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Yb-cnekrpodoromerpudeckoe onpeaeaenue ouc-[3'(3,5-au-rper-
OyTII-4-TUAPOKcHU(eHII)Iponi|cyabduaa u goaenmni(3,5-
TUMETWI-4-TUAPOKCUOEH3 ) cyIbduaa
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AHHOTAIIUA

Buc-[3'(3,5-1u-TpeT-0yTHia-4-ruApokcud e nponualcyabbus U AoAenui(3,5-IUMeTHII-4-TUAPOKCUOEH3IT)
cynbbum — GeHoTbHBIE CEPOCOiepIKATIIe AHTUOKCUIAHTHL. 1]eJ1b HACTOSINETO UCCIIEZIOBAHNS — pa3paboTKa CIeKTPO-
boToMeTprUeCKUX METOAMK /IJIsl YCTAHOBJIEHUS TOJJIMHHOCTH U KOJIMYECTBEHHOTO OIPE/IESIEHUS ATUX cyOcTaHui. B
XO/Ie BJIUJAIINU METOAUKU MOCTPOEHBI KaJTMOPOBOYHbIE TPAaUKH JIJIS1 OIEHKU JIMHEWHOCTH B Ualla30He KOHIIEHTPA-
oui 0.001-0.01 % s 6uc-[3'(3,5-1u-TpeT-0yTHia-4-rugpokcudeHumnponuwilcyibduna U1 0.0005—-0.005 % — as
nmonenui(3,5-IMMeTUI-4-THAPOKCuOeH3um)cyabbuna. Koabdunuent xoppensnuu ais 6uc-[3'(3,5-Au-TpeT-0yTHI-4-
TUIPOKCUDEHUIT)TPOITIII]CYyTb(HIA COCTABUI 0.999, /TSI AOAEINII(3,5-TUMETHII-4-TUIPOKCUOEH3 M) cy1bdua — 0.996;
pe/ies1 00HAPY>KEeHU I, PACCUMTAHHBIH C TOMOIIBIO JJAHHBIX KAJTUOPOBOUYHOTO rpaduKa, COCTABUII 3.14 - 10751 3.75 - 1075 %,
IpeJiesl KOJIMYECTBEHHOTO O0HApY»KeHUsI — 0.00103 U 0.00108 % s 6uc-[3'(3,5-Au-TpeT-0yTHII-4-TUIPOKCU]PEH )
nponui]cynbduaa u oaenui(3,5-IMMeTHI-4-THPOKCUOEH3WT)CY Ib(HIa COOTBETCTBEHHO. BesinurHa OTHOCUTETHHOTO
craHapTHOrO oTKJI0HeHHsI (RSD) pH OIleHKe MPEeIU3UOHHOCTH 00€UX METOIMK He IIPEBBICHIIA IOMYCTUMBIX 2 %.

Takum 06pa3om, pazpaboTaHHbIE METOAUKHA MOTYT HCIIOJIb30BAThCS /IJIsI YCTAHOBJIEHUSI TTOIJTMHHOCTH U KOJIMYe-
CTBEHHOTO onpezeneHus ouc-[3’(3,5-1u-TpeT-0y THI-4-TUAPOKCUPEH ) TPONUII]cyabduia u 1oenui(3,5-IuMeTHI-4-
TUAPOKCUOEeH3MIT)cyIbbua.

Karoueewvte caosa: cuiekTpodhOTOMETPH S, AHTUOKCU/IAHT, BAJTU/AINS METOUKH.

ABSTRACT

Bis-[3’(5-di-tret-butyl-4-hydroxyphenyl)propyl]sulfide and dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide are new
phenolic sulfur-containing antioxidants. The purpose of this study is to develop spectrophotometric techniques for es-
tablishing the authenticity and quantification of these substances. During the validation of the procedure, calibration
graphs were constructed to assess linearity at concentrations ranging from 0.001 to 0.01% for bis [3’(3,5-di-tret-butyl-
4-hydroxyphenyl)propyl]sulfide and from 0.0005 to 0.005% for dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide. The
correlation coefficient for bis-[3’(3,5-di-tret-butyl-4-hydroxyphenyl)propyl]sulfide was 0.999, for dodecyl(3,5-dimethyl-
4-hydroxybenzyl)sulfide — 0.996; the detection limit calculated using the calibration graph data was 3.14 - 1075 and
3.75 * 1075%, the limit of quantification was 0.00103 and 0.00108% for bis-[3’(3,5-di-tret-butyl-4-hydroxyphenyl)propyl]
sulfide and dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide respectively. The value of relative standard deviation (RSD) in
assessing the precision of both methods did not exceed the permissible 2%.

Thus, the developed methods can be used to establish the authenticity and for the quantification of bis-[3’(5-di-tret-
butyl-4-hydroxyphenyl)propyl]sulfide and dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide.

Keywords: spectrophotometry, antioxidant, method validation.
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BBEJAEHWE

Buc-[3'(3,5-11-TpeT-0y THII-4-TUAPOKCUDEHIIT)
nponwilcynbdun  u goaenu(3,5-AUMeTHII-4-
TUAPOKCUOEH3WT)Cyab(ua — (EeHOTbHBIE CEPOCO-
JlepKallie aHTUOKCHAAHTHI, pa3paboTaHHBIE HA
kadenpe opranmyeckorr xumuun OI'BOY BO «Ho-
BOCUOUPCKUH TOCYZApPCTBEHHBIA I€TATOTHYECKUI
yHuBepcuTeT» coMecTHo ¢ PI'BYH «HoBocubup-
CKU{ WHCTUTYT Opranmdeckod xmmunm um. H.H.
BopoxiioBa» CO PAH. IlpenBaputesibHble HUCHBI-
TaHUA TOKa3ayu, 4yTto Owuc-[(3,5-Au-TpeT-0yThi-4-
TUAPOKCUbEHUIT) Tponui]cynbbus u 1oaenui(3,5-
JIIMETHJI-4-THAPOKCUOEH3UIT)CYTbOUT C1oco6-
HBl HEUTPAIN30BaTh CBOOOJHBIE PAZUKAJIBI B OP-
raHu3Me 4YeJsoOBeKa, H30BITOK KOTOPBIX YTHETaeT
3alUTHbIE (PYHKIUU WUMMYHHOU CHUCTEMBI, IIPHU-
BOAUT K TOBPEXIEHUIO KJIETOK U IIPENATCTBYET
UX BOCCTAHOBJIEHHIO; AKTUBUPYIOT PpereHepaTop-
HbBIE TIPOIECCHl HA KJIETOUHO-MeMOPAaHHOM YPOB-
He U ABJAITCA 3OGEeKTUBHBIM HHAYKTOPOM KJIIO-
4yeBbIX (epMeHTOB GuoTpaHcdopmanuu. Ha ocHo-
BaHUM YKAa3aHHBIX CBOUCTB IPEZIIOJIaTaeTcs BO3-
MOoKHasi  3(pQdeKTuBHOCTh  Ouc-[3'(3,5-1u-TpeT-
Oy THII-4-TUIPOKCUOEH3UI) IPOTUII]cyIbbuma u
nozenui(3,5-TUMeTHII-4-THIPOKCHUOEH3UII) CYIIhb-
duma npu KOMITJIEKCHOM JIEYeHU U T0OPOKAYECTBEH-
HBIX (MHOMBI, GUOPOMBI, JTUITOMBI U IP.) ¥ 3JI0KaUe-
CTBEHHBIX (PaK MOJIOUHOH JKeJIe3bl, JIETKUX, Iede-
HU 4 Ap.) HOBooOpa3oBaHUi, 3a601eBAaHUI TIEUeHHU
(remaTUThI, IUPPO3BHI), BOCIAIUTETBHBIX ITPOIECCOB
(racTpuT, IyOIEHUT, XOJIEIUCTUT U AP.), UIIEMITJe-
ckoit 6osie3nu cepzna. Takum ob6pasom, 6uc-[3'(3,5-
IU-TPEeT-0yTUI-4-TUPOKCU(EHUT) TPOIUI]|CYTb-
bunx u momenua(3,5-AUMETUI-4-TUAPOKCUOEHBHIT)
cynbdua MOTYT paccMaTpPUBAThCS B KadecTBe IEp-
CIIEKTUBHBIX JIEKAPCTBEHHBIX CyOCTaHIIUH.

K kauecTBy (apmaneBTHyecKux cyOCcTaHIIHN
MIPeIbABIISAIOTCS Cepbe3Hble TPebOBaHMs, KOTO-
pble peayu3yloTcs B BUJle KOMILJIEKCHOM CTaHap-
TH3AIUH CYOCTAaHIHMI IO Pa3JIMYHBIM IIOKa3are-
JISIM, TAKUM KaK MOJJINHHOCTD, PACTBOPUMOCTbD, KO-
JINYECTBEHHOE OIIpeJieyieHre, HaJlndyue IpHuMecel
u ap. CoOTBETCTBUE MPOU3BOIUMBIX CYOCTAHITHI
U JIEKapCTBEHHBIX IIPENapaToB CTaHAApTaM Kade-
CTBA TOATBEPIK/AETCS IIyTEM IPOBeZeHus apma-
[IEBTUYECKOT0 aHA/IN3a C IPUMEeHEeHUEM CIIeI[UaIb-
HO paspaboTaHHBIX MeTOomuK. [ys 6uc-[3'(3,5-mu-
TpeT-0y TUII-4-TUAPOKCUOEH3UII) TPOTUII|CyIh(u-
na U pojenui(3,5-TuMeTHII-4-THAPOKCUOEH3MIT)
cynbduma, Kak IMepPCHeKTUBHBIX (apMareBTude-
CKHUX cyOCTaHIIUH, ellle He YCTaHOBJIEHBI IapaMeTPhl
CTaH/IAPTU3AIUH U, COOTBETCTBEHHO, He pa3paboTa-
HBI METOJUKH, IIO3BOJISIONINE C HEOOXOUMOH CITel-
UPUYIHOCTHIO, TOYHOCTHIO U TPEITU3NOHHOCTHIO OIfe-
HUTDH KQYECTBO TAHHBIX CYOCTAHITHH.

INTRODUCTION

Bis-[3°(3,5-di-tret-butyl-4-hydroxyphenyl)
propyl]sulfide and dodecyl(3,5-dimethyl-4-hy-
droxybenzyl)sulfide are phenolic sulfur-containing
antioxidants developed at the Department of Or-
ganic Chemistry of Novosibirsk State Pedagogical
University in conjunction with the Novosibirsk In-
stitute of Organic Chemistry named after N.N. Vo-
rozhtsov. Preliminary tests showed that bis-[(3’(5-
di-tret-butyl-4-hydroxyphenyl)propyl]sulfide and
dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide can
neutralize free radicals in the human body, an ex-
cess of which inhibits the protective functions of
the immune system, leads to cell damage and pre-
vents their recovery; activate regenerative process-
es at the cell-membrane level and are an effective
inducer of key biotransformation enzymes. Based
on these properties, it is suggested that bis-[3’(3,5-
di-tret-butyl-4-hydroxyphenyl)propyl]sulfide and
dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide
may be effective in the comprehensive treatment of
benign (myomas, fibromas, lipomas etc.) and ma-
lignant (breast, lung, liver etc.) tumors, liver dis-
eases (hepatitis, cirrhosis), inflammatory processes
(gastritis, duodenitis, cholecystitis etc.), coronary
heart disease. Thus, bis-[3(3,5-di-tret-butyl-4-
hydroxyphenyl)propyl]sulfide and dodecyl(3,5-
dimethyl-4-hydroxypbenzyl)sulfide can be consid-
ered as promising drug substances.

Serious requirements are placed on the qual-
ity of pharmaceutical substances, which are im-
plemented in the form of a comprehensive stan-
dardization of substances with respect to various
parameters, such as authenticity, solubility, quan-
titative evaluation, presence of impurities etc. The
compliance of the produced substances and drugs
with quality standards is confirmed by pharma-
ceutical analysis using specially developed meth-
odologies. So far no standardization parameters
and, accordingly, no methods have been developed,
that allow to assess the quality of bis-[3’(3,5-di-
tret-butyl-4-hydroxyphenyl)propyl]sulfide and
dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide, as
promising pharmaceutical substances, with neces-
sary specificity, accuracy and precision.

AIM OF THE RESEARCH

Selection of spectrophotometric conditions for
the quantitative determination and authentication
of bis-[3'(3,5-di-tret-butyl-4-hydroxyphenyl)pro-
pyllsulfide and dodecyl(3,5-dimethyl-4-hydroxy-
benzyl)sulfide. The method of spectrophotometry
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IIEJIb ICCJIEIOBAHUA

ITon6op crIeKTpoPOTOMETPHUUECKUX YCIOBHUH
JUIS KOJTUYECTBEHHOTO OIPEJIeJIEHUSI U yCTaHOBJIE-
HUA TOJJIMHHOCTH Ouc-[3'(3,5-1u-TpeT-0yTHii-4-
TUIPOKCUOEH3MI) MPONWI|cybduaa U AOAEIHI
(3,5-TUMeTHII-4-TUAPOKCUOEH3WI)cyabduma. Me-
TOJ| CIIeKTPOOTOMETPUU B YABTPAPHOIETOBOM /TU-
amazone (Y®-cuexktpodoromerpun) ObLI BBHIOPAH,
TIOCKOJIbKY SIBJISIETCS HAJIEKHBIM U B TO 7K€ BpEMs
IIPOCTHIM B HCIIOJIHEHUH. KpoMe TOro, aHam3 Xu-
MHYECKOU CTPYKTYPBI HCCIEAYEMBIX CYOCTaHITUH
MOKa3aJ1 BOBMOKHOCTb ITPUMEHEHU ST JTAHHOTO METO-
Jla B UX (papMaIneBTHYECKOM aHAJIU3E.

MATEPUAJIBI 1 METO/AbI

Ilpubop. CrekTpbl TMOIJIOIIEHUS U 3HAUEHUS
ONITUYECKOHN IIJIOTHOCTH IIOJIYYEHBI HA OFHOJIyYe-
BOM AaBTOMAaTH3HMPOBAHHOM CIEKTPOdOTOMETpE
C®d-56 (OO0 «OKB Criektp», Poccus).

Mamepuaavl. B xauecTBe 0OBEKTa HCCIIENO-
BaHUs WCIIOJIb30BAJIIM 00pasIpl cybcTaHIME Ouc-
[3'(3,5-mu-TpeT-6y THII-4-THAPOKCUGDEHUII) TPOITHII]
cynbduna cepun 54050 W AOAENMII(3,5-AMETHII-
4-rugpokcudeHmwn)cynbduna cepud 53280, Ipeno-
craByienasie HUU xumun antrokcuganTos (HoBocu-
OupCK). /1711 IPUTOTOBJIEHIS PACTBOPOB HUCCIIEYEMOM
CyOCTaHIIMM HCIIOJIB30BAJICS CIIUPT STUJIOBBIA 95%.

Baaudayus aHaaumuueckoti memoouxu. B pam-
KaXx BaJIUIAI[UN pa3pabaThIBAEMbIX METOIHK IIPOBO-
J1jIach OIeHKa UX CHeNU(pUIHOCTH, IPEIU3NOHHO-
cTH (TIOBTOPSAEMOCTH), JIMHEHHOCTH, IPABUJIBHOCTH,
IIpe/IeIoB OOHAPYKEHUS U KOJIMYECTBEHHOTO OIIpe-
nesieHus [1, 2]. Banuganuio MeTOANK IPOBOAUIIN B
COOTBETCTBUHU C 00miell (papMakomelHOH craThei
(O®C) 1.1.0012.15 «Bayuganus aHAJIUTHUYECKUX Me-
TOIHUK», 00pabOTKY pe3yJIbTaTOB — B COOTBETCTBUU
¢ O®C 1.1.0013.15 «Cratuctuueckas ob6paboTka pe-
3YJIBTATOB XUMUUECKOTO SKCIIEPUMEHTa» [1].

IIpn omeHke cnenquUPUUHOCTU METOAUK
cpaBHUBAJUCH yiabrpaduoseToBble (Y®) crexTphbl
PpacTBOPOB HCCIIEAYEMBIX CyOCTaHIINH U YO-CIIEKTPHI
SKBUBAJIEHTHBIX CMECEN pacTBOpUTesed Oe3 06aB-
JIEHUS UCCIIEAYEMBIX CyOCTaHIUN. YP-CIeKTp cMe-
cell pacTBOPUTEJIEH He NOJIKEH O0OHAPYKUBATh MaK-
CUMYMOB ¥ MUHHMYMOB IIOIVIOIIEHU I, XapaKTEePHBIX
Jisa  Y®-cekTpoB  6uc-[3'(3,5-AU-TpeT-0y THI-4-
TUJIPOKCUOEH3I)Tponii]cyrbduia u roaenuii(3,5-
IIUMETHUJII-4-TUJIPOKCUOEeH3UIT)CyIbhua.

[Ipenu3uoHHOCTH (HOBTOPSAEMOCTH/
cxoxuMocTh). OIEHHBAasOCh OTHOCUTEJIBHOE
craHzapTHOe oTKIoOHeHHe (RSD, %) Mex 1y pesysib-
TaTaMu 10 TOBTOPEHUH H3MEpPEeHHs OITUYECKOH
IJIOTHOCTH 0.005 U 0.002% pacTBopoB 0uc-[3(3,5-
IU-TPeT-0y TUII-4-TUAPOKCUOEH3UII) TPOITHII]CYIb-

in the ultraviolet range (UV spectrophotometry)
was chosen because it is reliable and at the same
time simple to perform. In addition, analysis of the
chemical structure of the investigated substances
showed the possibility of using this method in their
pharmaceutical analysis.

MATERIALS AND METHODS

The device. Absorption spectra and optical
density values were obtained on a single-beam au-
tomated spectrophotometer SF-56 (OKB Spectrum,
Russia).

Materials. As an object of research, we used
samples of substances of bis-[3’(3,5-di-tret-butyl-
4-hydroxyphenyl)propyl]sulfide series 54050 and
dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide se-
ries 53280 provided by the Research Institute of
Chemistry of Antioxidants (Novosibirsk). Ethyl al-
cohol 95% was used to prepare solutions of the test
substance.

Validation of analytical methods. As part of
the validation of the developed methods, their spec-
ificity, precision (repeatability), linearity, accuracy,
detection limits and quantitative determination
were assessed [1, 2]. The methods were validated
in accordance with the General Pharmacopoeial
Article (GPA) 1.1.0012.15 “Validation of Analytical
Methods”, the results were processed in accordance
with the GPA 1.1.0013.15 “Statistical Processing of
the Results of a Chemical Experiment” [1].

When assessing the specificity of the
methods, the ultraviolet (UV) spectra of the solu-
tions of the studied substances and the UV spectra
of equivalent solvent mixtures without adding the
studied substances were compared. The UV spec-
trum of solvent mixtures should not show the ab-
sorption maxima and minima characteristic of the
UV spectra of bis-[3’(3,5-di-tret-butyl-4-hydroxy-
phenyl)propyl]sulfide and dodecyl(3,5-dimethyl-4-
hydroxybenzyl)sulfide.

Precision (repeatability / conver-
gence). The relative standard deviation (RSD, %)
between the results of 10 replicates of the measure-
ment of the optical density of 0.005% and 0.002%
solutions of bis-[3'(3,5-di-tret-butyl-4-hydroxy-
phenyl)propyl]sulfide and dodecyl(3,5-dimethyl-4-
hydroxybenzyl)sulfide respectively was evaluated.
RSD should not exceed 2% [3].

To establish linearity, 10 solutions of the
test substance in 95% ethanol were prepared in
the concentration range of bis-[3’(3,5-di-tret-bu-
tyl-4-hydroxyphenyl)propyl]sulfide 0.001-0.01%
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dunma u noaenun(3,5-TUMETUI-4-TUIPOKCUOEHBHI)
cysibduaa cooTBeTcTBEHHO. RSD He J0/I’KHO ITPEBBI-
math 2 % [3].

JIJIs1yCTaHOBJIEHUSIT U H € H H O C T U OBLIN IPHU-
TOTOBJIEHHI 10 PACTBOPOB UCCIIEAYEMOU CYOCTAHITNH
B 95% BTHUJIOBOM CIIMPTE B JMAMIa30HE KOHIIEHTpPa-
nui ouc-[3'(3,5-1u-TpeT-0y THII-4-TUIPOKCU(D EHIUIT)
nponuilcynbduma 0.001-0.01 % u momenui(3,5-
JIIMETHJII-4-THAPOKCUOEH3UI)CYIbduaa — 0.0005—
0.005 %. KamubpoBouHbIi rpadUK MOCTPOUTH HA
OCHOBE JIJAaHHBIX W3MEPEHHBIX ONTHYECKHX IIJIOT-
HOCTEH PaCTBOPOB OTHOCHUTEJIBHO WX HOMUHAJIb-
HOHN KoHIeHTparnuu. OIEeHKY JUHEHHOCTU IIPOBO-
JUIA 10 3HAYEHHI0 KOo3(h@UIIUEHTa KOPPEISIIINU
(r = 0.990), pacCYUTAHHOTO 10 METO/TY HAMMEHBIITUX
KBa/[paToB.

[IpaBUJIBHOCTHh METOAUK KOJUUECTBEH-
HOrO ompezenenus 6uc-[3'(3,5-AU-TpeT-0yTHII-4-
TUIPOKCUDEHU) PO Cybduaa U Joenu(3,5-
JIUMETUII-4-TUAPOKCUOEH3 W) CyTbDHIa OIIeHU-
BaJlach Ha OCHOBAHUH COOTBETCTBHUS JIMHEWHOCTH
U TPENU3UOHHOCTH YCTAHOBJIEHHBIM KPUTEPUSIM
MIPUEMJIEMOCTH U CTaTUCTHYECKU HE3HAYUMOTO OT-
JIAYMsI CBOOOTHOTO UJIeHa ypaBHEH U TMHEHHOH 3a-
BUCHUMOCTH OT HYJIA [4, 5]

a<t(95%,n-2)-S, @

I7ie a — cBOOOAHBIN YIeH ypaBHEeHU A JINHEHHOU 3a-

BHUCHUMOCTHU;

t — xoadunuenT CTHIOZIEHTA;

95 % — OBepUTeIbHAS BEPOATHOCTD;

N — KOJIMYECTBO U3MEPEHUH;

S, — craHJapTHOE OTKJIOHEHHE CBOOOZHOrO
YJIeHa JINHEWHOH 3aBUCUMOCTH.

Ilpenen obuapyxeunus (IIO) u mpe-
el KOJHUYECTBEHHOTO OINpEeJleJeHUs
(ITKO) paccuMThIBAJIKCH JIJIsI 0OEUX UCCIIEyEMBIX
cybcTaHIIME Ha OCHOBE JIAHHBIX COOTBETCTBYIOIIE-
ro KaJuOpOBOUYHOTO rpaduka, COrJIaCHO ypaBHEHU-
am (2) u (3):

[0 =3.35y / a; 2
IIKO =108y / a, (3)

rze Sy — cTaHAapTHAs OIINOKA;
a — HAKJIOH COOTBETCTBYIOUIEH KaIuOpPOBOY-
HOH KPUBOI.

PE3YJ/IBTATDBI 1 OBCY:KJIEHUNE

B xoze pe1BapUTEIBHBIX HCCIIEOBAHUH OBLIIO
YCTaHOBJIEHO, YTO CIIEKTPHI IOIVIOIIEHUS B yJIbTpa-

and  dodecyl(3,5-dimethyl-4-hydroxybenzyl)sul-
fide 0.0005-0.005%. A calibration graph was con-
structed on the basis of the data of the measured
optical densities of the solutions in relation to
their nominal concentration. The linearity was es-
timated by the value of the correlation coefficient
(r = 0.990) calculated by the least squares method.

The correctness of the quantitative de-
termination of bis-[3’(3,5-di-tret-butyl-4-hydroxy-
phenyl)propyl]sulfide and dodecyl(3,5-dimethyl-4-
hydroxybenzyl)sulfide was evaluated on the basis
of linearity and precision compliance with the es-
tablished acceptance criteria and statistically insig-
nificant difference of the absolute term of the linear
dependence equation from zero [4, 5]

a<t(95%,n-2)-S, @

where a — absolute term of the linear equation;
t — Student’s coefficient;
95% — confidence coefficient;
n — number of measurements;
S, — linear standard deviation.

The detection limit (DL) and the
limit of quantitative determination
(L QD) were calculated for both studied substanc-
es based on the data of the corresponding calibra-
tion graph, according to equations (2) and (3):

DL =3.3Sy / a; 2
LQD =108y / a, (3)

where Sy — standard error;
a — slope of the corresponding calibration
curve.

RESULTS AND DISCUSSION

During preliminary studies, it was found that
the absorption spectra in the ultraviolet range
(230—300 nm) of solutions of bis-[(3’5-di-tret-
butyl-4-hydroxyphenyl)propyl]sulfide in various
solvents (95% ethyl alcohol, aqueous-alcoholic
solution of HCIl, aqueous-alcoholic solution of
NaOH) have the same structure and stable mini-
mum and maximum absorption (A ; =245 + 2 nm,
A..= 277 + 2 nm). Thus, for further studies of
bis-[3°(3,5-di-tret-butyl-4-hydroxyphenyl)propyl]
sulfide, 95% ethyl alcohol was used as a solvent.
The absorption spectra in the ultraviolet range of
dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide in
various solvents (95% ethyl alcohol, aqueous-al-
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¢uoseToBoM nmamazoHe (230—300 HM) pacTBOPOB
ouc-[(3,5-1u-TpeT-0y THII-4-THIPOKCUDEHUII)ITPO-
nulcynbduia B pa3IMIHbIX pacTBOpUTENAX (95%
CIIUPTE 3THJIOBOM, BOJTHO-cIIpTOBOM pactBope HCI,
BOJIHO-cIIUpTOBOM pacTBope NaOH) nmeroT onuHa-
KOBYIO CTPYKTYPY U CTaOUIbHbIE MUHUMYM U MaKCH-
MyMIorjiomenus (A . =245+ 2HM,A_ =277+ 2HM).
Takum obpaszoM, /i1 JAJbHEUIINX HUCCIEAOBAHUI
6uc-[3'(3,5-1u-TpeT-0y THI-4-TUAPOKCUGDEHII)ITPO-
nuwi]cynbdua B KAaYeCTBE PACTBOPHUTENS HCIOJIb-
30BaIU 95% CIUPT ITUJIOBHINA. CHEKTPHI HOTJIONIE-
HUA B YIBTPAPHUOIIETOBOM AUATIA30HE AOAENH(3,5-
JIUMETHI-4-TUPOKCUpeHI)CyTbdUia B pas3add-
HBIX PACcTBOPUTEJIAX (95% CIIPTE STUIIOBOM, BOJTHO-
cnuptoBoM pactBope HCl 1 BogHO-cimpTOBOM pac-
TBope NaOH) uMmeroT pa3jimyHyIo CTPYKTYpy. B 95%
CIIUPTE 3TUJIOBOM, BOJHO-cipTOBOM pactBope HCl
HA6JTI0IAI0TCs CTaOUIbHbIE MUHUMYM U MaKCHMyM
norsiomenusa (A . =260 + 2 HM, A_ = 280 + 2 HM).
CnexTp cyOCTaHIIUM B BOJHO-CIIIPTOBOM PacTBOPE
NaOH wumeeT cTaOUJIBHBIA MAaKCUMYM HOTJIONIEHU ST
(A, = 258 + 2 HM). YeIbHBIN KO3PPHUIHEHT CBETO-
nornomenus E, GbUI pacCanTaH A5 Pa3IUIHBIX
pacTBOPOB U OKAa3aJscs BBINIE JJIsI CIIUPTO-BOIHO-
1mes109Horo pacrsopa (E fow = 245.16), 4eM /115 pac-
TBOpa B 95% cnupTe stunosom (E , J1om = 42.27). I1os-
TOMY JIJIs JAJIBHEUTITUX UCCIEA0BAHUH Aoaenn(3,5-
IUMeTHUI-4-TUAPOKCUeHMIT)cyIbduIa B KauecTBe
pacTBOpUTEJISI HCIOJIB30BAJICS BOJIHO-CIIUPTOBOM
pacteop NaOH (0.1M NaOH : 95% C,HOH—4: 6).

Cneuuguurocms. YO-cekTpsl 0.005% pacTBO-
pa  6uc-[3'(3,5-1u-TpeT-0yTHI-4-TUAPOKCHUDEHIT)
npomwicyibduaa €W - COUPTAa STHJIOBOTO  95%
(puc. 1, 2) He UMeT OOIMNX MAKCUMYMOB U MHUHHU-
MYMOB ITOTJIONIEHU S, UTO CBUJETETHCTBYET O JIOCTHU-
JKEHUHW HeOoOXOUMOU CrelupUIHOCTA METOIHKHU.
Crektp  0Ouc-[3'(3,5-AU-TpeT-0y THII-4-TUIPOKCH-
dermmuponuilcyibdusa UMeeT XapaKTEPHBIH
MaKCUMyM HpH A= 277 + 2 HM U MUHUMYM IIpU
A, = 245 + 2 HM. OTU JIaHHBIE MOTYT MCIIOJIb30-
BaThCA MPH ONPe/ieIeHUN TOAJIMHHOCTH HCCTIey-
eMoil cybcraunuu 6uc-[3'(3,5-1U-TpeT-6yTHI-4-
rusipokcudeHmI)nponuilcyabduaa.

Y®-cmekTphl 0.002% pacTBopa aoaenu(3,5-
JIUMETHJII-4-TUAPOKCUOEH3UI)CYIbGUAAa U BOTHO-
cnuproBoro pactsopa NaOH (0.1M NaOH : 95%
C2H5OH — 4:6) (puc. 3, 4) He UMEIOT OOITUX MAKCH-
MYMOB I MUHUMYMOB ITOTJIOIIEHU I, YTO CBUETEb-
CTBYET O JIOCTH)KEHUHU HEOOXOMUMOU CHEIUPUIHO-
ctu mertonuku. CrmekTp nmozmenu(3,5-AUMETHII-4-
ruipokcudeHmwI)cyTbduaa HUMeeT XapaKTePHBIN
MaKCHMyM IIpu A = 258 + 2 HM. DTO XapaKTep-
HOe JIJIs TAaHHOU cyOCTaHIIUH cMellleHre MaKCUMYy-

coholic HCI solution and aqueous-alcoholic NaOH
solution) have a different structure. In a 95% al-
cohol ethyl, aqueous-alcoholic HCI solution, stable
minimum and maximum absorption are observed
(A,,=260 +2nm,A =280 + 2 nm). The spec-
trum of the substance in an aqueous-alcoholic
NaOH solution has a stable absorption maximum
(A,,,,= 258 £ 2nm). The specific light absorption co-
efficient £, was calculated for various solutions
and turned out to be higher for an alcohol-aqueous-
alkaline solution (E,, , . = 245.16) than for a solu-
tion in 95% ethyl alcohol (E frem = 42.27). There-
fore, for further studies of dodecyl(3,5-dimethyl-
4-hydroxybenzyl)sulfide, a aqueous-alcohol solu-
tion of NaOH (0.1 M NaOH: 95% C,H,OH — 4: 6)
was used as a solvent.

Specificity. UV spectra of a 0.005% solution of
bis-[3°(3,5-di-tret-butyl-4-hydroxyphenyl)propyl]
sulfide and 95% ethyl alcohol (Fig. 1, 2) do not have
common absorption maxima and minima which
indicates the achievement of the necessary speci-
ficity of the technique. The spectrum of bis-[3(3,5-
di-tert-butyl-4-hydroxyphenyl)propyl]sulfide has a
characteristic maximum atA_ =277 +2nmanda
minimum at A_, = 245 + 2 nm. These data can be
used to determine the authenticity of the test sub-
stance bis-[3’(3,5-di-tret-butyl-4-hydroxyphenyl)
propyl]sulfide.

UV spectra of a 0.002% solution of
dodecyl(3,5-dimethyl-4-hydroxybenzyl)
sulfide and a aqueous-alcohol solution of
NaOH (0.1 M NaOH : 95% CHOH — 4 : 6)
(Fig. 3, 4) have no common maximum and minimum
absorption, which indicates the achievement of the
necessary specificity of the technique. The spectrum
of dodecyl(3,5-dimethyl-4-hydroxyphenyl)sulfide
has a characteristic maximum at A __ = 258 + 2 nm.
This shift of the absorption maximum, characteristic
of this substance, as compared with the solution in
95% ethyl alcohol (A_, =280 + 2 nm) can be used to
determine the authenticity of the studied substance
dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide.

Precision. Evaluation of the repeatabil-
ity / convergence of the results of 10 repeti-
tions of the optical density measurement of a
0.005% solution of bis-[3’(3,5-di-tret-butyl-4-
hydroxyphenyl)propyl]sulfide (A _, = 277 nm)
and a 0.002% solution of dodecyl(3,5-dimethyl-
4-hydroxybenzyl)sulfide (A , = 259 nm) showed
good reproducibility with RSD = 2 and 1.4% re-
spectively, which meets the established criterion
of acceptability [1, 6, 7]. The results of statistical
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Puc. 1. YO-CrieKTp pacTBOPUTENSI — CIIMPTA STUIIOBOTO 95%
Fig. 1. UV spectrum of solvent — ethyl alcohol 95%
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Puc. 2. Y®-crektp pacrsopa 6uc-[3'(3,5-A1-TpeT-0y THI-4-TH/IPOKCUDEHIT) IPOITHII |cy b uaa
Fig. 2. UV spectrum of bis-[3’(3,5-di-tret-butyl-4-hydroxyphenyl)propyl]sulfide solution

Ma IIOTJIOIIEHHSI [0 CPABHEHUIO C PACTBOPOM B 95%
cnupre 3TUA0BOM (A = 280 + 2 HM) MOXKET HC-
MI0JIb30BAThCA MPHU OIPE/IEIEHUN TOTAHHOCTH HC-
cJIelyeMoH cyOCTaHIUU OenI(3,5- TUMETHII-4-
TUZIPOKCUOEH3T)CyIbdua.

Ilpeyusuonrocms. OlieHKa MTOBTOPSEMOCTH/
CXOZIUMOCTH PEe3yJIbTaTOB 10 MOBTOPEHUU H3Mepe-
HHS ONTUYECKOU IIJIOTHOCTH 0.005% pacTBopa Ouc-

processing obtained during the assessment of pre-
cision data are presented in Table 1.

Also, to assess the precision of the technique,
control charts of individual values and moving
ranges of optical densities for each of the solutions
were constructed (Fig. 5, 6). None of the values on
the charts goes beyond the upper / lower control
boundaries, which indicates the absence of influ-
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Fig. 4. UV spectrum of dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide solution

[3'(3,5-mu-TpeT-0y THII-4-TUAPOKCUDEHHIT) mpo-
mui]cyabduaa (A = 277 HM) B 0.002% pacTBopa
Jomenui(3,5-TMMeTHII-4-THAPOKCHOEH3 M) CYIbg -
ma (A = 259 HM) IPOAEMOHCTPUPOBAJIA XOPOUIYIO
BocrpousBoauMocTh ¢ RSD = 2 u 1.4 % cooTBeT-
CTBEHHO, YTO Y/IOBJIETBOPSIET YCTAHOBJIEHHOMY KPH-
TepUI0 IIPUEMJIEMOCTH [1, 6, 7]. Pe3ynbTaThl cTaTh-
CTUYECKOU 00pabOTKH IOJIYUEHHBIX B XO/I€ OLIEHKH
MPENU3UOHHOCTH JIAHHBIX MTPEJICTABJIEHBI B TA0I. 1.

ence on the analysis results of nonrandom (special)
factors and testifies the statistical controllability of
the analysis processes [2].

Linearity. Calibration graphs for the substanc-
es bis-[3(3,5-di-tret-butyl-4-hydroxyphenyl)pro-
pyllsulfide and dodecyl(3,5-dimethyl-4-hydroxy-
benzyl)sulfide are shown in Fig. 7, 8. The correla-
tion coefficient () between the 10 measured optical
densities and the corresponding nominal concen-

10

Journal homepage: http://jsms.ngmu.ru



doi: 10.31549/2542-1174-2020-1-4-16

Shinko T.G. et al. / Journal of Siberian Medical Sciences 1 (2020) 4—16

Tao6uuna 1. [ToBTOpsieMOCTh/CXOIUMOCTh PE3YIHTATOB U3MEPEHHUS ONITUYECKOH IIJIOTHOCTH HUCCJIElyeMbIX CyOCTaHITUI
Table 1. Repeatability / convergence of the measurement results of the optical density in the investigated substances

Cy6cTaHnus, KOHIIEHTPAuI %
Substance, concentration %

Onrtuyeckas IIJIOTHOCTD

0,
Optical density RSD, %

Buc-[3'(3,5-1u-TpeT-0y THII-4-TUAPOKCUPeHT) Tponulcyabdu, 0.005 %
Bis-[3'(3,5-di-tret-butyl-4-hydroxyphenyl)propyl]sulfide, 0.005%

Honenuin(3,5-TUMeTHII-4-THAPOKCUOEH3UI)CyIbdUI, 0.002 %

Dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide, 0.002%

0.434 3\
0.4866
0.4476
0.5021
0.4553
0.4719
0.4593
0.4766

-

0.4882

0.4752 J
0.4097 A
0.3961

0.4611

0.3883

0.3664

0.3888

0.3851

0.3894

0.377

0.3977 Y,

.

IIpumeuanue. RSD — oTHOCHUTEIBbHOE CTAH/IADTHOE OTKJIOHEHUE.

Note. RSD — relative standard deviation.

Tak:ke 7151 OIIEHKU MPEU3UOHHOCTA METO M-
KU OBLJIM TIOCTPOEHBI KOHTPOJIBHBIE KapThl WHIU-
BHU[yaJIbHBIX 3HAYEHUN U CKOJIb3AIIUX Pa3MaXoB
ONTUYECKUX TJIOTHOCTEH JJIsI KasKJ0r0 M3 PacTBO-
poB (puc. 5, 6). Hu ogHO U3 3HaUEeHUH Ha KapTax He
BBIXOJIUT 32 BEPXHHUE/HUKHUE KOHTPOJIbHBIE T'Da-
HUIIBI, YTO TOBOPUT 00 OTCYTCTBUH BIIUAHUSA HA pe-
3yJIBTaThl aHAJINW3a HECTYYaHHBIX (CIEIHaTbHBIX)
(GaKTOPOB ¥ CBUMIETEJIBCTBYET O CTATHCTUYECKOH
VIIPaBJISEMOCTH IIPOLIECCOB aHAIU3a [2].

Jluneiinocms.  KanubpoBouHble  rpaduku
I cybcranmuii  6uc-[3'(3,5-AU-TpeT-0yTHI-4-
TUAPOKCUDEHUIT) TPOITHJI]cyTbDua v Joenu(3,5-
JIIMETHJII-4-THAPOKCUOEH3UIT)CYIb(MHUAA MIPEICTaB-
JieHsl Ha puc. 7, 8. Koaddburuent koppessauu (1)
MEKy 10 U3MEPEHHBIMU ONITUYECKUMU IJIOTHOCTSI-
MH U COOTBETCTBYIOIIIUMH UM HOMUHAJTbHBIMU KOH-
IIEHTPaIUsAMU PacTBOpa HCCAeAyeMON CyOCTaHITUH
cocTaBUJI 0.999 mist 6uc-[3'(3,5-Au-Tper-0yTHia-4-
ruzpokcudeHmwmnponmwilcyibbuna U 0.996 A
Iozenuii(3,5-TUMeTHII-4-TUAPOKCUOEH3UIT)CYITh-
¢uma, 9TO COOTBETCTBYET YCTAHOBJIEHHOMY KpPUTE-

trations of the test substance solution was 0.999
for bis-[3 ‘(3,5-di-tret-butyl-4-hydroxyphenyl)pro-
pyllsulfide and 0.996 for dodecyl(3,5-dimethyl-4-
hydroxybenzyl)sulfide, which corresponds to the
established criterion of acceptability [1, 8]. The re-
sults of statistical processing of data obtained dur-
ing the study of linearity are given in Table 2.

The correctness of the procedures for bis-
[3°(3,5-di-tret-butyl-4-hydroxyphenyl)propyl]sul-
fide and dodecyl(3,5-dimethyl-4-hydroxybenzyl)
sulfide is confirmed by the correspondence of the
parameters of linearity and precision, as well as a
statistically insignificant difference of the absolute
term of the linear dependence equation from zero
for each of the methods [9, 10].

The detection limit and the limit of quantitative
determination calculated on the base of calibration
graphs data were 0.0000314 and 0.00103% for bis-
[3’(3,5-di-tret-butyl-4-hydroxyphenyl)propyl]sul-
fide and 0.0000375 and 0.00108% for dodecyl(3,5-
dimethyl-4-hydroxybenzyl)sulfide respectively (see
Table 2).
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Puc. 5. KoHTposibHAS KapTa HHAUBUAYAIbHbBIX 3HAYEHUH ONITHYECKOH TUIOTHOCTH 0.005% pactBopa 6uc-[3'(3,5-Au-Tper-
OyTuI-4-TuapokcudeHum)nponcyabduna (A) u 0.002% pacTBopa 1o1enwI(3,5-AUMETIII-4-THAPOKCUGEHIT)CYIbdu-
71a (B) (== BEepXHSISA U HUXKHSSI KOHTPOJIHbHBIE TPAHUIIBI; == CPEHSS JIUHUs; ¢ OT/IeIbHbIe 3HAYEHHS)

Fig. 5. Control chart of individual values of optical density of bis-[3’(3,5-di-tret-butyl-4-hydroxyphenyl)propyl]sulfide
solution, 0.005% (A) and of dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide solution, 0.002% (B) ( == upper and lower
control boundaries; == middle line; ® separate values)

puio pueMJIeMOCTH [1, 8]. Pe3ysibTaThl cTaTUCTHAYE-
CKOI 00pabOTKMU JAHHBIX, IOJyYEHHBbIX B XO/Ie HC-
cJIeIOBAHUS IMHEHHOCTH, IPUBE/IEHHI B Ta0JI. 2.

IlpasuavHocmvy MeTonuk nans 6uc-[3'(3,5-mu-
TpeT-OyTuruApokcudeHwI)Iponwilcyabduma U
noaenus(3,5-1MMeTHII-4-TUAPOKCUOEH3WIT) CYIhb-
duma moaTBEPIKAAETCSA COOTBETCTBUEM IIAPAMETPOB
JIMHEHHOCTU U TPEIU3UOHHOCTH, a TaK)Ke CTaTH-
CTUYECKH HE3HAYNMBIM OTJIMYHEM CBOOOTHOTO UJjIe-
Ha ypaBHEHU s JIMHEHHON 3aBUCUMOCTH OT HYJIsI 11T
Kask[01 U3 METOJHK [9, 10].

Ilpeden obOHapydceHuss W npeden Koaude-
CMEeHHO20 onpedeneHU, PACCUUTAHHbIE Ha OCHO-
Be JIAHHBIX KaJIMOPOBOYHBIX I'PA(UKOB, COCTABUIIN
0.0000314 ¥ 0.00103 % nns 6uc-[3'(3,5-Au-TpeT-
Oy THII-4-TUApOKCU( eHIII)TPONII]cyIbduaa u
0.0000375 1 0.00108 % A71s1 momenui(3,5-TUMEeTUII-
4-TUAPOKCUOEeH3UT)CyIbGUIa COOTBETCTBEHHO (CM.
TabII. 2).

CONCLUSION

As a result of the studies, it was established that
UV spectrophotometry can be used for confirmation
of the authenticity and for quantitative determination
of the substances bis-[3’(3,5-di-tret-butyl-4-hydroxy-
phenyl)propyl]sulfide and dodecyl(3,5-dimethyl-4-
hydroxybenzyl)sulfide. The data obtained can also be
used to develop methods for the quantitative determi-
nation or determination of impurities by high perfor-
mance liquid chromatography using a UV spectropho-
tometric detector [11]. However, to fully complete the
development of spectrophotometric methods for the
quantitative determination of bis [3'(3,5-di-tret-bu-
tyl-4-hydroxyphenyl)propyl]sulfide and dodecyl(3,5-
dimethyl-4-hydroxybenzyl)sulfide, it is also necessary
to evaluate internal and inter-laboratory reproducibil-
ity, accuracy and stability of the methodology, which
will be the object of further research.

12
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Puc. 6. KoHTposibHas KapTa CKOJIB3SIINX PA3Max0B ONTUYECKOHN IVIOTHOCTH 0.005% pacTBopa 6uc-[3'(3,5-1u-TpeT-
OyTIII-4-TUIpoKcudenuT) mponuwi]cynbdusa (A) u 0.002% pactBopa AoAenui(3,5-TUMeTHII-4-TUAPOKCUOEH3 U ) CyTb-

duna (B) (== BepXHssA KOHTPOJIbHAS IPAHUIIA; == CPEJH:AA JINHUA; ¢ OT/eJIbHbIE 3HAUEHNUS)

Fig. 6. Control chart of the moving ranges of optical density of bis-[3’(3,5-di-tret-butyl-4-hydroxyphenyl)propyl]sul-
fide solution, 0.005% (A) and of dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide solution, 0.002% (B) ( == upper control
boundary; ==middle line; ¢ individual values of the moving ranges of the optical density of the test solution)
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Fig. 8. Linearity of dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide

Ta6umuia 2. Pesysibrarsl 06pabOTKH JAHHBIX, TOJIyYEHHBIX B XOJI€ UCCIEJ0BAHUS JINHEHHOCTH
Table 2. The results of processing the data obtained in the study of linearity

Cyb6cTaHiust Kounentpanus, % g;gf;fgf:ﬂ ’ s a 110, % IIKO, %
Substance Concentration, % . . DL, % LQD, %
Optical density
Buc-[3'(3,5-11- 0.001188 0.1029 \
TpeT-0yTHII-4-
TUJIPOKCUGDEHIIT) 0.0019 0-1494
POUJI|cyTbhU 0.002375 0.1957
Bis-[3'(3,5-di-
tret-butyl-4- 0.003166 0.2388
hyd henyl 0.0038 0.32
‘ ro?ypléaély) 3 3237 0.999 78.5 0.0075 0.0000314 0.00103
propylJsulfide 0.00475 0.371
0.00665 0.5309
0.0076 0.6304
0.0095 0.7498
0.0114 0.8904 j
Homenun(3,5- 0.00052 0.209 \
JUMETUII-4-
TUPOKCUOEH3HUI) 0.00104 0.2381
cynbdun 0.00156 0.3683
Dodecyl(3,5-
dimethyl-4- 0.00208 0.4692
hyd b 1 0.0026 0.61
sﬁﬁé’;‘y enzyl) 47 >o.996 210.76 0.0534 0.0000375 0.00108
0.00312 0.6898
0.00364 0.8642
0.00416 0.9064
0.00468 1.0678
0.0052 1.134 Y,

[Ipumeuanue. r— ko3bPUIUEHT KOPPEIAINN; 8 — YIJIOBOU K03(pdULINEHT ypaBHEHU JIMHEHHON 3aBUCUMOCTH; a — CBODOOI-
HBIH WieH ypaBHeHUs JIMHeHHOU 3aBucuMocty; [10 — npesesn o6Hapyskenust; ITKO — mpe/ies KOJIM4eCTBEHHOTO OIIPe/IeIeH s,

Note. r— correlation coefficient; 8 — angular coefficient of the equation of linear dependence; a — absolute term of the equation
of linear dependence; DL — detection limit; LQD — limit of quantitative determination.
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3AKJIIOYEHUNE

B pesynbprare TpOBEJEHHBIX WCCJIETOBAaHUMN
ObLIa yYCTAHOBJIEHA BO3MOXKHOCTHh WCIOJIb30Ba-
HUus Y®-crnekTpodoTOMeTpuUu AJs1 TMOATBEPIK/E-
HUA TIOAJIMHHOCTA W KOJHYECTBEHHOTO OIIpefie-
JieHusi cybcrannuii 6wuc-[3'(3,5-AU-TpeT-0yTHI-4-
TUIPOKCUDEHU)TPOTHII]cyTbduaa U JoAenu(3,5-
JIIUMETUJI-4-TUIPOKCUOeH3mm)cynbdua. Ilomyuen-
HBIE JAHHBIE TAKKE MOTYT OBITh UCIIOJIb30BAHBI IIPU
pa3paboTKe METOAMKU KOJIMYECTBEHHOTO OIIpeie-
JIEHWS WUJIH OTIPeZieJIEeH s IPUMeCe MeTOIOM BhICO-
K03(pDEKTUBHOM KUTKOCTHON XpoMaTorpaduu mpu
UCHOoIb30BaHUU  YO-cneKTpodOTOMETPUIECKOTO
JerekTopa [11]. OHAKO /Il TIOJTHOTO 3aBEPIIEHU
pa3paboTku CreKTPOHOTOMETPUUECKUX METOIUK
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