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Spectrophotometric determination of nickel (II)
using 5-(2-bromo-5-methoxybenzylidene)-thiazolidine-2,4-dione

Kerim A. Kuliev, Naila A. Verdizade, Konul R. Alieva, Shafa A. Mamedova
Azerbaijan State Pedagogical University, Baku, Azerbaijan

Abstract. A fast and precise spectrophotometric approach was made to measure nickel (II) using the chromogenic
compound 5-(2-bromo-5-methoxybenzylidene)-thiazolidine-2,4-dione (BMBT), which forms a yellow-brown complex
when combined with other chemicals. It has been investigated whether bmbt can be used to measure Ni (II) through
photometry. In the ph range of 7.1 to 8.9, the nickel (II) complex is roduced. A BMBT concentration of 510-4 mol/l is
offered for the optimal complex formation and extraction. Water (as the base medium), methyl alcohol, ethyl alcohol,
chloroform, hexane, dichloromethane, and acetonitrile were among the solvents investigated in the study. Methanol
performed best among all, making it the most appropriate solvent for the experiment. At 482 nm, the complexation of
nickel with bmbt reveals the strongest analytical signal. The bathochromic shift in this instance is 146 nm, which is the
shift of the absorption peak to the long wavelength side. 1.75 10* is the molar absorption coefficient. Ni: BMBT = 1:2 is
the component ratio in the complex. It is known that the complexing form of nickel, Ni*", removes one hydrogen atom
from a BMBT molecule. The complex's structure was investigated by empoying thermogravimetry and infrared spec-
troscopy. The research demonstrated that a number of metal ions, containing Fe(III), Cu(Il), Mo(VI), Se(IV), Pt(Il),
Mn(II), Cd(1I), Zn(II), Pb(1l), and Pd(II), as well as form colored complexes when bmbt is used as a chromogenic rea-
gent. The presence of masking agents or a change in the solution's ph considerably improves the accuracy of nickel
measurement in the presence of these metal ions.at nickel concentrations of 0.3—13 g/ml, the fundamental rule of light
absorption is observed. By utilizing masking agents, adjusting the medium's pH, or using extraction, the disruptive in-
fluence of irrelevant ions is removed. Methods for figuring out the amount of nickel in different things, like bottom de-
posits, wastewater, and steels, have been created based on the discoveries of a spectrophotometric analysis of the nickel
(IT) complex with BMBT.

Keywords: nickel (II), 5-(2-bromo-5-methoxybenzylidene)-thiazolidine-2,4-dione, spectrophotometry.
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Original Article
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Cunektpodoromerpuyueckoe onpenesenue Hukess (1) ¢ ucnoan3zoBanuem
5-(2-0poM-5-MeTOKCHOEH3UIN/IeH)-THA30JTUINH-2,4-TUOHA

Kepum Apa3 orusl KyiaumeB, Hamnus Annaxsepau kbi3el Bepamsage, Komyn Pacum kbi3bl  AjueBa,
ladga Ara kpi3pl MamenoBa
Aszep0aiipKaHCKUi TOCYAapCTBEHHBIHN Me1arornueckiii yHuBepcuTer, baky, Azep0aiimxan

Abstract. PazpaboTan nmpocToii u CeJIeKTUBHBIN criekTpodoTomMeTpuueckuil Metox omnpexaenenus Hukens (II) ¢ ue-
noJjib30BaHueM S5-(2-0poM-5-merokcubeH3mwnaAcH)THasonuann-2,4-a1uoHa (BMBT) B kadecTBe XpOMOTEHHOTO pearcH-
Ta, 00pa3yIoOIIETo >KENTO-KOPUYHEBBIN KOMIUIEKC. M3yueHa Bo3MokHOCTh ucnonb3oBanusi BMBT s horomerpuye-
ckoro omnpexnenenus Hukens (11). Kommieke nukens (I1) obpasyercs B uatepsaie pH 7,1-8,9. MakcumaibHbIi aHATUTH-
YECKHI CHTHAJ KoMITIeKcooOpa3oBanust Hukenst ¢ BMBT Habmronaercs mpu 482 HM. MoOMSpHBIA KOG (UIIMEHT TOTIIO0-
LIeHUs cocTasiseT 1,75 10*. CooTHOMIEHHE KOMIOHEHTOB B KoMiwiekce Ni:BMBT = 1:2. Co6ofienre 0cHOBHOTO 3a-
KOHA CBETOIIOTJIOIICHUS HaOIroaeTcst py KoHIeHTpanuy Hukens 0,3—13 Mkr/min. Memaroniee BAMSHAE TOCTOPOHHIX
HMOHOB YCTPaHEHO C IOMOIIBI0 MAaCKUPYIOIIKAX BEIIeCTB, M3MeHeHneM pH cpeapl wim npuMeHeHueM SKcTpakuuu. [1o
pe3ysbTaraM crekrpooTomerpudeckoro uccienobanus komiuiekca Hukens (II) ¢ BMBT pa3pabotanbl MeToibl onpe-
JICJICHUS] HUKEISI B PA3IUIHBIX 00BEKTaX.

KiroueBble ciioBa: criektpodoromerpust, HuKeb (11), 5-(2-0poM-5-MeTOKCHOCH3MITHIACH )-THA30IUANH-2 ,4-THOH

s murapoanus: Kymues K.A., Bepauszane H.A., Anuesa K.P. u np. CnektpodoToMeTprudeckoe onpeaeicHne
Hukens (II) ¢ ucionp3zoBanuem 5-(2-6poM-5-MeTOKCUOSH3UIMICH)-THAa30IMANH-2,4-11noHa// Becthuk [lepmckoro yHu-
Bepcureta. Cepust «Xumus». 2024. T. 14, Ne 1. C. 5-14. http://doi.org/10.17072/2223-1838-2024-1-5-14.
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Nickel involves in enzymatic activities and
builds up in bird feathers and nickel makes it a ne-
cessary nutrient for both animals and humans.
Nevertheless, having too much “nickel” in the
body can trigger a number of medical problems,
such as tachycardia, anemia, pulmonary and cere-
bral edema, and allergic reactions. Electroplating,
nickel-cadmium batteries, ceramics, paint pig-
ments, welding rods, ceramics, dental and surgical
prostheses, magnetic tapes, computer components,
and nickel catalysts are onlysome of the applica-
tions for “Ni”.

Sewage which is containing nickel is toxic after
adding the water and this fact defined the need of
monitoring the quantity of nickel in samples of
waste and natural water. Precise and fast measure-
ment of nickel in natural and waste waters is made
possible by spectrophotometric techniques and
atomic absorption spectrometry by utilizing flame
and graphite furnaces [2]. Yet, often, low analyte
concentrations or matrix interferences prevent a
direct determination from being used.

Various analytical techniques, such as flame
atomic absorption spectrophotometry [3], graphite
furnace atomic absorption spectrometry [4], elec-
trothermal atomic absorption spectrometry [5],
atomic fluorescence spectrometry [6], inductively
coupled plasma-optical emission spectrometry [7],
and spectrophotometry [8—12], have been utilized
to define the concentration “nickel”. Nonetheless,
the procedures mentionedrequire high-purity sol-
vents and some expensive equipments or ingre-
dients for operation.

Due to their low cost of equipment, simpilicity,
and ease of automation, spectrophotometry-based
procedures are quite common. Apart from that, the
in-tense absorption in the optical spectra, in the

visible region, that is distinctive of the ligand itself

is produced by nickel(Il) chelates of various li-
gands, such as di-phenylcarbazone, 8-quinolinol-
diphenylthiocarbazone, and its substituted equiva-
lents [13—15].

Methods for determining the presence of nickel
in distinct objects have been enhanced and it uses
mixed - ligand complexes with oxythiophenols and
dithiophenols in the presence of hydrophobic
amines [16-19]. The wuse of 5-(2-bromo-5-
methoxybenzylidene)thiazolidine-2,4-dione
(BMBT) for the photometric measurement of nick-
el(IT) has been examined.

2. Experimental

2.1. Reagents and Solutions

We dissolved a precise

(NH,4);Ni(SO4),-6H,0 in water contained 2 ml of

quantity  of

concentrated H,SO,4, and we were able to make a
standard solution of nickel(Il) with a concentration
of 1 mg/ml. After this, the solution was diluted and
we continued until the time it had a final volume of
1 liter and the standard nickel (II) solution was di-
luted with redistilled deionized water right and af-
ter this process we use it to make working solu-
tions. The ligand, BMBT, was yielded employing a
certain method. Pure reagent was dissolved in 1
mol/l sodium hydroxide to produce a reagent solu-
tion containing a concentration of 0.002 mol/l and
we used Britton-Robinson buffer in the pH range
of 5-12 or 1 mol/l solutions of KOH and NaOH for
obtaining the best pH conditions for experiments.
We used 1H NMR and IR spectra to confirm
the structure of the ligand (BMBT) and the struc-
ture was verified. At 3364 cm™ (N-H), 2925 cm’™
(Ar-H), 1674 cm™ (C=0), 1573 cm™ (C=N), 1449
cm” (C=C), 1380 cm™ (C-N), and 733 cm™ (C-S-
C), the IR spectrum indicated distinctive peaks at
these locations. Peaks at 2.2 ppm (6H, s), 7.18 ppm
(2H, s), 7.61 ppm (1H, s), 9.16 ppm (1H, s), and
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12.45 ppm (1H, s) were observed in the 1H NMR
spectrum in C¢Dg solvent.

When we wanted to produce stock solutions,
the essential metal salts were dissolved in the dis-
tilled water or diluted with the appropriate acids to
a predetermined volume. We also produced 1%
solutions of various ions by dissolving measured
amounts of the appropriate salts in distilled water.
Besides, we added acids to metal ion solutions to
stop hydrolysis in some of the instances.

2.2. Instrumentation

Two spectrophotometers were used to measure
the absorbance of the samples and these spectro-
photometers are the SF-26 from the USSR and the
KFK-2, also from the USSR, for the measure-
ments, glass cells were used with optical path
lengths of 10 mm or 5 mm. We used an [-120.2
potentiometer with a glass electrode to measure the
pH of the aqueous solution. Thus a muffle furnace
was used to dissolve the samples. In addition to
this, 1H-NMR spectra were collected using a
"Bruker" Fourier Transform apparatus which is
running at 300,18 MHz in C6D6 solvent and 1H-
NMR spectra were infrared (IR) spectra and were
recorded using a German "Specord M 80" spectro-
photometer.

2.3. General Procedure

2.3.1. General procedure for the determination
of Ni(1l)

A solution containing 5-100 mg of Ni*" was
added to 2 mL of a 5-(2-bromo-5-methoxy-
benzylidene)-thiazolidine-2,4-dione reagent solu-
tion in a 10 mL volumetric flask. Methanol is used
to change, the total volume to 10 mL. At 490 nm,
the absorbance of the final mixture was measured
with the reagent blank serving as a reference (path

length: 0.5 cm). The absorbance readings were

placed against various Ni*" concentrations in the
solutions to make calibration graphs.

2.3.2. Determination of nickel(ll) in steel

Sulfuric acid (H,SO,4) and a sample weighing
0.2 g were added to a 20 ml volume in a 1:1 ratio
then this mixture was dissolved. To oxidize the
solution were used after that a few drops of con-
centrated HNOj; (nitric acid). Thus SO; (sulfur tri-
oxide) was produced by evaporating the mixture
twice. Then in 20 cc of heated 15% tartaric acid,
the precipitate that acquired was dissolved. Water
was added to make a volumetric flask's total vo-
lume 100 ml after cooling process and then the
mixture was shaken. After this, the mixture was
filtered. 5 ml of the filtered solution was moved to
a separating funnel in order to verify nickel by em-
ploying the suggested methods.

2.3.3 Determination of Ni(ll) in sewage water
and bottom sediments

By evaporating 1 liter of waste water without
boiling it a sample of wastewater was exposed to
examination to produce a sloid residue. After being
dissolved in 5 ml of pure nitric acid (HNOs3), this
residue was then moved to a 50 ml flask. Ultimate-
ly, water was added to dilute the solution to the
mark on the flask.

3. Results and Discussion

3.1. Selection of the reaction solvent

The stable complex that BMBT forms with
Ni(Il) in a distinct of aqueous and non-aqueous
solvents has a reddish-yellow-brown color and
both the BMBT reagent and the Ni-BMBT com-
plex should be able to dissolve in the ideal solvent
and enabling the measurement of discrete absorp-
tion spectra for the complexes without interference
from the reagent. Water (as the base medium),
hexane, methyl alcohol, chloroform, acetonitrile,

ethyl alcohol and dichloromethane were among the
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solvents studied. Methanol performed best among
all which made it the most suitable solvent for the
experiment.

3.2.Effect of pH

The complex between Ni (II) and BMBT (an
organic molecule) occurs in the pH range of 2.6 to
10, with the ideal pH for complex formation being
between 7.1 and 8.9 (see Figure 1). The extraction
of Ni(Il) gradually declines with going down pH,
primarily because of the drop in the concentration
of the ionized form of BMBT, which is probably
present in solution in an undissociated form. The
complex is unable to form due to theNi ion's hy-
drolysis at a pH of 10.5. A BMBT concentration of
5-10™* mol/l is recommended for the optimal com-

plex formation and extraction.
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Fig.1. The dependence of the optical density
of the complex on the pH of the aqueous phase.
Cnian = 3.44:10” mol/l; Cysr = 5.0-10™ mol/l;

KFK-2,2=490 nm /=1 cm

Withour breaking down the Ni-BMBT complex
may be kept unspoiled for two days and the Ni-
BMBT complex is stable in both aqueous and or-
ganic solvents. Within five minutes of the com-
pound forming, there is a maximum light absorp-
tion. Additionally, the compound keeps its stability
at 80°C.

3.3.Absorption spectra of reagent solutions and
metal complexes

Using a reference blank which included water,
the reagent solution's absorbance was calculated.
Basedon Figure 2, the greatest signal was observed
during the complexation of nickel with BMBT
turns out at a wavelength of 482 nm and from the
Figure 2 the highest absorbance of BMBT is 336
nm. Bathochromic shift is the term for the shift in
the absorption peak towards longer wavelengths.
Thus in this instance, it equals to 146 nm. Besides,
the substance's capacity to absorb light is found to
be 1,75-10%, as measured by the molar absorption

coefficient.
A
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Fig.2. Absorption spectra:
CNi(ll):3-44'10_5 mOl/l, CBMBT = 5010_4 mOl/l,
SF-26,/=1 cm

3.4.Stoichiometry of Ni(Il) — BMBT complexes

The molecular structure of the Ni(Il) - BMBT
complex was investigated by the researchers using
a variety of techniques and these techniques in-
volves the equilibrium shift, Starik Barbanel, and
straight line approaches and based on all available
methodologies, the complex's Ni:BMBT ratio is
1:2 (fig. 3). By using this information, they deter-
mined the complex's stability stable.

To manufacture and study the Ni(Il) — BMBT

complex in further detail, chemical analysis, IR
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spectroscopy and the complex's IR spectra was
compared with the reagent's. In the complex's IR
spectra, prominent absorption bands were observed
in the ranges of 1593-1448 cm”, which corres-
ponds to the aromatic ring C = C, and 3050-3020
cm’, which is connected to vcy in the aromatic
core. Other absorption bands at particular wave-

numbers were assigned to different molecular vi-

brations.
1.0
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Fig. 3. Determination of the ratio of components

by equilibrium shift method

The research presentedthat utilizing the particu-
lar reagent, BMBT, allows the creation of colored
complexes and ions of different metal elements,
containing Fe(Ill), Cu(Il), Mo(VI), Se(IV), Pt(1D),
Mn(1I), Cd(1I), Zn(Il), Pb(1l), and Pd(II). The accu-
racy of detecting these metal ions develops notice-
ably, if masking chemicals are present or the pH of
the solution is altered.

Fluoride, chloride, bromide, oxalate, thiosul-
fate, sulfate, acetate, tartrate, and citrate ions do
not prevent the process of determining the metal
ions.

Nevertheless, even in modest concentrations, a
number of particular ions, like thiourea phosphate,
and thiocynate, might affect the result of the test.
On top of that, due to the nickel(II)-EDTA com-

According to a thermogravimetric investigation,
the Ni-BMBT complex thermally decomposes in
two steps. While one of the steps is dehydration
and dehydration (90° to 115° C) is the first stage,
which results in a loss of 4.93% of body weight,
the elimination of BMBT causes the second stage,
which takes place between 385 and 450 °C, to lose
mass at the highest rate (41.78%). The end result
of thermolysis is nickel (II) oxide.

It was found that one BMBT molecule displac-
es one hydrogen atom and that nickel complexes as
Ni*". The researchers suggested a potential struc-
ture for the Ni-BMBT complexes based on the ra-
tio of components in the complexes, the quantity of
protons being displaced, and the ionic form of

nickel.

plex's great stability Ni (II) can be completely hid-
den by EDTA.

3.5.Beer’s law and sensitivity of Ni(ll) - BMBT

To measure the “Ni” concentration, a calibra-
tion graph was used in an experiment and the ideal
circumstances were used to manage the experi-
ment. In the concentration range of 0.3—13 g/mL,
the relationship between the concentration of nick-
el (Ni(Il)) and the absorbance at 482 nm (Ays,) fol-
lowed Beer's law. It was discovered that Asg, =
0.045 + 0.071x, where 'x' stands for the concentra-
tion of nickel, is the calibration equation. The cali-
bration curve was created by using data resulted
utilizing the least squares method [26].

3.6.Analytical applications:

We determined the limits of photometric detec-

tion and quantitative nickel determination by em-
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ploying calibration graphs. The primary spectros-
copic features of our technique for Ni(I) detection
using BMBT are shown in Table 1.

In Table 2, we contrasted our photometric nick-
el(I) approaches' analytical attributes with those of
a few other methods that are already in use [3, 9,
18]. The discoveries presents the extreme selectivi-
ty, sensitivity, and impact of our technologies,
which shows their capacity to reliably detect even
minute levels of nickel ions. As our suggested
strategy is straightforward, quick, sensitive, and

selective, it is superior to existing approaches.

Table 1.
Formation conditions and some chemical and analytical

properties of Ni(Il) with BMBT

Parameter Value
Color yellow brown
pHop 7.1-8.9
Amax (D) 482
Bathochromic shift 146
Molar absorptivity (L- mol” cm™) | 1.65-10°
Sandell’s sensitivity (ng-cm™) 3.51
The equation of calibration curves | 0.045+0.071x
Correlation coefficient 0.9954
Stability constant () 10.61
Beer’s law range (ug-ml™) 0.3-13
Limit of detection (LOD): ng-mL™" | 12
Limit of quantification (LOQ): | 39
ng-mL’

Table 2.
Comparative characteristics of the procedures for determining nickel
4 | Beer’s law range
Reagent pH A, nm | €10 (ng: mI)
Dimethylglyoxime [27] 12 470 0.26-2.1
N-ethyl-3-carbazolecarboxaldehyde-3- 6.0 400
. - 1.114 -
thiosemicarbazone [28]
7-Methl-2-chloroquinoline-3-carbalde- 6.0 410 1.67
hyde thiosemicarbazone [29] )
Thiazole-2-carbaldehyde 2-quinolylhydrazone [30] 8.7-9.5 522 7.17 0-0.7
Pyridoxal-4-phenyl-3-thiosemicarbazone[31] 4-6 430 1.92 0.5-5
4-hydroksibenzaldehid-4-bromphenilhydrazin [32] 4.0 497 12.85 0.01-0.1
BMBT 7.1-8.9 482 1.75 0.3-13

With BMBT's spectroscopic research of the
nickel(Il) complex as a foundation, to determine
nickel in a variety of samples, including bottom

deposits, wastewater, and steels, we formed extrac-

tion spectrophotometric methods. Tables 3 and 4
describe how our techniques were successfully

used to investigate real samples.

Table 3.
Determination of nickel in steel 8X® (C16°) (n=5, P=0.95)
Reagent Average result Probable Relative standard Confidence
g (%) relative error (¢) deviation (S,) interval (p)
Dimethylglyoxime 0.255 0.0065 0.024 0.2550+0.0065
Ni - BMBT 0.257 0.0114 0.042 0.2570+0.0114

4. Conclusions
The resultsdescribes that the newly created ap-
proach, which makes use of the reagent 5-(2-

bromo-5-methoxybenzylidene)-thiazolidine-2,4-

dione (BMBT), is very effective for detecting
Ni(Il) in water-based solutions quantitatively. The
interaction between nickel(Il) and BMBT was in-

vestigated by using spectrophotometry.
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Table 4.

Determination results of nickel (II) in the sewage water and bottom sediments (n = 6, P = 0.95)

. . Added, Found (along with Relative standard Found in the sample,
Analysis object s .
ng supplement), ug deviation (S,) ng/ kg
Sewage water
Sample 1 2.0 2.55 0.039 1.5540.06
Sample 2 5.0 6.64 0.032 1.64+0.12
Bottom sediments
Sample 1 2.0 3.46 0.07 1.46+0.07
Sample 2 5.0 6.25 0.05 1.2540.14

The pH range of 7.1 to 8.9 is where the nick-
el(Il) complex with BMBT forms with the greatest
intensity. Besides, this process stands out for being
quick and requiring less organic solvent and the

component ratios in the complexes as well as the

nickel with accuracy in the concentration range of
0.3 to 13 g/ml because to the Beer's law. The sug-
gested method is straightforward, quick, and ex-
tremely sensitive. Consequently, it may be used to

identify nickel in both steel samples and bottom

ideal complex formation conditions have been de- sediments.
termined.It was possible to measure trace levels of
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B ycrnoBusx BBeIEHHBIX OOOIOJHBIX CAHKIUI
co croponsl Poccun u ctpan EC, BaxkHast ponb oT-
BOJUTCSl CHUCTEME MEPOIPUATUN, HAMPaBICHHBIX
Ha pealu3alio CTPAaTerudl HMIIOPTO3aMEIICHUS
Ha POCCUUCKOM arpomnpoA0BOJIbCTBEHHOM PBIHKE.
B ycnoBun HeopauHApPHO JKECTKUX 3KOHOMHUYE-
CKHX peaJiil BO3pacTacT POJib arpompOMBIIIICH-
HOro KoMmiuiekca Poccuu B oOecrieueHUH Mpojo-
BOJILCTBEHHOUW Oe3omacHoCcTH CTpaHbl. llpu sToM
BaXHO OTMETHTH, YTO IMPOIIECC MMIIOpPTO3aMelre-
HHAS TpeOyeT OT POCCHUCKUX IPOU3BOAUTEICH
BOCTIOJTHEHHE TPHUBBIYHBIX O0OBEMOB HWMIIOPTHOTO
CBIpbS U MPOJOBOJIBCTBUS, YTO B YCIOBUSX HU3KO-
r0 YpOBHS MaTepHAIbHO-TEXHUYIECKOTO obecrede-
HUA CAENaTh KpailHe Tskeno. B cBsi3u ¢ 3TuM BO3-
pacTtaer poib pa3pabOTKH TOAXOIOB METOAOB U
METOAMK IO CO3/IaHUI0 OTEYECTBEHHBIX aHAJIOIOB B
peanu3auuu NOJUTUKU UMIIOPTO3aMEILICHHUS.

VYBenuueHne MNPOU3BOACTBA MPOIYKLUHUU KU-
BOTHOBOJICTBA U PACTCHHEBOJCTBA HEBO3MOXKHO
0e3 opraHu3aluu o0eCreUueHUs BCEMU HEOOXOIu-
MBIMU 3JIEMEHTAMU MUTAHUS, B TOM YUCJIE U MHK-
po3nemMeHTaMu. MUKpO3IeMEHThl (IIMHK, MEJb,
MarHuii, >kKeie30, CEeJeH U T. J.) HEOOXOIUMBI B
HEOOJIBIINX KOJIMYSCTBAX, HO JOJDKHBI MOCTYMATh
B ONTHUMAJIBHBIX COOTHOIICHUSAX U B Hauboliee yc-
BosieMbIX (hopmax. Ha ceromusiiHuii IeHb, Kak
MoKa3ajl aHaJlu3 phIHKa, 0a30B0# TIaTHOPMOit s
MTOJTyYeHUS JIETKOYCBOSIEMBIX (POPM SBISFOTCS X€-
naTHele KoMIuiekehl. I1o coctosnuro Ha 2021 r. 1o
90 % KOMIOHEHTOB HCIONB3YEMBIX TIPU TPOU3-
BOJCTBE MPENapaTOB COACPKAIIMX MHUKPOIJIEMEH-
TeI ObTH UMTIOpTHEIME (Hupepmanasl, I'epmanus,
[omeima). B cBs3u ¢ BBemeHHEM CaHKIUI HEAPy-
JKECTBEHHBIMH CTpaHaMU BO3HMKJIA OCTpas Io-
TpeOHOCTh B CO3/IaHUM OTEUECTBEHHBIX CHUHTETH-
YECKUX aHaJOrOB ATUX MPENapaToB U3 UMEIOLIETo-

csi B PO ceippsa. Co3naHuio momoOHBIX aHAIOTOB
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MEIIAeT OTCYTCTBHE METONOJIOTHYECKHX —IjIat-
¢dbopM I CHMHTE3a 3TUX MpenapaToB U perjaMeH-
TOB TIPUMEHEHHS CHHTETHYECKHX aHaJoroB B
CENbCKOM XO3sHCTBE.

XenaTHple COJAM METaNIOB C HWMHUHOAU-
SIHTAPHOH KHCJIOTOH OTHOCATCS K 0ONacTH 3ele-
HBIX YJIOOpPEHHUH M KOPMOBBIX J100aBOK, HCIIONb-
3YIOLIUXCSA JUIsI BBEACHHUSI MUKPOIJIEMEHTOB B 110Y-
BbI, CEIbCKOXO3SIMICTBEHHBIE KYJIBTYpPbI, B PaIlliOH
KpymHOTo poraroro ckora. CrnocoOHOCTh WMHHO-
JOUSTHTApPHON KHCJIOTHI 00pPa30BbIBATH KOMIIJIEKCHI C
HOHAaMM METAJUIOB aHAJOTMYHA TaKOH e CIoco0-
Hoctu DJITA, ogHako XelmaThl MMHUHOAMSHTAPHOMN
KHCJIOTHI TTOJIHOCTBIO pacragaroTcs Ha Oe30I1acHble
OpPTaHMYECKHE COCTAaBJIIOLINE, CJIEIOBATEIBEHO
3¢ GEKTUBHOCTh YTUIM3ALUN MHKPOJIEMEHTOB B
TaKOM cJIy4ae CyLIECTBEHHO BhIlIe. M3BecTHO, 4TO
KOMITJIEKCHI LIMHKA ¢ UMUHOAUSHTAPHON KUCIOTOH
OKa3bIBAIOT OJaroTBOPHOE BIMSHHE HA (U3UOJIO-
THYECKOE COCTOSHHE, POCT U NPOAYKTUBHOCTH U
KHUBOTHBIX, M PAacTeHUHl — O3TH KOMILIEKCOHATHI
XOpOLIO yCBaWBArOTCs, a B KJIETKaxX paziararorcs
Ha aMHUHOKHCIIOTHI, KOTOpPBIE, COBMECTHO C HOHAMHU
TPaHCIIOPTUPYEMBIX METAJIOB BOBJIEKAIOTCS B 00-
MEH M TOJHOCTHI0 METaOOIM3UPYIOTCS B MpOIlec-
cax SHeprooOMeHa.

Takum 00pa3oM, pojb XEIaToOB 3aKJIOYAETCS B
TOM, YTOOBI YBEIHYUTH OMOJOTHYECKYIO TOCTYII-
HOCTh MUHEPAJIOB, HEOOXOIUMBIX AJIs1 00OTaIeHHS
pannoHa )XMBOTHBIX, U YJIYUIIUTh IIPOIecC 0OMeHa
BeIIeCTB. XeIaThl YCBAaUBAIOTCS OPraHU3MOM IO-
pa3zo sydile, yeM HeopraHuueckue ¢popMbl MUHE-
pajioB, a 3TO TOBOPUT O TOM, YTO OPraHUYECKUE
MHUKPO3JIEMEHTBl B KOPMaXx AJISl )KUBOTHBIX MOYHO
HCTIONIb30BaTh B MEHbLIEH KOHICHTPALUH.

[opasinstomee OONBIIMHCTBO HAIICAIINX MPAK-

THUYCCKOC IMPUMCHCHUC KOMIIICKCOHOB B Ka4CCTBC

KHCJIOTHBIX 3aMECTHTEIICH IIpyu aMHUHHBIX aToMax
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a30Ta CoJlep’KaT OCTATKH JIUIb YKCYCHOW KHCJO-
Thl. [Ipu BCeX MOJNIOKUTENBHBIX KauecTBax, MpHU-
CYIIHUX 3TUM KOMILUIEKCOHAM, OHH UMEIOT PsJi He-
JIOCTaTKOB: Majasi CeEKTUBHOCTh JICUCTBUS B OT-
HOIICHUHM OTJEIbHBIX KATHOHOB; OTHOCHUTEIHHO
y3kuit uaTEpBaN pH, B KOTOPOM 3THU KOMILIEKCOHBI
SIBJISIFOTCSL TOCTAaTO4HO 3()(HEKTUBHBIMU; TOHUKCH-
Hasi pacTBOPHMOCTh CaMHUX KOMILJICKCOHOB B (op-
Me CBOOOIHBIX KHCIOT [1,2].

Komruiekcbl MMUHOIUSHTAPHOW KHUCIOTHI (Ha-
nmee UJISIK) ocratoTcst TOCTAaTOYHO YCTOWYHUBBIMU,
HO TIPH 3TOM CIIOCOOHBI YCBaMBaThLCS U Tiepepada-
THIBaTBCSA MPHUPOIHBIMA OOBEKTAMH, HE HaKaIlIH-
BasiCh B OKpY>Karolleil cpee.

Ha maHHBIIT MOMEHT OITyOJIMKOBAaHBI Ba HAy4-
HBIX W3JaHUSA, B KOTOPHIX CHCTEMATH3UPOBAHBI
BOIIPOCHI MOJYYEHUs] KOMIUIEKCOHOB [3,4]. boib-
IIMHCTBO METOJIOB CHHTE3a, OIMUCAHHBIX B OATHX
KHHTaX, SIBJISIOTCS YHUBEPCAJIbHBIMH M MOTYT
OBITh HCITOJIL30BAHBI ISl TIONYYCHHS HCCIIEaye-
MBIX KOMILJIEKCOHOB. OJHAKO, 4YacTo MpHUMEHse-
MBI CIIOCOO JJIsi CUHTE3a U3BECTHBIX KOMILIEKCO-
HOB M COCTOSIIMNA B KOHACHCAIIMM TallOTeH3aMe-
IICHHBIX KapOOHOBBIX KHUCIIOT ¢ aMuHamu [3] He-
MIPUMEHUM [IJIS TIOJTYYSHUSI KOMIUIEKCOHOB, ITPOM3-
BOJHBIX STHTAPHOM KHUCJIOTHI, TaK KaK B YCIOBHSIX
cuHTe3a (BogHbIN pactBOop, pH 9-11, Temnepatypa
70-95°C) GpoM- u XJOpSIHTapHBIE KHCIOTHI, WC-
MOJIb3yEMBbIE B KadecTBE FCXOJHOTO BEIIEeCTBa,
MTO/IBEPTAOTCS MPAKTHYECKH TTOJTHOMY THIPOIIH3Y.
Crnenmduka CTPYKTYpBI paccMaTpUBAEMBIX KOM-
IIJIEKCOHOB B COYETAHHUH C ONTUMU3ALMEN YCIOBUI
CUHTE3a W BBIICJICHHS 1IEJIEBOT0 MPOAYKTa TpPemy-
CMaTPHUBAIOT HETPAIUIIMOHHBIN TTOIXO K METOIaM
WX TIOJTyYeHUsI.

Jus momyuenust UK MoryT OBITH MCTIONB30-
BaHBl pPa3NWYHBIE METOABl. HekoTopwle W3 HHUX

AHAJIOTUYHBI TEM, KOTOPLIC 00BIYHO OPUMCHSIOT
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JUTS TIOYYeHUST MHOTHUX HM3BECTHBIX KOMILIEKCO-
HOB, SIBJISIFOINUXCS NPOM3BOAHBIMU YKCYCHOH KH-
CIIOTHl (KOHAEHCAlWsi aMHUHOKUCIOT C TaloreH-
3aMeIICHHBIMH yTIIeBOI0poaaMu). JIpyTre MeToabl
UMeroT Oosee crienupUUECKU XapakTep W BIEp-
BbI€ TIPUMEHSIOTCS AJIS1 TOJYYEHUSI KOMIUIEKCOHOB
CMEIIaHHOT0 THUMa (peakuus HyKIeo(pUIbHOTO
NPUCOEIMHEHHS aMHUHOB TI0 JIBOWHBIM CBSI3SIM He-
MIPEeNbHBIX TUKapOOHOBBIX KHCIOT) [5]. Kpome
3TOro, B HACTOAIIEe BpPeMs BeCbMa HWHTEHCHBHO
pa3pabaThIBalOTCA METOIWKH CHHTE3a W M3Yy4aroT-
Csl CBOWCTBA METAJUIOKOMILIEKCOB C OpTaHHYECKH-
MU OMOAKTHBHBIMHU BEIIECTBAMH C IEJBIO BEISBIIE-
HUS HOBBIX TMOTEHITMAIBHBIX BO3MOXKHOCTEH Me-
TaJUTIOKOMITIIEKCOB [6].

Lenpro maHHOW paboOTHI sABISETCS pazpaboTka
METOJIUK CHHTE3a COJIed WMHHOJHUSHTAPHON KH-
CJIOTHI, TIPEUMYIIECTBAMHI KOTOPOH SIBISIETCS BBI-
cokoe cojepxaHue IPPEKTUBHBIX KOMIIOHEHTOB
IUIl TPUMEHEHUS B arpolpOMBIIUIEHHOM KOM-
IUIeKCe, CIOCOOHOCTh pas3naraThCsi Ha OMOKOMIIO-
HEHTHI B TIOYBE, KOJIOTHYecKasi 0€30MacHOCTb.

JKcnepUMeHTATbHAA YacTh

Bce ucnonp3yemble B Xo0Jie 3KCIIEpUMEHTa pe-
AKTHBBI MMENM KBATU(QHUKANUIO «X.W» H «U4.J.2%.
PacTBOpHI TOTOBMIIM Ha TUCTUIUTHPOBAHHOM BOJIE.

NMuHOMUSHTApHYIO KHCIOTY TMOJyYadu II0
cnenyromeit meronuke: 13,9 r (0,12 momns) maneu-
HOBO# kucioTel u 13,4 (0,24 MOiB) T THAPOKCHAA
Kanusi pactBopsuid B 5O MJI BOJBI, OXJaXAaId J0
KOMHATHON TeMIepaTypsl, M00aBIsUIM TPH Tepe-
memmBaanu 3,5 mi (0,048 mons) 25%-HOTO pac-
TBOpa aMMuaka. CMech MOMEIAId B aMITyJIy, KO-
TOpYIO 3amanBany u Harpeanu npu 110-130 °C B
TedeHre 8 4. 3aTeM aMITysly BCKpPBHIBAIM M K HaXO-
JSIIeMycsl B HEW pacTBOpPY, NMPEABAPUTENHHO OX-
naxaeHHoMy 110 5—8 °C, no0aBisiii KOHIICHTPH-

poBannyto HCl mo pH 2-2,5, HenpepsiBHO mepe-
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MEIIKBasi PaCTBOP U MPOJOJIKASL €T0 OXJIaXKIEHUE.
BremmaBmmii wepe3 1,5-2 4 Oenblif KpHcTainde-
CKMH O0CaJOK WMHUHOJMSHTAPHOM KHCIOTHI OT-
(bUIBTPOBBIBAIM HAa BOPOHKE C TOPHUCTBIM CTEK-

JSIHHBIM (QUIIBTPOM, MPOMBIBAM Ha (uibTpe 2-3

0 jl\
2 NaOH ONa
| ©——m | _
- OMa
0 o

Jia mony4eHns XenaTHOTOo KOMITIEKCa ITMHKA
BbIOpaHa ciexyromas MEeTOIUKa: BOJHBIN pacTBOP
WMHUHOJIUSIHTAPHOM KHUCJIOTBI M aMMMYHBIA pac-
TBOp KapOOHAaTa IUHKA B MOJBHOM COOTHOIICHHUU
1:1 cMemmBanu M BBIAEPKHUBAIU B TEUCHUE 3 U
P TIOCTOSTHHOM TIEPEMEUINBAaHIH U TEMIIepaType
50°C. Ilo 3aBepuIeHUM pEaKIUH, PacCTBOP yHapu-
BaJM 0 TMOJYYEHHUs Mmoporika Oenoro 1Beta. llo-
JyYEHHBI MPOAYKT BBICYUIMBAJIN B CYIIMIBHOM
mkady npu temmeparype 100 °C 1o mOCTOSHHOI

Macchl. Beixon npoxykra cocrasun 82 %.

3akarouenue

OpnHoil U3 BaKHEUIIUX 3alay, CTOSIIMX IEpen
HAyYHBIM COOOIIECTBOM MHOTHE TOBI, SBIISETCS
CO3/IaHNE HE TOJHKO TEXHOJIIOTUYHBIX B TPOU3BOJI-
CTBE KOMILJIEKCOHOB, TPOSIBIIONINX CIEIu(pIde-
CKHe JUI pa3HBIX OTpacliell CBOWCTBa, HO M 0e30-
IMaCHBIX B YKOJOTHMYECKOM IIaHE.

Dkosnornyeckass 0e30MaCHOCTh KOMILIEKCHBIX
COCAMHEHUN UMUHOAUSHTAPHON KHUCIOTHI 3aKIIIO-
YaeTCs B TOM, YTO B YCJIOBHUSX >KHUBON IPUPOIBI
9TH KOMIUIEKCHI JIETKO pa3liaraloTcsi Ha COCTaB-

JAIOMUE JIETKOYCBOSACMBIC JKUBBIMU OpraHu3MaMiu

pasza neasiHo# Bogo# (3—5 °C) u cymmiu Ha BO3-
nyxe npu 80-90 °C. Brixox mpojykTa COCTaBHII
90 %.

OO611yro cxeMmy peakiii MOKHO MPEICTaBUTh Clie-

JIYIOIIIIIM 00pa3zoMm:

0 Q
1|| iy m ledg
— = o
Real " OMNa
T
O H L4 ]

18

aMUHOKHUCIIOTHI. B wacTHOCTH, Kak B JXMBOTHO-
BOJCTBE, TaK U B PACTEHHMEBOJCTBE, KOMIIJICKCHI
nuaka ¢ UJISIK oka3eiBaroT 0aroTBOpHOE BIHS-
HUE Ha (U3HOJIOTHYECKHE IapaMeTphl W pPOCT
pactenuii. IToMUMO 3TOTO, KOMILIEKCHI JIETKO YyC-
BAMBAIOTCSl U pa3jararoTcs B KJIETKax Ha aMHUHO-
KHUCIIOTBI, KOTOpPbIE, COBMECTHO C MOHAMU TPaHC-
MOPTUPYEMOT'O MeTajlla BOBIIEKAIOTCS B OOMEH U
MOJTHOCThIO METa0OJIM3UPYIOTCS B  Mpoleccax
sHeprooOMeHa. B mporiecce BBITONHEHUS NTaHHOMN
paboTel ObLT paspaboraH crmocod 3ddexTuBHOTO
MOJIy4eHHUs] UMUHOAUSHTApPHON KUCJIOTHI M3 JOC-
TYHOHBIX U IIMPOKO PACHpOCTPAHEHHBIX POCCHMH-
CKHMX PEareéHTOB — aMMMaKa U MaJeHHOBOIO aH-
ruapuna. Kpome toro, Obl1 OCyIIECTBIEH CHHTE3
XEJaTHOTO KOMITJIEKCa IMHKAC IMUHOJUSHTApHON
KHCIIOTOH, KOTOPBIA UTpaeT BaXXHYIO POJb B OHO-
JOTHYECKUX TIporieccax oOMeHa, HEOOXOIUMBIX
JUTSL TIPAaBUJIBHOTO POCTa U Pa3BUTUS KUBBIX Op-
raHu3MoB. llomydeHHble pe3yabTaThl pPabOTHI
HUMEIOT MIMPOKOE MPAKTUUECKOE MPUMEHEHUE s
PErHOHANBHBIX NPEANPUITUN, B TOM YHCIE IS

3aMEHBI UMITOPTHBIX YIOOpEHWH W T00aBOK B ar-

POIPOMBIIIIIIEHHOM KOMIIJIICKCE.
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BcanuBaromasi-BpicajJnBawIas ClIOCOOHOCTH HUTPATOB M XJIOPH/I0B
HelepexoAHbIX META/VIOB B OTHOLIEHUH OKCHITHIMPOBAHHBIX HOHIJI(EHO0TI0B

Japbs Oserosna LnibikoBekas'™”, Aexcanap Muxaiiniosnu Enoxos', KOs Bajepresna Cmonnna’
'Tepmckuit rocy1apCcTBEHHbIH HAIMOHANBHBIN HCCIIeI0BATENbCKHH YHIBepCHTET, [lepMb, Poccus
*Mepmckuit BenepanbHbiii necnenoatensekuii nentp YpO PAH, Iepms, Poccus

AnHoOTanus. V3y4eHo BIUsHHE HUTPATOB U XJIOPUAOB HENEPEXOAHBIX METAJUIOB U aMMOHHS Ha BbICAJIMBAHUE He-
oroma A® 9-10 u3 BogHbBIX pacTBopoB. [TokazaHO, 9TO HUTPATH M XJIOPHUIBl OJHOBAJICHTBIHX METAILIOB 00JamaroT B
OCHOBHOM BBICAIMBAIOIIUM JI€HICTBHEM, B TO BPEeMs KaK HATPAThl ABYX- U TPEXBAICHTHBIX KATHOHOB IOBBIIIAIOT TEM-
nepaTypy paccioeHust BOTHBIX pacTBopoB HeoHola AD 9-10. Ha ocHoBannyM n3ydeHUs (a30BBIX paBHOBECHI B CHCTE-
Me HUTpaT aMMoHuS — HeoHONT AD 9-10 — Boza B nHTepBasie Temmnepatyp 25-80°C skcnepuMeHTaIbHO MOATBEPKICH
BapHaHT 5 0000LIEHHOH CXEMbI TOIOJIOrnueckor Tpanchopmanun (Ga3oBEIX AUarpaMM HEOPTaHWYECKasi COJNb — OKCH-
stunupoBanHoe [IAB — Boia ¢ H3MeHeHHEeM TeMITepaTyphl.

KaioueBsbie ciioBa: okcuaTrimpoBannbie [TAB, BricaniBanue, BcalnBaHue, TONONIOTHUeCKas TpaHchopmaius da-
30BBIX AMArpaMM, )KUIKOCTHAs SKCTPAKLIHS.

s muruposanus: [uisikockas [.0., Exoxos A.M., Cmonuna 10.B. BcanuBarornias-BeicainBaromiasi crocoo-
HOCTh HUTPATOB U XJIOPHJIOB HETIEPEXOAHBIX METAJUIOB B OTHOILICHUH OKCHATHIMPOBAHHBIX HOHMI(EHOOB // BecTHUK
ITepmckoro yauBepcurera. Cepust «Xumusn». 2024, T. 14, Ne 1. C. 21-31. http://doi.org/10.17072/2223-1838-2024-1-
21-31.
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Salting-out and salting-in ability of non-transition metals nitrates and chlorides
to ethoxylated nonylphenols

Darya O. Shilykovskaya"?, Aleksandr M. Elokhov', Yulia V. Smolina'
'Perm State University, Perm, Russia
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OpHolt n3 HanboJee CIIOXKHBIX 3a/a4 MpU pas-
pabOTKE HOBBIX IKCTPAKIIMOHHBIX CHCTEM SIBIISICT-
Csl BBIOOP BBICAIMBATENSI U ONTUMAIILHBIX TEMIIC-
PaTypPHO-KOHIICHTPALMOHHBIX [1apaMeTPOB  TPO-
necca. B pa3sl cnoxkHee 3Ta 3a1a4il P UCTIOIb30-
BaHMM B KAaueCTBE JKCTPAreHTOB MOBEPXHOCTHO-
AKTUBHBIX BEIICCTB, KOTOPHIC OOBIYHO IMPEICTaB-
JIIOT COOOM CIIOKHYIO CMECh TOMOJIOTOB, a TaKKe
00pa3yioT ¢ BOION MUIIEIUIIPHBIE PAacTBOPHL. Pe-
[IEHUE JAHHOW 3aJadé BO3MOXKHO C HCIIOJIb30Ba-
HHEM METONIOB (PH3UKO-XMMHUYECKOTO aHAIN3a, B
YaCTHOCTH, METOJla TOIIOJIOTHYEeCKOrH TpaHchop-
MaIliH, TO3BOJIAIONIETO MPOCIEANTh KaK MEHSIOTCS
KOJIMYECTBO W B3aMMOPACIIONIOKEHUE (Pa30BBIX 00-
macTell ¢ W3MEHEHHWEM KaKHX-THOO MapaMeTpoB
cucrembl [1-3]. B paborax K.K. Umemaa u
J.I". UepkacoBa 3KCIIEpUMEHTAIbHO JOKA3aHbI CXe-
MBI B TOTIOJIOTUYECKOH TpaHcdopMmaru ¢ha30BBIX
arpaMM CHUCTeM OWHApHBIA PAaCTBOPUTENh — He-
OpraHuyecKasi COJib, BKIFOUAIOIIUX JABOHHYIO MKUI-
KOCTHYIO CHUCTEMY HE PacCIavBaIOIIyIOCS BO BCEM
HMHTEPBAJIC JKUIKOTO COCTOSHUS [4, 5], UMerolyo
3aMKHYTYIO 00JacTh paccrnauBanus [6, 7], a Takke
UMeEIoLUX HIKHIOK [8, 9] wiu BepxHioro [10, 11]
KPUTHYECKYIO TEMIIEPaTy Py pacTBOPEHHUSI.

st cucteM HeopraHudeckasl COJIb — OKCHUATH-
nupoBanHoe IIAB — Boma Taxke mpeIoKeHa
0000IIcHHAs cXeMa TOTOJOrMUeCKoi TpaHchop-
Manuu [3], oTBedaromas CiiydasMm IBOWHOW TIOI-
cuctembl Boja — ITAB He paccnauBaromeiics BO
BCEM TEMIIepaTypHOM HHTEpBAJIE KHUAKOTO CO-
CTOSIHUSI WJIM XapaKTepU3YIoIencs HUKHEW Kpu-
THYeCKON TemrepaTypoii pactBopumoctu (HKTP)
[12-16]. OgHako, 4acTh OPEIIOKEHHBIX BapUaH-
TOB TIOKa JKCIIEPUMEHTAIBHO HE JOKa3aHbl. B da-
CTHOCTH, JJISI CHCTEM, COJICPKaIlINX JTBOMHBIE CHC-
teMbl Boaa — [TAB, umetomne HKTP, u neopranu-
YECKUE oOnanmaromue

COJIH, BbICAJITMBAXOIIIUM-
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BCAJIMBAIOLINM JEWCTBHEM, CXEMa TOMOJIOTHYECKOM
TpaHc(hopMaIiK TOATBEPKACHA JIUIIb YaCTUYHO.
O0BbeKTHI M MeTObI MCCIIeJOBAHUSA

B pabore wucnons3zoBanbl: HeoHon AD 9-10
(OKCHATUIIMPOBAHHBIM  ANKUI(QEHON Ha OCHOBE
tpumepoB nponmieHa, CoH;9C¢H4O(C,H4O)10H,
TY 2483-077-05766801-98); HEopraHudecKue co-
U KBanu(UKauuy X.4. ¥ 4.4.a. (HUTpaT aMMOHHA,
reKcarupaT HUTpaTa MarHusi, HOHaruapaT HUTpa-
Ta aJTIOMHUHMS, HUTPAT Kalus, HUTpAT HATPHs, TeT-
paruzapar HUTpaTa KaibLius, HUTpaT Oapus, HUTpaT
CBHHLIA, I'EKCaruapar XJOpHAa MAarHus, XJIOpUZ
KaJblys, IeKCaruapaT XJIOpHIa ATIOMUHUSI, AU-
TUApAT XJIOpHUIa Oapws, XJIOPHUI HATPHS); JUCTHII-
JUPOBaHHAsI BOJA.

I'panunp! obnacTu paccaanBaHUs ONPENEICHBI
BU3YaJbHO-NIOJUTEPMUUECKUM ~ MeTomoM  [17].
3amassHHBIC aMITyJbl, COAEpXKallie CMECH HCXOM-
HBIX KOMIIOHEHTOB M3BECTHOI'O COCTaBa, MOMEILa-
JU B TEPMOCTAaT W HarpeBaju MpH MepHOANYE-
CKOM TepeMeIInBaHuU co ckopocThio 1°C/5 muH,
BONM3HM TeMIepaTyphl paccilOeHUsi, KOTopas OT-
BEUYaeT MOSBICHHUIO YCTONYMBOH oONalecleHInH,
CKOpOCTh HarpeBa cHibkanu. [lomyueHHble 3Haue-
HUA TeMIEepaTyp PacClOCHUs SBIISIUCH CPETHUM
u3 2-3 uzmepenuit. [lo pesynpTaTaMm mcciemoa-
HUW CTPOMIIM 3aBUCHUMOCTH TEMIIepaTyphl pac-
CIIOGHHA OT COJEp)KaHHA OJHOIO KOMIIOHEHTa
WIH CMECH ABYX KOMIIOHEHTOB B OIIPE/EICHHOM
cooTHOomeHnHu. Ha OCHOBaHMHM MOJIUTEPM METO-
IOM rpaduyeckoidl MHTEPNOJIALUU CTPOWIN H30-
TEPMUYECKHE pa3pe3bl MOJINTEpMUUecKon (azo-
BOM JMarpamMMBbl HCCIETyEMOU TPEXKOMITOHEHT-
HOU CHUCTEMBI.

M3otepma pactBopumoctu npu 25°C nonydeHa
MeTtosioM ceueHnit [18]. B kauectBe ¢usndeckoro
CBOHCTBa M3MEPSUIM IIOKAa3aTelb MPEIOMIICHHS

XKHUIKOW (a3l Ha peppakromerpe UPD-454B52M.
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Ha ocHOBaHWM MONy4YeHHBIX JaHHBIX CTPOMIIU 3a-
BHCHUMOCTH I10Ka3aTelisl MPEIOMIICHUS OT KOHIICH-
TpalKy OJHOTO M3 KOMIIOHEHTOB H 10 U3J0MaM Ha
rpaduke OmpeselNsii COCTaBbl, oTBevaromme da-
30BBIM IIEpPex0/iaM NpH 3aJaHHOM TeMIiepaTtype.

3. Pe3yabTaThl M X 00Cy:KAeHUE

Ha mepBom a3Tame mnpowusBeqeHa OIEHKA BBICA-
JIBAIONICH CITOCOOHOCTH HEOPTaHWYECKUX COJeH
o otHomeHno K HeoHony A®D 9-10 myrtem mo-
CTPOCHHS TIOJUTEPM HM30KOHIICHTPAIIMOHHBIX Ce-
yeHnid, cogepxamux 5 mMac.% ITAB. Ilomygennsie
MTOJIUTEPMBI TIPEICTABICHEI Ha pHC. 1.

OKCIIEpIMEHTaIbHO YCTAaHOBJICHO, YTO HHUTpa-
TBI JBYX W TpEeX3apsAOHBIX KaTHOHOB (MarHus,
KaJIbIHsI, Oapus W aTFOMHHES) TPUBOIAT K POCTY
TEMIEepaTyphl PACCIOCHHSI BOIHBIX PacTBOPOB
HeoHosa A®D 9-10, 4TO CBUAETENBCTBYIOT O HUX
BCAJIMBAIOIIEM JEHCTBHH, HATPATHI KATHOHOB IIIe-
JIOYHBIX METaJUIOB (Kajusl W HaTpus) o0JamaroT
BBIP2XCHHBIM BBICAJTUBAIONIMM JICHCTBHEM, 4YTO
MIPOSIBIISICTCS. B CHUDKEHUU TEMIIEpaTyphl pacciioe-
HUS C pPOCTOM KOHIICHTpallMM COJH. BBeneHue
HUTpaTa aMMOHUS MPHUBOIUT K PE3KOMY yBEIU4Ye-
HUIO TEMIIEPAaTyphl PacCIOCHUS MPU HU3KUX KOH-
LIEHTpaIUsIX U MOCIEIyIoNeMy €€ CHIDKEHHUIO C
POCTOM KOHIICHTpAIIMM, YTO CBUICTEILCTBYET O
BCAJIMBAIOIIEM-BBICAIMBAIONIEM JICHCTBUU BBOJIH-
MOU COJH.

XTOpHUAbI OTHO3APATHBIX KATHOHOB, Ha MIPHMeE-
pe xJopuaa HaTpus, ABISETCS TUIUYHBIM BBICAJH-
BaTeleM, NpU €ro BBEJCHWU TeMIleparypa pac-
cjoeHusi pactBopoB HeoHosia AD 9-10 cHuxkaeTcs.
Jis MHOTO3apsAIHBIX KATHOHOB B OOJIACTH HU3KHX
KOHIIEHTpAIMil HaONIOaeTCs pPe3Koe CHUKECHUE
TeMIepaTypsl TOMyTHEHUS, 00YCIIOBIEHHOE BhICa-
TUBarOMKM JeiictBueM coimu. C pocToOM KOHIICH-
Tpalliu COJIM BhICAJHBAOIIEE ACHCTBUE COIM CMe-

HACTCA BCaJIMBArOIIUM, O6yCJ'IOBHGHHI:IM BJIIMSHU-
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€M KaTHOHA, YTO CONPOBOXKIAETCSI POCTOM TEMIIe-
parypsl moMyTHeHHs. [lo3TOMy XIOpHIBI ABYX-
U TpeX3apsagHbIX KAaTHOHOB METANJIOB 00JanaroT
BBICAJIMBAIOLINM-BCAINBAIOIINM JAEHCTBUEM.

t,°C

Pb(NO,),

Mg(NO,)

90

50 Ca(NO,),

70

60
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20 1 1 1
0 2 4 6

C, MOJIB/KT BOJBI
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0

Puc. 1. ITonurepmsl ceueHuit

Heopranuueckas cosb — 5,0 % neonon AP 9-10 — Boga

KonmndecTBEeHHO  OIEHUTH  BBICAMBAIONIYIO-
BCAJIMBAIOIIYIO CIIOCOOHOCTH MOJKHO CIICTYIOIITIM

obpaszom. Ecnu mocTpouTh 3aBUCHMOCTh TeMIIepa-
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Typhl PacclOCHUs OT MOIIILHONH KOHIICHTPAIUU
HEOPTraHWYEeCKON CONM, TO KOHILEHTpalus COJH,
JocTaTo4Hast JUiss 00pa30BaHUs PaCcCIauBaHUs TPU
(bMKCHPOBaHHOW TEMIIEpaType XapaKTepU3yeT ece
BCAJMBAIOIIYI0 WJIA BBICAUBAIONIYIO CIOCO0-
HOCTh. OueBHUIHO, YEM MEHbIIEC KOHIEHTPALIMS
coi HeoOxoaumast JIsi oOpa3oBaHUs paccliauBa-
HHUA TEM BBIIIC BbBICAJIMBAIOIIAA WKW BCaJIMBaromias
CIIOCOOHOCTHh HEOPTAHUYECKOH COJIH.

B memom, BcanuBamoIias W BBICATHBAIONIAS
CHIOCOOHOCTD 3aBUCHUT KaK OT KOHIICHTPAIIUX COJIH,
Tak U OoT Temnepatypsl. Kak BuaHo u3 puc. 1 npu
HU3KHX KOHIIEHTPALHUAX IOIUTEPMBI PACIIONOXKe-
HBI OJM3KO NIPYT K APYTY, YTO CBHUAETEIHCTBYET O
ONM30CTH WX BCAIHMBAIONICH WIIM BBICAIHMBAIOICH
CIOCOOHOCTH, C POCTOM KOHIICHTPAIIMH COJIA pa3-
JMYUS YBEITUIHBAIOTCA.

B nenom BeIcanmmBaromas criocoOHOCTH HUTpa-
TOB OJHO3apSAHBIX KAaTUOHOB YMEHBINAeTCs B
pAany:

NaNO3 ~ KNO3 > NH4NO3
Bcanuparoras crocoOHOCTh HHUTPATOB MHOT03a-
PAIHBIX KATHOHOB YMEHBIIACTCS B PSILY:

Pb(NO3)2 > Ba(NO3)2 ~ AI(NO3)2 > Ca(NO3)2.
BricanuBatomas crmocoOHOCTh XJIOPUIOB METAIIJIOB
U aMMOHHS yMEHbIIaeTcd B psay (OLEHKa IpU
65°C):

NaCl > AlICl; > MgCl, = CaCl, = BaCl,
BcanuBatommas criocoOHOCTh XJIOPHIIOB MHOTO03a-
PAOHBIX KaTHOHOB yMEHBIIAETCS B pANy (OleHKa
pu 65°C):

BaClz > MgCh > CaClz > A1C13

Jns manbHEHIero ucciueaoBanms OB BEIOpaH
HUTpPAT aMMOHUsI, TaK KaK HCIIOJIb30BaHUE JTAHHON
COJIM TIO3BOJISIET TPOCIEAUTH OCOOCHHOCTH TOTIO-
Jorudeckoil Tpancopmanuu (HazoBEIX AHATPAMM
JUIS  COJIei, OOJIaJaroInX BBIPAKCHHBIM BCAJH-

BaromyM MU BbICAJIMBAIOIIUM JICHCTBHEM.
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JlarHbie 110 (a30BBIM PABHOBECHSIM B ABOWHOMN
cucteme NH4NO; — Boa B3sIThl U3 CHPaBOYHUKOB
[19]. B cucreme He HaOmromaercs 0Opa3oBaHHS
KpUCTAJUIOTHIPATOB, PACTBOPUMOCTh HUTpATa aM-
MOHHS YBEIHMYUBAETCSI C POCTOM TEMIEpPaTypHl,
IIpH 3TOM B TBEPAOH (haze MOTYT MPHUCYTCTBOBATH
pa3auyYHbIC MOUMOP(HBIC MOAN(HUKAIIMA HATPATA
aMMOHHUS B 3aBIUCHUMOCTH OT TEMIIEPaTyPHI.

JIBoitHas cucrema HeoHoa A®D 9-10 — Boga mc-
cnenoBaHa panee [20] u xapakTepusyercs HUKHEH
KPUTHYECKOH TeMIlepaTypoil pacTBOpEHHUS TpHU
68°C, obmacTb paccianBaHus IIPH 3TOM CYILECTBY-
€T B JOCTATOYHO IHPOKOM TEMIIEPATypHOM HH-
TepBale.

®da3oBbIe paBHOBECHs] B CHCTEME HUTpaT aM-
MoHusi — HeoHol AD 9-10 — Bozxa W3yYeHBI IO
natu cedeHusM. Ceuenust 1-4 xapaxTepusoBa-
JIUCH TIEPEMEHHBIM COJIepKaHHEeM HHUTpATa aMMO-
HUASA ¥ TIOCTOSHHBIM COOTHOIIEHHWEM HEOHOI
A® 9-10 : Boma paBubM 5,0 : 95,0; 10,0 : 90,0;
20,0 : 80,0 u 30,0 : 70,0. Ceuenue 5 coeauHsIIO
BepmnHy [TAB u Touky, oTBeuatomntyo 2 % Boj-
HOMY pacTBOpy HHUTpara amMoHHs. [lomokeHue
BCEX CEYCHMI Ha KOHIICHTPAlHOHHOM TPEYTOIb-
HUKe MpeJCTaBIeHo Ha puc. 3.4.

ITomurepmer cedenuit 1-4 momoOHBEI W TIpen-
CTaBJICHbI Ha MIPUMEPE CEUCHUSI HUTPAT aMMOHUS —
HeoHon AD 9-10 : Boma = 5 :95 (puc. 2). [Tomurep-
Ma COCTOUT U3 4YeTpeX BeTBEH, pa3lelsromux o0-
JIaCTH HEHACHIIEHHBIX pacTBopoB (L), paccrauBa-
must  (L;+L;), MOHOTEKTHUYECKOTO pPaBHOBECHS
(Ly+L, + S) u kpucTaM3anMyd HUTPaTa aMMOHUS
(L+S), omnako 3KcHepHMMEHTANBHO ONPEAesIoch
TOJILKO TIOJIOKEHUE JIMHUU Pa3JIelstoNniel 00aacTh

HEHACBIIIIEHHBIX PAacTBOPOB M OOJIACTh pacciiau-

BaHMUsI.
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Puc. 2. [Tomutepma ceueHus

HUTpAT aMMOHMsI — HeoHosT AD 9-10 : Boma =5 :95

Jlunus, otBevaromas (a3oBOMy IEPEXOay
«pacTBOpP» — «paccllaiBaHue» HAYMHACTCA B TOY-
Ke, OTBEYAIOLIeH TeMIepaTrype pacclIOeHusl pac-
TBOpa HeoHosa AD 9-10. C pocToM KOHIIEHTpaLUu
BcaJMBarolllee JIeiicTBUE HUTpaTa aMMOHUS, OTBE-
yaroliee pocTy TeMIepaTyphl paccilOeHus, CMEHS-
€TCsl BBICAJIMBAIOIINM, BCIEACTBUE UEro TeMIepa-
Typa paccilOeHUsl cMecell YMEHBIIAETCs C POCTOM

KOHIICHTPAIMU COJIH.
(§)
t, C

95

- —— 1 _— — — T/

75 1 1 1 1

0 10 20 30 40
Heonon A® 9-10, mac.%

Puc. 3.6. [Tonmutepma cedeHus

HeoHoa AD 9-10 — autpaT aMMoHUS : Boja =2 : 98

ITonutepma ceueHust 5 cOCTOUT U3 OJAHOM BET-
BH, pa3JeNIAIONIeH 00JacTh HEHACHIIEHHBIX pac-
tBopoB (L), paccmamBanus (L,+L,). KpuBas npu
ATOM XapaKTepu3yercs MUHUMyMOM. B oOmactu
HU3KHUX KOHIIEHTPAIMi TemIeparypa HOMYTHEHUS
PE3KO BO3pacTaeT, aCHMITOTUYCCKU MPUOIIIKAICH
K ocu opauHaT (puc. 3)

ITomyueHHBIE SKCTIEpUMEHTATBHBIC JaHHBIC TTO-
3BOJIUJIN OTNPENICTUTh 3aKOHOMEPHOCTH TOIIOJIOTH-
yeckoir TpaHchopmanuu (a3oBOM TUATPAMMBbI
CHUCTEMBI HHUTpAT aMMOHMs — HeoHOT AD 9-10 —
BOJIa C YBETTMYEHUEM TEMITIEPATYPHI.

IIpu Temmeparype menee 68°C dazoBas ama-
rpaMMa COJEPIKUT YeThIpe 00JIACTH: paccianBaHUs
(Li+Ly), MOHOTEKTHYECKOTO paBHOBeCHS
(Ly+L,+S), kpucramnmzanum HHUTpaTa aMMOHHS
(L+S) n menacweimennapix pactBopoB (L). Tepmo-
IPaBUMETPUYECKUMH HCCIICIOBAHMSIMH J[OKa3aHO,
4TO B TBepAOH (haze oOpa3oBaHUS HOBBIX XUMHUYE-
CKUX COCIUHEHWI He mnpoucxonut. M3 anammsa
nonutrepM 1—4 cienyet, 4TO ¢ pOCTOM TeMIepary-
pBI pa3Mephl 00JIACTH paccllauBaHUs yBEIUYHBA-
oTcs. B kauecTBe mpumepa Ha puc. 4a nmpuBencHa
(hbazoBast uarpaMma CHCTEMbI HUTPAT aMMOHUS —
Heonon A® 9-10 — Boxa mpu 25°C. Ilonoxenue
MpeAeTIbHON HOJBI MOHOTEKTHIECKOTO PaBHOBECHS
OTIPEJICIICHO W30TEPMHUYECCKUM METOJIOM CEUCHUMA
o ceueHusMm 14,

IIpu Temmeparype 68°C B ABOWHOH cHcTeMe
HeoHod AD 9-10 — Boja nosiBiIsieTCS KpUTHUECKas
TOYKa, OTBEYAONas Hadary oOpa3oBaHHS BTOPOH
obmactu paccrmamBanus (HKT). I'panuna obmactu
pacciamBaHUS B CHCTEME HHUTpAaT aMMOHHUS — He-
onon A® 9-10 — Boga mpu 68°C npencrapieHa Ha
puc. 460. 3necy U fanee MOJOKEHHE TPeAeTbHON
HOJZIbI HE YCTaHABIMBAJIOCH, TaK KaK LEIbI0 UCCIIe-
JIOBaHUS SBJSUIOCH YCTAaHOBIIEHHE OCOOCHHOCTEH

TpaHcopMau 00IaCTH pacclIauBaHHUs.
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H,0

0,100

Heonon A® 9-10 NH 4NO3

Heonon A® 9-10

Heonon A® 9-10

Heonon A® 9-10

NH,NO,

Puc. 4. ®a3oBas nuarpamma cuctembl NH4;NOz — Heonon AD 9-10 — Bona nipu 25 (a), 68 (6), 72,5 (B) u 77,5 (1) °C

JlanbHeliiee yBenwueHHE TeMIIEPATyphl MpH-
BOJUT K pa3Buturo kputudyeckod touku HKT B
00J1acTh pacciavBaHusi, B pe3yJibTaTe 4ero B WH-
TepBajie temneparyp 68—79°C B cucreme HUTpaT
amMmMoHus — HeoHosl AD 9-10 — Boza CyliecTBYIOT
obmacTei:
(Li+Ly),

(L +L,+S), xpucramnusanuu HUTpaTa aMMOHHS

IISTh JABEC obOmactu paccianBaHuA

MOHOTEKTHYECKOTO paBHOBeCHS
(L+S) u Henacwimennsix pactsopos (L). C pocrom
TeMIepaTypsl IUIOMaa o0enx odiacTel pacciau-

BaHUA YBCIWYMBAKOTCA, U OHHU HpI/I6J'II/I)KaIOTC$[
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JpYT K Apyry. JluarpaMMbl pacTBOPHMOCTH CUCTE-
MBI ipu 72,5 u 77,5°C nipencraBieHs! Ha puc. 4.

B untepBane temmneparyp 79-80°C mpoucxo-
IOUT ClIHMsgHME oOyiacTeil paccmauBaHus ¢ 00pa3o-
BaHUEM E€JMHOM 00JIACTH CO CIOXKHOU Te€OMETpPH-
eit OmHOmanpHOU KpuBOH (puc. 5a). bonee TouHO
HU3MEpHUTh TEeMIIepaTypy CIHSHUS 00JacTei pac-
CllauBaHUsl HE

MpeACTaBIACTCA  BO3MOXKXHBIM

BCJICACTBUC HaAJIHUYHUA HepeCBILL[CHI/Ifl, 3aTpya-
HATOIIUX (I)I/IKcaI_II/IIO (l)aSOBLIX nepexoaoB B MHU-

LEJUISIPHBIX PacTBOpax.
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Heonon A® 9-10

Heonon A® 9-10

Puc. 5. ®a3oBasg auarpamma CUCTEMEI

NH4NO; — seonon AD 9-10 — Boma ipu 79 (a) u 80 (6) °C

JanpHedmuid pocT TeMmrepaTypbl MPUBOAUT K
pacupennio oOpa3oBaBlIeiicss 0b6JacT pacciau-
BaHUsI, U3MEHEHHS KoIn4ecTBa (a3oBbIX obiacTei
IpU 3TOM He mpoucxoaut (puc. 56). dazosas aua-
rpaMMa CHCTEMBI COACPIKUT YEThIpe 00JIacTu: pac-
cnauBanusi (L;+L;), MOHOTEKTHYECKOTO paBHOBE-
cus (L;+L,+S), kpucramumsanuu NaClOy4 (L+S) u
HEHACHIIIEHHBIX pacTBopoB (L).

Teoperndecky, BO3MOKHA JAJIbHEHUINAST TPaHC-
(opMarus B TPOWHYIO )KUJIKOCTHYIO CHCTEMY TIPU
teMrrepatype 6omee 170°C, oTBedaromieil miasie-
HUIO HUTpATa aMMOHHSI.

3akiouenue

W3ydenne BNHUAHUS HUTPATOB M XJIOPHAOB HE-
MIEPEXOTHBIX METAJIOB M aMMOHHS Ha BBICAIHBA-
Hue HeoHola A®D 9-10 u3 BOIHBIX PacTBOPOB IO-
Ka3aJlo, 4YTO HHUTPAThl MHOTO3aPSIHBIX KaTHOHOB
SIBIITIOTCSL.  BCAJTUBATENSIMU, HUTPATBl W XJIOPUIBI
OJTHO3apPSTHBIX KATHOHOB — BBICAIMBATEISIMH, a
XJIOPUIBI MHOTO3apSIAHBIX KaTHOHOB 00JanaroT
BBICAJIMBAIOLINM-BCAIMBAIOIINM JAEHCTBUEM.

Ha mpumepe ¢$a3oBbIX paBHOBecHil B cucteme
HuTpaT aMMoHusi — HeoHosn AD 9-10 — Boga, uc-
CJIeIOBaHHBIX B MHTEpBaje Temmepatryp 25-90°C,
9KCIEPUMEHTAIIBHO TOATBEPXKAEH BapHaHT 5
0000IIIEHHON CXEMBI TOIOJIOTHYECKOU TpaHchop-
Manuu (HazoBBIX JAMATPAMM HEOpPTaHUUYECKasl COJb
— oxkcdTHHpoBanHoe I1IAB — Bona ¢ n3mMeHeHuemM

TeMIreparypsi [3].
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IIpaBuwia odopmiieHns U NMPeIOCTABJIEHUS] PYKONUCEH cTAaTell B sKypHAJI
«BectHuk Ilepmckoro ynuBepcurera. Cepusi « XuMuUshH»

OO01ue moJ10:KeHust

Hayunsriii xypran «Bectauk [lepmckoro yauBepcutera. Cepust « XUMHS» ITyOJIUKYeT Pe3yJIbTaThl OpH-
TUHAJBHBIX UCCIICOBAHUHN U Hay4HbIC 0030pbI IO OCHOBHBIM HAIPABICHUSIM XMMHU HAa PYCCKOM M aHTJIHMA-
CKOM SI3bIKaxX, B TOM YHCIIE TI0:

— (U3UKO-XUMHUYECKOMY aHAIIN3Y BOIHO-OPTAHWMYECKUX U BOJTHO-COJIEBBIX CHCTEM;

— q)I/I3I/IKO-XI/IMI/I‘IeCKI/IM OCHOBaM IOJIYYCHHS HOBBIX MAaTCPUAJIOB;

— HaNpaBJICHHOMY CHHTE3Y CHHTE3 OPraHMYECKUX COCTUHCHHI, 00IaJal0ONINX PAa3TUUYHBIMUA CBOMCTBAMU;

— TIporieccaM KOMITIEKCOOOpa30BaHMsI MOHOB METAJUIOB C OPTaHWYECKUMH JHUTAaHAAMH U TPUMEHEHUIO

KOMIIJIICKCHBIX COCILI/IHGHI/Iﬁ B IIporneccax pa3sacjCHusd U KOHIICHTPUPOBAHUA,

— DIIEKTPOXUMHUYECKUM MPOIECCaM U MPOIECcaM 3alIUThl OT KOPPO3HUH.

OnyOnuKOBaHHBIE MaTEPUANBI, a TAK)KE MaTepHallbl, TIPEACTABICHHBIC I MyOIUKAaUA B JPYTUX XKYyp-
HaJlax, B TOM YHCJIe Ha APYTUX A3BIKAaX, K PACCMOTPEHHUIO HE MPUHUMAIOTCS. Bce moctynaromue pykonucu
MIPOXOJIAT 00s3aTeIbHYI0 IPOBEPKY Ha HEKOPPEKTHBIC 3aUMCTBOBAHHUS B CHCTEME « AHTHILIArUAT, PE3yJib-
TaThl MMPOBEPKU HATIAPABISAIOTCS PEleH3eHTaM Mo ux 3ampocy. Ctatbu, oOpMIIEHHBIE ¢ HApYIICHHEM Ha-
CTOSIINX TPaBUJI, BO3BPAIIAIOTCS aBTOpaM 0€3 pacCCMOTPEHWSI 110 CYIIECTBY.

Crarbu, HanpaBsieMble B PEIAKITNIO, MTOJABEPralOTCS OJHOCTOPOHHEMY CIIETIOMY pPEleH3MpOBaHUI0. Bo-
poc 00 OMmyOJUKOBAHWM CTAThHU, €€ OTKIOHEHUH PEIIacT PEJaKIMOHHAS KOJUICTHs XKypHalla Ha OCHOBAaHUU
MIPENICTABICHHBIX PEleH3UH, U ee PelleHne SBISETCS OKOHYATeNbHBIM. O TpueMe WM OTKIIOHEHWH CTaThd
peIaKuys U3BEIIACT aBTOPA M0 AIEKTPOHHOM MMOYTe.

[Tocne onmyOnIMKOBaHUS aBTOpPaM MO JIEKTPOHHOW MOYTE BBICHUIACTCS 3JICKTPOHHBINA OTTHCK cTaThi. Or-
JIABJICHUS BBITYCKOB JKypHAJa, a Tak)Ke OMyOJIMKOBAaHHBIE CTAThH B OTKPBITOM JIOCTYTIE pa3MEIeHEI Ha caii-
Te ’KypHana http://press.psu.ru.

IIpeacraBienue pykonucei

Pykonmcu crareii TpenCcTaBIAIOTCS B PENAKIWIO B JJIEKTPOHHOM BHJIE 4epe3 CalT KypHala
http://press.psu.ru wim 1Mo 3MIeKTpoHHOW mouTe chemvestnik@psu.ru, chemvestnik@yandex.ru. K cratse
JOJDKHBI OBITh MPUIIOKEHBI CKAHBI COMPOBOAMTENBHBIX IOKYMEHTOB: 3aKJIIOYCHHUSI O BO3ZMOXXHOCTH OTKPBITO-
ro ONyOJMKOBaHUsI; JIMIEH3HOHHBINH TOTOBOP, MOJMKUCAHHBIH BceMu aBTopamu. OOpasen moroopa pasme-
IIeH Ha caiiTe xypHaia B paszene «lIpaBuia mns aBToposy» http://press.psu.ru/index.php/chem/Guidelines, a
TaK)Ke MOXET OBITH 3aIpoIleH 1o JIeKTpoHHOU moute chemvestnik@psu.ru wm chemvestnik@yandex.ru.
Cratbs He MOKET OBITh MPUHSATA K IIEYaTH, IIOKa aBTOPHI HE MPEACTABIIIN YKa3aHHBIX JOKYMEHTOB.

OTtnpaBka cTaThd Ha IOPaOOTKY M BO3BpAIlCHWE WCIPABICHHOTO BapHaHTa OCYIIECTBISIETCS MOCPEICT-
BOM DJICKTPOHHOM CHCTEMBI Ha caifte http://press.psu.ru wim 3JIeKTPOHHOH TOYTHL.

IIpaBuaa opopmiieHus: cTaTbu

Pyxomuce nomkHa ObITh HAOpaHa Ha KOMIIBIOTEPE B TEKCTOBOM penakTtope MicrosoftOfficeWord. Pazmep
crpaaunbl — A4. Tlons — 2 cM co BceX CTOpoH. PaccrosHue 1m0 BEpXHETO M HIDKHETO KOJIOHTHTYJIOB —
1,25 cM, KOJIOHTUTYJIBI TOJKHBI OBITH ITycThIMU. VIHTepBai 10 u nociue ad3ana — 0 nt. OCHOBHOM TEKCT cTa-
TeH HaOupaetcsa mwpupTom TimesNewRoman, keris (pasmep mpudra) — 11 0T, MEXIyCTpOUHBIA HHTEPBAI
— oy TOpHBIN. [lepeHoc CIIOB — aBTOMaTUYECKHIA, CIIOBA Pa3JIENAIOTCA OTHUM MpoOeoM. AO3alHbIi OTCTYT
— 0,5 cMm. He caenyet ncronp30BaTh KiaBuiry Tab miis ¢popmaTupoBaHus TeKcTa, KiiaBuina Enter ncmob3y-
€TCs TOJNBKO JUIS CO3/IaHMsI HOBOTO ad3aria.

[Ipu moAroTOBKE PYKOIMCH >KEIaTeIbHO HCIOIb30BaTh CTHIIEBOW MIa0JOH, KOTOPHIH JOCTYIIEH caiTe
KypHana B pazzaene «[Ipasuna mist aBTropoB» http://press.psu.ru/index.php/chem/Guidelines n mampasisercs
aBTOpaM TI0 3aMpocy Ha AMEKTPOHHYIO mouTy chemvestnik@psu.ru i chemvestnik@yandex.ru.

[Ipu odopmieHun craTbu HEOOXOOUMO paznuyarh 3Haku Aeduc (-) u Tupe (—), 3Haku HOJb (0) U Oyk-
By O, anrnwmiickyto OykBy | (L) u equnanmy (1). Mexmy duciiaMu cTaBUTCS 3HaK TUpe 0e3 oTOMBKH (mpobe-
noB), Hamp.: 12—15. TIpoGen craBUTCsS MeXAy MHUIMaIaMd U paMuineit, mudpoli 1 pa3sMEepHOCTBIO KpoMe
rpasycoB, IPOLEHTOB W MPOMUJUIE, 3HAKOM HOMEpa WiH maparpada U YHCIOM, B CCBUIKaX Ha PUCYHKH U
tabmuis! (puc. 1, Tadm. 1). [Ipoben He cTaBUTCS MEXKAY KaBbIYKaMH MM CKOOKaMH ¥ 3aKIFOYCHHBIMH B HUX
CJIOBaMM, YHCIIOM U OYKBOH B 00o3HaueHISIX (puc. 1a). Touka cTaBUTCS MOCiae CHOCOK (B TOM YHCIIE B Ta0-
JHIaX), NpUMedaHnii K Tabnuile, TOANUCeH K PUCYHKaM, COKPAIIEHHH, KpOME MOJICTPOYHBIX HHAECKCOB, CO-
OTBETCTBYIOIIMX OJHOMY cjoBy. Touka He ctaButrcs: nocie Y /K, Ha3BaHu# cTaThy, TaOJIHIl U PUCYHKOB,
(hamunii aBTOPOB, aJpecoB, 3aT0JIOBKOB M TIO3ar0JI0BKOB, pa3MepHocTei. Crienyer n30eratb CMEIIaHHOTO
ynoTpeOIeHUs] PYCCKUX W JaTUHCKHX WHIEKCOB. Bce cokpalieHus JTOJKHBI ObITh paciiugpoBaHbI, 33 HC-
KIIIOUeHUEM HeOOJIBILIOTO YHCIa O0IEeYOTPEOUTENbHBIX.
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B MaTepmanax qomKHBI HCTIONB30BaThCS (PM3WUECKUE SAMHHUIBI M 0003HAYeHHS, IPUHATHIE B MexXTyHa-
pomnoii cucteme eguaul; CU (TOCT 9867-61), 1 OTHOCUTEIBHBIE aTOMHBIE MAcCChl 3JIEMEHTOB IO IIKa-
ne °C. B pacueTHbIX paboTax HEOOXOMMMO yKA3bIBATh HCIOIb3yeMbIe IPOrpaMMBbL. IIpH Ha3BaHHH COCIU-
HEHUH cienyeT ucnoiab3oBath Tepmunoaoruto MIOITAK.

Mamemamuueckue gpopmynsr HabuparoTcs B penaktope Microsoft Equation Bepcuu 3.0 wim "Hke. Ecmu
¢dopmyna HaOupaeTcs Ha OTACIBHOM CTPOKE, TO OHA (POPMATHPYETCSI IO LEHTPY.

Dopmynvl U cxembl XUMUYECKUX pearkyuti HyMEPYIOTCS TOJBKO B Clydae WX YIOMHHAHHA B TEKCTe.
CtpyKkTypHBIE QOPMYIBI XUMHUYECKUX COETUHEHNN M CXEMBI XUMHUECKUX PEaKInil JOIDKHBI OBITH BHITIOTHE-
HBI C MOMOIIBIO pefakTopa xumudeckux Gpopmysn ChemDraw (ctunbs ACS, mpudrt TimesNew Roman, kerib
— 11, macmrabupoBanue — 100 %).

Tabnump! ¥ pUCYHKH TOJIEKAT HyMepaIiy B Clydae, eclii X Oojblne ofHOTo. TeKCT JMOIDKeH coaep-
KaTh CCBUIKM Ha BCE TaONMIBI U pUCYHKHU. JlyOnmupoBaHue JaHHBIX B TaONWIAX, PUCYHKaX U TEKCTe HEIO-
MyCTUMO.

Tabauysl NOMKHBI OBITH O(OPMIICHBI C IPUMEHEHUEM TaOIMYHON Pa3METKH, IMETh MOPSAKOBBIE HOMEpa,
Ha3BaHWs, U BCTABIIEHBI HETIOCPEICTBEHHO B TEKCT cTaTbi. COKpaIIeHus, CTPYKTypHBIE (OPMYJIIBI U PUCYH-
KU B Ta0IUIaX He JOMycKaroTcs. HazBanus Tabmum HaOMparoTcs MpsIMBIM MpUGTOM, Kerib (pazMep mpud-
ta) — 11 ot 1 popmarupyrorcs no neHTpy. BeraBka Tabmuil 0e3 Ha3BaHUI HE JOITyCKaeTCs

Pucynku momkHBI OBITH BBIITOJIHEHBI HA KOMITBIOTEPE M BCTaBJICHBI HEMTOCPEACTBEHHO B TEKCT CTATHH.
®dororpaduu u pactpoBas rpaduka AomkHa ObITE mpeacTasieHa B popmare TIFF, JPEG unu PNG, BekTop-
Has rpaduka — B popmate EPS. Pekomennyemoe paspemienue — ve Hmwke 300 dpi. Mcnonap3oBanue ummop-
TUpoBaHHBIX 00BeKTOB Microsoft Office Excel, Sigma Plot u npyrux mporpamm He momyckaercsi. Pekomen-
nyetcst, 9ToObl pa3Mep pUCYHKa B PYKOITUCH IMO3BOJISUT €ro BOCIPOM3BEACHUE 0e3 MacmTaOupoBaHus 7,5—
8,0 cM (Ha oJTHY KOJIOHKY), JIn060 16—17 cM (Ha nBe KojnoHKH). [Ipr HATMYMK HECKOJILKUX YacTed OJTHOW WII-
JIOCTPAIlUN OHH JIOJDKHBI PACIojaraThCs MOCIEeN0BATEILHO M UMETHh OOIIyr0 moAmuch. BHyTpu daiina He
CIIeMyeT TPYNIHPOBATH PUCYHKH KaKHM-THOO CITOCOOOM.

Kypnan siBnsercs yepHO-0eIbIM U3JaHUEM, [T03TOMY NPEACTABICHNE IBETHBIX PUCYHKOB HE JOIMTyCKaeT-
cs1. ManonH(popMaTUBHBIE PUCYHKH U MUKpO(doTOrpadnu, KOTOpble MOTYT OBITh OITUCAHBI B TEKCTE, HE ITy0-
mukytorcst. UK-, AMP-cnextps! u TI'-kpuBbIe TyOIUKYIOTCS TONBKO B TEX CIydasx, KOTJa OHH HEOOXOIMMBI
JUTSI BBISIBJICHHSI OCOOCHHOCTEH CTPOSHUS WJIM TOBEICHUS COSAMHEHUH n cMmeceil. KomndecTBo puCyHKOB U
TabJIML JOKHO COOTHOCUTBCS ¢ 00BbEMOM pyKoIUCH. B mpornecce peleH3npoBaHus U IOATOTOBKH CTaTbU K
MeYaTH KOIIMYECTBO PUCYHKOB MOXKET OBITH U3MEHEHO.

IToapucyHOUYHBIE TTOATUCH HAOUPAIOTCS MPSMBIM CBETIBIM MIPU(TOM, KeTib (pa3mep mpudTa) — 11 nr
(dopmaTupyroTcs 1o HeHTpy. BeTaBka prcyHKOB 0€3 MOAPUCYHOUYHBIX MOANIUCEH HE JOMYCKASTCs.

CTpykTypa pyKkonucu

Ilepsasa cmpanuya pykonucu opopMIsSeTCs CIeIyomuM 00pa3oM:

— Tun crarbu (Hay4yHas cTaThs / 0030pHAs CTAThs).

— Unnekc YHuBepcanbHOU necsatuanoi knaccudukarmu (Y JK).

— HaszBanue cratpu. [1o BO3SMOXHOCTH CIlieAyeT MCKIIOYUTHh HCIONB30BaHHE a0OpeBUaTyp, MaTeMaTnde-
CKUX U CIEIHMATbHBIX CHMBOJIOB.

— ABTOpBI, (paMIITUU HHOCTPAHHBIX aBTOPOB IMUIIYTCS Ha S3bIKE OPUTHHANA, IS I3BIKOB C HEJIATUHCKUM
mpru(TOM MIPUBOJUTCS aHTIIOSI3BIYHAS TPAHCKPHUIIITHSI.

— IlomHOE HaMMEHOBaHHE YUPEKICHHUH, TJe paboTarOT aBTOPHI. Y Ka3bIBAIOTCS TPAAUIIMOHHBIE HA3BaHUS
Y4eOHBIX YUPSKICHUHA U aKaIeMUISCKUX HHCTUTYTOB 0€3 (popMbl mpuHaaiekHOCTH. [locie HauMeHOBaHUS
OpraHM3alliN YKa3bIBa€TCs TOPOJI U CTPaHa.

— Amnnorarus / Abstract o6semMom 100—-150 citoB momKHA coAepIKaTh CKATOE OIMHMCAHWE OCHOBHBIX pe-
3yJIbTaTOB UCCIICAOBAHUS U MyTEeH UX AOCTIKEHUS U HOBU3HY MccienoBanus. Mcnons3oBanue ab0peBuaTyp
Y CHCIHATIBHBIX CHMBOJIOB HE JIOITYCKACTCS.

— KuroueBrie cnoBa / Key words (oT 3 1o 6) xapakTepu3yoIlie TEeMaTHKY CTaThU M HE TIOBTOPSIIOIINE e
Ha3BaHue. [lepeuncsiroTcs yepes TOUKY ¢ 3amsaToi, B KOHIIE TOUKa HE CTaBUTCS.

Jlanee mpuBOAATCS BCE YKa3aHHBIC JAaHHBIC HAa aHTJIMICKOM SI3BIKE.

OcHognoe codepacanue cmamvbu PEKOMEHIIyeTCs CUCTeMaTU3MpOoBaTh Ha pas3ziensl: Benenue, Teoperu-
geckui aHann3, OObEKTHI U METOIBI, DKCIIEPUMEHTAIbHAS YacTh, Pe3yIbTaThl 1 00CYXIeHNUE, 3aKITI0OUeHHE.

[ocne 3axmovenus: npuBogutcss Cnucox ucmoyHuKos, KOTopelil popmisiercs B coorBerctBun ¢ [OCT
P 7.0.5-2008.

Ecmu miccnenoBaHus MPOBOAMIINCH HA JKUBOTHBIX WIIM C y9acTHEM JIOAEH, TO HEOOXOIUMO 0053aTeTbHO
nob6aButh pazgen «Cobniodenue dmuneckux Hopmy», THE yKa3aTh: «Bce ucciemoBanus ¢ y4acTueM >KHBOT-
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HBIX COOTBETCTBOBAIM STHYECKHM CTaHAAPTaM yUPEKISHHs, HOpPMaTUBHBIM akTaM P® m MeXmayHapOmHBIX
opranmzanuii» win «Bce uWcciaenoBaHus, BBIIONHEHHBIE C YYacTHEM JIOJEH, COOTBETCTBYIOT 3THUECKHM
CTaHJapTaM HAIMOHAJIHLHOIO KOMHTETA IO UCCIIEAOBATENbCKON 3TUKE M XEIbCUHKCKOM nexmaparuu 1964
rojia U ee MoCJIeIyOINM H3MEHEHUSIM W COTIOCTABHUMBIM HOpMaM STHKH. OT KaKAOTO M3 BKIIFOUSHHBIX B
WCCIIeIOBAaHNE YYACTHUKOB OBLIO TOTYYeHO HHPOPMHUPOBAHHOE TOOPOBOIBHOE COTIACHE).

HubopMaiuio 0 TOMOIIY B BBHIOJHESHUH HCCICIOBAHMSI, B TOM YHUCIIEC y4acTUE B OOCYXKIEHHH, Oaro-
JMAPHOCTH KoJuleraM, HH(OPMAIHIo 00 HCIIOIB30BAaHUN YHUKAIBHOTO 00OPYIOBaHUS M 000pYAOBaHUS IICH-
TPOB KOJJIEKTUBHOTO TIOJTE30BAHMUS CIIEIyEeT OTPA3UTh TOJ 3ar0JIOBKOM «brazodaprHocmuy.

Ecnu uccnenoBanue BRIMOIHEHO NMPH (HUHAHCOBON MOJEPKKE KaKOH-THO0 OpraHn3aliy WK CIIOHCOPOB
HEo0X0IUMO N00aBHUTh pasaen «Dunancuposanuey, TAE yKa3aTh MOJTHOE HAMMEHOBAHUE OpPraHU3aluH, IPU
(hmHAHCOBO MOAEPIKKE KOTOPOI BEITIONHEHA paboTa, U HOMED TpaHTa (JI0TOoBOpa).

Hanee mpuBoautcs pazaen «Ceedenuss 06 asmopax», B KOTOPOM yKasbIBaroT nmotHoe @O kaxmoro as-
TOpa, €ro yueHasl CTEIIeHb, yUeHOE 3BaHKe, JOJHKHOCTh, MeCcTo paboThl, uaeHtupukarop ORCID (ecnu ume-
eTCsl), SNMEKTPOHHAs 1T0YTa aBTOPA.

ITocne cBemeHmii 00 aBTOpax MPUBOAMUTCS pazuen «Aemopckuil 6Kiad», KOTOPBHIA He sABIsETCS 00s3a-
TenbHbIM. OJTHAKO, PEIIEH3EHT MU PEeJaKIHs MOXKET MOMPOCUTh KOHKPETU3UPOBATh BKJIAJ KaXKJOTO aBTopa
B MIPEJICTAIEHHYIO K ITyOJIUKAIIUN PYKOITUCH.

OO6s13aTenbHBIM ABIISICTCS pasnien «Kongauxm unmepecos», T1ie aBTOPHI 3asBISTIOT O HATMYHH WA OTCYT-
CTBUH KOH(DIMKTa HHTEPECOB B JII000H cdepe, CBI3aHHON C TEMOI! CTaThH.

Janee B crarbe npuBosaTcs «Refernces» odhopmiennsiit B coorserctBuu ¢ Harvard Style u mepeBos! Ha
AHTTIMICKUH sI3BIK pasnenoB CeeneHus 00 aBTopax (Information about the authors), ABropckuit Bkiax (Con-
tribution of the authors) u Koudaukr unrepecor (Conflicts of interests).

Odopmilenne cnucKa JTUTEPATYpPbI

B cootBercTBuM ¢ TpeOoBaHMSAMH 0a3 IIUTHPOBAHUS B KOHIIE PYKOIHCH HEOOXO MO TIPHBOIUTD JIBA CITHICKA
— «Crmcok mtepatypbe» u «Referencesy, KOTopsie pacnonararoTcs 01 COOTBETCTBYIOIIIIMH 3arOJIOBKAMH.

PexomenmayeMoe KOTUIECTBO MUTHPYEMBIX paboT — He MeHee 20. O0s3aTeNbHO CleAyeT MUTHPOBATh -
TepaTypy, U3JaHHYIO B MTOCIEIHUE IECATH JIET, a TAKXKe N30eraTth Ype3MepHOTO CaMOITUTHPOBAHUS.

B criucke nmutepaTypsl IPUBOASTCS TOJIBKO OIyOIMKOBAHHBIE MAaTEpHaJIbl, BKITIOYAs dJIEKTPOHHBIE M3/a-
Hus. CCBUTKM Ha JIUccepTaluy U aBTopedeparsl He PEeKOMEHIYIOTCS, UX CIeIyeT 3aMEHUTh Ha OITyOJIHKO-
BaHHBIC pa0oTHI aBTopa. ClenyeT mo BO3MOXKHOCTU U30erath IUTUPOBAHUS MAJIOIOCTYITHBIX UCTOYHUKOB —
COOPHHKOB TPYIOB KOH(pEepEHIHI, JETTOHUPOBAHHBIX PYKOMHUCEH U T.1. VICTOYHMKHU B CITUCKE JIUTEPATypPhI
pacmoiaraioT B HOpPsAKE MATHPOBAHUS, B TEKCTE PYKOIHCH yKa3bIBAaeTCSI HOMEp MCTOYHHKA B KBaJIPATHBIX
ckoOkax, Hampumep, [5], [5, 6], [7-10], [1, 3-5], [1, 3, 4].

Ucrounukn B coucke JmTepatypel odopmisores B cootBerctBuM ¢ ['OCT P 7.0.5-2008.
B ReferencesykaspIBaroTcst Te k€ NCTOYHHUKH, YTO M B CIIHCKE JINTEPATYPHI H O(OPMIISIFOTCSI B COOTBETCTBHU
co cranaapToM Harvard. [ToapoGHbIii 0Opaser; opopmieHust poctyneH Ha caiite [ITHUY (psu.ru) B pasaene
Hayxa — Hayunsie sxypHanbl — MeToaudeckne MaTepralibl, a TAaKXKe Ha caiiTe )KypHana(press.psu.ru) B pas-
nene OTmpaBKa cTaTel.

[Tpu moaroroeke References ciemyer yunThiBaTh MpaBuia;

— Ecin mutupyemas paboTa HamucaHa Ha SI3bIKE, UCTIOJIB3YIONIEM POMAHCKU anaBUT (aHIIUHACKUHN, He-
MEIKAH, UTABTHCKUHN U T.I.), TO CCBUIKY CJIeIyeT NMPUBECTH HAa OPUTHHAJIHHOM si3bIke. Ecnu murupyemas
paboTta HamrcaHa HE Ha JIATHHHIE (KHPUJUIAIA, HEPONTH(HI U T.1I.), TO HEOOXOAMMO MPUBECTH ODHUITHAITH-
HBIW TIEPEBOJI UIIH CAaMOCTOSITEeIIbHBIN MepeBo (mapadpas) Ha aHIIMHCKUN S3bIK.

— Ecnu y mutupyemoii paboThl cyiecTByeT O(pUIIMANbHBIN aHTIIOS3BIYHbIA BApUAHT Ha3BaHUS, TO CIEIy-
eT yKkazarb ero. Ecim odurmansHOro mepeBofa HET WM HAWTH ero He yIaeTcs, TO HeoOXOIMMO IpPHUBECTH
CaMOCTOATEIbHBIN MEepeBO/I, B 3TOM Cllydae cHauyaua MPUBOJIUTCA TPaHCIUTEpAlHs, a 3aTeM B KBaJpPaTHBIX
ckoOkax mapadpas.

— Ecnm y xypHana cymecTByeT opHUIUaTbHBIN aHTIIOSI3bIYHBINA BapUAHT HAa3BaHUS WIIU IIEPEBOTHAS BEp-
CHsl, TO CIIeJlyeT yKa3arh ero. Eciu opunmansHOro mepeBoaa HeT, TO He0OXOAUMO TIPUBECTH TPAHCIUTEpa-
LU0 Ha3BaHUsI.

— Ilpu MOTOTOBKE CCHUIKH CIIeyeT YKa3bIBaTh MEPEBO] Ha aHTIIMHACKUH S3bIK MeCTa U3JaHHsI U TPAHCIIH-
Tepannio Ha3BaHUs U3ATEIhCTBA.

— Ecnu iutupyemast pabota He aHTJI0A3BIYHASA, TO €CTh TPeOOBaJICs MEePeBO]l WM TPAHCIUTEpAIUs Ha3Ba-
HUS, TO B KOHIIC CCBUIKH HEOOXOUMO YKa3aTh HICHTH(PHUKATOD sI3bIKa TIEPBOMCTOUYHMKA, HanmpumMep (in Rus-
sian), (in German) # T.1I.

— Bo Bcex ciydasix mpu TpaHCIHTEpalM peKOMEHAyeTcst ucnonb3oBaTh cranaapt BSI (British Standard
Institute, UK).
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