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OPI'AHUKAIbIK XUMUA
OPITAHUYECKAA XUMUA

O0XK 543.544:54.03:54.01

H.O.Anmnazos, H.U. Axpui6ekos, JI.JK.Huszosa, M.1.Ce3apikbaes, P.O.Hapmanosa

Kopxwim Ama amvinoagul Kvisvinopoa memnekemmik yHusepcumeni
(E-mail: nurasar.82@mail.ru)

Hypasabl MyHalibIHBIH KYPAMBbIH 7K9He KacHeTTepiH 3epTTey

du3MKa-XUMHUSIIBIK TaIAay OMICTepiH KOJJaHy apKbuibl Hypanbl KeHinn MyHaibIHBIH (DH3MKa-XUMHSIIBIK
KacHeTTepi, MbIFy Teri (IPUCTaHHBIH (UTaHFAa KAaTBIHACHI apKbUIbI) XOHE (DPaKLMSIBIK KYpaMbl 3€PTTEIII.
XpoMaTo-Macc-CIEeKTPOMETPHUs dAICIMEH MYHAH/IbIH TOJBIK KYpPaMbl QHBIKTANBII, OHAAFbl KOCBUIBICTAp/IbIH
Meiepi imKi HOpManmu3anus TOCcUTiMeH ecemnrTenai. Macc-ciekTpriep/iH Kitanxanacel perinme NIST-08
0azacel KONIAaHBUIABL. AJIBIHFAH XpoMaTorpammaiarel 2,6,10,14-teTpameTiimneHTanekanssy 2,6,10,14-
TeTpaMETHITeKCaIeKaHFa KaTIHACKH! aPKBUIBI 3ePTTEITeH MYHAIBIH MIBIFY TeTi TaObUIIBL. 3epTTeNreH MyHai
IIBIFY Teri OOMBIHINA JkaFaylayFa sKaKbIH TeHi3 TabaHbIHJA Ty3UIreH. MyHail skoHe OfaH aJbIHFaH OHIMICPAIH
(pakIMsUTBIK KYpaMbl MMHUTAIMSUIBIK JUCTHIDIALMS OMICI apKbUIBI 3epTTeNAl. AJBIHFAaH OHIMAEPIIH >KaHy
JKBUTYJTaphl XKOHE MYHAHIaH alblHFAaH OCH3UMHHIH OKTaH CaHbI aHBIKTAJbl. 3epTTEY HOTIDKECIHIE abIHFaH
HOTIKeIep MYHaH/Ibl OHJIeyAe KOJIaHbIC Ta0ybl MYMKIH.

Kinm ce30ep: Hypanbl KeHili, MyHaii, xpomarorpadus, UMHUTALMIBIK JUCTHULLNSA, NpPUCTaH, Quras,
MyHaii eHiMJIepi, OKTaH CaHbl, KAJIOPUMETPHSL.

Kipicne

MyHaii amaM3ar YIIiH SHEPTHsl, ajl XHMISUTBIK ©HEPKOCIN YIIIH KOMIPCYTEKTi MIHKI3aT Ke3i OOJIBIT
TaObUTATBIH TaOuFu oOBekT. Kasipri MyHail XUMHUACH (PU3UKAIBIK, OPTaHUKAIBIK JKOHE aHAITMTHKAIBIK
XVUMHSHBIH 9IIICTEMEIIIK Heri3zepi 0a3achlHAa KaJIbIITACThl. MyHalIapIblH KypamblHAH Ka3ipri TaHaa
C1—C4 xypamasl 1000-Fa xKybIK KOMIpCyTeKTep HACHTUPHUKaNMsIanFaH [1, 2].

MyHaiinapplH XUMHSJIBIK JKOHE (PaKIMIBIK KYpaMblH 3€PTT€y MyHail eHACYAiH OapbIHINA THIMI
KeIIeHIH TaHJayFa, OJapabl MOAENbAeyre, MyHall OHIEY KOHIBIPFBUIAPBIHBIH KyaThIH HETIi3Zeyre, MyHau
TCHE3UC1 JKAMITBI YFRIMJIBI TAMBITYFa )KOHE MYHAH T'e0JIOTUSCHIHBIH MOCENIETIePiH IIeNTy YIIIiH 6Te MaHbI3/IbI.

Ocsbl Makcar yiiH 013 Oy Mmakasiaaa Hypaiibl KeHilli MyHaHbIHBIH KYPaMbIH jKOHE KACUSTTEPIiH 3epTTeY
HbICaHbI peTinae anablk. Hypans! kenimi — OHrycTik Topraii ofbICBIHIA OpHAIACKaH MYHal KEHIIITEPiHIH
0ipi, o1 1987 sxpurman urepinin kKeneai xoHe Kazipri Tagna Kei3puiopaa o0IbICEl 3KOHOMHUKACHIHBIH, HET13T1
TipekTepiniH Oipi 00BN TaObLIATBI.

Oxcnepumenm

3eprreyiep KyprizoecteH OypblH MyHail KypaMbIHAarbl acaibTeHIECp MEH LIalblpiapaaH aacopo-
OUSUTBIK OaraHalibl XpoMartorpadusi KeMeriMeH Ta3apTbuiabl. ON YIIiH HIBIHBI OaraHaHbl CHIIMKArelIbMeH
TONTHIPHIN, YycTiHe a3 Memmepae Al,O; yHTarblH caibll, 3epTTENeTiH MyHail KYHBUIBI TeKCaHMEH
AITIOUPIICH]II.

Opakuusuielk KypaMm Varian 450 GC razasl xpomatorpadsl (Huaepnanmsl) keMeriMeH UMHTALHSIIBIK
TUCTWULSIINS apKBUIBI aHBIKTAIIBI. XpoMarorpadusiay skaraaibl: OyIaHIsIpreIm TeMieparypacsl 100-1en
350 °C-ra pmeiiin muayThIHA 15 °C-re keortepinemi, 350 °C-ge 23,33 MuH TyYpaisl, XKaiambsl yakelT 40 MuH,
KOJIOHKa TEepMOCTAThIHBIH Temiepatypackl 35-ten 350 °C-re geiiin, muHyThiHa 10 °C-re Ketepineni,
350 °C-ne 8,50 MuH Typansl, xanmel yakelT 40 MuH, netektopnablH Temmeparypacsl 350 °C. [lerextop
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PETIHIE JKANBIHABI-MOHU3ALUSUIBIK AETEKTOP KOJAAHBUIABL XpOoMaTorpadusUIbIK KOJOHKA Y3BIHABIFEL 10 M
(SimDist).

MynaiiaeiH TonbIK Kypambl Agilent 7890A/5975C xpomato-macc-ciektpomeTpi (AKIL) xemerimen
aHBIKTaNABl. XpoMaTorpadusiay *)araalbel: OymaHABIPFRII Temrepatypackl 350 °C, KOJIOHKa TepMOCTATHI
70-ten 290 °C-re nmetiin munayThiHa 4 °C-re KoTepineni, 290 °C-xe 30 MUH Typajbl, KaJIbl Talaay yaKbITHI
80 muH. JleTekTop peTiHAe MacC-CIIEKTPOMETP KOJIAHBUIIABI, MacC-CIIEKTpiIep Scan PeKUMIHAC aTbIHJIbL.
Xpomatorpadusieik 6eny «Hewlett Packard» ¢upmaceineiy HP-5MS kanumnsipiasl KOJTOHKachlHAA icKe
aCBIPBUIABI, KOJIOHKA Y3BIHABIFBI 30 M, imki auametpi 0,25 MM, Ko3raaMalThH (aza KaOaThIHBIH KAIBIHIBIFbI
0,25 MKMm.

MyHaliiblH KypaMbIHJIaFbl ©HIMIEPAIH IIBIFBIMBIH aHBIKTAy MAakcaTbhIHIA aTMoc(epaiblK KbIChIMIa
OCH3MH JXKoHE KepocHH (pakUMsACH alJalblll ajbIHABL, aigay MbIpIIaibl AederMaTop KeMeEriMeH icke
aChIPbUIBI.

Anpinran OensunHiH oktaH caHbl OKTAH-UM (P®) KOHABIPFBICHIHBIH KOMETIMEH aHBIKTaJIbI.
BeH3uHHIH, KEepOCHHHIH X9HE Ma3yTThiH kburty OeprimTik KacueTi IKA-WERKE ¢upmaces C2000
kajopumeTpi (I'epmanus) kKeMeriMeH 3epTTeNi.

Homuoicenep orcone manoay

AcdanpTeHnep MeH MmaibIipiap/aH Ta3apThUIFaH MYHAWIBIH (PaKIUUIBIK JKOHE TOJIBIK KYpaMbl MEH
IIBIFY TETi aHBIKTAJJIBI.
Hypassl MyHalbIHBIH (QpaKIIUsIIBIK KypaMbl JKafibl MOJIiMETTEp 1-cypeT meH 1-kecTeae KeNTipiireH.
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1-cyper. Hypanbl MyHaWbIHBIH (paKIHSIBIK KYPaMbl
I-xecTe
Hypaubl MyHalibIHBIH GPaKIUAJIBIK KYpPaMbl
eFeM, % Kaiinay o TerFeM, % Kaiinay o TerFeM, % Kaiinay o
TeMmeparypacsl, °C TemMrieparypacel, °C TemMrieparypacel, °C
Kaitayteri 66,2 10 69,9 98 613,3
Oacrairybl

1 66,8 50 333,2 99 636,7

2 67,3 90 512,1 100 649,5

5 68,3 95 562,3
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Hyparnbl MyHanbIHbIH, KypamblIH ...

MyHalBIH TOJBIK KYpaMbl JKalJIbl MATIMET 2-CypeT TMeH 2-KecTele KenTipiireH. Acdanprenaep MeH
HIaibplpyiapad Ta3apThUIFaH MYHAIBIH KypaMbIHIaFbl KOCBUIBICTAP/bIH CaHbl 239.
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2-cypet. Hypansl MyHalBIHBIH XpOMaTOTpaMMachl

Temenne 2-kecrenen Hypansl MyHalbIHBIH KypaMbIHAa KOMipCYTEKTEpIiH Kaumbl Meimepi 93,65 %o-
Ibl KYpaWTBIHABIFBIH Oaiikayra Oomnanel, 6,35 % op Typii KYKIpTTi, OTTEKTi, a30TThI, TaJIOUATHI KoHE T.O.

KOCBUTBICTAPIaH TYPAIIBI.

»

IIpmeran

W

2-KecTe

Hypanbl MyHaiiBIHBIH TOJIBIK KYPAMBbI

KocslnbicTap MaccaisIk yieci, %
Anxangap 84,12
H-alTKaHJap 66,60
TapMaKTaJFaH alIkaH/Iap 17,52
Hadrennep 6,76
ApOMATTBI KOCBUTBICTAP 2,77
backa na KocwlbICcTap 6,35

1

3-cypert. Hypaisr MyHaiBIHBIH
KypaMBIHAAFBI IPUCTaH MeH (PUTAHHBIH
KaTbIHACHI (XpOMaTorpamMmma)

Cepust «Xummsi». Ne 1(73)/2014

Onedu moamiMmertepae [3,4] MyHaiinapaarbl TpUCTaHHBIH
(2,6,10,14-terpamerninnenTanekad) ¢urtanra (2,6,10,14-trerpame-
TWITEeKCaAeKaH) KAThIHACKI AapKbUIBI OJAPABIH IIBIFYy  TETiH
aHbIKTayFa Oonanpl. Erep mnpucraHHBIH (QUTaHFa KaThIHACHL 3
HEMece OJlaH JOrapbl OONATHIH 00Jica, OJ KYPJIBIKTa TY3UIreH
Ooublll ecenTeneni, an 1 Hemece omaH ToMeH OoiaTeiH Ooca, O
TEeHi3 TabaHBIHIA TY3UITEH, CKEYiHIH apalbIFhIHAaFel  0oJica,
JKarajayFa JKakblH TEHI3 Ta0aHBIHAA TY3UITeH OOJIBINT €CenTeNeIi.
Bizain anraH mMaaiMeTiMi3 (3-cyp.) OOMBIHIIIA TPUCTAHHBIH (hUTaHFA
KaTelHACchl 1,7-re TeH, conm cebenri Hypansl KeHINTiHIH MYHaWbI
JKarajayFa KaKblH TEHI3 TaOaHBIHIA TY3INTEH JIETeH KOPBITHIHJIBI
xacayra 00Jabl.

MyHalIBIH KYpaMbIHIAFBl OHIMIEPIiH IMIBIFBIMBIH aHBIKTAY
MaKcaTblHJla aTMOC(EepalbiK KBIChIMIA OCH3MH IKOHE KEpOCHH
(dpakusachl alJaNbIl  aNbIHABI, aiiay IbIpIaisl  aederMaTop
KOMETIMeH iCKe achIpbUIAbl, OCH3MHHIH KeneMaik ymeci 9 % (39—
180 °C), xepocunHiH KemeMaik yreci 22 %-ger (180-250 °C)
Kypaiabl. AlbIHFaH OCH3WHHIH OKTaH CaHBIHBIH IIamMackl 85,0-Fa, ai
MOTOPJIBI OKTaH CaHBIHBIH MIamachl 79,6-Fa TeH. BeH3WHHIH kaHy
KbLIybl 46,572 kJ[K/T, KEpOCUH MEH Ma3yTThIH JKaHY XbLIyjapbl
46,381 xoHe 45,468 kJ[x/r-Fa TeH eKCHIIT1 aHBIKTAIBI (3-KecTe).



H.O.Annasos, H.N.Akbinbekos T.0.

3-kecTe
MyHaii eniMaepiHiH KacueTTepi
OmiM aTaver [brFeIMm, Kaitnay OkTaH caHbl JKaHy KbUTyBI,
Y KeneMi, % Temnepatypacsl, °C 3epTrey MOTOPJIBI kJx/T
Bbenzun 9 39-180 85,6 79,6 46,572
Kepocun 22 180-250 — — 46,381
Masyt 62,0 - — - 45,468

Kopuvimuinosi

Ocpinaiima, Hypaie! kKeHinn MyYHaHBIHBIH KYPaMbIHAAFbI achalbTeHACP MCH MANbIpiIap aacopOnsIIbIK
OaraHaibl XpoMaTorpadus 9IiCIMEH TazalaHBII, XPOMAaTO-MaCC-CIIEKTPOMETPHUSI KOMETIMEH TOJIBIK Kypambl,
MMUTAIVSUTBIK TUCTHJUTALNS KOMeTiMeH (DpakIUsUIbIK KYpambl JKOHE 1€ MyHal KypaMbIHIAFbl IPUCTaH MEH
(bMTaHHBIH KaTBIHACH! aAPKBUIBI OHBIH IIBIFY TETi aHBIKTAJABI. 3epTTeNTeH MYHAWIbIH KYpaMbIHIA aJKaHAap
84,12 %-np1  (OHBIH IiINiHIAE KANBINTHI ankaHgap — 66,60, TapmakranraH anmkaHmap — 17,52 %),
IUKJIOANKaHaap — 6,76, apoMaTThl KeMipcyTekTep — 2,77, 6acka ga KYKipTTi, OTTEKTI, a30TThI, TAJIOUITHI
KochuisicTap 6,35 %-mp1 Kypaiinel. MyHalaplH IIBIFy Teri OOWBIHIIA KarajayFa KakblH TeHi3 TaDaHBIH/IA
Ty3inreHgiri TaOpuinel. MyHaWapl aiiay apKbUIbl ©HIMJIEp AalbIHBIN, ONApIbIH KaCHETTepi 3epTTeli.
AnpiHFaH OCH3WHHIH 3€pTTE€y OKTaH CAaHBIHBIH LIaMackl — 85,0-Fa, jkaHy Xbutybl — 46,572 x/Ix/r-ra,
KEpOCHH MEH Ma3yTThIH KaHy Kbulynapbl 46,381 sxone 45,468 kJIk/r-ra CoWKeC aHBIKTAN/bI. AJIBIHFaH
MOJIIMETTEp MYHAH OHJIEYAe KOJAaHBIC TA0YBl MYMKIH.
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H.O.Anmnazos, H.U. Axeui6ekos, JI.JK.HuszoBa, M.U.Creizapik6aes, P.A.Hapmanosa

HccnenoBanue coctaBa u cBoiicTB HepTu MecTopoxaeHus Hypanbl

ITpumeHeHHeM (DU3MKO-XMMHYECKUX METOIOB aHAIU3a ONpPEAENICHb! (PU3UKO-XUMHUUECKUE CBOICTBA, IIPOHC-
XOJKZIeHHe (TI0 COOTHOILIEHUIO NpUCTaHa K GuTany) U (ppaKLMOHHbIH cocTaB HehTH MecTopokaeHus Hypaisl.
MeTon0M XpOMaTo-Macc-CHEKTPOMETPHH ONpEJeNieH IeTaNbHBIH COCTaB He(TH, KOJMYCCTBEHHBIH COCTaB
COCIMHEHHUH, ColepKaIuXcs B He(TH, BEIMHUCICH CIIOCOOOM BHYTpeHHEeH HopMmanm3anuu. B xagectBe Ou6-
JIMOTEKH MacC-CIIEKTPOB Hcnonbs3oBana 6asza NIST-08. 13 moxydeHHOH XpoMaTorpaMMbl IO COOTHOLICHHIO
2,6,10,14-terpamerminenTagekana k 2,6,10,14-reTpaMeTiirekcaickany HalICHO MPOUCXOXKICHHE HE(TH.
@DpakUMOHHBIH cOcTaB HE(TH U TOIYYESHHBIX U3 HEe IPOLYKTOB UCCIICNOBAH UMUTALIMOHHON JUCTHIUISLUEH.
PesynbraThl HccnenoBaHusA MOTYT ObITh IPUMEHEHBI ITpU HepepaboTke HedTH.

N.O.Appazov, N.I.Akylbekov, D.Zh.Niyazova, M.L.Syzdykbaev, R.A.Narmanova

Investigation of composition and features of the Nuraly oilfield

By physico-chemical methods of analysis determined physical and chemical properties, origin (as for
prystane to phytane), fractional composition (imitational distilaton) of Nuraly oil. Detailed combination of oil
was determined using chromate-mass spectrometer, quantitative constitution of compounds containing in oil
calculated by internal normalization. Base NIST-08 was used as a mass spectra library. Origin of oil was
found out of obtained chromatogram ratio 2,6,10,14-tetramethylpentadecane to 2,6,10,14-tetramethylhexa-
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decane. Fractional composition of oil and its products were examined by simulation distillation. Obtained re-
sults can be applied while oil refining.
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Theoretical study of the medium polarity influence on the OH-acids strength

Deprotonation energy for a number of OH-acids theoretically estimated by UHF 6-31G ab initio CPCM
methods using Gaussian-2009. Reducing of acids deprotonation energy with increasing of the medium polari-
ty is shown by quantum chemical methods. Theoretical justification of EPR spectroscopic data on decrease of
rate of the proton exchange reaction between semiquinone radical 3,6-di-tert-butyl-2-oxyphenoxyl and some
carboxylic acids in polar media is given.

Key words: OH-acids, semiquinone radicals, protolytic reaction, proton exchange reaction, deprotonation en-
ergy, solvation, acidity and basicity, quantum chemical calculations, ab initio, Gaussian-2009.

According to the Brensted-Lowry acid-base theory, acid is a hydrogenous particle of the substance, ca-
pable to be the donor of a proton, and the basis is a particle of the substance, capable to be an acceptor of a
proton [1]. Acid-base reactions — is a reaction in which a proton is transferred from the acid to the base.
Such reactions are called protolytic reactions. In general protolytic reaction can be described by the follow-
ing equation:

HA +B < A +HB". (1)

Proton-donor and proton-acceptor ability of substances (their acidity and basicity) is determined by the
proton affinity. Free proton does not exist in solution. Therefore equation (1) characterizing balance between
acid and base, doesn't represent real system Actually all acid-base equilibrium proceed with sH solvent par-
ticipation:

HA +sH <> A +sH,", 2
where sH,” — lyonium ion which is resulting from the process of a proton addition, i.e. a solvated proton;
B+sH < s +HB', 3)

where s” — lyate ion.

Thus, the nature of the solvent has a significant effect on the protolytic equilibrium. Change of solvent
can change the direction of the acid-base reaction.

According to its acid-base properties solvents separated on aprotic and protic [2]. Aprotic solvents don't
show the acid-base properties. Molecules of such substances don't give and don't attach protons. Benzene,
toluene belongs to their number, hexane, carbon tetrachloride, chloroform and some other. Aprotic solvents
influence to the acid-base properties of the substances dissolved in them a little.

Protic solvents have strong acid-base properties. Molecules of similar solvents are capable to give or at-
tach protons. In protic solvent the relative strength of acids depends by nature solvent and is determined by
the energy necessary for transfer of a proton from a molecule or an ion on infinitely long distance. Influence
of solvent is defined by its dielectric permeability and prototropic properties. Thereof the relative strength of
acids can change depending on the solvent nature.

The influence of solvated effects on kinetics of an intermolecular proton exchange reaction between
semiquinone radical 3,6-di-tert-butyl-2-oxyphenoxyl (radical I) and some mono-carboxylic fatty acids was
previously studied by EPR spectroscopy in KSU [3]. The following general mechanism of intermolecular
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proton exchange between radical I and OH-acids was proposed on the basis of earlier conducted systematic
radio-spectral studies:

== OH + HX. @)

A Ay

° % ./H.. ./H.. 0..‘1{\
QH+HX‘— Q(_/(‘—_‘_F({ X = K[.X
% * e *.-
B e
B C B,

As solvents were used toluene (e=2,4), 1,4-dioxane (¢=3,0) and nitrobenzene (¢=35,5). All used sol-
vents have the aprotic nature, i.e. their influence on photolytic equilibrium can be characterized by the die-
lectric constant of the medium.

Using EPR spectroscopy it was found [3] that specific rate of bimolecular reaction is ten times lower in
the dioxane medium, than in indifferent solvent toluene, and also that proton exchange rate is slightly de-
creased with increasing dielectric constant of the medium.

It was interesting to study influence of solvent on the OH-acids strength by quantum chemistry meth-
ods. Earlier it was shown [4] that deprotonation energy can serve for the quantum-chemical characteristic of
acids strength. Deprotonation energy of acid can be quantum chemical estimated as a difference between the
total energy values acid and its anion:

HA —- A +H". %)
The total energy of a proton is equal to zero, therefore:
AEdcprot.: Etotal,(HA) - Etotal.(A_)- (6)

As the required differential size AE g 1s some orders less than each of counted energy separately, cal-
culations must be carried out as accurately as possible. That's why quantum-chemical evaluation of the
deprotonation energy we carried out ab initio-UHF method in an extended basis 6-31G. Calculations were
carried out by means of Gaussian-2009 software package [5].

The solvent influence at the deprotonation process was taken into account within by the Conducting Polar-
isable Continuum Model (CPCM). In this model, the solvent is presented as a polarizable continuum and the
solute is placed in a cavity within the solvent [6, 7]. The cavity in the classical model PCM defined as a set of
overlapping areas, the size of which is proportional to the van der Waals radius the corresponding atoms.

Quantum chemical calculations were performed for a homologous series of mono-carboxylic acids in-
vestigated earlier by EPR spectroscopy [3] and also for the semiquinone radical 3,6-di-tert-butyl-2-
oxyphenoxyl — radical I — used as a spin probe. Calculations were carried out with full optimization of ge-
ometry by UHF 6-31G ab initio-method taking into account solvent within macroscopic model of CPCM.
Water (¢=80) and aprotic benzene (¢=2,3), toluene (¢=2,4), chlorobenzene (¢=5,7) were taken as the solvent.
Selection of solvents is caused by their different nature, range of dielectric permeability of the medium, and
the parameterization of macroscopic polarized continuum model CPCM for a limited number of solvents.

Table 1

Results of quantum chemical UHF 6-31G ab initio CPCM calculations
for a number of the studied OH-acids. Solvent — water

Acid Acid Formula Total energy HA, A.U. Total energy A", A.U. AE gepror,. AU. | pK,
Formic HCOOH —188,6767 —188,2053 0,4713 3,75
Acetic CH;COOH —227,7119 —227,2336 0,4782 4,76
Butyric CH;(CH,),COOH —305,7487 -305,2707 0,4779 4,82
Valeric CH;(CH,);COOH —344,7672 —344,2891 0,4780 4,86
Caproic CH;(CH,),COOH —383,7857 -383,3077 0,4780 4,88
Caprylic CH;(CH,)sCOOH -461,8227 —461,3446 0,4781 4,89
Tridecanoic  |CH;(CH,);;COOH —656,9150 —656,4369 0,4781 —
Palmitic CH;(CH,),,COOH —773,9456 —773,4922 0,4533 —
Stearic CH;(CH,),,COOH —852,0034 —851,5292 0,4742 —
Radical I C¢H,(C(CHj3),)OOH —691,8277 —691,3333 0,4943 -
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Results of quantum chemical UHF 6-31G ab initio CPCM calculations are presented in table 1 (sol-
vent — water). Handbook [8] values of the pKa for a number of the studied OH-acids are also given in the
table 1.

Data presented in table 1 show that with growth of a carbon chain in a homological row OH-acids, acid-
ity is decrease (pKa is increase), deprotonation energy is increase from 0,47 to 0,49 A.U. This is logical,
since strong acid easily gives a proton and has a lower deprotonation energy. It should be noted the big size
of deprotonation energy for the radical I compared to all investigated carboxylic acids. Therefore, the radi-
cal I is the weakest acid in a studied range of OH-acids. It will play a base role in photolytic reactions with
carboxylic acids.

It was interesting to present in graphical form relationship between deprotonation energy and handbook
value pKa for a studied range of OH-acids (solvent — water; fig. 1).

PK, 5

438 j
46 | y=162.1x - 7266

Wy R=0,99 —
42 =

4 /
3,8

(
3,6
3.4
3,2
3 T T T T 1
0,47 0,472 0,474 0,476 0,478 0,48 AEepror. A.U.

Figure 1. Relationship between deprotonation energy and handbook pKa value
for a studied range OH-acids. Solvent — water

The analysis of the graphic dependence presented in figure 1, showed existence of direct proportional
dependence between an indicator of acidity and deprotonation energy of acid in a case when as solvent water
was considered. Pearson correlation coefficient for the given relation is large enough (R=0,99), suggesting
that there is a high correlation between the deprotonation energy of acid and its acidity.

Results of quantum chemical UHF 6-31G ab initio CPCM calculations are presented in table 2 (sol-
vent — chlorobenzene). Handbook [8] values of the pKa for a number of the studied OH-acids are also given
in the table 2.

Table 2
Results of quantum chemical UHF 6-31G ab initio CPCM calculations
for a number of the studied OH-acids. Solvent — chlorobenzene
Acid HA Acid Formula Total energy HA, A.U. | Total energy A", A.U. AEgepror. AU. | PK,

Formic HCOOH —188,6699 —188,1869 0,4830 3,75
Acetic CH;COOH —227,7032 -227,2149 0,4883 4,76
Butyric CHj3(CH,),COOH —305,7414 -305,2522 0,4891 4,82
Valeric CHj;3(CH,);COOH —344,7667 —344,2706 0,4961 4,86
Caproic CHj;3(CH,),COOH —383,7852 —383,2892 0,4960 4,88
Caprylic CH3(CH,)sCOOH -461,8222 -461,3260 0,4961 4,89
Tridecanoic  |CH3(CH;);;COOH —656,9144 —656,4183 0,4962 —
Palmitic CH;3(CH,),,COOH —773,9698 —773,4736 0,4962 —
Stearic CH;3(CH,),,COOH —851,9999 —851,5105 0,4893 —
Radical I Ce¢H,(C(CHj3),)OOH —691,8254 —691,3178 0,5076 —
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Data presented in table 2 show that with growth of a carbon chain in a homological row OH-acids,
deprotonation energy is increase from 0,48 to 0,51 A.U. This seems to be correct because the stronger the
acid, the easier it gives a proton, the less deprotonation energy. A large amount of deprotonation energy for
radical I compared to all investigated carboxylic acids should also be noted. Consequently, the radical I in
protolytic reactions with carboxylic acids will act as a base. That's why radical I will play the role of a base
in protolytic reactions with carboxylic acids.

It was interesting to present in graphical form relationship between deprotonation energy and handbook
value pKa for a studied range of OH-acids (solvent — chlorobenzene; fig. 2).

PK. 5.1
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3,7
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Figure 2. Relationship between deprotonation energy and handbook pKa value
for a studied range OH-acids. Solvent — chlorobenzene

The analysis of the graphic dependence presented in figure 2, showed existence of direct proportional
dependence between an indicator of acidity and deprotonation energy of acid in a case when as solvent
chlorobenzene was considered. Note the smaller value of the Pearson correlation coefficient (R=0,81) com-
pared with the case when the water solvent is taken into account (R=0,99). Limited application of the refer-
ence pKa value for the acid strength characteristic in non-aqueous solutions it shows.

Similar quantum chemical UHF 6-31G ab initio CPCM calculations for a number of investigated
OH-acids (solvents — toluene (¢=2,4) and benzene (¢=2,3)) were performed. Growth of the deprotonation
energy from 0.50 to 0,52 A.U. with increasing of the carbon chain in the homologous series of carboxylic
acids was also noted in the calculations with toluene and benzene solvents. The fact of reducing the differ-
ence between the deprotonation energies of carboxylic acid and radical I in these calculations (=0,01 A.U.)
compared to the previous one when water as the solvent was taken into account (=0,02 A.U.) has attracted
attention. It allows to assume that the difference in strength of carboxylic acids and the radical I is reduced,
the acidity of the proton exchange reaction participants becomes comparable in non-polar media. Increasing
the speed of the proton exchange in indifferent mediums, fixed by EPR spectroscopy, is the result of it. The
difference in the acidity of the proton exchange reaction participants is increased in the polar medium due to
the polarizing effect of the solvent. Delay of speed proton exchange reaction in polar media is the result of it.

It was interesting to analyze the obtained settlement quantum chemical data of the deprotonation energy
for a studied range OH-acids in the medium of water, chlorobenzene, benzene and toluene (Table 3). Value
averages were calculated by us for the comparative analysis:

(AEdeprot.)middle = z“(AE'deprotA); (7)
Amiddlc = AE‘dcprot.(radica1 I) - (AEdcprot.)middlc- (8)

The average value (AEgeprot )miaaie Will allow us to characterize the dependence of the OH-acids
deprotonation energy from the medium. The value of Ayqqe Will allow us to characterize the average differ-
ence between the deprotonation energies of carboxylic acids and radical 1.
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Table 3
Deprotonation energies for a studied range OH-acids. Calculation method — UHF 6-31G ab initio CPCM

AE gepror, A.U. Solvent:

Acid Acid Formula PK, water chlorobenzene toluene benzene
(e=80) (e=5,7) (e=2,4) (e=2,3)

Formic HCOOH 3,75 0,4713 0,4830 0,5056 0,5073
Acetic CH;COOH 4,76 0,4782 0,4883 0,5112 0,5130
Butyric CH3(CH,),COOH 4,82 0,4779 0,4891 0,5117 0,5134
Valeric CH;(CH,);COOH 4,86 0,4780 0,4961 0,5207 0,5226
Caproic CH;(CH,),COOH 4,88 0,4780 0,4960 0,5207 0,5226
Caprylic CH;(CH,)sCOOH 4,89 0,4781 0,4961 0,5208 0,5227
Tridecanoic CH;(CH,);;COOH — 0,4781 0,4962 0,5208 0,5227
Palmitic CH;(CH,),COOH — 0,4533 0,4962 0,5216 0,5227
Stearic CH3(CH,),,COOH — 0,4742 0,4893 0,5118 0,5135
Radical 1 C¢H,(C(CH3),)OOH — 0,4943 0,5076 0,5267 0,5282
(AE deprot )middie, A U. 0,4762 0,4938 0,5172 0,5189
Amiadie. AU. 0,0181 0,0138 0,0095 0,0093

Data presented in table 3 show that the deprotonation energy of acid increases, the difference in ener-
gies of deprotonation of carboxylic acids and radical I decreases with decreasing of the solvent polarity.

It was interesting to analyze by graph the relationship between the average of deprotonation energy
(AE deprot Jmiaaie and dielectric permeability € of the medium. The obtained graph is shown in figure 3.

(AE denrot)middle, AU

0,530 ’
0.525
0-520 y =-0,00036x + 0,52225
0,020
R=0,85
0,515
0,510 \\
T 0,490 T T T T 1
-20,0 0,0 20,0 40,0 60,0 80,0 100,0 ¢

Figure 3. Relationship between the average of deprotonation energy (AEgeprot Jmiddie
and dielectric permeability € of the medium

Data presented in figure 3 show that between dielectric permeability of solvent and acid deprotonation
energy there is the inverse proportional relationship. Deprotonation energy of acid decreases with increasing
of the medium polarity. This indicates an increase of the substances acidity in a polar solvent.

The following conclusions were formulated based on the obtained data:

— Deprotonation energy of acids decreases with increasing of the medium polarity. This suggests that
the acidity of substances is higher in polar solvents than in indifferent mediums;

— The difference in acidity of the radical I and carboxylic acids is less in non-polar media. This leads to
increased speed of the proton exchange between its in indifferent mediums;

—Radical I is demonstrated more basicity in polar solvents. This causes a slight decrease the rate of the
proton exchange reaction in polar media.

The results obtained are in good agreement with the EPR spectroscopic data of proton exchange reac-
tions between carboxylic acids and semiquinone radical 1. The results suggest a theoretical justification for
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the fact a slight decrease the rate of the proton exchange reaction in polar media. Further it would be interest-
ing to continue quantum chemical researches of the OH-acids behavior in other solvents.
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OH-KBIIKBLIIAPBIHBIH KYLIiHE OPTA MOJAPJbIFBIHBIH 3CEPiH TEOPUSIIBIK 3epTTEy

Ab initio UHF opicinig 6-31G 0asucinge Gaussian-2009 OGarmapmaneik makeTiHiH CPCM momsipriayiist
KOHTHHYYM MAaKPOCKOIHMSUIBIK MOJENIHIH IIeTiHJeTi epiTKIITIH ocepiH eckepe OTHIpbin, OH-KeIIKbLIIap
KaTapbIHBIH JICTIPOTOHAAHY OJHEPIUsICH TEOpHsUIBIK OaramaHabl. OpTaHBIH MOIAPIAHYBIHBIH ©CyiMEH
KBILIKBULAPJBIH  JACNPOTOHIAHY SHEPrUsACHIHBIH TOMEHJEYi KBaHTHIKXUMUSIBIK Kepcerinai. I[lomspis
OpTafarbl CEMUXMHOH/BI paguKan 3,6-1u-yur.oyTuia-2-0KCU(GEHOKCHIAIH KapOOH KBIIKBUIAAPbIMEH HPOTOH
anMacy KbUIIaMIbIFbIHBIH OITP-cHeKTpOCKONMUsIBIK OepiireH/iepiHin TOMEHAEYiHe TEOPHSIIBIK Herizaeme
Oepinmi.

N.A Ilycronaiikuna, KK . Kymkanosa, A.®.Kypmanosa, E.P.bateiposa, /I.K.Toneyrai

TeopeTnueckoe u3yueHne BIAUSHUSA MOJSAPHOCTH cpeabl Ha cuity OH-kucsior

Meronom ab initio UHF B 6a3zuce 6-31G ¢ y4eToM BIUSHUS PacTBOPHUTENS B paMKaX MaKpOCKOIHYECKON
Mojenn nomsipuzyemoro koHtuHyyMa CPCM nporpammuoro nakera Gaussian-2009 TeopeTHIeCKH OLEHEHBI
oHepruu JenporoHupoBaHus psaga OH-kucnor. KBaHTOBOXMMUYECKM IIOKa3aHO CHIDKEHHE OHEPIUU
JETPOTOHUPOBAHUSI KHUCIOT C POCTOM MOJAPHOCTH cpensl. JlaHo Teoperunueckoe obGocHoBanue OIIP-
CMEKTPOCKOMMYECKHX JAHHBIX O CHMIKEHHH CKOPOCTH IMPOTOHHOTO 0OMEeHa KapOOHOBBIX KUCIOT C CEMHXH-
HOHHBIM PaHKaIOM 3,6-01u-TpeT.0yTrII-2-0KCu(ESHOKCHIIOM B TIOJISIPHBIX CPEaax.
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Influence of hydroimpulsive discharge
on process of dephenolizing of primary coal tar

The maintenance of phenol and its derivatives as a part of coal tar «Sary Arka spetskoks» is defined. The
method of removal of phenol and its derivatives from coal tar of coke-chemical productions of the Central
Kazakhstan using of energy of hydropulse discharge is developed. For definition’s change composition of
coal tar gas chromatograph Agilent 7890A with the mass selective detector 5975C Inert MSD was used.

Key words: coal tar, hydroimpulsive discharge, phenol and its derivates, chromatogram, polycyclic aromatic
hydrocarbons.

Coal tar is a mixture of bi- and polycyclic aromatic hydrocarbons, and also polycyclic systems with het-
eroatoms in their rings. Number of all these substances is approximately 95 % of the resin components. Re-
view and study of coal tar as a physico-chemical system open new possibilities for studying its properties
and improving its processing technology. Coal tar is a polyazeotrope-polyeutectic system. An intermolecular
interaction of the resin components leads to the formation of numerous azeotropes, eutectics and mixed crys-
tals.

High-temperature coal tar, being the product of deep thermal conversion of pyrolysis fuel primary
products, consists of the most thermodynamically stable compounds. Therefore, high-temperature coal tar
contains only small amounts of paraffinic hydrocarbons, cycloalkanes and also aromatics with long side
chains. The content of compounds with functional groups in high- temperature coal tars, in particular phe-
nols, is not big [1]. Coal tar of Shubarkol coal cut contains about 10 % of phenols, 3.2 % of organic bases,
preferably of acridine and quinoline series [2]. The most important features of polycyclic compounds are
their thermal stability and oxidation stability, and also toxicity to microorganisms. This allows to use tech-
nical mixtures based on processing products of coal tar for the manufacture of various protective coatings
and antiseptic oils, protecting timber.

Individual cresols and their mixtures have great value and that is why are used for the production of
synthetic resins, plasticizers and flame retardants for polymer materials, chemicals for agriculture, various
stabilizing additives: antioxidants, polymerization inhibitors and others [3].

Using crude coal tar without processing leads to direct losses of valuable products and adversely affect
the environment in the areas of its application. It is estimated that each year worldwide about 7 million tons
of coal tar are distillated. Some compounds can be found in coal tar in an amount of 1 % or more, i.e. the
resources of each substances and the possibility of their producing are significant [4].

Nowadays in Kazakhstan the problem of recycling and processing of waste products of coal production to
high-quality road-building materials exists. In this regard, the purpose of this research is to study the composi-
tion of coal tar of Shubarkol cut LLC «Sary Arka Spetckoks» and the identification of phenol and its deriva-
tives in coal tar and also cleaning methods from it for its further processing (producing bitumen from it).

In order to determine the composition of coal tar (CT) of Shubarkol cut, 0.01 g of coal tar was taken
and then was dissolved in 10 ml of chloroform The resulting solution was filtered to remove insoluble in
chloroform compounds and impurities, which present in the coal tar. The solution was examined with
Agilent 7890A gas chromatograph with a mass selective detector 5975C Inert MSD. Processing of the results
was performed automatically using the GS-MSD DataAnalysis.

Analysis was carried out under the following conditions:

— column length — 60 m;

— column diameter — 0.25 mm;

— thickness of the adsorbent column — 0.25 micrometers;

— evaporator temperature — 250 °C;

— thermostat temperature — 60-300 °C;
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— gas carrier — helium;

— flow rate of gas carrier — 1 ml/min;

—sample volume — 0.1 ml.

It was established that coal tar is a complex mixture of aromatic heterocyclic compounds and their de-
rivatives boiling in the wide range of temperatures. The chromatogram of the feedstock is shown in Figure 1.
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Figure 1. The chromatogram of the coal tar

High content of phenol and its derivatives can be seen from the results of gas chromatographic (GC)
analysis of coal tar, which correspond to peaks is visible: 1) phenol; 2) 2-methyl-phenol; 3) 4-methyl-phenol,;
4) phenol; 5) 3,4-dimethyl-phenol; 6) 3,4-dimethyl-phenol; 7) 2-methyl-phenol; 8) 4-methyl-phenol;
9) 4-ethyl-phenol; 10) 2-ethyl-phenol; 11) 2,3-dimethyl-phenol; 12) 2-propyl-phenol. Time of a yield of phe-
nol and its some derivatives at different temperatures speaks that in resin the yielded connections are in
azeatrope forms. To remove phenols from and for the further processing coal tar was exposed to
hydroimpulsive discharge (HID) using catalyst (NiCl,).

Laboratory reactor was designed and assembled in order to carry out experimental works on the pro-
cessing of coal tar by hydroimpulsive discharge. It allows to carry out tests in a wide range of changes of
characteristics of the electric discharge. Laboratorial reactor consists of a cell, a control unit of electrohy-
draulic apparatus, unit of monitors, high voltage transformer, rectifier, high voltage capacitor with discharger
and fault protection scheme on the carcass of generator. A cell have tightly closing (with the help of threaded
connection) lid made from high-strength insulating material. Connected through high-voltage cables with
controlled discharger of electrohydraulic apparatus electrode of positive polarity where mounted on the cov-
er. Welded to the inner bottom of the container, a metal rod is used as electrode of negative polarity which
body is connected to the negative pole of the generator and is grounded. The distance between the electrodes
(working discharge interval) is adjustable.

In order to carry out HID, 100 ml of coal tar was heated to 500 °C and 100 ml of distilled water was
added to. The resulting mixture was shaken to form an emulsion. Then this mixture was poured into the cell
previously heated with boiled water to 70 °C. Then resulting emulsion was exposed to HID during
15 minutes under the following parameters: / =12 A, U = 30 kV, with the frequency of 69—71 pulses/min. At
the end of the process, the cell content was poured into a separatory funnel and left till the full disintegration.
After disintegration of the solution, upper aqueous layer of dark-red (brown) color was drained. Remaining
coal tar was heated to fluid state (~500 °C), the density was measured, p = 1.06 g/cm’.

In order to determine changes in the composition of coal tar, 0.01 g of a tar was taken and then was dis-
solved in 10 ml of chloroform. The resulting filtrate was also investigated with Agilent 7890A gas chro-
matograph. Chromatogram of the tar after HID processing is shown in Figure 2.
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Figure 2. Chromatogram of coal tar after HID

After HID the total of phenol and its derivatives has changed that it is possible to observe on the area of
peaks: 1) phenol; 2) 2-methyl-phenol; 3) 4-methyl-phenol; 4) 2,3-dimethyl-phenol; 5) 4-ethyl-phenol;
6) 3,4-dimethyl-phenol; 7) 2-ethyl-phenol; 8) 2-ethyl-4-methyl-phenol. However at the general reduction of
phenol from 13,72 % to 9,64 %, 2-methyl-phenol from 9,06 % to 7,28 % and 4-methyl-phenol from 30,36 %
to 20,38 %, there is an insignificant increase in its branched more out derivatives, such as 2,3-dimethyl-
phenol from 0,44 % to 0,55 %, 3,4-dimethyl-phenol from 7,8 % to 9,82 % and 4-ethyl-phenol from 0,49 %
to 1,84 %. Under the chromatogram also it is possible to notice occurrence of new phenol compound —
2-ethyl-4-methyl-phenol. Presumably, it’s depend to action of energy of hydroimpulsive discharge there is an
addition of methyl- and ethyl- radicals to a phenol ring.

Comparative data of GC analysis of coal tar before and after HID processing is presented in the table.

Table

The content of phenols and its derivatives in coal tar before and after HID processing

Compound CT before HID, % | CT after HID (NiCl,), %

Phenol 13,72 9,64
2-Methyl-phenol 9,06 7,28
4-Methyl-phenol 30,36 20,38
2,3-Dimethyl-phenol 0,44 0,55
3,4-Dimethyl-phenol 7,8 9,82
2-Ethyl-phenol 14,88 12,77
4-Ethyl-phenol 0,49 1,84
2-Ethyl-4-methyl-phenol - 1,33
2-Propyl-phenol 0,78 -
Total amount of phenol and its derivates 77,53 63,58

Thereby, preliminary results of the processing of coal tar by means of HID were obtained. According to
obtained data from chromatogram, the absence of intense peaks till 11th minute and decrease in the intensity
of certain peaks can be observed, which corresponds to the content of phenol and most of its derivatives.

The offered method allows to remove phenol and its derivatives from primary coal tar that in the future
allows to apply resin to reception of road and building bitumen. Further use of other kinds of catalysts
(including organic) for more effective removal of phenol and its derivatives is supposed. Application organic
connection which is scheduled will be hydrogen donators for linkage of formed radicals occurbed at the HID.
It will not allow incorporate to free radicals to a phenol ring that methyl-ethyl- of substitution derivates of
phenol will promote removal more quantities.
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Bipinmiiik Tackemip maibIpbiH eHOICHI3AaAHABIPY YPAIciHe
TUIPOUMITYJIBCTIK Pa3psSATHIH dcepi

Maxkamana «Capsl Apka Crenkokc» XKIIC Tac xemip HIaHBIPBIHBIH KYPaMBIHAAFBl (DEHOJ JKOHE OHBIH
TYBIHABUIAPEl aHBIKTAJABL. [ MIPOUMITYNBCTIK pa3psy KyaThIH KojmaHa oTheIpbII, Opranblk KasakcTaHHBIH
KOKCXMMHUSIJIBIK OHJIPICTEPiHIH Tac KeMip MAaWbBIPEIHAH ()CHOJABI XKOHE OHBIH TYBIHIBUIAPHIH JKOIO 9fici
JKy3ere achIpbulabl. Tac Kemip HIafibIPBIHBIH KYPaMbIHIArs! e3repicti anpikTay yurin 5975C Inert MSD macc-
CEJIeKTHBTI IeTeKTopMeH xabapikTairan Agilent 7890A ra3apik xpomaTorpad KoJiAaHbLIIIbL.

E.C.MycraduHn, P.3.Kacenos, C.A.bnsnes, /[.A.KaiikeHoB,
A.A.AilinabaeB, A . K.AiiteimoB, A.M.Illayenos

Bausinue rupouMinyJibCHOIo pa3psiia Ha npouecc odecgeHoIMBaAHUS
NEePBUYHON KAMEHHOYT0JIbHOM CMOJIbI

B cratee ompezeneHo coiepxanue GpeHona U ero MpPOM3BOAHBIX B COCTaBE KaAMEHHOYToJbHON cMonsl TOO
«Capsr Apka Crienkokey». Paspaboran meron ynaneHus (eHoJa U €ro MpOM3BOIHBIX M3 KAMEHHOYTOJIBHOM
CMOJIBI KOKCOXUMHYECKHX Mpomn3BojACcTB LlenTpansHoro Kasaxcrana ¢ MCIOIb30BaHHEM HEPTHH THAPOUM-
ITyJBECHOTO pa3psiia. Jist onpeneneHnss N3MEHEHUs] COCTaBa KAMEHHOYTOJIHOM CMOJIBI MICIIOIB30BANICS Ta30-
BBIIT xpomarorpad Agilent 7890A ¢ macc-cenekTuBHBIM gerekropoM 5975C Inert MSD.
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Assessing the environmental pollution of mining and processing plant

It was established that the process of accumulation of heavy metal ions by biological objects can be described
by mathematical equations. Application of the received mathematical models gives possible to carry out a
prediction regarding the concentration of potential-determining ions, when changing other factors influencing
to the process of binding of heavy metal ions by biological objects. Shown that the plants of Chlorophytum
type are biosensors that can serve as natural indicators of environmental pollution in industrial areas.

Key words: natural indicators, biosensors, pollution, heavy metal ions, absorption, waste water, mathematical
models, plant of Chlorophytum.

Introduction

In mineral processing generate wastes which are suspensions of fine solid particles in water. From the
enrichment plant tails direct hydraulic transport in the pond — a complex hydraulic structure, this is an inte-
gral part of all mining and processing production. In fact this is a new kind of field — man-made.

The tailings are aggregation of the mining industry waste. The volume of accumulated material in them is
estimated in astronomical numbers. They are also the perspective of content and reserves of useful components
compared with mining tailing deposits, which are ore-dressing tailings of ferrous and non-ferrous metals.
Tails — this is waste of mineral processing, in which the content of a valuable component naturally lower than
in the feed, since they are dominated by particles of waste rock. The solid phase of tailings slurry is a mixture
of mineral particles of different sizes — from 3 mm to a fraction of a micron. The composition of the particles
and their density depends on the mineral composition of the rocks included in the host minerals [1].

The waste of ferruginous quartzite has significant adverse influence on the environment. Transportation
of tailings carried by hydro transport with using drainage water. Together with the water in the pond receives
various ingredients presented as silicon (63 %), trivalent iron (35 %) and other elements (titanium, manga-
nese, calcium, phosphorus, potassium, etc.) which are amount 2 % [2].

The main sources of environmental pollution by tailings are waste mine dust emissions of heavy metals
from the mine, which are tailings of storage tail beneficiation. The soil and vegetation contaminated by gross
forms of heavy metals [3].

A significant accumulation of harmful substances in the soil cover leads to lower productivity, a viola-
tion of the normal processes of growth and development of crops, poor hygienic quality of the habitat. Possi-
ble changes in living organisms, leading to disease. Anthropogenic dust getting into the air during the extrac-
tion of ore, blasting operations, drying, sintering ore, quartzite processing by crushing and processing com-
plex, especially when firing pellets at the Pellet Plant, as well as dust blown off the surface of the dumps, dry
tailings beaches and hydraulic dump contains increased number of trace heavy metals such as iron, zinc,
aluminum, nickel, chromium, copper, lead, manganese, etc. A significant number of pollutants released to
the environment from the tailings [4].

Experimental part

Study of the impact of waste water on plants and soil were performed as described [5, 6]. Atomic ab-
sorption analysis of samples for metal ions was performed on a grade of AA-140 company «Variany.

Results and discussion

The objects of study were selected plants and soil containing heavy metal ions M**, where M — Ni*",
Fe*", Pb>". To better study of these systems we used the method of mathematical planning, which includes
the use matrices (Tables 1-3). The basis of taking was 3-factor 4-tier matrix [7].
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Table 1
Scheme of the absorption of heavy metals by root
Wat er Tsoil T Cmet F Croot | Pbroot | Nlroot
pC
Waste water (5 day) — + + 1,655 7,240 0,459
Waste water (2 day) — — + 3,96 6,705 0
Waste water (2 day) + + — 1,435 0 0
Water (5 day) + — — 0 0 0
Table 2
Scheme of the absorption of heavy metals by stem
FeS cm Pbs cm Nis cm
Water Tsoil T Cmet * | ptC | !
Waste water (2 weeks) - + + 4,867 8,060 0,616
Waste water (2 days) — - + 8,740 6,705 0
Waste water (5 days) + + - 2,976 2,620 2,623
Water (5 day) + — - 0 0 0
Table 3
Scheme of the absorption of heavy metals by soil
Water Tsoil T Cme[ Fesoil | Pbsoil | leoil
pC
Waste water (2 weeks) — + + 0,657 5,160 1,321
Waste water (2 days) — — + 0 0 0
Waste water (5 days) + + — 0 0 0
Water (5 day) + — — 0 0 0

As a variable parameters are defined: the temperature (T) in the range of 278-293 K, the metal concen-
tration (CM) 0.1, and the time (1) 5 days, 2 days. Mass of soil was 100 g, the flow of solution containing ions
of heavy metals to water was 50 ml/day. Composition of test solution after water drainage copper ore is giv-
en in Table 4.

Table 4
Composition of test solution after water drainage copper ore
n mg/L
P SO, Cl Mg Ca Fewn Cu Zn H,S0,
2,9 5340 350 180 640 406 235 154 123

This solution was used for the evaluation of pollution the soil and plants by iron ions (II) and cop-
per (II). The source of lead and nickel ions served as a solution obtained after the decomposition of iron ore
tailings (mine Kentobe) containing 0.652 mg/L of nickel, 2.157 mg/L of lead. As the test plants was used
crested plant Chlorophytum (Chlorophytum comosum). Studies have shown that chlorofitum is highly sensi-
tive to water pollution with heavy metals. This differs Bioindicator quick germination of seeds and almost
100 % germination, which significantly reduced in the presence of pollutants. In addition, the roots and
stems of Chlorophytum under the influence of pollutants undergo marked morphological changes (stunting
and distortion of stems, reducing the length and weight of the roots, the appearance in the leaves of cinna-
mon-brown spots).

Based on the change in concentration of heavy metals systems were prepared according to each particu-
lar factor. Then, using a template, performed for each sample rate factor. The best-known method of finding
the optimal parameters — the most of a private function. The processing of the experimental data obtained
by the generalized mathematical equation. The resulting mathematical models allow us to find the value of
the concentration of heavy metals in all defined terms. Thus, the use of mathematical models makes it possi-
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ble to carry out prediction of the concentration of potential-determining ions, when the other factors that af-
fect the binding of heavy metal ions of biological objects. Applied mathematical models for the various sys-
tems shown below (Table 5).

Table 5
Mathematical models for the various systems M — Ni**, Fe**, Pb*"
Object | Function Ve IXIM >
Ni Fe Pb

Cu=/(T) - y=12.1071—107 y=—210°1+3-107
Root |Cyr =£(7) - y=98-10"-1-1.9-107 y=-233-10"-1+1,45-107

Cur =/(Cy) N y=-7210"°-C, +1810° |y=1.10"-C,

Cv=f(T) y==2.0-107-t+3.2-107 |y=8,69-10"-£-8.626-10"* y=199-10"-1-1.99-10"
Stem |Cyp =f(1) y=4.07-107-1-8.15-10% | y=1.78-10"* -t —-3.5-107* y=3.99-10"-1-79-10"

Cor =/ (C) | ¥=12-107-C, +12-10° |y=-521-10"-C, +5.28-10" | y=-1.199-10°-C, +1.19-10°

To assess the adequacy of the response function values obtained experimentally and by calculation
based on the generalized equations of multiple correlation coefficients were calculated [7], which are pre-
sented in Table 6.

Table 6
The correlation coefficients for systems of equations M — Ni**, Fe’*, Pb**
MH+
Object Function N Fe™ Pb*’
R T R T R tR
Cu=f(T) — — 0.99 8659.82 0.97 59.70
Root  |Cu=/() - - 0.94 15.46 0.98 146,35
Cu=7(Ca) N = 0.97 59.70 0.99 8659.82
Cu=f(T) 0.99 8659.82 0.99 8659.82 0.99 8659.82
Stem Cu=f(1) 0.98 146.35 0.99 8659.82 0.97 59.70
Cv=f(Cn) 0.97 59.70 0.98 146.35 0.98 146.35

By analyzing of obtained results it can be concluded that the using of the developed mathematical
models based on probabilistic determined approach is legitimate for these systems. The possibility of using
these equations confirmed the values of the correlation coefficient.

Conclusion

Thus, the accumulation of heavy metal ions by biological objects can be described by mathematical
equations as confirmed by high values of the correlations. It shows that the plants of Chlorophytum type are
biosensors that can serve as natural indicators of environmental pollution in industrial areas.
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II1.K.OmipxaHoBa

Kopmaraﬂ OPTaHbIH TaY-KEH 6aﬁLITy KOMﬁI/IHaTLIHLIH KAJIABIKTAPBIMEH
IKOJIOTUSJIBIK JJAaCTAHYBIHBIH )Kaf‘[laﬁbl

Buonorusiblk  OOBEKTIIEpiHIH ayblp MeTajgap HOHAAPBIH OKMHAKTAy [POLECi, MaTeMaTHKAaJbIK
TEHJCYJICPMEH CHUNATTaly MYMKIHJIr aHBIKTaIAbl. AJIBIHFAaH MAaTEMaTHKAJIBIK MOJEIbIACPAl KONAAHY, ayblp
MeTaJaapblH HOHIapbl OHOJOTHSUIBIK OOBEKTIICPMEH OailllaHBICYBIHBIH HPOILIECIHE dCep CTETiH, KallFaH
(bakTopiap/bH e3repyi Ke3iHae NOTCHIMAN aHBIKTAFbIII HOHHBIH KOHLEHTPAUUSICH! XKOHIHIe GoJnKaMaap bl
KYprisyre MyMKiHOiK Oepeni. XmopoduTyM Typaeri eciMimikTep OHIIpiCTiK alMaKrapiarbl KOpIIaraH
OpTaHBIH JIACTaHYbIHBIH HHIHKATOPHI KbI3METiH aTKapa ajiajibl )koHe OHOCEHCOpIIap GOIaThIHbI aHBIKTAIIIBL

II1.K.AMepxaHoBa

OueHka 3K0JI0rMYeCKOro 3arpsisHeHus okpyskawuei cpeast 'OK

YCTaHOBIEHO, YTO MPOLECC HAKOIUICHUS HOHOB TSDKEJIBIX METAJUIOB OMOJIOTHYECKHMMH OOBEKTAMHU MOXKET
OBITH AJEKBATHO OIIMCAaH MAaTEMAaTHYECKUMM ypaBHEHHSIMHU. [IprMeHEeHue MOJydeHHBIX MaTeMaTHYECKHUX
MoJesnield 1acT BO3MOXKHOCTh IIPOBOJUTE IPOTHO3 OTHOCUTEIHHO KOHLEHTPALUHU MOTECHIHATOONPeIeIIolIe-
r0 MOHA TPU W3MCHCHHH OCTAIBHBIX (DAaKTOPOB, BIMSIOMIMX HA MPOILECC CBS3BIBAHUS HOHOB TSKEIBIX
METaJUIOB  OMOJOrHYecCKUMH OOBbekTamu. [loka3aHo, 4YTO pacTeHHWs poja XJIOPOPHTYM SBILSIFOTCS
OHOCEeHCOpaMU, KOTOPBIE MOTYT CIIY)KUTh €CTECTBCHHBIMU HHIMKATOPAMH 3arps3HEHUN OKPYKAIOUICH CpeIbl
B IIPOMBIIIJICHHBIX paiiOHaX.
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EPR-spectroscopic and quantum-chemical investigations
of the fast protolytic reactions of several alkaloids

Kinetic and thermodynamic experimental parameters for the reactions of protonation of alkaloids by spin
probe 3,6-di-tert-butyl-2-oxyphenoxyl obtained by ESR spectroscopy in a toluene solution are presented.
Values of various physico-chemical data obtained by quantum chemical calculations in the «Gaussian-2009»
for some alkaloids, such as ionization potential, electron affinity and proton affinity have been calculated.

Key words: EPR-spectroscopy, spin probe, 3,6-di-tert.butyl-2-oxyphenoxyl, proton transfer reactions, quan-
tum-chemical investigations, kinetic basicity, alkaloids.

The usage of stable semiquinone free radical 3,6-di-tert.butyl-2-oxyphenoxyl (I) as acid spin probe
(XH) allows to investigate the kinetic basicity of many alkaloids (Y) in liquid organic mediums by
EPR-spectroscopy method. For example, the fast acid-base protolytic interaction between I and thebaine in
toluene solution may be presented with the following working scheme [1]:

OCH; 1 OCH;
+ k, |
OH H;CN k| & 0" Hy;CHN' M

AN
OCH;4 \ OCH;

H -

Here k; and k_; are the elementary rate constants of direct and reverse protonation reactions in studied
system.

Temperature, K: a — 310; b — 270; ¢ — 250; d — 230

Figure 1. The dynamic EPR-spectra of toluene solution
of protolytic acid-base system I — tebaine at different temperatures
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The EPR spectra of spin probe I present as triplet of doublet with hyperfine splitting (hfs) constants
equal ag = 0.392 mT for 2 magnetic equivalent benzene ring protons and ay = 0.162 mT for hydroxyl proton
(see fig. 1a). Figure 1c illustrates proton lost process for spin probe I and formed semiquinone anion-radical
has EPR spectra as simple triplet with hfs equal ay = 0.162 mT. The figure 15 shows the alternating
linewidth effect in EPR spectra of acid-base system I — tebaine, connected with kinetic of the fast reversible
proton transfer reaction (1) [2]. This effect described by modified theory of F.Bloch for spin relaxation in
chemical systems and may be used for determination of the rate constants k; and k&, of protolytic reac-
tion (1). On the table 1 physicochemical experimental data for protonation reactions of alkaloids (1), ob-
tained by EPR spectroscopic method are presented.

Table 1

Kinetic and thermodynamic parameters of the fast proton transfer reactions between I and several alkaloids

K, (293 AH£3,0 | 593K | E 60 | k,(293K) | E;£3,0

Base Solvent l/fnol : kJ/mol lfmol'c : kJ/mol (c’l : kJ/mol
Triethylamine Toluene 9.7 37.7 7.7-10° 10.5 8.7-10 48.2
Thebaine Toluene 1.8 25.3 5.4-10°% 16.8 3.0-10° 422
Pseudoephedrine Toluene 11.3 8.2 1.8-10° 28.0 1.5-10° 36.2
Triethylamine THF 6.6 28.0 3.6:10° 18.4 5.5-10 46.0
Atropine THF 9.6 33.0 7.5:10° 2.5 3.7-10 85.5
Quinine THF 26.3 26.7 1.7-10° 32.2 6.3-10° 58.9

As is generally known, the intermolecular proton transfer (IPT) reaction in acid-base system with hy-
drogen bonds run in accordance with the scheme:

/\' - + (2)

XH + Y < XH...Y <= X...HY
A B C

Here are: B — intermolecular molecular complex with hydrogen bond (MCHB) and C — reactions
product, salt or ion pair — ionic complex with hydrogen bond (ICHB). It should be noticed that presented on
figure 1 EPR spectra show the molecular dynamic A ==C (see schemes 1 and 2) [3].

Comparison of the experimental values of equilibrium constants (K,) and enthalpies (AH) for protolytic
reaction (1) of triethylamine an thebaine, presented in table 1, demonstrate the dependence of these physico-
chemical parameters from ionization constants of investigated bases [4]. Relatively low strength of ionic pare
(ICHB) of 3,6-di-tert.butylsemiquinone anion-radical with thebainium cation bring to loosening this salt by
molecules of solvent tetrahydrofurane (THF). The strong solvation decrease rates of acid-base reaction (1) in
THF medium, but THF — molecules cannot separate the contact ionic pare of semiquinone anion-radical
with triethylammomium cation.

The superposition of EPR spectra on figure 1d shows that thebaine form 2 types ionic pare with spin
probe I at low temperatures in toluene medium. Simple triplet with hfs constant from 2 magnetic equivalent
protons ay = 0.335 mT belongs to ionic pare with the fast intramolecular transition of ammonium cation be-
tween oxygen atoms of 3,6-di-tert.butylsemiquinone anion-radical. This EPR spectra is similar to spectra
presented on figure lc. The next low-temperature EPR spectra is doublet of doublet with hfs constants
ay=0.30 and ay = 0.37 mT. The disappearance of the magnetic equivalence of 2 benzenes ring protons of
3,6-di-tert.butylsemiquinone anion-radical indicates on absence of fast tautomerism in this ionic pare with
specific structural geometry.

But our EPR-investigations showed that for formation of salt C base Y have to the appropriate ioniza-
tion potential (IP). For example: the stable paramagnetic H-acid semiquinone radical 3,6-di-tert.butyl-2-
oxyphenoxyl (I) form only MCHB with very strong proton-acceptor as hexametapol. The ionic pair C or
ICHB generates by addition of donors of electron: alkaline metals, amines to I — hexametapol mixture. On
the basis of available data and acid-base theory of M.I.Usanovitch the next alternative scheme of the proton
transfer reaction may be suggested [5-7]:
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¢ B

= +
XH +Y == XH...Y = XF... Y= X...HY 3)

A B B C

In accordance with this scheme (3) the quantum transfer of electron from bases molecule to acid pro-
vokes fast decoupling and transfer of hydrogen atom and formation of ICHB C.

The values of different physicochemical data, obtained by quantum chemical calculations with pro-
grams packet of «Gaussian-2009» are presented in table 2 [8—10].

Table 2
The physicochemical data of several alkaloids
obtained by quantum chemical calculation with UHF 3-21G method

. Ionization Electron Proton

Alkaloids Molecular structure potential, eV affinity, eV | affinity, eV

1 3 4 5

Thebaine 5,8430 1,5280 11,0949
Morphine 5,9673 2,4389 11,3813
Heroin 5,8720 1,3767 10,9469
Atropine 5,8614 1,9745 10,9958
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1 2 3 4 5
I
Cocaine 5,9850 0,9391 10,7010
. N
Ephedrine N 6,0997 2,6516 11,1359
HO
CHs
H3C\
Pseudoephe-drine ” 6,0465 2,6368 11,1135
HO
N2
o va 10,9033 (N1)
Nicotine \ 6,0730 2,2490 10,7764 (N2)
N=—
(D
HsC

10,6665 (N1)

ANE)
D
Tetrahydro-nicotine @\\\“ 5,4015 3,5282 11,3851 (N2)
N(D
. _ \\O 10,7980 (N1)
Anabasine ND) 6,4674 21728 10,6864 (N2)
AN
N
(1)
H o
1
Cytisine v 6,3451 14274 | 87136 (ND)
, ; 10,4824 (N2)
H
Lupinin 5,3819 52183 11,2183
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1

11,2935 (N1)

5,9042 0,9696 11,5659 (N2)

Quinine

If the experimental values of ionization potentials for alkaline metals are equal 3—5 eV and for small
molecules of water 12.6 ¢V, ammonia 10.0 eV, then the calculated values of adiabatic IP for contained in
table 2 big molecules of alkaloids change in range 5—6 eV [4]. It is very interesting that narcotic molecules of
morphine and heroin have appropriate equal values of adiabatic IP as a molecule of thebaine. Analogous ef-
fect be observed for narcotic cocaine and similar molecules of atropine.
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A.C.Macaiiumos, O.M.EpranueBa, C.H.Hukonbsckuii, E.A.Pansuenko, A.A.Typ

Keii0ip ankanouarapaarsl NpoToHAAHY peakuusijiapbiH JIIP-criekTpocKoONusIbIK
JKOHE KBAHTTBIKXMMUSUIBIK 3epTTey

Tonyon epitinainepinaeri DIIP-ciekTpockonust d9/iCi apKbUIbl aJIBIHFAH CIHHAIK 30HA 3,6-mu-yur. OyTui-2-
OKCH()CHOKCWIIMEH ~JIKaJIOMATAp/bIH NPOTOHAAHY DEAKIMSIAPbIHBIH KHHETHKAJIBIK JKOHE TEPMOAMHA-
MHKaJIBIK TKipuOenik emmemaepi kepceriiren. Keiibip amkamouarap YIUiH HHOHOAaHY MHOTCHIIMAIIBI,
JNIEKTPOHFA JKAKBIH/IBIFBI JKOHE MPOTOHFA MKAFBIHABIFBI TOPi3ai op Typui (QU3UKa-XUMUSIIBIK KaCHETTepiHiH
KBaHTTHIKXUMISUTBIK Mo iepi «Gaussian-2009» GarmapiiaMachbIHIa eCenTem .
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A.C.Macaiiumos, O.M.Epranuesa, C.H.Hukonbsckuii, E.A.Pansuenko, A.A.Typ

IIIP-cneKTpoCcKONMYecKNne 1 KBAHTOBO-XUMHYECKHE MCCJIeI0OBAHMS
OBICTPBIX NPOTOJIMTHYECKHUX PEaKINH HEKOTOPBIX AJIKAJIOHI0B

IIpencraBieHbl KHHETHYECKUE U TEPMOIMHAMIYECKUE HKCIICPUMEHTAIBHEIE ITApaMETPhI AT PEaKIHil IPOTo-
HHUPOBAHUS ANKAIOUAOB CIMHOBBIM 30HIOM 3,6-IU-TpeT-0yTrii-2-0KCH(EHOKCUIIOM, MOTyYeHHBIE METOI0M
OIIP-creKTpOCKOIMM B PACTBOPE TOJIYyoJa. [l HEKOTOPBIX AJIKAJIOMAOB KBAHTOBOXHMHYECKH PACCUUTAHBI
3Ha4YEHUs PA3IUYHBIX QU3NKO-XMMHYECKUX JAHHbIX, TAKHE KAaK IOTEHIMAl HOHU3ALUH, CPOACTBO K 3JIEKTPO-
HY ¥ CPOJACTBO K IPOTOHY, MOJIy4eHHbIE B Iporpamme «Gaussian-2009».

Ceenennst 00 aBTopax

MacaaumoB Aodaii CaGup:xaHoOBHY — 3aBeyIONH Kadenpoil pu3ndeckoil 1 aHaTUTHIECKON XUMUHU
JTOKTOp XMMUYECKHX Hayk, npodeccop, KaparanauHckuii rocyaapcTBEeHHBIN YHUBEPCUTET HMEHHU aKaJIeMHU-
ka E.A.bykeroBa.

Epranuesa Juasmupa Myp3abaeBHa — MarucTpanT Kadeapsl GU3NIECKON U aHATTUTUIECKON XUMHUH,
Kaparangunckuil rocynapcTBeHHBIN yHUBEpCUTET NMeHH akaneMuka E.A bykerosa.

Huxoanckmii Cepreii HukosaeBuu — npodeccop kadenpbl GU3MUSCKON M aHATUTHYCCKON XUMHUH
JNOKTOp XMMHYECKUX HayK, KaparaHguHCKuUH TIOCyZapCTBEHHBI YHUBEPCUTET HMEHHM aKaJleMHKa
E.A.Bykeroga.
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EPR-spectroscopy of the fast proton exchange reactions in solutions

Kinetic parameters of the fast intermolecular proton exchange reactions between radical 3,6-di-tert.butyl-2-
oxyphenoxyl and different H-acids in toluene solutions obtained by ESR spectroscopy method are presented.
NH-acids have more protolytic reactivity than carboxylic acids. Values of various physico-chemical proper-
ties for some H-acids, such as ionization potential, electron affinity, proton affinity and energy of
deprotonation were obtained by quantum chemical calculations in the program «Gaussian-2009».

Key words: EPR-spectroscopy, semiquinone radicals, H-acids, proton exchange reactions, quantum-chemical
investigations.

The stable semiquinone radicals were used as acid spin probes (XH) for EPR-spectroscopic determina-
tion of the rate constants of fast intermolecular proton transfer (IPT) and exchange (IPE) reactions in solu-
tions [1]. For example, stable semiquinone radicals: 3,6-di-tert.butyl-2-oxyphenoxyl (I), 4,6-di-tert.butyl-3-
clorine-2-oxyphenoxyl (II) and 4-triphenylmethyl-6-tert.butyl-3-clorine-2-oxyphenoxyl (III) generated by

mixture corresponding to orthoquinone and pyrocatecol in EPR glass-tube, containing organic solution of
investigated chemical systems [2, 3].

M

OH >< OH PhyC OH

a cl

H :+ is tert.butyl grou
I I M cre ylgroup

It is necessary to say that the high intramolecular mobility of hydroxyl hydrogens atom in semiquinone
radicals I — III determine nanosecond homolytic tautomerism. Therefore radicals I — III have property of the
dual protolytic reactivity. With a glance of tautomerism the general scheme of intermolecular proton transfer
reactions for spin semiquinone probes represents as:

A B

| XM r OH...Y (\ 0..HY
+Y a—
>< o \j ><| Zo-
cl

C1

n “ @)
Ow; f/jw= W/"}

A\ B\ C\
Here: Y is the molecule of proton-acceptor, for example, tertiary amine
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If for spin probe I intramolecular tautomerism A < A’ will be degenerate process, but in stable radicals
II and III it has nongenerate character, since oxyphenoxyls have the different structure of isomers. Each path
of this two-channel protolytic reaction (2) may be describe by known scheme [2]:

+
X...HY 3)
A B C

XH + Y s=—= XH...Y

The each channel of IPE-reaction for spin probes I — III with different organic OH- and NH-acids (YH)
go according to following scheme [3]:

OE/*\I
-<

,Y <= XH + YH

A, 4
}K B,
' ﬁ

XH + YH ==

/<\\
\

|
w :é;><\1

C.

Here: asterisk denote the acids proton with another orientation of spin

The figure 1 illustrate typical changes of dynamic EPR-spectra corresponding to different intermolecular
proton exchange fast reactions in organic acid-base systems, containing, for example, solution of spin probe I
and various carbon acids, alcohols, primary and secondary amines, alkaloids and another H-acids [2—4].

370K

310K

255K

-

|05 H ol

Figure 1. The dynamic EPR-spectra of acid-base system: I — anabasine in toluene medium

The EPR spectra of toluene solution of pure spin probe I presents triplet of doublets, with splitting con-
stant ay = 0.392 mT from hyperfine interaction on unpaired electron with two magnet-equivalent benzene

ring protons and each component of this triplet split to doublet of hydroxyl proton of I with a}" =0.162 mT.
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The computation of kinetic parameters like this fast IPE reactions in liquids was made in accordance
with modified F.Bloch equations for several magnetic resonance line broadening effects, connecting with
chemical protons spin exchange processes [1].

b2

~OH ~0H \?2
V”:YZEL\/HE 1_(“1&1} . ®)
ay

Simulation of dynamic EPR spectra was made by the use of fortran program of N.Hirota, adapted for
our IPE-reactionary system (2)—(4) [1, 5]. It should be said that short-lived intermediates of [PE-reaction B,
B, and C, C, do not appear and dynamic EPR spectra (see figure 1) contains summarized kinetic information
about two-channel IPE-reaction (4).

Table 1

Kinetic parameters of the fast IPE-reactions between radical I and different H-acids in toluene solutions

. kex (293 K E,

H-acid 1/(mol's : kJ/mol P,
Formic (4,5+0,2)10’ 7,1+0,3 3,75
Acetic (5,1 £0,7)10’ 13,440,4 4,75
Succinic (8,4+0,510° 11,1+0,6 421
Abietic (2,2+0,1y10° 7,7+0,3 —
Diethylamine (3,1+0,7)y10° 4,0+0,4 10,93
Diocthylamine (2,3+0,1)10° 3,7+0,5 11,01
Ethylenediamine (6,8+0,1y10° 10,4+0,2 —
Hexamethylenediamine (7,2 + 0,1)‘109 8,7+0,9 —
Ephedrine (3,7+0,2)10° 2,340,5 —
Pseudoephedrine (4,6+0,2) 10® 26,0+0,5 —
Anabasine (8,7+0,1)10° 5,3+0,3

EPR-spectroscopic kinetic data represented in table 1 show that NH-acids have more protolytic reactivi-
ty than carboxylic acids. For explanation of this kinetic effect we have studied several physicochemical
properties of known molecules presented in table 2 by ab-initio method contained in quantum chemical pro-
grams packet «Gaussian-2009» [6—11].

Table 2
The physicochemical properties of different simple acids and bases, obtained by UHF 3-21G ab-initio method

H-acids —IP, eV -EA, eV PA, eV -DPE, eV
HOH 10,2881 5,8816 8,3070 19,5200
CH;0H 9,0160 8,8956 18,3197
CH,0H 7,0663 2,4965 8,3747 17,4008
CH;CH,OH 8,7268 9,0871 18,1611
CH,CH,0H 8,0106 2,1823 9,1255 18,1082
CH;CH,CH,OH 8,6453 9,1468 18,0965
CH,CH,CH,0H 7,8003 2,4527 9,1064 17,9920
HCOOH 9,4855 2,6624 7,5833 16,2066
CH;COOH 8,8767 2,7611 8,1016 16,3585
CF;COOH 10,3745 0,9973 6,9294 15,0084
CC1;COOH 12,0497 14,6575
HCl 11,8418 4,9062 14,0372
HNO; 10,2874 -0,3313 7,2328 14,7820
H;PO, 8,1912 1,7598 8,0519 15,3807
H,SO, 7,3467 14,1206
NH; 8,0530 6,5410 9,8411 20,0334
CH;NH, 7,2285 6,3192 10,2776 19,4600
(CH3),NH 6,6263 10,5609 18,9794
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For calculation of indicated physicochemical data known formulas were used, for example: the value of
ionization potential of molecule (IP) is equal to
IP=Ey —Ey’, (6)
where Ey; — molecules’ total energy; Ey~ — total energy of correspondent cation of this molecule. The val-
ue of proton affinity (PA) is equal to:
PA=Ey—Ewy'. (7)
Here: Eyy' — total quantum-chemical energy of protonated molecule. Electron affinity (EA) presented
with the following expression:

EA = EM - EM_. (8)
The energy of deprotonation (DPE) of H-acid molecules (MH) is equal to:
DPE = Ey— Eu . €))

It seems from scheme (4) that the fast IPE reaction is the cooperative concerted process going in four-
centered cyclic complex with 2 hydrogen bonds. It is naturally to suppose that molecular dynamic in hydro-
gen bridge with more strong acid-base pair will be determine the value of common rate of the fast IPE reac-
tion in liquid medium. For example in case of mixture I — secondary amine the strength of hydrogen bridge
OH...N higher than in acid-base system I — OH-acids and the first tunneling of acid proton inside
OH...N-bridge involves next return the proton of conjugate acid to more slow second acid-center. The calcu-
lated data presented in table 2 show that the proton-acceptor ability of basic molecules depends on values of
ionization potentials: the lowest value of IP the more value of PA of bases [10].

The amino-alcohol ephedrine exchange in IPE-reaction its NH-proton and produce ionic pair C; on
cooling reactive mixture. The ionic pair C generate in reactions radical I with more stronger H-acids. The
difference between kinetic values for alkaloids ephedrine and pseudoephedrine may be explained with avail-
ability of intramolecular hydrogen bond in threo-isomer of 1-phenyl-2-methylaminoproranol-1. The necessi-
ty of destruction this hydrogen bond bring to increasing activation energy and decreasing the rate constant of
IPE reaction for pseudoephedrine in regard to ephedrine. The values of experimental by EPR derived kinetic
data for irreversible IPT-reaction between spin probe I and pseudoephedrine were obtained: k;(293K) =
=1.810” I/molc, E, = 28,0 kJ/mol.

K
- +
XH + Y === X...HY (10)
A Kk, C

Figure 2. Ab-initio (3—21G)-structure of pseudoephedrine molecule with intramolecular hydrogen bond

Due to the presence of intramolecular hydrogen bond pseudoephedrine molecule may be display the na-
ture of tertiary amines i.e. realize fast irreversible reaction of proton transfer according to schemes (2) and (3).

Alkaloid anabasine has two basic centers, but in protolityc reaction only morpholinyl substituent with
NH-group participates. The dynamic EPR spectra of fast IPE reaction between spin probe I and anabasine
shown in figure 1. Under cooling of reactionary system form the contact ionic pair with hyperfine splitting
on nitrogen’s atom of ammonium cation.
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A.C.Macanmumos, A.®.Kypmanosa, C.H.Hukonbckuii, A.Y.Ocnanos, A.A.Typ

Epitinainepaeri :xxblL11aM NpoToH ajaMacy peakuusjiapbinbiH JIIP-cnekTpockonusicol

OITP-crieKTpoCKONHsl 97ici apKbUIbI AJIBIHFAH TOJYOJ epiTiHAIepiHAeri op Typii H-KbIIKbUIIAPBIHBIH
3,6-1u-yur. 0y THI-2-0KCH(CHOKCHI PauKaIbIMEH MOJICKYJIaapaiblK KbUIAaM IIPOTOH ajMacy peakLusapbl-
HBIH KHHETHKAIIBIK eJemMaepi kepceriiireH. KapOoH KbIIKbULIAPBIMEH CanbICThipFaHaa NH-KbIIIKbUIIAPbI
JKOFaphl MIPOTOHAAHY PEaKIMsIIBIK KaOUIEeTTUIITiHE He eKeHiri kepceriireH. «Gaussian-2009» Garmnapiama-
ChIH/Ia KBAaHTTBIKXUMHSJIBIK €cenTeysep KeMeriMeH Keibip H-KplKpUIap YLIiH WHOHAAHY IOTCHIHAIbI,
JNIEKTPOHFA JKAKBIH/IBIFbI, IPOTOHFA XKAFBIHABIFBI )KOHE JEPOTOHIAHY YHEPTHSCH TOPi3Ai ap Typ:i ¢usnka-
XUMHSUIBIK KACHSTTePiHiH MOH/EPi allbIH/IbL.

A.C.Macanmumos, A.®.Kypmanosa, C.H.Huxonbckuii, A.Y.Ocnanos, A.A.Typ

IIIP-ciekTpocKonus ObICTPBIX PeaKuMii IPOTOHHOr0 00MEeHa B pacTBOpPax

IIpencraBneHsl KHHETHYECKHE TTAPAMETPhI OBICTPBIX MEKMOJIEKYIISIPHBIX PEAKIH TIPOTOHHOTO OOMEHA MEK-
Iy pagukanoM 3,6-1u-TpeT. OyTHi-2-0KCH(EHOKCHIOM M pa3In4HbIMH H-KnciiotamMu B pacTBope TOIyona,
noxydeHHsle MeronoM DIIP-criekrpockonmu. IToka3ano, yro NH-KHCIOTB HMEIOT OOJBIIYIO MPOTOIHTHYE-
CKYIO PEaKIMOHHYIO CIIOCOOHOCTH, YeM KapOOHOBBIE KHCIOTHL B mporpamme «Gaussian-2009» ¢ moMoIsio
KBAaHTOBOXMMHYECKHX PACUETOB MOIyUECHBI 3HAYCHHS PA3INIHBIX (DH3HKO-XUMHUIECKHX CBOMCTB JUIS HEKOTO-
pbIx H-kucnot, Takux Kak MOTEHIHan HOHM3AIMH, CPOJCTBO K 3NEKTPOHY, CPOACTBO K NMPOTOHY M SHEPIUsSA
JETPOTOHUPOBAHHUSL.

Ceenennst 00 aBTopax

MacaaumoB A6aii CaOup:kaHOBHY — 3aBeNyIomunid Kadenpoll (U3MIECKON M aHAMTHIECKOH XUMUH
JOKTOp XMMHUYEKHX Hayk, mpodeccop, KaparaHmuHCKuH rocyqapcTBEHHBIH YHHUBEPCHTET WMEHH aKaJeMuKa
E.A.bykeroga.

KypmanoBa Anbgua ®@apuaoBHa — noueHT Kadeapsl GuU3NUECKON W aHATUTUUYECKOW XMMUH, KaH-
TUIaT XUMHYECKHX Hayk, KaparaHaMHCKMH TrOCyAapCTBEHHBIH YHHMBEPCUTET HMEHHM aKaJeMHKa
E.A.Bykeroga.

Huxoanckmii Cepreii HukosaeBuu — npodeccop kadenpbl GU3MUSCKON M aHATUTHYCCKON XUMHUH
JNOKTOp XHMHMYECKMX HaykK, KaparaHAMHCKMH TOCYJapCTBEHHBI YHUBEPCHUTET HMEHH aKaJeMHuKa
E.A.Bykeroga.

OcnaHoB AcjaHOek YaauxaHOBHY — MarucTpadT Kadeapbl PU3NIECKON 1 aHATUTHICCKON XUMUH,
Kaparanaunckuil rocynapcTBeHHBIN yHUBEpCUTET NMeHH akaneMuka E.A bykerosa.
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Typ Anexceii AlekcaHAPOBHY — JOKTOPaHT Kadeapsl GU3NUECKON U aHATMTHYeCKOi xumuu, Kapa-
TaHAWHCKWN TOCYyTapCTBEHHBIN YHUBEPCUTET MMEHH akagemuka E.A.bykeTona.
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Juarpamma penokc-norenuuan — pH cucremsr Cu—-S-H,0
B CTAHIAPTHBIX YCJIOBHSAX

B craTthe TeopeTHueCKH HCClEI0BaHA U TIOCTPOEHa OoJee MoJHasl, YeM M3BECTHAs B IMTEpaType, AuarpaMma
E—pH cucremsr Cu—S-H,0 B craHmapTHEIX yCIOBHSX, ONpPEAENeHb! 00JIaCTH CTa0WIBHOTO CYIIECTBOBAHUS,
YCJIOBHS B3aMOIPEBpANIeHIH CYIbGHI0B 1 OKCHIOB Meau. BriepBrle ycTaHOBIEHO 00pa3oBaHUE B CUCTEME
cymspuna Cu;S,. Menp, ero cynbGuIsl 1 OKCHABI PACIIONIOKEHBI B PSI{ 10 YOBIBAHUIO UX BOCCTAHOBUTEINb-
HBIX cBoiicTB. [TokazaHo, 4TO CyIB(UIBI MEIM MOTYT PACIIOaraTthCs B 00IACTH THIPOTCPMAITEHOTO PYH000-
pa3oBaHusL.

Knioueswie cnosa: cucrema, pefpoke-norenuuai, pH, meas, cepa, Boaa, CyIbQUIbI, OKCHIBL.

TepMoAHAMUYECKYIO YCTOWYHBOCTD IEKTPOXUMUYECKUX CHCTEM B BOJHBIX CpellaX yIO0OHO XapakTe-
pHU30BaTh HA OCHOBE JAWArpaMMbl MOTEHIHAT (aKTUBHOCTh 3JIEKTPOHA) — OTPHULIATENbHBIN JIoTapu(pM aKTHB-
HOCTH BOJOPOJHBIX HOHOB (aKTMBHOCTbH IpoToHa H') — nuarpammel E—pH, mosyuuBiieil Ha3BaHue aua-
rpammer [Typ6a3.

Huarpamma I[Typ0O> MOXET CIyKHUTh XHMHKO-TEPMOJNHAMHYECKOW OCHOBOHM IPH PEIICHUH BOIIPOCOB
YCTOHYMBOCTH TOTO WJIM UHOTO COCTOSTHUSI CHCTEMBI 1 BO3MOXKHOCTH MTPOTEKAHUS KaKoi-1100 peaknuu. Ero,
B YaCTHOCTH, MOXKHO TIOJB30BAThCS MPU PACCMOTPEHUH BOMPOCOB (CaMOIPOM3BOIBHOTO WM aHOJHOTO)
OKHCIJICHUS METAJUIOB.

UT0oOBI MOHATH IPUYHHBI OTJIOKEHUS CYJIb(OHUIOB B MIPUPOJIE, a TAKIKE YCIOBUS 00pa30BaHMs UX B pas-
JIUYHBIX TUAPOXUMUYECKUX W THAPOMETAILTYPTHUECKUX TEXHOJOTHYECKHX IMPOIeccax, HEOOXOANMO BHISC-
HUTH MTOBEJICHUE METAIUIOB M CEpPhl B BOAHBIX pacTBopax. [lomydyaemas mpu 3ToM nH(OpMAITUS MOXKET OBITh
0CcOOEHHO TOJIE3HON U IIEHHOU MpPHU MPOBEACHUH IEJICHAIIPABICHHOTO THAPOXHMUYECKOT0 CHHTE3a CYIb(H-
JIOB, TaK KaK OHA MO3BOJISIET PACIIUPHUTH MPEACTABICHUE O CYIb(OUIHBIX (Pa30BBIX PABHOBECHIX U 00CCIICUU-
BaeT 0a3y JJIsS BBIPAIIUBAHUS MOHOKPHUCTAJUIOB, KOTOPBIC MOKHO HCIIOJB30BaTh JJIS ONPEICIICHUS CTPYK-
TYPHBIX TAPaMETPOB ¥ (PUZNKO-XUMUIECKUX CBOUCTB CYIb(MHUIOB.

Huarpamma IlypO> mo3BOJISIET OLIEHUTHh TEPMOJIMHAMHYECKH BEPOSTHOE TOBEJCHUE XUMHYECKHUX dIie-
MEHTOB, YCTAaHOBUTH MPECIbl IOTSHINAIOB ¥ pH, BHYTPU KOTOPBIX TaHHOE COSAMHCHUE DIIEMEHTA JIOJKHO
OBITh YCTOHYUBBIM, BBISICHUTH XHMHUYECKYIO TPUPOJY MPOAYKTOB OKUCIICHHS, HAXOMSAIIUXCS B KOHTAKTE C
COeIMHEHNEM (AIIEMEHTOM) TIPY JaHHBIX 3HaYeHMX moTeHimanoB u pH. Kpome Ttoro, oHa naer ykazaHus Ha
TO, 32 CYET KaKOW PEeaKI[Mi — BBIJICIICHUS BOJOPO/Ia WM BOCCTAHOBICHUS KUCIOPOAa — HJIET PACTBOPEHUE
BEILIECTBA.

B mactosmmelt pabote TeopeTHUECKH HCCIIeoOBaHO B3anMompeBpameHue B cucreme Cu—S—H,O mpu
cranaptHeiX ycioBusax (7=298,15 K u Py, = 101,3 klla) B 3aBUCUMOCTH OT pelokc-moTeHnuana (£) u
pH. M3yueHne Gu3nKo-XxMMHUYECKUX YCIOBUN 00pa30BaHus Cylb(MUIO0B MEIU B BOJHON Cpejie PEeACTaBIsSeT
OOJIBITION TEOPETUUIECKUN M TMPAKTHUSCKHA WHTEpec. JTa CHUCTeMa HCcliefoBaiiach W paHee. Hampuwmep,
B [1-4] noka3aHo o0pa3oBaHue TONBKO ABYX cynbhumor: Cu,S u CuS.
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Mexny teM B cucteme Cu—S, xpome xanbko3uHa Cu,S u koBemnuHa CuS, u3BecTHHI [5] U Apyrue
cynbduasl: mxapieuT CuseSys-III (Cuy 66S), nurenut CugSs-111 u annnur Cu;S,.
s moctpoenus auarpammbl E—pH ucnonb3oBanbl Bee cynbduanl (kpome CuyeS,s) u okcuasl (Cu,O,

CUO) MECIH, BOOHBIC MOHBI: Cu+(B), Cuﬂ(B), HCUO;;}) , Cuog(_s) , HSf(B), 8227(3), HSO47(B), 80274(3) )54 HQS(B), ux

CTaHJIapTHbIE TEPMOJUHAMUYECKHUE JIaHHbIE (AGozgg, %05 1 AH® 208) JUTSI pacdeTa AG;’98 ,» B3SITBIC U3 H3BECT-

HBIX TEPMOAMHAMHYECKHX CIIPAaBOYHHKOB, a TAKXKE MOJTYUYCHHBIC TyTEM CPaBHHUTEILHOTO U MPUOIMKEHHOTO
METOJOB pacuera, U METOJIMKa, onucaHHas B [1].

OO6bryHO ArarpaMMbl E—pH cTposT mjs deTsipex 3HaYeHWH aKTHBHOCTH MOHOB, OTIMYAIOIINXCS IPYT
oT apyra Ha aBa mopsika: 10°, 107, 10 1 10° mons/1. B nanHo#t paGoTe aKTHBHOCTD TBEPABIX (KPHCTAILTH-
YEeCKHUX) COCAMHEHHH W YUCTBHIX KUIKOCTEH MpHUHATA PaBHOM equHuUIE. B TeX ypaBHEHUSIX OKHCIMTEIBHO-
BOCCTAaHOBUTEIBHBIX MPOLECCOB, TJE cepa y4yacTBYeT B TOW MJIM MHOM BOJOPAcTBOPUMOI (opMme, ee aKTHB-
HOCTH (KOHILICHTpALHS) IPHHSTA paBHOH 10~ Monb/n1. Takast BeIM4YMHA BHIOPAHA B CBSI3H C TEM, YTO OHA IIPH-
ONMM3UTEIBHO COOTBETCTBYET aKTUBHOCTH H,S B pacTBope, HACHIIICHHOM WM NPH CTaHAAPTHBIX YCIOBHSIX.
AKTHBHOCTb ME/IbCOIEPKAIINX HOHOB TPUHATA paBHO# 10 ° Monb/1. [Ipu paBHOBECHON aKTHBHOCTH MOHOB
3JIEMEHTa B pacTBOpe, paBHOil 10°® MONB/T 1 MeHee, ero MOXKHO CUMTATh YCTOHUMBBIM K OKHCIICHHIO.

Jns onpeneneHust COCTOSHUS YCTOWYMBOCTH KOHIEHCHPOBAHHBIX (Da3 COCTABISIIM BCE ypaBHEHHS pe-
aKIUii MX 00pa30BaHUs U3 OJHHX U TEX € UCXOTHBIX BEIIECTB C YUETOM BceX KOMOWHALWK M mepecTaHo-
BOK, 3aT€M YCTaHABIIMBAJH METACTaOMIbHBIE PEaKUWMH W Ha JUarpaMMy HAHOCWIIM JIMHUHM 3aBHCHMOCTH
E—pH, cooTBercTBytonme CTaOMIBHBIM paBHOBecHSM. CTaOMIILHOCTh WM METAcTaOWILHOCTh OKCPE/-
peakuii orpeaensiach B HalpaBJICHUU OKUCIICHHS OT HW)KHEH YacTu AuarpamMMsbl K BepxHeil. Bee Beramcie-
HUS 3IEeKTpoAHOro noreHuuana (£) nposenenst npu 7=298,15 Ku P =101,3 klla oOmero naBneHus.

YpaBHEHUS OKCpeA-peakimii, ocymiecTBIsieMbIX B cucreMe Cu—S—H,O, 3aBHCHMOCTH OKCpPEI-TIOTCH-
nuana £ ot pH cpefipl, akTHBHOCTh HOHOB M BOJIOPACTBOPHMBIX MOJIEKYJI CEPhI, HOHOB Me/IM, 3HaueHus 1gK,
u pH npezacrasnens! B Tabnune 1, a nuarpamma E—pH — Ha pucynke. Ha nuarpamme rpaHuiisl MeXIy Ho-
JSIMH  CTaOMIIBHOCTU TBEPABIX (a3 0003HAYCHBI CIUIONIHBIMH JIMHHSMH, PACTBOPEHHBIX KOMIIOHEHTOB —
MyHKTHPHBIMUA. HoMmepa nuHMI Ha AMarpaMMe COOTBETCTBYIOT HOMEpaM YpPaBHEHHH PaBHOBECHBIX XHMHUYE-
CKHX MPOIIECCOB U 3aBHcUMOCTH E—pH.

Tabnuma 1

Bo3Mo:KHbIE OKMC/IHTEIBLHO-BOCCTAHOBHTEIbLHbIE peakuu B cucteme Cu-S-H,O
U UX 3JIeKTPOAHbIE MOTEHIHAIbI B CTAHIAPTHBIX YCJI0BHUAX (Pys,y, = 101,3 kIla, 7= 298,15 K)

Ne AGly, » YpaBHeHHE pPeOKC-TIOTCHINATA pH B3auMoeiicTRHS:
peak- YpaBHEeHHUE peaKun oIS E=Ey+ (0,05916/n)x1g([Ox]/[Red]), B; aKTHBHOCTS [], MOITH /;'I
UH MOTIB 3HadeHue 1gK,
1 2 3 4 5
1 2Cu+H,S, = 58,0 —0,300-0,0592pH-0,02961g[H,S] [HS]=10"
2Cu,S+2H;, +2¢
2 |9Cu+5H,S, = —254,0 —0,263-0,0592pH-0,02961g[H,S]
= Cu,S, +10H 3 +10e”
3 |7Cu+4H,S, = —204,0 —0,264-0,0592pH-0,02961g[H,S]
=Cu,S, +8H;, +8¢”
4 |Cu+H,S, = 21,6 —-0,112-0,0592pH-0,02961g[H,S]
2CuS+2H;, +2¢
5 [2Cu+HS, = 97,9 —0,508-0,0296pH—-0,02961g[HS] [HS1=10"
=Cu,S+H, +2e
6 |2Cu+8% 2Cu,S+2¢ -177.8 —0,921-0,02961g[S" | [S*]1=10"
7 |2Cu,S+H,S, = 13,9 0,072-0,0592pH-0,02961g[H,S]
=2Cu,S; +2H,, +2e”
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é 7Cu S+st(2) —23,1 -0,01 1—0,0592p?{—0,0296lg[H28] :
<2Cu,S, +2Hg, +2e”
9 |Cu,S+H,S,* 14,8 0,077-0,0592pH-0,02961g[H,S] [HS]=10"
=2CuS+ 2H y+2e”
10 [7¢Cu,S+H S(B) 42,1 —0,218-0,0296pH—0,02961g[H,S]
=2Cu,S, + H ,+2e
11 [7Cu,S+H sz) > -122,0 —0,632-0,02961g[S” ] [S*1=10"
=2Cu,S, +2e
12 |7Cu,S, +3H,S,, 52,9 0,091-0,0592pH-0,02961g[H,S]
=7CuS+6H, + 6e
13 | Cu,S, +3HS, = —67,0 -0,116-0,0296pH-0,02961g[HS ]
<7CuS+3H(, +6e
14 [Cu,s, +387 = -306,6 —0,530-0,02961g[S” |
=7CuS+ 6e”
I5 |7CuS+12H,0,,,= 616,9 | 0,355-0,0690pH +0,00991g[HSO;, ] [HSO,]=10""
=Cu,S, +3HSO,,, +
+21H(,) +18e”
16 7CuS+ 12H,0,,, = 649,5 | 0,374-0,0789pH +0,00991g[SO; ] [SO; 1=10"
=Cu,S, +3S07, +
+24H(,, +18e”
17 12Cu,S, +4H,0,,, = 2254 | 0,389—0,0690pH +0,00991g[HSO?" ]
+7Cu,S+HSO; +
+7H,, +6e”
18 12Cu,S, +4H,0,, 236,3 | 0,408-0,0789pH +0,00991g[SO:"]
=7Cu,S + sow
+8H, +6e”
19 |Cu,S+4H,0,, 4112 0,426 —0,0414pH + [Cu’'1=10"°
=2Cul) + HSO4(B) +0,01181g[Cu** ]+ 0,00591g[HSO;, ]
+7H(,, +10e”
20 | Cu,S+4H,0,, 422,1 0,437 —0,0473pH +
=2Cuf) + soi(;) +0,01181g[Cu*'] +0,00591g[SO;"]
+8H(,) +10e”
21 | Cu,S+4H,0,, 292,1 | 0,505-0,0789pH +0,00991g[SO; "]
=2Cu+ soi(;)
+8H, +6e”
22 |Cu,S, +16H,0,, 1551,9 0,423—-0,0436 pH +
=7Cug, + 4Hso;(3) +0,01091g[Cu’*] +0,00621g[HSO; ]
+28H,, +38e”
23 | CuS+4H,0,, 309,8 0,401—-0,0518pH +
=Cug,) + Hsoj(;) +0,00741g[Cu™"] +0,00741g[HSO; ]
+7H,, +8e”
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1 2 3 4 5
24 |CuS=Cu? +S+2¢ 113,9 0,590-0,02961g[Cu”"]
25 |H,S, *S+2H;, +2¢ 27,4 0,142-0,0592pH—0,02961g[H,S]
26 |H,S;, *S+H;, +2¢ -12,6 —0,065-0,0296pH-0,02961g[HS ]
27 |S+4H,0,,,= 1959 1 0,338-0,0690pH +0,0099 1g[HSO; |
=HSO;,, +7TH(,, +6e”
28 |S+4H,0,,, = 206,8 | 0,357 -0,0790pH +0,00991g[SO?"]
=HSOj, +8H;, +6e
29 |Cu,S,= 7683 0,569+0,02961g[Cu”']
=7Cu;) +4S+14e”
30 [Cu,S=2Cu?, +S+4e” 2153 0,558+0,02961g[Cu’"]
31 |[Cu=cCu,+2¢ 65,0 0,337+0,02961g[Cu’ "]
32 |2Cu+H,0,,, = 90,8 0,471-0,0592pH
< Cu,0+2H(, +2e”
33 |Cu,0+H,0,,* 129,2 0,669-0,0592pH
<2Cu0 +2Hg, +2e”
34 |Cu,0+2H;, = 39,1 0,203+0,0592pH+0,05921g[Cu”"]
2Cu(2;) +H,0,,, +2e
35 |Cu,0+3H,0,,= 493.9 | 2,560-0,1776pH +0,05921g[Cu0O3"] [CuO; 1=10"°
=2Cu0;3, +6H;, +2e¢
36 |Cu+2H,0,,,= 292,4 | 1,515-0,1183pH +0,02961g[CuO?"]
=CuO3,,, +4H{, +2¢
37 |Cuf) +H,0,,,= 45,0 ~7,89 pH = 3,94-0,51g[Cu”']
=CuO+2H;,,
38 |CuO+H,0,,,= 182,4 31,95 pH=16,0+0,5 1g[CuO;"]
=CuO3;,, +2H;,,
' [H,S, <H;, +HS,, 40,0 -7,0 pH = 7,0 + Ig([HS J/[H,S])
2’ |HS;, *H;, +S% 79,9 ~14,0 pH = 14,0+1g([S* [/[HS 1)
3" | HSOy, = Hj, +SO%, 10,9 ~1.91 pH=1,91+1g([SO; ]/[HSO;])
4 |Cul +2H,0,,, = 152.4 —26,7 pH =8,9+1g([HCuO; ]/
=HCuO;,,, +3H/,, /[Cu**])
5 |HCuOy,, =H;, +Cu03,, 75,0 -13,13 pH =13,1+1g([Cu03 1/
/[HCuO;))
6’ |Cuj,=Cul) +e 14,8 0,153+0,0592-1g([Cu*/[Cu’]) [Cu]=10"°
7 |cu;, +2H,0,, = 167,8 1,739—0,1775pH + [HCuO, ] =10"
*HCuO;,, +3H;, +e +0,0592 -1g([Cu0; ]/ [Cu* )
2422 2,510-0,2366pH +

8 |Cuj, +2H,0,, 2

(%)~

2- + -
CuOy,, +4H(, +e

+0,0592 -1g([cu0§*]/[cu*])

a |0, +4H(, +4e =2H,0

2(r)

(%)

1,228-0,0592pH

+ -
B 12H, +4e sz(r)

~0,0592pH

HpuMethue. ArperaTHoe COCTOSAHHEC TBEPAOI'O BEUIECTBA B YPABHCHUAX peaKIII/Iﬁ HC yKa3aHoO.
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J1s BOmHBIX cpell HanOoJiee BaKHOHM B quarpamme E—pH SBIIsSIeTCs yCIOBHE AIIEKTPOXUMHIECKOTO PaB-
HOBecHs BoJbl. B Tabnutie 1 HyokHMIA nipenen cymectBoBadus Boabl pu P(H,) = 101,3 xIla onmcan ypaBHe-
HUSAMH PEaKIUM pasloKeHHs BOAbl (BOoccTaHoBleHMeM uoHOB H') ¢ Beymenenwem H, u morennuana
E=-0,0592pH (ypaBHEHHS «B»), BEpXHHH Mpeaen ycTowduBocTH Boasl npu P(O,) = 101,3 xIla ommcan
YpPaBHEHUSMH PEAKITHHA BOCCTAHOBIICHHUS KHCIOpoAa 0 Bombl U moteHImana £ = 1,228-0,0592pH (ypaBue-
HUS «a»). HIKHAN 1 BepXHUI NpeIesl yCTOMYUBOCTH BOJIBI Ha TUArpaMMe IMOKa3aHbl IITPUXITYHKTUPHBIMH
JUHUASMH «B» U «a». [Ipn m3menennu pH pactBopa ot —2 10 16 moTeHIMan BOAOPOAHOTO JEKTpoaa (JIH-
Hus «B») m3mensercs ot 0,1183 B no —0,9466 B (£ = 0 npu pH = 0), a moTeHIMan KHCIOPOIHOTO IEKTPOIa
(paznoxenust HO ¢ obpazosannem O,), T.e. TUHUS «a, OMUACHIBAIONIAS BEPXHUH TIpeaesl YCTOMIHBOCTH BO-
abl, n3MeHsiercs ot 1,3463 B no 0,2814 B (£ = 1,228B npu pH = 0).

Takum o6pazom, Ha auarpammax E—pH o0macTts, orpaHUYeHHAs JIMHUSAMHU «a» U «B», pa3rpaHUIMBACT
0071aCTh IEKTPOXUMHUIECKON YCTOWIMBOCTH BOJIBI, T.€. B 3TOW 00JaCTH pa3nokKeHHe BOJIBI TEPMOAMHAMUYE-
CKH HEBO3MOXKHO.
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Pucynox. E—pH muarpamma cuctemsl Cu—S—H,O npu 7= 298,15 K u Py, = 101,3 I1a

Kak BugHO U3 muarpaMmsl (M. puc.), B LEHTPE €€ JIEBOW MOJOBHHBI PacIOIoKeHa 00JIaCTh YCTOWYHBO-
ctu ceprl oT noteHmana 0,290 B (pH =-2) no —0,243 B (pH=7) u manee no £ =-0,260 B (pH = 7,63)
(muaMm 25, 26 cHm3y). CBepxy 00JIacTh yCTOHYMBOCTH CEPHl OTpaHWYeHa JWHWUEH 27 ¢ TOTCHIHAJaMHU
0,466 B (pH=-2) u 0,197 B (pH=1,9); nunueii 28 c¢ morermmanamu 0,197 B (pH=1,9) u -0,260 B
(pH = 7,63). JIuauu 26 u 28 nepecekarorcs npu pH = 7,63, 4To CBUAETENbCTBYET 00 OrpaHUuYEHHH 00JIacTH
CYIIIECTBOBAHUS CepHI crpaBa oT Hero. CormacHo ypaBHeHHIo (muHuHN) 27 mexay pH =-1,13 u -2 u coor-
BeTCTBYyIOIIUX noreHuuanos ot 0,412 B no 0,466 B cepa Bzaumoneiictsyer ¢ H,Op, U IepexonuT B HOHEI
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HSO, ). Takum o6pa3om, cepa ctabuiIbHa B 00JaCTH AUArpaMMbl, OrpaHUYEHHOH IuHUAMH 25,26 CHU3Y U
27, 28 cBepxy.

O6macth S okpykaeT 001acTh ycroitunBocTH KoBeyutnHa CuS, orpanndeHHas TuHuIMy 12 u 13 cHm3y;
24,23, 15 u 16 cBepxy. Jluauu 13 u 16 nepecekarorcst npu pH = 9,13, uTo orpannunBaeT 00IacTh CyIIECT-
BoBaHus CuS cmpaBa OT HETO.

Mainee, obmacts CuS okpyxaer 6ojiee Oobliiasi 001acTh cyiiecTBoBanus cyiabhuaa Cu;S,, orpaHryeH-
Has quHuAME &, 10 cHnsy u 22, 17, 18 cBepxy. JIunuu 10 u 18 nepecekatorcs npu pH = 11,88. [Toaromy npu
pH 6ounbme yem 11,88 CuS He MoxkeT cymiecTBoBaTh. O0macTh crabmibHOCTH CusS, ONpeieieHa BIIEPBEIE.

O6macth crabmipHOCTH cyiabhuma Cus;S, okpykeHa caMoi O0JIBIIONH 00IaCThIO CYIIICCTBOBAHUS Xallh-
ko3uHa Cu,S, orpanndeHHON quHUAME 1, 5, 6 caHM3y; 19, 20 u 21 cBepxy. Jluauu 6 n 21 mepecekaT och
opauHaThI-noTeHana £ cupasa npu pH =16 ¢ £ =-0,893 B u —0,767 B cOOTBETCTBEHHO.

O6nactu cTabUIBHOCTH cepbl, cyiabhuaoB CuS, Cu;S,, Cu,S ciieBa OrpaHUYMBAOTCS OCBIO MTOTEHIIMA-
na E (opauHathl) ipu pH = 2.

Hwxe HmkHel 001acTu, orpaHUYeHHON uHUAMU (YpaBHeHHSAMHU) 1, 5, 6, U BBIIIC BEpXHEH 00JIaCTH
crabunpHOCTH CU,S, orpanndenHoi nuamsmu 21, 31, 32, 36 u oceto E (pH = 16), HaxoauTcst MeTauuye-
cKas MeJib.

Berime nuanm 32, B 00mactu, orpaHHYEHHON 3TOH nuHUEH u nuHUsAMU 34, 33, 35, HaxomuTcs 00JIacTh
crabunsHOCTH Kynpurta Cu,O.

B obmacty, orpaHndeHHON OCBIO OpaUHATHI ciieBa (ToreHian £ npu pH = —2 6onpmre uem 0,412 B) u
muausmu 24, 23, 22, 19, 20, 31, 34, BepTukanbHON JTUHUEH 37, CYIIECTBYIOT HOHBI CuH(B). B o6nacTu, orpa-
HUYEHHOM nuHuen 33, BepTukansHeiMu TMHUAMU 37 nipu pH = 6,95 u 38 mpu pH = 13, cymectByeTr TeHOpUT
CuO. Obnacte cymectBoBanus HOHOB CuO, ;) OrpaHMYeHa BEPTUKAIBLHOHN THHUEH 38, OChIO OpAMHATHEI £
crpasa ipu pH = 16 u muansaMu 35, 36.

Jls aHanmM3a MpoIeccoB, MPOUCXOAIINX B CUCTEME, COCTABHIIN TAOJIUILy 2, IPEICTABISIONIYIO TIpee-
JIBI IOTSHIUATOB U pH cpesbl, KOTOpas MO3BOJISET ONMUCAThH MPOIECCH 00pa30BaHUs COCTUHCHUN U UX B3au-
MOTIpEBpAIECHUS.

ITpu B3aumoneiicTBuu TBepaOH (kpucTaunueckoil) menu ¢ H,S,) TepMonuHamuuecku BEposSTHO 00pa-
3oBanue cynbdumo Cu,S, CuoeSs, CusS,, CuS (ms Bcex AGOZQ& p < 0). OnHaKo, B COOTBETCTBUHU C ypaBHE-
HusaMu peakuuii 1-4 (tadm. 1), cyasduasr CueSs, Cu;S, u CuS MeracTaOMIBHBI, TaK KaK MX 3JIEKTPOJIHBIC
noteHuuansl (ypaBHeHus 2—4 nns E) npu onuHakoBbIX pH u xonnentpanun H,Sq,) Oonbiie, yeM £ peakuuu
obpazoBanus Cu,S (ypasuenue 1). [loaToMy 13 Bcex BO3MOXKHO 00pa3yeMbIX Cylib(uaoB Toibko Cu,S sB-
nisieTcsl CTaOMIIBFHBIM M Ha JUarpamMMy HaHOCSITCA JIMHUHM, COOTBETCTBYIOIINE YPAaBHEHISIM PEAKIIHA B3anMO-
aevictBus Cu ¢ H,Sy,) (muuus 1 ot nmorenumana —0,152 B npu pH =-2 no —0,685 B mpu pH =7), ¢ HS
(muamsa 5 ot motennmana —0,685 B mpu pH =7 10 0,893 BupupH=14)u c Sz_(,,) (muHMA 6, mapanenpHas
ocu pH, npu norenmane —0,893 B).

Hanee, npu B3aumoneiicteuu Cu,S ¢ HyS() (ypaBHeHUs peakuuii 7-9) TepMOAMHAMUYECKH BEPOATHO
oOpa3zoBaHue ToJbKO cyabbhuna Cu;S, (ypaBHeHHE 8, AGOP,298= -2,1 xJIxx/moib). Cynsbuasl CusSs, CuS me-
TacTaObUIbHBI (ypaBHEHHUS 7, 9), TaKk KaK WX 3JICKTPOJHBIC TIOTEHIHAILI Bhile, yeM E s Cu,;S,, aBistoie-
rocs ctabunbHbIM. [lo ypaBHeHmMIo peaknuu 10 1 COOTBETCTBYIOIIEMY €My MOTSHIMATY MPH B3aUMOJIECHCT-
Bun Cu,S ¢ HS ;) Takxke obpasyercs crabmiibHbii CusS,.

Takum ob6pazom, uHuUs 8 oT noteHrwmana 0,137 B (pH =—-2) no norenmuana —0,540 B (pH = 11,88) co-
oTBeTCcTBYET nepexony Cu,S Ha CusS,.

ITpn naneHelimem nopeimennn noreHnuana Cu;S,, B3auMoaecTys ¢ H,S,), Mo ypaBHEeHHAM peaknuu
u noreHuuany 12, B npenenax norennuanos 0,240 B (pH =-2) u —0,294 B (pH =7), u ¢ HS ;) no ypasHe-
HUSM peakiuu U noteHnuany 13, B npenenax norennuanos —0,294 B (pH =7) u —0,357 B (pH = 9,13), ne-
pexomut B CusS.

B cootBeTcTBUM ¢ IMHUEH U ypaBHEHHEM 25, B nipeAenax mnoteHmanos 0,290 B (pH =-2) u —0,243 B
(pH =7) u3 H,S;,), u nanee B cOOTBETCTBUM ¢ JIMHUEH 26 1o noreHuuana —0,260 B (pH = 7,63) u3 HS ;) 006-
pasyetcs cepa. [Ipy MOBBIIIEHNN TTOTCHIMANA S, B3aUMOJICHCTBYS C BOJOW IO yYpaBHEHHUIO 27, B mpeaenax
norenuuanos 0,466 B (pH=-2) u 0,197 B (pH = 1,9) npespamaercs B nonst HSO, ;) 1 nanee B cOoTBETCT-
BUU ¢ ypaBHeHueM 28 1o noreHuuana —0,260 B (pH = 7,63) nepexoaut B HOHBI SO42_(B).

Cynpdun CuS, B3auMOACHUCTBYS C BOAOH B COOTBETCTBHU C ypaBHeHHEM (TuHMEH) 16, B mpenenax mo-
teammanoB —0,357 B (pH =9,13) u 0,214 B (pH = 1,9), nepexonut B cynbdun Cu;S4 1 HOHBI SO42’(B), nanee
B COOTBETCTBUHM ¢ IuHUEH 15 mo motennuana 0,345 (pH = 0) — B Cu;S, 1 noHst HSO42_(B), 3aT€M B COOTBET-
cTBUM ¢ ypaBHeHHeM 23 no noreniuana 0,412 B (pH =—1,13) — B nonst Cu2+(,,) u HSO4 ).
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Tabnuma 2

IIpeneant penoxc-norennuasion (E) u pH cpeabl paBHOBeCHBIX XMMHYECKHUX PeaKUMid,
npoucxoasmux B cucreme Cu—S—H,0 npu cTaHIapTHBIX yCJI0BHAX

Howmepa . [Totennmans (E), B pH cpensr
ypaBHCHI/If/'I CxeMbl YpaBHECHUU PaBHOBECHBIX
o XUMHUYCCKHUX IPOICCCOB CJICBa CIipaBa cJicBa cipaBa
peakmuu

1 Cu + HS) = Cu,S 0,152 0,685 -2 7
5 Cu + HS , = Cu,S 0,685 —0,893 7 14
6 Cu+ S, = Cu,S -0,893 -0,893 14 16
8 Cu,S + HySi) — CusS,y 0,137 —0,396 ) 7
10 |Cu,S +HS () = CusSy —0,396 —0,540 7 11,88
12 |Cu;S;+ HoS( — CuS 0,240 —0,294 ) 7
13 |Cu;S4+HS () = CuS —0,294 0,357 7 9,13
25 |H,Sp— S 0,290 —0,243 -2 7
26 |[HS,—> S -0,243 —0,260 7 7,63
27 |S+Hy0ug = HSO, () 0,466 0,197 2 1,9
28 IS+ HyOug = SO 0,197 —0,260 1,9 7,63
16 |CuS + H,0p0 = CusSy + SO ) 0,214 0,357 1,9 9,13
15 |CuS + H,0pg = CusS, + HSO, ) 0,345 0,214 0 1,9
23 |CuS + H,0pg = Cu’’y + HSO, 0,412 0,345 -1,13 0
24 |CuS > Cu'y+S 0,412 0,412 -2 -1,13
18 |CusS4+ Hy0p0 — Cu,S + S0, ) 0,248 —0,540 1,9 11,88
17 |Cu;S4+ Hy0p — Cu,S + HSO, ) 0,301 0,248 1,13 1,9
22 |CusS4+ HyOpy = Cu*'yy + HSO, ) 0,345 0,301 0 1,13
21 |Cu,S + HyOpg = Cu + SO, ) 0,160 -0,767 4,31 16
20 |Cu,S + HyOpg = Cu*'yy + S0, 0,271 0,160 1,9 4,31
19 |Cu,S + HyOpg = Cu*'y + HSO, 0,301 0,271 1,13 1,9
31 |Cu— Cug 0,160 0,160 4,31 5,29
32 |Cu+H,049 — Cu,0 0,160 —0,395 5,29 14,63
36 |Cu+H,0p0 = CuO,” 0,395 0,555 14,63 16
34 |Cu,0+2H > Cu*'y 0,160 0,258 529 6,95
33 |Cu,0 + HyOp = CuO 0,258 0,101 6,95 13
35 |Cuy0 + HyOpg = CuOy 0,101 0,395 13 14,63
37 |Cu* () + HyOpg — CuO - — 6,95 —
38 |CuO + H,0p — Cu0,” — — 13 —

B cootBercTBUM ¢ mapamiensHoit ocn pH nunmeit 24 cynsdun CuS npu norenuuane 0,412 B u B npe-
nenax pH ot —1,13 10 —2 nepexoaut B mous Cu”'(,) 1 S.

Cynbpun Cu;S,, B3aUMOJICHCTBYS C BOJOH, B COOTBETCTBUHU C ypaBHeHHEeM (mHHel) 18, B mpeaenax
norenmanos —0,540 B (pH = 11,88) u 0,248 B (pH = 1,9), npeBpamaercs B cynbhun Cu,S v HOHBI SO42_(B),
3aTeM, B COOTBETCTBHUHM C ypaBHeHHeM u nuHuer 17 no norenmuana 0,301 B (pH = 1,13), nepexoaut B Cu,S
u nonsl HSO, () ¥ nanee, B COOTBETCTBUU C ypaBHEHUEM U nuHHMEH 22 1o noteHuuana 0,345 B (pH =0) —
B monpl Cu”" (), HSOy ).

Cynpdpun Cu,S npu B3aUMOACHCTBHU C BOAOH COTJIacHO ypaBHEHHWIO (uHMHU) 19, B mpeaenax moTeH-
nuasnos 0,301 B (pH=1,13) u 0,271 B (pH = 1,9), mepexoauT B HOHBI CuH(B) u HSO, ), 3aTeM B COOTBETCT-
BHM ¢ ypaBHEHHeM u mHuei 20 10 notenrmana 0,160 B (pH = 4,31) — B wonst Cu”' ) u SO, () 1 Jasee B
COOTBETCTBHU C ypaBHeHHEM U JuHuer 21 no norenuuana —0,767 B (pH = 16) — B sneMeHTapHyI0 Meapb U
noub SO, ).

Menp B COOTBETCTBHHM C ypaBHCHHEM M JimHHEH 3 1, mapaymenpHol ocu pH, mpu norennwmane 0,160 B B
npenenax pH ot 4,31 no 5,29 okucnsgercs 10 HOHOB Cu2+(B).

[Ipu nonmwxenun norenuuana a0 —0,395 B (pH = 14,63) Menps B COOTBETCTBUH C YpaBHEHHEM U JIMHUCH
32, B3auMoOIeHCTBYS ¢ BojoH, oOpasyeT Cu,O u 3atem B uHTepBaie nmorennuanos —0,395 B (pH = 14,63) u —
0,555 B (pH = 16) coritacHo ypaBHEHUIO W TUHUH 36 TIEPEXOIUT B NOHBI Cquz’(B).
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Oxcun Cu,O, B3auMojeiicTBys 10 ypaBHeHuto 34 ¢ mporonamu (H'()), B MHTEpBale MOTEHIMAIOB
0,160 B (pH =5,29) n 0,258 B (pH = 6,95), 06pa3yeT HOHBI CuH(B) 1 BOJY, 3aTEM, B3aMOJICHCTBYS C BOJIOM
o ypaBHeHuIo 33, B uHTepBajie nmoteHmanos 0,258 B (pH = 6,95) u —0,101 B (pH = 13), mepexoauT B Ok-
cun CuO um pmanee mo ypaBHeHuto 35, B wuHTepBase mnorennuanoB —0,101 B (pH=13) u -0,395B
(pH = 14,63), — B noHBI Cquz’(B). Honsr Cu2+(B) TIPH B3aWMOJCHCTBUHN C BOMOH MO ypaBHEHHIO 37 (BepTH-
KaybHOU JHWH) TIpu pH = 6,95 obpazytor CuO, KOTOpEIH, B3aUMOACHCTBYS C BOJOW MO ypaBHEHHIO 38
(BepTHKaJIbHOM JTHMHUH ), IEPEXOJUT B HOHBI Cquz_(B).

[TyHKTUPHBIMH JIMHUSMU TIPEACTABICHBI MPOIECCHl TUCCOIUAIIUN BO)IOpaCTBOpI/IMI:IX MOJICKYJI U HO-
HoB: H,S(,) (munmsa 17); HS ) (2°); HSO4 ) (3°); HCUO, () (5°); B3ammoseiicteue Cu’' () ¢ Bomtoit ¢ 06paszo-
BanreM HCuO, ) (4 ) okucienne Cu', 10 Cu’', (6°); B3aumoneiicteue Cu'(, ¢ BOfIOH ¢ 06paszoBaHHEM
HCUOZ (8) (7 ) n CUOZ (8) (8 )

ITonyuennas muarpamma cuctembl Cu—S—H,O mpu 7=298,15 K u P =101,3 xlla mo3Bomser 3akito-
YUTh, YTO MO BOCCTAHOBHUTEIHHBIM CBOMCTBAM MeEIb, €T0 CYNb(HUIB M OKCHUIBI B 3aBUCUMOCTH OT pH u E
MOJKHO PAaCIOJIOXKHUTh B CICAYIOIINE YOBIBAIOIIUE PAIBL:

Cu > Cu,S > Cu;S4 > CuS; Cu,S > Cu > Cu,O > CuO.

Kak BugHo mu3 amarpammbl E—pH cucremsr Cu—S—H,0, Hanboiee MIMPOKUMH TOISIMH CTaOUIBHOCTH
obnanator cynbdun Cu,S, 3arem Cu;S; u HanmeHbIMu nossimu — CuS, 3atem cepa. [Ipu sToM TomaThL
CTaOMIBHOCTH KaK CYJIb(HIOB, TaK U CEphl YBEIMUUBACTCS NPHU MEPEXOJIe OT IISIOYHON K KHUCIIOH cpeje.
Hampumep, st Cu,S Mexmy TUHHIMEA yeToiauBocTr 6 (HIKHA) 1 21 (BepxHss) AE B CHIIBHO IIEITOYHOMN
cpene (pH = 16) cocraBnser 0,124 B; B HetitpanbHoii cpene (pH = 7) — AE = 0,628 B; 3atem B KuCIIO# cpe-
ne (pH=4)— AE=0,678 B.

O6nactu crabunpHocTn Cu;S,, CuS orpanuunBaroTcs crpasa 3HaueHusMu pH = 11,88 u 9,13 cootser-
ctBeHHO. [ToaTOMY 9TH CyNb(UIBI MOTYT XOPOIIIO PACTBOPATHCA B Iesiouax npu pH OOIbIIKX, 4eM yka3aH-
HBIC, U HE PACTBOPSIFOTCS WJIH COBCEM ILJIOXO PACTBOPSIOTCS B KUCIOTAX.

Takum 00pa3zom, mocTpoeHa OoJiee MoTHAs, YeM M3BECTHBIC B JINTEpaType, Auarpamma E—pH cucteMsr
Cu—S—H,0, KoTOpyI0 MOXHO UCIIOIB30BaTh JUIsl ONMPEACTICHUS U KOHTPOJIS YCIOBHI MONYYCHUS CYTb(QUIOB
(CuyS, CusSy4, CuS) u okcumos (CuyO, CuO) Mean, OIEHKY WX MTOBEICHUS B BOJIHOM PAacTBOPE B MPHUCYTCT-
BUU DJICKTPUYECTBA, ONPEICICHIUS TOPSAKa OKUCICHUS U BOCCTaHOBJICHUS cynbdunos meau u Cu,O, BBIOO-
pa HeoOxonuMeIx ycioBui (£, pH, KOHIIEHTpanys MOHOB) IS TIEpEeBOJa MEIU B PACTBOP, MPEBPAIICHUS B
cyasbuap U okcuabl. Brnepseie B cucteme Cu—S—H,0 ycranoBneno oopaszosanue cyinbhuaa Cu;S,.

Jnarpamma Tarxke NMO3BOJISET MPECKa3aTh YCIOBUS 00pa3oBaHus cyibdumor Cu B MPUPOIHBIX YCIIO-
BHSAX, TaK KaK 00JIACTh THAPOTEPMAIILHOTO PYJ000PA30BaHHS OMIFICHIBAETCS YPAaBHEHUSIMHU

E=0,2631-0,0592pH [1] wm E = 0,3148 — 0,0592pH [6] — nms1 BepXHETO Mpeaena;

E=0,1725—-0,0592pH [1] — nn1a HUKHETrO Ipeaena.

Bce cynbduabl Mmenu B cOOTBeTCTBUU ¢ quarpammoirt E—pH MoryT pacnonaraThCs B 00JACTH THUIPO-
TepMaJILHOTO PyI000pa30BaHus B 3aBUCUMOCTH OT £ u pH cpenpr.
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M.U.)KamOek

Cu-S—H,0 :xyiieciHiH CTAHXAPTTBIK KaFaaijapaarpl
penokc-norenuua — pH qauarpammacsi

Makanaga craHgapTThik okarmaitmapma Cu—S-H,O oxkyiiecinin E-pH 1marpammacel  omebuerTepne
KEeNTipUIreHAepre KaparaHla TOJIBIFBIPAK TEOPUSUIBIK 3CPTTENreH JKOHE KYPBUIFaH, MbIC CYJb(UATEp MEH
OKCHITEpiHIH TYpaKThl OpHAJIacy ayMarbl, e3apa anMmacysl ansikranrad. JKyiene Cu;S, cynapduninin maiina
Gonysl OipiHII peT KepceTiireH. MpIC, OHBIH Cyab(uATepi MEH OKCHUATEPI TOTHIKCHI3AAHIBIPFBIILITHIK
KacHeTTepiHiH KeMyi OOWbIHIIIA KaTapFa OpHAIACTBIPbUIFaH. MbIC CyabQUATEPiHIH KeHHIH THIPOTEPMAIIBIK
naiiga 0oy alMarbIHA OpHAIACy MYMKIHJITT KOPCEeTiIreH.

M.I1.Zhambek

The redox-potential — pH diagrams systems Cu-S-H,0
in the standard conditions

More detailed than known in literature E-pH diagram of the system Cu-S-H,O in the standard conditions was
built and theoretically studied in this article. The areas of stable existence of copper sulfides and oxides and
their interchange reactions were determined. The formation of the sulfide Cu,S, was established for the first
time. Copper, its sulfides and oxides were placed to the row according to decreasing their reduction proper-
ties. It was shown that copper sulfides can be placed in the area hydrothermal ore-formation.
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Ultrasonic cavitation processing of diesel fuel

The influence of ultrasonic cavitation on diesel fraction of oil in the presence of iron-based catalysts was in-
vestigated to identify the chemical transformations of hydrocarbons and clarify possible practical applications
of cavitation for oil cracking processes. The change of individual chemical composition of diesel fuel is es-
tablished at the aspect of increase the amount of light fractions.

Key words: ultrasound cavitation processing, diesel fuel, cracking process, chemical transformations of hy-
drocarbons, individual chemical composition of diesel fuel.

Currently, the main aim of fuel industry is improvement of the quality and cost-effective use of petrole-
um fuel, so more stringent requirements are toughened up on this issue [1]. The petroleum industry of for-
eign countries (USA, Russia, the Ukraine, China, Brazil) benefits from industrial applications of the cavita-
tion as it results in substantial energy savings, reduced fuel costs, and corresponds to a step towards greater
energy independence [2].

Cavitation is one of the most important method of purposeful change of physical and chemical
characteristics of motor fuel. All physical and chemical characteristics of petroleum fuels depend on its
fractional and component composition, so it is possible to manage the properties of fuels by changing their
fractional and component composition [3]. Although much experimental work has been done on the cavita-
tion processing of fuels, there is still a demand by the industry for an economical and efficient commercial
process [3, 4].

Literary analysis shows that the influence of catalytic cavitation on the chemical transformations of hy-
drocarbons remains unexplored. It was assumed that the use of catalysts in cavitation processing of crude oil
can increase the quantity and quality of light fractions. Thus, in the present work cavitation processing of
diesel fuel was investigated in the presence of iron-based catalysts.

Experimental studies were carried out in air atmosphere using the ultrasonic cavitation which allows to
conduct the high-intensity processing of small volumes of liquid with a capacity about 600 watts. The inten-
sity of the ultrasonic processing is 250 W/cm®, the operating frequency is +22 kHz.

The diesel fraction was obtained by direct distillation of crude oil at temperature range 200-300 °C.
To study the influence of catalytic cavitation processing on chemical transformations of hydrocarbons of die-
sel fuel the iron-based catalysts (FeS, and nanocatalyst Fe,0;) were used due to their low cost, high activity,
low toxic and eco-friendly performance. Nanocatalyst Fe,O; was prepared according to the procedure [5].
The processing time was 1 min 30 sec, the volume of processed samples was 50 ml.

The fraction composition of the hydrocarbons of diesel fuel was detected by high performance liquid
chromatography Agilent Technologies 5975 and identification of compounds was quantified by mass spec-
tral database NIST 98. The products field of diesel fuel processed by ultrasonic cavitation is given in the Ta-
ble 1.
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Table 1
The products field of diesel fuel after ultrasonic cavitation
Product yield, %
Diesel fuel Diesel fuel
Compounds ce 1 Diesel fuel after cavitation after cavitation
Initial diesel fuel o . .
after cavitation in the presence of | in the presence of
catalyst FeS, nanocatalyst Fe,O;

Decane 5.87 6.37 8.35 11.63
Undecane 3.63 1.75 3.46 4.06
Dodecane 2.82 1 3.54 2.53
2,6,11-Trimethyldodecane 6.35 2.12 0.84 1.14
Tridecane 10.62 12.99 12.47 11.15
Tetradecane 2.33 1.84 3.8 2.95
Pentadecane 1.91 9.8 1.19 1.01
Nonadecane 7.78 8.54 4.07
1-Hexadecene 1.56 5.45 1.32 4.73
1-Nonadecene — 5.07 1.62 0.45
1,2,3-Trimethylbenzene 4.15 1.59 1.18 -
4-Ethyl-1,2-dimethylbenzene 2.56 0.42 0.24 3.49
2,3,6-Trimethylnaphthalene 4.3 6.1 3.19 1.91
2,7-Dimethylnaphthalene 3.68 1.75 — 1.65

It is established that the destruction reactions proceed intensively in the cavitation processing of diesel
fuel. As a result of these processes in the system «activated» particles were accumulated [6]. Lifetime of ac-
tivated particles is short, however some of them possess the defined stability and are capable to exist indi-
vidually for definitive time. The disappearance of radicals proceed in two ways: such as a result of dispro-
portionation and recombination. As a result of repeating stages of growth and chain breakage the number of
n-alkanes accumulates in the reaction system.

The obtained data illustrate that the cavitation allows to impact on the conversion of organic mass of
diesel fuel. The amount of light fractions increases due to destruction of heavier fractions. During the de-
struction of hydrocarbons of diesel fuel atomic hydrogen obtained by dehydrogenation processes stabilizes
the radical products. It is suggested that in the presence of hydrogen donors cavitation processing provides
destruction of C—C bonds and increases the content of the light fractions.

The chemical group composition of diesel fuel after cavitation is shown in the Table 2.

Table 2
The chemical group composition of diesel fuel
. Diesel fuel after Diesel fuel after
e 4 Diesel fuel after . oo

Name Initial diesel fuel cavitation processing cavitation in the pres- | cavitation in the pres-

ence of catalyst FeS, | ence of catalyst Fe,03
Alkanes 38.24 43.65 45.02 47.4
Alkenes 3.99 11.43 4.2 7.25
Naphthenes 2.86 0.78 1.1 4.19
Arenes 14.69 9.86 593 7.24

There is a noticeable change of chemical composition of diesel fuel after the cavitation processing
which describes with increase of alkanes, alkenes and decrease of arenes. The alkane yield increases from
38.24 % to 43.65 % after cavitation processing without catalysts. In the presence of catalysts FeS, and Fe,0;
the alkane yields are 45.2 % and 47.4 %, respectively. The arenes yield decreases about twice in the presence
of catalyst Fe,O;. In the presence of both catalysts the conversion of hydrocarbons is deeper than without
them in the cavitation processing of diesel fuel. The decrease of arenes yield can be explained by the activity
of catalysts. It is known from literary analysis that oxide and pyrite catalysts accelerate the hydrogenation of
polyaromatic hydrocarbons. The high activity of pyrite is connected with participation of H,S in the hydro-
genation process by following scheme [7]:
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H,S + R — HS+RH (1)
HS + RlH — HzS + R1 (2)

R — radical; RjH — hydrogen donor. It is known that polycyclic aromatic hydrocarbons are more active
hydrogen donors in the hydrogenation process, so they can cause of a deep conversion of a feedstock.

It should be noted that the size of particles of catalyst FeS, decreases from 140,66 nm to 119,78 nm af-
ter cavitation processing of diesel fuel (Fig. 1, 2). It should be pointed out that cavitation processing has ef-
fect on specific surface which is proportional to chemical activity of catalyst, so the same catalysts can be
used for several times at cavitation processing of fuels, moreover, the activity and selectivity of this catalysts
will be improved after each application.

Figure 1. The surface topography of catalyst FeS, before the cavitation processing
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Figure 2. The surface topography of catalyst FeS, after the cavitation processing

Thus, the study of the cavitation processing of diesel fuel shows that the conversion of hydrocarbons
proceeds on complex mechanisms including hydrocracking by C—H and C-C bonds with forming low-
molecular alkanes and olefins which take part in the secondary processes of hydrogenation, cyclization and
alkylation on catalyst surface.

Overall, cavitation processing of diesel fuel can provide destruction processes of hydrocarbons and in-
crease the content of light fractions of fuels. Cavitation processing of petroleum fuels can be used in
technological processes of oil-refining industry, particular for obtaining light fractions from heavy oil.
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JAn3esiblii OTBIHHBIH YJIbTPAABIOBICTHIK KABUTAUMSIIBIK OHIAEY]

MyHaii eHIIpy caacklHAa KOMIPCYTeKTEpAiH KPEKHHI YpAici YIIH NPAaKTHKAIBIK KOJJaHy MYMKIHIIrT MeH
KOMIpCYTeKTepAiH XUMISUIBIK aliHaJIbIMIApAbl aHBIKTay MaKCaTBIMEH op TYPJi KaTalu3aTopiiap KaTHICHIHAA
MYHaWIBIH JU3€Ib OTHIHHBIH (DPaKIUACHIHA YIBTPaIbIOBICTEIK KaBUTAIMSIIBIK ocepi 3epTrenreH. Ju3enmbi
OTBIHHBIH KYPaMbIH/IaFbI XKEH11 KalHAHTBIH QpakuusiiapablH apTybl OalikalFaH.

Xunrait Cy, M.1.Baiikenos, A.b.TareeBa, A.J)K.MartaeBa, b.Ecebaes,
A .Manpeumos, ['.MyksimieBa, P.C.bepxanona, b.I1I.Capcembaer

Yiabpa3BykoBasi KABUTALIHOHHAs 00pad0oTKa AU3eJIbHOI0 TOILINBA

HccnenoBano BiusiHUE yIBTPa3ByKOBOI KaBUTAIMU Ha AU3EIBHYIO (PAKIHIO HE(YTH B IPUCYTCTBUH PA3IHI-
HBIX KaTaJM3aTOPOB C IIEJIBIO BBISBICHUS XUMU3Ma IIPEBPAICHUH YTIeBOJOPOJIOB, a TAK)KE BBIICHEHHS BO3-
MOJKHOCTH MPaKTHYECKOTO MCIOJIb30BaHMs KABUTALMU Ul KPEKMHIa YIJIEBOJOPOJOB B HeTenepepaboTke.
VYcTaHOBIEHO M3MEHEHNE MHIMBUYaIbHOTO COCTaBa JAU3EIBHOIO TOIUIMBA B CTOPOHY YBEIUYECHHS KOJIMYe-
CTBa JIETKUX (ppakiuii B pe3ynbTaTe KaBUTALOHHON 00paboTKH.
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Influence of nanocatalytic systems
on the hydrogenation of model object — anthracene

The influence of nanocatalysts f-FeOOH, Fe(OA);, Fe;O4 and spherical catalysts NiO/SiO,, Fe,03/Si0, on
the hydrogenation process of model object is evaluated. These catalysts are established to be new developed
catalytic additives promoted deeper chemical modification and destruction of hydrocarbons, as a result they
can increase the yield of light products. It is shown that spherical catalysts NiO/SiO, and Fe,03/SiO, can be
used for hydrogenation of multiplet systems, such as coal, coal tar or its fractions.

Key words: hydrogenation of model object, antracene, nanocatalytic systems, multiring hydrocarbon, destruc-
tion, spherical catalysts, donor of hydrogen.

Nowadays the search of new catalysts and technologies of solid hydrocarbonaceous materials and oil
residues is one of the most important directions in the development of the petrochemical industry. A signifi-
cant issue in the hydrogenation of heavy hydrocarbon feedstocks is improving the efficiency of heterogene-
ous catalytic reactions. Therefore, great attention is paid for the development of scientific approaches in cre-
ating new catalytic systems possessing the activity and selectivity. Many alternatives of catalysts, in particu-
lar nanocatalysts for hydrogenation process are prepared [1].

Selection of effective catalysts and their use in the destructive hydrogenation of heavy hydrocarbon
feedstock make possible to carry out the process in milder conditions and increase the conversion of the or-
ganic mass and the quality of distillate products. Model compounds, such as anthracene, phenanthrene,
pyrene, naphthalene, etc. often are used to determine the activity and selectivity of selected catalysts in the
hydrogenation process. It is allowed to reveal the mechanisms for processing of heavy coal and elaborate the
science-based methods for predicting their behavior [2]. Altough much experimental work has been done on
the hydrogenation of polyaromatic hydrocarbons, there is still a demand by the industry for an economical
and efficient commercial process. Therefore, in the present work the catalytic hydrogenation process of
model object was investigated in the presence of nanocatalytic systems.

Experimental Part

To study the influence of nanocatalysts and spherical catalysts on the product yield of model objects in
the hydrogenation process several experiments were carried out. The conditions are given in the Table 1.
Premixed input components were placed in a pressure reactor (autoclave). The moment of reaching operating
temperature by autoclave is considered at the beginning of reaction. The heating rate of the autoclave was
10 °C per min. The products of hydrogenation were washed by benzene.

Table 1
Conditions for hydrogenation of antracene in the presence of nanocatalysts
p-FeOOH, Fe(OA);, Fe;O,4 and spherical catalysts NiO/SiO,, Fe,05/SiO,
Nanocatalytic systems o .
No| Antracene, g 3 E 5O T Fe(OA), | Fes0p | NiO/SIO, | Fe0y8i0, | © C  |P»MPaj T min
1 0,01 - - - —
2 — 0,01 - - -
3 - - 0,01 - - 400
4 1 — — — 0,01 - 3 60
5 - — - - 0,01
6 - — - 0,01 -
7 - — - - 0,01 300
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Nanocatalysts B-FeOOH, Fe(OA); and Fe;O4 were prepared according to the procedure [3—5]. Spherical
catalysts NiO/Si0,, Fe,05/SiO, were prepared by an impregnation method. Ash from thermal power station
was used as the substrate, the content of which has been investigated by X-ray method: Si0,=55,391 %,
ALOs=2,014 %, Fe,05=7,715%, TiO=1,745%, Ca0=2,606%, K,0=2,354%, MgO=1,531%,
Na,0=2,734 %, other unidentified compounds=1 %. The substrate was impregnated by 10 % solutions of the
salts of nickel and iron (NiCO; and FeSO,-9H,0) followed by drying and kilning. The surface topography of
spherical catalysts was observed by probe microscope GSPM-5400. The parameters of the porous structure
of the samples were studied by gas adsorbtion instument ASAP Micromeritics (USA). The fractional compo-
sition of the hydrocarbon part of model object was detected by high performance liquid chromatography Ag-
ilent Technologies 5975 and identification of compounds was quantified by mass spectral database NIST 98.

Discussion of Results

It is shown from Figures 1-3 that the synthesized catalysts have retained a spherical structure which is
similar to conformation of substrate. It can be assumed from these data that the nature of the substrate played
a key role in getting the nanoscale particles and highly refined structure. It is showed that more efficient cata-
lysts in processing of hydrocarbon raw materials are superfine particles distributed uniformly throughout the
volume of raw materials [6—9]. Appropriateness of application of nanoparticles in catalysis is connected with
the chemical activity which is proportional to the specific surface of the catalyst. Many properties of nano-
particles depend on their size, so it is possible to manage activity and selectivity of nanocatalysts by chang-
ing its ones [10].
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Figure 1. The surface topography Figure 2. The surface topography
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Figure 3. The surface topography of spherical catalyst Fe,03/Si0,
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The analysis of the adsorbtion isotherms of nitrogen on the synthesized catalysts showed the different
pore sizes (Fig. 4). The isotherms (curves 1, 3) can be attributed to type 4. which has hysteresis loop. Shape
of the hysteresis loops varies considerably for different porous materials. It should be pointed out that the
adsorption for this type of isotherm is summarized by micropores and mesopores with the capillary conden-
sation. The adsorbtion isotherm (curve 2) is characteristic for microporous adsorbents and such isotherms are
considered to determine only volume of micropores.

Isotherm Linear Plot
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o
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o
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o
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0 0,2 0,4 0,6 0,8 1 1,2
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1 — substrate SiO,; 2 — spherical catalyst Fe,05/Si0,; 3 — spherical catalyst NiO/SiO,
Figure 4. The adsorbtion isotherms of nitrogen on the spherical catalysts

Pore size distribution analysis of spherical catalysts by the method DFT indicates that the spherical
catalyst Fe,05/SiO, has micro-mesoporous structure and spherical catalyst NiO/SiO, is characterized by
presence of only mesopores (Fig. 5, 6).

Differential Pore Volume vs. Pore Width
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Figure 5. Pore size distribution of spherical catalyst Fe,05/SiO, by the method DFT
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Figure 6. Pore size distribution of synthesized catalyst NiO/SiO2 by the method DFT
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The product yield of hydrogenation process of anthracene in the presence of nanocatalysts f-FeOOH,
Fe(OA); and Fe;0, is shown in the Table 2.

Table 2
The product yield of hydrogenation process of anthracene
N Nanocatalysts

ame B-FeOOH Fe(OA); Fey0,
Naphtalene 2.15 2.43 2.7
1-Butylnaphtalene 20.93 11.04 5.5
2-Ethyldiphenyl 1.03 0.85 2
1,2,3,4-Tetraantracene 59.4 55.55 7.3
9,10-Dihydroantracene 15.98 23.54 77.12
Antracene 0.51 6.21 5.4

It follows from this data that in the hydrogenation of anthracene using nanocatalyst B-FeOOH the hy-
drogenation product yield is 75.38 % and degradation product yield is 24.11 % and unreacted material yield
is 0.51 %. In the case using the nanocatalyst Fe(OA)s, the hydrogenation product yield is 79.09 % and degra-
dation product yield is 14.32 %, an unreacted material yield is 6.21 %. By adding 1 % Fe;O4 hydrogenation
product and degradation product yields are 84.65 % and 9, 87 %, respectively, unreacted material yield is
5,4 %. Comparison of these results showed a significant change in the ratio of hydrogenation and
hydrogenolysis products and the ratio of conversion. At the point of hydrogenolysis product yield and unre-
acted materials, the most efficient nanocatalyst is B-FeOOH; at the point of the hydrogenation products yield,
the most effective nanocatalyst is Fe;O,4 (Fig. 7). On the contrary, authors [11] noted that the destruction of
the hydrocarbons did not happen at the hydrogenation of anthracene and naphthalene in tetralin due to less
activity of the catalyst.

100 -~ 84,65
7909 ,
X 80 - ’
% % =1
()
2 60 -
k3]
3 40 A
S | & i
a 20 A 21 4
o e > B >
1 2 3 .
B Hydrogenation products Destruction products B Unreacted materials

1 — B-FeOOH; 2 — Fe(OA);; 3 — Fe;0,4
Figure 7. The ratio of hydrogenation and hydrogenolysis products in the presence of nanocatalysts

The product yield of hydrogenation process of anthracene in the presence of spherical catalysts
NiO/SiO,, Fe,0/Si0, at 300 °C and 400 °C is shown in the Table 3.

Table 3
The product yield of hydrogenation process of anthracene
Spherical catalysts
Name NIO/SIOZ F€203/Si02

300 °C 400 °C 300 °C 400 °C
1-Methylnaphtalene 1.68 0.71 - 8.22
1,6-Dimethylnaphtalene 0.11 24.78 - 4.34
1,2,3,4-Tetraantracene 65.48 0.18 88.72 86.474
9,10-Dihydroantracene 32.73 69.48 10.26 —
Antracene — 0.74 1.02 0.1

Cepust «Xummsi». Ne 1(73)/2014 53



Xintai Su, Fengyun Ma et al.

In the hydrogenation of anthracene at 300 °C the hydrogenation products yield is 98.2 % in the presence
of spherical catalyst NiO/SiO,. At 400 °C the hydrogenation product and degradation product yields are
69,66 % and 25,49 %, respectively. There is negligible quantity in the content of unreacted materials. In the
presence of spherical catalyst Fe,03/Si0, hydrogenation product yield is 98.98 % at 300 °C. At 400 °C the
hydrogenation product is 86.47 %, degradation product yield is 11,56 %. Based on these data, the spherical
catalysts NiO/SiO, and Fe,05/SiO, are the most efficient ones at the point of hydrogenation product yield
and are not inferior to nanocatalysts f-FeOOH, Fe(OA); and Fe;0,, furthermore these catalysts have a num-
ber of advantages, such as the availability and low cost.

Authors [12] describes the hydrocracking of polycyclic hydrocarbons by multistep mechanism includ-
ing hydrogenation, hydroisomerization, cracking and repeated hydrogenation. Similarly, antracene is hydro-
genated to di- and tetraatracene at the first stage of step-wise transformation. Then cyclohexane rings of
tetraantracene are subjected to cracking and isomerization to naphthalene. It is known that hydrogenated pol-
ycyclic aromatic hydrocarbons are more active hydrogen donors, so they can cause of a deep conversion of a
feedstock. Therefore, the high hydrogenation product yield can be explained by catalytic action which relates
to the hydrogenation of aromatic polycyclic hydrocarbons.

Thus, the influence of nanocatalysts B-FeOOH, Fe(OA);, Fe;O,4 and spherical catalysts NiO/SiO,,
Fe,05/Si0, on the hydrogenation process of model object is evaluated. It is established that the nanocatalysts
and spherical catalysts increase the formation rate of hydro-deritatives of anthracene, in particular 9,10-
dihydroanthracene and 1,2,3,4-tetrahydroantracene. The most optimum amount of the catalyst systems at
ratio of 1 % allows to increase of hydrogen donor which prevents condensation reactions and decreases the
stability of the associates. It is demonstrated that spherical catalysts NiO/SiO, and Fe,05/SiO, can be used
for hydrogenation of multiplet systems, such as coal, coal tar or its fractions. These catalysts are established
to be new developed catalytic additives promoted deeper chemical modification and destruction of hydrocar-
bons, as a result spherical catalysts can increase the yield of light products.
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Xwunraii Cy, Ma @31 FOnb, M.U.baiikenos, A.b.TareeBa, K. AxMeTkopiMOBa,
A.Tycinxan, A.JK.Maraesa, [I.A.banadexoBa, A.b.TneyoepreHoBa

HanokaTaauTukaibIK KyilieJepaiH MoaeabaiK 00beKTi —
aHTpPaleHHIH THApPOoreHn3anms ypaicine acepi

Mopgenbai 00BEKT — aHTpaleHHIH rugporenusanusace xyprizyaeri B-FeOOH, Fe(OA),;, Fe;O4 nanoxara-
nu3atopiapeiabie, koHe NiO/SiO,, Fey03/SiO; cdepanslk KkaTanu3aTopiapbiHBIH —ocepi OaranaHraH.
CHHTe3/IeNreH KaTaTUTHKAIBIK JKYHenep KeMIpYCyTeKTiK IIHKI3aTThIH JECTPYKIUACHI MEH TEPEH XHMHSIIBIK
MoOIU(UKAIMACEIHA dcep €TeTiHI aHbIKTainFaH. Kemip, TackeMip MIaWbBIpEl HeMece OHBIH (paKIUsIIapbl
TOpi3Ai MYNBTHIUICTTIK >KYHeNepliH THAPOTeHH3AIMACHIHIA CHHTE3JeNIeH KaTaIn3aTopiap KOJJaHbLIA
QJIATBIHBI KOPCETLITEH.

Xunrait Cy, Ma ®3n FOus, M.M.Baiikenos, A.b.TareeBa, K. AxmeTkapumoBa,
A.Tycunxan, A.J)K.Maraesa, /[.A.bana6ekosa, A.b.Tneybeprenona

BiysiHMe HAHOKATAJIUTHYECKHX CHCTEM HA THAPOTr€¢HU3alIHUI0
MO/€eJbHOr0 00beKTa — aHTpaneHa

[TpoBenena onenka BausHusa HaHokaTamu3aTopoB B-FeOOH, Fe(OA);, Fe;04 1t chepryeckux katann3aTopoB
NiO/Si0,, Fe,05/Si0, Ha npoliecc ruIpOreHU3anuyd MOJICIIBHOTO 00bEKTa — aHTpaleHa. Y CTAHOBIICHO, YTO
CHHTE3UPOBAaHHBIC KaTAIUTHUECKHE CHCTEMBI CIIOCOOCTBYIOT OoJiee IIyOOKOH XUMHUYECKOoil MomuduKanuy u
JNECTPYKLMU YTIIEBOZOPOJIHOTO ChHIPbs. [loKa3aHO, 4TO CHHTE3MPOBAHHBIC HAHOKATAIN3aTOPBI MOTYT OBITh
MCIIOJIb30BAHbI JJISI THAPOTCHH3ALMN MYJIBTHIUICTHBIX CHCTEM, TAKUX KaK yrojib, KAMEHHOYIOJIbHAs CMOJia
WITH UX (ppaKuum.
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Analysis of the effectiveness of dispersant for oil spills

The acceptability and effectiveness in some situations, the practical application of dispersants for oil spill at
sea is now well recognized and recorded in official documents in many countries and international
organizations. To evaluate the quality offered to control the oil spills dispersants in our laboratory studies
were conducted using the recommended techniques. Studies have been conducted on the impact of the
proposed dispersant Kashagan oil in sea water of the Caspian Sea. On the basis of research has been done
evaluating the effectiveness of dispersants at 5 °C, 25 °C and is given recommendation for their use.

Key words: crude oil, topped oil, oil spill, emulsification, dispersants, salinity, viscosity, density.

Oil and petroleum products are a significant reasons of environmental pollution, particularly water of
oceans and seas [1]. Contact with petroleum hydrocarbons in the marine environment has a negative impact
on almost all of its components, including fisheries, phyto-and zooplankton, algae, benthos, marine mam-
mals and birds [2, 3].

One of the most important means for the elimination of accident consequences are dispersants which
are designed to dissipate (emulsification) floating oil slicks in a large volume of water in the form of crushed
oil droplets. When this is achieved by lowering the concentration of oil in the vicinity of the spill, enhanced
biodegradation processes of pollution of the marine environment is restored interaction with the atmosphere,
reduced fire hazard spill, preventing the possibility of contamination of the coastal strip, emersion of «choco-
late mousse» [4, 5].

In connection with the prospects of oil production in the Kazakhstan sector of the Caspian Sea (KSCS),
the question arises about analysis opportunities and the efficient use of different dispersants for oil spills [6].

The purpose of this study was to evaluate the effectiveness of a number of dispersants towards the
Kashagan oil using artificial sea water of different salinity at different ambient temperatures. In the experi-
ments were used Kashagan oil, artificial seawater (salinity 0, 6, 12, 18, 35 %o), dispersants of various manu-
facturers: Corexit EU 9500, Dasic Slickgone, Inipol IP- 90, Inipol IPF, FLD-1, FLD-2, Bioversal HC (Ta-
ble 1).

Table 1

Several dispersants accepted for use in oil spills

Dispersant Approved for use in the following countries:
Corexit EU 9500 France (for use at sea), UK, USA

Inipol IP-90 France (for use at sea)

Inipol IPF France (for use in freshwater)

Dasic Slickgone NS |France (for use at sea), the UK, Cyprus, Norway
Bioversal HC Italy, Spain

Oil spills on water natural weathering processes occur light petroleum oil fractions, so test the effect of
dispersants in the model is carried out under reduced crude.

Topped oil fraction was obtained at atmospheric pressure by ST RK ISO 3405-2008. Crude and topped
oil tested for viscosity and density to determine the suitability of dispersants at the temperature 5-25 °C.
Kinematic viscosity of crude and topped oil measured capillary viscometer IWF-2. Density was determined
by areometers.

Kinematic viscosity of Kashagan oil — 11,6 mm?/s*, density — 0,846 g/cm’.

Topped oil at 250 °C oil is too high in viscosity and is not suitable for further work. Oil topped in a
temperature range up to 220 °C at ambient temperature of 5 °C solidifies and becomes uncomfortable for the
study. Thus, the test proved to be suitable oil, topped at 200 °C (Table 2).

Conducted to determine the effectiveness of dispersants according to the procedure adopted in the UK
as the standard for analysis of dispersants, WSL 448 LR [7].
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Table 2
Kinematic viscosity and density of reduced crude

Distillation Measurement . 3 . . 2 2
Ne temperature, °C | temperature, °C Density, g/cm” | Viscosity, mm®/s
1 200 20 0,862 12,1
2 220 20 0,870 16
3 250 20 1,014 559.,9
4 200 5 0,870 15,4
5 220 5 0,880 Not measured

Efficiency index dispersant defined as the mass fraction of the oil were tested, which is dispersed as fi-
ne droplets in the aqueous phase at the test conditions.

The concentration of oil in water was measured by an extraction-photometric method: oil dispersed in
the aqueous phase was extracted with chloroform, and then the optical density of the oil chloroform solutions
at 580 nm. For operation was used the spectrophotometer UV-1800, a light absorbing layer length — 10 mm.
Oil concentration was determined using the calibration curve — dependence of the optical absorption of the
oil concentration of the solution in chloroform (Fig. 1).
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Figure 1. Calibration graph of optical density the concentration of the oil in chloroform (oil, topped at 200 °C)
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Figure 2. Effectiveness of dispersants at 25 °C, salinity 16 %o

Thus, for selected conditions, in particular at a temperature of 25 °C and salinity 16 %o dispersant is
most effective mark Inipol IPF, followed dispersants Corexit 9500, Inipol IP-90. FLD-1, Dasic Slickgone
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NS, FLD-2 and Bioversal HC dispersants are weakly dispersing agents for the Kashagan oil under these con-
ditions (Fig. 2).
Effectiveness of dispersants is strongly dependent on the ambient temperature (Fig. 3, 4).

0-35 %o (Table 3).
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Figure 3. Effectiveness of dispersants at 5 °C
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Figure 4. Dependence of the efficiency of dispersants by temperature

The effectiveness of dispersants increases with increasing temperature, while the differences in the effi-
ciency of dispersants are stored — the most effective dispersant Inipol IPF, hereinafter — Inipol IP-90,
FLD-1, and least effective dispersants — FLD-2, Bioversal HC.
Dispersants are manufactured primarily for use in ocean waters with an average salinity of 35 %o. Salin-
ity of the Caspian Sea below the ocean, especially in the KSCS which varies in the range 6—16 %o. Therefore,
we conducted research on the effectiveness of dispersants for different values of salinity in the range of
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Table 3
Comparison of the dispersants effectiveness at different salinities (25 °C)
Dispersants
Salinity, %o . . . . Dasic Without
Inipol IPF Inipol IP90 | Corexit9500 | Bioversal HC Slickgone NS | dispersant
0 18,23 17,31 18,92 5,34 9,94 3,87
6 38,49 33,88 44,93 10,86 18,23 8,7
12 60,58 42,17 51,38 20,07 30,20 6,28
16 (sea water, Aktau) 68,77 48,85 65,37 11,02 36,66 7,35
35 55,06 41,25 95,57 9,02 86,36 3,87
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Figure 5. The dependence of the efficiency of dispersants depending on the salinity of the water

As can be seen, salinity of water influences different to the effectiveness of dispersants. Most effective
in saltwater ocean with corresponding 35 %o are Corexit 9500 and Dasic Slickgone NS. However, their effec-
tiveness at a salinity of the Caspian Sea (from 6 to 16 %o) is significantly reduced, while Corexit 9500 is one
of the preferred dispersants and Dasic Slickgone NS sharply reduces its effectiveness with 86,36 to 36,66 %.

The most effective at salinity of the Caspian Sea (from 6 to 16 %o) can be considered Inipol IPF and
Corexit 9500. Inipol IP-90 is less effective than the above Inipol IPF and Corexit 9500. Dasic Slickgone NS,
Bioversal HC and FLD-1, FLD-2 for the Caspian Sea are unacceptable due to low efficiency values (Fig. 5).

Conclusions

1. Effectiveness of dispersants.

At a temperature of 25 °C and 16 %o salinity is the most effective dispersant brand Inipol IPF, whose ef-
ficiency is 77,84 %, followed by dispersing Inipol IP-90 — 55,10 % and FLD-1 — 45,01 %. Dispersants
FLD-2 — 27,03 % and Bioversal HC — 20,77 % are weakly dispersing agents for the Kashagan oil under
these conditions. It should be noted that in the absence of dispersants, natural conditions give 14,62 % of the
dispersion at 25 °C.

Thus, in the case of Kashagan oil spills possible to use dispersants discussed the following reagents:
Inipol IPF, Corexit 9500 and Inipol IP-90.

2. Temperature influence.

The effectiveness of dispersants decreases with decreasing temperature. However, the sequence number
of reagents for dispersing activity is fully preserved. So, at 5°C the best dispersant properties against
Kashagan oil dispersant showed brand Inipol IPF, whose efficiency is 56,19 % and dispersant Inipol
IP-90 — 44,84 %. Dispersants FLD-1 — 32,11 % and FLD-2 — 12,39 % are weakly dispersing agents for
the Kashagan oil under these conditions. Dispersant Bioversal HC 9,63 % with efficiency at a temperature of
5 °C practically no effect, as dispersing natural conditions at this temperature give 8,60 % of the dispersion.

3. Effect of salinity.

Reducing salinity of the water in tests reduces the efficiency of dispersants. Most effective in saltwater
corresponding to ocean water with 35 %o are Corexit 9500 and Dasic Slickgone NS, with salt water from 6 to
16 %o the most effective are Inipol IPF and Corexit 9500.
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MyHaii Terijirenieri KOJJIaHbLIATBHIH U CIIEPTeHTTEP
THIMILTINHIH capanTaMacel

Kasipri ke3ze TeHi3neri MyHaii Teriny caigapbiH )OO YIIiH OipKaTap arFqaiia TUCIepPreHTTepIi ic Ky3iHae
KOJJaHy KOITereH eJICpAC >KOHE XalblKapalblK YibIMIapia KeH KeJeMJC TaHbUIFaH JKOHE pPEcMH
KyKarrapia OekiTinreH. MyHail Teriy caniapbIMeH Kypecy YIUiH YCHIHBUIBII OTBIPFAaH IHCIICPreHTTEPAIH
caracelH Oaranay OapbIChIHIA Oi3/iH 3epTXaHala KEHEC CTUITCH ONICTEMENICPIiH KOMETIMEH 3epTTeyiep
KYprisinmi. ArtanMeim gucrneprentrepaiy Kacnmit TeHisinin cybsiHga Kamaran MyHall KeH OpPHBIHBIH
MyHaiibiHa ocepi aHbIKTadFaH. JKyprisiiren 3eprreyiep norTmkecinae 5 °C, 25°C Temmeparypanapia
JUCIEPreHTTepAl KOJJaHy THIMALTCH OaFamay >KYpri3inai jkoHe ojap/pl KojijaHy OOMbIHIIA KeHecTep
Oepinmi.

E.C.Mycradun, U.M.Ilynos, A.K.AiiTeiMOB

AHaan3 3pPeKTUBHOCTH TUCTIEPTEHTOB
JJIS IPMMEHEHUs NPH Pa3jiuBax HepTH

ITpuemnemocts 1 3¢ HEKTUBHOCTD B psijie CUTYalUi MPAaKTHIECKOTO IPHMEHEHHUS UCTICPTEHTOB VIS JINKBH-
Januy HeTSAHBIX Pa3JIMBOB B MOPE B HACTOsIIEE BpeMs OOLIENPU3HAHbI U 3a(UKCHPOBAHbI B OQULIHAIBHBIX
JOKYMEHTAaX BO MHOTHX CTpaHaX M MEXIyHapOIHBIX OopraHm3anusx. sl OleHKH KadecTBa MpelsIaraeMbIX
11t 60pOBI ¢ paznuBaMK He(TH AUCHEPreHTOB Hallel 1abopaTopyuel NPOBOAMINCH UCCIICNOBAHUS C TIOMO-
MIbI0 PEKOMEHIOBAHHBIX METOAUK. BN MPOBEIEHBI UCCIEA0BAHMS BIMSHHS MPEATaraeMbIX AUCTIEPTEHTOB
Ha He(Th Kamaranckoro mecropoxaeHust B Mopckoii Boge Kacrmiickoro mopsi. Ha ocHoBaHMM TPOBEIEHHBIX
HCCIIeoBaHNi OblIa cleflaHa oreHKa () (eKTUBHOCTH JUCIEPrenToB mpu temneparypax 5 °C, 20 °C u nana
PEKOMEHJAaLUs 110 UX IPUMEHEHHIO.
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Caenenus 00 aBTopax

Mycrapun Emure CyMHAMKOBHMY — PYKOBOJWTENh HCIBITATCIIEHONH J1ab0paToOpuu WHKEHEPHOTO
npoduins «OU3NKO-XMMHUYECKUE METOJIBI HCCIICIOBAHUS» TOKTOP XUMHYECKUX Hayk, npodeccop, Kaparan-
TUHCKHWA TOCYIapCTBCHHBI YHHBEPCUTET NMEHHU akajeMuka E.A.bykeTosa.

IIyno Urops MuxaiioBU4 — CHCIHAINACT UCTIBITATEIHFHONU J1a00paTOpHH WHXCHEPHOTO TPOGUIIT
«DU3UKO-XMUMUYECKHE METOABl MCCIeN0oBaHus», KaparaHIuHCKUN rocyIapCTBEHHBIN YHUBEPCUTET UMEHU
akagemuka E.A.byketosa.

AijiTeiMOB Aiinoc KynaiiGepreHoBHY — WHXEHEP HUCIBITATEIIHHON JTA00paTOpHH WHKEHEPHOTO IPO-
¢unst «DU3MKO-XMMHUYECKUE METOJNbI HCCIIE0BaHUsD», KaparaHAWMHCKUIA TOCYJapCTBEHHBI YHUBEPCHTET
nMeHu akanemuka E.A Bykerosa.
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