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Annotatsiya: Ushbu tadgigotdan magsad tabiiy ob’ektlar va sanoat materiallari tarkibidagi
palladiy(Il), kumush(l) va simob(ll) ionlari miqdorini dietilamino-4-metilgeksin-2-ol-4
(DEAMGO) eritmasi bilan suvsiz va aralash muhitlarda amperometrik titrlash uslublarini ishlab
chigishdan iborat.

Bir yoki ikkita gattiq indikatorli elektrodlar bilan istalgan (suvli, suvsiz, aralash) muhitda
amperometrik titrlash usullarini ishlab chigishda, aniglanadigan ionlarning va ishlatiladigan
reagentning va uning kompleksini voltamperometrik tabiatini o‘ziga x0s tomonlarini bilish
shart, natijada titrlashning optimal sharoitlarini to‘g‘ri tanlash mumkin bo‘ladi.

Analitik nugtai nazardan vinilfenilefir-C¢Hs-O-CH=CH, — atomlar guruhi tutgan organik
reagentlar katta qiziqishga sabab uyg‘otadi, ular og‘ir va boshga metallarning kationlari bilan
bargaror kompleks birikmalar hosil giladi, ular suvda erimaydi, lekin organik erituvchilarda
yaxshi eriydi.

DEAMGO suvli, suvsiz va aralash muhitlarda turli kationlarni titrlashning so‘ngi nuqtasi
- amperometrik indikatsiyasida analitik reagent sifatida keng qo‘llanilmaydi, shuning uchun uni
suvsiz amperometriyada ishlatish uchun avvalambor bu depolyarizatorni platinali mikrodiskli
elektrodda protolitik erituvchi muhitida tabiati va konsentratsiyasi har xil bo‘lgan fon
elektrolitlar ishtirokida voltamper tabiatini o‘rganish kerak bo‘ladi.

Kalit so‘zlar: dietilamino-4-metilgeksin-2-ol-4, metall, suv, titrlash, egri chiziq,
amperometrik, mikrodisk, elektrod, tok, eksperimental nuqtalar, faza, elektrokimyoviy.

OINPEJAEJIEHUE XAPAKTEPA AHOJAHBIX TOKOB IIPU PA3JIMYHBIX
CKOPOCTAX BPAIIEHUA MUKPOAUCKOBOI'O DJIEKTPOJA U IIPU PA3ZHBIX
TEMIIEPATYPAX UCIIBITATEJBHOI'O PACTBOPA.

AnHoTtaumusi: Ileapto  gaHHOW — paboTBHl  sBIAEeTCS  pa3paboTKa  METOJOB
aMIIEPOMETPUYECKOTO THTPOBaHUs sl ompeneicHus nonoB namwtamusa(ll), cepedpa(l) u
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prytu(ll) B mpupoaHbIx 00bEKTaX U MPOMBILIUICHHBIX MaTepraiax ¢ pacCTBOPOM JUITUIAMHUHO-
4-meTunrexkcun-2-oma-4 (JI9AMI'O) B 6€3BOJIHBIX M CMEIIAHHBIX Cpeiax.

[Ipu pa3zpaboTke METO/I0B aMIIEPOMETPUUECKOTO TUTPOBAHUS B JIIOOBIX cpeniax (BOAHBIX,
HEBOJHBIX, CMEIIAHHBIX) C OJIHUM WJIH JBYMSI TBEPAbIMH HHAMUKATOPHBIMU SJIEKTPOJIaMHU
HEOO0XOMMO 3HaTh OCOOEHHOCTH BOJIBTAMIIEPOMETPHUECKON MPUPOIBI OMIPEIETSIEMBIX HOHOB,
a TaK)Ke UCTOJIb3yeMbIi peareHT U ero KOMILJIEKC, B PE3yJIbTaTe Yero MOKHO Oy/1eT MPaBUIBLHO
1no/100paTh ONTUMANIBHBIE YCIOBUS TUTPOBAHUS.

C aHamUTHYECKOW  TOYKM  3pPEHHUS  OpPraHMYECKHE  PEareHTbl,  COJEprKallue
BuHWIGeHuIGupHyto rpynmny atomoB -CgHs-O-CH=CHy,-, npeacrapistor 60bI10i HHTEpPEC,
TaK Kak OHU 00pa3yloT ¢ KATHOHAMU TSKEJBIX U IPYTUX METAIUIOB YCTOMYMBBIE KOMIUIEKCHBIE
COEIMHEHMSI, HEPACTBOPUMBIE B BOJIE, HO PACTBOPUMbBIEC B OPraHUYECKUX PACTBOPUTEISX.

JA2AMI'O He Hamen mMUpPOKOTo MPUMEHEHNS B KAYECTBE aHAJUTUYECKOTO PEareHTa Mnpu
aMIEepPOMETPUYECKON HMHIUKALWKA KOHEYHOW TOUKH THUTPOBAHMS PA3TUYHBIX KATHOHOB B
BOJIHBIX, 0€3BOJHBIX M CMEIIAHHBIX Cpelax, MOATOMY JJIs €r0 MCIOJb30BaHUS B OE3BOJIHOMN
aMIepoOMETPUU HEOOXOANMO TIPEIBAPUTEIHLHO U3YUUTh BOJBTAMIIEPOMETPUUECKOE TTOBEACHHE
3TOr0 JICTIONISIpU3aToOpa B CpeAe IMPOTOJUTHYECKOIO PACTBOPUTENS Ha IUIATUHOBOM
MUKPOJIMCKOBOM 3JIEKTPOJE B MPUCYTCTBUHM (POHOBBIX AJIEKTPOJIUTOB PA3IMUYHON HPUPOJBI U
KOHIICHTpAI1H.

KiioueBble ci10Ba: AMATUIAMUHO-4-METUITEKCUH-2-051-4, METajul, BOjJa, TUTPOBAHHE,
KpHUBasi, aMIIEPOMETPUUECKUN, MUKPOJUCK, SJEKTPOJ, TOK, IKCTIEpUMEHTAIbHbIE TOUKH, (pa3a,
AIEKTPOXUMUYECKHUU.

DETERMINATION OF THE NATURE OF ANODE CURRENTS AT
DIFFERENT ROTATION SPEEDS OF A MICRODISC ELECTRODE AND AT
DIFFERENT TEMPERATURES OF THE TEST SOLUTION.

Abstract: The aim of this work is to develop amperometric titration methods for the
determination of palladium(ll), silver(l) and mercury(ll) ions in natural objects and industrial
materials with a solution of diethylamino-4-methylhexyn-2-ol-4 (DEAMGO) in anhydrous and
mixed media.

When developing methods of amperometric titration in any environment (agueous, non-
aqueous, mixed) with one or two solid indicator electrodes, it is necessary to know the
characteristics of the voltammetric nature of the ions being determined, as well as the reagent
used and its complex, as a result of which it will be possible to correctly select the optimal
titration conditions.

From an analytical point of view, organic reagents containing the vinyl phenyl ether group
of atoms -CsHs-O-CH=CH,- are of great interest, since they form stable complex compounds
with cations of heavy and other metals that are insoluble in water but soluble in organic solvents.

DEAMGO has not found wide application as an analytical reagent in amperometric

indication of the end point of titration of various cations in aqueous, anhydrous and mixed
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media, therefore, for its use in anhydrous amperometry, it is necessary to first study the
voltammetric behavior of this depolarizer in a protolytic solvent medium on a platinum
microdisk electrode in the presence of background electrolytes of various natures and
concentrations.

Key words: diethylamino-4-methylhexyn-2-ol-4, metal, water, titration, curve,
amperometric, microdisk, electrode, current, experimental points, phase, electrochemical.

KIRISH

Bugungi kunda dunyoda atrof muhitni muhofaza gilish muxim ahamiyatga ega. Shu
magsadda turli sanoat korxonalarining chigindilari, ogova suvlar, tabiity hamda texnogen
ob’cktlar tarkibidagi rangli va nodir metallar ionlari miqgdorini aniglashda elektrokimyoviy
titrlash usullari keng qo‘llanilmogda. Shunga ko‘ra, rangli va nodir metallar ionlarini ichki
kompleks birikmalar shaklida elektrokimyoviy aniglashning selektiv, tezkor, usullarini ishlab
chigish uchun yangi kompleks hosil giluvchi organik reagentlarni sintez gilish va ularning
elektrokimyoviy, fizik-kimyoviy, Kkislota-asosli xossalarini aniglash, hamda organik
reagentlarning qimmatli analitik xossalarga ega bo‘lgan yangi hosilalarini olish, ulardan analitik
usul uchun eng magbullarini tanlash va ularning analitik usullarda qo‘llanilish sohalarini
kengaytirish muhim ahamiyatga ega.

ADABIYOTLAR TAHLILI VA METODLAR

Oltingugurt o‘z ichiga olgan tioasetamid reagenti va uning metall kompleksining platina
mikrodisk anodidagi amperometrik xatti-harakati o‘rganilgan va uni suvli, aralash va suvsiz
mubhitda asil metall ionlari uchun analitik reagent sifatida qo‘llash imkoniyati ko‘rsatilgan [1].

Palladiy(11)ni skeletli nikelli katalizatorlarda va palladiy(I1)li eritmalarda aniglash uchun
kaliy yodid ishtirokida AT usulidan foydalanilgan [2]. Titrlash vizual amperometrik qurilmada
aylanadigan platinali indikatorli eletktrodlarda olib borilgan (I =10 mm, d = 0,5 mm).

Suvli eritmalarda kumushni voltametrik aniglash usuli ishlab chigilgan. Tahlil shartlari
quyidagilardan iboratligi o‘rganilgan: 20 soniya davomida 700 mV potensialda elektrodni
gayta tiklash; -300 mV potensialda uglerod-sitall elektrod yuzasida kumush(I)ning to‘planishi;
20 soniya davomida -300 mV potensialda tinchlantirish; 500 mV/s potensial tezligi bilan -300
dan 700 mV gacha bo‘lgan potensial diapazonda anod oqimi-kuchlanish egri chizig‘ini
ro‘yxatdan o‘tkazish, texnika elektrokimyoviy generator yordamida kumush(I) ionlari bilan
boyitilgan suvni tahlil gilishda, shuningdek, kumush idishlardan kumush migratsiya jarayonini
o‘rganishda sinovdan o‘tkazilgan [3].

Dastlabki tajriba natijalariga ko‘ra, berilgan reagentning eritmasi bilan kumush(I) va
palladiy(Il) ionlarini aniglashda metall komplekslarining komponentlarini tegishli cho‘kma
hosil qilib ta’sirlashishi o‘rganib chiqilgan. Berilgan tashqi potensial: mishyak(III) uchun -0,2V;
surma(lll) uchun -0,1V va palladiy(ll) uchun -0,15V bu metallarni qaytarilishiga yo‘l
qo‘ymasligi isbotlangan, biroq reagentni simob tomchili elektrodda to‘liq oksidlanishini

ta’minlashi isbotlangan.
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Kumush(l) ni aniglashning amperometrik usullarini ishlab chigish va olingan tajriba
ma’lumotlarini metrologik baholash uchun korrelyatsiya koeffitsientlari o‘rnatildi va kumush(I)
ni suvli, oltingugurtli reagentlar bilan gibrid ekstraksiya-amperometrik aniglash usullari, aralash
va suvsiz muhit ishlab chigilgan. Platinali mikrodisk anodida oltingugurt saglovchi reagentlar
va ularning metall komplekslarining turli tabiat va konsentratsiyali bufer eritmalari va fon
elektrolitlaridagi voltametrik harakati o‘rganilgan. Ushbu reagentlarni kumush(I) ionlari uchun
analitik reagentlar sifatida ishlatish imkoniyati ko‘rsatilgan. Cheklovchi anod oqimlarining
tabiati va bitta depolarizator molekulasining oksidlanishida elektronlar soni aniglanadi va
oltingugurt o‘z ichiga olgan reagentlar eritmasi bilan kumush(I) ni aniglash uchun sharoitlar
optimallashtirilgan. Amperometrik titrlashning yangi versiyasini ko ‘rib chiqilgan va yuqoridagi
talablarga javob beradigan eng yaxshi oksidlovchi moddalar ozon, Cr,03, KMnQ,4, H,O, ning
protolitik erituvchilardagi yangi tayyorlangan eritmalari ekanligi, titrlangan eritmalardagi
konsentratsiyalari 0,001M dan oshmasligi kerakligi aniglangan. Chunki bunday sharoitda
titrantlar amalda oksidlanmasligi va metall ionlarining amperometrik titrlanishi bu oksidlovchi
moddalar bo‘lmagandagidek silliq kechishi o‘rganilgan [4].

NATIJALAR

Yangi faza hosil gilmaydigan elektrod jarayonlar suvsiz va aralash eritmalarda kam
o‘rganilgan. Bunday jarayonlarni o‘rganish elektrokimyoviy kinetikaning qonuniyatlarini va
anomaliyalarini to‘laroq o‘rnatish imkonini beradi. DEAMGO oksidlanishining anodli tokining
tabiatini aniglash uchun birinchi navbatda depolyarizatorning chegaraviy tokining kattaligini
diskli mikroanodning aylanishlari soniga bog‘ligligini topish zarur. 24°S da va elektrodning har
xil aylanishlari sonida (380, 725, 1085, 1400 ayl/min) olib borilgan tadgiqotlar shuni
ko‘rsatdiki, reagentning oksidlanishini chegaraviy tokining kattaligi diskli mikroanodning
aylanishlari soniga to‘g‘ri proporsional (1-rasm.)[5].

| mkA , 1-rasm. DOAMGO oksidlanish
| chegaraviy tokining CH;COOHda

-Jm (ayl/min)¥2 ga bog‘ligligi. Fon
konsentrasiyasi, mol/l: 1,1 — 0,20 M
LiNOs; 2,2 — 0,25 M CH3;COOK; 3,
3 -0,20 M LiClOy4; 4,4 -0,15 M
LiCl.

Konsentrasiya DEAMGO,
mol/l: 1,2, 3, 4, - 2.10* 1, 2, 3, 4-
4.104,

Vm (ayl/

1- rasmda misol tarigasida sirka kislotada DEAMGO oksidlanishining chegaraviy toki
qiymatlarini barcha o‘rganilgan fonlarda mikroanod aylanish tezligini kvadrat ildiziga
bog‘liqligi keltirilgan.
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1-jadval

DEAMGOni sirka kislotali muhitida chegaraviy toki kuchini tabiati, fon elektrolitlari
ishtirokida elektrodning min. aylanishlari sonining kvadrat ildiziga bog‘ligligi va
natijalari

. Chegaraviy tok

Fon tabiati va Elekt!’odnlng i ﬁ kattaligi, mkA
konsentrasiyasi, mol/l aylanish tezligi, 1

yast, ayl/min (@ylimin)*? o404 M | 4104 M
0,25 CH3COONa 380 19,49 3,96 7,94
"= 725 26,93 5,12 10,25
—"— 1085 32,94 6,18 12,36
-"— 1400 37,42 7,06 13,98
0,25 CH3COOK 380 19,49 4,05 8,11
-"— 725 26,93 5,21 10,43
-"— 1085 32,94 6,27 12,55
-"— 1400 37,42 7,15 14,31
0,15 LiCl 380 19,49 4,44 8,85
—"- 725 26,93 6,00 11,97
- 1085 32,94 7,16 14,26
-"— 1400 37,42 8,24 16,43
0,15 LiNO3 380 19,49 4,40 8,81
" 725 26,93 5,96 11,93
-"— 1085 32,94 7,12 14,22
~"— 1400 37,42 8,20 16,39
0,20 LiClOq4 380 19,49 7,78 15,56
" 725 26,93 10,65 21,24
- 1085 32,94 12,66 25,32
-"— 1400 37,42 15,51 29,02

1-rasmdan va 1-jadvaldagi ma’lumotlardan ko rinib turibdiki, barcha to‘rtta eksperimental
nuqtalar, elektrodning turli aylanishlari soniga javob beradi, ular kooridanatalar boshidan o‘tgan

to‘g‘ri chizigqa yaxshi joylashadi, bu DEAMGOni platina diskli mikroanodda
elektrooksidlanish chegaraviy tokining diffuzion xarakterga ega ekanligini anglatadi.
2-jadval

Bitta molekula DEAMGO platina mikrodiskli anodda oksidlanishining chegaraviy
tokining kattaligini sinalayotgan suvsiz sirka Kislota eritmalarinig haroratiga bog‘liglik
natijalari

. h i i
Fon tabiati va c egaraVIy O‘rganilayotgan Chega_rffwly tok
.. | tokning . . kattaligi, mkA
konsentrasiyasi temperatura eritmaning - .
mol/l peratut harorati, °S 2-10° M 410" M
koeffisienti
0,25 CH:COONa | 3,37 24,0 4,08 8,12
—"— 3,38 30,0 4,90 9,76
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— 40,0 6,60 13,17
0,25 CHsCOOK | 3,39 24,0 412 8,16
e 3,51 30,0 4,94 9,80
e 40,0 6,64 13,21
0,15 LiCl 427 24,0 4,36 8,65
e 3,33 30,0 5,44 10,87
e 40,0 7,24 14,43
0,15 LiNO3 423 24,0 432 8,61
e 3,29 30,0 5,40 10,83
e 40,0 7,20 14,39
0,20 LiClO4 4,20 24,0 7,85 15,63
e 3,71 30,0 9,82 19,59
e 40,0 13,46 26,87

Massa almashinuvi tezligi bo‘yicha DEAMGO oksidlanishining topilgan anodli tokining
chegarasi barcha o‘rganilgan fon elektrolitlari va ishlatilgan protolitik erituvchi CH3COOH
uchun o‘rnatildi. Ushbu xulosa, shuningdek haroratning 24 - 40°C oralig‘ida topilgan va har bir
gradusga 3,5 - 4,5% bo‘lgan DEAMGOning cheklangan elektrooksidlanishi chegaraviy
tokining harorat koeffisientining topilgan o‘rtacha giymati bilan tasdigqlanadi (2-jadval).

Eritmaning haroratini keng oraliglarida tajribalar o‘tkazilmadi, chunki 24°S dan past
haroratda ishlatilayotgan fonlar o‘rganilayotgan protolitik muhitlarda chekli eriganligi sababli,
ko*pincha cho‘kmaga tushib qoldilar, 40°Cdan yuqori haroratda biriktiruvchi ko‘prikning agar
agarli geli erib ketdi [6].

XULOSA

Olib borilgan tadqiqotlar asosida o‘rnatildiki, platinali mikrodiskli anodda DEAMGOning
bitta molekulasini elektrooksidlanishida protolitik suvsiz muhitlarda fon va muhitning tabiatiga
bog‘liq holda reagentning oksidlanish yarimto‘lqin (Ej2) potensiali kislotaliligi yuqori bo’lgan
sohaga o’tganda potensiallarning musbatroq giymatlari tomoniga siljiydi.

Chegaraviy tokning kattaligi bilan reagentning konsentratsiyalari o’rtasidagi to’g‘ri
proporsional bog‘liglik barcha o’rganilgan suvsiz yeritmalar va fon yelektrolitlar uchun 2-107
— 2-10° mol/I konsentratsiyalar oralig‘ida yetarlicha yaxshi rioya gilinadi.

Eritmaning har xil haroratlarida va platina diskli mikroanodning aylanis’hlari sonida qayd
qilingan DEAMGO oksidlanishining qutblanish yegri chiziglari asosida barcha o’rganilgan
fonlarda va suvsiz yeritmalarida reagentning elektrooksidlanish tokining diffuzion tabiati
o’rnatildi, logarifmik tahlil asosida uning qaytmas xarakteri o’rnatildi.

Aniglangan qonuniyatlar tahlil gilingan yeritmalarni termostatlas’h zarurligini aniglash
uchun muhimdir. Barcha o0’rganilgan muhitda DEAMGO platina diskli mikroanodda
elektrooksidlanish jarayoni gaytmas ekanligi va bitta elektronning chigishi bilan kechishi
aniglandi.
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