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SEQUENTIAL INJECTION SPECTROPHOTOMETRIC
DETERMINATION OF ANALGINE IN PHARMACEUTICAL
FORMULATIONS USING 18-MOLYBDO-2-PHOSPHATE
HETEROPOLY ANION AS CHROMOGENIC REAGENT

Simple, sensitive and selective sequential injection analysis (SIA) method for the analgine
determination has been developed on the basis of fast reaction between analgine and 18-molybdo-2-
phosphate heteropoly anion (18-MPA). Under found optimal conditions (0.01 M HCI, C(18-MPA) =
2 mmol/L) linear calibration curve was obtained over the range from 0.5 to 80 mg/L of analgine, and
detection limit (S/N = 3) was 0.2 mg/L. The proposed SIA method has high sample throughput of 45 h*
and small reagent consumption (0.08 mL). The procedure was successfully applied to the analysis of
pharmaceuticals.

Keywords: analgine; 18-molybdo-2-phosphate; sequential injection analysis.

Analgine (dipyrone, novalgin, metamizole), the sodium salt of 1-phenyl-2,3-
dimethyl-4-methylaminomethanesulfonate-5-pyrazolone, is a water-soluble pyrazolone
derivative available in oral, rectal, and injectable forms. Since its introduction in 1922 it
has been widely used as an effective analgesic, antipyretic, and antispasmodic drug in
several European, South American, and Asian countries [1]. Being an effective painkiller
in situations of severe pain its administration is sometimes associated with serious
adverse effects like an increased risk of agranulocytosis and shock [2]. Its therapeutic
relevance and the importance of the side effects have prompted the development of
several methods for its determination both in pharmaceutical preparations and biological
samples.

Various methods have been established for the quantitative determination of
analgine in pharmaceutical preparations and biological fluids, including titrimetry [3],
spectrophotometry [2; 4-7], sorption-spectrophotometry [8], multivariate spectroscopy
[9], chemiluminescence [10; 11], fluorometry [12], voltammetry [13-17],
chromatography [18], as well as spot test [19]. The iodometric titration of dipyrone is
recommended by the many national Pharmacopoeias but this procedure is very slow and
laborious, thus less applicable to large-scale analysis.

Flow injection analysis (FIA) arises ad a consequence of the growing trend towards
automation in chemical analysis, and as a natural evolution of the so-called continuous

*Correspoding author: Tel.: +380567765834; fax: +380563749841; e-mail address: vishnikin@hotmail.com
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flow analysis which had revolutionized the conception of chemical analysis, especially in
the field of clinical analysis and sample manipulation. FIA belongs to a family of
analytical methods based on the injection of a sample (containing the analyte or its
reaction products) into a non-segmented carrier stream, which in turn carries it through a
chemical or physical modulator towards the detector. FIA is characterized by its
simplicity, speed, and accuracy of results. It is an alternative to other analytical methods,
with clear advantages in terms of the short time required for each assay [20].

Sequential injection analysis (SIA) has been introduced by Ruzicka and Marshall
in 1990 [21] as a following generation in the development of the flow injection technique.
The principles upon which SIA is based are similar to those of FIA, namely controlled
partial dispersion and reproducible sample handling. Normally FIA uses a multi-channel
pump and unidirectional forward flow; in contrast SIA uses a single-channel pump to
move the fluid zones in forward and reverse steps through a system consisting of a
holding coil (HC), a multiposition valve and a detector. The multi-position valve acts as a
central distributor through which required volumes of liquid segments are sequenced by
aspiration into the HC and then flushed by a flow reversal into the detector. As only one
pump is used to move the composite zone through the system, the sampling frequency of
SIA is generally lower than the multi-channel pump FIA method. However, the SI system
uses a smaller number of moving parts than a comparable FIA system and uses at least an
order of magnitude less of reagents, on the order of microliters. Manipulation of solutions
in an SIA system can be made via a computer keyboard using appropriate software. FIA,
being a continuous flow system, presents several disadvantages such as high consumption
of samples and reagents, a need for constant supervision of the peristaltic pumps, frequent
recalibration and manual adjustment of the system. Characteristic advantages of SIA thus
include its versatility, full computer compatibility, high sample throughput, and low
sample and reagent consumption. Therefore, its application to routine pharmaceutical
analysis has been proved to be very useful and of great potential [22].

Flow injection techniques employing amperometric [14; 15; 23], chemiluminescent
[10; 24], fluorometric [12], ionometric [25; 26], and spectrophotometric [1; 2; 7; 27]
detection have been successfully applied for analgine analysis in pharmaceuticals. No
SIA method has been reported up to now for the determination of analgine.

Iso- and heteropoly anions were among few analytical reagents proposed for the
spectrophotometric determination of analgine. Lately, the significance of the Wells-
Dawson heteropoly anion (HPA) 18-molybdo-2-phosphate P,M0;50¢,% (18-MPA\) for the
determination of a number of reducing agents in batch and sequential or stepwise
injection systems was shown [28-31]. It should be noted that the history of the application
of HPAs in analysis began with intensive use of complexes having Wells-Dawson
structure in biochemical analysis [30].

Analgine can reduce molybdate in acid medium with formation of isopoly
molybdenum blue. Reaction is fast but the intensity of the color obtained is small and
strongly depends on the conditions used. Thus, the FIA method proposed on this basis
had low sensitivity. The calibration curve obtained was linear in the range from 0.16 to
2.7 g L' of analgine [1]. Formation of heteropoly blue in the reaction between analgine
and 12-molybdophosphate leads to the high molar absorptivity for the analgine
(3.8x10™ mol™ I cm™). Nevertheless, the reaction is very slow and heating on boiling
water bath for 20 minutes is necessary for the completion of the reduction [32].

As a result of the search for the more appropriate reagent, very fast reaction of
18-MPA with analgine was proposed and studied in this paper. On this basis, the simple,
fast, automated, sensitive, and rather selective sequential injection method for the

8
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determination of analgine has been developed. The advantages of the proposed procedure
when applied to the analysis of pharmaceuticals were shown.

Experimental

Materials and Instrumentation. Ammonium salt of 18-molybdo-2-phosphate HPA
(NH,)6P2Mo041506,x14H,0 was synthesized according to the procedure described in [29].
0.01 M solution of 18-MPA was prepared by dissolving 0.7855 g of the synthesized salt
and diluting to 25 mL with 0.01 M HCI. The stock solutions of 0.01 M metamizole
sodium mononhydrate (Sigma, p.a.) was daily prepared by dissolving accurately weighed
amounts in 0.01 M HCI solution and stored in a refrigerator. The acetate buffer solution
of pH 5.0 was used for adjusting the pH of the samples. All chemicals were of analytical-
reagent grade.

Sequential injection system. A commercial FIAlab® 3500 system (FIAlab®
Instruments, USA) with a syringe pump (syringe reservoir 5 mL) and an 6-port selection
Cheminert valve (Valco Instrument Co., USA) was used. A tungsten light source and a
USB 2000 UV-VIS fibre optic CCD detector (Ocean Optics, USA) were connected to the
flow system via 600 um i.d. optical fibres having SMA connectors (FIAlab® Inc.,
Bellevue, USA). The entire SIA system was controlled using the latest version of the
FlAlab program for Windows. Flow lines were made of 0.75 mm i.d. PTFE tubing.
10 mm optical Z-flow through cells was used.

General SIA procedure. The configuration of the SIA manifold employed for the
determination of analgine is shown in Fig. 1. The analytical cycle began by filling the
piston pump syringe with 1000 L of the carrier solution (0.01 M HCI), which was drawn
into the syringe at a flow rate of 80 pL s™. This was followed by 40 pL of reagent
(2 mmol L™ M solution of 18-MPA in 0.01 M HCI), 160 pL sample or analgine standard,
and again 40 pL of reagent which were aspirated sequentially into the holding coil at 30
uL s! through separate ports (ports no. 5 and no. 4, respectively) of the multi-position
valve. The entire volume was then propelled at 30 pL s * through the Z-flow cell using
port no. 6. A spectrometer reference scan was made, and absorbance scanning began
immediately.

Fig. 1. Scheme of SIA manifold for the determination of analgine. CCD: charge-coupled detector; ZFC:
Z-flow cell; Vis—tungsten lump; MV: 6-port multi-position valve; HC: holding coil; SP: syringe pump;
SV: syringe valve; PC: computer; CS: carrier solution; W: waste; R: reagent; S: sample

Determination of analgine in pharmaceutical formulations. Five analgine tablets
were accurately weighed and crushed into a powder. An amount equivalent to one tablet
(500 mg) was weighed, dissolved in water and transferred to a 100-ml volumetric flask.
The mixture was placed into an ultrasonic bath for 5 min, and the volume was filled up.
The solution was then centrifuged at 5000 rpm for 15 min and filtered through a 0.45 um
membrane filter. An appropriate aliquot of this solution was used for the analysis.
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Results and discussion

Color reaction of 18-MPA with analgine. 18-MPA has certain chemical properties
which markedly distinguish it among other heteropoly anions used for the determination
of reducing agents. These are its comparatively high oxidation potential, rapid rate of
reaction with the reducing agents and strong coloration of the reduced forms. It can be
easily obtained in its pure form.

The completeness and the rate of the reaction between 18-MPA and analgine
strongly depend on the solution pH (Fig. 2). Analgine reduces 18-MPA in very wide
range of pH. In the given conditions, response was constant and maximal in the pH range
from 1 to 4. At pH < 1 rate of reduction of 18-MPA with analgine becomes very slow.
Decrease of absorbance at pH > 4 and especially at pH>8 is explained by growing extent
of 18-MPA destruction in basic medium. In such conditions, the concentration of the
18-MPA left in the solution is already insufficient for the complete oxidation of the
analgine. As can be seen from Fig. 2b, the main part of heteropoly blue is formed very
quickly during first minute of reaction, after that the absorbance increases only slowly.
pH 2.0 was chosen as optimal because in this case the reaction rate is the highest.

04 |
03 |
02 |

0,1

0 | | | | | | O L 1 1 I |
0 2 4 6 8 10 0 10 20 30 40
pH t, min
Fig. 2. Dependence of heteropoly blue absorbance on the pH and reaction time in the reaction between
analgine and 18-MPA. C(18-MPA) = 1x10° M, | = 1 cm;A = 790 nm; a: C(Analgine) = 5x10°° M;
b: C(Analgine) = 2.5x10°%, pH = 2 (1), 1 (2), 3.5 (3), 0(4), 6 (5), 10 (6)

The spectrum of the heteropoly blue obtained for the oxidation of analgine by the
excess of 18-MPA is identical with that for the 2-e heteropoly blue formed in the reaction
between ascorbic acid and 18-MPA [30]. The absorption band maximum for this
substance is situated at 760 nm at pH 2.0 with a molar absorptivity of
1.1x10* mol™*-L-cm™

Stoichiometry of the reaction was studied using the molar ratio method. The
change in the absorbance of heteropoly blue was measured using constant concentration
of 18-MPA and varying concentration of analgine, and vice versa. In both cases, only one
intersection point was found on the experimental saturation curve at the ratio of 1 mol
18-MPA to 1 mol analgine. The absorbance remained constant even in the big excess of
analgine. Such stoichoimetry of the reaction is consistent with generally accepted scheme
for the reaction of analgine with most of oxidizing agents [17]. It is based on the
methanesulphonate group oxidation and can be formulated by the following equation.
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The various chemical and Sl variables of the SI system shown in Fig. 1 were
optimized using the univariate method at a fixed analgine mass concentration of 50 mg/L.

SIA procedure: Optimization of manifold parameters. Typical feature of the
optimization process used in the flow methods is the fact that the optimization of the
chemical variables should be repeated again even if such parameters were found
previously by the development of the corresponding manual spectrophotometric
procedure. In addition, the search of optimal values is as a rule more complex than for the
batch methods, often needing the multivariate optimization to be carried out. The found
optimal ranges of the variables are usually narrower.

In the first place, the order in which reactants are mixed in the holding coil has to
be found out. It was found that it is much better initially to inject the reagent and only
after that the sample. Even more better results were obtained when the sample was
sandwiched between two zones of the reagent. Observed increase in the intensity of the
signal may be explained if we take into account that relatively small volume of reagent is
mixed with big volume of sample in holding coil. Therefore, repeated addition of the
reagent allows to extend the zone in which reactants are effectively mixed.

Under the optimized conditions, the effect of the reagent volume on the analytical
signal was studied at different concentrations of 18-MPA in the range of 5-50 pL.
Increasing the concentration of the reagent increased the signal intensity, which had a
maximum at a volume of 25 uL for 4 mmol/L concentration of 18-MPA (Fig. 3a,
curve 3). A plateau is observed on the dependence of absorbance on the reagent volume
by using 2 mmol/L solution of 18-MPA from a volume of 40 pL. By using more diluted
reagent solutions it is difficult to obtain so high signal (Fig. 3a, curve 1).

A A
a a 08 b
0,6 3
05 f I
R 2 0.6
04 r
0,3 - 1 04 r
o
0,2 r
0.2
0,1 -
0 10 20 30 40 50 0 50 100 150 200
V1s-MPA, |JL Vanalginea UI—

Fig. 3. Influence of reagent (a) and sample (b) injected volume on product absorbance at different
concentrations of 18-MPA: 1 mmol/L (al), 2 mmol/L (a2), 4 mmol/L (a3), 2 mmol/L (b),
C(An) =50 mg/L
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A comparatively high concentration of 18-MPC should be created in the solution to
ensure a broad range of linearity for the analyte and its complete transformation into the
colored product. Taking into account the high molar weight of the ammonium salt of
18-MPA (3142 g mol™), a considerable mass concentration of the heteropoly complex is
present in the solution. This may lead to a significant difference in the refractive indices
between the mixed liquid zones and consequently to high Schlieren effect [31]. Hence,
the concentration of 18-MPA of 2 mmol/L was chosen as optimal to keep good sensitivity
and simultaneously to reduce the Schlieren effect.

The influence of the sample volume was investigated by injecting volumes in the
range of 20-200 pL (Fig. 3b). A sample volume of 160 pL was then chosen as optimal,
considering sample consumption and the fact that maximum absorbance was achieved at
this value.

The effect of variation in the flow rate during the measurement stage with respect
to the shape and intensity of the recorded peak was investigated. The signal intensity was
independent on the flow rate in the range from 5 to 30 uL/s (Fig. 4b). Absorbance was
slightly decreased when using faster flow rates. Thus, a flow rate of 30 pL/s was chosen
as optimal to ensure a higher throughput value.
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04 - oal [ [ |
0al | | ‘
03 | 20 oz | | ] \ .
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Fig. 4. a: Typical SIA signals measured in triplicate which were obtained for a calibration

graph for the determination of analgine (concentration of analgine is given in mg/L);

b: Influence of variation of flow rate (in uL s™) on the peak shape. C(analgine) = 50 mg L™

Investigation of the influence of the delay time of reactants in holding coil on the
absorbance of the heteropoly blue formed showed that the response reached a plateau at
90 s, and the decrease in the absorbance due to the dispersion became significant after
200 s. But considering the fact that improvement in signal intensity was low, the delay
time of 0 s was chosen to retain the high throughput.

Aspiration of a series of standard analgine solutions resulted in the flow signals
shown in Fig. 4a. The equation of the calibration plot in the analgine concentration range
from 0.5 to 80 mg/L was as follows: Az = (0.015+0.036) + [(0.0141+0.0008)]xCanaigine:
(R? = 0.9988). The precision of the proposed method was checked by repeated aspiration
of the same standard analgine solutions. The relative standard deviations (R.S.D.) of 20
aspirations of each solution containing 2, 5, and 40 mg/L of analgine were 4.0%, 1.8%
and 0.4%, respectively. The limit of detection obtained with a peak height by three-times

12



ISSN 2306871 X. Bicuuk /IninponerpoBcbkoro yHiBepcurery. Cepist «Ximis», 2013. Bum. Ne 19

of the signal-to-noise ratio (S/N = 3) was 0.2 mg/L. Under the SIA optimized conditions,
the throughput was calculated as 45 h™, with negligible carryover.

Interference study. In order to assess the possible analytical applications of the SIA
method described above, the effect of interfering species on the determination of analgine
in real samples was studied by analyzing a model sample solution containing analgine
and various excess amounts of common interferents. The tolerance limit was set as the
maximum amount causing an error of <+ 5% in the absorbance.

No interferences were found for saccharose, acetylsalicylic acid, paracetamol,
nicotinic acid, caffeine, citric acid, glucose, talc, starch, and other excipients at ratios
[interferent]=[analgine] much higher than those found commonly in pharmaceuticals. At
least ten-fold excess of inorganic reducers or oxidants such as Fe(ll), Fe(lll), Cu(ll),
hydrazine, and sulfite had no influence on the determination of analgine. Reaction of
18-MPA with cysteine is fast and quantitative. The 18-MPA reacts with polyphenols but
under experimental conditions used in this study the reaction goes rather slowly. Thus,

analgine can be determined in the presence of comparatively big excess of polyphenols.
Table 1
Results for the determination of analgine in pharmaceutical preparations by the proposed method
(mg/tablet £ A, n = 5,95% confidence level)

. Found analgine, mg
Sample Composition oot
Analgine-Darnitsa 500 mg of analgine, excipients 495+15
. Sodium metamizole — 300 mg; paracetamol — 200 mg; caffeine
Pentalgine-IC — 20 mg; phenobarbital — 10 mg; codeine phosphate — 9,5 mg 3048
Tempalgine Tempidon — 20 mg; analgine — 500 mr 496+12
Belalgine Analgine — 250 mr; anesthesin — 250 mg; NaHCO; — 100 mg 25246
. Analgine — 125 mg; amidopyrine — 125 mg;
Phenalgine phenacetine — 125 mg 12343

Application. The determination results of the analgine content in some
pharmaceuticals obtained by the proposed method based have been presented in Table 1
and were in good agreement with the claimed value of producers in all instances, thus
confirming the accuracy of the developed method. Based on these results, it could be
concluded that no interference was found in the presence of complex matrices such as
common excipients and additives used in pharmaceutical preparations. It is thus possible
to use this method for the direct determination of analgine in pharmaceuticals without
separating potentially interfering materials.

Conclusions. Thus, a first example of SIA method for analgine assay in
pharmaceutical formulations was developed. The developed SIA method proved to be
more rapid, more selective and sufficiently sensitive when compared with most of the
reported spectrophotometric and FIA methods. The reaction of analgine with 18-MPA is
simple and direct. Unlike electrochemical procedures, the proposed method is robust and
relatively low cost in terms of equipment and operations when compared with methods
involving enzymes and chromatography.

It is very simple, direct, precise, notable for high sample throughput of 45 h™* and a
broad calibration range of 0.5-80 mg/L. Only small quantity of the reagent (80 uL of
2 mmol/L 18-MPA\) is consumed during one analysis. So, 100 mL of reagent solution is
wholly sufficient to work during one week. The reagent solution is stable and does not
need to be standardized before use.

The development of the presented method for analgine determination took
advantages of versatility from the sequential injection system. Optimization procedure
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was simple and quick and enabled to study reaction conditions in detail. High dispersion
leading to high mixing quality speeded up reaction process and resulted in high sample
throughput. The developed method was successfully applied for the analysis of real
samples with different matrix.

Compared to analgine determinations using HPLC separations the presented
method is suitable for quick screening of analgine content in a large amount of samples
that could be followed by detailed HPLC analysis of individual samples where higher or
lower concentrations were found. In the sequential injection systems, the volumes of
spent chemicals are significantly decreased and, thus, the term of ‘‘green analysis’’ is
applicable.
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Moxammen Kxaiip E. A. AJIB-IHBeI‘/'IsIT,1 AmHnpeii b. BI/IIJJHI/H(I/IH,2
JIronmuna I1. ]_[I:IFaHOK,Z E.B. Ka6amHaﬂ,2 Caetiiana A. XMeJ10}3c1<a$[,2 B. AHL[pyx,?’
S1. P. Basens,’ X. Cxuenaposa,” IT. Comux”

J.VHHBepCHT er ckui Ko/wie/K I. 3apka, IlprknaaHod yHuBepent er Amb-basika, Xariperd Japka
Amman, 3apka 13110, Hopranans
Z,ZZH€IYPOH€T POBCKHH HaI[HOHAJIbHBIH YHHBEPCHT eT umerH Onecs [ ordapa, np. [ arapuna, 72,
Jwenporer posck 49010, Ykpanra
*Yunsepenr er ITH. Illagaprxa, SK-01454 Kommnue, CroBankas peciyoiika
*Kapaos yrmsepenr er , CZ-50005 I'paxer Kpanose, Yewickas peciyomixa

CITEKTPO®OTOMETPHUYECKOE OITPEJAEJIEHUE AHAJIbBTUHA
METOJ0OM ITIOCJIEAOBATEJIBHOT'O MHXEKIIMOHHOI'O
AHAJIU3A B PAPMALIEBTUUYECKUX IIPEITAPATAX C
NCIIOJIb30OBAHUEM B KAYUECTBE XPOMOT'EHHOT'O PEATEHTA
18-MOJINB 10-2-®OCOPOPHOT'O TETEPOIIOJINMAHNOHA

Ha ocHoBe ObIcTpoii peaknmumu MeXAy AaHAJIBIMHOM W 18-mMoam6a0-2-hochopHbiM
rereponojuanuoHoM (18-M®K) paspaGoran mnpocroii, BbHICOKOYYBCTBUTEJIbHbI U CeJleKTHBHBIH
MeTO/l  Ompe/le/ieHHsl AHAJbIMHA MeTOAOM  IOCJIeJ0BATEeJbHOI0 HWHKEKIHOHHOTO aHAJM3a.
CootHomenue 18-M®PK u aHa/bruna, HalilecHHOe MeTOA0OM MOJISIPHBIX OTHOLIEHMI{, paBHAIOCch 1 : 1 1
COOTBETCTBOBAI0 OOMICNPHHATON cXeMe peaKnuH AaHAJbIHHA ¢ OOJbIIMHCTBOM OKHC/IUTeJeid,
BKJIIOYAIOIEil OKHCIIeHHe MeTaHCyab(oHOBO# rpynnsl. B ontumanbubix yciaosusix (0.01 M HCI,
C(18-M®K) = 2 mMoub/;1) IpagyMpoBOYHbIi rpaduk ObUI JIMHEEH B HMHTEPBaje KOHLEHTpaUMil
a”Hanbruia or 0.5 po 80 mr/a (mpemen oOHapy:kenusi 0.2 mr/ia). OTHOCHTeNbHOE CTaHJapTHOe
OTKJIOHEHME, PACCYUTAHHOMH 151 20 MHKeKUUii pacTBOpOB, coaepxamux 2, S u 40 mMr/;i1 aHajabIruHa,
ObL10 paBHBIM, cOOTBEeTCTBEHHO, 4.0%, 1.8% 1 0.4%. Ce1eKTUBHOCTH MO OTHOLIEHHIO K THUIMYHbIM
KOMIIOHeHTaM (apMalleBTHYeCKHX MNpenaparoB Oblia Bbicokoii. Ilpenno:xkeHHblii MeTon o0Janaer
BBICOKOH NMPOU3BOIUTEIbHOCTHIO (45 aHa/lM30B/4ac) U MaJbIM noTpedjieHueM peakTusoB (0.08 mu).
Mertopn 0b121 yeneniHo NpUMeHeH ISl aHAIN3a (papMaleBTHYeCKHX NpenapaTos.

Knioueswvie crosa: anamerut; 18-mo1m610-2-Gocdar; mociienoBaTeNbHbIi HHXCKIIMOHHBIA aHAJIH3.
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Moxammen Kxaiip E. A. Anb-IlIBeiisit," Anunpiii B. Bummnikin,? JTrooxmuna I1. [lurasok,?
K. B. Ka6amna,” Citnana O. Xmenoscbka,” B. Aunpyx,® 5. P. Basens,?
X. Cxnenaposa,”’ IT. Comix”
JYHI'BepCHT eT chKHH KoJlepk M. 3apka, [lprriaunii yHiBepeut er Amb-basika, Xariper 3apka
Amman, 3apka 13110, ﬁop,zzaHi,q
2 [linponer poschkuii manionamamii yrisepent er iveni Onecs Ioruapa, np. Iarapima, 72,
/leinporer poscek 49010, Yrpaina
*Yuisepeur er ITH. Illagaprxa, SK-01454 Kowmmne, CrioBanpka pecryoiixa
?Kapuis yrisepent er , CZ-50005 I'paxer; Kpasose, Yecska pecryoiika

CIIEKTPO®OTOMETPUYHE BU3SHAYEHHS AHAJIBTTHY
METO/JIOM ITOCJIIJOBHOT'O THXEKI[IMHOT'O AHAJII3Y B
OAPMAINEBTUYHUX ITPEITAPATAX 3 BUKOPUCTAHHSAM 5K
XPOMOTEHHOT' O PEATEHTY 18-MOJIIBJO-2-©OC®OPHOT'O
I'ETEPOIIOJITAHIOHY

Ipynryrouucr, Ha WBMAKIA peakuii Mk anaabrinom i 18-mMoai6mo-2-pocdopuum
rereponoJianionom (18-M®K) po3poO.enuii npocTuii, BHCOKOYYTJIMUBHN [ CeIeKTUBHHII MeTOx
BU3HAYCHHS AHAJbIiHY METOJAOM IOCJIiI0BHOrO iHxkeKuiliHOro anajuizy. CnisBignomenns 18-M®K i
aHAIBbriHY, 3HaiijeHe MeTOAOM MOJIAPHUX BigHOWIeHb, JopiBHIOBaJO 1 : 1 i Bignosiganao
3araJbHONPHUIHATIH cxeMi peakuii aHaJbriny 3 OULILIIICTI0O OKMCHMKIB, IKa BKJIIOYA€ OKUCJICHHS
MeTaHcyJab(onoBoi rpynu. B onrumaapnux ymomax (0.01 M HCIl, C(18-M®K) = 2 mmoun/x)
rpaayoBajbHuii rpagik 0yB aiHiliHuM B iHTepBaJi KoHUeHTpauUid ananbriny Bin 0.5 1o 80 mr/a (mexa
BuU3HaYeHHs 0.2 mr/i). BinHocHe cTanaapTHe BiaxuieHHsi, po3paxoBane 1Js 20 iH:kekuiii po3uuHis,
skl MicTuiau 2, 5 i 40 Mr/a anansriny, 1opiBHIoBao, Binnosiauo, 4.0%, 1.8% i 0.4%. CejeKTUBHiCTH
N0 BilHOIIEHHI0O [0 THIOBHUX KOMIIOHEHTIB (papManeBTHYHUX npenapariB 0yJja BHCOKOIO.
3anponoHoBaHuii MeTO Ma€ BUCOKY NPOAYKTUBHICTD (45 aHai3iB/roauHy) i Mai BUTpaTH peakTHBIB
(0,08 mur). MeTton O0yB ycmillIHO 3aCTOCOBAHUI VISl aHANI3Y (papMalleBTHYHHX NpPenapaTiB.

Kniouoei cnosa: ananerin; 18-momni6n0-2-pocdar; NoCiigoBHUN THKCKIIIHHUA aHAaTi3.

References

1. Marcolino-Janior, L.H., Sousa, R.A., Fatibello-Filho, O., Moraes, F.C. Flow-
Injection spectrophotometric determination of dipyrone in pharmaceutical formulations
using ammonium molybdate as chromogenic reagent. Anal. Lett., 2005, vol. 38, no. 14, p.
2315-2326.

2. Lima, J.L.F.C, S4, S.M.O., Santos, J.L.M., Zagatto, E.A.G. Multi-pumping
flow system for the spectrophotometric determination of dipyrone in pharmaceutical
preparations. J. Pharm. Biomed. Anal., 2003, vol. 32, no. 4, p. 1011-1017.

3. Srivastava, M.K., Ahmad, S., Singh, D., Shukla, I.C. Titrimetric determination
of dipyrone and paracetamol with potassium hexacyanoferrate(l1l) in an acidic medium.
Analyst, 1985, vol. 110, p. 735-737.

4.  Qureshi, S.Z., Saeed, A., Haque, S. Some observations on a simple method for
the determination of novalgin in drug formulations with iron(lll) — 1,10-phenanthroline.
Microchem. J., 1990, vol. 41, no. 3, p. 362-365.

5. Qureshi, S.Z. Saeed, A., Hasan, T. Spectrophotometric determination of
novalgin in tablets by use of potassium iodate. Talanta, 1989, vol. 36, no. 8, p. 869-871.

6. Sakiara, K.A., Pezza, L., Melios, C.B., Pezza, H.R., Moraes, M.
Spectrophotometric determination of dipyrone in pharmaceutical preparations by using
chromotropic acid. 1l Farmaco, 1999, vol. 54, no. 9, p. 629-635.

7. Suarez, W.T., Pessoa-Neto, O.D., Vicentini, F.C., Janegitz, B.C., Faria, R.C.,
Fatibello-Filho, O. Flow Injection Spectrophotometric Determination of Dipyrone in

17



ISSN 2306871 X. Bicuuk /IninponerpoBcbkoro yHiBepcurery. Cepist «Ximis», 2013. Bum. Ne 19

Pharmaceutical Formulations Using Fe(lll) as Reagent. Anal. Lett., 2011, vol. 44, no. 1-3,
p. 340-348.

8. Zaporozhets, O.A., Krushinskaya, E.A., Lipkovskaya, N.A., Sukhan, V.V.
Solid-phase reagent for analgin and ascorbic acid on the basis of a copper(ll) complex
with tetrabenzotetraazacyclohexadecine immobilized by adsorption on silica gel. J. Anal.
Chem., 2001, vol. 56, no. 6, p. 524-529.

9. Morelli, B.J., Pharm. Biomed. Determination of binary mixtures of analgesic
and spasmolytic drugs in pure and dosage forms by derivative spectrophotometry. Anal.,
2003, vol. 33, no 3, p. 423-433.

10. Pradana Pérez, J.A., Alegria, J.S.D., Hernando, P.F., Sierra, A.N.
Determination of dipyrone in pharmaceutical preparations based on the chemiluminescent
reaction of the quinolinic hydrazide — H,0, — vanadium(IV) system and flow injection
analysis. Luminescence, 2011, vol. 27, no. 1, p. 45-50.

11. Zhao, L., Li, B., Zhang, Z., Lin, J.-M. Chemiluminescent flow-through sensor
for automated dissolution testing of analgin tablets using manganese dioxide as oxidate.
Sensors and Actuators, 2004, vol. 97, no. 2-3, p. 266-271.

12. Perez-Ruiz, T., Martinez-Lozano, C., Tomas, V., Carpena, J. Flow-injection
fluorometric determination of novalgin in pharmaceutical preparations. Microchem. J.,
1993, vol. 47, no. 3, p. 296-301.

13. Basaez, L.A., Peri¢, .M., Jara, P.A., Soto, C.A., Contreras, D.R., Aguirre, C.,
Vanysek, P. Electrochemical and electrophoretic study of sodium metamizole. J. Chil.
Chem. Soc., 2008, vol. 53, no. 3, p. 1572-1575.

14. Marcolino-Junior, L.H., Bergamini, M.F., Teixeira, M.F.S., Cavalheiro,
E.T.G., Fatibello-Filho, O. Flow injection amperometric determination of dipyrone in
pharmaceutical formulations using a carbon paste electrode. 1l Farmaco, 2003, vol. 58,
no. 10, p. 999-1004.

15. Medeiros, E.P., Castro, S.L., Formiga, F.M., Santos, S.R.B., Araujo, M.C.U.,
Nascimento, V.B. A flow injection method for biamperometric determination of dipyrone
in pharmaceuticals. Microchem J., 2004, vol. 78, no. 1, p. 91-96.

16. Pérez-Ruiz, T., Lozano, C.M., Tomas, V. Flow-injection determination of
Novalgin using amperometric detection at a glassy carbon electrode. J. Pharm. Biomed.
Anal., 1994, vol. 12, no. 9, p. 1109-1113.

17. Teixeira, M.F.S., Marcolino-Junior, L.H., Fatibello-Filho, O., Dockal, E.R.,
Cavalheiro, E.T.G. Voltammetric determination of dipyrone using a N,N’-
ethylenebis(salicylideneaminato)oxovanadium(l\VV) modified carbon-paste electrode.
J. Braz. Chem Soc., 2004, vol. 15, no. 6, p. 803-808.

18. Senyuva, H.Z., Aksahin, I., Ozcan, S., Kabasakal, B.V. Rapid, simple and
accurate liquid chromatography—diode array detection validated method for the
determination of dipyrone in solid and liquid dosage forms. Anal. Chim. Acta., 2005, vol.
547,no. 1, p. 73-77.

19. Loginova, L.P., Konovalova, O.Yu. Test films for test-determinations on the
base of reagents, immobilized in gelatinous gel. Talanta, 2008, vol. 77, no. 2, p. 915-923.

20. Razicka, J. Flow injection analysis. 2nd Ed., N.Y.: J. Wiley, 1988, 498 p.

21. Ruzicka, J., Marshall, G.D. Sequential injection: a new concept for chemical
sensors, process analysis and laboratory assays. Anal. Chim. Acta., 1990, vol. 237, p.
329-343.

22. Daniel, D., Gutz, I.G.R. Electronic micropipettor: A versatile fluid propulsion
and injection device for micro-flow analysis. Anal. Chim. Acta., 2006, vol. 571, no. 2, p.
218-227.

18



ISSN 2306871 X. Bicuuk /IninponerpoBcbkoro yHiBepcurery. Cepist «Ximis», 2013. Bum. Ne 19

23. Huang, Y.-M., Zhang, C., Zhang, X.-R., Zhang, Z.-J. A novel
chemiluminescence flow-through sensor for the determination of analgin. Fres. J. Anal.
Chem., 1999, vol. 365, no. 4, p. 381-383.

24. Calatayud, J.M. Flow Injection Analysis of Pharmaceuticals, London:
Taylor & Francis, 1996, 315 p.

25. Albuquerque, J.S., Silva, V.L., Aradjo, A.N., Montenegro, M.S.B.S.M.
Determination of dipyrone in pharmaceutical products by flow injection analysis with
potentiometric detection. Anal. Sci., 2003, vol. 19, no. 5, p. 691-694.

26. Boni, A.C., Wong, A., Dutra, R.AF., Sotomayor, M.D.P.T. Cobalt
phthalocyanine as a biomimetic catalyst in the amperometric quantification of dipyrone
using FIA. Talanta, 2011, vol. 85, no. 4, p. 2067-2073.

27. Weinert, P.L., Fernandes, J.R., Pezza, L., Pezza, H.R. Flow-Injection
Spectrophotometric Determination of Novalgin in Pharmaceuticals Using Micellar
Medium. Anal. Sci., 2007, vol. 23, no. 12, p. 1383-1389.

28. Petrushina, G.A., Tsiganok, L.P., Vishnikin, A.B. Spectrophotometric
determination of ascorbic acid by P,M0150¢,>. Ukr. Khim. Zhurn., 2010, vol. 36, no. 4, p.
116-122.

29. Bulatov, A.V., Petrova, A.V., Vishnikin, A.B., Moskvin, A.L., Moskvin, L.N.
Stepwise injection spectrophotometric determination of epinephrine. Talanta, 2012, vol.
96, p. 62-67.

30. Vishnikin, A.B., Sklenatova, H., Solich, P., Petrushina, G.A., Tsiganok, L.P.
Determination of ascorbic acid with Wells-Dawson type molybdophosphate in sequential
injection system. Anal. Lett., 2011, vol. 44, no. 1-3, p. 514-527.

31. Vishnikin, A.B., Al-Shwaiyat, M.K.E.A., Petrushina, G.A., Tsiganok, L.P.,
Andruch, V., Bazel, Ya.R., Sklenarova, H., Solich, P. Highly sensitive sequential
injection determination of p-aminophenol in paracetamol formulations with 18-
molybdodiphosphate heteropoly anion based on elimination of Schlieren effect. Talanta,
2012, vol. 96, p. 230-235.

32. Saeed, A. Spectrophotometric determination of novalgin in pharmaceutical
preparations by the molybdenum blue method. Indian J. Pharm. Sci., 1998, vol. 60, no. 3,
p. 161-163.

Haoitiwna do peoxoneeii 20.02.13

19



ISSN 2306871 X. Bicuuk /IninponerpoBcbkoro yHiBepcurery. Cepist «Ximis», 2013. Bum. Ne 19

UDC 543.6

Olga V. Gurtova,' L. Ye,? Fedor A. Chmilenko™*
10les Honchar Dnipropetrovsk National University, 72, Gagarin Ave.,

Dnipropetrovsk 49010, Ukraine
2Chemical Center, Lund University, P.O. Box 124, SE-22100 Lund, Sweden

EFFECT OF PLASTICIZER ON THE CHARACTERISTICS OF
MOLECULARLY IMPRINTED POLYMER BASED POTENTIOMETRIC
SENSOR FOR PROPRANOLOL

The effect of different plasticizers on the performance and selectivity coefficient of molecularly
imprinted polymer (MIP) based potentiometric sensor in mixed non-aqueous mediums was first
investigated. The research was undertaken for propanolol imprinted MIP. Plasticizers (di-n-octyl
phthalate (DOP), dibutyl phthalate (DBP) and dioctyl sebacate (DOS)) were used in MIP based sensors
for potentiometric determination of propranolol, as well as to change the resistance of the sensing
polyvinylchloride membrane and to improve the detection limit and selectivity of the electrodes. For
propranolol-selective sensors, the nature of plasticizer influences distribution of MIP particles in
polyvinylchloride, slope of electrode function, linear range and selectivity coefficients. The applicability
of the proposed sensors was tested by potentiometric propranolol determination in aqueous modeling
solution with the use of tablets of pharmaceutical formulation.

Keywords: Plasticizer; Molecular imprinted polymer; Propranolol; Potentiometric sensor; MIP-based
sensor; MIP microspheres.

Introduction. Potentiometric sensors based on ion-selective electrodes have
certain advantages among different kinds of sensors that may be used in arrays. Among
those are rapid response, reproducibility, and simplicity of the measuring technique [1].
This group of chemical sensors is also characterized as simple in preparation, robust in
operation and moderately selective in analytical performance [2]. Introduction of
polyvinylchloride matrix and realization of the membrane in the form of doped organic
gel was a significant turning point in the development of potentiometric sensors [3].

Polyvinylchloride (PVC) is an amorphous and naturally rigid polymer [4]. When
mixed with a plasticizer (low-molar mass additive), however, this polymer becomes
flexible with appropriate chemical and physical characteristics [5; 6]. When a plasticizer
is added, the free volume of the polymeric chain is expanded, making penetration of an
analyte easier, increasing its interaction with the sensing phase. Plasticizer ensures the
mobility of the free and complexed ionophore, sets the dielectric constant, and provides
suitable mechanical properties of the membrane [7]. There are many plasticizers used for
preparation of plasticized PVC films: phthalates, sebacates, ortho-nitrophenyl octyl ether
(NPOE), etc.

Molecularly imprinted polymer (MIP) or ion imprinted particles can be used as
electro-active substances of potentiometric sensors with specific binding for an analyte
[8] and can be incorporated into the polyvinylchloride matrix by mixing the particles with
appropriate plasticizer. PVC membranes thus prepared were used for potentiometric
sensing, with targets such as uranium (V1) [9], dysprosium (lI1) [10], copper (II) [11],
atrazine [12], chlormequat [13], tetracycline [14], chlortetracycline [15], oxytetracycline
[16], doxycycline [17], amoxicillin [18], ciprofloxacin [19], promethazine [20],
chlorpromazine [21], levamisole hydrochloride [22], sertraline [23], lamotrigine [24],
melamine [25], norfloxacin [26], methylphosphonic acid [27], pinacolyl
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methylphosphonate [28], dietyl chlorophosphate [29], phorate [30], clenbuterol [31] and
myoglobin [32].

Dissociation constants in ion-selective membranes are dominated by the dielectric
constant of membranes. The simplest way to change the dielectric properties of PVC
membranes is by changing the membrane plasticizer [33]. So an appropriate choice of
plasticizer is essential to obtain desirable characteristics of a PVC film that can be used as
a sensing phase [34]. Effect of different plasticizers on the sensitivity and linearity
(however, not selectivity) of MIP based potentiometric sensors was investigated in some
papers [12; 22; 27; 29]. The membrane with DOP and bis(2ethylhexyl) sebacate (BENS)
offered better linear response for atrazine sensors then NPOE and
tris(2ethylhexyl)phosphate (TEHP) [12]. Among 5 different plasticizers employed,
NPOE, benzyl acetate (BA), sebacic acid dibutyl ether (DBS), DOP and dioctylphenyl
phosphonate (DOPP), the plasticized membrane of levamisole sensors with DBS
appeared to be more compatible with the MIP [22]. The sensitivity of metilphosphonic
acid sensors can be directly related to dielectric constant of plasticizer [27]. Membrane
with NPOE offer better potential responses of dietyl chlorophosphate sensors in the entire
concentration range of diethyl chlorophosphate (DCP) compared to TEHP, DOP and
BEHS based sensors [29].

The present study deals with MIP potentiometric sensors of propanolol based on
polyvinylchloride. The aim was to evaluate the effect of plasticizers on sensor's
sensitivity, selectivity and possibility of application in mixed and non-aqueous medium.

Experimental

Reagents. (R,S)-Propranolol hydrochloride (99%) was obtained from Fluka
(Dorset, UK). Methacrylic acid (MAA, 98.5%) was purchased from ACROS (Geel,
Belgium) and used as received. Divinylbenzene (DVB, technical grade, 55%, mixture of
1,2-, 1,3- and 1,4-isomers) and trimethylolpropane trimethacrylate (TRIM, technical
grade) were obtained from Aldrich (Dorset, UK). Prior to use, DVB was passed through
an aluminum oxide column to remove the polymerization inhibitor. Acetic acid (glacial,
100%), acetonitrile (99.7%) and azobisisobutyronitrile (AIBN, 98%) used for polymer
synthesis were purchased from Merck (Darmstadt, Germany). AIBN was re-crystallized
from methanol before use. High molecular mass poly(vinyl chloride) (PVC), di-n-octyl
phthalate (DOP), dibutyl phthalate (DBP), dioctyl sebacate (DOS), metoprolol tartrate
salt, atenolol were purchased from Sigma-Aldrich. All other chemicals and solvents were
of analytical grade.

Stock standard solution (0.1M) of propranolol hydrochloride was obtained by
dissolving 1.479 g propranolol hydrochloride in 50 mL of water. Standard solutions of
propranolol hydrochloride (1.0 x 10% to 1.0 x 10® M) were prepared by serial dilution of
the stock solution by deionized water.

Stock standard solutions (0.1M) of propranolol hydrochloride in acetonitrile/citrate
buffer pH 6.0 (50/50%, v/v) (ethanol/citrate buffer pH 6.0 (20/80%, v/v) or 0.1 M
NaNOs) were obtained by dissolving 1.479 g propranolol hydrochloride in 50 mL of
corresponded solvent. Standard solutions of propranolol hydrochloride (1.0 x 10% to 1.0 x
10® M) were prepared by serial dilution of the stock solution by acetonitrile/citrate buffer
pH 6.0 (50/50%, v/v) (ethanol/citrate buffer pH 6.0 (20/80%, v/v) or 0.1 M NaNO;
respectively).

Preparation of propranolol-imprinted and non-imprinted particles. Molecularly
imprinted microspheres with the average diameter 1.8 um were synthesized using
precipitation polymerization reported in [35]. The template molecule, (R,S)-propranolol
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was dissolved in 40mL of acetonitrile in a 150mmx25mm borosilicate glass tube
equipped with a screw cap. The functional monomer (methacrylic acid), the cross-linking
monomer (divinylbenzene and trimethylolpropane trimethacrylate) and the initiator
(azobisisobutyronitrile) were then added. The solution was purged with a gentle flow of
Ar for 5 min and sealed under Ar. Polymerization was carried out by inserting the
borosilicate glass tube fixed horizontally in a Stovall HO-10 Hybridization Oven
(Greensboro, NC, USA), and rotated at a speed of 20 rpm. The temperature was ramped
from 20°C to 60°C within 20 min, thereafter kept for 24 h. After polymerization, particles
were collected by centrifugation. The template was removed by batch mode solvent
extraction with methanol containing 10% acetic acid (v/v), until no template could be
detected from the washing solvent by spectrometric measurement. Polymer particles were
finally washed with acetone and dried in a vacuum chamber. Non-imprinted reference
polymers were synthesized under identical conditions except for omission of the template
(R,S)- propranolol.

Membrane preparation and electrode construction. Sensor membranes were
fabricated by following the general procedure reported at [36]. Propranolol imprinted and
non-imprinted particles (20 mg) were dispersed in 0.2 mL of DOP (DBP or DOS) (fig.1)
and homogenized in a sonicator. A solution of 200 mg of PVC in 4 mL cyclohexanone
was added and the mixture was intensively stirred for 10-15 min at 50-60°C to form a
homogeneous mass. The resulting solution was poured in a 37 mm Petri dish and kept at
room temperature to remove the solvent. Blank membranes were prepared in a similar
way except for omission of the molecularly imprinted and non-imprinted microspheres.

The polymer membranes thus obtained were elastic films, from which disks with a
diameter of 10 mm were cut out and glued to the one end of PVC tube with
cyclohexanone. The tube was filled with an internal solution of 10° M propranolol
hydrochloride. The potentiometric sensors were kept in air when not in use.

H H
sC._CH, o
NH HCI
O o i VN N
O O
O OH RN
Propranolol hydrochloride Di-n-octyl phthalate
O
O/\/\ O
O
O~ OM
Dibutyl phthalate Dioctylsebacate

Fig. 1. The chemical structure of propranolol and plasticizers

The response of the sensor was evaluated by measuring the electromotive force
(EMF) of the following electrochemical cell: Ag, AgCl, 10° M propranolol
hydrochloride | Electrode membrane | Sample solution | Saturated KCI, AgCl, Ag. The
EMF measurements were carried out at room temperature with an EV-74 potentiometer
(Russia). The potential response of each sensor for the sample solution containing
propranolol hydrochloride in interval from 1.0 x 10? to 1.0 x 10°® M) was measured and
plotted as a function of analyte concentration.
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Analytical determination. 1. Propranolol determination in modeling solutions.
Samples with known amounts of propranolol hydrochloride were analyzed by following
the analytical procedure described above. The amount of propranolol hydrochloride was
determined using calibration curve method.

2. Propranolol determination in pharmaceutical formulation “Anapriline-Zdorov’e”
(Kharkiv, Ukraine, 40 mg of propranolol hydrochloride in 1 tablet). 5 tablets of
formulation were dissolved in 30 mL of water under stirring conditions and transferred
into a 50 mL volumetric flask, 5 mL of pH 6.0 citrate buffer solution was added and
completed to volume with water. Aliquots of 0.54 mL, 1.78 mL, 12.5 mL of the sample
solution were diluted to 25 mL with water. The potentiometric propranolol-selective
sensor and the reference electrode were immersed into the test solutions and EMF reading
was recorded. The amount of propranolol hydrochloride was determined using the
calibration curve method.

Results and discussions

The synthesized MIP microspheres for propranolol were incorporated into the PVC
membrane and tested as a sensing material in the proposed potentiometric sensor. One of
the variables involved in the optimization of the sensor characteristics and MIP
compatibility with PVC was the nature of plasticizer. For our research we have chosen 3
commonly used plasticizers - di-n-octyl phthalate, dibutyl phthalate and dioctyl sebacate.

Distribution of MIP particles in polyvinyl chloride membrane. The study of a
membrane matrix can give information about distribution of an ion exchanger in the
membrane. The most readily available technique for estimating a change in the structure
of polymer matrix is studying the surface morphology of polyvinylchloride film
membranes [37]. Morphology of the polyvinylchloride membrane surface of MIP-based
potentiometric sesnors was studied with regard to the nature of used plasticizer (Fig. 2). It
was found that DOP gives the best distribution of MIP particles compared to the other
plasticizers. It is obvious that there are some undistributed MIP particles in
polyvinylchloride membrane plasticized by DBP. In case of DOS there were many
aggregates at the top surface of the P\VC polymer membrane.

Fig. 2. Influence of plasticizer on MIP particles distribution in polyvinylchloride membrane (100x).
A - DBP; B - DOP; C - DOS

Response characteristics of the electrodes. The performances of sensors prepared
with one of three plasticizers were experimentally compared. The results and calibration
graphs obtained with three sensors are shown in Table 1 and Figure 3A.

From the Table 1 and Figure 3A, it is obvious that the sensors with DBS and DOS
exhibit good potential responses in aqueous solution of propranolol hydrochloride:
linearity range of 10" - 10° M and 10 - 10 M respectively. It is over 1 or 2 orders of
magnitude better than sensor with the use of DOP as plasticizer of PVC membrane. The
most sensible value of slope corresponds to the sensor constructed by using DOP as
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plasticizer. As can be seen from Table 1, obtained correlation coefficients testify to a
good linearity of calibration curves for each plasticizer used as a solvent mediator in this
study. The slopes of sensors obtained in propranolol solutions in the range 10 - 10 M
have the order DBP < DOP < DOS that can be correlated to the lipophilicity of the
solvents: 4.45 < 7.0 < 10.1, respectively or dielectric constants: 6.4 > 5.1 > 3.9,
respectively.

Table 1
Response characteristics of the propranolol-selective electrodes

Parameter Plasticizer of the electrode

DOP DBP DOS
Slope (mV dec?) 53.5 515 51.6
Linearity range, M 10t - 10" 10t-10° 10 - 10°®
Detection limit, M 10 10° 10°®
Equation y =-53.5x + 330.5 y =-51.5x + 338.5 y =-51.6x + 337.9
Correlation 0.9974 0.9976 0.9925

Sensors response in background electrolyte and non-aqueous media. The effect of
different plasticizers on the performance of MIP based potentiometric sensors in
background electrolyte and mixed non-agueous mediums was first investigated. The
performance of electrodes with different plasticizers in 0.1 M NaNO; background
solution and partially non-aqueous media using acetonitrile — water and ethanol-water
mixtures were assed and results obtained are shown in Figure 3 and presented in Table 2.
As seen from the Table 2 the nature of plasticizer plays a significant role in the slope and
linearity range of MIP-based sensors for propranolol in different aqueous and partially
non-aqueous mixed media, but the main changes in electrode performance can be seen for
the aqueous media (Figure 3). The presence of NaNO; decreases the slope of all sensors
but in case of DOS used as plasticizer the change is less than for the other 2 sensors with
the use of DBP and DOP as plasticizers.

Response characteristics of the propranolol-selective electrodes in different mediurr-:—able ?
T A e S R L
plastszer | pe | S | o | S [ ee | SV [ e | Sa | ee | SV
e | To | 59 [ wo [T %3 i
DOP 144 | 533 | 1-4 | 370 | | 439 i:g 3813
1-4 54.3
bos | 15 | S| 14| 47 | o Gee |15 | s | 18 | a7

It was observed that in the presence of acetonitrile the slope of all sensors
decreases remarkably and in opposite to the other medium sensors shows a stable
potential in the concentration of propranolol hydrochloride in the range from 1.0 x 10™* M
to 1.0 x 107 M, that could be helpful in analysis of samples with unknown content of
propranolol hydrochloride.

The slope of sensors is acceptable in the presence of ethanol up to about 20% (v/v)
in the water and for the higher percentage of ethanol up to 50% (v/v), the slope decreases.
The slopes obtained in acetonitrile show the largest changes in the following order DBP <
DOP < DOS that can be correlated to the lipophilicity or dielectric constant of solvent
mediator. MIP-based sensor prepared by using DOS as a membrane plasticizer showed
the best response and can be used for estimation of propranolol hydrochloride in mixed
non-aqueous solutions.
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Fig. 3. Effect of plasticizer nature on the potentiometric response of propranolol sensors in water and
mixed solutions. A — water, B — 0.1M NaNO;, C — ethanol/citric buffer (20/80 v/v),
D - acetonitrile/citric buffer (50/50 v/v)
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The lifetime of the synthesized membranes is more then 9 months. The slope of
MIP-based potentiometric sensors for propranolol decreases a little after 3 months of
using in comparison to the new one (Table 2). The membranes with DBP, DOP and DOS
offered high sensitivity to propranolol hydrochloride with the response of 52.0; 43.9 and
51.2 and mVdecade™ over the range 10" - 10* M in water solution after 110-120
measurements respectively.

Sensitivity. The potential response of propranolol imprinted, non-imprinted
polymer and blank membrane sensors fabricated under the same conditions, except for
different type of plasticizer, was tested in water solution. Results obtained are shown in
Fig. 4.

The observed potential response of blank membranes may be attributed to
interaction of plasticizer with analyte or with H*, as it was shown for blank membrane
containing DOS as a plasticizer in [38]. As can be seen in the figure, the electrodes with
different nature of plasticizer have significantly different potentiometric response. The
electrodes with DOP as plastisizer have almost the same response for blank, NIP and MIP
sensors (Fig. 4A) and the difference between blank and MIP membrane could be seen
only in diluted solutions of propranolol with concentration less then 1.0 x 10° M. In case
of DOS the difference in the potentiometric response of blank polymer membrane and
NIP or MIP-based membranes could be clearly seen from the Fig. 4B. The plot obtained
for the propranolol imprinted polymer membrane offers linear response in the ranges
from 1.0 x 10°M to 1.0 x 10™ M. Blank membrane has linear range to 1.0 x 10*M and in
much diluted solutions has reversed function. The most significant imprinting effect
could be seen for the electrodes containing DBP as a plasticizer (Fig. 4C). MIP based
membrane gave a linear response for propranolol in the range from 1.0 x 10° M to 1.0 x
10" M and has no response changes in the range of propranolol concentrations from 1.0 x
10° M to 1.0 x 107 M. On the other hand, blank and NIP polymer has response in the
diluted solutions of propranolol that could give mistakes in analytical applications and

determination of propranolol concentration.
A B C

300

o Blank
250 o NIP

—a— MIP

200

>
€ 150
1]

100

50

pC pC pC

Fig. 4. Potential response of propranolol imprinted, non-imprinted and blank membrane
potentiometric sensors with different plasticizers respect to propranonlol hydrochloride concentration
(A-DOP, B - DOS, C - DBP)
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Selectivity of the electrodes. The nature of a plasticizer or membrane solvent
greatly affects all the electrochemical characteristics including potentiometric selectivity.
Plasticizer influences both dielectric constant of the membrane and mobility of a
molecule or ion in the membrane [22]. The effect of different plasticizers on the
selectivity of MIP based potentiometric sensor was first investigated. The selectivity
coefficients (Kp‘“pmpram.m) of the proposed sensors with DOP, DOS and DBP as
plasticizers toward different inorganic species and structural analogs were evaluated by a
separation solution method. The values of selectivity coefficients calculated by this
method are shown in Table 3 and Figure 5. From the data, it is obvious that the interfering
inorganic species could not affect the selectivity of the proposed sensors towards
propranolol hydrochloride. For sensors with plasticizers the interference of inorganic
species and structural analogues increases in the order DOP < DOS < DBP that could be
probably explained by a synergism [39] of dielectric constant and lipophilicity of the
solvents. The sensor with DBP showed the best selectivity towards inorganic species and
also structural analogues.

Table 3
Selectivity coefficients of the MIP-based electrodes with different plasticizer
Interfering species K" opranolol
DOP DOS DBP

KCl 2.1x10% 1.1 x 107 3.0 x 102
NH,CI 2.1x 107 5.7 x 107 2.2 x 107
NaAc 1.1 x 107 4.1 x 107 1.4 x 107
NaNOs 48 x10" 3.7 x 107 2.4 x 107
MgSO, 1.3 x 107 4.6 x10° 1.8 x 107
Ca(NO3), 1.2 x 107 1.0 x 10 55 x 10°
Urea 2.3x 1072 8.8 x 10° 55 x 10°
Metoprolol tartrate 7.7 x 10" 1.4 x 107 5.8 x 10
Atenolol 2.6 x 10! 8.4 x 10° 1.3 x 107

0,8

DOP
DOS
DBP

NHA4CI
NaA
NaNO3
MgSO4
Ca(NO3)2
Urea

S
)
c
5}
2
<

Metoprolol

Fig. 5. Selectivity coefficients obtained for the MIP-based sensors for propranolol by
using a separation solution method
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Analytical application. Reliability of the proposed MIP based potentiometric
sensors for quantification of propranolol was assessed by determining 2.9 x 10 ~ 6.8 x
10°*M propranolol solution using the calibration curve method. The results are shown in
Table 4. In all cases the relative standard deviation was < 0.05. Propranolol was also
determined in drug “Anapriline-Zdorov’e” (Ukraine) with good recovery, calculated from
the nominal value (Table 4).

Table 4

Results of propranolol determination in modeling solutions and drug (n =5, P =0.95)

Sample Composition of sensor Nominal value, Experimental value, S

P membrane cx10°M cx10°M '
0.96 0.94+0.03 0.03
Modeling MIP - DOP 6.75 6.75+0.20 0.02
solution 0.96 1.03+0.05 0.04
MIP —DOS 6.75 5.85+1.60 0.20
Drug MIP - DOP 0.96 0.88+0.07 0.07
“Anapriline- MIP - DBP 0.29 0.30+0.05 0.13
Zdorov’e” MIP - DOS 0.29 0.26+0.04 0.12

Conclusions. MIP-based sensors for propranolol were constructed by using DOP,
DBP and DOS as plasticizers. These sensors showed a linear response with the slope
close to Nernstian in the range 1.0 x 10™ - 1.0 x 10*M and had practical detection limit
within the range 10™ to 10° M, respectively. The selectivity and effect of different
plasticizers on the performance of MIP-based potentiometric sensors in background
electrolyte, mixed non- aqueous mediums were first investigated. MIP-based sensor
constructed by using DOS as plasticizer showed the best response in mixed non-aqueous
media. The MIP-based sensor with DBP as plasticizer showed the best selectivity towards
inorganic species and also structural analogues such as atenolol and metoprolol. The
effects of plasticizer, mixed medium and background electrolyte on the potentiometric
response of MIP-based sensors are primarily due to their influence on migration, ion-pair
formation, and diffusion coefficients. So the nature of plasticizer has to be taken into
account when developing MIP-based to achieve optimal sensitivity, selectivity, detection
limit and applicability in mixed media.
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Onsra B. l“ypTOBa;I,1 JI. Ue,? ®denop A. UmmieHKo
J,ZZH€17p0176T POBCKHH HaLHOHAIbHBIH yHUBEpCHT eT nmenn Oneca I ordapa, np. Iarapuna, 72,
Jlrenporet poBck 49010, Ykparnta
2 Xemarrgecknii went p, Yansepenr et r. Jyrn, Box 124, SE-22100 Jlynz, IlIBens

BJIIMAHUE ITJTACTUOUKATOPA HA XAPAKTEPUCTUKH
ITIOTEHIIUOMETPHUYECKOI'O CEHCOPA HA OCHOBE ITOJIUMEPA
C MOJIEKVIJISAPHBIMHU OTIIEHATKAMHU OBPATUMOT'O K
ITPOITPAHOJIOJY

BnepBbsle  mccieqoBaHO — BJAMSIHME — PAa3IMYHBIX  IIACTHGHKATOPOB  HA  OTKJIHUK
NMOTEHIHOMETPUYECKHX CEHCOPOB Ha OCHOBe IIOJHMMEPOB ¢ MOJIEKYJSIDHBIMH  OTHeYaTKAMH
MPONPAaHO0JI0JIa B CMEIIAHHBIX HEBOJAHBIX cpeJaX W Ha KO3((HUIMEHT CeJeKTHBHOCTH Pa3padoTaHHbIX
ceHcopoB. Ilnactuduxaropnr  (au-N-oktmadranar (JOP), audyruapraaar (AbP) u
auokTuicebammHar  (JJOC)) OblIM  HCHOAB30BAHBI B CEHCOPaX HAa OCHOBe MOJIEKYJISIPHO-
HMIIPHHTHPOBAHHBIX noauMepos (MUII) nisi n3MeHeHUsl CBOWCTB NMOJIHBHHUJIXJI0PUIHONH MeMOpaHbI,
yJAy4lIeHds] mpeaena OOGHAPY:KeHHSI M CeJeKTHBHOCTH JJ1eKTPOAOB MNPH NOTEeHIHOMETPHIECKOM
onpeaejeHny nponpanonoa. Ilpupona miacrudukaropa Biausier Ha pacnpeaejaenne MHUIL yactun B
NOJIMBUHUJIXJIOPHIHON IUIEHKe, HAKJIOH JJIEKTPOAHOH (YHKIUH, JIMHEHHBbIH [JUANa30oH H
KO3 (PUIHMEHThI CeJeKTHBHOCTH MPONPAHO/I0/-CeIeKTHBHBIX ceHcopoB. IlpensioxeHHbIe CeHCOPLI
anpo0MpPoOBaHbI /I ONpe/e/eHHs] NPONPAHO0J0/1a MeTOAO0M NPAMOii MOTEHUHOMETPHH B MOJeJIbHBIX
pacTBopax u TadJjieTKax (papManeBTHYECKOro npenapara.

Knouesvie cnosa: mnactTudukatop; HOIMMEP € MOJCKYJSPHBIMH OTIEYaTKaMH; MOJICKYJISIPHO-
UMIIPUHTHPOBAHHBIA MOJMMEp; NPOIPAHOIION; ITOTEHIIMOMETPHUYECKIH CeHCOop; ceHcop Ha ocHoBe MMUII;
MUII mukpochepsl.

Oumsra B. T'yprosa,! JI. Me,? ®exip O. Unmmnenko®
! Tinponer posc ki manioramsHm yriBepent et iveni Onecs I'orvapa, np. Iarapina, 72,
Jeinporer poscek 49010, Ykpaina
2 Xismiarmii neur p, Yaisepenr er . Jyrx, Box 124, SE-22100 Jlyrz, Illenis
BITJINB IINTACTU®IKATOPA HA XAPAKTEPUCTHUKHA
ITIOTEHIUIOMETPUYHOI'O CEHCOPA HA OCHOBI ITIOJIIMEPY 3
MOJEKVJIAPHUMHU BIABUTKAMH OBEPHEHOI'O 1O
ITPOITPAHOJIOJY

Bnepuie gociifzkeHo BILIMB pi3HUX mIacTHdikaTopiB Ha BiAryKk NOTeHIiOMETPHUYHHUX CEHCOPIB
HA OCHOBi moJiMepiB 3 MOJIEKYJSPHUMM BiAOMTKAMH HPONPAHOJONY B 3MilIaHMX HEBOJHUX
cepeaoBUIIAX i Ha KoedilieHT ceJexTHBHOCTI po3podiaenux ceHcopiB. Ilnactudikaropm (mi-N-
oktingranar (JO®), nidyruiadranar (AbP) i giokrincedauunar (AOC)) Oyiam BuKOpHCTaHI B
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CEHCOpPaX HAa OCHOBI MOJIEKYJIAPHO-iMNpuHTOBaHMX mnojaimMepis (MIII) pas 3MiHM BJacTHBOCTEH
NOJMiBIHIIXJOPUAHOI MeMOpaHHU, MOJINIIEHHS] MeXi BUSIBJIEHHS Ta CeJeKTHBHOCTI eJeKTPOAiB mpu
NOTeHUiOMeTPMYHOMY BHM3Ha4yeHHi npomnpanoJiony. [Ipupona naactudikaropa BIVIMBAa€ HAa PO3MOALT
MIII yacTtoxk B mnoJiBiHiaIxJopuaHii maiBui, Haxmia ejgekTpoaHoi dyukuii, JgiHilinuid aianason i
Koe(illieHTH  CeJIeKTUBHOCTI  NMPONMPAHOJIOJ]-CeJTeKTHBHHX CEHCOpiB. 3anmpomoHOBaHi ceHcOpH
anpo0oBaHi 1Jisl BU3BHAYEHHS MPONPAHOJI0IY METOJ0M NPAMOI IOTEHiOMETpii B MOJEJILHUX PO3YHMHAX
i TabsneTkax papmManeBTHYHOIrO Mpenapary.

Knioyosi  cnosa: mnmactudikatop; momiMep 3 MOJNEKYISIPHHMH BiIOWTKaMH; MOJEKYISIPHO-
IMIIPHHTOBAaHHUH IIOJIIMEp; IPONPAHOJIOJN; ITOTEHIIOMETPUYHHI CeHcop; ceHcop Ha ocHoBi MIII; MIIT
MikpocdepH.

References

1. Bratov, A., Abramova, N., Ipatov, A. Recent trends in potentiometric sensor
arrays — A review. Analytica Chimica Acta, 2010, vol. 678, p. 149-159.

2. Yu, R.Q., Zhang, Z.R., Shen, G.L. Potentiometric sensors: aspects orf the
recent development. Sensors and Actuators B, 2000, vol. 65, p. 150-153.

3. Moody, G.J., Thomas, J.D.R. 1978 In: H. Freiser (Ed.) lon-Selective
Electrodes in Analytical Chemistry, vol. 1. Plenum.

4. PVC Technology, 4th Ed., Titow, W.V., Ed., Elsevier Applied Science,
Barking, England, 1984, 1264 p.

5. Gather, R., Muller, H., Plastic Additives Handbook, 2nd ed., Hanser, Munich,
1987, 790 p.

6. Rabello, M. Aditivacao de Polimeros, Artliber, Sao Paulo 2000.

7. Janata, J. Principles of Chemical Sensors. Springer, 2009, 369 p.

8. Prasada Rao, T., Kala, R. Potentiometric transducer based biomimetic sensors
for priority envirotoxic markers — An overview. Talanta, 2008, vol. 76, p. 485-496.

9. Metilda, P., Prasad, K., Kala, R., Gladis, J.M., Prasada Rao, T., Naidu,
G.R.K.lon imprinted polymer based sensor for monitoring toxic uranium in
environmental samples. Analytica Chimica Acta, 2007, vol. 582, no. 1, p. 147-153.

10. Prasad K., Kala R., Prasada Rao T., Naidu G.R.K. lon imprinted polymer
based ion-selective electrode for the trace determination of dysprosium(lll) ions.
Analytica Chimica Acta, 2006, vol. 566, no. 1, p. 69-74.

11. Liang, R., Zhang, R., Song, W., Hu, X., Qin, W. Potentiometric sensor based
on an ion-imprinted polymer for determination of copper. Sensor letters, 2011, vol. 9,
no. 2, p. 557-562.

12. Prasad, K., Prathish, K.P., Mary Gladis, J., Naidu, G.R.K., Prasada Rao, T.
Molecularly imprinted polymer (biomimetic) based potentiometric sensor for atrazine.
Sensors and Actuators B: Chemical, 2007, vol. 123, no. 1, p. 65-70.

13. Kamel, A.H., Moreira, F.T.C., Almeida, S.A.A., Sales, M.G.F. Novel
potentiometric sensors of molecular imprinted polymers for specific binding of
chlormequat. Electroanalysis, 2008, vol. 20, no. 2, p. 194-202.

14. Moreira, F.T.C., Kamel, A.H., Guerreiro, R.L., Azevedo, V., Sales, M.G.F.
New potentiometric sensors based on two competitive recognition sites for determining
tetracycline residues using flow-through system. Procedia Engineering, 2010, vol. 5, p.
1200-1203.

15. Guerreiro J.R.L., Freitas V., Sales M.G.F. New sensing materials of
molecularly-imprinted polymers for the selective recognition of Chlortetracycline.
Microchemical Journal, 2011, vol. 97, no. 2, p. 173-181.

16. Moreira, F.T.C., Kamel, A.H., Guerreiro, J.R.L., Sales, M.G.F. Man-tailored
biomimetic sensor of molecularly imprinted materials for the potentiometric measurement
of oxytetracycline. Biosensors and Bioelectronics, 2010, vol. 26, no. 2, p. 566-574.

32


http://www.researchgate.net/publication/229096554_New_potentiometric_sensors_based_on_two_competitive_recognition_sites_for_determining_tetracycline_residues_using_flow-through_system
http://www.researchgate.net/publication/229096554_New_potentiometric_sensors_based_on_two_competitive_recognition_sites_for_determining_tetracycline_residues_using_flow-through_system

ISSN 2306871 X. Bicuuk /IninponerpoBcbkoro yHiBepcurery. Cepist «Ximis», 2013. Bum. Ne 19

17. Kamel, A.H., Moreira, F.T.C., Sales, M.G. Biomimetic sensor potentiometric
system for doxycycline antibiotic using a molecularly imprinted polymer as an artificial
recognition element. Sensor letters, 2011, vol. 9, no. 5, p. 1654-1660.

18. Guerreiro, J.R.L., Sales, M.G.F., Moreira, F.T.C., Rebelo, T.S.R. Selective
recognition in potentiometric transduction of amoxicillin by molecularly-imprinted
materials. Eur. Food Res. Technol., 2011, vol. 232, no. 1, p. 39-50.

19. Oliveira, H.M.V., Moreira, F.T.C., Sales, M.G.F. Ciprofloxacin-imprinted
polymeric receptors as ionophores for potentiometric transduction. Electrochimica Acta,
2011, vol. 56, p. 2017-2023.

20. Alizadeh, T., Akhoundian, M. A novel potentiometric sensor for promethazine
based on a molecularly imprinted polymer (MIP): The role of MIP structure on the sensor
performance. Electrochimica Acta, 2010, vol. 55, no 10, p. 3477-3485.

21. Moreira, F.T.S., Sales, M.G.F. Biomimetic sensors of molecularly-imprinted
polymers for Chlorpromazine determination. Material Science and Engineering C, 2011,
vol. 31, p. 1121-1128.

22. Sadeghi, S., Fathi, F., Abbasifar, J. Potentiometric sensing of levamisole
hydrochloride based on molecularly imprinted polymer. Sensors and Actuators B:
Chemical, 2007, vol. 122, no. 1, p. 158-164.

23. Arvand, M., Hashemi, M. Synthesis by precipitation polymerization of a
molecularly imprinted polymer membrane for the potentiometric determination of
sertraline in tablets and biological fluids. J. Braz. Chem.Soc., 2012, vol. 23, no 3, p. 392-
402.

24. Sadeghi, H.B., Ebrahimi, S.A., Tamaddon, A., Bozorgvar, F., Afifinia, H.,
Almasian, N., Mollaei, S. Potentiometric sensing of lamotrigine based on molecularly
imprinted polymer / H.B. Sadeghi, S.A. Ebrahimi, A. Tamaddon et al. Electroanalysis,
2011, vol. 23, no. 11, p. 2716-2723.

25. Liang, R., Zhang, R., Qin, W. Potentiometric sensor based on molecularly
imprinted polymer for determination of melamine in milk. Sensors and Actuators B:
Chemical, 2009, vol. 141, no. 2, p. 544-550.

26. Moreira, F.T.C., Freitas, V.A.P., Sales, M.G.F. Biomimetic norfloxacin
sensors made of molecularly-imprinted materials for potentiometric transduction.
Microchim Acta, 2011, vol. 172, no. 1, p. 15-23.

27. Prathish, K.P.,, Prasad, K., Prasada Rao, T., Suryanarayana,
M.V.S. Molecularly imprinted polymer-based potentiometric sensor for degradation
product of chemical warfare agents: Part I. Methylphosphonic acid. Talanta, 2007, vol.
71, no. 5, p. 1976-1980.

28. Vishnuvardhan, V., Prathish, K.P., Naidu, G.R.K., Prasada Rao, T.
Fabrication and topographical analysis of non-covalently imprinted polymer inclusion
membranes for the selective sensing of pinacolyl methylphosphonate — A simulant of
Soman. Electrochimica Acta, 2007, vol. 52, no. 24, p. 6922-6928.

29. Vishnuvardhan, V., Kalyan, Y., Prathish, K.P., Gangadhar, B., Tharakeswar,
Y., Prasada Rao, T., Naidu, G.R.K.Imprinted polymer inclusion membrane based
potentiometric sensor for determination and quantification of diethyl chlorophosphate in
natural waters. Amer. J. Anal. Chem., 2011, vol. 2, p. 376-382.

30. Prasad, K., Pratish, K.P., Gladis, J.M., Naidu, G.R., Rao, T.P. Design and
development of imprinted polymer inclusion membrane-based field monitoring device for
trace determination of phorate (o0,0-diethyl s-ethyl thiomethyl phophorodithioate) in
natural waters. Electroanalysis, 2007, vol. 19, no. 11, p. 1195-1200.

33



ISSN 2306871 X. Bicuuk /IninponerpoBcbkoro yHiBepcurery. Cepist «Ximis», 2013. Bum. Ne 19

31. Liang, R.N., Gao, Q., Qin, W. Potentiometric sensor based on molecularly
imprinted polymers for rapid determination of clenbuterol in pig urine. Chin. J.
Anal.Chem., 2012, no. 3, p. 354-358.

32. Moreira, F.T.C., Dutra, R.A.F., Noronha, J.P.C., Sales, M.G.F. Myoglobin-
biomimetic electroactive materials made by surface molecular imprinting on silica beads
and their use as ionophores in polymeric membranes for potentiometric transduction.
Biosensors ans Bioelectronics, 2011, vol. 26, p. 4760-4766.

33. Zook, J.M., Langmaie,r J., Lindner, E. Current-polarized ion-selective
membranes: The influence of plasticizer and lipophilic background electrolyte on
concentration profiles, resistance, and voltage transients. Sensors and Actuators B, 2009,
vol. 136, p. 410-418.

34. Silva, A.M.S., Pimentel, M.F., Raimundo Jr., I.M., Almeida, Y.M.B. Effect of
plasticizer on a PVC sensing phase for evaluation of water contamination by aromatic
hydrocarbons and fuels using infrared spectroscopy. Sensors and Actuators B, 2009, vol.
139, p. 222-230.

35. Yoshimatsu, K., Reimhult, K., Krozer, A., Mosbach, K., Sode, K., Ye, L.
Uniform molecularly imprinted microspheres and nanoparticles prepared by precipitation
polymerization: The control of particle size suitable for different analytical applications.
Analytica Chimica Acta, 2007, vol. 584, p. 112-121.

36. Gurtova, O.V., Ye, L., Chmilenko, F.A. Potentiometric propranolol-selective
sensor based on molecularly imprinted polymer. Anal Bioanal Chem, 2013, vol. 405,
p. 287-295.

37. Chmilenko, F.A., Korobova, |V., Gurtovaya, O.V., Chmilenko, T.S.
Potentiometric membrane sensors for polyvinylpyrrolidone determination. Talanta, 2009,
vol. 78, p. 1259-1265.

38. Zareh, M. Blank membranes versus ionophore-based membranes for the
selective determination of H*. Anal. Sci., 2009, vol. 25, p. 1131-1135.

39. Perez, M.A.A., Marin, L.P., Quintana, J.C., Yazdani-Pedram, M. Influence of
different plasticizers on the response of chemical sensors based on polymeric membranes
for nitrate ion determination. Sensors and Actuators B, 2003, vol. 89, p. 262-268.

Haoiiwna 0o peoroneeii 26.04.13

34


http://www.sciencedirect.com/science/article/pii/S0956566311003423
http://www.sciencedirect.com/science/article/pii/S0956566311003423
http://www.sciencedirect.com/science/article/pii/S0956566311003423
http://www.sciencedirect.com/science/article/pii/S092540050800871X
http://www.sciencedirect.com/science/article/pii/S092540050800871X
http://www.sciencedirect.com/science/article/pii/S092540050800871X
http://www.sciencedirect.com/science/article/pii/S0039914009001027
http://www.sciencedirect.com/science/article/pii/S0925400502004756
http://www.sciencedirect.com/science/article/pii/S0925400502004756
http://www.sciencedirect.com/science/article/pii/S0925400502004756

ISSN 2306871 X. Bicuuk /IninponerpoBcbkoro yHiBepcurery. Cepist «Ximis», 2013. Bum. Ne 19

OPT'AHIYHA XIMIA /ORGANIC CHEMISTRY

UDC 547.233:544.362

Tetiana Yu. Sergeieva,® O. Yu. Voskoboynik,? Sergiy I. Okovytyy,™**
S. I. Kovalenko,? Jerzy Leszczynski®
1Oles Honchar Dnipropetrovsk National University, 72, Gagarina Ave.,
Dnipropetrovsk 49010, Ukraine
2 Zaporozhia state medical university, Mayakovsky Ave., 26, Zaporozhia 69035, Ukraine

? Interdisciplinary center for Nanotoxicity, Jackson State University, 1400 Lynch str., Jackson,
Mississippi 39217, USA

TAUTOMERISM OF 4-HYDRAZINOQUINAZOLINES: VIBRATIONAL
SPECTRA AND COMPUTATIONAL STUDY

The tautomerism of 4-hydrazinoquinazoline and its derivatives was investigated. Geometry and
thermodynamic parameters were computed theoretically using Gaussian 03 software. All calculations
were performed at the MP2 level of theory using the standard 6-31G(d) basis. Energetics and relative
stabilities of tautomers were compared and analyzed in a gas phase. The effect of solvents (1,4-dioxane,
acetic acid, ethanol and water) on the tautomeric equlibria was evaluated using PCM. It was
determined that solvents induced slight changes in the relative stability. In all cases 4-
hydrazinoquinazoline exists predominantly as the amino form. The variation of dipole moments was
studied. The anharmonic vibrational wavenumbers for unsubstituted 4-hydrazinoquinazoline were
calculated at MP2/6-31G(d) level and compared with experimental data. The modes of IR spectra were
assigned. The calculated herein wavenumbers and intensities of amino form are in good agreement
with those observed experimentally.

Keywords: tautomer; 4-hydrazinoquinazolines; ab initio; IR spectra; vibrational assignment.

Introduction. The most important route of organic chemistry is searching and
synthesis of new compounds with promising properties for different areas. Various
heterocyclic systems are suitable for this purpose due to structural diversity and
possibility to functionalization. The presence of heteroatoms in aromatic rings induces
fast migration of proton between them and, thus, existence of tautomers. Knowledge that
can be obtained using experimental (NMR, vibrational spectroscopy) and theoretical
approaches on predominant form and influence of substituents of different types on
reactive centers are also important. This paper presents the results of quantum-chemical
investigation of tautomeric properties in various substituted 4-hydrazinoquinazolines (1-
5) which used as precursors for synthesis of biologically active 3-substituted 2H-1,2,4-
triazino[2,3-c]quinazolin-2-ones [1].

R N R N
“NH, N, N NH,
L all] bLl] c
R=H(1); 8-CH3(2); 7-F(3); 6-Cl(4); 6-Br(5)
Scheme 1
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Migration of a proton between the different nitrogen atoms in 4-
hydrazinoquinazoline results in three tautomeric forms. Therefore, N-H vibrations in the
IR spectra can not be a priori assigned to a certain tautomer. In this case it could be more
informative to look at the vibrations associated with the deformation of pyrimidine ring,
since the tautomeric forms are discriminated by the degree of conjugation between the
pyrimidine and benzene fragments.

Computational details. The geometry optimization and harmonic frequency
calculations of the three equilibrium structures for amine/imine tautomerization of 4-
hydrazinoquinazolines (1-5 (a-c)) were performed employing 6-31G(d) [2] basis set at
MP2 level [3] in a gas phase and taking into account solvent effects using PCM model.
Since harmonic approximation overestimates vibrational frequencies we also calculated
IR spectra of 4-hydrazinoquinazoline tautomers (1 a-c) in a gas phase using anharmonic
approach. The assignment of calculated wavenumbers was aided by the animation option
in GaussView 3.0 graphical interface for Gaussian programs, which gives a visual
presentation of harmonic vibrational modes [4]. For visualization of anharmonic IR
spectra calculated by Gaussian 09 Swizard program, revision 5.0 [5] was used.

Results and disscusion
Energies and relative stabilities. 4-Hydrazinoquinazoline is involved in amine-imine
tautomeric equilibrium. Due to the proton transfer between the hydrazone nitrogen atom
and the pyrimidine Ny N3 atoms one amino and two imino forms arise, which are labeled
as a-c (Scheme 1). Earlier research on aminothiazoles, 3-amino-1,2,4-triazin-5-one and
aminopyrimidine derivatives revealed that aromatic amino form prevalled in all
aforementioned compounds [6-8]. This fact gives all reasons to hypothesize that amino
form is predominant in our case as well.

The relative Gibbs free energy, populations of 4-hydrazinoquinazoline tautomers
and their substituted derivatives are listed in Table 1. The numbering of atoms for
4-hydrazinoquinazoline is given in Scheme 1.

Calculations in the gas phase indicate that both imino forms (a, b) are less stable
than the amino one (by 21.61 and 10.31 kJ/mol for 4-hydrazinoquinazoline (1)
respectively). Since the properties of the medium may have a remarkable effect on the
tautomeric equilibrium, we studied the population of 4-hydrazinoquinazoline tautomers in
various solvents, including 1,4-dioxane, acetic acid, ethanol and water.

Analysis of tautomeric population shows, that polarity of the solvent does not
change the order P.>P,>P, (Table 2). It should be mentioned that contribution of tautomer
a, which is characterized by the highest dipole moment, increases simultaneously with the
dielectric constant of the solvent.

The type and position of the substituent in the aromatic ring do not affect the trend
mentioned above and still lead to the dominance of tautomer c.

Interestingly, calculations in the gas phase predict the increase abundance of imino
form b in the series 8-CH3;<H<6-Br<6-Cl<7-F where substituent electron-withdrawing
strength becomes more pronounced.

Vibrational assignments. The second step of the present investigation was to
determine which of the three calculated IR spectra of the different tautomers matches the
one obtained experimentally. Calculated at anharmonic level vibrational spectra of forms
la-c are shown in Figure 1B — D. Some vibration movements of 4-hydrazinoquinazoline
form are presented in Figure 2.

Some overestimation of band frequencies is still observed after anharmonic
corrections.
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Table 1
Relative Gibbs free energies (AGye, kJ/mol) and tautomer populations (P,%) calculated at MP2/6-
31G(d) level of theory at T = 298.15 K

Gas phase 1,4-Dioxane Acetic acid Ethanol Water
Tautomer | AGy | P AGeg | P AGg | P AGea | P AGg | P
1
a 2161 | 0.02 | 16.53 0.13 12.70 0.60 11.10 1.13 | 10.96 1.19
10.31 157 7.81 4.16 12.03 0.79 9.96 1.78 | 10.16 1.64
0.00 | 98.42 0 95.71 0 98.61 0 97.10 0 97.20
2
a 27.87 0 22.91 0.01 17.40 0.09 15.77 0.18 | 15.37 0.21
b 11.88 | 0.84 | 9.21 242 | 1253 | 065 | 1238 | 069 | 1231 | 0.71
c 0 99.16 0 97.57 0 99.26 0 99.14 0 99.09
3
a 22.10 | 0.01 | 15.88 0.16 12.03 0.77 11.38 1.01 | 11.01 1.16
b 8.34 3.39 6.81 6.09 9.13 2.47 10.97 1.19 8.99 2.61
c 0 96.59 0 93.75 0 96.76 0 97.79 0 96.24
4
a 20.61 | 0.02 | 1444 0.26 10.37 1.47 8.38 3.27 8.24 3.37
b 8.56 3.11 4.63 13.46 7.92 3.93 9.70 1.93 7.68 4.23
C 0 96.86 0 86.28 0 94.61 0 94.80 0 92.39
5
a 2154 | 0.02 | 16.07 0.14 11.75 0.85 9.51 2.07 8.98 2.55
b 9.20 2.43 4.54 13.87 8.19 3.56 8.10 3.64 8.10 3.62
C 0 97.56 0 85.99 0 95.58 0 94.29 0 93.83

Table 2
Dipole moments calculated at MP2/6-31G(d) level of theory

DM, p (gas phase)
Tautomer | Gas phase | 1,4-Dioxane | Acetic acid | Ethanol | Water
1
a 5.29 6.54 7.47 7.92 8.04
b 1.83 2.10 2.28 2.59 2.63
c 2.31 2.79 3.16 3.34 3.38
2
a 5.56 6.89 7.87 8.35 8.46
b 1.85 2.09 2.25 2.33 2.34
c 1.95 2.40 2.74 2.90 2.94
3
a 5.48 5.48 6.28 6.68 6.78
b 4.38 4.38 4,77 4.87 5.01
c 2.91 291 3.33 3.54 3.59
4
a 6.21 7.54 8.53 9.02 9.13
b 3.66 4.16 4,70 4.64 4.99
C 0.47 0.75 0.99 1.10 1.13
5
a 6.19 7.51 8.50 8.98 9.10
b 3.70 4.20 4,74 4.99 5.05
C 0.50 0.79 1.02 1.14 1.17

The region above 1500 cm™ corresponds to the stretching vibrations of CH, CH,,
CHjs, N-H, C-N, C=0 groups; the bands below 1500 cm™ are related to twisting, rocking
and deformation vibrational modes of different groups as well as skeletal vibrations.
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Fig. 1. The experimental (a) and predicted (b-d) at MP2/6-31G(d) level of theory IR spectra of
4-hydrazinoquinazoline
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Fig. 2. Some vibration movements of 4-hydrazinoquinazoline form (1a-c)

N-H vibrations:

N-H stretching frequencies in pyrimidine ring (imino forms (1a/b)) and hydrazine
fragment (amino form (1c)) were detected theoretically at 3468/3355/3467 cm™ for
tautomers la/lb/lc. The calculated wavenumbers do not contradict experimentally
obtained value 3320 cm™. These modes are expected as reported N-H vibrations at
3483/3482 cm™ in 2-quinazoline/4-quinazoline systems [9] and 3477 cm™ in the case of
tegafur (six membered ring with two Nitrogen atoms) [10].

The bands located at 634/622/513 cm™ for tautomers 1a-c arise from N-H wagging
movement. The values of modes match experimentally predicted frequency (661 cm™)
and data collected in [9]. The intensity of this vibration for tautomers 1a, 1b is much
lower compare to form 1c.

NH, vibrations:

The frequencies 1693 and 1704 cm™ for tautomers 1b and 1c respectively found
from the theoretical assignment belong to NH, scissoring vibration, which is supported by
obtained value 1718 cm™ for creatininium benzoate [11] and 1647 cm™ in the case of
3-amino-2-phenyl quinazolin-4(3H)-one [12]. In contrast to 1b and 1c, NH, scissoring
mode for tautomer 1a (1655 cm™) is negligibly low intense.

Bands at 1162, 1128 and 1230 cm™ for 1a, 1b, 1c tautomers were attributed to the
NH, wagging vibration.

C-H vibrations:

The existence of one or more aromatic rings can be determined from C-H
vibrations, which are typically exhibited around 3000 cm™ [13] as multiple weak bands
compared to aliphatic C-H stretching. In our case the computed wavenumbers of modes
corresponding to C-H vibrations are 3080, 3112, 3096 cm for 1a, 1b, 1c respectively.
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Usually, systems similar to those presented in this paper have a group of bands in
the region 1000 cm™, which correspond to in-plane and out-of-plane
C-H deformations of the benzene ring [14]. As follows from the theoretical predictions, in
our case C-H out-of-plane vibrations occur at 818 and 740 cm? for tautomers b,c
respectively. For tautomer a this mode assigned at 732 cm™. It is worth mentioning that
again the weakest band observes in the spectrum of the form la.

C-C, C-N, C=N vibrations:

The in-plane deformation of benzene and pyrimidine rings resulted from stretching
of C-N, C=N, C-C bonds was identified as a series of bands in the range 1400-1600 cm™.

The strongest band (761 cm™) in experimental IR spectrum in our opinion arises
from pyrimidine ring torsion vibration (out-of-plane movement). The latter is considered
similar to the results determined from ab initio study at 710/724/624 cm™ (forms 1a-c).
As could be seen form Fig.1, 1c is the only tautomer characterized by highly intensive
band.

The comparison of theoretically calculated IR spectra for each tautomer with
experiment ((Fig.1, (1)) shows that the spectrum of form 1c (Fig.1, (4)) is the most
reproducible.

The modes located at 600-900 cm™ due to out-of-plane C-H, N-H vibrations of
pyrimidine ring, appear in the experimental spectrum as strongest, which are supported
also by analysis of calculated spectra. Again, the relation between theoretically predicted
localization and intensity of bands in the tautomer 1c is in a good agreement with
experimental spectrum.

A series of signals calculated in the region of 1400-1600 cm™ is attributed to
stretching deformations of aromatic quinazoline system. The IR spectra of tautomers 1a,
1b are characterized by weak intensity of the same vibration modes which is resulted
from protonation of one of pyrimidine Nitrogen atoms followed by partial violation of the
conjugation between benzene and pyrimidine rings as a consequence.

Conclusions. The molecular geometry, energetical properties of 4-
hydrazinoquinazoline and its derivatives were calculated using MP2/6-31G(d) level of
theory. The IR spectra of three possible unsubstituted tautomers of 4-
hydrazinoquinazoline were simulated using the same approach.

The computational studies based on thermodynamical properties favor the amino
tautomer over its imino forms in four solvents with different polarity. Moreover, the
theoretical IR spectrum of form 1c is in a good agreement with experimental. The present
quantum chemical investigation may further play an important role in understanding of
dynamics of these molecules.
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TAYTOMEPUA 4-TUJPASUHOXMNHA3OJINHOB,
KOJIEBATEJIBHBIE CITEKTPBI U KOMIIBIOTEPHOE
MOJAEJINPOBAHUE

HccaenoBana Tayromepus 4-rMIpPasMHOXMHA30/IHHA W ero npousBoaHbix. Ilposenen
TEOpPeTHYEeCKHii pacyeT reoMeTPUH M TEPMOJUHAMUYECKHUX IAPAMETPOB ¢ MCIOJIb30BaHHEM
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nporpammbl  Gaussian 03, wmeroxa MP2 wu craHgaptHoro GasumcHoro HaGopa 6-31G(d).
ITpoaHaIM3MpPOBaHA U CONMOCTABJIEHA YHEPTUsl U OTHOCHTE/IbHAS YCTOHYMBOCTh TAYTOMEPOB B ra30Boi
¢aze. OueneHo BiMsiHMe pacTBopHuTeseil (1,4-1MOKCAH, YKCycHasi KHCJIOTA, 3TAHOJI M BOJa) Ha
TayToMepHOe paBHOBecHe ¢ Hcnojb3oBanueM PCM. YcrTaHOBJIEHO, YTO PACTBOPUTEIM BHOCHAT
He3HAYUTENbHBI 3pPeKT B N3MeHeHHe OTHOCUTEILHOH CTa0UJIBbHOCTH.

Bo Bcex ciayuasix 4-rupa3sMHOXHHA30JIMH CYHIECTBYET NPEMMYIIECTBEHHO B BHIEe aAMHHO
(¢opmbl. U3ydyeno u3meHeHne AUNOJbLHBIX MOMEHTOB. PaccuuTaHbl aHTapMOHMYeCKHE KOJIe0aHus NI
He3aMeleHHOro 4-rHApa3uHOXHHAa30/uHa. TloTydyeHHbIe JaHHBIE CONMOCTABJEHBI C IKCIEPHMEHTOM.
ITpoBeneno coorHecenue nmosoc 1ias UK-cnekrpoB. PaccunTaHHbie JJIMHBI BOJH U UX MHTEHCHBHOCTH
ISt aMMHO ()OPMBI XOPOLIO COTJIACYIOTCS € IKCIEPUMEHTAIbHBIMHU.

Knoueevie cnosa: tayromep; 4-runpasuHoxuHazoiuH; ab initio; MK-crmeKkTpsl; aHrapMOHHYECKOE
npubIKeHue.

Tetsna O. CepreeBa,l’3 0. 10. BockoGoiHuUK, Cepriti L. OxoBuruii,
C. 1. KoBanenko,” €xu JIeIUHCHKAI
! inponer popcskmii maniora i yrisepent er iverni Onecs I'omdapa, np. Tarapiua, 72,
/luinporer poscek 49010, Yrpaina
233170171'351(1/112 JEepK aBHAH MEAHYHAH YHIBEPCHT €T , np. Masgkoscskoro, 26,
Samopix xx 1 69035, Yipaina
*Mibx mucqmuinap i TeHT p JOCIUPK eHHA HAHOT OKCHIHOCT I, JPk eKCOHCHKHIT JEPK aHII
yHIBEpcHT eT , /Px excor, Miccicini 39217, CIIIA

TAYTOMEPIA 4-T'TAIPASUHOXIHA3OJITHIB, KOJIMBAJIbHI
CIIEKTPU TA KOMIT'FOTEPHE MOJIEJTFOBAHH

Jocain:keno Tayromepiio 4- rigpasuHoxinasosiny Ta iioro noxignux. Ilposeneno reopernynmii
po3paxyHoK reoMetpii i TepMoaMHAMiYHMX mapaMeTpiB 3 BHKOpHcTaHHsM nporpamu Gaussian 03,
Meroxy MP2 i cranpaprhoro 6asucuoro Hadopy 6-31G (d). IIpoanasizoBaHo i cmiBcTaB/IeHO eHeprilo
Ta BiIHOCHY cTiiikicTh TayTOMepiB y raszosiii ¢asi. OuineHo BniuB po3unHHuKiIB (1,4-1iokcaH, ouTroBa
KHCJIOTA, €TaHOJI i BOJa) Ha TayToMepHY piBHoBary 3 BukopuctaHHsm PCM. BceranoBieHo , mo
PO3YUHHHMKHU BHOCATH He3HAYHMIA epeKT y 3MiHY BiTHOCHOI cTalinbHOCTI.

Y Bcix Bunmagkax 4-riipas’uHoOXiHa30J1iH iCHy€ nmepeBaxHO y BHIJsiAi amiHo ¢opmu. BuueHo
3MiHYy JHIOJBLHHUX MOMeHTIiB. Po3paxoBaHi aHrapMmoHiyHi Ko/JIMBaHHA [Jsl He3aMilleHoro 4-
riapasuHoxinasoiny. OTpumani faHi cmiBcrabiieHi 3 exciepuMmenToM. IIpoBeneHo BinHeceHHsI cMyr
A IY-conekrtpiB. Po3paxoBaHi M0B:KMHM XBWJIb Ta iX iHTeHCHMBHOCTI 1Js amiHO ¢opmu a0d6pe
Y3TOKYIOThCS 3 eKCIIepUMEHTOM.

Knouosi  cnosa: tayromep; 4-rigpasunoxinasomid; ab initio; I[Y-cmekTpu; aHrapMmoHidyHe
HaOMMKEeHHS.
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Anexcannip A. I'annoHOB

/renpornier poBckuii HanHoHAbHEI yHHBEpCHT €T uMernu Oneca Ionvapa, np. [ arapura, 72,
Jlrenporer poBck 49010, Ykparnta

PEAKIIVS KBATEPHU3AIIMY ITPOU3BOHBIX 2,3-TUTUPO-1,5-
BEH30IMA3ETMHOHOB-2

IMokazano, 4rto ankwimpoBanue 1-ankmi-4-merni-2,3-Iuruapo-1,5-6eHzoanazenMHOHOB-2
AJIKWJITAJ0TeHHIaMH NIPUBOAMT K 00Pa30BAHUI0 YeTBEPTHYHBIX CoJieil. YCTaHOBJIEHO, UTO B OTJIHYHE
0T ATKWIMPOBAHHS He3aMeIIeHHbIX B MoJoxeHnH 1 1,5-0eH30AMa3eNMHOHOB-2, 151 NMPOTEKAHHS
Peakuuu KBATEPHU3ALUU He00XO0AuM 00/1b1I0 M30BITOK AJKMJITAJIOreHHAa U AnuTejabHoe (18-46 4)
KHIsTYeHHe B OeH301e. YUeTBepTHYHBIEC COJIM BbIIEJICHbI € BBIXOAOM 45-77% B BU/e KPHCTALIHYECKUX
ocaakoB mian Macend. Ha BBIX01 4eTBepPTHUYHBIX cOJIeil CylIecCTBEHHOEe BJIHMSIHHE OKA3bIBaeT NMPUPOAA
AJKWJITAJIOTeHNIa M 3aMecTHTeJsi B moJoxkennn 4. He ymanoch moJyuuTh 4YeTBepTHYHBIE COJIH,
HCHOJIB3Yysl B KadecTBe cyocrpaToB 1-ankmi-4-genni-2.3-auruapo-1,5-6eH3oanasennHonbi-2, aaxe
NpH KHNSYEHHH € HMOAMCTBIM MeTHJIOM B OeH3ojie B TeueHHe 80 4. CTPyKTypa CHHTE3HPOBAHHBIX
coelMHeHMii mMoATBep:kAeHa ¢ nomMobIo 1aHHbIX UK-cnekTpoB u cnexkrpos SIMP H.

Knioueswvie cnosa: 1,5-auruapo6eH3011ua3eniHOHbI-2; aIKHINPOBaHKUE; KBATCPHU3ALIHUSL.

BBenenmne. Cpeam UWCHONB3yeMBIX B  HACTOAIEe BpeMs B MEAHLIMHE
NICUXOTPOIHBIX CPEICTB 0cO00€ MECTO 3aHMMAalOT TPAHKBHIM3ATOPHI — MPOM3BOAHBIC
1,4-6en3oanazennaoB. CrekTp uX (GapMaKoJIOTHYECKOTO MEHCTBUS XapaKTEPH3yeTCs
3HAYUTEIILHOM IIMPOTOM M MHOrooOpasMeM TepaleBTHYeCKUX 3(¢ekToB. MHorue
NpEeJCTaBUTENM  3TOrO0  Kjlacca  3aHMMAlOT  BeAyllee MECTO B apceHale
TPaHKBWIM3HPYIOIIUX CPEACTB W HCIOJB3YIOTCA JUIA JICYEHHs HE TOJIBKO HEPBHO-
MICUXUYECKUX PACCTPOMCTB, HO H B XUPYPrHU, THHEKOJIOTHH, aKyIIEpCTBE, MEJUATPUN U
Ipyrux obnactsax MeaunuHbl. Eme B Havane 60-x romoB XX Beka B MEAUIIMHE B
KagecTBE A(PQEKTUBHBIX TPAHKBIIU3UPYIOIINX MPEnapaToB Hayald HCIOIb30BATHCS
COCMHEHNs, TIOJy4YeHHbIE B pe3yJbTare M3ydeHUS peakiud aJKWIHPOBAHUS
1,4-6eH3011a3ETTHHOB. [IpoBencHHBIC (hapMakoIOrHIeCKHe HCITBITAHS
CHUHTE3UPOBAHHBIX COEIWHEHUH BBISBIIN MHTEPECHYIO 3aKOHOMEPHOCTh — YBEJIHUCHHE
(u3noNorHYecKOl aKTHBHOCTH TIPH 3aMElICHUU y aTtoma a3ota N1 aroma Bojopoja Ha
AIKWIBHYIO TpPyHIly. OTO TMO3BOJWIO CO3JaTh INpenaparhl, HAIIEANINEe IIMPOKOE
npuMeHeHue B JieueOHOI MenuuumHe — nuasenam (la), keraszonam (1b), menasenam (1c),
nuHazenam (1d) u np.

Haubonee moapoOHO (apmakoiornyeckue CBOWCTBA MpPENapaToB, CBA3b MEKITY
CTPYKTYypOil U (PU3MONOTHYECKON AaKTUBHOCTHIO 1,4-0€H301a3eIMHOB PacCMOTPEHBI B
moHorpagusx A. boratckoro, C.Aunponaru u H. I'onosenxko [1; 2].

H,C H,C HsC HC
0 3 0 8 =
N§ N N? \\N O
Cl =N ¢l o C = cl O j§
Qj
—
O 9 ) 0)
la 1b 1c 1d

* Correspoding author: Tel.: +380567768223; fax: +380563749841; e-mail address: gaponov_aa@mail.ru

© Anexcauap A. I'anonos, 2013
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Pe3yabTaThl u uX 00cy:kaeHHMe. Panee ObITM M3ydeHBl PEaKIMN He3aMEIIEHHBIX
2,3-nuruapo-1H-1,5-0eH3011a3eMMHOHOB-2 C aJKWIHPYIONIUMH areHTaMd, KOTOpPBIC
IpUBEIH K 00pa30BaHUIO cOOTBETCTBYIOMMX N 1-ankui-1,5-6enzonuasenunonos-2 [3; 4].

C uenplo CHHTE3a HOBBIX MOTEHIHMATHHO OMOJOTMYECKH AKTUBHBIX COCTUHEHUI
OBLTO HCCIIEI0BAHO ATKAIUPOBAHUC 1-ankun-4-metuin-2,3-quruapo-1,5-
Oen3oqrazenuHOHOB-2 (2a-f) ¢ MOMOIIBI0 MOAMCTHIX METHJIA M ITWIIA, B PE3yJIbTaTe
noxrydeHsl yeTBeptuuHble conu (3a-f). MHaTepec k peakium KBaTepHU3aLUH O00YCIOBICH
TEM, 4TO IMEPEeBOJl HEUTPaIbHBIX a30TCOAEPKAIINX TeTEPOIUKINYECKIUX COSJINHCHUHN B
YETBEPTUYHBIC COJH HW3MEHSET COOTHOIICHHE THAPOPHUIBHOCTE / JUHOQUILHOCTD
BEIIECTB, YTO HWMEET CYIIECTBEHHOE 3HA4YeHWE JMJIsi TIPOLIECCOB CBS3BIBAHUS C
(epMeHTaMHU U peLenTopaMu, NpU TPAHCHOPTE Yepe3 MeMOpaHbl, MPU MOCTYIJICHUH B
KJICTKH M pacIpeielICHUN MEX Ty TKaHIMu [2].

e "o
R N R N o
Ryl |
N= CeHg, reflux, f—
CH;  18-46 4, 45-77% R, CHs
2a-f 3a-f

R =H, R; = CHy, R, = CH; (2a, 3a), R = H, Ry = C;Hs, R, = CHy (2b, 3by,
R =H, R; = C,Hs, R, = C,Hs(2€, 3¢), R = CI, Ry = CHj, R, = CH, (2f, 3f)

Oxkazanoch, 4YTO B OTIMYME OT AJIKWIMPOBAHUS HE3aMEIICHHBIX B TOJOXKEHUH 1
1,5-6en301ma3emMHOHOB-2 [3; 4], ISl MPOTEKAHUS PEAKIINN KBAaTEPHU3AINH HEOOXOIIM
OoNpIIUH W30BITOK ANKIITAIOTCHHUAA (COOTHOIIEHHE CYOCTpaT — aJKWITAJIOTCHHT =
1:10) u amutensHoe (18-46 4) kunsueHue B OcH30ye. YeTBEPTUYHEIC COJIM BBIJICICHEI C
BbIxomoM 45-77% B BHAE KPHUCTALIMYECKHX OCATKOB WM Macel, KOTOphIe
3aKPHUCTAJIU30BBIBAJIUCH MIPH PACTUPAHUHU C 3PUPOM WIIM TEKCAHOM. Y CTAHOBJICHO, YTO
Ha BBIXOJ] UETBEPTUYHBIX COJEH CYIIECTBEHHOE BIIMSHUE OKa3blBaeT MPHUPOJA
ANKWITAIOTSHU/Ia U 3aMeCTHTENS B onoxkeHnu 4. [Ipu ncnonp30BaHUM HOAUCTOTO STHIIA
BBIXOJ IMMPOAYKTOB pC€aKIHU 3aMETHO HMIXKE, UEM B CIIyda€ MOJUCTOI0 METUJIA, HECMOTPA
Ha 3HAYMTEIHHO 0OJIee JUTUTENhHOE MPOBEACHNE peaknud. B To ke Bpemsl He yaaiaoch
MOJTyYUTh YETBEPTHYHBIE CONM, WCIONB3ysd B KadecTBe CyOCcTpaToB |-ankui-4-¢heHu-
2,3-nuruapo-1,5-0eH30AMa3eIMHOHBI-2, aXe MPH KUIMSTYCHUHM ¢ MOJMCTBIM METHUJIOM B
ocnzosie B Teuenue 80 u. BeposiTHO, 3TO cBs3aHO ¢ OJOKHMPOBKOW aTomMa azora N5
00BeMHBIM (EHUITEHBIM 3aMECTUTEIIEM, PACTIONOKEHHBIM y aTroma C4.

CocTaB M CTPOEHHME CHHTE3MPOBAaHHBIX coennHeHnil (3a-f) ObuTH MmoaTBEpIKICHBI
CIICKTpaJIbHbIMH JaHHBIMH.

OrHeceHne CHUTHAJIOB B crekTpax SIMP H CHHTE3UPOBAHHBIX UYETBEPTUUYHBIX
cojied MOXHO TNPOWUIIOCTpUpOBaTh Ha npumMepe uonunos (3a, 36). IIporonsr
OCH30IHPHOTO KOJbIa coequHeHni (3a, 30) MpeacTaBICHB! B BUAC IBYX MYJIBTHILICTHBIX
curHajaoB B oOjactu 7.96-8.02 u 7.62-7.68 m.n., a takxke 7.94-8.10 u 7.60-7.76 m.n.
cootBerctBeHHO (Tabm. 1). B omimmume ot cmnektpoB SMP 'H  ucxommbix
OeHzonnasenuHoHOB-2 (2a, 2D), B KOTOpPBRIX TMPOTOHBI METHICHOBOW TPYIIIBI
MIPEICTABIICHEI B BUE IBYX AyOJIeTOB [3; 4], MPOTOHBI METHJICHOBOW TpyNIHBI cojeit (3a,
3b) mposiBisioTcst B BHAE cuHIIETOB B 06mactd 5.03 um 4.93 m.A. cooTBeTCTBEHHO. B
crektpe AMP 'H coeunenus (3a) IpOTOHBI METHUITHHBIX TPYIII MPU aToMax a30ToB N1 u
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N5 pesonupyror B Bujae cunriera B oomactu 4.02 m.a. IIpoTOHBI METHIHHOW TPYIIIBI
comu (3b) mpu atome azora N5 TpOSIBISIOTCS B BHAE CHHIIIETa B obmactu 3.92 M.A.;
STUIBHBIN 3aMecTUTEIb TpH atomMe N1 TpeactaBieH KBaAPYIIETOM METHJICHOBBIX
MIPOTOHOB B oOnactu 4.52 M.JI. ¥ TPUILIETOM MPOTOHOB METHJIBHOHM TPYIIIHI B 00JaCTH
1.28 m.n. XapakTepHOW OCOOCHHOCTBIO ATHX CICKTPOB SBJISCTCS TOT (PakKT, dHTO
MOSIBJICHUE TIOJIOKUTENLHOTO 3apsijia Ha aToMe a30Ta N5 BBI3bIBAET CHIBHOEC CMEIIICHHUE B
00nacTh CIaboro TOJS CHUTHAJIOB apOMAaTHYECKHUX MPOTOHOB, MPOTOHOB METHIICHOBOMN
TPYNIBI, a TaKkKe METHWJIBHOW TPYMIBI B MOJIOKEHWH 4 10 CPaBHEHHWIO C CUTHAJIAMH
AHAJIOTHYHBIX TIPOTOHOB MCXOAHBIX 1,5-0eH30aua3enuuonos-2 (2a, 2b).

Tabauya 1
Mapamerpsi cniektpos SIMP "H noanor ueTBepTHUHBIX coeii (32, 36)
Rl
O
R, N
Tl ©
@/
] CH;
Ne R R, R» Xumuueckue casury, o, M., IMCO-dg
COC/TMHEHUSI
7.96-8.02 (M, 2H, H apom.), 7.62-7.68 (m, 2H, H
apom.), 5.03 (c, 2H, CH,), 4.02 (c, 6H, N;CH3 +
3a H CH, CH, N:CH,), 2.43 (c, 3H, CH,)
7.94-8.10 (M, 2H, H apom.), 7.60-7.76 (m, 2H, H
apoM.), 4.93 (c, 2H, CHy), 4.52 (x8, 2H, CH,CHj),
3b H C,Hs CH3 3.93 (c, 3H, NCHy), 2.41 (¢, 3H, CHs), 1.28 (T,
3H, CH,CHz)

Hns  HK-cnextpoB uerBepruuHbix coneil (3a-f) HamOonee XxapakTepHBIMHU
SIBIISIIOTCSL  TIOJIOCHI  BAJICHTHBIX ~ KOJNEOaHWH KapOOHWIBHOM Tpynmbsl B objacTtu
1720-1690 cm ™ 1 monocs mormomerns cesizeit C=N (1635-1610 cm ™) [5; 6], KoTOpbIe
CMEIIEHbl 10 CpPaBHEHHMIO CO CHEKTpaMH HCXOAHBIX  NI-ankuwicoaepkamx
1,5-6en3oauazenunonoB-2 (2a-f) B obmacte Oosice BBICOKHX YacTOT, YTO OOYCIOBICHO
MOSIBJIEHUEM TIOJIOKUTEIBLHOIO 3apsiia Ha aTome a3ora NS.

Takum 06pa3oM, TPUCYTCTBUE IIEKTPOHOJOHOPHBIX TPYIII B CTPYKTYPE HCXOTHBIX
coelMHEHNH (2a-e), M0-BUINMOMY, YBEIMUUBAET IEKTPOHHYIO INIOTHOCTh Y aTOMa a30Ta
NS5 1 nOoBBIIIAET €r0 OCHOBHOCTS, @ TAK)KE MOHMKAET KUCIOTHBIE CBOWCTBA METHIICHOBOM
TPYIIIEI, 9TO CIIOCOOCTBYET IPOTEKAHHUIO PEaKITH 1o aToMmy azoTta NS.

JKCcIepUMeHTAIbHAS YacTh

UK-cnektpsl cHumanu Ha cnekTpomeTpe Specord-75 IR anst 0Opas3moB TBepabIX
coeuHeHN B TabneTtkax Opomwucroro kKamua. Crextpel SIMP 'H sammcsBann Ha
pamuocnektpomerpe Varian VXR c¢ paboueld vactoToii reHeparopa 400 MI'nm mns
PacTBOPOB COCAMHEHUN B JEHTEpOIUMETHICYIb(GOKCHIE ¢ ucnoib3oBaHuem TMC B
KayecTBE BHYTpEHHEro craHjapta. KOHTpoib 3a XOJIOM peakiuid W YUCTOTOU
CUHTE3UPOBAHHBIX COSAMHEHUH ocymiecTBisuin MeronoM TCX Ha mimactuakax Silufol
UV-254.

OO0masi MeTOAMKA MOJyYeHHs] HOAUIA0B deTBepTHuHbIX coJeii (3a-f). K
pacTBOpy 2 MMOJIb CcoOOTBeTcTBYIOIIero N1-aakuin-4-metui-1,5-0eH30mua3enuHona-2
(2a-f) B 5 mu1 Oensosna npudasisuti 20 MMOJIb HOANUCTOTO aliKMIIa (MOAUCTOTO METHIIA WIT
noauctoro dtmina). CMech KAMATHIN B TedeHHe 18-46 4, pacTBOpHUTENs yIapHUBAJIH.
MacnooOpa3Hblii 0CTATOK 3aKPHCTAIUIM30BBIBANN TP PACTUPAHUM C TEKCAHOM HIIH
JU3THIIOBBIM 3(QHUpOM, 00pa3oBaBILMECS KPUCTAJUIBI HPOMBIBAJI AUSTHIOBEIM 3(QUpOM,
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OCH30JIOM W OYMINATH TEpPeKpUCTAIN3anuel U3 3TaHoia. B ciaydae comm (3a) mocie
yrmapuBaHusi OeH30lla 00pa30BaBIIMICS OCAJOK TPOMBIBAIN JTUITWIOBBIM 3(QUpOM,
OCH30JI0M U MEPEKPUCTAITU30BBIBAIIN U3 ATAHOJIA.

Homun 1,4,5-tpumerni-1,5-6en3onnazenunona-2 (3a). Beixon 77 %, 1. mi. 232-
233 °C. UK-cmextp, cM - 3015, 1720, 1610, 1540, 1470, 1305, 1160, 760.

Honua 1-3twi-4,5-1umerna-1,5-6enzonuazennnona-2 (3b). Beixox 71 %, T. mu.
213-215 °C. MK-cmextp, cM : 3040, 1720, 1615, 1535, 1480, 1365, 1165, 770.

Honua 1-v-nponui-4,5-mumerni-1,5-6enzonquazenunona-2 (3c¢). Boixon 58 %,
1. 1. 237-239 °C. YIK-cmextp, e - 3030, 1715, 1615, 1535, 1470, 1355, 1160, 760.

Homnn 1,4-mumeTni-5-3tua-1,5-6enzonquasenunona-2 (3d). Breixox 49 %, T. .
187-189 °C. MK-cmextp, cM *: 3020, 1705, 1615, 1545, 1470, 1350, 1165, 760.

Honua 1,5-numdTui-4-merni-1,5-6en3oanaszenunona-2 (3e). Boixon 45 %, T. m.
185-187 °C. MK-cmextp, cM *: 3060, 1690, 1630, 1470, 1385, 1265, 1080, 770.

Homupx 8-xusop-1,4,5-tpumernn-1,5-6enzonquazenunona-2 (3f). Beixon 75 %,
1. 1. 207-208 °C. YK-cmextp, cm - 3025, 1710, 1635, 1460, 1365, 1150, 765.
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Aleksandr A. Gaponov

Oles Honchar Dnipropetrovsk National University, 72, Gagarin Ave.,
Dnipropetrovsk 49010, Ukraine

REACTIONS OF 2,3-DIHYDRO-1,5-BENZODIAZEPINONES-2
DERIVATIVES QUATERNIZATION

Alkylation of 1-alkyl-4-methyl-2,3-dihydro-1,5-benzodiazepinones-2 with alkyl halides is shown
to result in the formation of quaternary salts. In contrast to 1,5-benzodiazepinones-2, unsubstituted at
position 1, quaternization of 1-alkyl-derivatives requires larger excess of alkyl halide and prolonged
(18-46 h) boiling in benzene. Quaternary salts are obtained in yields 45-77% as crystalline deposits or
oils which crystallized upon grinding with ether or hexane. The yields depended on the nature of alkyl
halide and the substituent at position 4. The yields obtained with ethyl iodide were notably lower
compared to those with methyl iodide, and the reactions were significantly slower. At the same time,
quaternization of 1-alkyl-4-phenyl-2,3-dihydro-1,5-benzodiazepinones-2 did not proceed even upon
boiling in benzene with methyl iodide for 80 h.

Key words: 1,5-dihydrobenzodiazepinone-2; alkylation; quaternization.
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Onexcanmp O. 'antoHOB

J{ainponer poBcsknii HanioHa bHAKH yHIBEpeHT €T iMerl Onecs I onqapa, np. I arapina, 72,
Jleinporer poscek 49010, Yrpaina

PEAKIIISI KBATEPHI3AIIT OXITHUX 2,3-TUTIIPO-1,5-
BEH30/TIA3EITTHOHIB-2

IToka3ano, 1o AJIKITyBaHHSA 1-ankin-4-merni-2,3-qurigpo-1,5-6en3oniazeninonis-2
aJIKiJIrajaoreHizaMu NpuBOIUTD 0 YTBOPEHHs] YeTBEPTHHHHUX coJieii. BcranoBieHo, 0 Ha BiAMiHY Big
AJIKLTyBaHHA He3aMillleHMX B noJiozkeHHi 1 1,5-0Oen3oniazeninoniB-2 peakuiss kBaTepHi3anii nporikae
32 YMOB BUKOPUCTAHHS 3HAYHOI'0 HALTUIIKY AJKiJArajoreniny ta tpusajoro (18-46 rox) kun'sarinug B
Oensoui. YerBepTuHHI coJii oTpuMaHi 3 BUXoaoM 45-77% y BUrIsali KPpUCTAJIYHHUX ocaaiB a0o macen.
Ha Buxin 4eTBepTHHHMX coOJIel 3HA4YHY POJIb Bifirpa€e xapakrep ajJKIIrajJoresily Ta 3aMiCHHKa B
nouoxenHi 4. He Baasocsi oTpuMaTi 4eTBepTHHHI CO/li IPH BHKOPUCTAaHHI B sKkocTi cyOcTpaTiB 1-
ankiia-4-genin-2.3-murinpo-1,5-0enzoniazeninonu-2, HaBiTh npu Kun'sTinHi B GeH3oni mporsirom 80
roa. byaoBy cHHTe30BaHHMX CHOJIYK IITBepI:keHO 3a aonomoror aaHux IY-cmekTpiB Ta crmekrtpis
SIMP 'H.

Kniouosi cnosa: 1,5-gurinpodensonia3eniHonn-2; ankinyBaHHs; KBaTepHi3aLlis; OyaoBa.
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Tatesna C. Oxosuras, Urops H. TapaGapa”

JlrenporeT poBCKHE HAIIHOHAIbHBIH YHHBEPCHT eT HMeHH Onecs [ onuapa, np. I arapuna, 72,
/lrenponer posck 49010, Ykpanra

CHUHTE3 U HEKOTOPBIE PEAKITUY
2-(3,5-IMOKCO-4-A3ATPULIMKIIO[5.2.2.02,6]VH(ELI-8-EH-4-
VT)ITPOTIAHOBOM KUCJIOTHI

Ha ocHOBe 10CTYNHOrO0 4-0KcaTpHunKI0[5.2.2.0%% yuen-8-en-3,5-1M0Ha CHHTE3UPOBAHA HOBAS
2-(3,5-amoKco-4-azaTpuunKno[5.2.2.0> lyneu-8-en-4-nmnponanosas  kuciora. M3ydeHo momeaeHue
nocjefAHeil B psAjJe CTAHIAPTHBIX /ISl KapOOHOBBLIX KHCJIOT pPeaklMii: O0CyINecTBJeH CHHTe3
XJIOPAHTHAPHAA KHCJIOTHI, MOJYYeHbl NPOCThble AMHMIHBbIC NPOM3BOJAHBbIC, MOKA3aHA BO3MOKHOCTH
TpanchopmManun KapOOKCHIBHOH TIpynnmbl B  H30IMHAHATHYI0O B  KJIACCHYECKHX  YCJOBHAX
neperpynnupokn Kypimyca, a Takike ocyliecTBJIeH CHHTe3 HOBBIX KapKacHbIX MoueBHMH. Ciexyer
OTMETHTB, YTO TepMHUYeCKasl MepPerpynnupoBKa a3uaA0B AAHHOTO PsiAa, KAK M MOJYyYeHHBIX paHee HA
OCHOBE JH/MKOBOI'0 AHTUAPH/A, IPOTEKAET ¢ COXPAHEHUEM HANPSKeHHOM ABOiiHOI cBaA3H. CTPpyKTYypa
CHHTE3MPOBAHHBIX cOeIMHEeHMI moaTBepxkaeHa NaHHbIMU UK-cnexTpoB u cnektpoB AMP 'H.

Kniouesvie cnosa: 4-oxcarpunnkio[5.2.2.0%%]yunen-8-en-3,5-mmon; 2-(3,5-110KCcO-4-a3aTPHIHAKIO-
[5.2.2.0%]yHmen-8-en-4-mm)IponaHoBas KICIOTA, AMI, a3HJ; IeperpynmupoBka Kypuuyca.

Beeaenne. IlpomykTsl KoHAeHcanuu OSHIWKoBoro amrumpuga (1) ¢
aMMHOKHCIOTaMu — 2-(3,5-1uokco-4-azarpuukio[5.2.1.0%%| nen-8-en-4-ui)kapOGoHoBbIe
KHCJIOTBI — JIOCTaTOYHO LIMPOKO IPEJICTaBIeHbl B HAy4yHOH jureparype. B uactHocTH,
Koxom ¢ corp. mnpu moinydyeHMH OMLIUMKIMYECKMX  aHAJIOrOB  TalMJIOMUAA
oxapakrtepu3oBanbl coequnenus (2, R = H, CH;, C;Hs) 1 mpoaykTel ux B3auMOACHCTBUS
¢ ammuakom [1].

ITo3xe m3ydeHsl peaknuu anruApuaa (1) ¢ THAPOXIOPUIAMI METHIOBBIX 3(HUPOB
[JIMIMHA, alaHuHa, (PeHWITTUINHA, BaJHA, U30JIeHIHA, CEpUHA W LUCTHHA, B3ATHIX B
paleMUYecKod M ONTHYECKH aKTUBHOH (opmax [2]. BaxkHble MpOAYKTHI MOJYYECHBI Ha
ocHOBe 3(upoB mpojiuHa [3; 4], B UX 4yucie — KOH(GOPMAIMOHHO KECTKHE aHAJIOTH
9H3UMOB, NENTUABI, MCEBAONENTHABI W CHHTOHBI JUIsl MX CO3JaHMs, B YacTHOCTH,
coenunenus (3) [5].

(@]
/ ﬁ%o ﬁ% ﬁ%"
N =C
CO,H 0

|5I'O
RO’
1 2 3 4

Psim pa®ot B 9TO# 00/acTH BBIOJHEH paHee M Ha Halled Kadeape, Ha OCHOBE
MOJIEKYJI ThMa (2) mosydeH OOIIUPHBINA Pl HOBBIX aMUIOB, MOYEBHH, ypeTaHoB [6-8]. C
Jpyroil CTOPOHBI, MBI HE HAUUTA HU OJHOW pPadOTHI, MOCBALICHHOW IPOU3BOIHBIM,
CHHTE3MPOBAHHBIM Ha OcHOBe aHanora (1) — 4-oxcarpumukio[5.2.2.0°%ynaen-8-eu-3,5-
mroHa (4). OTo W ompeaenusao IeNb MaHHOTO HCCIEAOBAHUS — CHHTE3 M HW3YYCHHE
peakiuoHHOi  cmocobHocTH  2-(3,5-muokco-4-azaTpuimkio[5.2.2.0*%lyunen-8-en-4-
WJI)IPOTIAHOBOM KHCIIOTHI.

* Correspoding author: Tel.: 380567768223; fax: +380563749841; e-mail address: igor_nt@mail.ru

© Tatpsna C. OxoBuras, Urops H. Tapabapa, 2013
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Pe3yabTaThl 1 HX o6cy:xaenne. 4-Oxcarpurmkiio]5.2.2.0°° yunen-8-en-3,5-11oH
(4) cuHTe3WpOBaH IO KIacCHUYECKOW Meromwke [9] peakiuei 1,3-muKkiaorekcaaveHa c
MaJeHHOBBIM aHTUApuaoM B OeH3one. KoHpeHcanuio anruapuna (4) ¢ araHUHOM
MIPOBOAMIIN B CTAaHAAPTHBIX YCIOBHSIX — KHITYCHHEM B W30BITKE JICJTHOW YKCYCHOU
KHCJIOTBI B TEUCHHUE 7- 8 9; TIPU 3TOM LIE€JIeBOM MPOAYKT (5) morydeH ¢ BEIXoaoM 96%.

0 0
El‘z / Ala /
_—
T CeHg ACOH N__co,H
g g 2/
3

4 5

Janee mpu nericTBUU HEOONIBIIOTO M30BITKA TIeHTaxyIopuaa Gpochopa B XJIOPUCTOM
MeTHIIEHE KuciaoTa (D) Jierko TpaHchopMHpoBaHa B xyopaHruapun (6), KOTOpwlid B
PEaKIusaX ¢ PsAAOM IPOCTHIX aMUHOB B TIPUCYTCTBUH TPUATHIAMHUHA MPEBPAIIEH B aMHIBI
(7a-c); cTpykTypa TMOCIEAHUX TMOATBEPXKACHA C MOMOIILI0 MaHHBIX WK-CriekTpoB u
crektpoB AMP H.

0
. POk RNH,  //
CHCl,” C(O)CI EiaN, CH,Cl, g NZ/C(O)NHR
H

6 7a-c
R = CH3 (@), CH2Ph (b, Ph (C)

Ilpu nerictBuu Ha xjopadruapuj (6) asuma Hatpus B AByxGasHOM cpeme ¢
BBIXOJIOM, OJIU3KUM K KOJMYCCTBEHHOMY, CHHTE3MPOBAH COOTBETCTBYIOIWE asun (8);
BCJICJICTBUE JIAOWIBHOCTU COCIWHEHWH JaHHOTO THIIA TIOCICIHUN HE TOJBEprayics
JIOTIOTHUTENBHON OYHCTKE, a Cpa3y IIociie IMPOCTOW OOpabOTKHM HCIIONB30BANCA Ha
CIeayIoleH CTauM.

NaN,, Bu,NBr CgHg, t°C
6

8 9

Kunsuenuem asuma (8) B Oensone B Teuenue 1-1,5 u momyden wmsonmanat (9),
CTPYKTypa KOTOPOTO KOCBEHHO IIOATBEPXIE€HA MPEBPAIIEHHEM B COOTBETCTBYIOIINE
MouesnHbI (10 a-C); JUTs OC/IEIHAX TAKKE 3aMHCAHBI crieKTpsl SIMP H.
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R-NH, 7 0
CgHg, 20-25°C N H
3 Z/ NHR
7]/
Hy 3
10a-c

R = CH,Ph (@), Ph (b), CeHsOCHap (%)

Takum oOpa3om, B paboTe MPOAEMOHCTPHUPOBAHBI CHHTETHYECKHE BO3MOXXHOCTH
HOBOTO TIPOAYKTA KOHACHCALHH 4-0okcaTpuiukio[5.2.2.0*%|yunen-8-cu-3,5-qmona ¢
amanrHOM (5). B 11emoM, TOBEIEHUE 3TOTO COCAWHEHHWS TPAKTUYeCKH HUYEeM He
OTJIMYAETCSl OT aHAJIOTOB — IPOW3BOMHBEIX SHAWKOBOro aHruapuna (1). Bmecre ¢ Tem,
BO3MOJKHO, 3aMeHa OHMOIeHHOro «HOPOOPHEHOBOro» Kapkaca Ha OWIHKI0[2.2.2]-
OKTaHOBYIO CHCTEMY IpPHBEIET K BO3HHKHOBEHHIO HOBBIX OHOJOTHYECKUX CBOWCTB
COCTMHEHUIA JAHHOTO psja.

JKCcnepUMeHTAIbHAS YaCTh

UK-criektpel m3Mmepsuiin Ha crekrpomerpe Nicolet Impact-400 ans oOpasios
coennHeHuil B Tabnerkax ¢ OpomuaoM kamms. Crektpel SIMP 'H samuchiBanu Ha
paauocnekTpomerpe Bruker ¢ paboueii yacroroii reneparopa 400 MI'i mjs pacTBOpOB
coemuaeHnt B DMSO ¢ ncnonp3zoBanneM TMC B KadecTBE BHYTPEHHETO CTaHAapTa.
KoHTponp Ham NpoTeKaHWEM pEaKIMii W YUCTOTOW CHHTE3WPOBAHHBIX COCIUHCHUM
ocymectasuin meronoM TCX nHa mnactmrHax Silufol UV-254, smoeHT — cMech
atunarerar-rexcat (2:1), mposiBUTeNb — mapsl Hona.

4-Oxcarpunukio[5.2.2.0*°lynaen-8-en-3,5-1mon (4) CHHTE3HPOBAH C BHIXOIOM
72 % 1o MeToIMKe, IPUBEACHHOM B [9].

2-(3,5-Inokco-4-a3aTpuumnk.i0[5.2.2.0°°|ynmen-8-en-4-ni)nponanoBasi Kucjio-
Ta (5). Cmech 18.0 1 (0.10 mons) anruapuna (4) u 9.0 T (0.10 Momb) 2-aMUHOTIPOTIAHOBOM
KHCIIOTHl KUTATWIA B 60 MII JIETHOW YKCYCHON KHCIIOTHI JO OKOHYAaHHS pPEaKIUu
(mannbie TCX). U30bITOK YKCYCHOM KHUCIOTHI YAQISIM B BAKYyMe, K OCTaTKy J00aBIIsUIH
BOJly, BBITIABIIYIO KHUCIIOTY OTQWIGTPOBBIBAIM, TINATEIHHO MPOMBIBANIMA Ha (QUIbTpe
BOJIOH, BBHICYIIMBAJIM Ha BO3MyXE M KPUCTAIUIM30BaIM W3 OCH30/a WiIH 2-TIPOMaHOJIA.
Brixon 24.0 T (96.4 %), 1. ut. 131-132 °C.

Xmopanruapua 2-(3,5-amokco-4-azarpunnkio[5.2.2.0*°lynaen-8-en-4-mi)npo-
maHoBoil kucJaoTel (6). K cycnensun 16.0 v (0.064 monb) xucnorsl (5) B 40-50 mn
CYXOTr0 XJOPUCTOTO METHJICHA MPHU NEPEMEIIMBAHUN U BHEIIHEM OXJIAXKIICHUM JICJSTHOU
Boj0H mocteneHHo po0apnstan 17.4 1 (0.083 mons) nmentaxiaopuna dGocdopa; Ipu 3TOM
kucinoTa (5) pacTBopsimack ¢ 00pa3oBaHMEM IIPO3PAYHOro pacTBopa. Ilocie OKOHUAHMS
peaxuu (2.5-3 4, ganuasle TCX) pacTBOp ynapuBaiu HalloJOBUHY, K OCTaTKy HOOaBIIsLTH
50-60 wMm rekcaHa, BbINABIIMH O0CAAOK  OTQWIBTPOBBIBAIM, KPAaTKOBPEMEHHO
BBICYIIMBAJIN B BaKyyMe BOJOCTPYHHOIO Hacoca M WCIOJB30BAIM Ha CIEAYIONINX
cTaauax 0e3 JOmoHUTeNbHOM 0uncTKU. Boixon 13.9 r (81.3 %), T. 1. 84-85 °C.

OO0masi MeToAMKA TOJYYeHHS] aMHUI0B, MPOM3BOAHBIX 2-(3,5-mHOKCO-4-a3a-
TpHIHKI0[5.2.2.0>°|ynaen-8-en-4-ua)nponanosoii kuciaorsr (7 a-c). K mepememn-
BaeMoll cMmecH 2.8 MMOJIb cooTBeTcTByIommero ammaa u 0.50 mur (3.6 MMoJB) CyXoro
TpudTHiaamMuHa B 10 mMi cyxoro xjopodopma noGammsin B oauH mpuem 0.75 r (2.8
MMOJIb) XJopaHruapuaa (6). PeaknMoHHY:0 cMech IEpeMElIHMBAIA IMPH KOMHATHOH
TeMIeparype 10 OoKoHYaHus peakiuu (nanusle TCX), neTyuue MPOAYKTHl yIAsUTH B
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BaKyyMe, OCTaTOK ITOCJICIOBAaTEIHLHO IPOMBIBAIM BOAOW, pa30aBIICHHONH MHHEpaIbHOU
KHACIOTOM, 5 %-HBIM  pacTBOpOM  THIpoKapOOHATa HATPUS, BBICYIIMBAIH H
KPUCTAJUTM30BAJIN U3 2-TIPOIAHOJIA.

N-Merni-2-(3,5-nnokco-4-azarpunukio[5.2.2.0>° | ynnen-8-en-4-wi)nponan-
amua (7a). Bexon 68.4 %, 1. mn. 114-115 °C. MK-cmextp, cm : 3330, 1770, 1690,
1655, 1570, 1245.

N-Ben3ni-2-(3,5-quokco-4-azarpunukino[5.2.2.0°° | yunen-8-en-4-wa)nponan-
amua (7). Beixox 83.5 %, T. mr. 124-126 °C. MK-cmextp, cm : 3350, 1758, 1695,
1660, 1580, 1536, 1290. Cnektp SIMP 'H (400 MI', DMSO-d6), 8, M. a.: 7.76 (M, 1H,
NH), 7.32 (M, 5H, Hypou ), 6.01 (M, 2H, HE, HY), 4.64 (m, 2H, CH,), 4.48 (x, 1H, CH), 3.30
(M, 2H, H?, H%), 3.26 (M, 2H, H', HY), 1.68 (M, 2H, H'®, H™), 1.52 (v, 2H, H'® H'®),
1.30 (1, 3H, CHs).

N-®enni-2-(3,5-1nokco-4-azarpuunk.io[5.2.2.0*°|ynaen-8-en-4-ua)nponan-
amuz (7¢). Bexon 81.7 %, 1. mn. 163-165 °C. Crextp SIMP 'H (400 MI', DMSO-d6),
8, M. 1.: 8.94 (M, 1H, NH), 7.80-7.64 (M, SH, Hupow), 5.96 (m, 2H, H®, H?), 4.60 (x, 1H,
CH), 3.58 (m, 2H, H? H®), 3.46 (m, 2H, H', HY), 1.72 (v, 2H, H'®, H'™), 1.60 (M, 2H,
H'% H'%), 1.32 (g, 3H, CHs).

2-(3,5-Inokco-4-a3aTpuunk.i0[5.2.2.0°°|ynmen-8-en-4-mi)nponanont azux (8).
K unrencuBHO nepemerimaeMoit cmecu 7.0 r (26.2 mMonb) xmopanruapuaa (6) u 0.05 r
(0.15 mmonb) TBAB B 40 M1 cyXoro XJopucTOro MEeTHJIEHa NPU BHEIIHEM OXJIaXACHUH
XOJIOJHOM BOJIOMU IO KaIIsaM J00ariisiiin pacteop 2.2 r (33.8 MMoiib) a3uaa HaTpus B 5-6
MJ BOIBI W TPOAODKAIA TIEPEMEIINBaHWE IO OKOHYaHWs peakiuu (maHuaeie TCX).
Opranudeckuid CIOW OTHCISIN, TPOMBIBATM BOJOH, KPaTKOBPEMEHHO BBICYITHBAIIN
MPOKAJICHHBIM CyJdb(GaToOM MarHus H YAAISUIH XJIOPHUCTHIA METWIEH B BaKyyMe
BOJOCTPYHHOTO Hacoca 6e3 BHemHero HarpeBanus. OOpa3oBaBIINK TBEPIBIN OCTATOK
Cpa3y e UCHOJIb30BaIU 0€3 JOMOJHUTEIHHON OYMCTKU Ha CIEIYIONEH CTauu; BHIXO
7.0 T (97.2 %).

OO0mas MeToIHKA MOJYyYeHUs] MOYEBHH, NMPOU3BOIHBIX 2-(3,5-mH0KCO-4-a3a-
TpHIuKI0[5.2.2.0>°lynaen-8-en-4-na)nponanosoii kucaorsr (10 a-c). TlonyueHHSI
Ha mpenpiaymeit cranuu asuf (8, 7.0 T, 26 MMoub) pactBopsutd B 30 MII aOCONTIOTHOTO
OCH30JIa U OCTOPOYKHO KHITATHIIN TIOJTYYECHHYIO CMECh JIO OKOHYAHUS BBIJICIICHHUS a30Ta
(1.0-1.5 g). TTocne oxmaxaeHus MOIYIEHHYIO CMECH Pa3Iesii Ha TPH YaCTH M K KaKI0H
yacTu 0e3 IepeMelnBanus J00aBsu 8.5 MMOIIb COOTBETCTBYIOIIETO aMuHa. [Ipu aToM
NpPaKkTHYECKH Ccpa3zy e HaOmoAanocs o0pa3oBaHME OCaAKa, COMPOBOXKIAIOIIEECS
MOBBIIIICHUEM TEMIICPaTyphl peakiuoHHOM cMecu A0 35-40 °C. Ha cneayromuii 1eHb
o0Opa3oBaBIIKEeCcs OCAJKH OT(UIBTPOBBIBAIH, MPOMBIBAIA OCH30JIOM, BBICYIIUBAIH U
JIBXJIbI KPUCTAILTU30BAIIN U3 2-TIPOTIAHOIA.

1-[1-(3,5-Anokco-4-azaTpuunk.io[5.2.2.0%°|ynaen-8-en-4-mi)rrun-3-6ensmi-
mouesmna (10a). Bexon 81.5 %, 1. mr. 144-146 °C. UK-cextp, oM - 3380, 3360,
1770, 1720, 1670, 1550, 1250.

1-[1-(3,5-Anoxco-4-azaTpuunk.io[5.2.2.0*°|ynaen-8-en-4-mm)rruia-3-penni-
mouesnna (10b). Bexox 73.1 %, . mr. 178-180 °C. Crmektp SIMP 'H (400 My,
DMSO-d6), 6, ™. m.: 8.92 (M, 1H, NH), 7.84-7.70 (M, SH, Hapon), 7.26 (M, 1H, NH), 5.98
(v, 2H, H®, H®), 4.74 (x, 1H, CH), 3.52 (v, 2H, H?, H®), 3.41 (M, 2H, H', HY), 1.84 (M, 2H,
H', HY™), 1.66 (m, 2H, H'®, H''®), 1.30 (z, 3H, CHs).

1-[1-(3,5-Tnoxco-4-azaTpunnkio[5.2.2.0*°|ynaen-8-en-4-mwi)>tia-3-(4-metok-
cupenna)moueBuna (10c). Beixonx 76.8 %, T. 1. 193-195 °C.
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Tetiana S. Okovytaya, Igor N. Tarabara

Oles Honchar Dnipropetrovsk National University, 72, Gagarin Ave.,
Dnipropetrovsk 49010, Ukraine

SYNTHESIS AND SOME REACTIONS OF
2-(3,5-DIOX0-4-AZATRICYCLO[5.2.2.0>°]UNDEC-8-ENE-4-YL)-
PROPANOIC ACID

Novel 2-(3,5-dioxo-4-azatricyclo[5.2.2.0>%Jundec-8-ene-4-yl)propanoic acid was synthesized
from easily accessible starting material, 4-oxatricyclo[5.2.2.0%®Jundec-8-ene-3,5-dione. Chemical
reactivity of the title was investigated. In particular, it was converted into the corresponding acyl
chloride and simple amides. Curtius rearrangement of the acyl azide delivered an isocyanate, which
was then transformed into a series of polycyclic ureas. Noteworthy, the thermal rearrangement of the
azide underwent without interference from the strained double bond present in the parent compound.

Keywords:  4-oxatricyclo[5.2.2.0*®]undec-8-ene-3,5-dione;  2-(3,5-dioxo-4-azatricyclo[5.2.2.0*%]-
undec-8-ene-4-yl)propanoic acid; amide; azide; Curtius regrouping.
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Tersna C. Okosura, Irop M. Tapabapa

J{ainponer poBcsknii HanioHa bHAKH yHIBEpeHT €T iMerl Onecs I onqapa, np. I arapina, 72,
Jleinporer poscek 49010, Yrpaina

CHUHTE3 I IESKI PEAKIIII
2-(3,5-ITIOKCO-4-A3ATPUIIMKIIO[5.2.2.0*°]VH IEL[-8-EH-4-
LI)IIPOITAHOBOI KHCJIOTH

Ha ocuoBi aocrymHoro 4-oxcarpmuukio[5.2.2.0>%|yunen-8-en-3,5-1iona cunTe30BAHO HOBY
2-(3,5-miokco-4-azaTpumukiio[5.2.2.0° |ynen-8-en-4-in)nponanoBy xuciaory. JIocHigKeHo MOBeTHKY
OCTAHHBOI B PsA/i CTAHAAPTHUX /UIS1 KAPOOHOBHX KHCJIOT peakuiii: 31iliCHEHO CHHTe3 XJIOpaHTriapuay
KHCJOTH, OTPMMAHO NPOCTi aMigHi moxinHi, moka3aHo MoskJauBicTh Tpancdopmauii kapOoKcHIbHOT
rpyny B i30LiaHATHY B KJaCHYHUX YMOBax neperpynysanHs 3a Kypuuycom, a Takox 3ailicHeHo cuHTe3
HOBHUX KapKacHHMX ce4oBuH. CJii BiI3HAYNTH, 10 TepMiyHe MeperpynyBaHHs a3suiB AaHOro psady, AK
U OTPUMAHHUX paHille HA OCHOBi €HIMKOBOIr0 AHriApuay, mepedirae 3i 30epe:KeHHSIM HANPY/KEHOTO
nojBiiiHoOroO 3B’fI3KY. CTpyKTypy CHHTE30BaHUX CIOJIYK MiATBEePIKEHO JaHUMHU
IU-cnexTpis i cnextpis SIMP "H.

Knrovuosi  cnosa: 4-0KcanI/IL[I/IKIIO[5.2.2.0z'e]yHIIeL[-S-eH-3,S-I[iOH; 2-(3,5-niokco-4-a3aTpHUIHKIO-
[5.2.2.0%%]ymzen-8-en-4-imnponamoBa KHCIOTA; aMi; a3u; HeperpymyBans 3a Kypimycom.
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YK 547.312: 547.327

Spocnas C. Bonnapenko”

JlrenporeT poBCKHH HAIIHOHAJIbHBIH YHHBEPCHT eT HMmeHH Onecsa [ onuapa, np. I arapuna, 72,
/lrenporner posck 49010, Ykpanra

OCOBEHHOCTHU AMUHOJIU3A AHTUJIPUIIA
2-(3,5-INOKCO-4-A3ATPUILIMKIIO[5.2.1.0%* | IEL]-8-EH-4- W11 )-

BYTAHIMOBOU KHCJIOTHI
OnmcaH CHHTe3 Psila HOBBIX AaMUIHBIX W MMHIHBIX HPOM3BOAHBIX 2-(3,5-1MoKC0-4-
a3aTpuuuKno0[5.2.1.0%°7" | en-8-eH-4-nn)GyTAHAMOBO  KHMCIOTBI  —  NPOAYKTA  KOHACHCALMH

IHIMKOBOI0 AHTHJAPUAA M ACNAPArHHOBOI KHCIO0THI. IIpoBeeHO KBaHTOBO-XMMHYeCKOe H3yYeHHe
pacnpeesieHdsl 3JI€KTPOHHOH TJIOTHOCTH B AHTHJPHJE BbIllle YNOMSHYTOW KHCJIOTBI, Pe3yabTaThl
KOTOPOI0 CBHAETEJIbCTBYIOT O MNPEINOYTHTEIbHOCTH ATAKH HYKJICO(PHIBHBIM pPeareHTOM aroMa
yriepoga KapOOHHJIbHOW TIpyNNbl, HaxXoAsllelics BO BTOPOM IOJIOKEHMH AHTHAPHAHOIO LMKJIA.
PernoxumMmnyeckoMy NPOTEKAHHIO PEAKIHMH CHOCOOCTBYIOT KAaK 3apsilOBblil, TAK M OPOMTAJbHBII
(daxropsl. [IpuBeaeHsl cieKTpaibHble NAPAMETPBI NOJIYYeHHbIX COeHHEHHUI.

Kniouesvie cnoea: acmaparuHoBasi KHCIIOTa; aMUAOKHUCIIOTA; pernoxumus; AM1.

Beenenue. Panee ObulO TOKa3aHO, YTO NPOAYKTHI KOHJEHCAIIMHA SHIUKOBOTO
aaruapuga (1) ¢ aMHHOKMCIOTAMH MOTYT BBICTYNaTh B KadeCTBE CHHTOHOB TIpH
MTOJIYICHUH OMOJIOTHYECKH aKTHBHBIX coenuHeHuit [1-4]. C npyro#t cTOpOHBI, U3YICHHIO
peakuuii anrunpuna (1) ¢ 3HIOreHHBIMU OPTaHU3MY AMUHOJINKAPOOHOBBIMU KHCIOTAMH,
B YaCTHOCTHU — aclaparnHOBOM, Y/ISIICHO MaJio BHUMAaHU B TUTEpaType.

EnnnaCcTBEHHBIH puMep WCCIIeTOBAHUSA KOH/ICHCAITU! aHTUApUIA
ounmkiio[2.2. 1 rent-2-eH-5,6-3H10-11MKapOOHOBOM KHCIIOTHI ¢ acaparMHOBOW KUCJIOTON
KacaeTcs IMOJTydeHUs aHanoroB (2) tanmunomuna (3), B 4aCTHOCTH, OBLITM CHHTE3UPOBAHBI
auruapun (4), umua (5) ¥ MerwizamenieHHbId uMmua (6), M3ydeHa OHOJIOrHYecKas
AaKTHBHOCTb 3THUX coenuHeHuil [5; 6]. Takxke, Obuto omucaHo nojaydenue umuaa (7) Ha
OCHOBE I'TyTaMHUHOBOM KI/ICJ‘IOTBI [7].

@/Z)O -u\/< @ m\/< 0
: ,,,,\gﬁ ©i¢;>f 1
WL O, Opg

Llenpto naHHOM pabOTHI SIBISETCS IIOJMyYeHHE W HW3YyYCHUE PEaKIMOHHON
CIOCOOHOCTH ~ HOBBIX ~ uMHIOB  (2) —  mpomsBoambeix  2-(3,5-mmokco-4-
asaTpuimkino|5.2.1.0%%”"% | new-8-cH-4-111)0y TAHAHOBOI KHCIIOTHL.

Pe3yabsTaThl u ux oocyxaenne. 2-(3,5-/Inokco-4-azarpurukio5.2.1. |men-
8-en-4-mn)OyranauoBas kuciora (8) Obula MONydeHAa KHISTYEHHUEM SKBUMOJSPHBIX

02,6—3H()0

* Correspoding author: Tel.: 380567768223; fax: +380563749841; e-mail address: yaroslav81@mail.ru

© Spocnas C. bonnapenko, 2013
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konmuuecTB aHruApuaa (1) u 2-aMMHOOYTaHIMOBOW KHCIOTHI B JICASHOM YKCYCHOMH
kuciiote [4]. Aurumpun (4) CHHTE3WpPOBAH C HCIIONH30BAHUEM IMPEIIOKCHHON HaAMHU
paHee Uil QHAJOTUYHBIX CTPYKTYp METOJHUKH — TyTeM oO0paboTku Kuciotel (8)
SKBHMOJIBHBIM KOJTHYECTBOM Aunmkiorekcuwikapbomuumuna (DCC) B nmuxiopmeTane
pu KOMHaTHOW Temriepatype [/]. IlpuMeHeHHEe 3TOro MEeTonIa ITO3BOIIIO IOTYyIUTH
1IeNIEBOM MPOJYKT BHICOKOW CTETIEHU YUCTOTHI.

o o)
@""‘/(o HooC )\/COOH @ \\\/( {COOH cc "‘“/<N
¢ 8 (

4

CtpykTypa ¥  OCOOCHHOCTH  PACTIPENCIICHHS]  DJICKTPOHHOH  IUIOTHOCTH
AHTUAPUIHOTO IUKNIA (4) MO3BOJSET MpeanoiaraTb BO3MOKHOCTD MPOTEKAHUS pPeaKIfi
HYKJICO(QUIBHOTO 3aMeIleHus MO OJHOMY M3 JBYX aTOMOB YIJiepoaa KapOOHMIIBHBIX
rpynn. C y4eToM MOJIpHOTO (hakTopa CIENOBANO OXHUAATh aTakd HyKICO(MIBHBIX
pEeareHTOB Ha aToOM YIJIEpoAa, NMPUOIMKEHHBIH K 3JEKTPOHOAKLENTOPHOMY HMHUIHOMY
3aMecTuTeN0. KBaHTOBO-XMMHUYECKOE M3yUYCHHE NMPOBEACHHOE B pamkKax merona AMI
[8; 9] mms naByx Hambosee cTaOWIBHBIX U30MEpoB aHruapuaa (4) (tadbm. 1),
MOJTBEPXKIAET TMPENNOYTHTENFHOCTh PACKPBITHS AHTUAPHUIIHOTO IHKIA MYTeM aTaKu
Hykieopuna no atomy C' ueMy GmarompuaTCTBYIOT M GONBIIAS BEITMUMHA 3apsAia HA
aToMe Kap6oHmmpHO rpymmsr C'* 1 Menbumit mopsnox caszu Cy,=0.

Tabauya 1
T'eomeTpusi M pacnpenejieHue JIEKTPOHHOI IVIOTHOCTH B H30Mepax (4a, b) anruapuna (4)

1314 O
\\\< 4‘1_2g
6 "'\g)
ITapamerp 4a 4b
U3zomep E =-0,19961 xkan/Moib E =-0,19949 kxan/moib

E B3MO» ¢B -10.3876 -10.5856
E HBMO> eB -0.0639 -0.0703
AE, eB 10.3237 10.5153
%C14 B HBMO 0.0936 0.0677
%C1, B HBMO 0.1648 0.1149
IMopsinok C14=0 1.9002 1.9002
[Mopsinok C1,=0 1.9014 1.9023
HOpS{,E[OK C14'Ol5 0.9472 0.9474
TTopsinox C15-O15 0.9675 0.9675
3apsin Cyy 0.3570 0.3569
3apsin Cyp 0.3364 0.3360
3ap5[l[ O:C14 -0.2795 -0.2796
3apsn O_ci» -0.2772 -0.2755
3apsn Ogs -0.2809 -0.2802
Pasznocts 3apsnoB C4=0 0.6365 0.6365
Pasnocts 3apsigoB C1,=0 0.6136 0.6136
Pasnocts 3apsaoB Ci4-O15 0.6379 0.6379
Pasznocts 3apsioB C15-O5 0.6173 0.6173
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IIpoBeaeHo B3anMozeicTBHE aHTHApHAA (4) ¢ aMUHAMHU Pa3IUIHON TPUPOIHL;
MOJy4YeH psga HOBBIX aMHIOKHCIOT (9a, D), crpykrypa ammmoxmciaorsr Geira (9b)
HOZ[TBCp)KZ[CHa c HOMOH_IBIO CIIEKTPAIbHBIX JTAHHBIX.

< 415/ _ AR @ /< COOH
ot
R =Bn (9a), p-Tol (9b)
4 9a b

B cnexrpax SIMP 'H, 3anucanusix s amunokuciotst (9b), Hapsay ¢ curaanam,
OTHOCSIIIUMUCS K PE30HAHCY MPOTOHOB KapKacHOro (hparmMeHTa, MPUCYTCTBYET TpymIia
CHTHAJIOB, XapaKTCPU3YIOIIMX PE30HAHC MPOTOHOB alu(aTHUecKuX (parMeHToB u
(yHKIMOHANBHBIX TPYIII 3aMecTuTeNe (Tad. 2).

Tabauya 2
Iapamerpsi ciektpos SIMP 'H cunTesnpoBaHHbIX coeanHenuii, 8, m.1., KCCB, 'y
Ne it crpykrypa coemmnenmst  |HE, H®| H? H® | HYL, H' |H'S H2%| HY HY? 3aMecI;lnTen;{
( ; iz(éOOH 2.41 183
4.74 2 ' 12.53 (2H,
5.96 3.34 |3.22 3.15| 1.49 J
8 \< 11'COOH 3‘]11&2 6.1 i22A_’Ll‘.ZB COOH)
8
12.36 (1H,
COOH), 9.90
oy, 3/2) 1325 < }CH‘% 208 261 (1H, NH),
? 5 N O 5.97 3.39 3.35| 3.23 1.50 5.00 éJ . 7.46 2H, H
8L 1 COOH 5.85 |~ ' ' ' %111, 6.8 fs‘\é?B apom.), 7.09
o ' (2H, H apom.),
9b 3.23 (3H,
CH,3)
1314 O 731 2H, H
3.14 3.07| apom.)
11N p 5
f\@ 2(1)2 344 | 328 | 156 |5 5'0611 5| iaza | 7.09 QH.H
' 18,12 7 10.0 | apom.), 2.35
(3H, CHj)

KI/IHH‘-ICHI/ICM B Oe3BoHOM mupuauHe [7] amupokuciora (9b) 6puta mpeppamiena B
cootBercTBytomuid uMua (10), cTpyKTypa KOTOpOro MOATBEpKACHA NAaHHBIMU CIIEKTpPa
SIMP *H (tabu. 2).

IKCIepUMEHTAILHAS YACTh

UK-cnektpsl u3mepsuin Ha cniektpomerpe «UR-20» anst o0pasioB coequHEHU B
TaGnerkax ¢ GpomuzoM Kamms. Criextpst SIMP 'H sammchiBaim Ha pagpoCIieKTpOMETpe
Varian (padoune gactoTsl reHeparopa 200 MI') ans pactBopoB coequnenuit B JIMCO c
npuMeHeHneM TMC B kauecTBe BHYTPEHHETO cTaHaapTa. KoHTposb 3a X00M peakiui u
YHCTOTOW CHHTE3UPOBAHHBIX COSAWHEHUH ocymecTBsun MetogoM TCX Ha ruiacTHHKax
"Silufol-UV-254”, smoent — 1,4-auoKkcaH, IpOSIBUTEND — Tapsl Hoza.

2-(3,5-Iuokco-4-azaTpunukino[5.2.1.0° %"’ nen-8-en-4-un)6yranauopas
kuciaora (8) cunresmpoBana o Meroamke [4] m3 10.00 r (0.061 MoaB) SHANKOBOTO
aaruapuzaa u 8.11 r (0.061 monp) panemMuyeckoil 2-aMUHOOYTaHANOBON KUCIOTHL. Brixox
14.43 r (84.8%), T.un. 172-173°C. UK-cnextp, cm ™ 3230, 1770, 1750, 1715, 1700, 1260,
720. Cnextp SIMP 'H, 8, m.x. (200 MI'y, DMSO-dg): 12.53 yurc (2H, COOH), 5.96 m
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(2H, H®, H%), 4.74 m (1H, H" 3111, 6.1), 3.34 M (2H, H?, H®), 3.22 M (1H, HY), 3.15 M
(1H, H"), 2.41 an (1H, H'* 31,1, 6.1), 1.83 mx (1H, H?), 1.49 1 2H, H'*, H'®).

Anrmapun  2-(3,5-qmokco-4-azarpunnkio[5.2.1.0°°7"| nen-8-en-4-un)6yran-
auoBoii kucaorel (4). K pactBopy 2.79 r (0.01 mMoss) kuciots! (8) B cMecu 0€3BOIHBIX
IUXJIOpMeTaHa u quokcaHa (5:1) mobasisuy npu nepemeruBanuu pactsop 2.02 1 (0.01
Mostb) DCC B 10 M 0€3BOMHOTO TUXJIOPMETaHA M IPOMOJDKATH TEepeMEIIHBAHUE 0
OKOHYAHUS peakiuu (maHHBIC TCX). Ocanox oOpa3oBaBIeiics
JUITUKIOT€KCUIMOYCBUHBI OT(i)I/IHBTpOBBIBaHI/I, @HanpaT ynoapuBaliu, OCTaToOK
KpUCTAJUTM30BaIu U3 Oe3BojgHOro Oensoma. Beixom 2.16 r (82.9%), T.mn. 161-163°C,
R¢ 0.66.

N-(n-Tommm)amua 2-(3,5-auokco-4-azaTpunukio[5.2.1.0°°7"| xen-8-en-4-mn)-
oyranauoBoii kucaorsl (9b). K pacreopy 0.47 r (1.8 mmons) anruapuma (8) B 10 mur
cyxoro OeHzona mpu nepememnBanuu nodasisum 0.19 r (1.8 MMoinb) n-TodyuanHa H
NpOIOJDKAIHM TepeMellnBaHie 10 okoH4YaHus peakuuu (naHaele TCX). PactBopurens
VAT, OCTAaTOK TOJBEPralyd IEpeKpHCTAUIM3aiy u3 2-mpomnanoia. Beixoxg 0.34 1
(54.2%), 1.1, 186-187 °C. Criextp SIMP 'H, §, m.1. (200 MT'tr, DMSO-de): 12.36 yrmc
(1H, COOH), 9.90 c (1H, NH), 7.46 n (2H, H apom.), 7.09 1 (2H, H apom.), 5.97 m (1H,
H®), 5.85 M (1H, H%), 5.00 m (1H, H" )11 1, 6.8), 3.39 M (1H, H?), 3.35 m (1H, H®), 3.23 M
(2H, HY, H"), 3.08 mn (1H, H* %)y,11 6.8, U121, 15.6), 2.61 mxn (1H, H?), 3.23 ¢ (3H,
CHy), 1.50 1 (2H, H'®, H'%).

N-Bemsmnamug  2-(3,5-1uokco-4-azaTpuuukiio|5.2.1 |neu-8-en-4-un)-
OyTanauoBoii Kuca0ThI (92). CHHTE3HPOBaH TI0 MPUBEAECHHOM BBl MeTOoaUKe U3 0.47
r (1.8 MmMonb) aurunpuna (8) ¢ Beixogom 0.41 1 (61.4%), Tt 178-179°C.

N-(n-Tommm)umun 2-(3,5-auokco-4-azaTpumukio[5.2.1.0°°7"| xen-8-en-4-mn)-
oyranauoBoii kucaotwl (10). Pacteop 0,48 r (1,3 Mmmons) amumokuciaoTs! (9b) B 10 mur
0E€3BOHOTO THUPHUAWHA KHUISATHIN A0 OKOH4YaHUs peaknuu (maHaeie TCX), mupuanH
YIAISIN B BAKYyMe, OCTaTOK HMOABEPTaNU MEPEeKPUCTAIUIM3ANH U3 2-TIponanoia. Beixoa
0.33 r (73.1%), T.ru1. 238-240 °C. Cnextp AMP H, &, m.n. (200 MT't, DMSO-dg): 7.31 1t
(2H, H apom.), 7.09 1 (2H, H apom.), 6.15 M (1H, H®), 6.02 M (1H, H®), 5.06 M (1H,
HY %111, 4.5), 3.44 M (2H, H? H%, 3.28 m (2H, H', H"), 3.14 nn (1H, H'* %)y, 1, 4.5,
2151, 10.0), 3.07 mx (1H, H'?), 2.35 ¢ (3H, CHs), 1.56 1 (2H, H'®, H'®).
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Yaroslav S. Bondarenko

Oles Honchar Dnipropetrovsk National University, 72, Gagarin Ave.,
Dnipropetrovsk 49010, Ukraine

FEATURES OF AMINOLYSIS OF
2-(3,5-DIOX0-4-AZATHREECYCLO[5.2.1.02"|DEC-8-EN-4-YL)-
BUTANOIC ACID ANHYDRIDE

The synthesis of new amide and imide derivatives of 2-(3,5-dioxo-4-azatricyclo[5.2.1.0%%"%]-
dec-8-en-4-yl)butanedioic acid is described. The title amides were synthesized via corresponding diacid
anhydride, which was treated with various amines. It has been shown that aminolysis with p-toluidine
selectively delivers a single product, namely 2-(3,5-dioxo-4-azatricyclo[5.2.1.0%%*"%]dec-8-en-4-yl)-4-
oxo-4-(p-tolylamino)butanedioic acid. This selectivity can be explained by the charge distribution in the
starting anhydride and by larger LUMO coefficient on one of the carbonyl groups. One of the title
amido acids could be converted into the corresponding cyclic imide by refluxing in pyridine. This imide
is a close structural analog of thalidomide.

Key words: aspartic acid; amido acid; regiochemistry; AM1.

Spocnas C. bongapeHko

JlHinporner poBcekwii HaioHa s HEA YHIBEpCHT eT iMeHl Onecs I ordapa, np. Iarapina, 72,
Jlainpornier poBcsk 49010, Yipaina

OCOBJIMBOCTI AMIHOJII3Y AHTIJIPUY
2-(3,5-IIOKCO-4-A3ATPUIIUKIIO[5.2.1.0%6*#°| [E1]-8-€H-4-1])-
BYTAHJIOBOI KMCJIOTHU

Onmcano CHHTe3 psily HOBHUX amigHux Ta  imigHux  moxignumx  2-(3,5-miokco-4-
azaTpuunKio[5.2.1.02%"| ren-8-en-4-im)6yTanioBoi KHCIOTH — NMPOAYKTY KOHAEHCANii eHIHKOBOro
aHruapuay Ta acnaparinoBoi kuciaoru. IlpoBeneHo KBaHTOBO-XiMiYHe [JOCJII’KEHHSI PO3NOILIY
€JeKTPOHHOI I'YCTUHM y AHTiAPUAi BMILE 3ragaHoi KMCJIOTH, Pe3yJbTaTH SIKOro cBiTyaTh npo Oinbury
BUTIIHICTH aTaku HykJeodinbHUM peareHToM atomy KapOona kap0oHiJIbHOI Ipyny, sika 3HAXOAUTHCSA
B APYroMy noJio:keHHi aHriapuaHoro mukiay. Perioximiunomy nepediry peaxuii aminosizy anrigpuay
crnipusie K 3apsa0BMii Tak i opbiTansHuii ¢pakTopn. HaBeneHo crneKTpajibHi MapaMeTpH OTPUMAaHHUX
CHOJIYK.

Kniouosi cnosa. acapariHoBa KUCIIOTa; aMiHOKUCIIOTA; perioximist; AM1.
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YK 547.238

Ceemnana B. KpaBuenko”

Jlrenpormer poBCcKHE rocyaapcT BeHHBIH arpapHBIH YHABEPCHT €T , yiI. BopormwioBa, 25,
/uenponer posck 49600, Ykpanna

N-XJIOP-N-BEH30MJIOKCUBEH3AMU{

N-Xi10p-N-6eH30n10KkcuOeH3aMu1 NM0Jy4eH XjaopupoBanueM N-0eH30MI0KCHOEH3aMHA mpem-
oyruiarunoxjopuroMm. Crtpykrypa N-xsop-N-OeH3ominokcudeH3aMHIa IOATBEPXkKIEHA C IOMOUILIO
nanupix SIMP 'H n Macc-cniekTpoB. Ilpu nepememmBannu N-xJop-N-OeH3ouwjokcudeHzamuaa M
0e3BOIHOTO ameTraTa HATPUS B aneTOHHTpmiIe o6pasyercs N-Oemsomnokcudemsamua. Peakmus
4-N,N-gumermiiamunonupuauna ¢ N-xyop-N-Gen3onmnoxcnéeH3aMuaoM NPHUBOAUT K 00pa30BaHHIO
ruapoxyopuaa 4-N,N-mumermnamunonupuauna u  N-Genzomnokcudensammnga. B oGomx caydasx
NPOAYKTOB HYK/JICOQUWILHOIO 3aMelIeHHsl Y aToMa a30Ta He ObLI0 o0HapyxkeHo. HccinenoBanme
B3aumopeiicTBust N-xsiop-N-Genzonnokcndenszamuna ¢ ACONa wu 4-N,N-auMeTniaMMHONUPHINHOM
M0KAa3a710, YTO PeaKIMH HYKJeo(HJIbHOr0 3aMellleHUsl y aToMa a30Ta He XapakTepHbl 1ias1 N-xJjop-N-
ANUJIOKCHAMHIOB.

Kniouesvie cnosa: N-xmop-N-aunnokcubenzamuzpl;  N-anmnokcnbeH3amuas;;  HyKiIeo(uIbHOE
3aMelIeHne y aToMa a30Ta.

Kax mpasumo, N-xmop-N-ankokcumodeBuHbl U N-xmop-N-akokcukapbamaTsl Mpu
B3aMMOJICHCTBUU C HYKICO(DHUIBHBIMU areHTaMu O0pa3yOT MPOAYKTHI HYKICO(UIHHOTO
3aMmelneHus aroma xjopa [1-7], xors B psajge ciaydaes mias N-xmop-N-ankokcukapbamaToB
HaOromaeTcsl MPOTEKAaHWE OKHCIMTEILHO-BOCCTAHOBUTEIRHBIX peakiuii [8]. Tem He
menee, N-xiop-N-ankokcumoueBrHbl U N-xstop-N-ankokcukap6amatsl, mogooHo N-xiop-
N-amkokcuOeH3amumam, onucaHHbiM B paborax C. A. T'momepa [9], oTHOcsTCS K
AHOMEpPHBIM aMHJIaM, B KOTOPBIX BO3MOXXHOCTHh HYKJIICOQHIBHOTO 3aMENIeHHS aToma
XJIOpa y aToMa a30Ta 00yc0BJIeHa aHOMEPHBIM 3D (EKTOM No(ay—0*n-ci [9]. Bo3Hukaer
BONPOC — BO3MOXHO JHM HyKIeo(mibHOE 3amemieHne y atoma azora B N-xmop-N-
amuiokcnoen3amuiax? Mimm ke HU3Kas eIeKTPOHOJOHOPHOCTH aTtoma kuciopoma N-
aIMJIOKCUTPYNIBI OyIEeT MpersTcTBOBaTh aecTabmimmsanuu cBs3u N-Cl - BciencTsue
OpOMTATIBHOIO B3aUMOAEHCTBUSA No(cor)— 0 *N-ci?

Ham ypmamoce momyunts MajocTaOmnpHbIi  N-xmop-N-ammnokcmammn — 2
XJIOPUPOBAHHEM COOTBETCTBYIOIIETO O-6eH3omnOeH3THAPOKCaMaTa (N-
Oenzomnokcuben3amumaa) 1 mpem-OyrunrunoxiaoputoMm (cxema 1). Beixom Omm3ok K
KOJMYECTBEHHOMY.

}-NH veuoc A,
P bcO)ph P bc©)Ph
1 2

Cxema 1

[ony4yennriii N-x10p-N-OeH30mnokcuben3zamMun 2 MpeacTaBisieT cOO0I0 BS3KOE
MacJyo0, IOBOJIBHO OBICTPO MpEeBpaIiaronieecs: B HICXOAHBINH O-0eH30mI0eH3ruapokcamar 1
naxxke mpu temmeparype - 26° C. Tem He MeHee, yaanoch oxapakTepu3oBaTh N-ximop-N-
aIIoKcuOeH3aMuT 2 ¢ MOMOIB crnektpa SAMP lH, a TakXe, ¢ IOMOIIBI0 Macc-
criektpa. B cniektpe SIMP namHOTO coemmHEHHS HAOMIOMAIOTCS XapaKTEPHBIC CUTHAJIBI
MIPOTOHOB OCH3OJIBHBIX KOJNEm. B TO ke Bpems OTCYTCTBYET CHHIUIET mpoToHa NH-

* Correspoding author: Tel.: +380994844378; fax: +380562455357; e-mail address: svtailor@ukr.net
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rpymsl B oomactu 12,66 M.1., xapaktepHbiid st N-apormmokcnbenzamuaa 1.

BcenenctBue  BBICOKOH — JTAOMIIBHOCTH MBI M3YYWJIHM  B3aUMOJICHCTBHE
cBexenonydeHHOro N-xmop-N-OeH3ommokcuOeH3amMuaa 2 ¢ TaKUMH «CTaHIAPTHBIMI
JUTS HAIIMX MCCiIeoBaHui HykiIeopmiamu, kak AcONa u 4-1uMeTHIaMUHOITUPUAHH.

Okazajgoch, 4YTO TPH JUINTCIRHOM TiepeMemmnBanuu pactBopa N-ximop-N-
OCH30MIOKCHOCH3aMu 1a 2 B AICTOHUTPUIIC c AcONa oOpasyercs
N-Oenzomnokcubenzamuy 1 (cxema 2).

o cl o H
C a
Qy,\r ACONA_ NN
PIC bCO)Ph P bco)yph
2 1
Cxema 2
4-JluMeTHIIaMUHOTTUPUTUH pu JIEUCTBUU pactBopa N-xmop-N-

OcH30MIOKCHOCH3aMuIa 2 TIpeBpallaeTcss B CBOH THUAPOXJIOPHI, BTOPHIM IMPOIYKTOM
peakuuu sBisiercss N-Oenzomnokcudenzamuy 1 (cxema 3).

NMe,
| A NMe,
N/
PhCON(CHO,CPh ——— () § + PhC(O)NHO,CPh
®
N/
2 H 1
Cxema 3

Takum 00pa3om, HyKIIeO(UIFHOE 3aMEIICHUE Y aTOMa a30Ta B JAHHOM CIIydae, KakK
1 0)KHAJIOCh, HE HAOII0JaeTCs.

XoTs  ABYX  «TECTOBBIX»  peakuuii ¢  Hykineopumamu  N-xmop-N-
OeH3omIoKcHOeH3aMuAa 2 SIBHO HEJOCTATOYHO, YTOOBI CO3/1aTh OOBEKTHBHOE OMHMCAHHE
XUMUAYECKHX CBOHCTB nabmibHBIX N-xmop-N-anuinokcuamMugoB, TeM HE MEHee,
MOJy4YeHHbIE pe3yJIbTaThl HE TO3BOIISIOT pacCMaTpUBATh JaHHBIN KllacC COSIWHEHUH B
Ka4yecTBE YAOOHOTO O0BEKTa IJIsl M3yUEHUs HYKICO(UIFHOTO 3aMEIIEHHs Y aToMa a30Ta.
BeposiTHO, HH3Kas 3JIEKTPOHOAOHOPHOCTH aToMa KHCJopoaa OeHzomnokcurpymnmisl N-
xnop-N-OeHzomnokcuben3amMuaa 2 He CIOCOOCTBYET JOMHHHUPOBAHHIO OPOUTAIHLHOTO
B3aUMOJEHCTBUA Nog,)—0*N.cr. Hectabummsaus casu N-Cl ve mpoucxoaut. Peakiun
HYKJICO(UIBHOIO 3aMelleHus y aroma a3oTa He xapaktepHbl st N-xmop-N-
aIMIOKCUAMH/IOB.

IKcNepUMeHTAIBLHAS YaCTh

Cnexrpst SIMP 'H peructpupoBanu Ha crektpomerpe «Varian VXP-300» (300
MTI'n, BHyTpeHHuii ctangapt — Me,Si, xumudeckue casuru B d-mmkane (M. 1.), KCCB B
I'm). Macc-cnekTp 3anuceiBanu Ha Macc-criektpomeTpe VG 770-70EQ B FAB pexume.

O-benzouruapoxcamonasi kucjora (N-6enzounoxcudenzamun) (1). K pactsopy
1.645 r (12.00 mmonp) GEH3THAPOKCAMOBOM KHCIOTHI B 7 M mupuamua mnpu -22°C
nobasnmsn cmech 1.406 T (10.00 mmonb) Oensownxmopugaa u 0,5 mun CHLCly,
BeiaepkuBain 10 mul nipu -20°C, 1 u mpu 23°C, 3arem ynansiid DUPUIWH B Bakyyme 7
MM pT. ¢T. OCTaToK MOOYEPETHO MPOMBIBATN OCH30JI0M, 3aTeM dKcTparupoBaau 10 mi
CH,Cl,, ocraBuryrocst Maccy mpOMbIBaIH 25 MJI JieASHON BoJbl. OCTaTOK BBHICYIIMBAIH B
BakyymMe 5 MM pr. cr. [lomydeno 0.783 1 (32.4 %) N-OensomnokcuOensamuma 1,
OecCLBETHBIE KPUCTAILIBL., T. IUL. 156-157°C, nocne nepexpucrammzanuu u3 CHCI; 1.
166-168°C (cp. ¢ T.mr. 168 °C [137]). Criextp SIMP 'H (300 MI', CDCls): 7.48 T (2H,
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Hean®®, 3 = 6.9 T); 7.50 T (2H, Hg,0>®, %) = 7.8 Tw); 7.59 1 (H, Hen*, %3 = 6.9 T'my); 7.66
T (H, Hgyo, 3 = 7.8 Tn); 7.89 1 (2H, Hen?®, % = 6.9 T'm); 8.17 1 (2H, Hg,0?®, %1 = 7.8
I'm); 9.92 ym. ¢ (1H, NH). Crextp SIMP 'H (300 MI'n, (CD;),SO): 7.57 T (2H, Hgn>?,
30=7.2Tn); 7.64 T (2H, Hg,0>°, % = 7.2 T'n); 7.66 T (H, Hepy', 3 = 7.2 Tr); 7.80 T (H,
Hexo', 30 = 7.2 T); 7.89 1 (2H, Hen®®, ) = 7.2 Tw); 8.11 1 (2H, Hg,02®, % = 7.2 Tn);
12.66 yur. ¢ (1H, NH). HK-crextp (v, em™): 3200 (NH), 1764 (C=0), 1655 (C=0).
Hatineno (%): N 5.89. C14H11NO3. Brruucieno (%): N 5.81.

N-Xsop-N-6enzonmokcudenzamua (2). K cmecu 0.122 r (0.506 momb) N-
oenzomnokcudensamuaa 1 u 3 mu CHLCl, npu -15°C no6asnsiiu pactBop 0.455 r (4.19
MMmoib, 0.5 mi) mpem-Oyruarunoximopura B 3 mu CH,Clp, 3a 4 9 mogammanm
TEMIIepaTypy peakuuoHHoN cmecu 10 2°C, 10OMBIIMCH TIOIHOTO pacTBOpeHHs ocaaka N-
OeHzomnokcuOen3aMuaa 1, 3aTemM pacTBOp ynapuBaid B BaKyyMe, OCTaTOK BbIIEPKUBAJIH
npu 20°C u 5 MM pr. cr. 15 wmun. Ilomyweno 0.138 r (99%) N-xmop-N-
GensomIokcnbeH3aMma 2, GecrperHast xumkocts. Crekrp SIMP *H (300 MI'n, CDCly):
7.52 T (2H, Hg*®, % = 7.2 T); 7.53 T (2H, Heyo™®, 31 = 7.2 T); 7.61 1 (H, Hen*, 23 =
7.2 Tm); 7.63 T (H, He,o, 3 = 7.2 T'n); 8.126 1 (2H, Hen?®, % = 7.2 T'm); 8.180 1 (2H,
Hezo™®, 3 = 7.2 Tw). Macc-criektp (FAB, H', m/z, lom, (%)): 278 [M+H]" (2.0); 276
[M+H]" (6.5); 105 Bz" (100). Haiineno (%): Cl 12.35. C14H10CINOs. Boruncieno (%): Cl
12.80. Ilpu xpanenuu mnpu -5°C Oonee ABYX Henenb MPOAYKT 2 TMEPEXOAUT B
kpuctamuueckuii N-6enzoumnokcudenzamun 1.

B3aumoneiicrBue N-xaop-N-Oenzomsoxcubenzamuga (2) ¢ AcONa. Pactsop
0.059 r (0.214 mmomnb) cBexkenonydeHHoro N-xmop-N-Oenzonnokcnbensamuga 2 B 12 mu
MeCN u 0.190 r (2.317 mmonb) AcONa nepemeruBanu 72 4 npu 20-23°C, 3arem
mobaemsmn 10 Mt CH,Cl,, oT¢huiIsTpoBBIBaIN 0CAN0K, IPOMBIBAIM HA (HIETpE 7 MII
CH,Cl,, o6benuHennsblii puipTpar ynapusanu B Bakyyme. [lomydeno 0.026 r (50.4%) N-
OeHzomnokcuben3amMuaa 1, HACHTUPHUINPOBAHHOTO C 3aBEOMBIM 00pa3IoM IO CHEKTPY
SIMP ‘H.

B3aumoneiictBue  N-xjop-N-Oenszomiokcudenzamuma (2) ¢ 4-N,N-
auMeruaamunonupuannom. K pacteopy 0.107 r (0.388 mmons) N-xjop-N-
oenzomnokcubensamuaa 2 B 4 mut MeCN npu -34°C nobasisim pactBop 0.052 r (0.426
MMOJIb) 4-mumetmnamMuHompuanHa B 4 Mi MeCN. 3a 2 9 mogHUMaId TEMIEPaTypy
peakuonHo# cMecu 10 -20°C, BoaepkuBaiu ee 70 4 mpu 3To TemnepaType u 48 4 npu
6°C. 3arem gobaBmsin 5 w™ia  adc. Et,O, BeimepxuBaaun 25 u mpu  -20°C,
OT(HILTPOBBIBAJIN BBINABIINN OCaJ0K, MpoMbiBaiu 5 mi adc. Et,O, cymman B BakyyMme.
ITomydeno 0.050r (81.5%) TUAPOXJIOpUAA 4-muMeTHIaMUHOIIPUINHA,
MICHTH(UIHPOBAHHOTO C 3aBEIOMEIM 06pasiioM 1o crextpy SIMP 'H. Crextp SIMP '‘H
(300 MI'n, (CD3),SO): 3.20 ¢ (6H, NMey); 7.00 1 (2H, Hp,*®, %] = 7.2 T'n); 8.24 1 (2H,
prz'e, 3J = 7.2 ') OGbeMHEHHBI (UIBTPAT yIAPUBAIM 10 06bEMa ~ 2 MJI, K OCTATKY
nobasmsim 5 mut CCly, OTAENMIN BBIMABIIMK 0CafoK (UIbTpoBaHHEM, U3 (QUIbTpaTa
mocie ynapuBauus B Bakyyme Boizenman 0.0924r (98.7%) N-6enzomnoxkcnbenszamumaa 1,
HICHTH(HIIPOBAHHOTO C 3aBEIOMBIM 00pa3LoM 1o crexktpy SIMP *H.

PaGora BeImONHEHAa B paMKax TOCOIOMKETHOW TeMbl «CHHTE3 M CBOMWCTBa
AHOMEpPHBIX aMUJIOB U X MPOU3BOIHBIX», HOMep rocpeructpannu Ne 01120001242,
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Svetlana V. Kravchenko
Dnipropetrovsk state agrarian university, 25, Voroshilova str., Dnipropetrovsk 49600, Ukraine

N-CHLORO-N-BENZOILOXYBENZAMIDE

N-Chloro-N-(benzoyloxy)benzamide has been synthesized by chlorination of N-
benzoyloxybenzamide with tert-butylhypochlorite. The structure of N-chloro-N-(benzoyloxy)benzamide
has been confirmed by its NMR 'H and mass-spectra. Upon storage at —26 °C, the labile N-chloro-N-
(benzoyloxy)benzamide quickly converts into N-(benzoyloxy)benzamide. Reaction of N-chloro-N-
(benzoyloxy)benzamide with anhydrous sodium acetate in acetonitrile gives N-benzoyloxybenzamide.
4-N,N-Dimethylaminopyridine reacts with N-chloro-N-(benzoyloxy)benzamide in acetonitrile leading
to 4-N,N-dimethylaminopyridine hydrochloride and N-benzoyloxybenzamide. In both cases, the
products of nucleophilic substitution at the amide nitrogen have not been found. The N-CI bond
polarization in N-chloro-N-(benzoyloxy)benzamide disfavors nucleophilic substitution at the amide
nitrogen. Investigation of the interactions of N-chloro-N-(benzoyloxy)benzamide with AcONa and 4-
N,N-dimethylaminopyridine has shown that nucleophilic substitution at the nitrogen atom does not
occur in the case of N-chloro-N-acyloxyamides.

Key-words: N-chloro-N-acyloxybenzamides; N-acyloxybenzamides; nucleophilic substitution at
nitrogen atom.

CeiTiiana B. KpaBuenko

JlHinporieT poBchKHH Jepsk aBHHH aIrpapHHH YHIBEPCHT €T , BYJIL Bopommnosa, 25,
Jlainponier poBcsk 49600, Yipaina

N-XJIOP-N-BEH30IJTOKCUBEH3AMI/]

N-Xi10p-N-GeH30inokcuden3amiay orpumano XxJopyBaHHsM N-0eH3oinokcudensamigy Ttper-
oyruiarinoxjopuroM. BynoBy N-xsop-N-Oen3oisiokcndeH3aminy nmiATBepaKeHO 3a J0MOMOIOI0 JAaHUX
SIMP 'H u Mmac-crnekTpiB. IIpu nepemimryBanni N-xaop-N-6en3oiokcnéensaminy 3 6e3BoqHUM HATPiil
alneTaToM B aneToHiTpuIIi YTBOPIOETbCS N-Gen3oinoxcudenzamin. Peakuisa
4-N,N-gumerminaminonipmauna 3 N-xsop-N-Gen3oitokcuben3amMizioM mNpPHBOAMTL [0 YTBOPEHHS
rizpoxsiopuay 4-N,N-mumerniaminomipuauaa Ta N-Genzoinokcubenzaminy. B o0ox Bmmagkax
NPOAYKTIB HykJeo(pinbHOro 3amimeHHs Oins atoma Hirporeny He 0yJso BusiBJIeHO. JlociaigKeHHs
B3aemonii N-xsop-N-6en3zoinokcuéensaminy 3 ACONa i 4-N,N-qumernnaMmiHonipuanHoM mokasalio, mo
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peaknii HykjJIeodinbHoro 3amimennst 6iais atomy Hitporeny ne € BaactuBumm s N-xmop-N-
aNMJIOKCHAMINIB.

Kniouosi cnosa: N-Xnop-N-aumnokcubensamian; N-amunokcuOeH3amiay; HyKieo(iibHe 3aMillleHHs
611 atoma Hitporewny.
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/renpornietr poBckuii HanHOHAbHEI yHHBEpCHT €T uMern Oneca Ionvapa, np. [ arapura, 72,
/lrenponer posck 49010, Ykpanra

OCHOBHBIE HAITPABJIEHHW S PASBUTHUA XUMHUU
1,4-TUTUAPOIIMPUANHOB — OB30P JIUTEPATYPEIL

O06o0mena auTepaTypa 3a nocjegHHe S JieT M0 OCHOBHBIM HANPABJEHHSIM NPAKTHYECKOIO
HCIO0JIL30BAHUS, CHHTE3a M OKHCJIeHH:A coefuHeHuil 1,4-puruaponupuauHosoro psga (1,4-ATTI).
OcBenieHbl CcOBpeMeHHble HAMpaBJIeHUsl HccaeloBaHui Ouosoruyeckoi axkrtuBHoctu 1,4-JI'TT
(3¢upoB I'aHya) KAK AHTHOKCHIAHTOB M AHTATOHHCTOB HOHOB KAJILLUs, NIPEACTaBIeHa HHOPMaLHs
OTHOCUTEJIbHO TeHJCHIUIl pPa3BUTHs JIeKAPCTBeHHBbIX mpenaparoB Ha 0ade 1,4-JII'Il. Paccmorpennl
OCHOBHBIC¢ HANpaBJieHUs1 CHMHTe3a 1,4-TMTHAPONMPHAMHOBBLIX CHCTEM, KOTOpbIe TECHO CBSI3aHBI €
Pa3padoTKoii HOBBLIX 0MOJOTHYeCKH AKTHBHBIX BemecTB. O0001eHa nHGOpMALHs N0 HCIO0JIb30BAHUIO
HOBBIX U TPAAULUOHHBIX MeTod0B apomaTtu3auuu 1,4-/II'Tl, coBpeMeHHBIX Hcc/IeJ0BaHUI MeXaHH3Ma
HX OKHCJICHHSI.

Kniouesvie cnosa: 1,A-purnpponmpunuHel, OHONOTHYecKas aKTUBHOCTH; (hapMalleBTHIECKHE
IpernapaThl; CUHTE3; apOMaTH3aLus; OKUCICHUE.

I'ereponuknuueckue coeauHeHus 1,4-AUrHIPONMPUIMHOBOIO psAla BbI3BIBAIOT
MHTEPEC YUEHBIX HE TOJBKO C TOUYKH 3peHUs PyHAaMEHTAIbHBIX HAYYHBIX HCCIIEIOBAHUMI
B O0JIACTH XMMHUHU TETEPOLMKIIOB, HO, MPEXIE BCErO, M3-32 IIUPOKOTO MPAKTUYECKOTO
HCIIOJIB30BaHUSl  MPOW3BOAHBIX 1, 4-muruaponupuanaos  (1,4-JAI'TI), ocobGenHo B
Memurmae. CymecTByeT psaa hyHIaMeHTAIBHBIX 0030poB [1; 2] mo xumum 1,4-JII'TI, a
Takke OoJiee y3KOHAIpaBJICHHBIX, IMOCBSIICHHBIX CHHTE3y [3-4], okucnenuto [5; 6] u
tdapmakonoruueckum [7; 8] cBoiictBam 1,4-1ATTI.

JlaHHBIT 0030p OXBaTBIBACT JHTEPATYypy 3a TOCIACAHHE 5 JIET W TIOCBSIICH
OCHOBHBIM HAalpaBlICHUSM HCCIEJOBaHUI B 00JacTH OMOJOTHMYECKOH aKTUBHOCTH
npousBoaHbix  1,4-/II'TI, pa3BuTHIO  COBpEMEHHBIX  METOJOB  cuUHTe3a  1,4-
JUTUAPOIUPUANHOBBIX CHUCTEM UM HOBBIM AaCHEKTaM B M3YYEHUM OKHUCJIUTEIBHO-
BOCCTaHOBUTEJBHBIX PEaKLMH U UX MEXaHU3MA.

1. OcHOBHBIC HANPaBJICHUS NCCIEI0BAHUM
0MO0JI0TN4YeCKOoii AKTUBHOCTH Npou3BoaAHbIX 1,4-IT'TI

Bonbmioii BkIam B uccleqoBaHHe Ouojormdeckoi aktuBHoctH 1,4-JITTI u
pa3paboTKy NpemapaTuBHBIX METOAOB WX CHHTE3a BHECEH Yy4YeHbIMH JlaTBHIiCKOTO
MHCTHTYTa OPraHWYECKOro CHHTE3a, KOTOpbIe emle B paHHMX padorax [4; 7; 9-11]
MOAPOOHO W3YyYMIM MeXaHu3M Owuojorndeckoro nevicteus 1,4-JIITI Ha opranusm
YeJIOBEKa B Ka4eCTBE AHTAarOHHCTOB MOHOB KalbIUs W aHTHOKCHUAAHTOB. B HacTosmiee
Bpems Ha ocHoBe 1,4-JII'TI cozgan wenblif psa aekapcTBeHHBIX npenaparos (JIIT) [8; 12-
17], mpuMeHsieMbIX TIpU 3200JICBaHHUSAX CEPJIEHYHO-COCYJMCTOM CHUCTEMBI, TaKHX Kak
amnonunuH [13], enogunun, Hudenunu [13; 15], HUTpeHUNUH, TepKaHUIUIHH [14;
177 wm  HopmomumuH [12], mnpomomKkaeTcs  MHTEHCUBHOE  H3Yy4YE€HHE  HX
anturuneprensuBuoro [15; 17; 18; 19], antnapurmudeckoro [20], GMOITPOTEKTOPHOTO
[21; 22], renaronporexkTopHoro [23] nefictBus. MccnenoBanus cBoiicts 1,4-JAI'TI kak
AQHTAarOHMWCTOB KaJIbIIMEBBIX KAHAJIOB IMPEACTaBICHBI 0COOEHHO Immpoko [16-18; 24-30],
MOCKOJIBKY CBSI3aHBI C JICYCHHEM apTepHUalbHOW THIIEPTOHMU W WIIEMHYECKOW OoJe3HH
cepaua.

* Correspoding author: Tel.: +380567608429; fax: +380563749841; e-mail address: kafedra__vms@mail.ru
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IIpomomxkaroTcss mccnenoBanus aHTHokcumanTtHoi [31] akrmBHOcTH 1,4-/II'TI, B
pSAMy KOTOPBIX HaiJCHBI HOBHIE COCAMHCHWS, 00JagaroIIie paaruonpoTeKTOPHBIMU [32-
34] csoiictBamu. B nociennue roapl ycununcs uarepec k 1,4-JII'T1, koTopele NposBIsSIOT
aHTUMHKPOOHEIE [34; 35], anTHKaHIIepOreHHbIe cBOiicTBa [8; 21; 33; 36; 37] u sBIsIOTCS
osokaTopamu hpepmMeHTOB KiIeTkH [23; 38].

VHuTeHcuBHO pas3BuBaolascs 00JacTh MCCIEAOBAaHUNM B XMMHOTEpAlMM paka
CBsi3aHa C pa3pabOTKONH HOBBIX METOJOB MPEOAOJICHHS MHOXXECTBEHHOH JIEKaPCTBEHHOM
ycroitunBocTr (MJIY) codeTaHneM XUMHYECKUX MOAYJIATOPOB C MIPOTHBOOMYXOJEBBIMH
coemunenusmu [39-42 1.1,4-JIT'TI kak GI0KaTOPHI KAIbIMEBBIX KAHAIOB CIIOCOOHBI B TOM
win uHOM crenenu mnpeoxponeBaTs MIIY [40; 41], ogHako KIMHUYECKUE HUCIBITAHUS
TaKUX MOIYJATOPOB M3-3a MX BBICOKOW TOKCHYHOCTU IIOKA HE IPHUBEIU K KEJIaeMbIM
pesynbTaTtam [42; 43].

2. OcHOBHbIE CMHTeTHYeCKHe HanpaBJjieHus B xumuu 1,4-JIT'TL

Hanpapnennocts cunre3a npousBogubix 1,4-JIITI Bo MHOrom ompenensieTcs
pe3yJibTaTaMi MHTEHCHBHBIX HCCIICIOBAHUI CBSI3H «CTPYKTYpPa - aKTUBHOCTBY [43-45].

Hecmotps Ha TO, uTO GnOK cummerpuunoro 1,4-JII'TI mpucyTcTByeT BO MHOTHX
MEIMIUHCKUX TIpenapaTax, 3T0 He BCEr/a SBJISCTCS HEOOXOIUMBIM JUIS MPOSBICHHUS UX
OMOJIOTHUeCcKOil aKTUBHOCTH, a CKOpee CBS3aHO C METOJIOM IOJIY4YeHHS B YCIOBHSIX
KoHJeHcanun ['anya. OTMevaercs psij ciyvaes, TJe XUpalIbHbIe W/HITH HECHMMETPUYHbIC
1,4-IT'TI nposBisiroT 60Jiee BRICOKYIO MM CHENH(YUUIECKYI0 OMOIIOTHYECKYI0 aKTHBHOCTb
[46-47]. DuantuomepHo umcteie 1, 4-JITTI wumeoT OGonblioe MEPCIEKTUBHOE
(hapMakosoruueckoe 3Ha4YeHUE, OJHAKO, OOIIas METOIOJIOTHS IMONYYCHHUS STOTO THUIA
COCIMHEHUH OCTaeTCs HE [OCTATOYHO pPa3pabOTaHHOH, XOTS, B IIOCJIEAHEE BpEeMs
YBEJIMUUBACTCS YUCIIO HCCICAOBAHUN «IOMHHO» - PEAKIUH €HAMHHOB B MPHCYTCTBUH
XUpaJbHBIX KaTalM3aTOpOB TNpUBOAAIMX K »HaHTHoMmepam 1,4-/II'TI ¢ Bbicokoi
CTCTICHBIO YUCTOTHI. [48].

MexaHU3M TPOTEKaHUS «IOMHUHOY» - PeaKIHU MpeanoxeH aBTopamu [49] mis N-
MOHO3aMEIICHHBIX J-aMUHOaKpmiIaToB (2.1), KOTOpBIE TIPH [TUTETHHOM TIepEeMEIINBAHUT
B Cpelleé METHJICHXJIOpHa 00pa3yioT ¢ BBICOKMM BBIXOJ0M cooTBercTBytomue 1,4-JT'TI
(2.2) (cxema 1):

R N CO,Et

N
H .
TiCl
N 4 CO,Et
- \/\ - @ @ o \ 2
R COEL rt, ovemight
O,Et
R= n-Bu, n-C,gH57, BN, HOCH,CH,, Ph, p-MeO-Ph, p-I-Ph, p-F-Ph, m-CI-Ph
2.1 2.2
Cxema 1

Ha ocHoBanuu CTpOeHHUS HOPOMEKYTOUHBIX MPOIYKTOB, BBIJCICHHBIX B XOJE
peaxIum, MpenioKeH MEXaHU3M «IOMHUHO» — TpoIlecca, B OCHOBE KOTOPOTO JICKHUT Pl
peaxiuii mpucoenHeHus mo Muxasiio.

MHOro4YUCIeHHBIMU UCCEIOBaHUAMHU MOKazaHo [7; 10; 11], yTo st nmposiBiIeHUs
OMOJIOTMYECKUX CBOWCTB AHTArOHHUCTOB KAaJILIUEBBIX KaHAIIOB, KpoMme Hamwuus 1,4-
JUTHAPONUPUANHOBOTO KOJIbLIa M OTCYTCTBHSI 3aMecTuTeNls y aroma N, Takke
HEMAJIOBRXHBIM SIBIIIETCS] MPUCYTCTBHE HU3KOMOJIEKYISIPHBIX aJKWUJIOB B TIOJOXKEHHUAX 2
u 6 U CIOXKHO(QUPHBIX TPynn B mojiokeHWsx 3 u 5. B monoxenun 4 o0s3aTenbHO
JOJDKEH OBITh TONBKO AapWiIbHBIA 3aMECTHUTENb, MPEUMYIIECTBEHHO, 3aMelleHHAs
(ennbHAS TPYMIIA.
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Wupniickue  uccnemosarend  [50]  mms  momyuenmss  4-apun 1,4-JITTI
yCOBepIIeHCTBOBaMN Kiaccndeckuid cuaTe3 1,4-JII'TI mo T'andy ¢ umcmoias30BaHHEM
OJTHOBPEMEHHOM KOH/ICHCAIUH apoOMaTHYECKUX AJbJICTUJIOB, [B-nukeToHa
(ametoykcycHoro osdupa) W amnerara aMMOHHMS B HOHHOW IKHIKOCTH, KOTOpas
npeactaBisger  coboit  3,3'-troHMI-OMc-1,1’-METHIMMUAA30MH  XJIOPOATIOMHHAT
([tomim]CI,/AICIs). Peakuuio mpoBOaAT IpH KOMHATHOM TeMIiepaType MO AeHCTBHEM
yIbTpa3Byka B TeucHUE vaca (cxema 2). M3 peakiiMOHHOW MacChl POIYKT IKCTPArupyrOT
xjopodopMoM U Toay4aroT 4-apunzamerieHubie 1,4-J1'T1 (2.3) ¢ Beixomom 87-96%.

O

Ph O
© [tbMimICL/AIC; g R
+ PhCHO + NH,OAC |
0 "t
N
H
R= OEt (), OMe (b) 23ab
Cxema 2

Kakx mokasamu wccieoBaHuS IPYrol TPYyHIbl WHAMHCKUX Y4eHBIX [51], aTOT
CHHTE3 MOXXHO NPOBOAUTH 0€3 pacTBOPUTENS, HCIOJNB3ys B KadecTBE KaTalU3aTopa
MenaMuHTpuCyIbhoHOBYI0 Kucinoty (MTSA), xoTopyro NOIy4arOT MPU HATrPeBaHUU
METaMHHA ¢ TPOHHBIM HM30BITKOM XJIOPCY/Ib(POHOBOK KHCIOTHL. [Ipenmyiiectsa
MIPEIOKEHHOTO METO/Ia 3aKJIFOYAIOTCS B BOBMOXKHOCTH MHOTOKPATHOTO HCITOJIb30BaHUS
KaTain3aTopa 6e3 3HAUUTENILHON MOTEPH €ro aKTUBHOCTH, IPOCTOM MPOLeype CHHTE3a U
BBICOKHX Beixogax 1,411°TI.

Hcnonp3oBannio katanm3atopoB B cuHTe3e 1.4-JII'TI B mocmemHee BpeMs
yaensieTcst 00bIIoe BHUMaHUE uccienoBateneit [49; 52-54]. B kauecTBe Karaau3aTopoB
B TPEXKOMIIOHEHTHOH NWKIU3alul HanOoJee YacTO HCIIONB3YIOTCS KaK MPOTOHHBIC
KHCJIOTBI, B YacTHOCTH, BblmeynomsHyTtas MTSA [51], Tak u, mpeuMyIiecTBEHHO,
kuciotel JIbtonca [49; 51-54].

I'erepononukucnoter cTpykTypbl Kerrmna, takume kak 12-BombghpamdocdopHas
kucnota HsPW1,049 (PW), 12-momubnendocdopuas kucmora HzPMo01,04 (PMO),
HaHECEHHBIE Ha pasinyHble Heopranmdeckume nocutenu (SiO, KSF, y-Al,0O; K10
MOHTMOPWJITOHHT) mipeanoxeHo E.Rafiee [53] ucnonb3oBaTh B Ka4ecTBE KaTAIU3aTOPOB
KJIACCHYECKOW HUKJIM3alui 1O ['aH4y apoMaTH4ecKoro albJeTHiaa, aleTOyKCYCHOTO
adupa W ainerara aMMOHHMS B 2,6-muMeTHII-3,5-mu3ToKcHuKapOoHumI-4-apun-1,4-J'T1.
Peakuus nporekaer 6e3 pactBoputens B TeueHHe 5-30 MUH. ¢ BBIXOAOM mponykrta 30-
96%. Haubonee >¢p¢dexTHBHBIMU OKa3aluch KaTanu3aTopbl, comepxamue 40% PW na
Al,O; u rmune KSF, a raxoke 40% PMo Ha riimae KSF.

C yOOBIETBOPHUTEIBHBIM BBIXOAOM 2,6-Hezamemenusie 1,4 JI'TI (2.4) Obum
noiydeHsl  [54] W3 aHWIMHOB,  apPOMATUYECKUX  QNBACTUIAOB M ATHI
3,3-IUATOKCUITPOIIMOHATA B NMPHUCYTCTBUM Tpudiata uTTepOus. Peakuus npoTekaer B
MSTKHX YCJIOBHSAX, Ha CENIEKTUBHOCTH IPOIIecca BIUSET MPUPOAA PacTBOPUTEN (Cxema
3). OnTuManbHbIM pacTBOpHTENeM utst nukin3anun B 1,4-JIT1 okazancs 1,4-auokcaH.

OEt CO,Et

Et
* AN ( )s

1,4-Dioxane, 90°C COZEt

R,= OCH,, Et, Pr; R,= CO,Et, Ar 2.4

Cxema 3
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Kikuchi S. ¢ cotpyaankamu [52] HaiiieHa yMepeHHAs KaTaTUTHIECKas aKTUBHOCTh
TpudIaTa Sc MO CpaBHEHHIO ¢ MeHee akTHBHBIMH Tpudmatamu Y, La, Ce, Pr, Nd, Sm,
Yb. B peakiun uMuHOB (2.5) ¢ 3THIOBBIM 3(HPOM alETHICHKapOOHOBOW KHCIOTHI IPU
JUTUTENTEHOM KHUIITYSHUH B Toiyolie oopasytorcs 1,411 (2.6) (cxema 4).

R1
|

NR;

|+ ==—Co,Et S¢(OThs (10 M%) |

R, touene, reflux, 24 h  EtO,C CO,Et
2

2.5 2.6

R;,= Cc-Hex, t-Bu, BN, Ph, p-MeOCgH, p-MeCgH,, 2,6-Me,CgHg; R, =Ph

Cxema 4

3aMecTUTeNH y aToMa a30Ta a30METHHOB BIIUSAIOT HA BBIXOJ 3aMemeHHbIX 1,4-J1'TI
(2.6) Kak 3a cUeT MCKTPOHHBIX, TAK U CTepHUECKUX 3P PeKkToB. Brixom nmpoaykra mamaer
¢ 77% 1o 18% B pany 2,6-Me,CeHz > p-MeOC¢H,4 > p-MeC¢H,> Ph> Bn> c-Hex> t-Bu.

OCOOCHHOCTRIO TIOMCKA CHHTETHYECKUX METOJOB IOJNYYCHHS TPOU3BOIHBIX 1,4-
HAI'TI sBnsieTcst Kak ynopolleHHe MpoLecca U MOBBIIICHUE BBIXOAA IEJIEBOIO MPOAYKTA C
UCIIOJIb30BAaHUEM, TPEUMYIIECTBEHHO, «one-poty wetoma [34; 49; 55], Tak wu
9KOJIOTHYECKUE aCIEeKTHI camoro cuHTe3a [50; 56; 57].

OKOJIOTMYECKH YHCTBHIA MeTon TmodydeHus mpom3Bomubix 1,4  JII'TI Ge3
UCIIOJIb30BaHUSl pacTBOpUTENEH mpeasioxkeH Zonouz [57]. Peakuuu npoBOAST myTeM
MOCJICTOBATEIFHOTO UCTUPAHUS B CTYIIKE apOMATHIECKOTO aibIeTHAa U MaJOHOHUTPHIIA
¢ o0pa3oBaHMEM MPOAYKTa KOHACHCcanu KHeBeHares ¢ mociaeayomuM T00aBIeHHEM K
HEMY alleTOyKCYCHOTro 3(dupa u 00pa3oBaHHEM MpPH JallbHEHIIEM UCTHPAHUH B TEUCHUE
15 wmuH. 6-amuHO-4-apun-5-imano-1,4-JII'TI ¢ Bexomamu 57-81%. Ilomyuenubie
MPOTYKTHI OYHINAIOT MEPEKPUCTAILTA3ZAIKEH U3 ITAHOA.

UccnemoBarnms F. Tamaddon [58], cBs3aHHBIE € TOWUCKOM ONTHMAaIbHOTO
ncrouHuka azora B cuHreze 1,4-JI'Tl 'anua (2.7), mokaszamu, 4To cpend aMMOHHIHBIX
CoJieli ¢ Pa3NUYHBIMH aHUOHAMH (XJIOPHIIOM, alleTaToM, Cyab(paroMm, HUTPATOM,
MOJHOAATOM, THUAPOKapOOHATOM W Jp.) MaKCHUMaIbHBIA BBIXOA MpoaykTa (99%)
oOecrnevnBaeT UCTOIh30BaHHE KapOOHaTa aMMOHHUS B BOJHON CMECH apOMaTHYeCKOTO
WIN TETePOIMKINYECKOTO0  albJernja W ajJKWil aleTroamerara B  YCJIOBHSX
nepemeniBanmst mpu 55-60 °C (cxema 5).

H3C R_ _H
o) H,0,55-60°c RO2C COR
2 + RCHO + (NH,),CO;, |
0 HyC~ >N~ CH,
R H
R=Ar, Het 2.7
Cxema 5

HecmoTpss Ha mmpokuii cnekTp cmoco0oB moiydeHus npousBoasbix 1,4-JTTI
l'anua B HacTosIiee BpeMs CTPEMHTEIBHO pPAa3BUBAIOTCS METOIBI, CBSA3aHHBIE C
HCITOJIb30BAaHUEM MHKPOBOIHOBOTO [56; 59; 60] m ynbTpa3BykoBoro [50] msmydeHus.
[IpocToTa 3THMX METOAOB MO3BOJIIET OTKA3aThCSl OT JAOPOTOCTOSALIMX M TOKCHYHBIX
KaTajau3aToOpOB W TOJYYUTH MPOIYKT C BHICOKHM BBIXOJOM M 3a KOpOTKOe Bpems. Tak,
HampuMep, 3a 3-5 MHH. MpOoTeKaeT CHHTE3 4-apui/rerepoapui-2,6-mumerni-3,5-0uc-
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(apun)-kapoamomi-1,4-JIT'TI (2.8) [60] ¢ HCIIOIb30BaHUEM MHKPOBOJIHOBOI'O HM3JTyUCHHUS
(cxema 6), B TO BpeMs KaK Ha TPATUITMOHHBIN MTyTh KUATITYEHUS B 3TAHOJIE HEOOXOIMMO
3aTpaTuTh | 4, C CyIECTBEHHBIM MOHMKECHUEM BbIXOa IPOAYKTA.

Tpancdopmanus 3,5-cnoxuodupbix rpynn B moinekyne 1.4-II'TI Tanga B
KapOOMOWIIBHBIE, KaK OTMedaeTcss B pabotax [37; 60-62], mpUBOAUT K IOSBICHHUIO
OMOJIOTHYECKON aKTUBHOCTH, CBSI3aHHOW C TIPOTUBOTyOepkyne3HeiM [60; 61],
HTHKOATyJISIHTHBIM [62] melicTBueM, a Takke MHruOupoBanueM MJIY TIHKOIPOTENHOB
MIpH aHTHPaAKoBOM Teparnuu [40].

C,Hs0 RO

—_

1

levt BUO =

1. EtOH, refux, 0,5-1h ~ H,C NH
2. MW, 3-5 min m

NH4OAC AC-CHO
C\% @

2.8
R = H; 4-CHg; 2-CHg. Ar = 2-Furyl,2-Pyridyl,2-Thiophenyl, 2-Imidazolyl,
2-Pyrrolyl, 4-Chlorophenyl, 4-Fluorophenyl, 4-Ethylphenyl.
Cxema 6
Wmupnazonun-npousBoausie 1, 4-AT'TI  (2.10), mnposBisiiomge  MpPOTHBO-
TyOepKyJIe3HYI0 aKTHBHOCTh, OBUTH CUHTE3UpOBaHbI [61] ¢ Beixomamu 55-88% peakmueit
TPEXKOMIIOHEHTHOW KOHJEHcaMu (cxemMa 7) ¢ HCHOJIb30BaHHEM |-(QeHmnaMuH
(6enzunamun)-2-mMetunTro- 1| H-umunazon-5-kapbansaernaa (2.9), apoiiHOro wu30bITKa
COOTBETCTBYIOIIEro N-apuianeroaneTaHWIUAa M alerara aMMOHMA B YCJIOBUSAX
KUIISTYEHHs] B 3TAHOJIE B TeueHue 24 4.

Ny x

SCH3 0O == O
Kg /@ Ay N
—_—
H

H || H
3C H,C~ >N"">CH,
H
2.10
i =NH," CH3COO- Ar=,-Chlorphenyl, 4-Bromophenyl, 2-Pyridil, 3-Pyridyl; X=NH, CH,.

Cxema 7
Jns BBenenus amuaHoro ¢parmenta B 3,5-mojoxkenus 1,4-JI'T1 ucmonb3yercs
00 TPEXKOMIIOHCHTHAs KOHJIEHCAIMs ¢ [B-TUKapOOHWIBHBIMU —TPOU3BOIHBIMH,
coaepXamuMu aMuAHBIA GparmedTt [61, 60], mmbo peakmus aMUTUPOBAHHS II0
CJI0KHO3(HUPHBIM IPYIIaM, B YaCTHOCTH, THOCEMUKapOa3uaoM [62].
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IIpenmeTom psima wmccrmenoanuii [63; 64] cramo moexenue 1,4-JII'TI kombia B
peakmmsix OpomupoBanus. Ilokazano [63] (cxema 8), uto mus kimaccuwdeckux 1,4-JT'TI
langa (2.3a) mon aeiictBueM N-OpoMmcyKuuHHMHUAA Tpu Temiepatype <50 °C peakuus
NpOTEKaeT Mo 2,6-MeTWIBHBIM rpymmaM ¢ oopazosanuem 1,4-/1I'TI (2.11), uro mo3BomsieT
IpH JanbHelIe oopadoTke nupuauHOM (a) moayuuts 1,4 JITI (2.12) ¢ xatuoHamu
OUPUANHUS B OOKOBOM Iemu. Apomartmsanms coemuHenuit (2.12) moxm nmeiictBuem N-
OpoMcykunHuMuaa (d) mMpUBOANT K apoMaTH4ecKuM nupuauHaM (2.14), koTopsie Takxke
MOT'YT OBITh TIOJIy4CHbI BCTPEUYHBIM CHHTE30M yTeM okucienus 1,4-JTTI (2.11) NaNO,
B YKCyCcHOM kucioTe (b) u mocneayromuM AeicTBHEM THpUIHHA (C).

Opp O
Et_ Et
o) B o a
—_—
BIH,C” N CH,Br /Nl /N|
2.11 X x
2.12
td
b
O Ph O
Et Et
~O0 /| o
N
BrH,C N CH,Br Br N N Br
]
x x
2.13 2.14

Cxema 8
Bpomuposanue 4,4-nu3amemennoro 1,4-JIT1 (2.15) monexynspasiM 6pomom [64]
B Cpelie JIeASHONM YKCYCHOW KHCIOTBHI MPOTEKaeT KaK MPUCOCAMHEHHE-OTIIEIUICHHE MO
JIBOMHBIM CBS35IM C OOpa30BaHHMEM IMPEUMYIICCTBEHHO AuOpom3amerennoro 1,4-J1TI
(2.16) ¢ Beixomom 47-91 % (cxema 9).

O O o o
R R
! B 2+ _ Pyridine,oc_ Ry R
2 o ~a -~ o Br Br
N 2eq dry CH2C|2 | N |
R &
215  R=CgH;3 R, =R,=OMe  2.16
Cxema 9
OCHOBHBIM ~ METOJIOM  TONydeHUs  1,4-IUTHUAPOCUCTEM —  MPOU3ZBOJTHBIX
HAKOTUHOBOM KHCJIIOTBI — OCTAaeTCS BOCCTAHOBJIEHHE N-aJIKWIBHBIX [65] wmmm N-

CHIWIBHBIX [66] TUpHAMHUEBBIX coyied. Tak, nmelicTBue peakTHBOB | puHBsSIpa Ha
NUPHIMHUEBYIO CONb (2.17) mpuBOIUT K 00pa30BaHHIO 3aMEIICHHBIX 10 4 - (2.18) u 2 -
(2.19) monoxkenwsiM 1,4-nuruapoHUKOTHHATOB (cxema 10).
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B o ] R O o}
0 X Et
TIPSOTS | o} . ) OEt = | OEt
X OEt —— = + +
| CH,Cl,, It - | T N RN
NG 4 TO di di
i-Pr =" ~i-Pr i-Pr-3 ~i-pr i-Pr - ~i-Pr
I-Pr I-Pr I-Pr
B 2.17 - 2.18 2.19

R= Me, i-Pr, t-Bu, Bn.
Cxema 10
I'pynma HOBBIX 1-Manonwuin-1,4-muruaponupuauaos (2.20, 2.21) cuHTe3upoBaHa
[65] BoccTaHOBIICHHEM TUTHOHWTOM HATPHS COJIEM HAa OCHOBE OCH3MIMACHTHUIPA3UIOB
HUKOTUHOBOW (2.20) M M30HMKOTHHOBOH (2.21) KHCIOT U 2-OpOMMAJIOHOBOH KHCIIOTHI

MOHOATHIIOBOTO 3(upa, Mody4eHHbIX ¢ BbIxonoM 40-50% mpu KWUISTYCHUU B TEUCHHE
48 4,

H
EtO,C—C—
COOH

N—
Ar—7

2.20 2.21

3. OcHOBHbIE HATIPABJIEHUS HCCIAeT0BAHMI
okucauTebHoi apomaTuzamuu 1,4-/{I'T1 I'anua

Heocnabeparomuii nHTEpec XUMHKOB K mpousBogaHbiM 1,4-JI['TI cBsizaH kak ¢
OMOJIOTHYECKOil BaKHOCTHIO JAHHOM CHUCTEMBI U €€ (apMaKOJIOTHYECKUM aCIIEKTOM, TaK
U C «pemokc» Bo3MOKHOCTAMH. [Iporecc apomartmzanuu mnpoumsBomusix 1,4-JIITI B
COOTBETCTBYIOIIUE TMUPHUIUHBI SBISCTCS MOJCIBIO TPOTEKaHUA MeTabomu3Ma B
OMOXMMHYECKUX CHCTEMaX JKMBOM  KJICTKH. 3aKOHOMEPHOCTH  OKHCIUTEIHHO-
BOCCTaHOBUTEIBHBIX MPEBPAICHUN, CBSI3aHHBIX C TIEPEHOCOM THAPHUI-HOHA C Y4acTHEM
HUKOTUHAMUAAJCHUHANHYKICOTHI0B U ux ¢ocpatoB (NADH - NAD), sBusroTcs
OCHOBOM Ba)KHEHINIMX MPOLIECCOB KUBOM MPHPOABI, MO3TOMY AHCKYCCHH O MEXaHU3MeE
MPOTEKaHUSI ITUX MPOIECCOB HE CTUXAIOT YK€ HECKOJIBKO aecsaTwietuit [1; 2; 5; 6].
IIpomomxkaercst oOCyxIeHne [6] yCIOBHI pealn3ay OJHOCTAAHHHOTO (CHHXPOHHOTO)
U cryneH4yatoro onxHodnekTpoHHoro (SET) MexaHu3MOB OTIICIUICHHS THAPUIHO-
MTOABMXKHOTO Bojiopoaa oT Mojekyisl 1,4-JI'T1 B Xoae oKuCIeHusI.

Hccnenopanus okucnutenbHOi apomartusanuu 1,4-JIITI T'aHua mnpomormkaroT
pa3BHUBAThCA MO TAKMM OCHOBHBIM HamlpaBleHWsAM: apoMartu3anus HoBbiX 1,4 JII'TI [63],
UCIIOJIb30BAHUE HOBBIX KATAJTUTHUYECKUX U HEKATAIUTUYECKUX OKUCIUTEIbHBIX CHCTEM
[67-77], anekTpoxumudeckoe [63; 78] okucieHne, W3ydeHHE MEXaHW3Ma apOMaTH3aInN
[71; 76; 79], momemupoBaHWe mporecca B Ouonormyeckux cucremax [73, 80],
WHTeHCHU(HUKAIMSA OKHUCICHHS TOJ JEHCTBUEM MHUKPOBOIHOBOTO u3nmyueHus [70],
(dhotoxumuueckux mnpoueccoB [81], ynprpasByka [82], SKOJIOTMYHOCTH MPOBEACHUS
mporiecca [83; 84].

B mnocnennee BpeMss — MpPEeAMETOM MHTEHCHBHBIX HCCJICAOBAHUA XHWMHKOB-
CHUHTETHKOB SIBJISIETCSI CO3Z[aHUE TPOCTHIX, YJOOHBIX W JICHIEBBIX METOJIOB OKWCIICHHS,
KOTOpBIE YacTO CBS3aHBI C MOJEpPHHU3AIMCH W3BECTHBIX mis apomatm3anuu 1,4-J[T'TI
OKHUCIIUTENBHBIX CUCTEM WM C U3MEHEHHEM YCJIOBUH WX NMpPUMEHEHWs. Tak, Hampumep,
Hekatanutuieckoe okucienue 1,4-JI'TT xucnopogom Bozayxa B pactsope JMCO [85],
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tpanuimonnoe okucienne HNO; [75] mnmm mutpatamu Al (III) u Fe(Ill) [69], HO
HaHeceHHBIMH Ha SiO, wm nomuBuHWIEpponuaon (IIBII), wucnoms3oBaHue
nepcynbdara ammoHus [72] BMECTO IPUMEHSBIIETOCS PaHee NepcyibharTa Kausl.

Hcnons3oBanue Kuciaopona Bo3ayxa B KauectBe okucnutens 1,4-JITTI ¢ Touku
3peHusl JKOJOTHYECKOTO H JKOHOMHYECKOTO acleKTa SBisieTcsa, Oe3yCIIOBHO,
MpeanoYTUTeNsHbIM. OHAKO, TONBKO B MPUCYTCTBUH KATATUTHUYECKHUX CHCTEM, TaKHX
kak Pd/C [86], nepxiopata >kene3a B MOHHOM kuakoct [83], cmecu coneit 9-pennn-10-
metunakpuanaus [87] nian Co (II) m N-ruapokcudrammmuna [88; 89] ymaeTcs momydnThb
COOTBETCTBYIOIIIME apPOMAaTHUYCCKHE MHUPUIMHBI B MSTKMX YCJIOBUSAX H C BBICOKUM
BBIXOIOM KOHEYHOTO MPOYKTA.

[lepexucr BoOpo/ia B KaueCTBE YAOOHOTO OKUCIIHTEINS MPOJOHKAET WHTEHCUBHO
UCIOJb30BAaThCSI B PAa3IUYHBIX OKUCIUTCIBHBIX CHCTEMax: B KaTaIUTHYECCKHX
konuuecTBax remornobuHa [73], V,0s [74], MoueBuHBI [76] B TPUCYTCTBUU HOA.
OxucneHne  TPeT-OyTWITUAPONCPOKCUIOM  C  HCIONB30BaHHEM 2 MOJbY%
(hranorMaHMHOBOrO0 KoMiuiekca xjopuaa skene3a (III) omumcaHo kak HOBBIH IHpUMEp
MOJIETUPOBAHUS OMOJIOTHYECKOM apoMarnu3aluy 3aMerieHHbix 1,4-JII'TI T'anua [80].

XopBaTcKHe HCCIeNOBaTeI MNpoBeNnd ceputo pabdor [71; 77] mo wu3ydeHHIO
apomarm3aruul,4-JI['T1 10 COOTBETCTBYIONINX NHPUIWHOB COCAMHCHHUSIMH JJIEMECHTOB
3-eit [In(IlD)], 4-oii [Ti(IV), Zr(IV), Hf(IV), Ge (IV)], 5-0ii [V(V), Nb(V), Ta(V),
Sb(V)], u 6-oiti [Te(IV) Se (IV)] rpynm u BBISBHIM BBICOKYIO 3()(PEKTUBHOCTH
oxucaureneii SbCls [71] u VOCI3[77].

KonugectBo pabot, B KOTOpBIX H3ydancs MexaHusMm apomaruzanmu 1,4-II'TI, mo
CPaBHEHHUIO C OOIIUM YHCIOM padoT MO 3TOH TeMaTHWKe, HEMHOTOYUCIeHHO [71-73; 76;
77; 79]. B OOnpIIMHCTBE CIydaeB MPHUBOIUTCS IPEIIONIATAEMBIA OJTHOAICKTPOHHBIN
SET-mexanu3m apomatuzauuu [73; 76; 77; 79], oqHako, B ciaydyae okuciaeHus 1,4-JII'TI
(3.1) mom neiicteuem SbCls (cxema 11) mnpenamonaraetcs [71] obpa3oBanue
NPOMEXYTOYHOTO  Tponykta (3.2), KOTOpBIM  OKHUCISETCS C  IOCIEIYIONTHM
JIBYX3JIEKTPOHHBIM IIEPEHOCOM 10 coun (3.3).

Ph H Ph  H * +2e
H5;CO,C CO,CH,4 H;CO,C CO,CH, “
H,C H CH, H,C Z CH,
bCl
31 L 30 J SBCl, + Hel
— _+
Ph
H ( H
3CO.C____CO,CH; )
H,C” >N~ >CH
3 H 3
3.3
Cxema 11

Takum o0pa3oMm, 3a TMOCIHCAHHUE S5 JIET TMOSBWICS BHYIIUTEIBHBIH 00BEM
myonmuKanuii, mTOCBAMEHHBIX xuMuud 1,4-JI[TI, 91O CBfA3aHO C YHUKaIHLHOCTHIO
XHUMUYECKHX CBOMCTB M OMOJIOTMYECKOM aKTHMBHOCTM JAHHOTO Kjacca COEAUHEHUH U
CBUJICTETILCTBYET O BO3pACTAIOIIEM BHHUMAHUM K HHUM XHUMHUKOB, (PapMakoJOTOB W
MEIHKOB.
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Oles Honchar Dnipropetrovsk National University, 72, Gagarin Ave.,
Dnipropetrovsk 49010, Ukraine

MAIN DIRECTIONS OF DEVELOPMENT IN
1,4-DIHYDROPYRIDINES CHEMISTRY - AREVIEW

This review covers the literature published over the last 5 years on the practical use, synthesis,
and oxidation of 1,4-dihydropyridines (1,4-DHP). A summary is given on recent research on the
biological activity of 1,4-DHP (Hantzsch esters) as antioxidants and calcium channel antagonists. The
article provides information about the main trends in the development of pharmaceuticals based on
1,4-DHP. The main directions of the synthesis of 1,4-DHP systems, closely linked to the development of
new biologically active substances, are discussed. New and traditional methods for the aromatization of
1,4-DHP are summarized, including recent studies on the mechanism of this reaction.

Key words: 1,4-dihydropyridines; biological activity; pharmaceutical drugs; synthesis; aromatization;
oxidation.

Onena FO. Hecreposa, A. A. ['pumienko

JlHinporner poBcekwii HaioHa s HEA yHIBEpCHT eT iMeHl Onecs Iordapa, np. [arapina, 72,
Jlainpornier poBcsk 49010, Yipaina

OCHOBHI HATIPSIMU PO3BUTKY XIMII
1,4-TUTTAPOIIIPUAVHIB - OT'JISA 1 IITEPATYPHU

Y3araapHeHa JiiTepaTypa 3a OCTaHHI 5 pOKiB 3 OCHOBHMX HanpsiMKiB TNPaKTHYHOIO
BUKOPHCTAHHS, CHHTe3y Ta OKMCHEHHS cnoJyk 1,4-murigponipuannosoro psaay (1,4-AII). BucBitieno
Cy4YacHi HANpaBJIeHHH J0C]HiIKeHb Giosoriunoi aktusnocti 1,4-JI'TI (edipis I'anuy), siki noB's3aHi 3 ix
BJIACTUBOCTAMM SIK AHTHOKCHIAHTIB i aHTaroHictiB ioHiB Kajbuil0 Ta HagaHo iHdopmauilo 1OA0
OCHOBHHX TeHJeHNili Po3BUTKY Jikapcbkux mnpenapariB Ha 0asi 1,4-JII'Il. PosrasHyTo ocHOBHI
HANpsAMHU cuHTe3y 1,4-AurifpomipuauHOBHX CHCTEM, IO TiCHO NOB’S3aHi 30 CTBOPEHHSIM HOBHX
0io10TiYHO-aKTUBHUX PEYOBHMH. Y3arajbHeHa iHQopMalis 3 HOBHUX Ta TpaauUiiHMX MeToAiB
apomartu3auii 1,4-/1I'Il, HOBUX J0C/IiIzKeHb 3 MeXaHi3My iX OKHCHEeHHSI.

Kniouosi cnosa: 1,4-nurinponipuaunu; 0i0J0TiyHa aKTHBHICTb; (hapMalleBTHYHI NpenapaTy; CUHTE3;
apoMaTH3alis; OKUCHEHHS.
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EJIEKTPOXIMIA / ELECTROCHEMISTRY

YK 544.635
Buxrop ®. Bapramox,"* B. B. ITonragen,' Enena B. I'py3aesa’

J,ZZHerOHeT POBCKHH HaLHOHAIbHBIH yHUBEpCHT eT nmenn Oneca I ordapa, np. Iarapuna, 72,
/lrenporner posck 49010, Ykpanra

ZYKpaHHCKHﬁ rocyaapcT BeHHBIH XHMHKO-T €XHOJIOTHYECKHH YHHBEpCHT €T , np. I arapuna, §,
Jwenporer posck 49005, Ykpanra

BJIMSAHUE TEMIIEPATYPEI HA QJIEKTPOOCAXIAEHNE OKCHUIOB
MAPI'AHIIA HA ITJTATUHOBOM U CTAJIBHOM J3JIEKTPOIAX

C ucnoJib30BaHNEM XPOHOBOIbLTAMIIEPOMETPHYECKOI0 MeT0/1a U3y4YeHO BJIHsIHHE TeMIIepaTyphbl
U TNpUPOABI MaTepuaja NOANOKKU (miaatuHa, craas 12X18H10T) Ha MexaHu3M mnpoueccoB
JIeKTpoXuMmueckoro oxmciaenuss Mn®* 1o MnO, B YKCYCHOKHCIOM 30eKTPOJIHTe. AHAIH3
noJaspu3anuoHnsIX KpuBbix npu T < 323 K moaTBepanJ1 mpeanosiokeHne 0 CylecTBeHHOM BJIUSTHUH
3aMeJIeHHOH CTAaANM THAPOJIN3a HA nmpouecc popMHpPOBaHHS OKHCHOI mieHkd. B ob6mactu T > 323 K
3aQUKCHpPOBaHO u3MeHeHHe XxapakTepa |, E-3aBmcumocreii, BbIpaikeHHOe B  NOSIBJEHHH
JOTOJHHUTEIbHOI0 MHKA, YTO YKAa3bIBAeT HA CMeHY MeXaHH3Ma 00pa30BaHHs OKCHIHBIX COeIMHEHHU
MapraHia. YcTaHOBJIEHO, YTO NMPUPOAA MOAJIO0KKH CylIeCTBEHHO He BJIHMsIeT HAa Mpolece 0CaMIeHHs
MnO,. ®a3oBblii cocTaB MIeHOK, chopmupoBaHHbIX npu T > 333 K, u3yuyeH MeTo10M peHTIreHOBCKOIi
auppaknuu. IlonydyeHHble NJIeHKH NpPeACTABJISIIOT co000 NOIMKpHCTALIMYecKoe 00pa3oBaHHe,
cocrosimmee w3 cMecu y-MnO, mu Mn;O, ¢a3 pasnuuHoii kpucraiorpadpuueckoii opuentanuu. Ilo
HHTEHCHBHOCTH JH(PAKIHOHHBIX HKOB yCTAHOBIEHA 3aBHCHMOCTH cooTHOmenus gopm Mn*/Mn** B
ocajike OT TeMIepaTypsl OCaKIeHNus IVIeHKH. BhISIBJIeH XapakTep BJIUSTHUS TeMIIEPATYPhI HA CTelleHb
KPHUCTAUIHYHOCTH ocaaka. MeTonqoM CKaHUPYIOLIEH 3JEKTPOHHOH MHMKPOCKONHH HCCIeJ0BaHA
MOp(o10THsl MOJYYEeHHBIX 0CATKOB. 3a()UKCHPOBAHO 3HAYHMTEIbHOE PACTPECKHBAHHME OCAKA MPH
T = 323 K, 00ycJioBJIecHHOe H3MEeHEeHHEM CTelleH! THIPATALUN B OKCHJIE.

Kniouesvie cnosa: oxcun Mapratiia;, TeMmneparypHbli 3(QekT; Marepuan NOJIOKKH, MEXaHU3M
(dbopMupoBaHUS OCaKa.

BBenenue. Okcuabl MapraHiia, IMOJIYYaeMbIe JICKTPOXUMHUYECKUM METOJIOM,
SIBJISIFOTCSL TEPCIEKTUBHBIM MAaTEPUATIOM JUIsI 3JIEKTPOXUMHUYECKUX CHUCTEM B CBSI3U C
NIEMIEBU3HON CHIPhSI M HHU3KOM TOKCHMYHOCTHIO. OHH HAIUIM IIUPOKOE IPHMCHCHHE B
XUMWUYECKUX HCTOYHHMKAX TOKa, CYIEPKOHACHCATOpaX, B TOILIUBHBIX JJIEMEHTAaX W B
KauecTBE KaTalu3aTopa B OpraHnueckoM cuntese [1].

ONEKTPOJIMTHYECKUA ~ JTHOKCHII Mapradma OOBIYHO  TOJIYYalOT  aHOJHBIM
OCaXIICHHEM W3 KHCIBIX PACTBOPOB COJIEH ABYXBaJIEHTHOTO MapraHia. bojsioe 9ucio
¥CCIIe/I0BaHHil OCBAIIEHO MEXaHH3My OKHCIeHHs noHa Mn®* 1o MnO,, Hanpumep [2; 3]
Y CCBUIKH B 3THX paboTax.

O6mmit mporiecc ocaxaeHst MnO; BeIpakaeTCs CICAYIONINM YpaBHECHHUEM

Mn** + 2H,0 — MnO, +4H" +2¢". 1)

Opnaxo, peaknus (1) He sBiusercs ogHocTaauiiHOW. CyimecTByeT 00OCHOBaHHAs

TOYKA 3PCHHSI, YTO OKHCJIICHHE HOHA Mn?* TIPOUCXONUT COTJIACHO CJICIYIOIITIM

3JIEeMEHTaPHBIM
peakuusaM, BKIFOYAIONUM 00pa3oBaHue ycToiunBoro coeauaenns MnO(OH) [3]:
Mn* — Mn** +e | 2)
Mn** + 2H,0 — MnO(OH) + 3H", (3)
MnO(OH) — MnO, + H* +¢". 4)

* Correspoding author: Tel.: +380567768253; fax: +380563749841; e-mail address: vargaljuk@i.ua
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B ToXe BpemMsi MHOTHE aBTOPHI CYHTAIOT, YTO TPH HEKOTOPBIX YCIOBHSIX
peanmzyeTcst aNbTePHATUBHBIN MEXaHH3M, BKJTIOYATOTITHHA peaxkuuio
JUCTIPONIOpPLIMOHNpPOBaHHUs [4]:

2Mn* — Mn** + Mn**, (5)
Mn*" +2H,0 — MnO, + 4H" . (6)

BrnusHue TtemmepaTypel Ha MPOIECC JNEKTPOOCAKIACHHUS OKCHAAa Maprafia
yrmoMuHaeTcs B [5], OAHAKO 3TOMY BONpOCY HE OBUIO YAEIEHO AOKHOE BHUMAHHE.
Lenbto Hamielt paboThI OBLIO N3yYSHHE BIHSHUS TeMIepaTypHOro (hakropa Ha MeXaHH3M
peaKkiMi OKHUCIICHUSI MOHA Mn?* 10 MnO,. Tax xe Hac HWHTEpPECOBaJl BOMPOC, BIUSET JIU
Ha IMpo1ecc 3IeKTPo(HOPMUPOBAHHUS OKCHAA MapraHila MaTepyua MOJI0KKH, IIO3TOMY MBI
CPaBHUJIN MPOLIECCHI HA TIOBEPXHOCTH MJIATUHBI H HEPIKABEIOLICH CTaJH.

MeToauka 3KcnepuMeHTa. DIIEKTPOTHBIE MPOIECCH UCCIIE0BAIICh B PacTBOpE
arerara Maprania, conepskaiero 0.1 M Mn(Ac),, 1M NaAc (pH = 5.2).

OnextpoocaxaeHue wieHok MnOy TpOBOAMIN B TaJbBAHOCTATHYECKOM PEXKHME
M3 YKCYCHOKHCIIOTO O3JIEKTPOJINTA, COCTaB KOTOPOTO MPHBEIEH BHIIIE, MPH aHOJHON
IUIOTHOCTH ToKa 1.7 MA/cM® B HHTepBalte Temmepatyp ot 293 10 353 K B teuennu 600 c.

B pabote ucnonap30Bainch 3IIEKTPOABI U3 TUIATHHBI M HEP)KABEIOIIEH CTaau MapKH
12X18HI10T. IToBepxHOCTH paboUero AIEKTpoAa 3 HEP>KABCIOIICH CTATH Iepe.T KaXKIbIM
SKCTIICPUMEHTOM 3auMINain HaxmgadHoit Oymaroit P 1500, oO0e3xupuBamm OKCHIOM
Maraus, npoTpasiBany B cmecu kuciotr H,SO, u HCI B cootHomennu 5 : 12 B TeyeHun
5 MUHYT, TIIATEJHBHO MPOMBIBAIN AMCTHIUIMPOBAHHOW Bomoil. IloBepxHocTs pabouero
3JIEKTPO/Ia W3 TJIATHHBI Tepel KaKIbIM SKCIIEPUMEHTOM IOJIMPOBAIN OKCHIOM MarHHs,
3areM oOpalaTblBald B CMECH TOpsiYeH CepHOH KHCIOTHI M TEPEKHUCH BOAOPOAa B
TEYCHUU 3 MUH.

Bce nmorenmmansl B paboTe TpPUBEACHBI OTHOCHTEIHHO  HACHIIEHHOTO
XJI0pCepeOpsTHOTO JIEKTPOIa CpaBHEHUS (H.X.C.).

Kuneruky oanextpoocaxkaenuss MnOy ©3  YKCYCHOKHCIOTO — AJIEKTPOJIUTA
UCCIIEIOBAII METOAOM XPOHOBOJBTAMIIEPOMETPUU. IJIEKTPOXMMHUYECKUE HW3MEPEHHS
MPOBOAWIN C HCHOJb30BaHMEeM moTeHImocTata I1M-50-1 um nporpammaropa ITP-8.
BonbramneporpamMMsl perucTpupOBaId ABYXKOOPAUHATHBIM noTeHromMerpom H307/1.

Mopdonoruio NOBEPXHOCTH OCAAKOB HCCIENOBAIM METOAOM CKaHUPYIOLIEH
aneKkTpoHHONH MuKpockonuu (COM) pacTpOBBIM 3JIEKTPOHHBIM MHKpPOCKOTIoM POM-
10611. da30BbIit COCTaB OCAJAKOB HMCCASIOBANIN ¢ MOMoIlbio audpakromerpa JPOH-4 ¢
KomrbloTepHbIM HHTEpdericom (CuKoa-uznyuenne).

Oo6cy:kaenne pe3yabTaToB. Ha puc. 1 mpencTaBiieHbl MOISIPU3AITMOHHBIE KPUBBIC
ANEKTPOOCAKICHHST OKCHJIa MapraHIla Ha IUIATHHOBBIM IIEKTPOJ MPU TeMIIepaTrypax oT
293 nmo 353 K ¢ marom 10 K. Ilpu ananuze 3aBUCHMOCTEH MOHO BBIACIUTH 3
XapakTepHbIX ydacTka: obnacte Hu3kux (10 0.6 B), cpemuux (ot 0.6 mo 1.5 B) u
BBICOKMX mojisipu3anuii (6onee 1.5 B). O0macte HU3KOH MOMAPHU3AIIAN XapaKTEPHU3YETCs
OYCHb HU3KMMHU 3HAUCHHMAMH TOKOB. OOnacTp CpeoHMX MONSpHU3ALUA Ui
BOJIbTAMIICPHBIX 3aBUCHMMOCTEH Ha pHC. la OoTiM4aeTcsl MOABICHUEM OJHOTO IMHUKA IMPH
T <313 K, COOTBETCTBYIOIIETO MPEIMOIOKUTEIBHO OKHCIUTEILHO-BOCTAHOBUTEIBHOM
peakiuu (2), ¢ TOBBIIICHWEM TEMIIEPATyphl BBICOTA IMMKAa BO3pAcTaeT W 3HAYCHHE
NOTEHIKANa CABUraeTcs B 0oJiee MONIOKUTENbHYIO cTOpoHy. Cieayromias 3a TMKOM 30Ha
IUIATO MOXET OBbITh CBS3aHA C XHMHYECKUMH MPOIECCAMH, IPEINONIOKUTENHLHO ¢
peakiueit (3). [To-BuauMoMy, 31€Ch IPOUCXOAUT 00pa30BaHUE M arperamus aMmophHOro
ocagka MnO(OH), KoTopbIil 3aKpbIBa€T MOBEPXHOCTh U MPEMATCTBYET IPOHUKHOBEHHIO
voHOB Mn ** K rpanuue pasmena da3 meramn/snexrponurt. Ipu T = 323 K HaGmonaercs
nmosiBjieHHe BToporo mmka mnpu E ~ 1.45B. [losBineHue AOMONMHUTENHLHOTO ITHKA
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CBUJICTENILCTBYET 00 HM3MEHEHWH MeXaHu3Mma ¢opmupoBaHus ocajka MnOy. MoxHo
NPE/IOJIOKUTh, YTO 37eCh PpEaU3yIOTCS YCIOBUS, OOECICUMBAIOIIUEC MPOTEKaHHE
nmapauieIbHON PEakIuy B COOTBETCTBUM C ypaBHeHUsAME (5) u (6). [losBieHue naByx
nukoB mipu 323 K oTmedanock panee B [5], oHaKO WX MPHUpPOAa HE OOCYXKIANach.
O6macTh cpemHUX TMOJSApHU3AIN JUIT 3aBHCUMOCTEH Ha puc. 10 XapakTepusyercs
CONIM)KEHNEM JIByX MHKOB, BBICOTa KOTOPHIX OJUHAKOBA, M BU3YAJIIbHO Pa3feNUTh UX TpH
T > 343 K 10CTaTO4HO CIIOKHO.

I, mA
5

08

06

04

02

00

04 06 08 10 12 14 16 18 04 06 08 10 12 14 16 18 20
E.B E.B

Puc 1. ITonsapu3annoHHble KPUBbIE YIEKTPOOCAKICHUS OKCHIHBIX CO¢HHEHHII Mapranna Ha
IUIATMHOBOM 3JieKkTpojae npu (a) 293, 303, 313, 323 K, (6) 333, 343,353 K,
ckopocTh pa3seprku 10 mB/c

B o6nactu Beicokux nonsipuzanuii (E > 1.5 B) napaniensHo 0CHOBHOMY HpoLiecCy
HAYMHAETCS] MHTEHCUBHOE BBIACTICHUE KUCIOPOAa.

312.0

1, MA
=
1

04 06 08 10 12 14 16 18
E.B E.B

Puc 2. Ilonsapu3annoHHble KPUBbIE JIEKTPOOCAKACHUS OKCHIHBIX CO¢IHHEHHII Mapranna Ha
CTAJILHOM 3JIeKTpoze npu (a) 293, 303, 313, 323 K, (6) 333, 343, 353 K, ckopocTth pazsepTku 10 mB/c

Ha puc. 2 npencrapieHbl NOAAPU3ALMOHHBIE KPUBBIE IEKTPOOCAKICHU OKCHIA
MapraHija Ha CTaJIbHOM 3JIEKTpoAe NpH TemnepaTtypax oT 293 no 353 K ¢ marom 10 K.
CrnenyeT OTMETUTH, YTO Ha IUIATHHOBOM 3JIEKTPOAE M Ha 3JIEKTPOJE M3 HEprKaBerolen
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CTalll PETUCTPUPYIOTCS CXOJHBIE BOJIBTAMIIEPHBIC 3aBUCUMOCTH C XapaKTEPHBIM OJTHUM
nukoM npu T < 313 K u nmosienennem Broporo nuka npu T > 323 K B o0nactu cpeaHux
nonspusanuid. [IpuBeneHHble HAa pucC. | U 2 MOMAPU3AIMOHHBIC 3aBHCUMOCTH OBLIH
00pabOoTaHbI C HCIIOJIE30BAHUEM TEMITEPATYPHO-KHHETUIECKOTO METO/Ia, IPEITI0KEHHOTO
C. B. I'op6aueBbiM [6]. CBsi3b TeMIepaTypbl, INIOTHOCTH TOKA M SHEPTrUU aKTHBAIIMUA Ha
HAYaIBHOM y4acTKe BOJIbTaMIIEPOrPaMMBI ONIMCHIBAIOTCS] YPaBHECHHUEM:

w, —r7?[ 2Nt} )
T ),

Ha puc. 3 mpencraBieHbl 3aBUCHUMOCTH IUIOTHOCTH TOKa OT TEMIIEPaTyphl B
ApPEHUYCOBCKUX KOOpAMHATaX aiIs Pt M CTaJbHOrO AIIEKTPOJOB, OTHOCSIIHMECS K
peakuun (2).

26 7 )
24 = Pt
22 4 cTan.
20 1 A A -

18
16 -
14 A
12
1,0

Ini

08 7 r'
06
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02 7
'y

T T T T 1 L}
0,0028 0,0029 0,0030 0,0031 0,0032 10,0033
T, K’

Puc. 3. 3aBucumocts In i — 1/T npu norenuunae saexrpoxa E = 0,65 B pas Pt u
CTAJBHOI0 )JIEKTPOA0B

Pesynprarel Hammx Beraucnennit mpu E = 0.65 B cBenens! B Tabnuiy 1 Aal0T HaM

OCHOBAHUSA MJIA CIICAYIOUIUX BBIBOJOB O KWHETHKE MCCIICAOBAaHHBIX IIPOLIECCOB.
9Hepr1/1;1 AKTHBall PCAKIUHN BJICKTPOOKHUCIICHUA ABYXBAJICHTHOI'O MapraHia ao
TPECXBAJICHTHOI'O COCTOSAHUA HAa CTAJIbHOM 3JICKTPOJAC HCCKOJIBKO BBIIIC, YCM Ha Pt, HO
CcaMHM BEJIMYHMHEI UMEIOT TaKOMH MOopAaOK, KOTOpLIfI HE Ja€T OCHOBAaHHUA CUHUTATh, UTO 3Ta
cTaaus SIBJSIETCs 3aMemicHHOH. OJHaKo CIIOKHAas (GopMma IMOISIPU3AIMOHHBIX KPHUBBIX
npu 0osiee MOJOKUTEIBHBIX NOTCHIMAJIaX MOATBCPIKAACT HAIIM MNPCANOJOKCHUA O

3aMe,E[J'IeHHOI71 cTaauu rugpoJinia, CHC,I[YIOH_ICﬁ I1I0CJIE BHCKTPOXHMHqCCKOﬁ pCaKkuuu.

Tabruya

PaccuuTanHble JHEPIruy aKTHBALUM OKHUCJICHUS Mn?* 5o Mn** npu E = 0,65 Bua Ptu
CTAJbHOM 3JIeKTPOAax

Marepuai 31eKTpoja W,, x/Ix/Mois
Pt 24
CTallb 33
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®da3oBEI cocTaB MICHOK, chopmupoBaHHEIX TpH 333 u 353 K, m3yyanm mMeromoM
peHTreHoBckor mubpakiuu (puc. 4). Kak cieayer W3 MONYyYEeHHBIX TaHHBIX, OKCHUJI
TIPEJICTaBISIET COO0H MOMUKPHUCTAITNYECKOe 00pa3oBaHue, cocTosmiee u3 cmecu Y-MnO,
u Mn;0, ¢a3 pasnuuHoil kKpucTamuorpaduueckoit opueHranuu. Hanbonee HHTEHCHBHBIE
IupaKkIiMOHHBIE TMHMKH COOTBeTCTBOBaIM Y-MnO,, mnomyuennomy mpu 353 K. C
moHmWKeHHeM  Temmepatypel g0 353K y-MnO,  xapakrtepusyercs  HU3KOMH
KPUCTAIUTMYHOCTBIO, TPOSBIISIONICHCS B IIUPOKUX, IUIOXO BBIPAKCHHBIX NHKaX Ha
JudpakTorpaMMax, OJHAaKO THKH, XapakTepHble mias MnzO, ¢as3el, cramum Oonee
BBIPQXCHHBIMH U 110 HHTEHCHUBHOCTH CONOCTaBUMBI C MUKAMH, XapaKTEPUIYIOIIUMHU Y-
MnO, MoXHO NPEANOIOKUTh, YTO TPU UIMEHCHUH TEMIEPATyphl OCAKICHHS
WU3MEHSETCS COOTHOIIEeHuEe (opM B Mn*/Mn**.  Jlns temrnepatyp Huxe 323 K
MOJTy9aeMble TUICHKN XapaKTeprU3yIoTCs aMOpPGhHOM CTPYKTYPOA.
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o 23 o - -

m ™

0 T T T T ! 20
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Puc. 4. Pentrenosckue 1u¢GpaKkTorpaMMsl IJ1CHOK, MOJIy4YeHHBIX HA IIOBEPXHOCTH CTAJIM IIPH
a) 333 K, 0) 353 K

Mopdomnorus ocanka B 3HAYUTEIBHON Mepe 3aBHCUT OT TEMIIEPATyphl, IpPH
KOTOPOU ocaxaanach IieHka (puc. 5).

C mnoBermeaneM Temmepatrypsl g0 323 K mabmiomaeTcss oOpa3oBaHHE OCAIKOB CO
3HAYUTENbHBIMHA TPEIIMHAMH, OYEBHIHO 33 CUET TOTO, YTO IUIEHKa MpuoOperaer Oonee
BBIPOKEHHYIO KPHUCTAIMYECKYIO cTpyKTypy. llpm Temmeparype 323 K nabmromaercs
MaKCHUMaJbHOE PACTPECKHMBaHUE oOcagka M (HUKCHPYETCS TOSBICHHE KPHUCTAIJIOB
CyOMUKpPOHHBIX pa3MmepoB. llpu nanpHeWmeM moBbIIEHHH TemmepaTypsl 1o 353 K
TPEUTHHEI MOCTETIEHHO UCYE3aI0T u HaOronaeTcst oOpasoBaHue
KPYIMHOKPHCTAIITMYECKOTO OCa KA.
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OO6pazoBaHue TpPEIIMH MBI MOXXEM CBSI3aTh C M3MEHEHHWEM CTETeHU THIpaTaliu
(comepxaHueM KpPHUCTATM3AIMOHHONW BOZBI) B OKCHAE, KOTOpask MOXET 3aBHUCETh OT
MexaHu3Ma (OpMUPOBAHUS ocagka. MOXXHO TpeanoioxuTh, urto npu 323 K u Beimie
dhopmupoBanne MnOy TMICHKH TPOUCXOIUT MAapaUICIBHO 10 JBYM ajbTCPHATHBHBIM
MeXaHW3MaM. AHaIHU3 TOJISPU3AMOHHBIX KPUBBIX, IPUBEICHHBIIN BBIIIE, TOATBEPKIAET
3TO MPENOI0KEHHE.

MRV 100k

20.00kV x5.00k

20.00K x5.00k

Puc. 5. Mukpogortorpadun (CIM) MnO, mienok ocaxaenusix npu (a) 313 K, (6) 323 K,
(8) 333 K, (r) 353 K na noBepxHocTu craiu B Tedennn 600 ¢ npu i, = 1.7 mA/cm

BoiBoabl. 13 momy4eHHBIX SKCIIEPUMEHTANBHBIX JAHHBIX M WX aHAIW3a CIEAyeT,
YTO TEMIIEPAaTypPHBIA (akTOp HMEeT CYIIECTBEHHOE BIHMSHHE Ha MEXaHH3M
(¢hopmHpoBaHus, a, CIEAOBATENBHO, U Ha CTPYKTYPY M MOP(OJOTHIO MJICHKH OKCHIOB
Maprasia, 0Opasyloeiics TPH IEKTPOOKHCICHHH HOHOB Mn®* M3 yKCYCHOKHCIBIX
pactBopoB. [Ipu Temmepatypax Hibke 323 K Habmomaercss oOpa3oBaHue amMop(hHBIX
CTPYKTYP C BBICOKOHM CTEMEHBIO THIpaTaliy. 31eCh Pealn3yeTcss MEXaHnU3M Ipolecca, B
paMKax KOTOpPOTO 3HAYWTENIbHAS pOJb OTBOAWTCA BIMSHUIO CTaJUH THIPOJIH3a
npoaykToB peaknuu. [Ipu temneparypax Beime 323 K HaOnromaeTcs oOpa3oBaHue
0CaZKOB C KPHCTAJUIMYECKOH CTPYKTYpOW, BEpOSTHO BCJICICTBHE TMOSIBICHHSA
nmapajyieIb-HOro  MexaHuzma oOpazoBanuss MnOy. Takxe ciegyer  OTMETHTb
CYIIECTBEHHOE BIIMSHHE TEMIIEPAaTyphl HAa COOTHOIICHHWE BAJICHTHBIX COCTOSHHUI
Mapraima B oOcajike. OJEKTPOKMHETHUECKHE HW3MEpeHHs IoKas3ald, 4YTO MpHpoJa
MOJUTOKKHM CYLIECTBEHHO HE BIHMSET Ha XapakTep NpoLecca OCAXKICHHUS OKCHIHBIX
COEJIMHEHUI MapraHia.
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THE INFLUENCE OF TEMPERATURE ON MANGANESE OXIDES
ELECTRODEPOSITION ON PLATINUM AND
STEEL ELECTRODES

The influences of temperature and substrate material (platinum, steel 12C18N10T) on the
mechanism of the electrochemical oxidation of Mn®*" to MnO, in the acetic acid electrolyte were
investigated using hronovoltamperometry method. Analysis of polarization curves at T < 323 K proved
that the hydrolysis reaction like rate-determining step strongly influenced the process of oxide film
formation. It was observed the additional oxidation peak currents on i, E - curves at T > 323 K. It has
been interpreted like another manganese oxide film formation mechanism take place. It was
experimentally found that the substrate material didn’t substantial effect on the MnOy
electrodeposition process. The structures of films formed at T > 333 K was investigated using X-ray
diffraction. The polycrystalline coatings consisting of a mixture y - MnO, and Mn3;O, phases with
different crystallographic orientation were observed. The analysis of XRD patterns was allowed to
estimate the dependence of Mn** / Mn*" ratio in the film from the temperature of coating deposition. It
was determined the dependence of the crystalline degree from the temperature of coating deposition.
Scanning electron microscopy (SEM) was used to study the morphology of the obtained samples. It was
found a significant cracking on the coating obtained at T = 323 K. It has been explained changing of
hydration degree in the oxide.

Key words: manganese oxide; the influence of temperature; substrate material; the mechanism of
precipitate formation.
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BIIJINB TEMIIEPATYPU HA EJIEKTPOOCAJDKEHHS OKCHUIB
MAHT'AHY HA IITATHUHOBOMY TA CTAJIEBOMY EJIEKTPOIAX

3 BHKOPHUCTAHHAM XPOHOBOJbTAMIEPOMETPHYHOIO METOAY AOCTIAKEeHO BIUIMB TeMIepaTypH i
npupoad Marepiaay migkiaagkud  (miaatuHa, craab  12X18H10T) Ha MexaHisM mnpouecis
eslekTpoxiMiunoro oxucuenns Mn®* 10 MnO, B ouToBOMY eeKTPOJITI. AHANI3 MOMSAPH3AMIHHIX
kpuBux npu T <323 K nminTBepanB gonyuieHHs NPo CYTTEBUI BILIMB 3arajJibMOBAaHOI cTaii rixpoJizy
Ha mpouec ¢opmyBanns okcuaHoi miaiBku. IIpm T >323 K 3adikcoBano 3miny xapakrepy
|, E-3anexxHoCTeli, sika BHpa:keHA B MOSIBi J0JaTKOBOro MiKy, 10 CBiTYMTH NMpPO 3MiHy MeXaHizmy
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YTBOPEHHS OKCHAHHUX CHOJIYK MaHTaHy. BcraHoBJieHO, 10 TPHPOAA MiIKIAAKH CYTTEBO He BILTMBAE HA
npouec ocajkeHHs MnO,. d®azoBmii ckiax miIiBok, chpopmoBanux npu T >333 K, Oysi0o BuBYeHO
MeTOI0M peHTreHiBchbkoi nudpaxuii. Ogep:kani NIBKH ABJISIOTH 0000 MOJIKPUCTATIYHI YTBOPEHHH,
AKki ckaagaTbes i3 cymimi MnO, i Mn3;O,4 ¢a3 pizHoi kpucramiunoi opienrauii. 3a iHTeHCHBHiCcTIO
auppakuiiiHuX MiKiB BCTAHOBJEHA 3ajexKHICTh MiK cmiBBigHomennsm dgopm Mn**/Mn*" B ocani i
TEMNEPaTypol0 OCa[:KeHHs1 IUIiBKH. BusiBJeHO XxapakTep BIUIMBY TeMIepaTypH Ha CTYHiHb
KpucTadiyHocTi ocagy. MeTroaqoM CKaHy040i €JIeKTPOHHOI Mikpockomii xociigxkeHo mopdoJoriio
onep:xkaHux ocafiB. 3adikcoBaHo 3HauHe po3cTpickyBamusi ocaxy mpu T =323 K, mo ofymoBieno
3MiHOI0 cTyNeHs riiparanii B okcuai.

Kniouosi  crosa: okcup MaHTaHy, TeMmIepaTypHuil edekT; Marepial MiIKJIaAK{, MeXaHi3M
(dbopmyBaHHS Ocamy.
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CTAINU I'ATIBBAHOCTATHUYECKOI'O ®A300OBPA3OBAHUA
IMUHKA HA BOJIb®@PAMOBOM J3JIEKTPOJIE U3
IMIUHKATHOI'O PACTBOPA

Ha ocHOBaHMHM KJIacCHYECKOil TeOpMH TajJbBAaHOCTATHYECKOro (pa3oodpa3oBaHust u
KHHeTHYecKoli KoHUenuuu Perrepa ucciaenoBaHo (a3oodpazoBaHHe HIHHKA HAa BOJb(PaMOBOM
JJ1eKTpole U3 HMHKaTHOro pacreopa (0,5 M ZnO, 6 M NaOH). B o6sactu niiornoctu Toka 200-600
MA/cM® ompesesieno: mepenanpsikenne nepexoaa (100-200 MB), nepeHanpsuKeHHe KPHCTALTH3ALMH
(50-60 MB), pa6oTa (asoobpazosanns ((2-12) X102 Jl), uncao aromos B 3apoasimie (2-10).

OGOCHOBaHO NpeAnoJio:KeHne, 4To Ga30006pazoBaHNe OCYIIECTBJISETCS HA BOCCTAHOBJIEHHBIX
y4acTKax OKHC/JIEHHOW MNOBEepXHOCTH BoJbdpamMa. B M3ydeHHOM AMana3oHe IUIOTHOCTH TOKa
3apoablu (OpMHUPYIOTCS HA JHEPreTHYecKH OJHOPOAHBIX LEHTpax 3iekTpoaa. Huszkoe 3HaueHue
ko3 dunnenta neperoca (o = 0,26) orpaxaer c1adoe BJUSHHE JIEKTPHYECKOT0 MOJIsA IBOIHOIO €105
HA HePrUI0 AKTHBAIMH NlepeHoca 3apsjia.

Knrouesvie cnosa: Gpa3zoodpa3zoBaHHe LMHKA; CTAIUs paspsija; CTAqus KPUCTAUIU3ALMH; 3apOIbILIH;
a/laTOMBI; TPAH3UEHT TIEPEHAIPSKCHHS.

UuTtepec k  (QyHIaMEHTANBHBIM AacEeKTaM TEOPUH  JJICKTPOKPHCTAILTH3AINT
METAJJIOB OOYCJOBJICH WHTCHCHUBHBIM Pa3BUTHEM DJICKTPOXUMUYECCKHX TEXHOJIOTHH
HaHocucteM [1]. B psay HepemeHHBIX W AUCKYCCHOHHBIX IMPOOJIeM A3TOM oOnactu
JIEKTPOXUMHUHU OCTAeTCsS 3a/ada OMNpPENeNeHUs TEPMOAWHAMUYECKMX U KHHETHYECKHX
OCOOCHHOCTEW MPUHIMITUAIGHO BaXKHBIX CTaJUl MEPEHOCA 3apsia W KPUCTAILIH3AIIHH.
Jlns  ranbBaHOCTATUYECKUX YCIOBUM HYyKJICallMM WACHTH(HUKAIMS STUX CTaIui
paccMaTpuBaiach B paborax [2-4] cormacHo koutemuu derrepa [5], OCHOBaHHOW Ha
pas/ielieHnH TIepeHanpsHKeHUS TIPOIIecca 1) Ha ciiaraeMble MepeHanpsukeHus mepexoa My,
KPUCTAJUIU3ALHHU 1), AUPPy3un M, U peakuuu m, B HacTosmem uccienoBaHUM Takod
MOJIX0J] MCIIONB30BaH IMPH aHaJM3€ OOpa30BaHWS 3apOJBIINIEH IMHKA W3 ITMHKATHOTO
JNIEKTPOJIUTA HAa BOJNB(PAMOBOM 3JeKTpojie. BwIOOp Bombppama B KadecTBe
YyKEPOJHOTO IIEKTPOJIa OMPEEIISIICS OTCYTCTBHEM OCIIOXKHSIOIIETO aHaIn3 HyKJIealun
a¢ddekra «HemOHANPSIKEHUS» TIPH 00pa3oBaHWU (Da3bl IMHKA ¥ HU3KUM TOKOM OOMEHa
peaxIuy BBIACIEHHS BOAOPOIA.

B »skcmepuMeHTaXx WCHONB30BANM IIEIOYh KBATM(UKAMKU OC.4. W TPHIKIBI
nepersannyto Bogy. Duektponaut (0.5 M ZnO u 6 M NaOH) rotoBuiicsi pacTBOpeHHUEM
KA 9ucToTor 99.998% C mcmonb30BaHNEeM IUTATHHOBOTO KOHTaKTa B pacTBope NaOH.
AHOJIOM U 3JIEKTPOJOM CpPaBHEHHS CIYXXHIM OMEJIHEHHbBIE TUIATHHOBBIE TUIACTHHKH,
MOKPBITHIE ITUHKOM W3 CEPHOKHCIIOTO 3JIEKTpOJMTa. Sdelika TepMOCTaTHpOBalaCh HpH
25°C, pacTBOp ea’dpUpOBAJICS OUMIIEHHBIM aproHoM. KaTomHbie IepeHanpsHKEeHUs U TOK
MIPUHSATHI ITOJIOKUTEIIBHBIMY BEJTUUMHAMHU.

DKCTepUMEHTAITbHBIC 1,t-3aBUCIMOCTH MOTyYEeHBI AMITYJTECHBIM
raJIbBAHOCTATUYECKMM METOJIOM Ha TOPIEBOM BOJIb(PPaMOBOM 3JIEKTpoje (IUIomanb
noBepxHoctH  3,14x10* cm?). HMIynaschl TOKa 3aIaBaliCh HEIOCPEACTBEHHO OT
nporpammaropa IIP-8, rampBaHocTaTHpoBaHHOrO UEMOYKOW compotuBieHud. [lepen
KOKIBIM H3MEPEHHEM DJICKTPOJT BBIICPXKUBAJICH 15 CeKyHJ B pa3BEACHHON COJISHON

* Correspoding author: Tel.: +380567768253; fax: +380563749841; e-mail address: krishtop@mail.ru
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kuciote (1:1), mommpoBaics Tpu MHHYTHI Ha QeTpe, HMOKpHITOM cycneHsueir MgO,
MIPOMBIBAJICS BOJOW M pabouuM pactBopoM. Ilepen momadeld MMITysibca TOKA DJIEKTPOJ
BBIJICPKUBAJICS TPH MUHYTHI Ipu aHogHoM noteHuuane E = 100 MB. Tpansuentst n(t)
¢ukcupoBanucy ocumwuiorpagom  C9-8, 3amyck KOTOPOrO CHHXPOHHM30BANCA C
COOTBETCTBYIOLIIMM  IIaroM Imporpammartopa. Kpurepuem  BOCHpPOH3BOIUMOCTH
AKCTIIEPUMEHTAIBHBIX JaHHBIX ObUTO coBmaacHue 1(t), orBeuaromux [ = 100 MKA.
[Ipumepsl XapaKTepHBIX TaTbBAHOCTATUYECKUX TPaH3UEHTOB 1)(t) TMOKa3aHBI Ha
puc. 1. OHu HMMET OOBIYHYIO IS MHPOIECCOB HYKJICAIMH SKCTPEMaIbHYIO (opMYy.
AHanu3 1,t-3aBHCUMOCTEH TPOBOAWICA B MPEANOJIOXKEHHH, YTO BECh TOK HMITYJIbCa
OTHOCHJICS K BOCCTaHOBIICHHIO NPeoOIajaromux B pacTBope noHOB [Zn(OH),”, T.e.
pacxooM OIPEIENICHHOTO KOJIMYECTBA 3JIEKTPUUECTBA Ha IapajulebHBIE MPOLECCHI
3apsDKEHUsI JIBOWHOTO CJIOSi M BOCCTAaHOBJIGHHUE OKCHIHBIX COEJIMHEHHH Boib(pama u
JOHOPOB TIPOTOHA TNpeHeOperanu (AaHHBIE O ICEBAOEMKOCTH W BOJbTaMIleporpamma
JNIEKTPO/Ia TPUBEACHBI HWXKE). TakkKe MOXHO OBUIO TpeHeOpedh CllaraeMbIMH
HEPEHANIPSKEHNA 1,4(t) 1 M,(t): pacyeThl MOKa3alIu, YTO MAKCUMAaJIbHbIEC 3HAYCHUS 14(t) He
npeBsimany 1 MB, a mpeamecTByromas pa3psay peakius IpoTekaeT oopatumo [6].

[Zn(OH)J]* " [Zn(OH)s] + OH'

B cooTBeTCTBUM C 3THM, B UCCIEAYEMOW CHCTEME TPAH3UEHTHI 1)(t) ONpenesiiuch

TOPMOKEHHUEM TOJIBKO CTaAWMK pas3psaa U KPUCTAILIN3AITHH:
n(O= Nu(t)+ n(t) 1)

JanpHelmuii aHamu3 OTHOCUTCSA HCKIIOUMUTEIBHO K MOMEHTY T, OTBEYAIOLEMY
MaKCUMyMY 1),t-3aBUCHMOCTH B 00J1aCTH MaccoBOro (a3zoo0pa3zoBaHmsl.

KonngecTBEeHHBIN aHATN3 CTaIUNA KPUCTALIA3AIMH BBITIOTHSJICS B paMKax TCOPHUH
[7], yuuTbIBaromiel W3MEHEHUE TMEPECHIUIEHUS MO0  aJaroMaM B TCYCHUU
(hazooOpazoBanus. Onpenensuiuch: KOHIICHTPAIKs aaTOMOB cepedpa mpyu PaBHOBECHOM
MTOTESHITNAJIC Co I B MOMEHT T C,, IIEPECHATIPSHKCHUS 1) ¥ My

' o, RT
oo RO [ { 1j(1)] joogy =R S

[HF]_ n, A i nF Cy
E, MB
-200
-100
0

100 . \ .
0,0 0.4 0.8 1.2 t, MC

Puc. 1. XapakTepHble TPAH3UEHTHI NePEHANPSKEHH I PA3JIMYHbIX 3HAYCHHUI
TOKAa HMIIYJIbCOB, (MKkA): 1-100, 2-140, 3-180
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MIPH pacdeTax 1), UCIOJIb30BAIOCH ypaBHeHHE (1), ¢, ompeaensyoch mo 3akony dapames.
Paboty Hykmeanmnm A W 4YHCIO aTOMOB B 3apOJbIIIe g PACCUUTHIBAIA C YYETOM
TPEXMEPHOTO (pa3000pa30BaHUS C UCIIOIH30BAHUEM KHHETHYECKOTO ypaBHeHHs [7]:

iP K
In—=K, - 22 )
T K
!/
3necy p_ NoT , Ki — kuHeTnyeckas mocrosHHas, K, — TepMoauHaMuUYecKas

MOCTOSIHHAS, ONPEIEIISIONas BETMUUHBI A U g:
K,KT _2K,RT
o nFn;
3nece k — mocrosHHas bombpiMaHa, OCTambHBIE BEIMYMHBI HMEIOT CBOM OOBIYHBIE
3HAYEHMUS.

Hcnons3oBanue ypaBHEHUI Teopuu [7] mpearonaraet ajcopONHOHHYIO MPUPOTLY
€MKOCTH YY>KEpPOJHOTO 3JIEKTPOJa, KOTOpasl OIpPENENIeT IEPECHIIEHHE B CUCTEME.
AHamu3 monspuzanoHHoN emkoctH C, BOIBGPaMOBOTO DJIEKTPOJia TMPOBOIHICS
COIIOCTaBJICHUEM TaJlbBAHOCTATHYECKUX TPAH3MEHTOB MOTEHLMANA B (JOHOBOM PacTBOpPE
NaOH u nuHKaTHOM pacTBOpe (IpUMep TPaH3UEHTOB MpHBEIACH Ha puc. 2). Kak BugHO,
B3aMMHOE PACIIONIOKEHHE KPUBBIX OTBeUaeT Oojiee HU3KOMY 3HaueHHio C; B IIMTHKATHOM
pactBope. OTOT 3(dekT sBageTcs HEOOBIYHBIM, TaK KakK TOK OOMEHa peaKIHH
BoccTaHoBIeHHs HOHOB [Zn(OH),]* (=10% A/cwm® [6]) CyIIECTBEHHO MPEBHIMIACT TOK
oOMeHa BBIJICIICHUST BOJOPOa Ha BOJIb(pame (=10° A/cm® [5]). BiusiHie HOHOB IMHKA
Ha M3MEHEHNE TOJISIPU3AIMOHHON eMKOCTH B 00JIaCTH aHOJHBIX TOTEHIIMAJIOB HE MOXKET
OBITH CJeACTBHEM 00pa3oBaHUs alCOPOLMOHHOTO CJIOS MM IMMOBEPXHOCTHOTO CIIIaBa
nuHKa. OO 3TOM CBUAETENBCTBYET LUKINYECKas BoJbTammeporpamma (puc. 3), KoTopas
YKa3bIBaeT Ha OTCYTCTBHE MUKOB MTOANIOTEHIINATBHOTO OCAXIEHUS CyOaTOMHBIX CIOEB.

Tem He MeHee, HanOoilee BEPOATHOH NpWUWHON CcHIKeHUs C,; B MPHUCYTCTBHH
MOHOB IIMHKa SABJSIETCSA WX BoccTaHoBieHue mpu E > 0 OGnmaromaps peanuzanuu TOJIBKO
KaTOJHOW COCTaBIISIONICH TOKa [8] (0 BKIIFOUCHHSI MMITYJIbCA TOKa BOCCTAHOBJICHHOM
dbopMbl 1uHKAa He ObwI0). [IpM 3TOM aTOMbl LMHKA OOpPa3ylOT C BOJIbPPAMOBBHIM
3NIEKTPOAOM OYEHb claldyio CBs3b, KOTOpas HE OTpakaeTcs Ha BoJbTammeporpamme. B
orcyTcTBHE 3¢ (eKTa HeTOHANPSHKEHUS! aTOMBl LIMHKA OKAa3bIBAIOTCA HEYCTOWYMBBIMU U
WOHM3HUPYIOTCA, a OCBOOOXKIAIOIIMECS DIEKTPOHBI CMENIAl0T MOTEHIHal B 00JacTh
OTpPHULIATENFHBIX 3HAYEHUH, YTO HPOSBISETCS B CHIDKEHMH eMKOCTH C,; OTHOCHTEIBHO
3Ha4eHud B pacTBope QoHa. B ornmume oT atoro, B pactBope NaOH »snekTpoHBI
CBSI3BIBAIOTCS CTAOMIILHBIMHU MPOJYKTaMH BOCCTAHOBJICHHS ITOHOPOB MPOTOHA M OKCHIA
BoibGhpama. HecMmoTpsi Ha oOkucieHme artomMoB ImHKa npu E > 0 mpupona
noJisipu3aliMoHHOM eMKocTH C,; M ee 3apshKeHHE ONPEAEAIOTCS MMEHHO peaknuen
BOCCTAaHOBJICHHS HOHOB LIMHKA, KOTOpas MPAaKTUYECKH OJIOKHUPYET MEIJICHHYIO
napajuIeTIbHYI0 PEakiuio BeieaeHus Bogopoaa. [lpu norennuanax E < 0, mo-BuanMomy,
JOCTHraeTcss KaTOJHas 3alldTa aJaTOMOB IHMHKA. M310KeHHbIE OO0CTOSITENbCTBA
MO3BOJISAIOT C AOCTATOYHOM TOYHOCTBIO cuuTarh NpH E < 0 mondpu3anoHHYI0 €MKOCTh
aZIcCOPOIIMOHHON W WCHOJB30BATh €€ BEIWYHHY /IS pacdeTa KOHIICHTpAIMH agaTOMOB,
NIEPECHIICHUS U APYTHUX XapaKTePUCTUK HyKJICaLnH.

A:
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Puc. 2. KpuBble 3apsizkeHHs BOJIL()PaMOBOro Puc. 3. Ilukianyeckasi BoJIbTaMIeporpaMma
asekTpoaa. CocraBsl pactBopos: 1 — 6 M NaOH; BOJIb()PaMOBOro J1eKTPoa B pacTBoOpe
2-0,5M ZnO, 6 M NaOH; i =25,5 MA/cM? coctaa 0,5 M ZnO, 6 M NaOH

AmnanorudHbiii 3((GeKT HAKOIIICHUS DJIEKTPOHOB U CJIBUTA TIOTCHIIMANIA B CTOPOHY
OTPUIATENIFHBIX  3HAYCHHWH OBLUT YCTAHOBJICH TMPH  UCCIICJIOBAHUU  OKUCIICHUS
a7copOMpPOBaHHOTO Ha YTOJIEHOM 3JICKTPOJIE BOJOPOJa B pacTBOpe Imenoun [9], a Takke
npu aHanmse (ha3000pa3oBaHUsl IMHKA HA MHUPOYTIIEPOJHOM 3JIEKTPOAC B ITMHKATHBIX
pactBopax [10].

3aBUCHMOCTH MEPEHATIPSKCHUN 1), U 1; OT TOKa UMITyJIbCa MPUBEIICHBI HA PUC. 4 U
5. Caemyer otMeTuTh, 4To Tpu I < 60 MKA MakCHUMyM Ha KPHBBIX TPAaH3MCHTOB HE
oOHapyXHBAJICS, U TaKWe 3aBUCUMOCTH HE aHANM3MPOBAINCH. KHHETHYeckne KpUBBIC
CTaJiuM pa3psfla U KPHUCTALTU3AIUU CBHUJACTENBCTBYIOT O Oojiee TIyOOKOH CTEleH!
TOPMOKEHUS PEaKIMU MEPeHOCca 3JICKTpoHa. BMecTe ¢ 3TUM, 3HAUYEHUS 1), U OTBEUAIOIIHE
UM TIEPECHIIIEHUS CIEAyeT CUYUTaTh BhICOKMMH. Jlamee o0e cTaauy HyKiIeauuu OYyIyT
paccMOTPEHBI OTIIEIBHO.

Cranuyd BOCCTAHOBJICHHUS MOHOB [Zn(OH)4]2' aHAJTU3MPOBAIUCH COrNacHo [6] ¢
Y4eTOM TPEIIECTBYIOMIEH pa3psiay OUCCOMHUAIMHM 3TUX WOHOB M KOHTPOJS Ipolecca
TIEPEHOCOM TIEPBOTO 3JIEKTPOHA:

[Zn(OH)s] + e : [Zn(OH),]" + OH".

B cBs13u ¢ BEICOKMM 3HaueHUEM 1|, (puc. 4) onpeneneHue Ko3QPuImeHTa nepeHoca
O ¥ TOKa 00OMEHa 1p; IPOBOIUIIOCK 110 ypaBHeHHIO Tadens (puc. 6):

RT, .. RT, .
N, =———In2i, +——Ini 3)
oF oF
. MB
N .MBrp "
m 60F
175} -
561
140
52t
105 F
80 120 160 . mxA 80 120 160 1. MkA
Puc. 4. 3aBpucumocTb nepeHanpsKeHus Puc. 5. 3aBucumocTh nepeHanpsizKeHUust
nepexoaa oT TOKa HMIYJIbCa KPUCTATH3ANHH OT TOKA HMITYJIbCA
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PaccunTanHble  3HaueHus i =34 wMA/em® wuw  0=0.26 MOTyT  OBITh
UHTEPIPETUPOBAHBl B TPEANONIOKEHHN YYacTHs B TIpOIecce paspsjia M HyKICalluu
BOCCTAaHOBJICHHBIX 30H OKHCIEHHOH moBepxHOCTH Boub(pama. IloBblmieHHas
3NEKTPOXUMHUYECKasl aKTUBHOCTB ATUX 30H, 00YCIIOBIIEHHAs 00pa3oBaHHEM Pa30pBaHHBIX
U HCHACBIIICHHBIX CBs3EH, CIIOCOOCTBYET CHMKCHUIO DHEPTrUM AaKTUBAIMH CTaJlUM
paspsiia, 4TO TPOSIBISIETCS B OTHOCHUTEIILHO BBICOKOM 3Ha4eHUH 1lp;. OJHOBPEMEHHO
CHIDKAETCS BIMSHUE JIIEKTPUIECKOrO TIONS IBOMHOTO CJI0S HA SHEPTUI0 aKTUBAIMH, YTO,
COOTBETCTBEHHO, OTPAXKAETCSI HU3KON BEJTUUMHOM Q.

UznoxeHHoe MpeanoiiokeHHe o0 y4acTHH B DICKTPOJNHOM  Ipoliecce
BOCCTaHOBJICHHBIX 30H BOJb(PaMOBOrO 3JEKTPOAa MOATBEPKAAIOT OCOOEHHOCTH
MPOTEKAHUs CTAAMU KPUCTAU3aluy. KuHeTnyeckas 3aBUCHMOCTh CTAAMU HYKJICAl[H
MHKa B KOOpJAWMHATax ypaBHEHUs (2) mpuBeneHa Ha puc. 7. JIMHEHHBIH XapaxTep
3aBUCUMOCTH CBHJIETEJLCTBYET O IIOCTOSIHCTBE TEPMOJMHAMHYECKOW KOHCTaHTHI Ko,
KOTOpasi OTpakaeT B3aMMOJCHCTBUE B CHCTEME JIIEKTPOA-3apOJBILII-JIEKTPOIUT.
Paccunrannas Bemmunaa K, = 8.8x10° B? orBeuaeT He3HaYHTEIbHOI paboTe HyKIICAIHHI
A = (1-1.5)x10% JIx, a mocrosiacTBO K, MOATBEP/KIAET HEM3MEHHOCTh SHEPreTHISCKHX
XapaKTepUCTUK aKTUBHBIX LEHTPOB HYKJICAllN B UCCIIEIOBAHHOM JHarna3zone TokoB. O6a
(hakTopa CBHJETENBCTBYIOT O BEPOSTHOM Yy4YacTHH BOCCTAHOBIICHHBIX 30H B TIpOIlecce
HyKJIeallni. 3HAYUTEIbHOEC  B3aMMOJICHCTBHE  aJaTOMOB IIMHKA C  IIGHTpaMu
(hazoo0pa3oBaHusl NOATBEPKAAIOT U pasMepsl 3apoppimeil (g=1-2 atoma). Bmecte ¢
9THM, 00pa3oBaHUE 3apOAbILICH HUHKA COMPOBOXKIACTCSA OTHOCHUTENBHO BBICOKUM
nepechIeHueM (1)), 4TO MOXKET OBITh CJICJICTBUEM OTPAaHWMYCHHOTO YWCIIA aKTHBHBIX
LEHTPOB HYKJICALIH.

In(i p/7)
nu’ B ol =
0,20
4 L]
115}
0,15F .
11,0}
0,10 "
5.2 3 o e 2 5 ] 22 22
5.2 5.6 6.0 Ini Q, MAICML) 300 350 400 nl__, B>
Puc. 6. Kunernyeckas 3aBUCHMOCTD CTAAHU Puc. 7. Kunernyeckas 3aBUCHMOCTb CTAAUU
pa3psiga B KoopAMHaTax ypaBHenus (3) KPUCTAJUIM3ALMU B KOOPAMHATAX YpaBHeHH (2)
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lurii G. Kryshtop, T. N. Kalyuzhna, Vitaliy V. Trofimenko

Oles Honchar Dnipropetrovsk National University, 72, Gagarin Ave.,
Dnipropetrovsk 49010, Ukraine

THE STAGES OF GALVANOSTATIC NUCLEATION OF ZINC ON THE
TUNGSTEN ELECTRODE FROM A ZINCATE SOLUTION

On the basis of the classical theory of galvanostatic nucleation and Vetter’s kinetic conception,
formation of zinc nuclei on the tungsten electrode from the zincate electrolyte (0,5 M ZnO, 6 M NaOH)
has been investigated. In the region of the current density 200 - 600 mAcm™ the charge transfer
overpotential (100 -200 mV), the crystallization overpotential (50 - 60 mV), the nucleation work
((2 - 12)x10°° J), the number of atoms in the nuclei (2 - 10) were determined.

It was proved that nucleation take place on reduced sites of the oxidized tungsten surface.
Within the range of studied diapason of current densities nucleis are forming on energetically similar
electrode centers. The low value of the charge transfer coefficient (o = 0,26) indicates a weak effect of
the double layer electrical field on the activation energy of charge transfer.

Key worlds: zinc nucleation; charge transfer stage; crystallization stage; nuclei; adatoms;
overpotential transient.

HOpiii I'. Kpumron, T. M. Kamoxna, Bitaniit B. Tpodpumenko

J{ainponer poBcskuii HaLioHaIbHAKH yHIBEpCHT €T iMeHl Onecs Ionvapa, np. [ arapina, 72,
/leinporer poscek 49010, Yrpaina

CTAJIIi TAJbBAHOCTATUYHOI'O ®A30YTBOPEHHS ITUHKY HA
BOJIb®PAMOBOMY EJEKTPO/I I3 TUHKATHOI'O PO3YHUHY

Ha niacraBi knacnyHol Teopii raaibBaHOCTATUYHOIO (a30yTBOpPeHHs i KiHeTHYHOI KOHUemuii
®detTep AocaigKeHO (Pa30yTBOPEHHsS LUHKY Ha BOJb(PAMOBOMY €JEKTPOJl 3 LIMHKATHOIO PO34YHHY
(0,5 M ZnO, 6 M NaOH). B o6aacti ryctunn crpymy 200-600 MA/cM® BH3GHAUEHO: IepEHANPYTY
nepexony (100-200 MB), nepenanpyry kpucramizamii (50-60 MB), po6oty dasoyrBopenns ((2-12) x 10
JIk), KiIbKicTH aTOMIB y 3apoaky (2-10).

OOrpyHTOBaHO NpHUNyLUeHHsI, 0 (a30yTBOPeHHsI 3AiCHIOETHC HAa BiTHOBJIEHMX AiISHKAX
OKHCJIeHOI MOBepXHi BoJb()paMy. Y BUBUECHOMY JiaNa30Hi T'YCTHHH CTPYMY 3apoAKH (JOPMYIOThCA Ha
eHepreTHYHO OTHOPITHUX LEHTPax ejekTpoaa. Husbke 3HaueHHsi koediunieHta mepenocy (o = 0,26)
BimoOpaskae cia0kuii BIVIMB e1eKTPUYHOIO MOJIsl MOABiHOIO MIapy Ha eHeprilo akTuBauii mepeHocy
3apsay.

Kniouosi cnosa: $ha3oyTBOpeHHS IMHKY; CTajis Po3psimy; CTajis KpPHCTaNi3alii; 3apoJKH; agaTOMH,
TpaH3i€HT epeHanpyTH.
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ZHaul'oHaJZLHHﬁ JOCJITHHALIBKHH YHIBEPCHT €T «MOCKOBCHKHI eHepreT HYHHI IHCT HT YT »,
By Kpacroxaszapmerna, 14, Mocksa 111250, Pocis

BIIJIUB AHIOHIB CYJIb®ATHOI KUCJIIOTU HA AHOJHY
ITOBEIHKY HIKEJIIO

Y crajisix aHOAHOr0 po3YUHEHH i nacuBauii MetaniB poauHun @epymy B po3unHax cyabgaTHOL
KHCJIOTH MOXKYTh NpuiiMatn yuacts amiomn HSO, i SO,%. 3i 3acTocyBamHsSIM MaTeMaTHYHOIo
MO/ e/1I0BAHHSA NPOAHATI30BAHO MOXIMBHI BILIUB aHIOHIB Cy/1b()aTHOI KHCJI0TH HA AHOJAHY NOBEiHKY
HikeJgl0 B Kucaux posuuHax. Ilokaszano, mo y Bumagky agcopOuii cyiabdar-aHioHiB Ha noBepxHi
HIKEJI0 Ha aHOJHHMX MNOJMAPH3ALIAHUX 32JIEKHOCTAX CIHOCTEPIra€Tbes 3HMKEHHS MAKCHMAJbHUX
3HaYeHb cTpyMiB. IIpn nbOMY MOKIMBI 3MiHH BeJIMYMHH TadeleBChKOro HAXWJIY JiNTHKH AKTHBHOIO
PO3YHMHEHHS] HiKeJI0 i 3HayeHb MNOTEHUiATiB MaKCHMYMIB CTpyMiB. 30ilbIIEHHSI MaKCHMAJIbLHHMX
3HaYeHb AHOJHUX CTPYMiB Oyae crmocTepiraTuch y pasi Oe3nmocepeqHboi ydacTi aHioHiB cy/abgaTHOI
KHCJIOTH B CTAJifAX PO3YMHEHHsI HikeJal0 200 y BHUNAAKY iX BK/IIOYEHHSI 10 CKJaAy OCHIeHOBMiCHHMX
1BOK. ExcriepuMeHTaIbHO BCTAHOBJICHO, 110 XiJl AaHOAHUX NOIAPH3aLiHUX 3a/1€:KHOCTell HiKeJIeBoro
€J1eKTPOa NPAKTHYHO He 3AJIeXKUTh Bil BMicTy cyibdar-aHioHiB y niana3oHi koHueHTpanii S0, Bix
0,2 10 1,2 moub-exs/a (pH = 1,0). Lle na€ 3mory cTBepazKyBaTH, 10 CyJb(AT-aHIOHH He BILIMBAIOTH HA
3araJbHUH MeXaHi3M aHOJHOT0 PO34YHHEHHS i macuBauil Hike110.

Kniouosi cnosa: Hikenb, KUCIE CepeOBUINE; AHOMHE PO3UMHEHHS, MacwWBaIlis; cyib(par-aHiOHH;
MOJIEIOBaHHS.

Beryn. YV cramisix aHOOHOTO pO3YMHEHHS 1 TacuBalii HIKeMI0 B PO3UMHAX
cynb(aTHOI KUCI0TH 6epyTh yuacTs Honu H', OH i Mmonexynu Boau [1]. ITpucyTHi B 1ux
po3unHax aHionu cymbdarsoi kucaoti (HSO4 i SO.7) Takoxk MOXYTh IIPHIAMATH y4acTh
B aHOJTHUX TPOIIECax.

CTOCOBHO BIUIMBY aHIOHIB Cynb(aTHOI KHCJIOTH Ha aHOJHE PO3YMHCHHS 1
MacHBAIlil0 HIKEJIIO €IUHOI QyMKH Hemae. Tak, aBropu poOiT [2; 3] Ha miacTaBi TOro, 110
Ha AHOJHUX MOJIAPU3AIIHHIX KPUBUX HIKEIEBOTO €JICKTPOJa B PO3YHHAX CYIb(haTHOI
KHCJIOTH CIIOCTEPITalOThCsl JBA MAKCUMYMHU aHOJHOTO CTPYMY, Ha BiJIMiHY BiJl PO3UUHIB
XJIOPHOI KHCJIOTH, JIe CIIOCTEpIrajdl JIMIIE OJWH MaKCUMyM, POOJISITH BHCHOBOK IIPO
akTHByIo4y if0 ifoHiB SO,”. 3a iXHBOK IyMKOI aHIOHH, IPU MOTEHI{anax IPYroro
MaKCUMyMy, aJCOPOYIOThCS Ha TIOBEPXHI €JCKTPOJda, BUTICHIIOTh KHCEHb, YUM
MOPYIIYIOTh TMACHBHUM MmIap, mo OyB chopMOBaHMHA TIpH TIOTEHIIAJaxX IEPIIOro
MaKCHMyMYy.

3rimHo 3 iHmWMME jgocihipkeHHsMu [4; 5], y posumnax HCIO, Ha aHOmHUX
MOJIAPU3AIIITHAX 3aJIC)KHOCTSIX HIKEIEBOTO €JIEKTPOAa CIOCTEPIraliuCh JBa MaKCUMYyMHU
cTtpyMy, sk i B po3umHax H,SO,. CyTreBo He BIiApI3HAIUCH OXHA Big OmHOI 1
MOJIAPH3ALIiHI 3aJIC)KHOCTI, OJIepKaHi B PO3YMHAX CyiIb(aTHOI 1 pochaTHol kucior [6; 7]
3 OJIHAKOBHM 3HaueHH:IM pH, Xoua 3a CBO€I0 aKTHUBYIOYOIO Ai€l0 cyibdat- i docdar-
aHIOHHU HE € PIBHOI[IHHUMU.

BucHOBKM 1110710 y4yacTi aHIOHIB Cy/lb(aTHOI KHCIOTH B IPOIECax aHOIHOIO
PO3UMHEHHS W mMacwBalii HIKeTI0 Ta 1HMMX MeTaniB miarpynu Pepymy 3pobieHi i B
pobotax [8; 9]. IlinmcTaBoro i LOTO OYITH 3aJIEKHOCTI BEJIMYMH aHOJHUX CTPYMIB Bif
BMICTy aHIiOHIB Cynab(haTHOI KHCIOTH B po3unHax. Hampwukimaa, aBropamu pobot [8]

* Correspoding author: Tel.: +380567768253; fax: +380563749841; e-mail address: korvik58@mail.ru
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BUSBJICHO, I10 301JbIIECHHS KOHIICHTpALil SO42' TIPUBOANTH 10 3HWKCHHS BEITUIMHH
CTpyMy TIEpHIOTO MaKCHMyMy 0 30UIbLIEHHA JpPYroro MakCHMyMy Ha
i,B-3amexxHOCTAX HikeneBoro enekTpona. Ha mizcTaBi 1bOro CTBEPIKYETHCS, IO
cynbdar-ioHN agcopOyIOTECS Ha TakK 3BAaHUX aKTHBHUX LEHTpax | poay, siKi BUSBISIOTH
cebe TpH MOTEHINaJIaX MEPIIoro MAaKCUMyMY, Ta TajJbMYyIOTh PO3YMHECHHS Hikemto. [Ipu
MOTEHIlIaax IPYroro MakCHMyMy IOBEPXHEBI KOMIUICKCH 3 Cyib(ar-ioHaMH CTaloTh
PO3YMHHUMM, IO 1 IPUBOAUTH 10 301bIICHHS AaHOJHHUX CTPYMIB.

Haperrti, 3a pe3ynbratamu psay poOiT, aHiOHH CYJIb(GaTHOI KHUCIOTH MPAKTUIHO
HE BIUIMBAIOTh HA aHOJHE PO3UYMHEHHs Hikenmo sK y kuciux [10 — 12], tak i B JyKHHX
[13] po3umnnax. 3okpema, B [12] 3a3HauaeThes, M0 PO3YHHU CYIb()ATHOT KHCIOTH, HAPSILY
3 PO3YMHAMH XJIOPHOI KUCIIOTH, € COPHUITIMBUM CEPEIOBULIEM ISl BUBUCHHS aHOAHOL
MIOBEIHKY HIiKENIo Yepe3 caadKy afcopOIlifo iX aHIOHIB.

3a3Ha4nMoO, IO HAaBiTh y poOOTaX, Yy SIKUX BBAKAETHCHA, L0 aHIOHH CYyIb(aTHOI
KHCJIOTH BIUIMBAIOTh Ha AHOAHY MOBEIIHKY HIKENIO, 0 KIHETUYHHUX CXEeM iX He
BKJItOUaloTh. Tak, y po0oTi [8] cynabdaT-ioHH HE BXOASTH J0 KIHETUYHOTO PIBHSHHS ITiJ
TUM TIPHUBOJIOM, IIO iX KOHIICHTpAIlisl He BIUIMBAE Hi HA MOJOXEHHS JUISHKA aKTHBHOTO
PO3UMHEHHS HiKeNI0, HI Ha BEIMYMHY NOTEHLialy Nepmoro makcumymy. Ha
HE3JIe)KHICTh BEJMYUH IIOTEHINIaiB MaKCHMYMIiB BiJi KOHIIGHTpalii cynb(aT-ioHiB
3a3HavaeThes Takoxk y [14; 15].

Moge/ilOBaHHST  BIUIMBY aHIiOHIB  CyJb(aTHOI KHMCIOTHM Ha  aHOJHI
NOJIAPU3aliiiHi 3aJeKHOCTI HiKeIeBOro ejekrpoaa. {1 MoaenoBaHHS MOXKIHUBOIO
BIUIMBY aHIOHIB Cynb(aTHOI KUCIIOTH Ha aHOJHY MOBEIIHKY HIKEII0 B KHCIHX PO3UMHAX
BUXOJMIIH 3 KIHETHYHOI CXEMH, sIKa CKJIAIA€ThCs 3 HACTYIMHUX cTaii [1]:

Ni—5 Ni* +2e. (1)

Ni+OH «*5NiOH (0,)+e¢. (2)
NiOH —= > NiOH" +e¢ . 3)

NiOH + OH «X 5 Ni(OH), (0,)+ec. (4)
Ni(OH), + Ni—“ > NiOH + NiOH" +e¢ . (5)
2Ni(OH), <5 Ni,0, (0,)+ H,0+ 2H" +2¢. (6)

ne Ki — xoncrantu piBHoBaru crafiit (2), (4) i (6); ki — KiHETUYHI KOHCTaHTH HIBHJIKICTh
BU3HauanbHUX ctafii (1), (3) 1 (5); 0j — cTyneHi 3alI0BHEHHS MOBEPXHI.

IInsxiB BIUIMBY aHIOHIB CYJIb()AaTHOT KUCIOTH Ha aHOAHY IOBEIIHKY HIKEII0 MOXKE
Oytu kimbka. Tak, 3rimHo 3 KoHIenmieo . M. Komotupkina [16], ogHUM i3 Takux
NUIAXiB € iX ajcopOlis Ha MOBEPXHI MeTaly, BHACHINOK yoro aHionn HSO, abo SO42'
KOHKYPYIOTh 3 ancopoOitieto vonis OH . Ilpu 1isomMy BimOyBa€eThes iHTIOYBaHHS aHOIHOTO
PO3YMHEHHS METaly.

Ilim wac ™MomenroBaHHS 3a3HAYCHOTO THIY BIUIMBY OOMEXKHIUCH PO3TIISAIOM
cramiit (2), (4), a takox cramii (1), ska BiAMOBiZa€ ydacTi B PO3YMHECHHI HIKEIIO
MeTajeBOi IMOBEPXHi, BITLHOI Bix aacopoOiii, abo cramii (3), sika BimOyBaeThCS 3a Y4acTIO
aacopboBannx wactok NiOH. Jlo kiHeTMYHOI CXeMH aHOJHOI TOBEIIHKU HIKEIEBOTO
eJIeKTpoia JoJanu CTafito aacopOuii aHioHiB cynbgaTHoi kucinotu. Ilpm mpomy
azicopOItist cyib(haT-aHIOHIB BiJOYBAEThCS HA HE3aWHATIN OKCUIEHOBMICHUMH CIIOTYKaMHU
MOBEPXHI €NIEKTPOJa, a CTYIiHb 1X ajcopOIii ado 3aMIIA€THCS TOCTIHHOK B Jiama3oHi
MOTEHITiaTiB aHOJHOT'O PO3YMHEHHs 1 macuBaiii Hikemro (puc. la i 16, kpusi 2, 3), abo
3MIHIOETHCS 3 BEJIMYHOIO €JICKTPOIHOr0 MmoTeHIiany (puc. lai 10, kpusi 4, 5).
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OKpiM PO3TIIHYTOTO0 MEXaHI3My, TaKOX MOXIJIFBE BHTHCHEHHS ajCOpOOBAHMX
tioniB OH 3 moBepxHi MeTany aHIOHaMH CyIb()aTHOI KUCIOTH. 3MiHa X0y 1,E-KpuBHX
HIKEJIEBOT'O €JIEKTPO/a B IbOMY BHITAJIKy ITOKa3aHa Ha puc. 1B 1 1T.

3rigHo 3 puc. 1, K0 y4acTh HOHIB B aHOJHUX IPOLEcax 3BOAUTHCS JIMIIE JIO iX
azcopOIlii Ha TOBEPXHI MeETaly, TO Ha aHOMHUX IOJSPU3ALIMHUX KPUBUX Oyme
CITOCTEPIraTUCS 3HIKCHHS BEIMYMH CTPYMIiB MAakCUMyMiB. IIpy mboMy MOKJIMBI 3MiHU
Ta(heJIeBCHKOT0 HAXIUTY JTUISHKH aKTHBHOTO PO3YMHEHHS METAITy i BEJTUYMH MOTSHITIAMTIB,
3a SIKAX CHOCTEPITaloThCSI MAKCUMYMH CTPYMIB.

3rifHO 3 JITepaTypHHMH JDKEpellaMH, IIJIBUIEHHS BMICTY Cynb(ar-ioHiB Y
pO3YMHAX MOXXE NPUBECTH [0 30iIbIIEHHS AaHOJHUX CTPYMIB Ha TOJSPHU3AIIHHUX
3aNIe)KHOCTAX HikeneBoro enekrpona. Lle moxe BimOyBaTUCh y TOMY BHMAAKY, SKIIO
aHIOHM CyJIb(aTHOI KUCIOTH a00 OepyTh OE3MOCEPEIHIO0 Y4acTh y CTaIifAX MEPEXOy
HIKEII0 B PO3YMH, a00 BXOMAATH JI0 CKIIQAY OKCUTCHOBMICHHUX TUTIBOK. Y pasi BKIFOYCHHS
aHIOHIB JI0 OKCHUT€HOBMICHHX CIOJYK METaly iX BJIACTHBOCTI 3MIiHIOIOTHCS, IIO MOXKE
BIUIMHYTH SIK Ha KIHETUKY CTafii IX pO3YMHEHHS, TaK 1 Ha KIHETHKY CTaJiil MOJABIIOr0
YTBOPCHHS TACUBYIOUHX CITONIYK.

a)

2,0

0.0 0.1 02 E,B 0.1 02 03 E,B
Puc. 1. MoaeJbHi aHOQHI MoJIsipU3aNiiiHi KPUBI Hike110, AaHOHA NOBEAIHKA KOI0 OIMCYEThCS
piBusiunsimu (1), (2) i (4) (a, B) ado (2), (3) i (4) (0, r). JonaTkoBo BindyBaeThcst agcopOuisi aHionis
cyJab(aTHOI KUCJIOTH 3i CTYyNmiHHIO 3an0BHEHHs OA.
a, 0) agcopOuis cyyabdar-ioHiB BindyBaeThcsl Ha BiIbHil moBepxHi eekTpoaa. OA a0 He 3aJ1eKUTD
Bil moTeHNiany ejekTpoaa (Kpusi 2, 3), 200 NpoXoAuTh Yepe3 MaAKCUMYM (KpuBi 4, 5).
B, I') Bii0yBa€ThCcsl BUTHCHEHHS aacopOoBaHux iioHiB OH  cyabgar-anionamu.
AKTHBHOCTI cy/1b¢aT-aHioHiB a, (N — HOMep KPHBOI), MOJIb/JI: a1 = 0; a3 5 > @y 4.
ITix yac po3paxyHkis i,E-3ane:kHocTei, ki HaBeeHo Ha puc. 1 i 2, BUKOPUCTOBYBAJIM
cepeaHi 3HaueHHs1 napamerpis K;, K; i B;, ogep:kaHux mix yac Moje/ioBaHHs
aHOAHOI MoBeiHKH Hiked10 B [1]

Sk BUITHO 3 pO3paxyHKOBUX 3aJIKHOCTEH, HABEICHUX HA PUC. 2a, SKIIO J0 CTaail
(), (3) 1 (5 momydarOThCSA MOMATKOBI CTamil XIMIYHOTO a0 eIeKTPOXiMITHOTO
po3unnends Ni, NiOH a6o Ni(OH), 3a yuacTio cyiabhaT-ioHiB, TO, OKpiM 3MiHH
BEJIMYMHU CTPYMIiB MaKCUMYMIB, Ha aHOJIHHUX MOJSPU3AMIMHAX 3aJICKHOCTIX MOXKYTh
CITOCTEpIraTUCS 3CYB [IJISHKH aKTHBHOTO PO3YMHEHHSI HIKEIIO 1 3CYB BEJIHMYHH
MOTEHITIAMIB, 32 SKUX CIIOCTEPITal0THCS MAaKCUMAaJIbHI 3HAYCHHS CTPYMIB.

104



ISSN 2306871 X. Bicuuk /IninponerpoBcbkoro yHiBepcurery. Cepist «Ximis», 2013. Bum. Ne 19

BpaxoByroum, 1110 BKJIFOUEHHS 10 OKCHUI'CHOBMICHHMX CIIOJIYK aHIOHIB CYJib(haTHOI
KHCJIOTH 3MIHIOE iX NPHUPOIY, IO BIUIMBAE HA TEPMOJMHAMIUHI XapaKTEPUCTHKH LUX
CIOJIYK 1 Ha KIHETHKY peakiiii 3a IX y4acTIo, IiJ 4ac MOJICIIOBaHHs BapiroBaJld BETMUYNHU
koHcTaHT mBuAKocTi (ki) craziit (3) 1 (5) 1 Benmuuumam KoHcTaHT piBHOBary (K;) craziii (2),
(4) 1 (6). Pesynpratn po3paxyHKiB TomaHi Ha puc. 20 i 2B. BapiroBaHHS KOHCTaHT
pIBHOBaru Mo’ke MPHUBECTH 0 3MiHM BEIWYHH ITOTEHIIIAJIiB MAKCUMYMIB 1 TIOJIOKCHHS
JUTHKA aKTUBHOTO PO3YHHEHHS.

ExcnepumenTaibHa 4acTuHa. /11 TMepeBipkH BIUIMBY aHIOHIB CyIb(haTHOL
KHCJIOTH Ha aHOJHY IMOBEIHKY HIKEIII0 OYJIM 3apeecTpOBaHi MOJISIPU3alliiiHi 3aI€KHOCTI B
po3unHax i3 Bmictom SO,” Big 0.2 1o 1.2 Momb-exB/n. 3Hauenns pH ycix posunnis
nopisaioBasio 1.0. st mpurotyBanHs po3unHiB BuKopucToByBanu H,SO, «oc.u.», NaOH
«0C.4.» 1 O1AUCTIIILOBAHY BOIY.

Pobounit nikeneuit enexktpox Mapku HO mnomepeaHbo monipyBalii TOHKUM
HOKJAKOBUM  TIallepoM, 3HEKHUPIOBAIM  BiAGHCHKUM  BamHOM 1  [POMHBAJIH
01IMCTHILOBAHOIO BOJOI0. JIONOMDKHMM €JeKTPOIOM CIyryBaja HiKesieBa IUIACTHHA,
€JICKTPOJIOM MOPIBHIHHS — HACHUYCHHH XJIOPOCPiOHU# enekTpoa. EnekTpoaHi noreHIianm
nepepaxoByBaINCh BiIHOCHO CTAaHAAPTHOTO BOAHEBOTO EJIEKTPO/A.

a) i 0) 37

[*)
=
-
ha
b
-
”
-~

. 2

i, MA/cm*
[ %]
e
‘(ﬁ
. 2
i, MA/cMm
(]
2y

0,0 0,1 0,2 03 0,4 E, B

00 01 02 03 0.4 F B
Puc. 2. Moae/1nloBaHHSl BIUIMBY aHiOHIB Cy/JIb()aTHOI KHCJIO0TH HA AHOAHY NMOBEAIHKY MeTAJIiB. a) 10
cragiii (1), (3) i (5) (kpuBa 1) moayuarotses craxii: Ni + SO~ — NiSO, + 2& (kpusa 2); NiOH + SO,>
+ H+ g NlSO4 + HzO +e (anBa 3), Nl(OH)z + 5042- + 2H+ g NlSO4 + 2H20 (anBa 4)

6) 3MiHIOEThCS KineTnKa mepediry craxiii (3) i (5): 1 — ks = 5:10° moan/em?’c; ks = 6:10™° moan/em?e;

2 — k3 = 7-10°® moan/em?e; ks = 6-107%° mosb/em?e; 3 — kg = 5-10°® mosb/em?e; ks = 7-10°° mous/em?e.

B) 3MiHIOIOTHCSl TEPMOJAMHAMIYHI XapaKkTepucTHKH cTajiii (2), (4)i (6): 1 -K, = 3.10% K, = 4-10%%;
Ks=110";2- K, =1-10% K; = 4-10"%; Ks = 1-107; 3 - K, = 3-10%; K, = 3-10"%; Ks = 1-107;
4-K,;=310% K, = 410" Ks = 7-10°

AHOIHI TIONSIpM3AIliitHI 3aJIe)KHOCTI PEECTPYBAM 31 IIBUAKICTIO PO3TOPTKH
noreHniany 2 mMB/c 3 BukopuctanHsMm notenuiocrata [1M-50-1, mporpamaropa IIP-8 i
noreruiomerpa H307/1. Po3ropTky moteHmiany mounHagy Bifl BEJIMYUHU CTAaLliOHAPHOTO

noTeHIiany Hikemo. EnekrpoximMiuHa KoMipka TepMocTaryBanach 3a 25 °C.
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Bt KoHIeHTpallii aHiOHIB CyJib(aTHOI KHUCIOTH Ha XiJ BOJbTAMIIEPHHX
3aleKHOCTeH Hikenro B po3umHax Hp,SO, + NaOH mokasanuii Ha puc. 3. IlinBuieHHs
BMicTy iHoniB SO,” BHKIHKae IyXke HE3HAuHe, MPAKTHYHO OJHAKOBE 3HIDKCHHS SIK
MEePIIOTO, TaK i IPYroro MakCuMyMiB cTpymy (puc. 3a). BennunHu nmoreHmianiB neporo
MaKCUMyMy HE 3MIHIOIOTBCS, a 3HAYCHHs ITOTCHIIAIIB IPYroro MaKCHMyMY IEITO
3CYBalOThCSA B I0AATHOMY HampsMKy (puc. 30).

BronuB  xonuentpauii cymbdat-ioHiB Ha Xig i,E-3amexHocTell HiKeJIEBOro
€JIEKTPO/Ia, IO CIIOCTEPIraBCs HaMH, BIAPI3HAETHCS BiJ TOro, IO OYB BHSBJICHUH
I. K. Mapmakoeum [8]. 3rigHo 3 [8], mig yac MiABHINEHHS KOHIEHTPAIli aHIOHIB
Cynb(aTHOI KHUCIOTH CIHOCTEPIraeTbCsi 3MEHIIEHHS BEIUYMHH CTPYMY IEPILOTO
MaKCUMyMy W 3pPOCTaHHSl BEIMYMHHM CTPyMy ApYyroro makcumymy. Lli BigmiHHOCTI B
3HalIeHuX eeKTax MOXKHA MOSICHUTH HAacTymHUM. [1iJ] yac mpoBeieHHs eKCIIEPUMEHTY
aBTOpH po6OTH [8] IS NPUrOTYBAHHS PO3UYMHIB 3 pi3HUM BMicToM HoHiB SO,”
BUKOPHUCTOBYBaIH Citb Na,SO, kBamiikariii «4.11.a.» 0€3 J0JaTKOBOI ITepeKpUCTaITi3aIlii.
3rigHO 3 TEXHIYHUMHU XapakTepucTukamu, s citb MicTuth 0.001% xmopuais. ToOTo, B
pe3ynbTaTi MiIBUINEHHS BMICTY HOHIB SO42' Bixl 1 MOJb-eKkB/I 10 2 MOJIb-eKB/I (1€
BI/INOBi/Ja€ IEPBHHHOMY MIIBUILCHHIO BMICTYy aHIOHIB cysb(arHoi kucinotu 3a pH = 0,3)
y PO34YMH I0XATKOBO BBOAMTHCS 10 MOib/n HoHie ClI. A Cymsdu 3 JaHHX Ti€i K CTATTi
[8], B posumHax cymbdarsoi kucimoru 3 10° momp/n NaCl Ha BoIbTaMIepHHX
3aJIeKHOCTSX HIKEJICBOTO €JIEKTPOAa CIIOCTEPIraeThbcs IMOMITHE 3HIDKCHHS MEpLIOro
MaKCUMyMy CTpyMy H 3pOCTaHHS JAPYrOoro MakCHUMyMy. 3 MOAAJbIIUM IIiJBUIICHHIM
koHueHTpartii NaCl neit epexT mposBiseTses e B Outbmiin Mipi. To6To, BB #oHiB Cl
Ha TOJSIpH3aliiHI XapaKTepUCTHKH €JIeKTPOAa aHAJIOTiYHUU BIUIMBY, SKuUi y [8]
NOB’SI3y€ThCS 3 A1€10 aHIOHIB CyNb(aTHOT KUCTIOTH.

2

- o MA/em a)
Jar g
EEREE
4
4
51 1, 1 1 1 I [
g © > * §I i 1
4. 0,4 0.8 12

2

S0F, MOJIb-eKB/JI

i, MA/cM?
L]

T T T T

T J T T T T T
0,0 0,1 0,2 0,3 0,4 05E B

Puc. 3. BiiiuB koHIeHTpanii SO, -ionis ua NOJIsApHU3aNiliHi XapaKTePUCTHKHU HiKeJI1eBOro eJICKTPoaa B
po3unnax H,SO, + NaOH. pH = 1,0. a) 3anexuocTi nepmoro (1) i xpyroro (2) MakcuMyMmiB cTpymy Bix
KOHUeHTpauii S0,%; 0) BoJIbTaMIIEpPHI 32/1€5KHOCTi B PO3YMHAX 3 BMiCTOM S0,%, MOJIb-eKB/J1:
1-02;2-06;3-1.0,4-1.2
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Ha HeBpaxoBaHUi BIUIMB JOMIIIOK, IPUCYTHIX Yy commi Na,SOy4, CBII4YMTH 1€ H TE,
0 TepBHHHE IiABHIICHHS BMicTy joHiB SO,° B po3uMHAX CyIb(aTHOI KHCIOTH
NPUBOJIUTD, K MPABUIO, O OUTBLI CYTTEBUX 3MIH BEJIMYUH CTPYMiB MakCUMYMiB, HIX
HOT0 moajIbIIe IMiIBHIICHHS [8].

BukopucTaHHs JUIS TPUTOTYBaHHS PO3YUHIB CyIb(PaTHOI KHCIOTH 3 Pi3HUM
BMicToM HoHiB SO;° po3zunay NaOH «oc.d.» [03BOIISIE 3MCHIIMTH KOHIICHTPALIIO HOHIB
Cl’, 3a iHmMX PiBHUX YMOB, Ha TOPSAOK. TakuM YMHOM, OJCpKaHi HAMHU JaHi LIO0J0
BIUTHBY KoHIeHTparii SO, HAa aHOXHY MOBENIHKY HIKCII0 B PO3YHHAX CyIb(aTHOI
KHCJIOTH BiATOBIIaI0OTh MIMCHOCTI OiIbIIe, HK ofiepkaHi B poOoTi [8].

3a3Ha4uMoO, 10 3 OJACPKAHHUX CKCIEPHUMEHTAJIbHUX NAaHUX HEMOKIHBO 3pOOUTH
OJIHO3HAYHMI BHCHOBOK PO Te, 10 came iforn SO,” BIUIMBAIOTH HA AHOAHY MOBEIIHKY
HiKeIeBOro exekTpona. B xoi 3MiHu KoHieHTparii ifoniB SO,% B po3unHax cymbdarHoi
KHCJIOTH 3 MOoCTiliHUM pH 3MiHIOIOTbCA ¥ 1HIII XapaKTEPHUCTUKU PO3YHHIB, HAIPUKIAI,
KOHIIGHTpALlisl HOHIB JIy)KHOTO MeTaily i HOHHa cuiia po3uuHy. To0To, 3MiHM apaMeTpiB
BOJIbTAMIIEPHUX KPUBUX MOXXYTh OYTH IIOB’s3aHI TaKOXX 1 3 BIUIMBOM HOHIB JIY)KHHX
MeTajliB. MoskHa IPUIYCTUTH, 1O KaTionn Na* BXOAATh 10 CKJIaLy MacHBYIOUOi IUTiBKH.
Tak, HeoaHakoBuil BuMB KaTioniB Na' i K Ha aHOIHY TOBEIiHKY HIKENIO B JTyXKHHX
pO3YMHAX CITOCTEpiraBcsi aBTopamMu pooot [17], 10 MOSCHIOETHCS BKITIOUSHHSIM KaTiOHIB
Na" a6o K* 10 cknafy macuBHOI IJTiBKH B SIKOCTi IPUTUBOHOHIB.

BucnoBku. Konuentparis cyns¢at-ioniB y aianazoni Big 0.2 1o 1.2 Monb-ekB/1 y
cynphatHux po3umHax 3 pH 1.0 mpakTWyHO HE BIUIMBAaE HA AHOAHI MOJSApU3AIliNAHI
XapaKTePUCTUKN HIKENIEBOTO €JIEKTPoia. BusBIeHMI eeKT 3CyBYy MOTEHINAIB JIPYTroro
MaKCHUMyMYy B HAaINpsIMKy OLUIbII JOAATHUX 3HAYCHb € BKpail HE3HAYHUM 1, WMOBIpHO,
MOSICHIOETECSL  afcopOLieto cynbdar-aHioHiB abo (i) KaTIOHIB JYXHOTO MeETaly
OKCUTCHOBMICHMMHM CIIOJIyKaMH  HiKeJIr0. 3arajjoM 3MiHa KOHIIGHTpallii aHIOHIB
cyiab(haTHOI KHCIOTH HE MPHUBOIAUTH O 3MIH y MEXaHi3Mi aHOJHOrO pPO3YMHEHHS W
nacHBalii HIKEJII0 B KUCIUX PO3YUHAX.
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INFLUENCE OF SULFURIC ACID ANIONS ON NICKEL
ANODIC BEHAVIOR

The anions HSO, and SO,* can be involved to the process of iron’s subgroup metals anodic
dissolution and passivation in sulfuric acid solutions. The possible effect sulfuric acid on the anodic
behavior of nickel in acidic solutions was analyzed with mathematic modeling application. Our results
have shown a decrease of maximum current on the anode polarization curve in the case of sulfate
anions adsorption on the nickel surface. In this case the slope of Tafel plot of nickel active dissolution
and the potentials of maximum currents may change. Maximum currents increasing have been occur
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in the cases as a direct involvement of sulfuric acid in the dissolution stage of nickel as inclusion of
anions into the oxygen-containing films. It was found that anions of sulfuric acid practically didn’t
influence on the anodic polarization curve of nickel electrode in the range of SO,* anion concentration
from 0,2 to 1,2 Eq/L (pH = 1,0). These data allows to argue that the sulfate anions do not affect on the
general mechanism of anodic dissolution and passivation of nickel.

Key words: nickel; acidic solution; anodic dissolution; passivation; sulfate anions; modeling.

JI. B. Herperxo,” Buxrop U. Kopo6os,' B. ®. Oukos’
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Jlrenporer poBck 49010, Ykparnta
2 Ha qroma i HBIi HCCIIEN0BAT e/IbCKIT YHHBEPCHT €T «MOCKOBCKHH SHEpreT H4ECKHH HHCT HT YT »,
yi. Kpacrokazapmenras, 14, Mocksa 11125, Poccus

BJIIUAHUE AHUOHOB CEPHOM KUCJIOTHI HA AHOJTHOE
ITOBEJJEHUE HUKEJIA

B cTagusx aHOAHOTO PACTBOPeHHS W MACCHBALMH METAJLI0B NMOATPYNIBI jKejle3a B PacTBOPax
cepHOii KHCIOTHI MOryT NpHHEMATH yuactme ammombi HSO, um SO,”. C mnpumenenmem
MATeMATHYeCKOr0 MO/ETHPOBAHUS NPOAHAIH3HPOBAHO BO3MOJKHOe BJIMSIHHE AHHOHOB CepHOM
KHCJIOTbI HA aHOJHOe NOBe/lcHHe HUKeJIs B KHCIBIX pacTBopax. Iloka3aHo, 4yTo B ciy4yae agcopouuu
cy1b(aT-aHHOHOB HA TOBEPXHOCTH HHKEIs HA aHOIHBIX MOJIAPH3AMMOHHBIX 3aBHCHMOCTSAX
Ha0J110aeTcsl CHUKeHHe MAKCHMAJIbHBIX 3Ha4YeHuii TokoB. IIpu 3ToM MOryT Had/M01aTHCS H3MEHEHHs
BeJIMYHHBI TadesIeBCKOT0 HAKJIOHA YYacTKa AKTHBHOTO pPACTBOPEHHS HHKeJdsl M 3HAYeHHId
NMOTEHIHAJIOB MAKCHMYMOB TOKOB. YBeJIHYeHHe MAKCHMAJIBHBIX 3HAYEHHH AHOAHBIX TOKOB OyaeT
Ha0mI0AaTbCsl B CIydae HENOCPEACTBEHHOr0 Y4YacTHSl AHHOHOB CEPHOW KHCJIOTHI B CTAgUAX
PacTBOpeHHs] HHKeJs, a TaK/ke B CJIydae BKJIIOYEHHS] AHHOHOB B COCTAB KHCJIOPOACOAEP:KALINX
IVIEHOK. JKCHEPHMEHTAJbHO YCTAHOBJIEHO, YTO XOJ AHOJHBIX HOJSPH3AINMOHHBIX 3aBHCHMOCTEN
HHUKEJEBOro 3JIEKTPOJa NMPAKTHYECKH He 3aBHCHT OT COJep:KaHus Cy/Ib(aT-aHHOHOB B /JMAaNa3oHe
xonuentpannii SO~ ot 0,2 10 1,2 Moab-3ke/a (pH = 1,0). IToT (GaKT NO3BOJIAET YTBEPKAATh, YTO
cy1b(aT-aHHOHDbI He BJUSAIOT HA 001U MEXaHU3M aHOTHOTO PACTBOPEHUS M ACCHBALMU HHKEJIs.

Kniouegvie cnosa: HUKeNb, KHUCHas Cpela, aHOAHOE PACTBOPEHHE; IAaCCHBALUS; CYJIb(aT-aHHOHbI;
MOJICTINPOBaHHE.
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XIMIYHA TEXHOJIOI'TA / CHEMICAL TECHNOLOGY

V]IK 665.642.3
Mapar A. I'nukun, Bagum 1O. Tapacos, Esrennii 0. UepHoycos

TexHosorudecku HHCT HT yT Boct 049HOYKpaHHCKOIO HaI[[HOHAJIBHOTO YHHBEPCHT €T a
mmern B, Jlang, np. Coer ckuti, 59-a, Cepeponorenx 93400, Yxparra

KPEKHWHTI CBIPOII HE®TH B PACIIJIABE METAJIJIOB

B nanHoO# cTaThe HccieayeTcs NPoLecC KPEeKHHIa cbIpoil He)TH M OTAEJbHBIX ee (ppakuuii B
cpefie  pacliaBJeHHBIX  MeTAIOB €  Heldbl0  TOJY4YeHHsl  CBeTJbIX  He(TenpoayKToB.
TepMoauHaMuYecKHMH pacyeTaMH NMOKa3aHA BO3MOKHOCTh IPHMEHEHHsI CBUHIIA H 0JI0BA, a TaKKe HX
CIUVIABOB B KaudecTBe pacimiaBa. McciaenoBaH mpouecc KpeKHMHIa ChIPOii 3anagHocuOupckoil HedTn B
uHTepBasie Temnepatyp 400-600 °C. O6HapyKeHO, YTO NPH MOBBIIIEHUH TeMIEPaTypbl HaGJII01aeTcs
yYBeJIM4YeHHe COAep:KaHUusA B OEH3MHAX apOMaTHYeCKHX YIJIEBOAOPOAOB U 0Jie(pMHOB, B TO BpeMs KaK
cogep:xkanue HaTeHOB, N- W i-mapaduHOB cHUKaeTcsa. ONTHMAJIBHONH TeMIepaTypoii KpeKHHra B
pacmiaBe MeTrauioB siBiasercsa ~500 °C. IIpumeHeHHe 3aTONVICHHONW HACAAKU YBEJIHMYHBAET BBIXO[
CBETJIBIX MPOAYKTOB Ha ~2%. OKTaHOBOE YHCJI0 MOTYYeHHBIX 6eH3NHOB cocTaB.sieT 82-87 mMyHKTOB 1Mo
HCCJIe0BATEIbCKOMY MeTOy. Y CTAHOBJICHO, YTO BBIX0/ CBETJIbIX He()TENPOAYKTOB B 3aBHCUMOCTH OT
YCJI0BHIi IKCIIEPUMEHTa yBeanuuBaertcs ¢ 46.9 10 55.1-61.3% macc.

Knwouegvie cnosa: cbipas He(Tb, KPEKHMHI; pacIUlaBbl METAJJIOB; CBETJIBIC HE(TEIPOAYKTHI;
KaTaauTH4eckast HHAN(HEpeHTHOCTD.

OrpaHudeHHBIE pEeCypchl TOPIOYMX  HMCKOMAEMBIX TPEOYIOT TOCTOSIHHOTO
YCOBEPIICHCTBOBAHUSI TEXHOJNIOTHH MX mepepaboTku. Ortpacnpio, ¢ Hauboiee
BBIPOKCHHON JWHAMHUKON BHEAPEHUsS HOBEHIMX pa3paboToOK, Oe3yCIOBHO, SBISCTCS
HedTenepepadborka. OCHOBHAs IIEJIb JIFOOOI0 COBPEMEHHOTO HedTenepepadaThIBarOIIEro
OPEANpHUsITUS — CHW)KEHHE 3aTpaT W yBEJIMYCHHE TIIyOMHBI HepepaboTKu HeTH.
CymecTByeT psii MPOLECCOB, YBENIWYMBAIOUIMX TIIyOMHY mepepaboTku HepTH -
TEPMUYECKUH W KATAIUTHYCCKHN KPEKWHT, MUPOIU3, THIPOKPEKUHT, BHCOPEKUHT,
3aMeJUIEHHOE KOKCOBaHME M Jp. OTH IPOLECCHl CYIIECTBEHHO OTJIMYAKOTCS IO
TEXHOJIOTHYECKOMY M amnmnapaTypHoMy OQOPMIICHHIO, HO CYThb MX OAHA — MOJy4eHHE
NPOAYKTOB C Oojee HHU3KOM MOJEKynsipHOH Maccod. Kpekunr wu mnwmponus
YTIIEBOJOPOAHBIX (ppakmuii TMpeacTaBIsSIOT coOoi Hambosee 3(PGEeKTUBHBIC METOIBI
ri1yOoKo# mepepaboTky He(TH ¢ LENbIO MOMYyYeHUsI HY>KHBIX I HAPOJHOTO XO3IHCTBa
npoaykToB [1]. B HacTosmiee BpeMs BemeTCS MHOXECTBO HAYUYHBIX HCCICAOBAHHMMA TIO
YCOBEPILIEHCTBOBAHUIO IpOIlecca KPEKHHTa YTIEBOJOPOJOB, OJHAKO YXKE HECKOJIBbKO
JIECATIIIETHI CYIIECTBYIOMAsT TEXHOJOTHS OCTAeTCS MPaKTUYECKH HEM3MEHHOH. Taxke
CTaJI0 OYEBHIIHBIM, YTO TOBBIMIEHHE SKOHOMHUYHOCTH TEXHOJIOTHYECKUX MPOIECCOB B
7000 OTpaciii MPOMBIIUIEHHOCTH CBS3aHO HE TOJBKO C YBEIIMYEHUEM BBIXOJIA IETEBBIX
MPOAYKTOB M YIIIyOJieHHEM TepepaboTKU CHIPbS, HO M C POCTOM CTETCHH YTWIIH3AIUN
BTOPHUYHBIX TETJIOBBIX YHEPTOPECYPCOB, 3a4aCTY0 HU3KOIIOTCHIIUAIBHEIX [2]. YUuThIBas
BCE 3TO, BOIIPOC M3YUYCHHs JIECTPYKTUBHBIX IPOILIECCOB MEPEPA0OTKH YIIIEBOIOPOJIOB H
MIOMCK HOBBIX TEXHOJOTMYECKHX PELICHUH JJIsl YCOBEPIICHCTBOBAHUS TaKHX IMPOIIECCOB
HE TepseT CBOEH aKTyaIbHOCTH.

Hmeercss MHOXECTBO JIMTEpaTypHBIX JaHHBIX [l; 3-5] O mepCcrleKTHBHOCTH
MIPOBEJCHNS TPOIIECCOB MUPOJIM3a M KPEKHWHTa YIJIEBOJOPOAHOIO ChHIphs B pacIuiaBax
METAIJIOB, X COJEH M OKCHAOB. llepBrie pabOTHI MO MCIOIB30BAHHIO PACILIABICHHBIX

* Correspoding author: Tel.: +380645240342; e-mail address: vatarasov@rambler.ru
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TeruIoHocuTeNnel ObuTh BhIMoMHEeHB! okosio 100 jet Hazax. OmHAKO HCCIETOBAaHUS TaKUX
MIPOIIECCOB MPOBOAWINCH HE CHCTEMATHYECKH, a HWMEIOIIHMecs JaHHbIE HOCAT, Kak
MPaBIJIO, 0030PHBIN, KAYSCTBCHHBIN XapakTep. CTOUT TakKe OTMETHTb, YTO IEICBBIMU
MPOAYKTaMH B MCCIEAYEMBIX IpOIeccaxX SBJSUIMCh, B OCHOBHOM, HH3IIUE OJEe(HHEI, a
pacIUIaBlIeHHbIE CpENbl PACCMATPUBAIKMCH HCKIIOUYUTENLHO Kak wHAedepeHTHbIe
TeroHocuTed [6]. Taxke HMEIOTCS JaHHBIC O TIEJIECO00PA3HOCTH KPEKUPOBAHUS CHIPOM
HeQTH, MUHYS CTaJ1H TITyOOKOM OUYUCTKU M NIEPBUYHOM nepepaboTKH [7].

Lenpio maHHOH pabOTHI SBISETCS W3ydEHHE IMPOIECCa KPEKUHra ChIpoit HeQTH B
paciyiaBax HEOPraHWYEeCKUX COCIMHEHHM C LENbI0 YBEIMYCHHS BBIXOJA CBETIIBIX
HE(TENPOITYKTOB.

[Ipennaraercs TeXHOJOTHS KPEeKWHTra ChIpod HedTH M ee Ppakuuii B paciuiaBax
JICTKOIUTABKUX METaJUIOB — CBHMHIIA U OJIOBa. M3BeCTHBIMU JOCTOMHCTBAMH IPOBEACHHUS
SHEPrOEMKHX IMPOIECCOB B pacIulaBax sBISAIOTCS WHTCHCU(HMKAAA Macco- U
TeruiooOMeHa, TOHIKEHHAss YYBCTBUTENIBHOCTh K COCTaBY CBHIPbs, OTCYTCTBUE
HEOOXOAMMOCTH pPa30aBiCHHUS ChIpbS BOJOH M JPYrMMH BelllecTBaMu. biaromaps
BBICOKOH TEIJIOEMKOCTH M TEIUIONPOBOJHOCTH PACILIABICHHBIX META/UIOB YITPOIIACTCS
MIPOLIECC TIOJ[BOJIA TeIIa B 30HY peaKIMU, YMEHBIIAeTCsl KOKCOOOpa3oBaHUE Ha CTEHKAaX
PEaKIMOHHON ammapaTrypbl, NPaKTUYECKH IIOJIHOCThIO OTCYTCTBYET TEMIICPATypPHBIH
TPaJIMeHT B PEAKTOPE M 30HBI MEPErpeBa, T.€. CO3/IAI0TCS U30TEPMUICCKUE YCIOBHS, YTO
HE TOJIHKO TIOBBITIIAET O€30MACHOCTH MPOIIeCcCa, HO M YBEIIMYNBACT €r0 CEIEKTUBHOCTb.

Pe3ynabTarhl m ux 00cy:kaeHue. B kauecTBe pabodero pacriaBa HCIOJIb3YETCS
JIETKOIUIABKMI CIJIAB CBHMHIIA W OJOBAa B MAacCOBOM COOTHOIIeHHH 6,5:1. JlaHHbIe
Metaiutel (Tabn. 1) MMErOT BBICOKHE 3HAYEHHUS TETUTOMPOBOIHOCTH M TEIJIOEMKOCTH,
HU3KOE JTaBJICHHE HACKHIIIEHHBIX MApOB MPHU pabounx TemIepaTypax, IIHPOKU HHTEPBaT
TEMIIEPATYp TUIABJICHHUS U KUTICHUSI.

Tabauya 1
CBolicTBa METAJLIIOB
Meram JlaBiieHHe HachIIEHHBIX I1apoB, [1a | | - P,
1073°C 1273°C 1473°C °C °C r/em®
011080 - 6.67-10° 2.60-10° 232 2620 7.29
CauHen 543.10° 1.48 59.6 327 1745 11.34

Js KOMIIIEKCHOM OIEHKH JI000T0 TEXHOJOTHYECKOrO Ipolecca HeoOXOIMMO
MPOBEICHUE TEPMOJIMHAMUYECKOrO aHaiau3a. [Ipu 5TOM OCHOBHBIM KpPUTEPUEM SBISCTCA
BO3MOXHOCTh MPOTEKAHUS TOW WJIM MHOM peakuuu MpH 3aJaHHBIX YCIOBUSX. JHAUYCHUS
norapuMa KOHCTAHTHI PAaBHOBECHS HamOOJee BEPOATHBIX PEaKIUil B HUCCIEAyeMOM
mporecce MpuBeneHsl B Tabm. 2. PacueTsl MPOBOJWIMCH TMPH YCIOBHH, YTO IPOIIECC
MPOXOJUT TpPH aTMOC()EpPHOM MABICHUUM W OCHOBHBIM PETYIUPYIONIMM IapaMeTpoM

SIBJISIETCSI TEMITEpaTypa.

Tabauya 2
TepMoauHaMuYecKas OLEHKA Npolecca
Peakuust 19K,
400°C 500°C 600°C
1 2 3 4

Sn+ 0, =S5n0, 33.88 28.05 23.57
Sn + 2H,S = SnS, + 2H, 2.08 1.12 0.39
Sn+C=5nC Kap6uzp! os10Ba He 00pa3yoTes
Sn +2H, =SnH, I'uppua osoBa pasnaraercs npu t150°C
Sn + 2H,0 = Sn(CH), + H, -2.58 -3.73 -4.67
SnO, + 2H, = Sn + 2H,0 -1.24 -0.35 0.32
Sn0, +C=Sn+CO, -3.20 -1.33 0.10
SnS,+C=Sn+CS, -9.72 -7.09 -5.07

112

Oxonuanue mabn. 2



ISSN 2306871 X. Bicuuk /IninponerpoBcbkoro yHiBepcurery. Cepist «Ximis», 2013. Bum. Ne 19

1 2 3 4
2Pb + O, = 2PbO 23.59 19.17 15.77
Pb + H,S = PbS + H, 3.76 2.98 2.39
Pb+ C =PbC KapOunp! cBuHIA HEe 00pa3yoTCs
Pb + 2H, = PbH, I'mapun cBUHIA KpaliHe HEYCTOIUNB
Pb + 2H,0 = Pb(OH), + H, -10.25 -10.91 -11.48
PbO + H, =Pb + H,0 4.52 4.23 4.06
2PbO + C=2Pb + CO, 7.09 7.55 7.90
2PbS + C = 2Pb + CS, -15.16 -11.94 -9.46

AHanuzupyst JaHHble Ta0Jl. 2, MOXKHO C/A€JaTh BBIBOJ, YTO UCIIOIb3YEMbIE METAJLIbI
ABJISIFOTCSA OTHOCUTENIBHO MHEPTHBIMU KOMIIOHEHTAMH B YCJIOBUSIX IPOBEIECHUS IIpoliecca.
Bricokas TepMonnHaMHUYecKasi BEPOSITHOCTh OKUCIICHHS METAJIJIOB KHUCIOPOAOM MOKET
CTaTh CEPbE3HOW MpoOJeMOil MpU KOHTAaKTe paciulaBa C BO3AYXOM, OJHAKO IOJHAS
FepMETUYHOCTh YCTAHOBKU HCKIIOYAeT TaKyl BO3MOXKHOCTb. K ToMy e, BEpOSTHO
BOCCTaHOBJICHHE OKCHJOB CBHHLA W OJIOBAa B NPUCYTCTBUM 0OpasyIOLIErocs KOKca H
Bonopona. CopepxkaHue BOABI B CBHIPbE SIBJISIETCS JOMYCTUMBIM, T.K. OHa HE
B3aUMOJICHCTBYET C MeTaJUIaMU. TakKe CBHHEI[ M OJIOBO B YCIIOBUSIX JKCIIEPUMEHTA He
00pa3yroT KapOuabl U THAPUABL. BOo3MOXKHOE B3aUMOACHCTBHE C CEPOBOIOPOIOM MOKHO
paccMaTpuBaTh C MOJOXHUTENBHOW CTOPOHBI: PacIulaB COpPOMpPYET cepy, TEM CaMBbIM,
YMEHBIIIasl ee¢ CcoJiepKaHue B MpoaykTax. [Ipw 3TOM Cynb(QuIsl CBHHIIA W OJIOBa HE
BOCCTaHABIIMBAIOTCS YTJIEPOJIOM, T.€. OYMCTKY pacijiaBa OT Cepbl MOXHO IPOBOJUTH
NEPUOJNYECKH WK B OTAEIBHON 30HE.

JKcnepuMeHTAIbHAsA 4YacTh. KpekuHr 00€3BOXKEHHOH H  00eccoNeHHOM
3anaJHOCHOMPCKON He(TH POBOAMIHNCH Ha JabopaTopHOi yctaHoBKe (puc. 1). Peaktop
1 morpyxeH B d3JEKTpoIledb 2, TeMIeparypa B KOTOPOH PEeryJupyercsi C MOMOIIBIO
JIATPa u moctosiHHO u3MepsieTcss Tepmonapod 4 ¢ touHoctbio +3 °C. UlmpuiuebsiM
no3atopoM 3 HedTh C HEOOXOIMMBIM pacxomoM monaercs B peakrop 1. JKumkue
NPOMYKTHl  KPEKWHTa KOHJCHCUPYIOTCS B ammapare 5 u  coOupaioTcs B
KOHJIeHcaTonpueMHuKe 6. ['a3000pa3Hble MPOAYKTHI HANpaBisOTCs B cocyl MapuorTa 7.

JlaGopaTopHbIii peakTop HpeAcTaBiIseT co00il YyCTpOHWCTBO 0apOOTaKHOIrO THIIA,
obecrieurBaroliee Mojav4y peareHTOB IMOJ cioil pacmuaBa. [loBepxHocTh paznmena das
MIOCTOSIHHO OOHOBIISICTCA 3a CYET BEICHMS Iporecca B 0apOOTaXHOM peXHME, 4YTO
UCKIIIOYaeT BIIMSHHUE IMOBEPXHOCTHBIX SBIEHMII Ha Xox mnpouecca. O0beM peaxTopa
cocraBmsier 110 cM®. COCTaB XMIAKHX M Tra3000pasHbIX IPOXYKTOB aHATH3UPOBAJICS
razoxpomarorpapuueckuM MeTonoM. PpakIMOHHBIA COCTaB KHUIKUX IPOSYKTOB
KPEKHHTa OIPEeNseTCs] METOJIOM aTMOC(EpHON pa3roHKu 1o DHriepy [8].

IIpoBeneHs!l uccienoBaHUs BIUSHUSA TEMIIEPaTypbl Ha XOJ IIpoliecca U BBIXOJ
nponykToB. C LENBIO yBEIUYEHHs BbIXOJA JKMIKUX IPOAYKTOB BBIOpaH [uUana3oH
pabounx Temmeparyp 400-600 °C u pacxon vedru 1.15 mu/mMuH.

Pe3ynpTarhl 3KCIEPUMEHTOB MO OINPEICICHNUIO BIUSHHUA TEMIEpPaTypbl Ha BBIXOA
NPOJIyKTOB KPEKHUHTa TIPEe/ICTaBlIeHBI B Ta0I. 3.
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Puc. 1: Cxema 1a00paTOpPHOIi yCTAHOBKH.
1 — peaxTop ¢ pacnaBoM; 2 — 3JIeKTPoIeYb; 3 — 103aTOP MOa4H CHIPBS; 4 — TepMonapa ¢
NMOTEHIHOMETPOM; S — KOH/IeHCATOoP; 6 — KOHJeHCATONPHeMHNK; 7 — cocyl MapuoTTa

Tabauya 3
Biansinne TeMnepaTypbl Ha COCTaB MPOAYKTOB KPEKHHIa

Mpoaysr Coipast rers | 400°C | 450°C | 500°C | 550°C | 600°C
% Macc.
Ia3bl 0 0.8 2.7 3.8 4.2 4.9
bensuH (1.k.-180°C) 14.9 15.5 19.1 19.2 19.4 20.0
JuzensHoe Tormso (180-350°C) 32.0 33.8 36.0 40.2 40.6 36.5
Tsoxensiii Ta3oiias (>350°C) 52.1 47.8 38.0 27.5 24.7 24.5
TBepable IPOAYKTHI + MOTEPH 1.0 2.1 4.2 9.3 111 141

C T1OBBILICHHEM TeMIEparypbl BBIXOJ OCH3MHA M JU3EIBHOTO TOILTUBA
yBenuuuBaercs. [Ipum Ttemmeparypax 400-450 °C HabmiomaeTcsi He3HAuMTEIbHOE
YBEJIMUEHHE BBIXOJA CBETIBIX YIJIeBOnoponoB. Ilpu yBenuueHHMM TeMmuepaTypbl 10
500 °C BbIX0J CBETIIBIX yBennurBaercs 0 59.4 % macc, B OCHOBHOM 3a CUET JIN3EIBHOM
¢pakunu. OCTaToK B peakTope HAXOAUTCS B BUIE TBEPAOTO KOKCONOJOOHOTO MaTepHaa.
B untepBane temmneparyp 550-600 °C BbIX0a CBETJIBIX NPAKTHYECKH HE U3MEHSCTCS, HO
yBeNMWYMBaeTca Ta3oobpa3zoBaHme 10 5 % wMacc U OTiIOXeHne kokca. CpaBHeHHE
TPYNIIOBOTO COCTaBa MNPSIMOTOHHOTO O€H3WHa H TNPOAYKTOB KpPEKHWHIa COCTaBa
0OeH3MHOBOH (ppakMy NpeICTaBICHO Ha PuUC. 2.

[lpu yBenwueHMH TeMIepaTypbl YyMEHBIIAETCS CoJepKaHue mapaduHOB U
nzonapaduHoB, a Takke HadreHoB. KojuvecTBO 0JCUHOB M apOMATUYECKUX
coeMHEeHNH yBennunBaeTca. OKTAHOBOE YHMCIO OCH3WHOB KpPEKHWHTa OT YCIOBHH
IKCIIEPUMEHTa HM3MEHSETCS HE3HAYMTENIbHO W COCTaBJSIET 0 KCCIIEOBATELCKOMY
MeToay 82-87 MyHKTOB.

OntrumanbHOH PEeKOMEHIyeMOW TeMIepaTypoll MpOBEACHHUS Mpolecca KPeKHHIa
HedTu B pacruiase siBisiercss ~500 °C. Ilpu 3ToM HaOIIOAAIOTCS MAKCUMAJBHBIE BBIXOJIBI
CBETIIBIX (hpakiMid 1 yMEepeHHOE 00pa30BaHUE KOKCA ¥ Ta3000pa3HbIX MPOAYKTOB.

B crnenyromel cepur SKCHEPUMEHTOB OBUIO ONMPENENICHO BIMSHUE MOBEPXHOCTH
pasmena ¢a3. Ilpu 500 °C u pacxome Hedtu 1.15 Ma/mMuH  mpoBereHa cepus
JKCIIEPUMEHTOB (Tabi. 4) B peakTope Oe3 paciuiaBa, peakTope ¢ pacIiulaBOM U B 000MX
Ciyyasix ¢ HacaJKoW. B kadecTBe HacaJkM HCIOJB30BAIUCH KOJbLA Pamura pasmepom
4x4%0.5 mm. CornmacHo naHHbIM [1] mpUMeHEHHE HAacalKH YBETHYMBAECT MOBEPXHOCTD
pasnena ¢a3 nmpu 6apboraxe B 2-3 pasa.
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Puc. 2: I'pynnoBoii cocraB 6eH3UHOB
Tabnuya 4
MaTtepuaJbHblii 0aJaHC IKCIIEPUMEHTOB
Ilycroit Tlyctor PeaxTop ¢ Peaxtop ¢
IIpomyxr peakTop peaktop paciuiaBoM pactiasoM +
P Hacajaka Hacajika
% Macc.
Tazbr 3.8 4.6 3.8 3.9
Bensun (1.x.-180°C) 18.7 18.2 19.2 19.6
JuzensHoe Tormmso (180-350°C) 40.1 38.8 40.2 41.7
Tspxensrit razoiins (>350°C) 26.6 24.3 275 25.1
Ocrarok B peaktope + norepu 10.8 141 9.3 9.7

Ha nyctom peakTope M Ha IMyCTOM PEaKTOpPe ¢ HACaIKOH IMOTY4eHbI MPAKTHUCCKU
UJICHTHYHBIC JaHHBIC, YCTYMAIOIINE MO KAYECTBCHHBIM U KOJIMYESCTBCHHBIM MOKA3aTeIsIM
B DKCIICPUMEHTE C PaciuiaBoM. [Ipu MPUHYAUTEILHOM MOTPYKEHUH HACAIKH B PacIljiaB
HAOJI0JaeTC HE3HAUYMTEIBHOES YBEIIMUYCHHE BbIXOJa AM3CIIbHOW (pakiuu U OCH3MHA.
IIpu >TOM KaTamuTHueckas (WM HMHTHOMPYIOINAas) aKTUBHOCTh pacilaBa OTCYTCTBYET
WIN KpaiiHe Maja, T.K. B MPOTHBHOM Cilyuae MPUMEHEHHE HACAIKU 3HAYUTEIbHEE ObI
W3MEHHUJIO COCTaB MpPOAYKTOB. Kpome Toro, ierde oOHApyXHUTh KaTaJIUTHYECKOES
JICHCTBYME paciuiaBa JJisl MHIAMBUIYaJbHBIX BEHIECTB [1], B TO BpeMs Kak i CJIOKHOM
CMECH BellecTB (KaKOBOW SBISETCS HE(PTh) 3TO HAMHOTO CIIOKHEE, TeM Ooliee, ecClin
pacrjiaB UMEeT HU3KYIO0 KaTATUTHYCCKYIO aKTHBHOCTb.

®pakIMOHHBIA COCTaB OCH3MHOB M OKTAHOBBIC YHMCIA JIO U TOCIE IPOBEICHUS
KPEKHHIa IPAKTHYSCKU HE MEHsoTCs. [Ipu mpoBeaeHnn KpekuHra 0e3 paciiaBa Ha 1,5-
2% Macc. yBEeTHYUBACTCS COACpKaHHE OJe(HUHOB W apOMATHKH, YeM NMPH KPEKHUHTE B
pacmiaBe. CocTaB ra3000pa3HbIX HMPOAYKTOB BO BCEX IKCIEPUMEHTAX MPAKTHUECKU HE
MEHSETCS U COOTBETCTBYET cienyromemy: H, — 0.5-0.8%, CH, — 12-17%, C,H, — 26-
30%, C2H5 - 6-7%, C3He - 14-16%, C3H8 - 5-7%, C4H10 - 3-4%, C4H8 — 8-10% mo
Macce. DTH pE3ylabTaThl XOPOIIO COTVIACYIOTCS ¢ JaHHBIMH [3] muposn3a mpornaH-
OyTaHOBOH (paKiMK B PACIIABICHHOM OJIOBE M SKBHUMOJICKYJISPHOM CMECH XJIOPHIOB
KaJus U HATpUs.

OueBHAHO, 4UYTO YyBEIHUYCHHE BBIXOAA CBETJIBIX HE(TEHPOIYKTOB CBI3aHO
UCKIIOYUTEIBHO € TEPMHUYECKHUM PA3JIOKCHHUEM TSDKENBIX YIJICBOJOPOIOB HE(TH.
Pe3ynbTaThl SKCIEPUMEHTOB CBHICTEIILCTBYIOT O TPOTEKAHMHM PEAKIMA KpPEKUHIa
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MOJIEKYJI YTJIEBOJOPOAOB B 00BEME paciiaBa MO PaAMKAIbHO-TIETHOMY MEXaHHU3MY C
oOpa3oBaHreM 00J1ee JETKUX HeDTIHBIX (PAKIIMIA, Ta30B U MPOIYKTOB YILIOTHEHUS.

B pesynprare mnpoBeAECHHBIX JKCIEPUMEHTAJIBHBIX HCCIEAOBAHUN Mpolecca
KpPEKHHTa 3amaJHOCHOMPCKON He(TH B paciUlaBe CBHHIA U OJIOBa YCTAHOBJIEHO, YTO
BBIXOJI CBETIBIX HE(PTENPOMYKTOB B 3aBHCHMOCTH OT YCIOBHH SKCIIEPHMEHTa
yBenmuuuBaercss ¢ 46.9 no 55.1-61.3% wmacc. KauecTBeHHBIN cOCTaB TPOSYKTOB
yKa3bIBaeT Ha MPOTEKaHHE Mpollecca M0 PaguKabHO-IIETHOMY MEXaHU3MY TEPMUYECKOM
JECTPYKIIUK YTIIEBOJOPOIOB. Pe3ynbTaThl WMCCIeOBaHUA COTOCTABICHBI C HWTOTaMH
NPE/IIECTBYIOINX JKCIEPUMEHTAIBHBIX pabor. OTMedYeHa BOCIPOWU3BOJIUMOCTD H
MOBTOPSIEMOCTb ~ BIMSIHUSL  JKUIKOTO  BBICOKOTEMIIEPATYPHOTO  TEIUIOHOCHTENS B
skcnepuMenTax. Ko3hduuueHTsl Koppensiuuu, BBIYUCICHHBIE MEXIYy pe3yJbTaTaMu
COIIOCTABIISIEMBIX DKCIIEPUMEHTOB, Jiexkar B mpegenax 0.85 — 0.9, 4yro MoxeT CiyKHUTh
OCHOBaHHUEM JJIs TIOJIOKUTEIBHOMN OLIEHKH T0CTOBEPHOCTH 3KCIIEPUMEHTOB.

HanpHeiimme ucciaenoBanuss OyAyT HAmpaBiIeHbl Ha M3YYEHHE KaTAIUTHYECKHX
CBOWCTB pacIyIaBJICHHBIX CPEJl M UX BIHMSHUE HA MPOIECC KPEKHHTa YTIIEBOIOPOIOB.
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Marat A. Glikin, Vadim Yu. Tarasov", Evgeniy Yu. Chernousov

Technological Institute of East Ukraine V. Dal National University, 59-a, Sovetskiy Ave.,
Severodonetsk 93400, Ukraine

CRACKING OF CRUDE OIL IN THE MOLTEN METALS

In this paper is investigated the process of crude oil and its individual fractions cracking in the
molten metals medium to produce light petroleum products. Thermodynamic calculations demonstrate
the possibility of using lead and tin including alloys thereof as the melt. The cracking of West Siberian
crude oil is studied at temperatures 400-600 °C. It is detected that as the temperature increases there is
increase of aromatic hydrocarbons and olefins content in gasoline while naphthenes, n- and i-paraffins
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content reduces. Optimal temperature for cracking in molten metals is ~500 °C. The use of a
submerged nozzle increases the yield of light petroleum products by ~2%. The research octane number
of gasoline produced is 82-87 points. It is determined that the yield of light petroleum products
depending on the experimental conditions is increased from 46.9 to 55.1-61.3% wt.

Key words: crude oil; cracking; molten metals; light petroleum products; catalytic indifference.

Mapart A. I'mikin, Bagum FO. Tapacos, €sren FO. Ueproycos

Texroorianmi 1HCT UT yT CXIJHOYKDAiHbCKOIO HALIIOHAJBHOIO YHIBEPCHT €T Y
1meri B, Jlag, np. Paggracexnd, 59-a, CeBepogorenpk 93400, Yipaina

KPEKIHI CHPOI HA®TU B PO3IIJIABI METAIJIIB

Y nanmiii crarTi J0CHIIKYEThCSl mpouec KpekiHry cupoi HadpTh i okpemux ii ¢pakuiii B
cepeloBHINI  PO3IJIABJEGHHX MeTaJMiB 3 MeTOKW OTPUMAaHHA  CBiTIMX  HadTONPOAYKTIB.
TepMoguHAMIYHUMH PO3PAaXyHKAMH II0KA3aHA MOXKJIHBICTh 32CTOCYBAHHS CBHHIIO i 0JI0BA, 2 TAKOXK iX
CILIaBiB B fIKOCTI posmiaaBy. JlociaigkeHo mnpomec KpekiHry cupoi 3axignocubipcbkoi HadTH B
inTepBaai Temnepatyp 400-600 °C. BusiBjieHo, [0 MPH MiABHMIIEHHI TeMIepaTypH CHOCTepiraeTbcs
30iJIbIIEHHs] BMicTy B 0€H3MHAX apOMAaTHYHUX BYIJIEBOAHIB i osediniB, y Toii yac sk 3micT HadTeHiB,
N- Ta i-mapadiniB 3HIKYETbCA. ONTHMATLHOIO TEMNIEPATYPOIO KPeKiHry B po3miasi meraiis € ~500°C.
3acTocyBaHHs 3aTONJIEHOI HacaAkM 30inbIIye BHXiI CBIiTIMX NMpoaykTiB Ha ~2%. OKTaHOBe 4HC/I0
OTpUMAaHMX OeH3MHIiB ckj1agae 82-87 myHKTIB 3a AoCaiIHMIBKUM MeToA0M. BceTaHoBJIeHO, 0 BUXiA
cBiTJINX HAQTONMPOAYKTIB 3aJI€JKHO Bil yMOB eKcriepHMeHTY 30inbmyeTbest 3 46.9 1o 55.1-61.3% mac.

Kniouosi cnosa: cupa HadTa, KpEeKiHT; PO3IUIABM METANIB; CBITJII Ha(TONPOIYKTH, KaTaliTWIHA
iHudepeHTHICTb.
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