
gansakuTrebiT mwvaved idga dariSxanis sulfiduri madnebis mopoveba-gadamuSavebis 
raionebSi. gasuli saukunis bolos saqarTveloSi Seqmnili mdgomareobis gamo dariSxa-
nis madnebis mopoveba-gadamuSavebis masStabebi jer Semcirda, Semdeg ki saerTod Sewy-
da. Seqmnili viTareba iZleoda unikalur SesaZleblobebs raodenobrivad Segvefasebi-
na garemoSi mimdinare TviTgawmendis procesebis tempebi da masStabebi. am mizniT luxu-
nis xeobaSi Catarda ekoqimiuri gamokvleva, romlis Sedegebi nawilobriv asaxulia mo-
cemul statiaSi.  
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bioaqtiuri azomeTinebis da hidrazidis modifikacia                                            

adamantanuri struqturiT 

 o. lekaSvili, n. lekiSvili,                                                                                                     

z. faCulia, m. labartyava, d. zurabiSvili  

iv. javaxiSvilis saxelobis  
Tbilisis saxelmwifo universiteti 

Catarebulia, cofis da adamianis imunodeficituri virusis sawinaaRmdego 
bioaqtiurobis mqone naerTebis azomeTinebis da hidrazidis modifikacia adamantanuri 
struqturiT. kerZod, Seswavlil iqna 1-aminoadamantanis, 4-(1-adamantil)anilinis da 
adamantoilhidrazidis kondensacia aromatuli tipis aldehidebTan, aseve 
adamantoilhidrazidis acilireba Sesabamisi mJavebis qloranhidridebiT sxvadasxva 
pirobebSi, adamantanis rigis N,N/- diacilhidrazidebis warmoqmniT fuZe agentebis 
Tanaobisas. bioskriningiT gamovlenilia naerTebi gaZlierebuli seleqtiuri 
moqmedebiT gentamicinTan SedarebiT. kvantur-qimiuri meTodiT gansazRvrulia miRe-
bul naerTTa molekulis eleqtronuli struqtura da reaqciisunarianoba. 

literaturidan cnobilia [1,2], rom adamantanis nawarmebi virusuli da mikrobuli 
infeqciebis aRmZvrelebis reproduqciaze axdenen gavlenas. am mxriv sainteresoa 
azomeTinebi, romlebic xasiaTdebian farTo speqtris farmakologiuri aqtiurobiT, 
maT Soris cofis, herpesis da adamianis imunodeficituri virusis mimarT [3,4]. aRsa-
niSnavia, rom cnobili preparatebi mTlianad ver akmayofileben Tanamedrove moTxov-
nebs, isini xasiaTdebian gverdiTi reaqciebiT, maT Soris embriotoqsikuri, mutagenuri 
da sxva uaryofiTi TvisebebiT.  

 zemoaRniSnulidan gamomdinare, dabaltoqsikuri da maRalefeqturi farmakologi-
uri saSualebebis Ziebis mizniT, aseve d-metalebis biologiurad aqtiuri naerTebis mi-
saRebad perspeqtiulad miviCnieT maTi tipuri struqturebis — adamantanis Semcveli 
azomeTinebis da N,N/-diacilhidrazidebis sinTezi, bioaqtiuroba, struqturuli ana-
lizi da reaqciisunarianobis Seswavla kvantur-qimiuri meTodiT. 

am mizniT Catarebul iqna 1-aminoadamantanis hidroqloridis (I), 4-(1-adamantil)-
anilinis hidroqloridis (II) da adamantoilhidrazidis (III) urTierTqmedebis reaqcia 
aromatuli rigis aldehidebTan: 

 
 

O

N=CHR

CONHN=CHR

H R
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CONHNH2
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VI,VIII

V,VII
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;
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sqema 1 
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azomeTinebi (V, VI, VII, VIII) davasinTezeT Sesabamisi aminis hidro-qloridis, aldehi-
dis da natriumis acetatis duRebiT toluolSi. xolo, Tavisufali aminebis SemTxve-
vaSi hidrazidohidrazonebi (IV, IX, X) analogiurad — eTilis spirtSi yinulovani Zmar-
mJavis areSi, maRali gamosavlianobiT (cxrili 4); sawyisi 1-aminoadamantanis(I), da 4-(1-
adamantil)anilinis hidroqloridi (II) — Sesabamisi acetamidonawarmebis mJavahidroli-
ziT. xolo, adamantoilhidrazidi (III) miviReT adamantan-1-karbonmJavis eTerifikaciiT 
koncentrirebuli gogirdmJavis Tanaobisas miRebuli eTeris hidrazinoliziT di-
eTilenglikolis areSi, romelic literaturaSi cnobil meTodTan SedarebiT ufro 
warmatebuli aRmoCnda: 

CHOOH
HOC2H5

H2SO4
COOC2H5

H2N-NH2* H2O
CONHNH2

 
sqema 2 

CavatareT adamantoilhidrazidis (III) acilireba anhidridebiTa da qloranhidride-
biT, mSral benzolsa da mSral dieTilis eTerSi (tri-eTilaminis gamoyenebiT) Sesabami-
si N,N/-diacilhidrazidebis warmoqmniT. mJavaTa qloranhidridebi miRebul iqna Sesaba-
misi mJavisa da PCl5 duRebiT CCl4-is areSi.  

acilirebis SemTxvevaSi, reaqciis pirobebis mixedviT, adgili aqvs mono- da di-
acilebuli produqtebis warmoqmnas, romelTa dayofa moxda XI da XII naerTebis Sem-
TxvevaSi (cxrili 5). 

CONHNH2

CONH-NHCOCH3

Ac2O

CONH-NHCOArArCOCl

+ CONH-N
COCH3

COCH3

TEA

XII

Ar =
Cl

Cl

Cl

[XIII], [XIV], Cl [XV],

O2N

HO

[XVI].

XI

III

 
sqema 3 

Teoriulad dadgenili iyo, Tu ra rols iTamaSebda acilis jgufis arseboba 
N,N/diacilhidrazidebis bioaqtiurobasa da d-metalebTan kompleqswarmoqmnis unarSi.  

wyalbadatomebis reaqciisunarianoba maacilirebeli agentis mimarT ganvsazRvreT 
kvantur-qimiuri meTodiT [7]. kvantur-qimiuri gaTvlebi SevasruleT CS MOPAC-is 
(Chem 3 ultra-version 8.03) saSualebiT, AMl (Austin Model 1) meTodiT. TiToeul gaTvlas win 
uswrebda naerTis geometriuli struqturis optimizacia – energiis minimizacia, ro-
gorc MM2, ise AM1 meTodebiT [7]. globaluri minimumis miRwevisaTvis optimizirebuli 
molekulis geometrias varRvevdiT umniSvnelod da xelaxla vanxorcielebdiT minimi-
zacias. minimaluri energiis igive sididis miRebis SemTxvevaSi optimizebul struqtu-
ras vTvlidiT Semdgomi gaTvlebisaTvis saWirod.  

modelur reaqciad SevarCieT adamantoilhidrazidis(III) acilirebis reaqcia 
paraqlorbenzoismJavis qloranhidridiT, moluri TanafardobiT (sqema 4). 

naxevrad-empiriuli AM1 meTodiT gaviangariSeT sawyisi naerTis molekulaSi atom-
TaSorisi manZilebi (cxrili 1), efeqturi muxtebi (cxrili 2), da savalento kuTxeebi 
(cxrili 3). reagentis, SesaZlo produqtTa warmoqmnis siTboebi (ΔΗwarm.) da reaqciis 
siTburi efeqti (ΔΗreaq). 
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cxrili 1. atomuri manZilebi N,N/ - 4(1-adamantoil,4 -)benziliden-hidrazidis 
molekulaSi 

 atomebi bmis sigrZe, Å atomebi bmis sigrZe, Å 
C(1)-C(2)  1.531 C(9)-H(36)  1.123 
C(1)-C(6)  1.541 C(10)-H(37)  1.120 
C(1)-C(7)  1.532 C(10)-H(38)  1.120 
C(1)-C(11)  1.525 C(11)-O(12)  1.245 
C(2)-C(3)  1.527 C(11)-N(13)  1.416 

C(2)-H(24)  1.119 N(13)-N(14)  1.342 
C(2)-H(25)  1.121 N(13)-H(39)  1.010 
C(3)-C(4)  1.524 N(14)-C(15)  1.407 
C(3)-C(8)  1.525 N(14)-H(40)  1.006 

C(3)-H(26)  1.123 C(15)-C(16)  1.485 
C(4)-C(5)  1.525 C(15)-O(23)  1.244 

C(4)-H(27)  1.120 C(16)-C(17)  1.397 
C(4)-H(28)  1.120 C(16)-C(21)  1.401 
C(5)-C(10)  1.525 C(17)-C(18)  1.394 
C(5)-H(29)  1.123 C(17)-H(41)  1.102 
C(6)-H(30)  1.120 C(18)-C(19)  1.399 
C(6)-H(31)  1.120 C(18)-H(42)  1.101 
C(7)-C(9)  1.526 C(19)-C(20)  1.399 

C(7)-H(32)  1.120 C(19)-Cl(22)  1.698 
C(7)-H(33)  1.118 C(20)-H(43)  1.101 
C(8)-H(34)  1.120 C(21)-H(44)  1.102 
C(8)-H(35)  1.120   

cxrili 2. efeqturi muxtebi N,N/ - 4(1-adamantoil,4-)benziliden- 
hidrazidis molekulaSi  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

atomi muxti atomi muxti 
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 

C(10) 
C(11) 
O(12) 
N(13) 
N(14) 
C(15) 
C(16) 
C(17) 
C(18) 
C(19) 
C(20) 
C(21) 
Cl(22) 
O(23) 

-0.054066 
-0.148388 
-0.098849 
-0.151508 
-0.102800 
-0.139692 
-0.138015 
-0.152297 
-0.102054 
-0.150812 
0.273802 
-0.340073 
-0.257243 
-0.276524 
0.323973 
-0.123725 
-0.092839 
-0.126868 
-0.041173 
-0.131518 
-0.071606 
-0.001455 
-0.333553 

H(24)  
H(25) 
H(26) 
H(27) 
H(28) 
H(29) 
H(30) 
H(31) 
H(32) 
H(33) 
H(34) 
H(35)  
H(36) 
H(37) 
H(38) 
H(39) 
H(40) 
H(41) 
H(42) 
H(43) 
H(44) 

0.087386 
0.086053 
0.096319 
0.083117 
0.085012 
0.095660 
0.096343 
0.100387 
0.095390 
0.078391 
0.084532 
0.086421 
0.094217 
0.084515 
0.084454 
0.237666 
0.247749 
0.144439 
0.156860 
0.155311 
0.157062 
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cxrili 3. valenturi kuTxeebi N,N/ - 4(1-adamantoil,4-)benziliden-  
hidrazidis molekulaSi  

  
atomebi kuTxe, gradusi atomebi kuTxe, gradusi 

C(1)-C(2)-C(3)  109.732 C(1)-C(2)-H(24) 111.198 
C(2)-C(3)-C(4)  109.750 C(1)-C(2)-H(25) 109.488 
C(3)-C(4)-C(5)  109.264 C(2)-C(3)-H(26) 108.953 
C(2)-C(1)-C(6)  108.274 C(3)-C(4)-H(27) 109.918 
C(2)-C(1)-C(7)  110.007 C(3)-C(4)-H(28) 109.822 
C(2)-C(3)-C(8)  109.500 C(4)-C(5)-H(29) 109.581 
C(1)-C(7)-C(9)  109.720 C(1)-C(6)-H(30) 109.237 

C(4)-C(5)-C(10)  109.590 C(1)-C(6)-H(31) 109.209 
C(2)-C(1)-C(11)  111.686 C(1)-C(7)-H(32) 109.389 

C(1)-C(11)-O(12)  121.752 C(1)-C(7)-H(33) 111.234 
C(1)-C(11)-N(13)  123.162 C(3)-C(8)-H(34) 109.892 

C(11)-N(13)-N(14)  126.418 C(3)-C(8)-H(35) 109.720 
N(13)-N(14)-C(15)  126.208 C(7)-C(9)-H(36) 108.984 
N(14)-C(15)-C(16)  120.063 C(5)-C(10)-H(37) 109.919 
C(15)-C(16)-C(17)  121.954 C(5)-C(10)-H(38) 109.878 
C(16)-C(17)-C(18)  120.115 C(11)-N(13)-H(39) 113.932 
C(17)-C(18)-C(19)  119.609 N(13)-N(14)-H(40) 114.214 
C(18)-C(19)-C(20)  120.559 C(16)-C(17)-H(41) 120.646 
C(15)-C(16)-C(21)  117.987 C(17)-C(18)-H(42) 119.933 

C(18)-C(19)-
Cl(22)  

119.724 C(19)-C(20)-H(43) 120.424 

N(14)-C(15)-O(23)  116.842 C(16)-C(21)-H(44) 119.640 

AdCONHNH2-is acilirebis savaraudo meqanizmis Teoriuli Seswavlis mizniT, 
naxevradempiriuli kvantur-qimiuri AM1 meTodiT gamovTvaleT AdCONHNH2-is, misi 
acilirebuli naerTebis da Sualeduri produqtebis (AdCONHNH2-is kompleqsi maaci-
lirebel naerTTan) warmoqmnis enTalpiebi. AdCONHNH2-is acilirebis procesi warmo-
vadgineT Semdegi sqemis mixedviT:  

 

CONHNH2

CONH NHCO Cl
ClHOOC +PCl5

+HCl

CON NHCO Cl +2HCl

CO Cl

(I)

(II)
ClHOOC +PCl52

ClHOOC +PCl52
CONH N   CO Cl +2HCl

CO Cl

(III)

2 1

 
sqema 4 

sawyisi manZili pirvel, meore da mesame reaqciaSi AdCONHNH2-is molekulis pirveli 
azotis atomsa da maacilirebeli naerTis naxSirbadis atoms Soris (RCN) aRebuli iyo 2.41 Ǻ, 
xolo meore reaqciaSi azotis meore atomsa da maacilirebeli naerTis meore molekulis 
naxSirbadis atoms Soris — 2.45 Ǻ. Cl-CO-C6H4Cl-is miaxloeba AdCONHNH2-is molekulasTan 
xorcieldeboda 0.05 Ǻ bijiT. rac Seexeba qloris atoms, manZili masa da AdCONHNH2-is mole-
kulis Casanacvlebel wyalbadis atoms Soris mcirdeboda RCN-is cvlilebis sinqronulad.  

sistemis enTalpiis cvlilebis damokidebuleba Semtevi naerTis manZilze gviCve-
nebs, rom samive SemTxvevaSi Tvisobrivi suraTi erTi da igivea. es damokidebuleba 
mocemulia pirvel, me-2 da me-3 naxazze. 
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 naxazi 1. enTalpiis (ΔΗ) damokidebuleba  
reaqciis (RCN) koordinataze 

 reagentebis  ekvimoluri Tanafardobisas. 
  
 
 
  
 
 
 
 
 
 
  
  

   
 
 
 
 
 

naxazi 2. enTalpiis (ΔΗ) damokidebuleba  
 reaqciis (RCN) koordinataze reagentebis  

 moluri Tanafardobisas 1:2. 
 
 
  
 
  
  
  
  
  
  
 
 
  
  
 
 
  

  naxazi 3. enTalpiis (ΔΗ) damokidebuleba  
 reaqciis (RCN)koordinatze reagentebis  

 moluri Tanafardobisas 1:2. 
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sistemis enTalpia dasawyisSi izrdeba RCN = 1.86 Ǻ mniSvnelobis miRwevamde, ris 
Semdegac is monotonurad mcirdeba. aqtivaciis energia pirveli reaqciisaTvis 
Seadgens ΔΔΗ# = 136.3 kj/mol-s (RCN = 1.86 Å), meore reaqciisaTvis ΔΔΗ# = 355.4 kj-s (RCN = 
1.81 Å), xolo mesame reaqciisaTvis ΔΔΗ# = 428.3kj-s (RCN = 1.86Å). samive SemTxvevaSi 
acilirebis procesi egzoTermulia (ΔΔΗ = - 69.9kj, ΔΔΗ = - 78.2kj/mol-s, ΔΔΗ = -135.7kj 
Sesabamisad). aqtivaciis energiis maRali da warmoqmnis siTbos (enTalpiis) dadebiTi 
mniSvneloba reaqciis koordinatis mTel intervalSi meore da mesame reaqciisaTvis 
miuTiTebs maTi ganxorcielebis mcire albaTobaze.  

Catarebulia dasinTezebuli azomeTinebisa da N,N/-diacilhidrazidebis bmr 
speqtruli analizi [8]. rogorc 1H bmr speqtrebis Seswavlam gviCvena, yvelaze sust 
velSi rezonansul signals iZleva ujeri naxSirwyalbaduri fragmentis Sesabamisi 
protoni, xolo Zlier velSi — adamantanis meTilenuri protonebi. rac Seexeba amidur 
wyalbads, misi Sesabamisi protonis qimiuri wanacvleba (CDCl3-Si) δ8,04 v.m.n-is tolia, 
deitero-dimeTilsulfoqsidSi ki (naerTebi IV da V), Sesabamisad, δ11,54 v.m.n da δ11,57 
v.m.n. kidev ufro sust velSi wainacvlebs fenoluri hidroqsili (CD3)2SO – xsnarSi, 
Zlieri wyalbaduri bmis warmoqmnis gamo (δ12,8 v.m.n). 

N(CH3)2-jgufis protonebis rezonansuli signalebi vlindeba SedarebiT Zlier 
velSi (δ3.0 v.m.n.). 

aromatuli protonebi (IV-IX) naerTebSi Seesabameba A2M2 tipis speqtrebs; AM tipis 
speqtrs `iZleva~ (VII, VIII, IX) naerTebis aromatuli nawili, rac Seexeba X naerTs, misi 
aromatuli nawilis pmr speqtri AMX tips miekuTvneba. 

gamxsnelis Secvla gavlenas ar axdens speqtris aromatuli nawilis qimiuri wanac-
vlebis mniSvnelobaze. 

Catarebulia (VIII, IX, X) dasinTezebuli naerTebis 13C bmr speqtruli analizic [9]. 
speqtrSi mkafiod aris gamoyofili 4 ubani:  

1) sp3 hibridizirebuli naxSirbadis atomebis diapazoni (adamantanis, jgufebi) δ0-40 
v.m.n.; 

2) eleqtrouaryofiT elementTan dakavSirebuli meTilis jgufebis qimiuri wanac-
vleba (δ 40-50 v.m.n.). 

3) aromatuli birTvis SemadgenlobaSi Semavali naxSirbadis sp2 hibriduli atomebis 
ubani.  

4) yvelaze dezekranirebuli naxSirbadis atomikarbonilis jgufis SemadgenlobaSi.  
rac Seexeba N,N/-diacilhidrazidebis bmr speqtrul gamokvlevas (cxrili 5), maTi amidu-

ri protonebis Sesabamisi rezonansuli signali vlindeba 8,8-11,6 vmn-mde (gamxsneli (CD3)2SO), 
rac advilad gamoarCevs maT danarCeni protonebisagan. adamantanis protonebi velis yvela-
ze Zlier nawilSia ganTavsebuli da maTi cvlilebis diapazoni δ 1,68-2,14 v.m.n.-s Seadgens.  

 

 
 naxazi 4. N-[4-(1-adamantil)fenil-2-hidroqsi-3,5-dibrombenzilideniminis 

molekulis iw speqtri. 
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 cxrili 4. azoeTinebis (IV-X) zogierTi Tviseba da speqtruli (iw,ui da 
IH bmr) monacemebi 

 lR.t. 
 

0C 

Rf1:12 
(meT/ 
qlor
ofo
rmi) 

iw speqtrebi, ν,sm-1 ui speqtri 
Abs,Wav(nm) 

 lH pmr( dmso -D6) l3C - ( dmso -D6) 

IV 212-214 0,78 3425(N-H), 3247,3047(C-H arom), 
2854 (C-H Ad),1650 (C=O),1604 

(C=N), 1519,1357(C-N) 

 
 

δ=8.04(s,1H),8.52(s,1H),7.61(d,J=8.8,2H),-
6.66(d,J=8.8,2H), 3.01(s,6H),1.75(s,6H), 

1.96(s,6H), 2.07((s,3H),  

 

V 213-215 
 

0,83 3425 (N-H),3031(C-H arom),  
2900 (C-H Ad), 1650 (C=O), 1589 

(C=N),1527,1365 (C-N) 

243(1.32), 34 
(3.24),361 (3,29) 

δ=8.34(s,1H),7.73(d,J=8.8,2H),6.71(d,J=88, 
2H),6. 3.04(s, 6H), 1.78, 1.92, 2.1-

(m,Ad,H),7.18(d,J=8.8,2H),7.34(d,J=8.8,2 

 

VI 152-153 
 

0,40 3448 (N-H), 3093(C-H arom), 2908, 
2846 (C-H Ad),1604 (C=N), 

1527,1481 (C-N) 

242(0.86),33 
(3.01),394 (0.42) 

δ=8.18(s,1H),7.73(d,J=8.8,1H),6.68(d,J=8.8,
2H), 7.73(d,J=8.8,1H), 3.09(s,6H), 1.71, 

1.79, 2.13(m, H -Ad) 

 

VII 193-194 
 

0,84 3425(N-H), 3031(C-H arom), 
2908,2846 (C-HAd),1612(C=N), 

1589(C=N),1558,1450 (C-N) 

242(1.38), 275 
(0.83),319 (1.06), 
334 (1.15),358(1.) 

δ=8.54(s,1H),7.73(d,J=2.4,1H), 7.47(d,J= 
2.4,1H),1.78,1.92,2.12(m,C-HAd),7.25-

(d,J=8.8,2H),7.34(d,J=8.8,2H), 7.43s,1H) 

 
 
 

VIII 173-174 
 

0,90 3247(0-H), 3093(C-H arom), 2908, 
2846 (C-H Ad), 1627 (N=C),1558 

(C-N),686(C-Br). 

207(0.56),242 
(1.44),289(0.5),33

6(0.22),432 
(0.41) 

δ=8.07(s,1H),7.26(d,J=2.4,1H),7.69-
(d,J=2.4,1H),1.73,1.88, 2.22(m,H-Ad), 

8.06(s,1H) 

δ=164.43,117.32,138.48,1
10.43,158.07,29.13 

35.86, 42.57 

IX 303 0,45 3278 (N-H), 3045 (C-H arom), 
2908,2854 (C-H Ad), 1627(C=N). 

 δ= 11.54(s, 1H), 8.44(s, 1H), 7.22(d, 
J=2.4,1H),7.78(d,J=2.4,1H), 3.01(s,6H), 1.75, 

1.96, 2.07(m, H -Ad ),12.81(s,6H)  

δ=172.6,148.22,110.41,13
1.25,107.38,159.33,102.5
5,160.31,35.94,38.21,39.4

3 
X 
 
 
 

212-213 0,76 3278(N-H), 3070, 3045(C-H arom) 
2908, 2854-(C-HAd),1658(C=O),-
1604 (C=N)1527,1350(C-N),694, 

555(C-Br). 

242(1.31),285(1.6
2),296(1.43),339(

0.62) 
 

δ= 11.54(s, 1H), 8.44(s, 1H), 7.22(d, 
J=2.4,1H),7.78(d,J=2.4,1H),3.01(s,6H), 1.75, 

1.96, 2.07(m, H -Ad ),12.81(s,6H)  
 

δ=173.3,145.88,120.86,13
1.82,110.96,135.14 

110.09,135.14,110.09,153
.5, 35.85,38.00,39.43 
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cxrili 5. hidrazidebis (XI-XVI) zogierTi Tviseba da speqtruli  
 (iw da 

IH bmr) monacemebi 
 

naxazi 5. N-[4-(1-adamantil)fenil-2-hidroqsi-3,5-dibrombenzilideniminis molekulis 

naxazi 5. N-[4-(1-adamantil)]fenil-2-hidroqsi-3,5-dibrombenzilideniminis molekulis  
pmr speqtri. 

  lR. 
t.,0

C 

Rf , 
meTanoli/ 

qloro- 
formi, 1:12 

iw speqtrebis monacemebi, v, 
sm-1 

IH bmr speqtrebis monacemebi  
(DMSO -D6) 

 XI 
 
 

161-
162 

0.90 3240(N-H),3108(C-Har), 2931, 
2854(C-Had), 1697, 1650, 1457 
(CONH),1373 (C-N). 

δ=9.6(s,1H),8.98(s,1H),2.04 
(s,3H),1.84(s,9H),1.70(s,6H).  
 

 XII 200 0.75  δ=11.4(s,1H),2.10,1.66(m,21H) 
 

 XIII 
 

228-
230 

0.4 3425(N-H),2923,2854 (C-H Ad), 
1623(C=O), 1589, 1457 (CONH), 
1218(CN). 

δ=9.9(s,1H),9.5(s,1H),7.46(m,4H),1.9
9(s,3H),1.87(m,6H),1.69(m,6H). 
 

 XIV 
 
 

209-
210 

0,64 3448,3386(N-H), 3178 (CHar.) 
2931, 2854(C-Had), 1681,1643 
(C=O), 1373(CN). 

δ=10.08(s,1H),9.2(s,1H), 7.9 
(d,J=8.8Hz,2H),7.4(d,J=8.8Hz,2H),-
2.05(s,3H),1.9(s,6H),1.66(s,6H).  
 

 XV 
 

110-
112 

0,35 3448,3394 (N-H), 3093, 3030 (C-
Har.), 1681, 1643 (C=O), 1357(C-
N). 

 δ=10.54(s,1H),9.36(s,1H)8.2 (d, J= 
8.8,2.4Hz,1H),8.56(d,J=8.8 H z,1H), 
7.66(d,J=2.4Hz,1H), 2.06 (s,3H) 1. 93-
(s,6H), 1.74 (s,6H). 
 

 XVI 140 
 
 
 
 

0.52 3355,3278(N-H), 2854, 2723 (C-
Had), 1689(C=O), 1589, 1457(CO-
NH), 1373 (C-N). 

δ=9.9(s,1H),9.4(s,1H)9.6(s,1H), 
7.64(d,J=2.4Hz,1H),7.53(dd,J=8.8,24
Hz,1H),7.4(d,J=8.8Hz,H,2.06(s,3H), 
1.96(s,6H), 1.68 (s,6H). 
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naxazi 6. N-[4-(1-adamantil)]fenil-2-hidroqsi-3,5-dibrombenzilideniminis  
molekulis 13C speqtri. 
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MODIFICATION BIOACTIVE COMPOUNDS-AZOMETHINS                                                       
AND HYDRAZIDS WITH ADAMANTAN STRUCTURE 

O. LEKASHVILI, N. LEKISHVILI, Z. PACHULIA,                                                                 
M. LABARTKAVA, D. ZURABISHVILI 

Iv. Javakhishvili Tbilisi State University 

Summary 

To obtain new ligands for coordinative compounds of d-metals the condensation of hidrazide of 
adamantan-1-carbonacide, 1-aminoadamantane and 4-(1-adamantil)aniline with aromatic aldehydes have been 
carried out. 

The acylation of biologically active adamantane-1-hydrozide of carbon acid by acetanhydrides and 
chloroanhydrides of the corresponding aromatic acids has been carried out in different conditions, with 
formation of diacylhydrazides in the presence of bases. The electronic structure of the molecules of the 
obtained compounds and their reaction ability are estimated by quantum-chemical semi-empirical method 
AM1. The data of IR, UV, 13C and IH PMR- spectra are presented.  
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universaluri, Termulad da qimiurad mdgradi mikrofiltraciuli 

fTororganuli membranebis damzadeba da gamoyeneba sxvadasxva Txevadi 

sistemebis filtraciisaTvis 

r. gociriZe
1
, n. lekiSvili

2
, x. barbaqaZe

2
 

1 SoTa rusTavelis saxelobis baTumis saxelmwifo universiteti, 
sainJinro da teqnologiuri fakulteti, membranebis teqnologiis  

samecniero-kvleviTi instituti 
2 iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti 

Seqmnilia sxvadasxva forianobis mqone (0,1-0,4 mkm) universaluri, Termulad da 
qimiurad mdgradi mikrofiltraciuli membranebi samrewvelo polimeris fToroplast-
4-is bazaze, dadgenil iqna, rom miRebuli membranebi SeiZleba warmatebiT iqnas 
gamoyenebuli sxvadasxva Txevadi sistemebis — sasmeli wylis, erovnuli Rvinoebis, 
samkurnalo mcenareTa eqstraqtebis, biologiurad aqtiuri naerTebis da samedicino 
preparatebis gasawmendad. 

Sesavali 

Tanamedrove teqnologiebs Soris membranul teqnologias erT-erTi wamyvani 
adgili uWiravs, rac aisaxeba teqnologiuri procesebisa da aparaturis simartiviT, 
ekonomiurobiT, nivTierebaTa dayofis seleqtiurobiT da maRali xarisxiT [1]. 

 msoflio bazarze membranul danadgarebze moTxovnaTa 60-70% modis mik-
rofiltraciul danadgarebze, maTi farTo speqtriT gamoyenebis TvalsazrisiT. 
kerZod, kvebis mrewvelobaSi – alkoholiani da ualkoholo sasmelebis, mineraluri da 
sasmeli wylebis, wvenebis da sxva Txevadi produqtebis filtraciisaTvis; farmaciaSi – 
Txevadi wamlebisa da fiziologiuri xsnarebis filtraciisaTvis; qimiur mrewvelobaSi 
– suspenziebis, emulsiebis, gamxsnelebis da zogadad, Txevadi xsnarebis filt-
raciisaTvis da sxva. 

mikrofiltraciuli membranuli teqnologiis farTo masStabiT gamoyenebis 
SezRudva ganpirobebulia filtraciis Semdeg membranis zedapirze gamoyofili naleqis 
moSorebis aucileblobiT, ris gamoc, xSirad maTi moxmareba xdeba erTjeradad. es ki 
arTulebs, aZvirebs da zRudavs aRniSnuli teqnologiis farTod gamoyenebas. 

ZiriTadi Sedegebi da maTi gansja 

Cvens mizans Seadgenda mravaljeradad gamoyenebadi, Termulad da qimiurad 
mdgradi mikrofiltraciuli membranebis Seqmna. am mizniT SevarCieT samrewvelo 
polimeri — fToroplasti-4 (F-4) [2], romlis qimiuri mdgradoba gacilebiT aRemateba 
sxva tipis plastmasebis, liTonebis, minis, emalebis da sxva sinTezuri masalebis 
mdgradobas. masze ar moqmedebs damJangavebi, tuteebi, mJavebi da gamxsnelebi (masze 
moqmedebs mxolod gamdnari tute metalebi da maTi zogierTi kompleqsuri naerTebi 
amiakTan da sxv.). 

gansakuTrebiT aRsaniSnavia miRebuli membranis absoluturi mdgradoba mikro-
organizmebisadmi. agreTve, mis zedapirze mikroorganizmebis sruli sterilizacia 
(gamravlebis Sewyveta), rac membranebis uaRresad mniSvnelovan maxasiaTeblad iTvleba.  

zemoaRniSnulidan gamomdinare, fToroplastis — F-4-is bazaze davamzadeT 
mikrofiltraciuli membranebi sxvadasxva forianobiT. mravaljeradi eqsperimentebis 
bazaze davadgineT miRebuli membranis efeqturad gamoyenebis sferoebi. SevimuSaveT 
agreTve membranis regeneraciis pirobebi misi sxvadasxva procesebSi gamoyenebis Semdeg:  

1. TeTri da wiTeli Rvinoebis maRali xarisxis filtraciisaTvis. 
2. dabinZurebuli sasmeli wylis გაsasufTaveblad. 
3.   Cais eqstraqtis gasasufTaveblad. 
4.   sxvadasxva samkurnalo mcenareTa eqstraqtebis biologiurad aqtiuri naerTebis 

da samedicino preparatebis gasasufTaveblad. 
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cnobilia, rom Rvinis filtraciis dros erT-erT ZiriTad maCvenebels warmoad-
gens misi xarisxis gansazRvra [3-5]. am mizniT Cven mier gansazRvruli iqna gafiltruli 
Rvinoebis (sakvlev obieqtad SevarCieT dasavleT saqarTveloSi yvelaze metad gavrce-
lebuli yurZnis jiSebisgan damzadebuli Rvinoebi `colikauri~ da `izabela~. ganvsazR-
vreT maTi organoleptikuri da mikrobiologiuri mdgradoba. rogorc eqsperimentu-
lad dadasturda, gaufiltrav RvinoebTan SedarebiT arsebiTad gaumjobesda gafil-
truli Rvinoebis gemo da sikamkame. aseve gaumjobesda SerCeuli Rvinoebis mikrobiolo-
giuri maCveneblebi (cxr. 1). rogorc cxr. 1-dan Cans, gafiltruli Rvinis mdgradoba 
(stabilizacia) mikroorganizmebisadmi maRalia. maSasadame, Cven mier damzadebuli mik-
rofiltrebi ara marto SerCeuli Rvinoebis sikamkamis gaumjobesebis saSualebas iZle-
va, aramed uzrunvelyofs maTi stabilizaciis gazrdasac. 

Rvinis filtraciis dros meore mniSvnelovan maCvenebels warmoadgens gafil-
tvris siCqare anu warmadoba [3, 4. Cven mier specialurad SerCeul iqna zemoT aRniSnu-
li axlad dayenebuli Rvinoebi (`colikauri~ daRvinebuli iyo 1 Tvis da `izabela~ — 3 
Tvis) im mizniT, rom momxdariyo membranebis swrafad gabindva (RvinoSi arsebuli Sewo-
nili nivTierebebis membranis zedapirze gamoleqva) da Segveswavla membranis regenera-
cia maTi mravaljeradi gamoyenebis mizniT. aqve unda aRiniSnos, rom rac ufro asakova-
nia Rvino, miT ufro maRalia membranis warmadoba da mcirea filtraciis siCqaris Semci-
reba [3].  

dasawyisSi membranaze gavatareT distilirebuli wylis Wavli, raTa dagvedgina gar-
kveuli wnevis pirobebSi membranis deformaciis SesaZlebloba. rogorc nax. 2-dan Cans, da-
sawyisSi membranis warmadoba 8 saaTSi 3,6-jer Semcirda, xolo Semdeg mudmivi gaxda. meore 
dRes, dasawyisSi warmadoba 1,85-jer Semcirda, e.i. wylis WavliT gamowveuli membranebis 
Seuqcevadi deformacia TiTqmis orjer amcirebs am ukanasknelis warmadobas. aRsaniSnavia, 
rom am maCveneblis stabiluroba miiRweoda distilirebuli wylis 1000 l/sT (1m2 membra-
naze) siCqariT gatarebis pirobebSi. Rvinis filtraciis dros warmadobis mkveTri dacema, 
rogorc Cans, ganpirobebulia Rvinis simRvrivis zrdiT.  

 warmadoba l/sT-Si kv.m 

 
dro, saaTi 

naxazi 1. mikrofiltraciuli membranis warmadobis damokidebuleba droze: 
membranis warmadobis cvlileba distilirebuli wylis filtraciisas 

membranis warmadobis cvlileba Rvino `izabelas~ filtraciisas 
membranis warmadobis cvlileba Rvino `colikauris~ filtraciisas 
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eqsperimentuli monacemebis Sedegad davadgineT saregeneracio xsnari da misi opti-
maluri koncentracia, romlis saSualebiTac vaxdendiT membranebis warmadobis srul 
aRdgenas. rogorc nax. 2-dan Cans, membranebis aRdgenas `colikauris~ SemTxvevaSi, mem-
brana regeneracias saWiroebda yoveli 10 saaTis filtraciis Semdeg, xolo `izabelas~ 
filtraciis dros — 20 saaTis Semdeg. eqsperimentiT davadgineT, rom membranebis mra-
valjeradi regeneraciis Semdeg filtraciis maCveneblebi faqtiurad ar icvleba (nax. 2). 
aRsaniSnavia, rom 0,1 mkm da 0,2 mkm saSualo forianobis mikrofiltrebiT TeTri da wiTe-
li Rvinoebis gawmendisas warmadoba Sesabamisad Seadgenda 100 l/sT. eqsploataciis Sem-
deg membranis warmadobis sruli aRdgena miiRweoda hipoqloridis 20% wyalxsnariT mi-
si damuSavebiT. filtraciis Semdgom, hipoqloridis srulad gamodevnas aparatidan vax-
dendiT gamdinare sufTa wyliT 40 wT-is ganmavlobaSi.  

warmadoba l/sT-Si kv.m 

  
dro, saaTi 

 
ნახazi 2. mikrofiltraciuli membranis aRdgena mravaljeradad 

Rvinis filtraciis Semdeg natriumis hipoqloridis xsnariT: 
 Rvino `izabela~ 

 Rvino `colikauri~ 
(abscisaTa RerZis meore xazze dro Seesabameba Rvinos `izabela~) 

 janmrTelobis dacvis saerTaSoriso organizaciebis mier dadgenilia, rom 
gavrcelebuli daavadebebis 80%-s iwvevs dabinZurebuli sasmeli wylis gamoyeneba. 

sasmeli wylis xarisxis Sefasebisas umTavresia misi baqteriologiuri usafrTxoeba, 
qimiuri Sedgeniloba da organoleptikuri maCveneblebi. 

sasmeli wylis gausnebovnebisaTvis amJamad farTod gamoiyeneba daqlorva da ozoni-
reba. rogorc cnobilia, qlori klavs mikroorganizmebs, isini rCebian wyalSi da xdeba 
maTi gaxrwna. aqve unda aRiniSnos, rom qlori wyalSi warmoqmnis toqsikur qlororga-
nul naerTebs, xolo narCeni, Warbi qlori auaresebs wylis gemosa da suns. 
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cxrili 1. Rvino `izabelas~ mikrobiologiuri mdgradoba 
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membranuli teqnologiiT SesaZlebeli gaxda sasmel wyalSi ara marto mikroorga-
nizmebis gauvnebelyofa, aramed masSi arsebuli gauxsneli koloiduri da Sewonili niv-
Tierebebis gamodevna. Tumca, membranuli filtraciiT sasmeli wylis gawmenda jer ki-
dev SezRudulia. es ganpirobebulia membranebis zedapirze gamoleqil sasmel wyalSi 
Sewonili Tixebis moSorebis siZneliT, rac membranuli aparatis erTjeradad gamoyene-
bis saSualebas iZleva da iwvevs sasmeli wylis gaZvirebas. 

Cven mier fToroplastis bazaze damzadebuli membranis gamoyenebam arsebuli apara-
tebis mravaljeradad gamoyenebis da maTi muSaobis gaxangrZlivebis saSualeba mogvca. 
garda zemoaRniSnulisa, agresiuli regeneratebis (hipoqloritis da HF-s wyalxsnarebi) 
gamoyenebis SesaZleblobam saSualeba mogvca ramdenime wlis ganmavlobaSi membranis Se-
ucvlelad migveRo fizikur-qimiurad da biologiurad sufTa wyali ise, rom masSi Se-
narCunebuli yofiliyo sasicocxlo fiziologiuri funqciis matarebeli mineraluri 
marilebi, rasac Seicavs sasmeli wyali mis gafiltvramde.  

cxr. 2-Si mocemulia sasmeli wylis zogierTi mniSvnelovani maxasiaTebeli filtra-
ciamde da filtraciis Semdeg. rogorc cxr. 2-dan Cans, gaufiltravi wylis simRvrive 
sakmaod maRalia, rac iwvevs membranis warmadobis mkveTrad Semcirebas. rac Seexeba gau-
filtravi wylis mikrobiologiur maCveneblebs, isini ZiriTadad akmayofileben misdami 
wayenebul Sesabamis moTxovnebs [7]. 

aseve dadebiTi Sedegebi iqna miRebuli Cais eqstraqtis (membranis srulი regenera-
cia xdeba Cvens mier SemuSavebuli gamxsnelTa nareviT — ut-8), agreTve sxvadasxva sam-
kurnalo mcenareTa eqstraqtebis, biologiurad aqtiuri naerTebis [6] da samedicino 
preparatebis filtraciisas. aRsaniSnavia, rom zemoaRniSnul SemTxvevebSi filtraciis 
Semdeg membranebis regeneracia xdeba maRali koncentraciis mineraluri mJave-biT, tu-
teebiT da saboloo sterilizaciisTvis — gadaxurebuli wylis orTqliT. amasTan, mem-
branis mravaljeradad regeneraciisas misi ZiriTadi teqnikuri da teqnologiuri maxa-
siaTeblebi ar uaresdeba.  

cxrili 2. sasmeli wylis zogierTi fizikur-qimiuri da mikrobiologiuri 
maCvenebeli filtraciamde da filtraciis Semdeg 

simRvrive (mg/l) koli-indeqsi 

filtraciamde filtraciis 
Semdeg 

filtraciamde filtraciis 
Semdeg 

0,25 0,00 240 <3 

2,0 0,00 21 <3 

2,0 0,00 >1100 3 

2,0 0,00 460 <3 

2,0 0,00 >1100 3 

2,0 0,00 >1100 <3 

0,75 0,00 <3 <3 
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ნახazi 3. mikrofiltraciuli membranis warmadoba sasmel wyalze 
regeneraciamde (                  ) da mravaljeradi regeneraciis Semdeg 
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THE PRODUCTION OF UNIVERSAL, THERMAL- AND CHEMICALLY STABLE  
MICROFILTRATION FLUORINEORGANIC MEMBRANES AND THEIR APPLICATION FOR THE 

FILTRATION OF DIFFERENT LIQUID SYSTEMS 

R. GOTSIRIDZE1, N. LEKISHVILI2, KH. BARBAKADZE2 
1 Batumi State University, Faculty of Engineering and Technology, 

Scientific-Research Institute of Membrane Technology 
2 Ivane Javakhishvili Tbilisi State University 

 Summary  

Universal, thermal and chemically stable microfiltration fluorine-organic membranes with various 
porosity (0.1÷0.4mcm) based on industrial polymer – fluoroplast-4 have been created. It was established that 
the obtained membranes can be successfully used for the filtration of various liquid systems — drinking water, 
national wines, extracts of herbs, biologically active compounds and medical preparations. 
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meToduri rekomendaciebi                                                                                                      

d- da ƒ-elementebis  qimiis                                                                                                       

sabakalavro kursis swavlebisaTvis 

z. maCaiZe, q. giorgaZe 

iv. javaxiSvilis saxelobis  
Tbilisis saxelmwifo universiteti 

gardamavali d – seriis elementebis ganlageba periodul sistemaSi ganpirobebulia 
(n–1)d da ns(n=4,5,6,7) orbitalebis energetikuli mdgomareobis siaxloviT. aucilebelia 
aRiniSnos am elementebis damaxasiaTebeli saerTo Tvisebebi: yvela maTgans axasiaTebs 
cvalebadi Jangvis xarisxi, didi simagre; rogorc wesi lRvebian maRal temperaturaze 
da axasiaTebT atomizaciis maRali energia. zog maTgans axasiaTebs maRali eleqtrogam-
taroba (Cu, Ag), zegamtaroba (Nb) da feromagnetizmi (Fe, Co, Ni). maTi reaqciisunarianoba 
mTavari qvejgufis metalebTan SedarebiT dabalia. standartuli eleqtroduli poten-
cialebis mwkrivSi maTi umetesoba wyalbadis Semdeg dgas (garda 3d-elementebis, TuTii-
sa da kadmiumisa). 

d-seriis gardamavali metalebis oqsidebi da sulfidebi dabali Jangvis xarisxiT 
cvladi Sedgenilobis fazebia, romlebisTvisac araa samarTliani Sedgenilobis mudmi-
vobis da jerad fardobaTa kanonebi. maTi naerTebi umetesad Seferilia da naklebad 
mdgradi, vidre mTavari qvejgufis elementTa naerTebi. ufro mdgradebia im elemente-
bis naerTebi, romelTac axasiaTebT d5, d10 eleqtronuli konfiguraciebi. am elemen-
tebze da maTi naerTebis Tvisebebze did gavlenas axdens d-SekumSvis da lanTanoiduri 
ƒ- SekumSvis efeqtebi. swored lanTanoiduri kumSvis gamo Zr da Hƒ yvelaze msgavsi wyvi-
lia. swavlebis bolo etapze yuradReba unda gamaxvildes d-elementebis praqtikul 
mniSvnelobaze. 

3d-seriis elementebis qimiis specifika: yuradReba unda gamaxvildes am seriis ele-
mentebis qimiis msgavsebaze da gansxvavebaze mZime elementebis (4d- da 5d-seriis) qimiis-
gan: 3d-seriis yvela elementisaTvis (Sc-dan Zn-mde) damaxasiaTebelia erTi tipis kaTio-
nuri akvokompleqsebi Э(H2O)6

2+ da Э(H2O)6
3+, TvisebebiT msgavsi ЭО oqsidebi, Э(ОH)2 hid-

roqsidebi, sulfatebi, sulfidebi, kaTionuri, anionuri da neitraluri dabalspinuri 
da maRalspinuri kompleqsebis mravalferovneba: tetraedruli, brtyel-kvadratuli, 
kvadratul-piramiduli da oqtaedruli konfiguraciiT. 3d-seriis metalebis koordi-
naciuli ricxvi, rogorc wesi, ufro dabalia, vidre maTi mZime analogebis, rac atomuri 
(da ionuri) radiusebis gansxvavebiT aris gamowveuli. (mZime metalebis radiusebi 15-20 
nm-iT metia). umaRlesi Jangvis xarisxSi warmoqmnian peroqsidul naerTebs, xolo dabali 
Jangvis xarisxis dros marilmsgavs halidebs. 

4d- da 5d-seriebis elementebisaTvis damaxasiaTebelia Jangvis umaRlesi xarisxi, da-
balspinuri da anionuri kompleqsebi. 3d-jgufis metalebisgan gansxvavebiT am elemen-
tebs axasiaTebT didi swrafva eleqtronebis gawyvilebisadmi, amitom iSviaTad warmoq-
mnian maRalspinur kompleqsebs. praqtikulad Pd(II)-is da Pt(II)-is TiTqmis yvela kompleq-
si dabalspinuri da brtyel-kvadratulia; am formis stabilizacias xels uwyobs ligan-
debis veli. mZime (4d, 5d) gardamavali metalebis atomur da ionur radiusebs Soris gan-
sxvaveba Zalian mcirea, amitom isini TiTqmis erTi tipis da erTnairi Tvisebebis mqone 
naerTebs warmoqmnian: ftoridebs, oqsiftoridebs da maT Sesabamis kompleqsebs.  

3d-seriis gardamavali metalebi 4d- da 5d- seriebis metalebisgan magnituri Tvisebe-
biTac mniSvnelovnad gansxvavdebian. mZime metalebSi spin-orbitaluri urTierTqmede-
bis gaZlierebis gamo, magnituri momentebis miRebuli mniSvnelobebi ar Seesabamebian 
maT atomebSi gauwyvilebeli eleqtronebis ricxvs da amave dros paramagnetizmi damo-
kidebuli xdeba temperaturaze. 

garda saerTo Tvisebebisa, unda aRiniSnos d-elementebis calkeuli jgufebis speci-
fikuri Taviseburebani. magaliTad, Sc-is qimia msgavsia Al-is, itriumis – iSviaT miwaTa 
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metalebis qimiis. titanis qvejgufis elementebisaTvis damaxasiaTebelia oqsidebis, 
nitridebis da karbidebis mdgradoba da ZnellRobadoba, titanatebis da cirkonatebis 
uxsnadoba, metalebis koroziuli mdgradoba. vanadiumis qimia gamoirCeva Jangvis xaris-
xis mravalferovnebiT, niobatebs, vanadatebs da tantalatebs axasiaTebT uxsnadoba da 
polikondensacia. qromis da manganumis qimia xasiaTdeba d5-struqturis naerTebis 
mdgradobiT, umaRlesi Jangvis xarisxis naerTebis umdgradobiT da JangvisunarianobiT. 
VIII jgufis d-elementebisaTvis unda aixsnas maTi Tvisebebis msgavseba; maTi, rogorc 
kompleqswarmomqmnelebis aqtivoba da gansakuTrebuli katalizuri Tvisebebi. xazgas-
miT unda aRiniSnos, rom I (Б) jgufis elementebisTvis araa damaxasiaTebeli Tvisebebis 
monotonuroba. Cu Tavisi TvisebebiT Fe-is msgavsia, oqros qimia kompleqsnaerTTa (qlo-
ridebis, cianidebis) qimiaa. yuradReba unda mieqces Cu(I,II) da Ag(I) halidebis specifi-
kur Tvisebebs. gansakuTrebuli aRniSvnis Rirsia, TuTiis qvejgufis qimia, is gansxvav-
deba tipuri d-elementebis qimiisgan. d-orbitalebis qimiur bmebSi ar monawileobis ga-
mo. yuradReba unda mieqces am jgufis elementebis naerTebis kovalentur bunebas (gan-
sakuTrebiT Hg-Tvis). 

daskvniT etapze yuradReba unda mieqces gardamavali elementebis kompleqswarmoq-
mnis unars, radgan xSirad maTi kompleqsuri naerTebi gacilebiT mdgradebia, vidre war-
momqmneli martivi naerTebi. gansakuTrebiT aRsaniSnavia e.w. klasterebi maTi praqtiku-
li mniSvnelobis gamo: maT aRmoaCndaT unikaluri katalizuri aqtivoba, heterometa-
luri klasterebisgan SesaZlebeli gaxda audio da videoteqnikaSi gamoyenebuli homo-
genuri, ultradispersiuli Senadnobebis damzadeba da klasterebis gamoyenebiT mimdi-
nare procesebiT SesaZlebeli gaxda navTobis desulfireba, rac metad mniSvnelovani 
ekologiuri problemaa. 

ƒ-elementebis swavlebis specifika. ƒ-elementebis (lanTanoidebis da aqtinoide-
bis) ganlageba periodul sistemaSi da maTi valenturi mdgomareoba ganpirobebulia (n–
2)ƒ da (n–1)d (n=6,7) orbitalebis energetikuli mdgomareobis siaxloviT. aucilebelia 
aRiniSnos, rom lanTanoidebi bunebaSi sakmaod gavrcelebuli, magram Zalian gafantul-
ni arian, daaxloebiT 250 mineralis SemadgenlobaSia aRmoCenili da ZiriTadad erTad 
moipovebian. rac Seexeba aqtinoidebs, isini yvela radioaqtiuria, amitom bunebaSi 
gvxvdeba mxolod Toriumi, protaqtiniumi da urani (maTi izotopebis didi naxevardaS-
lis periodis gamo), danarCenebi ki miRebulia xelovnurad, birTvuli reaqciebiT uka-
naskneli 60-70 wlis ganmavlobaSi. 

lanTanoidebSi 4ƒ- da 5d-orbitalebis energiebis mcire gansxvavebis gamo, TiTo an 
zogjer ori (mag., Ce-Si) 4ƒ-eleqtroni advilad aRigzneba, gadadis 5d-orbitalze, amitom 
maTi Jangvis xarisxi umetesad +3-ia da ara +2, riTac emsgavsebian Sc-is qvejgufis ele-
mentebs. Tavisufal mdgomareobaSi tipuri metalebia, maTi oqsidebi da hidroqsidebi 
fuZe bunebisaa. 

aqtinoidebSi 5ƒ- da 6d-orbitalebi energetikulad kidev ufro axlos aris erTma-
neTTan, amitom maTi pirveli wevrebis 5ƒ-eleqtronebi ufro advilad gadadian 6d-orbi-
talze da Th-dan U-mde Jangvis xarisxi izrdeba +4-dan +6-mde. momdevno elementebSi xde-
ba 5ƒ-orbitalis energetikuli stabilizacia, eleqtronebis agzneba moiTxovs met ener-
gias, ris gamoc Jangvis xarisxi mcirdeba +3-mde. miuxedavad maTi atomebis umdgradobi-
sa, am rigis pirveli Svidi elementis oqsidebi, halidebi, hidroqsidebi Э(ОН)3 – fuZe 
bunebisaa. 

yuradReba unda gamaxvildes maT praqtikul mniSvnelobaze. kerZod 234U da 235U-is ga-
moyenebaze birTvul reaqtorebSi, rac energiis wyarocaa da atomuri bombis moqmedebis 
safuZvelic, agreTve 238U-dan plutoniumis (239Pu) miRebaze, romelic aseve gamoiyeneba 
birTvul reaqtorebSi.  
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METHODICAL RECOMMENDATIONS FOR TEACHING BACHELOR  

COURSES OF d- AND f-ELEMENTS CHEMISTRY 

Z. MACHAIDZE, K. GIORGADZE 

Iv. Javakhishvili Tbilisi State University 

Summary 

The methodics of university courses teaching of d- and f-elements chemistry has been worked out. Methodical 
recommendations are appealed for d- and f-groups and also for concrete elements with specific characteristics. 
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qimiuri bmis specifika metalocenebSi 

e. gigineiSvili, T. lobJaniZe 

 
iv. javaxiSvilis saxelobis  

Tbilisis saxelmwifo universiteti 

jer kidev gasuli saukunis Sua xanebSi iTvleboda, rom qimiuri bma metali — nax-
Sirbadi metalorganul naerTebSi umdgradi iyo. Tumca axla Cven viciT, rom es ase ar 
aris. ubralod, qimikosebma maSin ar icodnen aseTi naerTebis miReba da ar icodnen, Tu 
rogor SeiZleboda am bmis stabilizeba. revolucia moxda gasuli saukunis 50-iani 
wlebis dasawyisSi, rodesac sinTezirebuli iqna feroceni — Fe(C2H5)2. am aRmoCenis avto-
rebi cdilobdnen mieRoT H5C5-Fe-C5H5 tipis naerTi Cveulebrivi Fe-C σ-bmebiT da vinai-
dan maSin cnobili iyo, rom aseTi bmebi gardamavali metalebis monawileobiT aramdgra-
dia, uaRresad gakvirvebulni darCnen, rodesac aRmoaCines, rom maT mier miRebuli naer-
Ti gansakuTrebuli mdgradobiT gamoirCeoda (igi iSleboda mxolod 4000C-is zeviT). 
magram rodesac am nivTierebis struqtura iqna dadgenili, aRmoCnda, rom mas gaaCnia 
`sendviCiseburi~ forma, sadac ciklopentadienilis birTvebi erTmaneTis paralelurad 
mdebareoben, rkinis atomi ki imyofeba maT Soris da Tanabradaa dacilebuli naxSirbadis 
aTive atomisagan. ramdenime wlis Semdeg dasinTezebul iqna dibenzolqromi Cr(C6H6)12, 
romelsac analogiuri `sendiviCiseburi~ aRnagoba gaaCnia da moicavs 12 erTi da igive 
sigrZis Cr−C bmas. amis Semedeg miRebuli iqna TiTqmis yvela gardamavali (da bevri 
aragardamavali) elementis SesaZlebeli kompleqsi TiTqmis yvela ujer organul 
ligandTan: olefinebis, acetilenebis, alilebis, monocikluri CnHn(n=3-8) da 
policikluri naxSirwyalbadebis da aseve maTi mravalricxovani warmoebulebis CaTv-
liT. aRsaniSnavia, rom swored am samuSaoebisTvis ingliselma qimikosma jefri 
uilkinsonma da germanelma qimikosma ernst oto fiSerma 1973 wels nobelis premia 
miiRes. 

yvela aRniSnuli kompleqsis gansakuTrebuli Tavisebureba mdgomareobs imaSi, rom 
centraluri atomi, rogorc wesi, dakavSirebulia naxSirbadis ara erT, aramed 
erTdroulad ramdenime atomTan da am SemTxvevaSi warmoiqmneba centraluri atomis 
mravalcentriani bmebi organuli ligandis fragmentTan (rogorc es ferocenisa da 
dibenzilqromis SemTxvevaSia). naTelia, rom Tu ligandis rolSi gamodis Sevsebuli 
eleqtronuli garsebis mqone neitraluri molekula (eTileni, acetileni, benzoli da 
a.S.), maSin yvela bmas — metal-ligandi — aqvs donorul-aqceptoruli an datiuri xasiaTi 
(kovalenturi bmebi ki saerTod ar warmoiqmneba). amrigad, yvela msgavsi naerTi 
warmoadgens koordinaciul naerTs (Tumca zogierT maTganSi gvxvdeba aseve Cveuleb-
rivi oreleqtroniani σ-bmebic M-C, romlebic Sesaferisi ligandebis garemocvaSi aseve 
SeiZleba metad stabiluri aRmoCndnen). vinaidan ujer organul ligandebSi mosazRvre 
eleqtronuli doneebi (zeda Sevsebuli da qveda vakanturi) agebulia π tipis 
orbitalebisgan, am ligandebis Sesabamisi koordinaciuli naerTebi iwodebian aseve π-
kompleqsebad. 

ganvixiloT yvela es aspeqti ferocenisa Fe(C5H5)2 da gardamavali metalebis sxva 
`sendviCiseburi~ kompleqsebis magaliTze.  

rogorc ki dadginda, rom ferocens gaaCnia uCveulo, `sendviCiseburi~ struqtura, 
daiwyo misi molekulis kvantur-meqanikuri gaTvlebi. ukanasknel dromde yvela gaTvla 
uneburad naxevrad empiriul xasiaTs atarebda. 

dadgenil iqna, rom ferocenis molekulaSi yvela Fe-C bmis sigrZe erTnairia, amitom 
aucilebelia ganxiluli iqnas rkinis atomis bmebi C5H5-is birTvTan mTlianobaSi. im 
SemTxvevaSi ki, Tu SemovifarglebiT C5H5 birTvis π-garsiT, mosalodnelia samive 
SesaZlebeli tipis Fe-(C5H5) bmebis warmoqmna: — kovalenturis, donorul-aqceptorulis 
da datiuris, rameTu C5H5-is birTvSi gvaqvs erTi gauwyvilebeli eleqtroni, ori 
vakanturi π-orbitali da ori gauziarebeli π-eleqtronuli wyvili. 

ingliseli da amerikeli mkvlevrebi ferocenSi arsebuli bmebis bunebis asaxsnelad 
upiratesobas aniWeben molekuluri orbitalebis Teorias, romelic mowodebulia mo-
fitis mier. am Tvalsazrisis mixedviT rkinis atomsa da ciklopentadienis birTvebs 
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Soris adgili aqvs mxolod erTi delokalizebuli kovalenturi bmis warmoqmnas. am mo-
sazrebis gasagebad da imisaTvis, rom aRiweros bmebis warmoqmna ferocenSi, saWiroa 
cal-calke iqnas ganxiluli rkinis atomisa da organuli ligandis — ciklopentadieni-
lis orbitalebi. jer ganvixiloT metalis atomis orbitalebi. rkinis atomis ZiriTadi 
mdgomareobis eleqtronuli konfiguracia (savalento Sris) gamoisaxeba Semdegnairad: 

3d2
z 2 3d1

x 2-y2 3d1
x y 3d1

x z 3d1
yz 4s2 4p0

x 4p0
y 4p0

z 

simetriis TvalsazrisiT 3dz2 da 4s orbitalebs gaaCniaT erTi da igive Tviseba: 
orive maTgani invariantulia (e.i.ucvlelia) atombirTvis garSemo inversiisa da z Rer-
Zis garSemo brunvis mimarT, Tu z RerZad CavTvliT mimarTulebas C5H5-Fe-C5H5 bmebis 
gaswvriv (e.i. ciklopentadienis birTvebisa da rkinis atomis SemaerTebeli sworis), 
maSin orive aRniSnuli orbitali moTavsebuli iqneba maRali eleqtronuli simkvrivis 
ubanSi, amitom maTi energia gaizrdeba, rac gamoiwvevs maT destabilizacias. Tumca, 
vinaidan ionebs gaaCniaT erTnairi simetria da daaxloebiT Tanabari mdgradoba (rac 
ionizaciis energiiT ganisazRvreba), maT SeuZliaT warmoqmnan ori axali hibriduli 
orbitali − (ds)

1
 da (ds)

2
: 

χ(ds)1 = Ψ(3dz2) + Ψ(4s) 

χ(ds)2 = Ψ(3dz2) - Ψ(4s) 

 

naxazi 1. hibriduli (ds)1 (a) da (ds)2 (b) orbitalebis warmoqmna 

nax. 1-ze naCvenebia am hibriduli oritalebis sasazRvro zedapirebi. 
rogorc vxedavT, (ds)2-orbitali Zlier aris gadaweuli maRali eleqtronuli simkv-

rivis ubnidan, romelsac qmnian ciklopentadienis birTvebi; maSin,rodesac (ds)1 or-

bitali am ubanSi imyofeba. sxva sityvebiT rom vTqvaT, pirveli orbitali (ds)2, 
meoresTan SedarebiT metadaa stabilizebuli amitom masze moTavsdeba ori eleqtroni. 

amrigad, rkinis atomis agznebis Semdeg 3dz2 da 4s orbitalebis hibridizaciis Sedegad 
miRebuli ori hibriduli orbitalidan eleqtronebi Tavsdebian (ds)2 orbitalze. amas-
Tanave 3dx2-y2 da 3dxy orbitalebze xdeba eleqtronebis gawyvileba da ferocenSi rkinis 
atomis valenturi mdgomareobis Sesabamisi eleqtronuli konfiguracia SeiZleba 
gamoisaxos ase:  

(ds)2
2 3d2

x 2-y2 3d2
x y 3d1

x z3d1
y z4p0

x 4p0
y 4p0

z (ds)0
1 

 

naxazi 2. C5H5-is molekuluri orbitalebi 
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axla ganvixiloT ciklopentadienis radikalebis orbitalebi. hiukelis mole-
kuluri orbitalebis Teoriis Tanaxmad, π-eleqtronebisaTvis ciklopentadienis ra-
dikalSi arsebobs sami damakavSirebeli da ori gamTiSavi molekuluri orbitali (nax.2). 

am naxazze yvelaze Zlieri damakavSirebeli orbitali aRniSnulia ϕ0-iT. mas ar 
gaaCnia inversiis centri (e.i. ar icvlis fazis niSans). SedarebiT mdgradi orbitalebia 
gadagvarebuli orbitalebis wyvili − ϕ+1 da ϕ-1. TiToeul maTgans gaaCnia TiTo 
inversiis centri, romelic mdebareobs birTvis sibrtyis perpendikularul sibrtyeSi; 
ciklopentadienis birTvebs kidev gaaCniaT ufro maRali energiis mqone orjer 
gadagvarebuli orbitalebis wyvili – ϕ+2 da ϕ-2, romelTagan TiToeuls ori inversiis 

centri aqvs birTvis sibrtyis mimarT perpendikularul sibrtyeSi. amrigad, C2H5 
birTvebis ZiriTadi mdgomareoba TavisTavad orjeraa gadagvarebuli, rac SeiZleba ase 
gamoisaxos: 

 (ϕ0)2(ϕ+1)2(ϕ-1)1 da (ϕ0)2(ϕ+1)1(ϕ-1)2 

 

 

naxazi 3. ferocenSi arsebuli bmebis energetikuli diagrama 

SevarCioT erT-erTi maTgani, magaliTad pirveli. axla ganvixiloT, Tu rogori 
bmebia TviTon ferocenSi. diagramis saxiT isini mocemulia nax. 3. 

aq gamosaxulia metalis, C2H5 radikalebis da TviTon ferocenis orbitalebis 
energetikuli ganlagebis SesaZlebeli rigi. 

rogorc diagramidan Cans, TiToeuli C2H5 birTvi metalTan dakavSirebulia erTi 

kovalenturi bmiT, romelic warmoiqmneba erTeleqtroniani ϕ-1 orbitalis gadafarviT 

metalis erTeleqtronian 3dxz an 3dyz orbitalTan, vinaidan am orbitalebs gaaCniaT 
erTnairi simetria, anu inversiis erTi centri xy sibrtyeSi da erTnairi energia. z 
RerZis mimarT am bmebs gaaCniaT π simetria. 

zemoaRniSnuli bmebis warmoqmnaSi Tavisi wvlilis Setana SeuZliaT or sxva saxis 
bmebsac: 

a) koordinaciuli σ-bma, romelic SeiZleba warmoiqmnas TiToeuli birTvis ϕ
0
 -

orbitalebis ori eleqtronisa da rkinis atomis Tavisufali 4p orbitalebis xarjze, 
romelTac erTnairi simetria gaaCniaT. magram vinaidan am orbitalebis energiebs Soris 
sxvaoba sakmaod didia (nax.3), es bma susti iqneba. 

b) rkinis atomis  da 3d2x2-y2-orbitalebidan or-ori eleqtroni SeiZleba gadavides 
C2H5 radikalebis Tavisufal ϕ+2 da ϕ-2 orbitalebze. vinaidan orbitalebis am orive 

jgufs gaaCnia inversiis ori centri bmis RerZis perpendikularul xy-sibrtyeSi, es 
bmebi SeiZleba aRiweros, rogorc σ bmebi. 

bmis es tipi Seesabameba eleqtronebis ukugadatanas metalidan birTvze, rac garkve-
uli xarisxiT akompensirebs birTvis makavSirebeli orbitalebis donorul Tvisebebs. 

amrigad, rkinis atomis yvela 3d-orbitali Sevsebuli gamodis; Sesabamisad, naerTi 
unda iyos diamagnituri, rac marTlac damtkicebulia eqsperimentulad. 
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imisaTvis, raTa ciklopentadienisa da sxva analogiuri naxSirwyalbadebis sendviCis 
tipis naerTebi, romlebSic bmebi π eleqtronebis monawileobiT warmoiqmneba, ganaxsvaon 
sxva tipis, oRond ligandebis Semcveli naerTebisagan, sendviCis tipis naerTebis dasaxe-
lebaSi CarTulia windebuli π-; magaliTad, feroceni iwodeba bis-(π-ciklopentadi-
enil)rkina(II)-ad. 
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SPECIFIC CHARACTER OF CHEMICAL BONDING IN METALLOCENES 

E. GIGINEISHVILI., T. LOBZHANIDZE 

Ivane Javakhishvili Tbilisi State University 

Summary 

Specific character of chemical bonding in metallocenes has been discussed providing the case of ferocene 
molecule as a relevant example. Atomic structure of iron and detailed characterization of cyclopentadiene 
nuclei molecular orbitals have been presented. Based on this information and using assumptions of molecular 
orbitals’ theory, formation of molecular orbitals for ferocene molecule has been described. It has been 
mentioned that not only covalent but also coordination n- and dative bonds have been detected in a ferocene 
molecule.  

 
 



mokle Setyobinebebi 
 Short Communications 

 83

 

ALGEBRAIC-CHEMICAL INVESTIGATION                                                                
OF CARBONATES OF GROUP II S ELEMENTS  

M. GVERDTSITELI, G. CHACHAVA 

Iv. Javakhishvili Tbilisi State University 

Contiguity matrices of molecular graphs and their modifications are widely used in algebraic 

chemistry[1]. Quasi-ANB-matrix (
~

ANB ) is one of the type of modified contiguity matrices. Its diagonal 
elements represent the sumps of atomic numbers of chemical elements – which structural fragments of 
molecule contain; nondiagonal elements are multiplicities of chemical bonds [2]. 

The data of 0
298GΔ  of decomposition (kJ/mol) [3] and corresponding values of ~

ANB
Δ  for carbonates of 

group II s are represented in the following table: 

 Table 

Carbonate 0
298GΔ  (kJ/mol) ~

ANB
Δ   

BeCO3 

MgCO3 

CaCO3 

SrCO3 

BaCO3 

-30 

65 

130 

183 

216 

116 

356 

596 

1196 

1676 
  
The simplest model was eleborated for carbonates: 

 M – X (1) 

where M is the element of II group s, X – CO3. Corresponding 
~

ANB  matrix has a form:  

 
3

2
2

CO

M

Z
Z

 (2) 

Correlation equation 0
298GΔ ~ ~

ANB
Δ  was constructed on computer and it has a form:  

  0
298GΔ = 236.00 lg( ~

ANB
Δ ) – 536.80 (3)  

Correlation coefficient r is equal to r=0.978. Thus, correlation is satisfactory (according to Japhe’s criterion). 
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 II jgufis s-elementebis karbonatebis  

algebrul-qimiuri gamokvleva 

m. gverdwiTeli, g. CaCava 

iv. javaxiSvilis saxelobis 
 Tbilisis saxelmwifo universiteti 

reziume 

qvazi-rnb-matricebis meTodis farglebSi Seswavlilia korelacia `struqtura-
Tvisebebi~ II jgufis s-elementebis karbonatebisaTvis. gamoTvlebiT dadasturda, rom 
zemoaRniSnuli korelacia damakmayofilebelia. 
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ALGEBRAIC-CHEMICAL INVESTIGATION OF CORRELATIONS “STRUCTURE-
PROPERTIES” FOR HYDRIDES OF GROUP VI P-ELEMENTS 

M. I. GVERDTSITELI, G. N. CHACHAVA, I. A. LAPERASHVILI 

 Iv. Javakhishvili Tbilisi State University 

Correlations “structure-properties” are investigated for hydrides of group VI p- elements within the scope 
of ANB-matrices method. The calculations show that correlations are satisfactory. 

Contiguity matrices of molecular graphs and their various modifications are widely used in algebraic chemistry 
for the investigation of molecules and their transformations and ANB-matrices fall into their type [1, 2]. 

The diagonal elements of ANB-matrix are atomic numbers of chemical elements, whereas nondiagonal 
ones – the multiplicities of chemical bonds. 

The hydrides of Group VI p -elements have the general formulus: H – X – H (1) 
where: X ≡ O, S, Se, Te. 
Correspondingly ANB-matrix has the form: 
  
                                                                                                           (2) 
  
 
 
The value of decimal logarithm of the determinant of ANB-matrix is effective topological index [3]. Two 

correlation equations were constructed: 

 50.193)lg(00.1500 −Δ=Δ ANBfH   (3) 

 69.203)lg(60.1480 −Δ=Δ ANBfG     (4) 

The correlation coefficients r are equal: r=0.983; r=0.981. 
Thus, in accordance with Jaffe’s criterion [4], correlations are satisfactory. 
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korelaciis `struqtura-Tvisebebi~ algebrul-qimiuri  

gamokvleva VI jgufis p-elementebis hidridebisaTvis 

m. gverdwiTeli, g. CaCava, i. laferaSvili 

iv. javaxiSvilis saxelobis 
Tbilisis saxelmwifo universiteti 

reziume 

rnb-matricebis meTodis farglebSi Catarebulia korelaciebis `struqtura-
Tvisebebi~ algebrul-qimiuri gamokvleva VI jgufis p-elementebis hidridebisaTvis. mi-
Rebulia damakmayofilebeli korelacia.  
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kvali naTeli 

gamoCenili qarTveli mecnieri, qimiis mecnierebis doqtori, saqarTvelos mecniere-
baTa akademiis akademikosi, ukrainisa da saqarTvelos saxelmwifo premiebis laureati, 
taras SevCenkos saxelobis kievis erovnuli universitetis sapatio doqtori, koordina-
ciuli qimiis gamorCeuli mkvlevari, am dargSi qarTuli mecnieruli skolis damaarsebe-
li da meTauri, axlgazrda mkvlevarTa da specialistTa Rirseuli aRmzrdeli givi vasi-
lis Ze cincaZe daibada 1933 wlis 18 aprils TbilisSi. 

saSualo skola oqros medalze daamTavra da Cairicxa Tbilisis saxelmwifo univer-
sitetis qimiis fakultetze. swrafva samecniero kvleviTi saqmianobisaken, romelmac 
mTeli misi cxovreba gansazRvra, swored im wlebSi iRebs saTaves. universitetis warma-
tebiT damTavrebis Semdeg muSaoba daiwyo saqarTvelos mecnierebaTa akademiis geolo-
giis institutis geoqimiis ganyofilebaSi mecnier-TanamSromlad. 

1961 wels Cairicxa saqarTvelos politeqnikuri institutis (amJamad saqarTvelos 
teqnikuri universiteti — stu) aspiranturaSi da mivlinebuli iqna ruseTis mecniereba-
Ta akademiis n. kurnakovis saxelobis zogadi da araorganuli qimiis institutSi, kris-
taloqimiis laboratoriaSi, ruseTis mecnierebaTa akademiis wevr-korespondentTan m. 
porai-koSicTan, romlis xelmZRvanelobiT daicva sakandidato disertacia.  

saqarTvelos politeqnikur institutSi dabrunebisTanave pedagogiuri moRvaweo-
bis paralelurad Seudga farTo samecniero-kvleviT saqmianobas mis mierve Seqmnil 
kristaloqimiisa da rentgenostruqturuli analizis da bioaraorganuli qimiis labo-
ratoriebSi. sadoqtoro disertaciis dasamTavreblad mivlinebuli iyo kievSi, taras 
SevCenkos saxelobis kievis saxelmwifo universitetSi. 1971 wels daicva sadoqtoro di-
sertacia Temaze: `liTonebis cianituri, Tiocianituri da selenocianituri naerTebis 
gamokvleva~. 1973 wels mianiWes profesoris wodeba. 

farTo da masStaburia misi mecnieruli kvlevebis diapazoni.   
givi cincaZis samecniero muSaobis erT-erT, ZiriTad sferos biologiurad aqtiur 

organul ligandebTan metalTa koordinaciuli naerTebis sinTezi da speqtroqimiuri 
kvleva Seadgens. iw speqtroskopiis, rentgenostruqturuli analizis, kvantur-qimiuri 
kvlevebis gamoyeneba Tanamedrove koordinaciul qimiaSi, koordinaciuli naerTebis 
sinTezisadmi axali midgomebis SemuSaveba givi cincaZisa da misi skolis saxels ukavSir-
deba. saerTaSoriso aRiareba moipova misma Sromebma mikroelementebisa da samkurnalo 
saSualebebis, biokompleqsebis sinTezisa da fizikur-qimiuri kvlevis sferoSi. man erT-
erTma pirvelma Seafasa, Tu ra mniSvneloba aqvs rentgenostruqturuli analizisa da 
rxeviTi speqtroskopiis meTodebis Serwymas — araorganuli da koordinaciuli naerTe-
bis agebulebis, Tvisebebisa da reaqciisunarianobis SeswavlaSi gamosayeneblad. mis mier 
Sesrulebuli samecniero kvlevis Sedegebi dargis mkvlevarTaTvis kargad aris cnobili 
da farTodaa citirebuli rogorc samamulo, ise sazRvargareTul reitingul gamoce-
mebSi. igi aris erT-erTi iniciatori da avtori qimiisa da qimiuri teqnologiis istori-
aSi warmoebuli saintereso da mniSvnelovani gamokvlevebis ciklisa.  

givi cincaZes udidesi damsaxureba miuZRvis ara marto fundamenturi da gamoyenebi-
Ti kvlevebis ganviTarebaSi, romelTac igi Tavisi mecnieruli moRvaweobis yvela etapze 
nayofierad warmarTavda, aramed koordinaciuli qimiis qarTuli samecniero skolis 
SeqmnaSi. 

2004 wels saqarTvelos qimiuri sazogadoebis iniciativiT dafuZnda `axalgazrda 
qimikosTa givi cincaZis skola~, romelic axalgarda mkvlevarTa swori samecniero ori-
entaciisa da kvalifikaciis amaRlebisaTvis aris gamiznuli.  

baton givis gamorCeuli organizatoruli niWi da adamianebTan urTierTobis gasao-
cari unari aqvs. wlebis manZilze igi moRvaweobda umaRlesi skolis sxvadasxva sapasu-
xismgeblo Tanamdebobebze. 1971-1974 wlebSi iyo saqarTvelos teqnikuri universitetis 
analizuri qimiis kaTedris gamge, 1974-1992 wlebSi – zogadi da araorganuli qimiis ka-
Tedris gamge. 1992-1997 wlebSi asrulebda amave universitetis qimiuri da biologiuri 
teqnologiis institutis direqtoris, xolo am institutis fakultetad gadakeTebis 
Semdeg — misi dekanis movaleobas. 1997-2004 wlebSi kvlav xelmZRvanelobda saqarTvelos 
teqnikuri universitetis zogadi da araorganuli qimiis kaTedras. amJamad am mimarTu-
lebis sruli profesoria da kvlav aqtiur,mravalmxriv da nayofier moRvaweobas eweva. 
paralelurad xelmZRvanelobs saqarTvelos mecnierebaTa akademiis petre meliqiSvi-
lis saxelobis fizikuri da organuli qimiis institutis kompleqsuri naerTebis labo-
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ratorias da rafiel aglaZis saxelobis araorganuli qimiisa da eleqtroqimiis insti-
tutis fizikuri qimiis laboratorias. batoni givi aris SesaniSnavi leqtori. mas audi-
toriis dainteresebis da moxiblvis saocari unari gaaCnia. igi leqciebs kiTxulobs sa-
qarTvelos teqnikur universitetsa da ivane javaxiSvilis saxelobis Tbilisis saxel-
mwifo universitetSi.  

Tavisi samecniero da pedagogiuri moRvaweobis manZilze profesorma givi cincaZem 
gamoaqveyna aseulobiT samecniero Sroma, romelTa Soris 7 monografia, 11 saxelmZRva-
nelo da gamogonebis 7 saavtoro mowmobaa. misi xelmZRvanelobiT Tu konsultirebiT 50-
ze meti mecnierebis doqtori aRizarda, romelTagan bevri sazRvargareT, msoflios sa-
ukeTeso samecniero centrebSi moRvaweobs.  

givi cincaZe, wlebis manZilze, sazogadoebriv sawyisebze asrulebda da asrulebs 
sxvadasxva saorganizacio saqmianobas, igi iyo da aris saqarTvelos teqnikuri universi-
tetis samecniero sabWos da profesorTa sabWos wevri, qimiuri da biologiuri teqno-
logiis fakultetis samecniero sabWos Tavmjdomare, saqarTvelos mecnierebaTa akade-
miis rafiel aglaZis saxelobis araorganuli qimiisa da eleqtroqimiis institutis sa-
mecniero sabWos wevri, amave akademiis `macnes“ (qimiis seria) saredaqcio kolegiis wev-
ri, ivane javaxiSvilis saxelobis Tbilisis saxelmwifo universitetis `Sromebis“ sare-
daqcio kolegiis wevri da sxva.  

givi cincaZe mravali saerTaSoriso da respublikuri samecniero konferenciis, sim-
poziumis, seminaris da yrilobis saorganizacio komitetis wevria. 

didia batoni givis damsaxureba saSualo da umaRles skolebSi qimiis swavlebis 
srulyofis, maRalkvalificiuri axalgazrda specialistebisa da samecniero kadrebis 
momzadebis saqmeSi.  

2003 wels 70 wlis iubilesTan dakavSirebiT dajildovda ivane javaxiSvilis saxelo-
bis medliT da Rirsebis ordeniT.  

2005 wels airCies taras SevCenkos saxelobis kievis erovnuli universitetis sapa-
tio doqtorad. aRsaniSnavia, rom am sapatio wodebas msoflios sxva gamoCenil swavlul 
qimikosebTan (nikoloz zinini, dimitri mendeleevi, Jak-fraisardipda sxv.) erTad sayo-
velTaod cnobili mecnieri, aleqsandre butlerovi atarebda, rac batoni givis did sa-
erTaSoriso aRiarebaze metyvelebs.  

vulocavT baton givi cincaZes dabadebidan 75-e wlisTavs, vusurvebT xangrZliv 
sicocxles, janmrTelobas, samecniero da pedagogiuri moRvaweobis mraval warma-
tebul wels. 

 nodar lekiSvili  

  ivane javaxiSvilis saxelobis Tbilisis saxelmwifo universitetis profesori, 
saqarTvelos qimiuri sazogadoebis vice-prezidenti, avangarduli masalebis msoflio 

forumis (POLYCHAR) samecniero komitetis wevri, petre meliqiSvilis premiis laureati 

  nona bolqvaZe,  

 qimiur mecnierebaTa kandidati 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

gamomcemlobis redaqtori  maia ejibia 

    garekani TinaTin CirinaSvili 

        komp. uzrunvelyofa xaTuTa badriZe 
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