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MNpennoxeHa nonpaska k Teopuu Jlaivepa — HKupcrepa, mopenvpytowei pasHosecHble P—C~T
COOTHOWEHMS B cMCTeMax rasoobpasHoro sogopoaa ¢ rMopMaoobpasyoWuMK MeTannamM, cnnasa-
MH m uHTepmertanmmaamu, CyuHOCTb NONPAaBKM 3aKMoHaeTcs B NOCTYNUPOBaHMM CIyHauHOro xapak-
Tepa KOPPENUPOBAHHbIX BENUUMH IHTPOMMM M SHTanNbLMMK ruopunoobpasosaHus, 3a cHeT NyKTyaumH
3NEeMEHTHOro cocTaesa ruapupoobpasyoulero matepuana. lNpu aTom H30TEPMA copbummn cTpouTcs
KaK CBepTKa copBUMOHHOro ypasHeHus Jlaliuepa B KOOpAMHATAX "NOrapucom AaBneHMs (aprymeHT) —
cTeneHs 3anonHeHus (PyHKLMs)" NO NNOTHOCTH HOPMANBHOro pacrnpegeneHis aprymMeHTa. Monyuer-
Ha% MOMENb AOCTATOYHO 3[EKBATHO OMMCHIBAET 3KCMEPUMEHTaNbHbIe AAHHLIE MO PaBHOBECHIM pPas-
MMUHBIX MMAPUEOOBPa3YIoWMX MaTepUance ¢ rasoobpasHbim BOAOPOAOM, YUMTbIBASA Takue ocobeH-
HOCTM peanbHbIX U30TEPM "faBneHue — COCTaB", KaK NnasHbie nepexoabl Mexay nsyxchasHon (o+p)
oBnacTblo NNATO A3BNEHUs 1 OBnacTaMu o~ U B- TBEPABIX PACTBOPOB, a TaKKe 2QPPEKT HAKIMOHA Nnna-
TO paBnexus B OByxdpasHoi obnactu (Bxniovas ero TemMnepaTypHyto 3aBUCUMOCTb).

AnanuTUyYecKoe ONHCaHWe YCJIOBMHM PaBHOBeCHS BOAOPOJA B rasoBod ¢ase ¢ BOLOPOIOM,
pasMellleHHHIM B MeTaJJIMYECKOH MaTpule THIpHAa, CBA3BIBaeT PAaBHOBECHOE JiaBJieHHe BOJIO-
poga (P), ero KOHLEHTpauUWIO B THIpHAe (©) u Ttemneparypy (7) ¢yHKIMOHANBHOH
sapucuMocThio (PCT-muarpamMma), BHI KOTOPOH oOmpefessfieTcss HCXOAHBIMH TEOPETHIECKHMH
TpeAnOChIKaMH.

Onna u3 HauboJee MPOCTHIX TEOPHUH, NMpelnoXeHHas JIsiuepoM B 1937 r. [1], mo3BossieT omu-
CHIBATH CeMeficTBa W30TepM "HaBJieHWe — COCTaB" CHCTEM MeTaml — BOMIOPOJ C OJHHMM CerMeH-
ToM ILJIaTO JaBJeHHS B AByX(asHo# obaactd. B 1980 r. Kuperen pacnpocTpaHu AaHHYIO TEOPHIO
Ha cJayyalf MHOrocerMeHTHBIX H30TepM [2]. Opnako B o6oux cayuyasix TeopeTHUeCKHe H30TEpMEl
BJSIOTCS WIeaNU3UPOBAHHBIMHA, NOCKOJBKY B HHX OTCYTCTBYKT TaKHe SKCIEpPHUMEHTAJIBHO Ha-
GiiofaeMbie B peaNbHBIX CHCTeMaX OCOGeHHOCTH, Kak MJIaBHBI Nepexof MeXay OAHO(pa3HBIMH
06nacTSIMU TBEPHOTO pacTBopa ¥ AByx(}asHOH 06JacTbiO MJ1aTo NABJCHHA, a TaKXKe HaKJOH IlIa-
TO. |

Iesbio HacTosied paBoThl AB/AAETCS BBeleHHe TaKMX IONpaBoK B TEOPHIO JIstiuepa — Kup-
cTena, KOTOphie YYUTHIBAAM Obl BhILIEYKasaHHBIE 0COBEeHHOCTH ¥ TeM caMbiM ofecleunu Oojee
BLICOKYIO aJleKBaTHOCTb TEOPHM SKCTepPHMeHTAbHEIM JaHHBIM O paBHOBECHIO B pPealbHbIX
cHeTeMaX "BOIOPOX — THAPHACOGPA3YIOMH maTepualn .

Onucanue PCT-guarpamm B Teopun Jlsiuepa — Kupcerena

B pamkax Teopuu Jlaudepa [1,2], PCT-guarpamMma ¢ OHOH nByXx(ha3HoH 00/1aCThbIO (To ecThb
OIHHM CEerMeHTOM H30TepMbl 'JaBlieHHe — cocTaB") OMUCHIBaeTCH COOTHOLIEHHUAMH:!

T
lnP::lnP0+L(8, %) (1)
L(e,z)gzm(_?—- +3z(y ~6); (2)
- 1-6 2
- - (8)
3geck O — cTeneHb 3amnoJHEHHS MeTaJIHYecKOH MaTpHLBl BHEJPEHHBIMH aTOMaMH

BOJAOPOJA, COOTBETCTBYIOUANA paBHOBECHOH KOHIeHTpallii BOJOPOAA B TMAPHAE C (Crax —Mak:
cuMasbHAs KOHUEHTpauus); P — paBHOBeCHOe JiaBjeHHe BOJA0POAa, Py — 3HaueHHe pdBHOBEC-

* HucrutyT npobnem maimrocTpoerns w. A.H Tlogroproro HapioaHor Akanemus Hayk YKpaHHb
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pu Bg=1/2); T — Temmeparypa;

HOI'O JIaBACHUS BOAOPOAA B CpefHeH TOYKe MJIATO (To ecTb Il
epusi (kpuTHYECKas TeMIIe-

7. — BEPXHHHM TeMIlepaTypHLIH Npejes CyLIeCTBOBaHHA I/1aTO AaBJ

patypa). cooTHouleHus BaHT-
TemnepaTypHasi 3aBUCHMOCTb Fy MoOxeT OblTb MNpeAcTaB/eHa B BHIC \

lodda: __
ASY N AH" (4)

)

RT

rje AS® u AH . COOTBETCTBEHHO M3MeHeHHUs] CTaHAAapTHHIX SHTPONHK W 3HTAJBIHH IIPH 00-

pa3OBaHWU TUApHIA, K — rasoBas NOCTOAHHAA. )
Takum 06pasoM, ogHocermeHTHas PCT-quarpamma B paMKax TeopuH JIsidepa CBs3bIBAET [aBJje-

HHie, KOHLUEHTPALHMIO U TeMrepaTypy cooTHowerusmu (1) — (4) depes ueTbipe KOIQQHUUHEHTE, fIB-

IHPO =

0
2 1 ", ;
JISIOLIMEC XapaKTepUCTHKAMH KOHKDETHoM cHcTeMbl "MeTaan — BOZOPON' Cmax, 7o AS™ H

AHO. [Ipy ee TpaIMLMOHHOM rpadHMYecKOM Mpe[CTaBIeHHH KaK CeMeHCTBa H30TepM [aB/leHHe —
coctaB”, KoabdHULUMEHT G,y 3afaeT MaciuTab mo ocH cocTaBa (KOHLEHTDalMH BOJOPOAA B T'MADH-

ne). Kosthduunentsl AS Oy AH?Y ONpeNesIsIOT TeMIEPaTyPHYIO 3aBUCHUMOCTb CMELIEHHs H30Tep-
Mbl BIOJIb OCH [aBJjieHHs. M, HakoHell, KpUTHUecKas TemrepaTypa /. onpefesiseT TeMIEPaTypHYIO
3aBUCHMOCTb (POPMBI M30TEPMbI, B COOTBETCTBUH C TOBeleHHeM (yHKumH JIskdepa (2). TIpumeps
rpaduKoB NaHKOM (DYHKLUMY NPH Pas/HuUHbIX 3HaueHusix z = 7./ T mokasanbl Ha puc. 1. Bee onu

nepecexaiT ocb O npu 3HaueHuH 6y =1/2, sBJSASCH LEHTPAIBHO-CHMMETPUYHBIMH OTHOCHTEJ/IBHO
touks (6 ,0). Ecm z>1 (7< T), To B momosHerHe K kopHIO 0 =1/2, ypaBHenue L(8, 2)=0 ume-
eT elle /Ba AeHCTBUTE/bHBIX KOpHS 07 H 0,, CUMMeTPHUHLIX OTHOCHTelbHO O (Ha puc.l oTMme-

yeHbl 3HaueHus 0) u 0, npu z=1.3). Ilpu 6; <0 <0, rpapuk L(6, z) uMeeT BOMHOOGPASHYIO

dbopmy (MyHKTHpHbIE JHHMM HAa PUC. 1), UTO COOTBETCTBYET MeTacTabHALHOMY COCTOSHHIO, CKJIOH-
HOMY K pacmajy Ha [Be TBepAble (asbl C KOHLEHTPALMSIMK BOAOPOAA, COOTBETCTBYIOLIMMH CTefle-

HSM 3anonHeruss 61 u 0. B arot obmactu nosaraior L=0. Takum obpasom, npu 7 < 7. (z> 1)

MBI HMeeM TOPH30HTIBHBIH Y4acTOK IIaToO MU CTeNeHX 3amoJHeHHs 6; <6 <0, , npoTskeH-
HOCTb KOTOPOTO COKpalllaeTcst 110 Mepe pocTa Temnepatypel, H pu 7= 7, (z = 1) naTo BhIpoXKa-
eTcst B TOYKY neperuba mpu 0g=1/2.
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Puc. 1. T'paduku pynruuu Asitdepa TIPY PA3AMYHEIX 3HAYCHUSX 2
[lpuMeHHTENBHO K CHCTEMaM, ONMHCHIBAEMBIX MHOIOCErMeHTHLIMH PCT

cren [2] moctymuposan, uto smech Bomopon samuMaeT B MeTanmHueckop
THIBL MeXAOY3And. Kaxciblii U3 3THX TUMOB B KOHEUHOM cyere XapakTep

"AHarpammamu, Kup-
MaTpHlie pasjuyHbie
H3yeTcst cBouM Habo-
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Moaudukaums teopuu Jlanuepa — Knpcrepa Ans onucanus. ..

POM XApaKTePHCTHK PABHOBECHS BHeJPEHHOro BOAOPOAA C ra3oBod (ason. B mpocrerlneM ciy-
yae TPEANOJAraeTCsl He3aBHCHMOe 3allojHeHHe pa3/IHUHBIX MeXHoy3aud. Mbl orpaHHiMMCH
paccMOTpeHHeM MMeHHO 2TOro ciyyas.

Has cucteMsl, UMeIolIel /77 IaTo AaBJeHUs B ABYXhasHOH 06/acTh U30TepM '[aBJIeHHE —
coctaB”, KoHLleHTpaluMs Bofgopoja o Kupcreny B Halled HHTepIpeTalHH [3] moxer GwiTb
BbIpaXXeHa Kak:

m
Czcmangiei ' (5)
i=]
3nech Gpax — MaKCHMaJbHas KOHIEHTpalus BOJOpPOla B TMADHIE, OmnpejiesisieMasi YNCIOM BCeX
MeXIOY3JIHH MeTalJJMYecKOM MaTpHlpl, HOCTYMHBIX M7 BHEIpDEHHs aTOMOB  BOAOPOAA.
BespasmepHble K03pPHULUHEHTH g NPEACTaBAAIOT LOJIO MEXIOY3JUH Fro THIIa B UX CyMMapHOM
yucse, puyeM:

0<g; =<1

Zng =]
i=l

PaBHOBecHAs CTEMEeHb 3aNoJIHeHH§ MeXmoysJui Fro tuma 6; paccuuTbiBaeTCs MyTeM pe-

(6)

mienus: cucTeMbl ypaBHenui (1) u (2) otHocHuTesbHO 6
0= f[(lnP ~InPy), T%] , (7)

The f(x, z) — ¢ysKUMs, obpaTHas QyHkuuu Jlsuyepa ¢ "06pe3aHHBIMH" BOJNHAMH B ABYX(as-
Ho#i obaactu (z > 1), T.e.

L(®, z); z<lum(z>1,0<0, wmo >90,)
0, z>1,06, <6<86, |

[Tockonbky ypaBHeHHe (2) He MOxeT ObITh pellleHO aHANHTHYECKH OTHOCHTEJBHO 0, 3Haye-

x=(InP-InP,)= (8)

aus GyHKUMH L(Xx,Z) pacCUHTHIBAIOTCS MyTeM €ro YHCJEHHOTO pEelleHHs ¢ HCMOJb30BAaHHEM
vertona Hoorona, JOMOMHUTeJbHEIM HOMYIIeHUeM, HeOGXOMHMBIM A/l obecrieueHus yCTOUH-
BOCTH UHCJIEHHBIX Pac4eToB, ABJSETCH i(O,z)E 1/2.

[Tpu TakoM moxxozie MHorocermenTHas PCT-auarpamma OyleT ONMHCHIBATHCS COOTHOLICHHEM
(5), rne sHaueHus O; ompefeNsOTCS M3 COOTHOWEHHH (4) B (7). KonuuecTBo K03hDQHULHEEHTOB

Mogesu PCT-nuarpaMmbl IpH 3TOM cocTaBHT 4mr+1 (m — uncio M/1aTo):

iy & ,-;Tcl_;ASP;AH?} (i=1,....m). (9)

[IpuMeHeHHe TeOpHM JIsHuepa — Kupcrena aas onucanus PCT-auarpamm peaabHBIX CHC-
TeM "BOJAOPOJ, — THAPHA000pasyIOLIUH MaTepHal

Mogenb Jlsuepa — Kupcertena J0CTaTOUHO 2JAE€KBATHO ONUCHIBaeT JIUIIb T€ CHCTEMBbI, IOBEJe-
HHEe KOTODHIX HAOCTaTOYHO OJH3KO K HIeaAbHOMY (4yeTKO BbIpaXKeHHbIe TIePeXOfbl MEXIY OfHO-
dasHbIMH ® JBYX(a3HOW 0O/ACTAMH C TOPH3OHTA/BHBIM naato AaBieHus). s GoJAbLIKHCTBA
cucTeM, B KOTOPhIX THAPHA0OOpasylOUIMH MaTepuas MpeicTaB/sier co60fi MHOTOKOMMOHEHTHbIN
HHTepMETa/LIHA, TaKas WealbHOCTb He XapaKTepHa: SAECh rnepexofbl B 06/1acTh MJATO ABJIAOTCH
AOCTATOYHO IIAaBHBIMHU, & caMoO IJIaTO UMeeT 3aMeTHBII HAKJOH, BeJMUMHA KOTOPOro 3aBHCHT OT
TeMrepaTyphl. Takoe OTKJOHEHHe OT HAeaNbHOCTH MOKHO 06 bACHUTDL HEOJHOPOAHOCTbIO COCTaBa
ruApuaoo6pasylolero Marepuana, To ecTh DJAYKTyalMsIMA COOTHOLIEHHS 3/71eMeHTOB B HHTEpPME-
TaANMAaX, KOTOpble SBJSIOTCH COeIWHEHHAMH MepeMeHHOro cocTasa H B GOJbLIMHCTBE CJIY4YaeB
HMEIOT AOCTATOUHO MIMpOKHe 00/1acTH TOMOT€HHOCTH. B To >Ke BpeMfl H3BECTHO, UTO Jaxe He-
sHAYWTebHbIE H3MEHEHWS 3/IeMEHTHOTO COCTaBa MCXOJHOro HHTepMeTa/lhAd MPUBOMAT. K Cylle-
cTBeHHBIM W3MEHEHHSM TepMOIMHaMUYeCKHX XapaKTepHCTHK ero 06paTHMOro B3aHMOJEHUCTBHUSA C
BofopoioM. B nepsyio odepelib, 3TO 6yneT MPOSABASATLCA B M3MEHEHUAX 3HAUCHHA NABJCHHA IId-
o [4]. Takum 06pa3oM, Mbi WMeeM OCHOBAHHS TOCTYAUPOBATb BOSMOMHOCTL hAYKTYaUHiH napa-

meTpoB AS 0y AHO, onpe/IeSIONMX TeMIEPATYPHYIO 3aBHCHMOCTD AaBJIeHHs T11aTO By
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PacemoTpum ruapnaoo6pasyiollni MaTepdal, CTPYKTypa KOTOpuoro uMeeT eﬂﬁﬁggaiﬁisg
THII OCTYMHBIX AJIS BHeAPeHHS BOAOPONA MEXAOY3/MHH M KOTOPbIH xap.aKTepH3y6-6 mfuoro
CeTMEHTOM TIATO Ha M3oTepMe "MaBJeHHe — cocTas”. [IpefcTaBHM ero B BUAE CMECH BO Dac.
KOJWYECTBA KOMMOHEHTOB — HHTePMETAMIMAO0B (BUKCHPOBAHHOTO SJEMEHTHOTO ;OCTaga. ﬂi(;d
npefe/ieHde KOMMOHEHTOB MaTepHana no GpakuusiM g OyaeT Ompele/IiTbes HESHEE S y
pacripefesieHHsl, apamMeTpbl KOTOPOro MPeACTaBJSIOT XapaKTepUCTHKY MaTepHasla B LeA0M.
Ecnu 3aBucumocTb 0;(P) AJst Kaaoro OZHOPOLHOTO KOMIOHEHTa MOXET 6BITH OIKMCaHa COOT-

nomenusimu (1) — (4) co cBoum Habopom mapamertpoB (9), TO K TaKOH TMIOTETHHECKOH Ak v
MOXXeT ObITh MpuUMeHeH noaxon Kupcrtena B BHAE COOTHOLIEHHA (5). TlpearnoJ/ioXuB §Q_3M01’K
HOCTb GECKOHEUHO MAfbiX (JAYKTYalHH 3/]eMEeHTHOrO COcTaBa, Mbl Te€M CaMbiM [EPEHAEM OT

IHCKPeTHOTO paclpefie]eHust 1Mo (pakuuaM g; K HelpepbiBHOH QYHKLHHM paclpeie eHus
¢®(u), T.e. TVIOTHOCTH pacrpeieieHHsi BepOATHOCTH COOLITHS, UTO 3Ha4YeHHe HEKOTOpOro Xxa-

pPaKTepH3yIOIero CriaB MapameTpa u nomajet B HHTepsan (u,u+du ). Toroa B COOTHOLIEHHH
(5) cymma 3ameHsieTcss cBepTKOM (GyHKUMH QyHKuMu O(#) MO MIOTHOCTH pacnpefeseHus ap-
rymenta @(u). [IpuHsB B KayecTBe (UIyKTYHpYIOLIero mapamerpa £, noayyaem:

C b b |
0= —-= j@(x)_cp(x —u)du = Je(x —u)o(u)du, (10)

Cmax a a

rie a 1 b — COOTBETCTBEHHO HHI)XHHMM M BEepPXHHHU Mpelesibl H3MEHEHUS NapaMeTpa X, CBA3aHHO-
ro ¢ By cooTHolleHnem (8).
Ecan nocTyaupoBaTh HOpMaJbHbIHM 3aKOH paclpee/ e Hus:
2
cp-(u)z——}————-exp | | (11)
O 2T 202
TO, B JONOJHeHHe K mapamerpam InPy u z=T,./7, nas onucaHus H30TepMbl "HaBJeHHe — Co-
cTaB", fobaBisieTcd MapamMeTp G — OUCNePCHs (QUYyKTyalUW apryMeHTa X WUJHM, UYTO 3KBUBa-
NeHTHO, mapameTpa InFy. B cooTBeTcTBUM ¢ ofnacThio ompenenenust ¢pyHKuuu (11), mpegessl
M3MeHeHHUs MapamMeTpa U COCTaBAT: @ = —oo, b = +co. YpaBHeHHe U30TepMHl, ¢ yueToMm (10)—
(11), MOXeT 6bITh 3alMCAHO KaK:

¢ L T (x—--—u)2
Cmax OV2R _'L (X) P 2(52 = 12
HJHU:
¢ 1Y u? )
e = = 8 — — e
Cmax 0v27 _.{o (x u). P 20‘2 - i)

rre O(x)=L(x,z).
Ha puc.2 npencrassiensl paccuntanHsle nmo (12) usorepmsl "masnenue — cocrap” npu z=1.2
W pasNUyHbIX 3HaueHUAX ©. Hurerpan B (12) paccuumteiBaics meromom Tparemii npu

~56<u<56 ¥ liare pacueTHOH CeTKH A=-o .

1000
rpaduyecKUMU IMpeACTaBACHUSAMH, 32 OChb abCLUCC Ha PHC.2 NpHHATA OCh KOHLIeHTpaluii, a 3a
OCb OpAMHAT — oCh NaBjeHuH. OfHAKO clefyeT NMOMHHTH, YTO B COOTBETCTBUH C Cymﬂc’)c?rblo
nopxofa Kupcrena, He3aBUCHMBIM apryMeHTOM 3liech siBSeTCS JaBJieHHe, a He KOHueHTpauﬂﬁ

M3 puc.2 BHAHO, 4YTO TOCTYJMPOBaHHE CYLIECTBOBAHHUS b J’I'yKTyaqu:; paBH-OBech;ro.
naBieHus Fy B cpenHed Touke muato 6, 3a cuet GayKTyaumi saemenTHOro cocrapa FHIlpHLi0~

oﬁpasylolgel‘o MaTepHana, MO3BOJAET NMPUMEHATh Mofeab Jlsiiyepa — Kupcrena ans onucauns
H30TepM [aBjieHHe — ::'OCTaB” pPea/IbHBIX CHCTEM, C y4@TOM TaKMX HUX 0COCOeHHOCTEl KaK Ha-
mon NJAaToO U IJIaBHbIK nepexon MeXny HBYX(}asHOH u OAHOMA3HBIMU 06aaCTAMH M,e OM OT-
KNOHEHHUS CHCTEMbl OT MAEA/bHOCTH ABJISETCS TUCTIEPCHS BeTHYMH b InRy p-acnﬁezieﬂe-ﬂi i 1

HOPMaJIbHOMY 3aKOHY. B npeneabHom cayuyae (o = 0, IIYHKTHPH&H’ JUHHS ﬂa | p?é: I;))

B cootBereTBMM ¢ TpamMumoHHBIMHU

48




_Mopudpmkaumns Teopun Jlsuepa — Knpcrepa ans onucanus. ..

MOBefeHHE CHCTeMB NpH 7I=const COOTBETCTBYeT H[I€aJbHOMY H ONHCBIBAETCA MOJEJIbIo
Jatiuepa (1) = (3).

I | I | [ ] ] | I |
000 020 040 060 080 1.00

"""6:.-...9-—’

<

max

Puc. 2. MoneabHbIe H30TEPMBI "laBACHHUE — cocTaB" Ipu z=1,2.

Ilns omucanust PCT-iuarpaMMel BO BCEM IManasoHe TeMrepaTyp, B Bhipaxenus (12) wim
(12a), nomumo ompefesieMpx cootHouenusmMy (4) u (7) TeMmepaTypHEIX 3aBHCHMOCTeH apry-

MEHTOB (QYHKUUH L(x,z), ONpefeNaoUUX ToBeleHHe OGYHKUMH O(Xx), HeoOXONMMO BBeCTH
TeMIepaTypHYIO 3aBHCHMOCTD JHcrnepcHy G . Ecau nocTynuposath, 4To QayKTyalHH sHaueHHs
InPy ofbycaoBiaeHs OIYKTyaudsiMH 3HadeHHH AS O u AHY, Takxe pacrpefie/ieHHbIX 10
HOPMAJIbHOMY 3aKOHY, TO AMCIEPCHIO G MOXKHO BHIPa3HTb Yepes COOTBETCTBYIOUIME AMCIEpCHH
Gg U O AAaHHBIX BEIHYHH, C yUeTOM (4), B crenymommem Buae [5):

2 2 .
c |
R%2 R%*T? R:T

rae psy — KO3PPUIHEHT KOppeaslnt Meay BequurHaMH AS n AH.
TTocnennee ciaraemoe B (13) oTpaXkaeT 3aBHCHMOCTb MeX1y GIyKTyaUHsIMH H3MeHeHU!

SHTPONHMH ¥ SHTAMBIMH TPH THAPHA006Pa3OBAHUH. Ecau 661 AS u AH OBIIH CTaTHCTUYECKH
He3aBHCHMBI, TO 3HaueHUe Pgy ObLIO Obl paBHBIM HYJIO. W1 Hao6opoT, cyllecTBOBaHHE CTPOTO

THHeHHOH 3aBucHMoOcTU Mexnay AS u AH obyclioBaHBaeT lp SHI =1. Mo)Ho, 0JHaKo, MokKa3aThb

(wampuMep, HCXONA H3 CTATHCTHYECKOrO aHain3a Q/YKTYaUnH OCHOBHBIX TEpPMONMHAMHICCKHX
peuunH [6]), uto AS B AH ABAAIOTCA CTAaTUCTHYECKH 3aBHCHMBIMHM [apaMeTpaMH COCTOSHHMA,

1.e. psy #0. Ecin xe QopMajipHO paccMaTpHUBaTk rHApHA006pasoBaHUe, KaK (pa3oBbiH nepe-
XOJ, MepBOro poja, To, B COOTBETCTBHH C 0611enPUHATHMY NPeACTaBleHHIMH [7], umeem:

AS, et (14)
Tn

rie AS, — W3MeHeHHe SHTPOIHH NPU (pasoBOM NEPEXOLE, Q,, — CKpbiTas TeIJIOTa Mepexola,
T, — TeMmiepaTypa Nepexoaa.
- I 0 770
Cuwnrasi 3HaueHus AS, u (J, JUHEHUHO 3aBHCHMBIMH OT AS” u AH" cOOTBETCTBEHHO, MO-

nyyaem pgy =1. Takoe fonylienne, BHIHMO, ABJAETC 6/AU3KHM K HeHCTBHTEJbHOCTH, B YeM
MOMKHO yOeIuThCS, MPOBeis KOppeNAUMOHHbIA aHalIu3 SKCTepHMEHTaNbHbIX AaHHBIX [8—10] no
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- epMeTaNIH[IaMH,
SHTPONUAM M SHTANBITHAM TMAPHA00OPa3oBaHUs B CHCTEMAX pojopoaa ¢ HHTEDP

UNMCIOIMH PasfHHOe COOTHOLeHMe KommonenTos (puc. 3).
IMonaras pgy =1, noaydyaem:

2 2 32
62 =25 . OH _20s50H _|%s _%H | (16)
R? R21?2 R*r \R RT

[Tpu T =2H vy nonyyaeM ¢ =0, 4To COOTBETCTBYET umeabHOH U30TEepMe '[aBjieHHe —
Vs _

cocTaB" ¢ FOPH3OHTa/bHbIM MJ1aTo AaBieHus (pHc.2, MyHKTHpHas JIAHHUS ). HpuH JIpYrux 3Haye-

uusx 7, o >0, u usoTepma "maBneHue — cocTas” OTKJIOHSeTCA OT MAea/bHOH (puc.2, cnJo-

Hble auHEK). Takoe MoBefeHNe KauecTBEHHO COOTBeTCTBYeT Hab/iofaeMOMy SKCIEPHMEHTAIBHO

[4]. 3Hauenue Ty MOXHO MHTEpPHpeTHpPOBaTh KaK TeMmepaTypy $asoBoro mepexofid [IRAPHA —
TBepblil pacTBOP BOAOPOAA", IPOTEKAIOLIero Mpy MOCTOAHHOM NaBJI€HHHU.
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Puc. 3. H3MeHeHus CTaHOapTHBIX JSHTAABLIIHHU, [k /MoAB, u SHTPOIIHH,
Mk / (MoAb-K), rHaApEA000pA3OBAHNSA B PA3AMYHBIX CHCTEMAX BOLODOL — HHTEP-
METaAAAU .

Wrak, “onHocermenTHad" PCT-muarpamma cueTeMbl "BOXOPON — rHapua0oGpasyommii matepuan’”, B
paMkax MOIH(UIMPOBaHHOH HaMH Teopuu JIskuepa — Kupcrena, onmMchBaeTcst cieTeMoi ypaBHeHHH

(4), (7), (12), (15) u xapakTepusyercst Ha6opoM U3 6 MapamMeTpos: Crax T., AS?, AH® & »

CH-

Omncanne PCT-nuarpaMM ¢ 77 cerMeHTaMH TJIaTO ¢ HCMOJB3OBaHUeM NaHHOTO TOIXOHa
npeAnofiaraet, 4TO B CTPYKTYPe HHTepPMETaliMAA HMEeTC /17 THMOB TépMQHHHaMquci{ﬁ
HESKBHBANICHTHBIX ~MEX/IOYSNHA, NOCTYMHBX JJISi BHEADEHUS BOJOPONA H  SANOMNHSOMbIX
He3aBHCHMO APYr OT Apyra. KaX[blfi THI MeXIOYsNWH COOTBETCTBYeT OIHOMY CerMeHTy p—

"
3neck W Jlasiee 3HaueHHs TePMOAMHAMHUYECKHX BEJIMUHH OTHECEHH K | Moo

‘ CBA3aHH B .
Ja, Kak 3TO NPUHATO B JIUTEpATYpe MO PHIHKO-XHMUH THAPHIOB MHTepMeTalNu OT0 B THIpHZe BOAODO

HeCKUX CoeHHeHH.
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- Moaudukauus Teopuu Jlsuepa — Kupctepa ans onucaHus. ..

npy4YeM B COOTBETCTBHM C BBILIEN3JIOKEHHbIM, SHTPONXS U SHTAJbINA TMAPUA006pPa3OBaHUS A5
FTO TIATO CTATHCTHYECKM pacrnpejesieHbl BOKPYr 3HaueHHH AS ,0 u AH ,0 C [HCMepCHAMH
G5, MOy, . PasHoBecHasi KOHUeHTpaLusl Bogopoga C T1pH 3alaHHBIX JaBjeHWH P U TeMiepary-

pe T paccunThiBaeTcs NPU 3TOM B COOTBETCTBHHM C HCXOAHLIM Moaxogom Kupcrena, T.e. mo coot-
nouweHusaM (5) u (6). Opnako xaxagoe 3HaueHue O;pu 3TOM OnpefesseTcs yXe H3 pelleHHs

cucreMsl ypaBHenu# (4), (7), (12), (15). CooTBeTcTBEHHO paBHOBECHbE XapaKTEPUCTHKU B3au-
MOLEHCTBHS THAPHUI00Opa3yIoiLero MaTeprana ¢ BOAOPOAOM OyILyT onpenensitbess Habopom 6m+1
K03pPHUHEHTOB: -

L e A KT, ; ;
C i ,{g,-,ch,AS,-,AHi,GSf,GHi} (i=1,...,m). (16)

PesyabTaThl pacyeToB

PacueThl TPOBOAMJINCH C MOMOILBIO CIELHAJM3UPOBAHHOIO MaTeMaTHUECKOro obecreyeHHs —
vH(opMauronHo-pacuetHoit cuctemsl HY—PCT, peannsoBaHHOH KaK NPUJIOXKEHHE CHCTEMBbI YTIPaB-
nenus Gazamu maHHBIX Microsoft Access — 97 [3]. B cucreMy 6bUIM HHTErpHpPOBaHBl MOMIYJIH,
obecrneynBamlle BhlUMcAeHHe KOHIEHTpaluu C NpH 3a[aHHbIX TeMmnepatype 7 M [aBjeHHH P, B
COOTBETCTBUM ¢ cootHowenuamu (4) — (7), (12), (15). Bouucaenue unterpana (12) ocyuectsis:-
J10Ch ¢ TIOMOLIBIO KBa[ApaTypPHBIX hopmya Tina [aycca — Kpuctoddens [11] B Bune:
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(17)
roe & j B Mj — COOTBETCTBEHHO KOPHHU U BecOBble KO3 GHUIHEHThl MOJNHOMA JpMUTa CTEIeHH

n.
HcnonbzoBanue dopmydan (17) mpu 2 = 10 Mo3BoAHAO PACCUUTBIBATb CTENEHH 3aNONHEHHUS

6 o cooTHowenuwo (12) ¢ abcomoTHOH norpeiuHocThio He Xyxe 0.01.

3uauenus KoshoduuueHToB (napamerpos PCT-muarpaMmbi) onpefefisACh HCXOIS H3 YCJIOBHUS
MUHHMYMa CyMMbl KBaIpaTOB PacCTOSHUM SKCIEPUMEHTANbHBIX TOYEK OT pacHeTHHIX H30TEPM
"naBjgenue — coctaB” B koopmuHatax C — InP. Tlog6op KO3(OHIHEHTOB OCYLIECTBJSANHA IO
CHMILJIEKC-AJTOPUTMY [12] ¢ nocnenyiomyM UCMOIB30BaHKEM MeTO[A IPafeHTHOro CIIyCKa [11].

B Ta6a. 1 ¥ Ha puc. 4 MpUBefleHbl Pe3yJIbTATHl allIPOKCHMALMK SKCNepHUMEHTAIbHBIX NaHHbIX
no PCT-aparpaMmaM pas/UuyHbIX CHCTEM HMHTepMeTaJJHA — BOJOPOL [8,13—15] Monesblo, omnu-
CaHHOH B TpedbliylieM pasfese. 3HaueHHs KOHUEHTpalUMH BOJOPOAa MpHBEACHBL B €AMHHIAX
ATOMHBIX OTHOILEHHH BOAOPOL / Mmeta/1", T.e. KaK OTHOLUEHUS KOJHYeCTBa aTOMOB BOJOpOMA K
CyMMapHOMY YHCJy aTOMOB MeTalJa Ha OJHY (OPMYJbHYIO eNMHHLY HHTEPMETAIHHECKOro Co-
eIHHEHHUS.

Tabuma 1. Pe3yabTaThl anapoKCHMauuy sKcnepumeHTanbHsix PCT-quarpamm

[Tapamerpn PCT-nuarpaMmel

Cma}o ASO, AHO’ GSa GH,
VHTepmeTaniun at.H | ; g |TLK| Jix KIDK Tix « Ik
at.M | MoJis - K | MOIb MOJb -K | MoJp
LaNis 5Alg 5 [8] 0.984 | 1]1.000335.9] —106.51 | —36.961 | 3.76 0.701
Tio sZro 5(Mno gFeo )17 | 0.950 | 1| 1.000 [415.8| —115.73 | —39.688 |  0.98 1.741

[13] | | |
- 110550 |429.8| —105.31 | —27.856 | 1.00 0.029
TiFe [14} 0.979 1576450 13100 —124.60 | =31.643 | 1.14 | 0.133
[110235(617.6| —116.48 | —47.590 | 1.00 0.507
| 510.182 |302.6] —122.63 | —46.517 |  6.99 1.122
DyCo [15] | 1062 3385 1647.5 —117.97 | 40817 | _2.00 | 0.998
[4]0198]147.0{ -11436 [ -34.949 | 4.00 1.001
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oLIO JAOXKATCH Ha
13 NaHHBIX pUC. 4 BUAHO, YTO IKCTepUMeHTabHBIE TOTKH [lOCTaTOYHO XOpP

pacyeTHbie KpHBbIE.
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Puc. 4. PCT-guarpaMMsl CHCTEM HHTEPMETAAANM — BOAOPOJ (3KCIIEPHUMEHTAAD-
HbI€ TOYKHU U pPacyeTHblIE KPUBEIE).

3akamueHue

PesyjbTaThl pacueToB MOKA3bIBAIOT, YTO C IOMOLIBI0 MOAU(HIMPOBAHHONW HaMH TeopuHu JIoH-
yepa — KupcTena MOXKHO A0OCTaTOYHO afieKBaTHO onuceiBaTh PCT-puarpammbl ciucTeM Bomoponx —
rufpuaocobpasylolil MaTepral MOBeJeHHe KOTOPHIX 3HAUUTeJbHO OTKIOHSETCH OT HAealbHOTO.
BBe/ieHHbIe TIONMPABKY MO3BOJMSIOT YYUTHIBATh TaKHe OTKJIOHEHUS OT HALAJNbHOCTH, KaK IJIaBHBIH
mepexoj W3 OfRHO(A3HBIX B NBYyX(}asHyio 06/JacTh MIATO JaBJeHHS, a TaKXKe HAKJIOH MAaTo, BKIIO-
yasi ero TeMIepaTypHYIO 3aBUCHMOCTb. Bce KoahdHLMEeHTE TOCTPOEHHOM Ha OCHOBE TEOPHH Ma-
TeMaTHyeckor Mogemu PCT-nuarpamMmel cHCTeM BOAOPOA — THAPUAOOGPA3YIOLIME MaTepHas
MMeIOT HarJIsJAHBIH (QU3HYECKHH CMbIC], TaK YTO TOJyyaeMble B Pe3ysbTaTe allpoKCHMALMM 3KC-
MepHMeHTANbHbIX JaHHBIX Habopbl KOI(QOHUIHUEHTOB MOTYT ObiTh HHTEPIPETHPOBAHB KaK CBOMCTBA
KOHKPETHOro IMIpua000pasyIlollero MaTeprala B cucTeMe ¢ Bogoponom (ta6um. 1),

HepocTaTKOoM OMKCAaHHOM MOJE]M B IIaHe €e MPAKTHUeCKOH pealiM3aldy SIBASETCS Masiast
CKOPOCTb BBIYMCAEHUH, 00yc/oB/cHHAs HeOOXOOUMOCTBIO YHCJEHHOrO UHTEIPUPOBAHUSA C OJHO-
BpeMeHHbIM PacyeToM MOABIHTErPATbHOH BYHKIMH YHC/IEHHBIMH MeTofaMHu. B peaynsrate BpeMd,
HeoGXonMMOe /sl TIPOBEJleHHsl anlpPOKCHMalMK SKCIIEePUMEHTANbHEX AaHHLIX 3TOH MONEJBIO B

5...10 pas mpeBbilaeT BpeMs aHAJIOTUYHOM NPOLEAYPB! MVISl TIOSNYSMOMPHUECKOH Moedn [3)

. _ _ , pea-
JV30BaHHOM B 3JIEMEHTAPHBIX (GYHKUUSAX (Mpy GIMSKHX 3HayeHHsIX [OTPeLHOCTH anmnpoKCHMa-
L[H_H). _ A PLIVE

Jlpyro#i, Golee NPHHUMNHANbHBIA, HEAOCTATOK CBSISAH C OPAHWYCHHSIMM CaMOfi TEOPUH
Jlofiuepa, CleICTBHEM KOTOPOH AIBAAETCS CHMMETPHUHOCTb H3OTEPMB B KoopauiaTax © — In P
oTHocuTesnbHO Toukn (0g=1/2, In Py ). 3To Moxer NPUBOAMTE K 3HAYUTENbHBIM
PACXOXKIEHHSAIM PACHETHBIX M SKCIEPHMEHTAMbHBIX NaHHBIX JJIS Psiga cHeTew, océéenno npu
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Mogudukains Teopum Jisnuepa — Kupcrena ans onucaHms. ..

TemnepaTypax BOAM3M KpHTHYeckod M Bbie. Jlas mnpeononeHUs HAHHOTO HeNOCTaTKa,
ucxoaHas MoAesb Jlshuepa JAoJKHa ObIThb 3aMeHeHa OoJlee aleKBaTHOM, YYHUTHIBaIOLleH
aCUMMETPUIO H30TepMbl OTHOCHTEJNbHO CpeljHeH TOUKM MJaTo. Takod 3aMeHOH, Hanpumep,
MOXeT CTaTh ajcopOIHOHHOe ypaBHeHHe THma Xussia — [e DBypa, npuMeHuTesbHO K Cayyaio
paBHOBECHS MOJIEKYJSIPHOTO BOAOPOZAA B rasoBod (hase ¢ BOAOPOJAOM BHELDEHHBIM B BHIe aTo-
MOB B 00beM MeTaJJAHyecKod MaTpulbl. XOTS pacCMOTPeHHe HAHHOTO ciydas BBHIXOAMT 32 paM-
KM HACTOSIeH CTATbH, OTMETHM, YTo ecau 3aBucuMmocTh O(P,T) mpeacraeastbh B popme (7),

~

roe ¢yHkuxs tMna L paccuuThiBaeTcs y¥Xe Ha OCHOBaHMM 6ojiee CJI0XHOTro, uyeM y Jlaiuepa,
ypaBHeHHsI COpOLMH, TO Hall NMOAXOM, 3aK/AIOUAIUIMHCA B CrAaXKHBaHHH TEOPETHYECKHX H30-

TepM MyTeM cBepTkM GyHKUuH O(P) mo HopMmaJbHO pacnpele/eHHOMY napameTpy In Py, Tak-
Ke MOXKeT GbITh YCHelIHO IPUMeHeH. |
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IMocrynuia B pegaknuio 25 gespana 2000 r.

Kharkov University Bulletin. 2000. Ne 477. Chemical Series. Issue 5(28). M.V.Lototsky.
A modification of the Lacher — Kierstead theory for simulation of PCT-diagrams of real "hy-
drogen — hydride-forming material” systems.

The correction to the Lacher — Kierstead theory, simulating equilibrium P-C-T relations in systems of
hydrogen gas with hydride-forming metals, alloys and intermetallic compounds is proposed. The main
point of the correction is a postulating of random nature of correlated values of entropy and enthalpy
of hydride formation, due to fluctuations of element composition of a hydride—forming material. Thus
the sorption isotherm is constructed as a convolution of Lacher sorption equation in coordinates "loga-
rithm of pressure (argument) — filling fraction (function)” on the density of the normally distributed ar-
gument. The obtained model adequately enough describes the experimental data on equilibria of dif-
ferent hydride-forming materials with hydrogen gas, taking into account such features of real "pressure
~ composition” isotherms, as smooth transfer between two-phase (a+f) plateau pressure region and
a- and B- solid solution regions. The effect of plateau slope in two-phase region (including its tem-
perature dependence) is also taken into account by the model.
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XUMHUUYECKUH AHANN3

Yy K 543+389 )
OBECTEYEHWE EOUHCTBA MSMEPEHU XUMWUYECKOTIO

COCTABA U "MOOHASA EOVHWLA®
© 2000 A.A.Byraesckuii, A.B.Biask’, M.C.KpaBdeHKO

OBCyaeHbI BOIMOMHOCTU PEanu3aumuy B COBPEMEHHBIX yCMOBUAX WAEH H.M.Ko
XMMMHECKUX MEep, OCHOBAHHOM Ha YHWKanbHbIX CBOWCTBAX MOAA. MpepnoxeHo cHnTat
NOHHbIM BEULEeCTBOM ANS nepenayv B8 NPakTuky AHANMUTUHECKOM XMMMUU efuHULbl KONMHeCTea BeulecTBs,
oTBeuarolleli ee HbIHEWHeMy OfpeaeneHqto. PaccmoTpeHbl BOMPOCh! Nependtu pazmepa Mmons B
NPAKTHKY Pa3NMHHbIX METOLOB aHaNM3a, @ TaKXKe B MPaKTUKY JHANM3a Pasnu4HbIX obwvexktoB. O6Cyx-
JeHC ucnonb3opaHne CUCTEeMbI XMMUHECKMX Mep LOnsA OnNTUMMIILUN Ha6opa aHanMTM4eCKMXx MeTonos U
npubopoB, NOCTPOEHUA ONTUMANBHOKW CMCTEMbI CT3HAAPTHBIX 06pa3L0B COCTAB3, KOHTPONs Ka4ecTsa
M3MEPEHMI B aHANMUTUHECKOW XUMMUM.

H.J1.KoMapb Ha3blBal XHMHUECKOH MeTPOJIOTHeH ydeHue O MeTPOJOrHIeCKH 0060CHOBaHHOM H3-
MepeHHMH cocTaBa Mccienyembix o6bekTos [1, 2]. O cunrtan ONHOM M3 ee Ba)XKHEUIUMX 3anad Co3-
[laHKe CHCTEeMB Mepeflaydl OCHOBHOMW eIMHHIb KOMMYeCTBa BelllecTBa, MOJS, OT MEPBUHHOrO STa/0-
Ha B NPaKTHKy DasiWYHBIX MeTO0B aHanusa. OfHaKo Ha MPOTSXKeHHH MPOLISIIAX 20 net 3Ta
WHTepecHas HMes ocTanach Hepealn3oBaHHOH. HaMeTHM BO3MOXHOCTH €e pealu3alli¥ B COBpe-
MeHHOHW aHaJUTHYECKOH XHMHH.

B nocaenuue roabl xusHu H.I1.Komapp ¢ coTpyAHHKaMM M y4eHHKaMH BbIMOJHAJ PAL HCCJACNLO-
BaHHUH M0 pa3paboTKe ¥ BHEAPEHUIO "HOJHOM eIMHHLBI MOJISPHBIX Macc, KOTOPYIO OH CUHTaJ OC-
HOBOJ IpeBpallleHksi PEUeNTyPHOH aHaJIWTHYECKOH XHMHM B XHMHUECKYI0 METpOJIOTHIO 2 - 7]
VcTopus 1IKan MOJSPHBIX Macc Haualach ¢ “XHMHMUECKOH LIKAgbl', B KOTOPOH MOJfpHas Macca
aToma snementa O mpuEATa paHoi (TouHo) 16 r/Mosb. DTo Gbl yHawHb BHIGODP: KUCIOPOL OG-
pasyeT XMMHUYECKHe COefMHEeHHs CO BCeMH XMMHUYECKHMH 3JeMeHTaMH (KpoMe JIETKHX 3JIEMEHTOB
O-fi rpynmel), MO3BOJSSA MO JAHHBIM XHMHUYECKOro aHa/ln3a MPOAYKTOB YCTAHOBUTb MOJIIPHBIE Mac-
Cbl OCTaJbHBIX aTOMOB. B HpuUpogHOM Kucjopofe mnpeobJanaeT H30TOIN 160, y MOJIIpDHBIE MaccHI
aTOMOB MHOTMX 3JieMeHTOB OJH3KH K LiesbiM uuciaam. [IpaBjia, BBOASI KHCAOPOOHYIO €IHMHHLY, O
CYlleCTBOBAHHH H30TOMOB €llle He AoraibiBajuch. OTKPLIB UX, MOHSIH, YTO e[MHHLA  XHMHYECKOH
IKaJbl' He TOYHa, TaK Kak CBfi3aHa CO CPEHHM H3OTOMHEIM COCTABOM NMPHPOJHOTO KHCIOPOAA.
{%oa'romy BEﬂﬁpElJ‘IH HOBYIO €0WHMIY (PU3UYECKOW LUKaJbl , C MONIAPHOM MﬁCCOH aToMa H30TOMa

O, paBHo#i (touyno) 16 r/monb. Ha crienyiomem sTane BBemy "yriiepofHy" efMHHIY, B KOTOPOH
MOJISpHYI0 Maccy aToMa uzoTona 2C mpupaBHsau (touno) 12 r/wmonb. Ta cucTeMa yIOB/IETBO-
puna Kak ¢usukoB (C P6-pasye'r- MHOTO COeJMHEHUH, YNOOHBIX [/l UCCIeOBAaHHSI Macc-ClIeKTPOB),
TaK ¥ XMMHKOB (B Hell MoNsipHBIE Macchi aTOMOB 6auXe K "XHMHYecKod", yeM K "dH3HYecKOH
mKase", ¥ GOJBLIMHCTBO CIPABOYHBIX JAHHEIX He HYXHO MepecyuThiBaTh). PrHan 3TOH HCTOPHHU
BMycajcsl B coOrjallleHHe O MexayHapoaHo# cucreMe emunu, CU (System International, SI), B
KOTOPYIO 0651.:10 BBE/ICHO Komqec:r}?)o BelllecTBa KakK (hu3uyecKas BesJuuyuna (1o 3Toro npnmenﬁ’m
HeCTPOTHH TepMHH "4HCJIO MOJIeH ). | . _ . .
"KOJIE‘JQCTBO zemeCTBa CUCTEMBI, coE:p;i}E:ffl{l y(’:le)IJ(:JbI;E) Oizﬂiﬁﬂ-ﬁxgcmmou g <4 ol
CONepXXHUTCS] aTOMOB B yryepofe-12 maccon 0,012 " [8]. B omfizﬁeypﬂblx o S e
KYHABI, aMnepa, KeJbBHHA U KaHZeJH, Ce-}leé;H ocHOBHAS eNMHHIIA e D MEISIRAR,, D¢
TUINA), HY 3TAJIOHHOH YCTaHOBKH [JIs BoCI - e S HMERT RE sfamona (oo

) : . | pOH3BENEHNS, XpaHEHHUdA U nepenayu pasme B IIDAaKTH-
Ky. HeBepHbl MHeHUS, YTO "MOJIb — pacyeTHas eJWHMLA, ¥ 3TAJOHZ P pa e Hp
» 12 JIS1 €0 BOCNPOU3BEJEHHUS He

M3Psi O cucTeme
b 4nCTbiM |y 3Ta-

* Hreruryr morokprcranioB HAH Ykpauusi
** Texunyeckuri komurer TK 82 loccrangapra Yrpantisi
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Obecneyenue efUHCTBA M3MEPEHWH XMMHWYECKOrO COCTaBa U "MOAHAA efuHULA"

Tpebyetcs" [8], yTo "B 3TanoHe MoOJAs HeT HeoOXONMMOCTH", OCKOJBKY "€C/IH YHCJIO CTPYKTYPHbIX
9/IEMeHTOB, COCTABJASIOLIMX BellecTBO, u3BecTHo (?!), To meseHue ero Ha uucio ABoragpo aaer
KoiMyecTBo BewectBa B MoasX' [9]. Bexb HeT mpocTHIX M TOYHBIX METOMOB H3MepeHHUs UMC/a
CTPYKTYPHBIX 3JeMeHToB (aTOMOB H MoJieKys) Haxke [Jis peaNbHbIX ra3oB, He TOBOPS YiKe O Bellle-
CTBe B KOHIEHCHPOBAHHOM COCTOSIHUH, a NOCTOSAHHYIO ABOrafpo caMy Haxo[sIT 3KClepHUMeHTaJ/bHO,
B COOTBETCTBUH C ONpelesieHHeM eIUHHIlE KOJUUecTBa BellecTBa.

Mo>xHO npeacTaBUTh ce6e 3K30THUECKHUH MOAXON K XHMHYECKOMY aHa/M3y, re BOCIPOH3Bee-
HHE W Tepefaya pasMepa MoJis peajM3yeTcsi W3 IKCIepHUMeHTalbHBIX JaHHbIX 0 Maccax C M Be-
LIEeCTB, BCTYMAOUMX B XUMHUeckhe peakuuu. OnHakKo uyuc/Io OUHAPHBIX COeJIMHEHWH yrjepoja
APYTMMHM XHMHYECKMMH 3JIeMeHTaMU OIPAHHW4YeHO, a YCJIOBUSl HX MOJy4YeHHs W XMMHYECKUX Tpe-
BpalleHW# YacTo 3KCTPEMaJbHBI, 103TOMY HepeasJbHO HCIO0JNb30BAaTh B XHMHUECKHX peaklMsX Y-
nepon-12 xax pa6oumit stanoH (mpoTtotum) moss. TpymHO TakKe HaKal/WBaTb 3HaYMTeJbHBIE KO-
JUYeCTBa M30TONA yrjepoia — 3JjleMeHTa, He siBJsiolerocss MoHoHyKauaoM. H.IT.Komape mpenio-
XKHMJI CHCTeMY Mep, OCHOBaHHYIO Ha YHHKaJ/IbHbIX CBOHMCTBAaX TaKOTo 3JIeMeHTa, Kak HOJ (2 - 4, 7].
DTOT 3JIeMeHT INPaKTHUECKH MOHOHYK/WA, CJef0oBaTe/IbHO, €ro MOJsSpHas Macca He 3aBHCHT OT
NPeNBICTOPHU BELIeCTB, B COCTAB KOTOPHIX OH BXOAMT (B OTVIMUHME OT MOJHHYKJMIOB - MHIIS/IEMEH-
TOB, H30TOMHKIM COCTaB KOTOPHIX, a, 3HAYMT, M CPelHAS MOJApHAsA Macca aToOMa IpH 3TOM Bapbu-
pywoTt). Hon obpasyet GuHapHbBle COeHHEHHS MOCTOSHHOIO COCTaBa ¢ OOJIbLIMM UYHCIOM 3JeMEeH-
TOB, XUMHWYeCKHe peaklHu lp W 17 ¢ pasiu4YHBIMHM BelleCTBAMH MPOTEKAIOT JAOCTATOYHO OBICTPO B
yCJIOBHSIX, GJM3KUX K HOpMaabHbIM. Hapsity ¢ OTHOCHTENbHO HEBBICOKOH TOKCHUHOCTBIO MU arpec-
CHBHOCTBIO HoIa (B OT/IMYME OT TAaKOro MOHOHYKJHAA, KaK (TOp), 3TO OJHA M3 NPUYHMH LIHPOKOrO
MCIIONb30BAHMS MONA M ero coefuHeHMM B TuTpuMeTpuu. Moa moctymeH, a mpocToe BellecTBO Io
JAEerKO OUMIIAeTCH JUCTHIANSALMEH M HaJe)XHO XpaHUTcs 6e3 M3MeHEeHHH B 3alasiHHbIX aMIlyJax.
[TosToMy umcThiil Ip yno6eH Kak o6pasiioBoe BelIeCTBO AJIA Mepelayd MOJA B MPaKTHKY aHa/IH3a.
HameueHna Hepapxuueckasl cxeMa NepejadH pasMepa 3TOH €WHHLBI B TUTPHMETDPHIO: OT MEepBHYHO-
ro sranona ly yepes pactBopnl NagSoO3 u AgNO3 k pactopam HCI, KMnOy, CuSOy4, NaOH wu
xommaekcora(lll) (NagHyY) [5, 6]. HameueHa u cxema Mepefaud MoJjisi B IpaBHMeTpHIO (BKI0OYas
¥3MepeHHWe MOJISIPHBEIX MacC aTOMOB Da3/IHUHBIX 3J1eMeHTOB, CBA3AHHBIX C MOJISPHOH Maccou uojla
[4]). K coxalleHuio, BHITOJHEHHEe NIPOrpaMMbl NPeKpalleHo B KoHle 70-X FOAOB, H ee HIeH MNPaKTH-
yeckH He peannsoBaHbl. OcTanach HepellleHHOH (fake B MPHUHUHUIHATBHOM NJaHe) Tepenaya o6-
pas3llOBOrO BelllecTBA B IPAKTHKY APYTMX METONOB aHa/IW3a, a TaKXkKe CBfA3b MOAXOAa C CYyLIeCT-
BYIOLMMY CHCTEMaMK CTAHAAPTHBIX 06paslloB COCTaBa BelleCTB M MaTepHaJIOB.

OfHOH M3 NPHYHH TOTO, YTO 3TH paboThl He ObLIH MPOAOJKEHbI, NMPEACTaBJsAeTCA HeOoTpaBiaH-
Hasl YBSi3Ka Nepeladd B NPaKTHKY aHAJMTHUECKOH XHMMHM pasmepa e[MHHLBl KOJHYECTBa BellecTha
C MepecMOTPOM IIKalbl MOJSPHBIX MacC: B €e OCHOBY MpeaJarajoch MONOXKHTb HOBYIO, "HOAHYIO"
e[IMHULY, TAe MoJspHas Macca aToMa Hofia Obia Obl paBHa 127 r/mosb. HoBeilt (B KOTOpBIN pas!)
epecMOTp IUKajbl Gbl1 Gbl HCTOUHHKOM HOBOW NyTaHHLUbl H JIOMKHM CTEpPEOTHIIOB; K TOMY K€ OH
o6elllaJl HEKOTOpOe YAOOCTBO JIMIIb TIPH pPelleHHH 3a1ay XHMHYECKOro anajn3a (1 To eille He oye-
BHAHO, [Jd BCeX JH 3aJa4y OH Obll Obl yAOOHBIM H sdextusHbM!). [lepcrnekTHBHEE CUMTATh UHC-
TBIM [9 3TaJOHHBIM BellleCTBOM [JIS Mepefayl B IPAKTHKY aHamuTHYecKoM xuMuu (2, MoxeT ObITb,
He TOJBKO ee!) eNMHMIIBI KOJMYeCTBa BeIeCTBa, OTBeyalolleH HbIHElIHeMY ONpee/eHHIO. Utobhl
BHEIPUTh TaKOE BELIECTBO, HEOGXOMMMEI METONMKHM OUMCTKM 3JIEMEHTHOr0 HOMA, NPOBEPKH €TO
YMCTOTHI, BKJIKUas ONpejeseHHe mpuMeced, oT6opa npob nopa. MeTofbl aHa/ln3a HHCTOrO HOAA
cjleflyeT B KOHEUHOM HTOre aTTeCTOBaTb IO HOAY (xapakTepHBIH "TIOPOYHbIH KPYr" AJs PasBATHS
Hayku). Tpe6yercs TouHoe (mO-BHAMMOMY, Macc-ClIeKTpOMeTpHYecKoe) CpaBHeHHe MOJIAPHOH Mac-
Chl 3TOM2 MOJla CO CTaHAAPTOM — MOJISIPHOM Maccoi atoMma 12C.

[lepenagya pa3mepa MOJS B IPAKTHUKY PasJHYHBIX METOLOB aHA/IN32

a) TurpaMeTpHS
Ipoiue BCero MPHMEHHTb 3JeMEHTHBIH HOJ KaK 3TaJOHHOE BELIECTBO B TUTPUMETPHU, BKJIOUAS
ALMIM- U AJIKANHMETPHIO, apPFeHTOMETPHIO M JAp. METO[bl OCaXK[EHHS, OKCPEAMETPHIO, KOMMJICKCO-
Homerpuio. Hameuennyio H.IT.Komapem cxemy nepeiaud pasMepa MOJ# B TUTPUMETPHIO C/lellyeT
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APOAOMKWTL, 06ecTiedHB MeTPOJIOrHyeckn 060CHOBAHHYIO rpaflyupoBKYy MeTOOB - KaK ‘;M;Z”:e-
ckHX (HOLOMETpHUS, UepUMeTpHs, NepMaHraHaTOMEeTpHA, XpoOMaTOMeTpH, 3PFeHT0MeTP”_ s F&);’
pumerpus [10 ,11]), Tak # nepcreKTHBHBIX, OCHOBAHHBIX HA TaKUX TUTpaHTaX, Kak %elalf)('r D
wepa [12], conn Gapusi, cBHHUA M BHCMYTa, MaHHAT, TalipOH, COeJMHeHHs Maprauu@ilil), Mo
nena(ll), onosa(ll), ackop6uHoBas KUcaI0T2 U AP. (13], a Takxke MeTOAOB HEBOLHOTO TUTPOBAHHUSA
[14]. Pazymeercs, cucTeMa obecrieueHHsl eJMHCTBA uaMepeHHH [OJXKHA OXBATHTD BapHaHTBl THT-
DUMETPHH ¢ HCTIO/Nb30BaHHEM PasJMUHbIX CMOCOOOB MHAMKALMH - KaK MpUMeHeHHs HHINKaTOpOB,
TaK ¥ WHCTPYMEHTAJbHBIX MeTO[OB.

[To cTaHHapTHLIM CMPABOYHBIM AaHHBIM O TEpPMOX
OCHOBE DAa3/JIHYHbIX THTPUMETPHYECKHX MeTONOB, H _
MOYKHO TPEJIOKHTL 3TajloHHble (HanGosee TouHbie) M cTaHfapTHBE (10CTaTOYHO TOYHble) METOMHI
TUTPUMETPUUECKHX M3MepeHHHA M cucTeMy 00pa3loBbIX BEILECTB (XUMHUYECKHX Mep)., 0XBaThbIBAIO-
lKUX HauboJjiee Ba)KHble BapHaHTbl TUTPHMETDPUH. CrepnyeT TpesioXKUTb H TPOLEAYPY aTTecTalliy
yKa3aHHbIX 06pa3loBbIX BELIECTB, KOTOpas 06eCneunT eAHHCTBO THTPHMETPHUECKHX H3MePeHHH.

MHAMHKe ¥ KAHETHKe peaKLMH, JexalHx B
pesy/pTaTaM CrelHa/bHbIX 9KCIIepUMEHTOB

6) DumeMeHTHEIH aHAMH3 OPraHHYeCKHX BEILleCTB

OnHa M3 3a7ay KOJMUeCTBEHHOTO aHajH3a — YCTaHOBUTb WJ/IM MONTBEPAUTE SMIUPUAYECKYIO
dbopmyny BelectBa (mpexie Bcero, oprannueckoro). Hem MeHplie MOrpellIHOCTD aHa u3a, TeM
HaJle)KHee BbIBOABL. TpagHUHOHHbEIE METOABl BKIKOUAIT ONpeje/eHHe Maccel BOIBL, JUOKCHUZA yTJIe-
pojia ¥ IPYTUX MPOAYKTOB IOJIHOrO OKHC/IEHHs HaBECKH BeIeCTBa, mepecyeT MX B Maccy BOAOPOAA,
yriepoa ¥ APYTWX 5/€MEHTOB, a ja/iee B COOTHOUIEHHMS KOMHHECTB BELICCTE atoMmoB. Kuciopog
OOBIYHO OMpeNesIsiloT 110 Pa3HOCTH.

[lepcrieKTHBHbI MeTOb, HEMOCPEACTBEHHO CBsI3aHHBIE C HOLOM KaK STaNOHHBIM BellleCTBOM.
Hanpumep, BOAy MOXHO yJaBiuBaTbh CyXMM MeTaHOJIOM H OTTHTPOBRIBATH MO dumepy. Lpyrou
MyTb M3MepPeHHA KOJAMYeCTBA aHANM3UPYEeMOro BelllecTBa B HaBeCKe — Hepes ONpENEJEHHE Xapar-
TepHHX (YHKUMOHANBHBIX TPYMMN CTaHAAPTH30BAHHBIMK MO HOAY METOAAMH (nampumep KapOoK-
CUJIBHOH — uepe3 KHCJIOTHO-OCHOBHOe THTDOBAHHE, KapOOHHJIBHOH — uepe3 OKHCJIUTe/bHO-
BOCCTAHOBHTENbHOE THTPOBAHHME W TOMY MOLOGHOE).

B) HcionsaoBanne CHpaBOYHBIX JAHHBIX O MOJSIPHBIX CBOHCTBAX BEILeCTB B "HHCTPYMEHTA/NbHBIX !
MeToqax aHalHn3a

"VlHcTpyMeHTaJbHble MEeTOAbl" HCIOMb3YIOT VIS Olpe/e/leHHs 60JbIIOro Ukc/aIa KOMIIOHEHTOB, H
[PaKTHYECKH HeBO3MOXKHO 06ecleuynTh Bce J1abopaTopHi HabopoM UHCTHIX BELIECTB — o6pasuos. B
0COGEHHOCTH 3TO CIpaBeIUBO AJS THIHYHBIX TPYNN OpraHHYeCKUX BelecTB (1exapcTBEHHBIX
MpenapaToB, MECTULMAOB, 3arpsAsHUTENCH OKpYXKalolled Cpefsl, 6uoripenapaToB). B 3Tux caydasx
rnoJie3Ho HaKalJHBaTh CTaHJApTHHIE NaHHbIE O TPaJyHPOBOUHBIX 3aBHCHMOCTAX 'COAepKaHHe olpe-
NeJIfeMOT0 KOMIIOHeHTa — aHAJMTHYeCcKu# curHal . Mcmosb3oBaHKMe KOMIBIOTEPOB M03BOJSET CO3-
NaBaTh 6a3bl JAHHLIX 110 MOJSPHBIM W YACJbHBIM CBOMCTBAM BeLUECTB, C MOCAEAYIOIIUM aBTOMAaTH-
YyeCKHUM TOMCKOM Heobxopumo# HHpopMauuH. IIpruMephl: CIIEXTpbl MOJSPHOro MONVIOLIEHHS Belle-
CTBAa B JIaHHOM DacTBODHUTeJIe; BpeMeHa y[epXHUBaHHS BeleCTB Ha CTAHJApTHHIX XpoMaTorpaduye-
CKMX KOJIOHKAX B CTaHJAPTH30BAHHHIX yCNOBHUAX (BELECTBO — HOCHTENb B MOABHIKHOM daze, TeM-
nepaTypa, CKOPOCTb MOTOKA), CBA3b MEXY KOMMUECTBOM BeIleCTBA KOMIOHEHTa Y MJIOabIo NHKA
Ha JaHHOM THIle [eTeKTopa.

Uto6bl HAKOMUTH TaKue NaHHble, HeOOXOAUMO:

— CTaHJapTH30BaTh KaK OTAeJbHbIE Y3/bl MPUOOPOB, TaK M U3MEPHUTEbHbIE LEMNOYKH M3 3THX
y30B (OTXOZ OT CTaHAAPTOB ¥ MepecMOTp 6a3 AaHHBIX ONpaBAaH JHUIIL NPH Kapmﬂangﬂom yIIyy-
[IeHHH XapaKTEePUCTHK GOJbIIMHCTBA METOIMK aHA/H3a). | |

~ TOYHO aHaJM3UPOBaTh (M3Mepsis KOJUUECTBA BELIeCTBA HE3aBHCHMBIMH MeTOJaMH) BelleCTBa
(MM MX PacTBOPHI), HCIOJb3yeMble [IPH MOCTPOEHHUH IPafyHPOBOYHBIX 3aBHCUMOCTEN. |

B HEKOTopb.l"X MeTonax Cy]JleCTBQHHO BJIVAHHE TPETBbHX KOMITOHEHTOB Ha 3HAaYeHHEe BeJIUYMHbBL
curHana (HampuMmep, TylleHWe JIOMAHECUEHIMM B JIOMHHECUEHTHOM aHaiuse). XoTs Takoe
HHe YYUTBHIBAIOT TpajyHpOBKOH MpuGOpa MO MCKYCCTBEHHBIM CMeCsM, HMHTprbmﬁM Hccﬁeﬂyiifé
06beKThI, UM METONOM 100aBOK, HEBO3MOXKHOCTD MPAKTHYECKOr0 OCYIIECTBACHHUS TaKOW orepaliy
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Obecneuenne eauHCTBA N3MEPEHUH XMMMUECKOTO cocTaBa M "noaHas efuHuua’

AAS ThICAY BO3MOXHBIX KOMHOHEHTOB NMpUBJAEKaeT ocob6oe BHUMaHHe K MeTOofiaM THMa 'BHYTpeHHe-
ro cranpapra’. HeobxomuMbl 6asbl faHHBIX, TeOpeTHUYeCKHe H [OJYIMIHPHUECKHE 3aBHCHMOCTH
IS aBTOMATHUECKOro pacuyeTa pPe3y/bTaToB aHa/nu3a, BBIOOD HOMEHKJATyphl 'BHYTPEHHHX CTaH-
NapToB", UX BHITYCK ¥ CHab)XeHHe UMM NOTpebUTeNeH.

r) ATomEAS B peHTreHOBCKas CIEKTpockonHs (MeToAbl aHa/NH3a TBePAbIX 006pa3LoB)

Kak ¥ B GOMbIIMHCTBE HHCTPYMEHTANBHLIX 3/IeMEHTHBIX METOIOB aHAMH3a, eAMHCTBO H3MepeHHH
snech obecreurBaeTcsl HaleXHOH aTTecraumel cTaHmapTHHX (rpagyHpoBOYHBIX) 06pPasLOB, HC-
MOJb3YeMblX /I YCTAHOBJEHHSI TPalyHpPOBOUHBIX 3aBHCHMOCTEH 'COJlepXKaHHe OrpelesseMoro
sJeMeHTa — aHaJHuTHUecKuil curHani’. O6buHO 06pasubl /s ONpefleleHUs NpHMeced — 3TO "UHC-
Tast ocHOBa", B KOTOPYIO TeM HJM HHBIM CrocoO60oM N06aB/afIOT H3BECTHbIE KOJIHMYeCTBA OMNpene/isie-
MBIX 3JeMeHToB (uaille BCero — B pacTBOpax HMX coefuHeHuii). CHcTeMaTHUecKas NOTPeLIHOCTD
aTTecTaluy IPafyMpOBOYHEIX 06paslloB 3aBHCHT He TOJbKO OT Clocoba rnepefayn pasmepa MoJs K
pacTBOpaM OHpefe/sieMblX 3JeMeHTOB, HO ¥ OT MpaBH/IbHOCTH y4yeTa Ha4ajlbHOro CONEPKAHHSA 3Je-
MEHTOB B M3HauajbHO "umcTofl" ocHoBe (IIpH ONpefe/ieHUH 3JE€MEHTOB OCHOBHI MOC/EJHAH HCTOY-
HUK CHCTEeMATHYECKHX MOTpelIHOCTeN OTCYTCTBYeT). IlOMO/HHTeNbHble HCTOYHHKH CHCTeMaTHue-
CKHX TMOTpeIHOCTel OBYC/JOBNEHB DPaslHUHAME 3JeMEHTHOTO COCTaBa, MOP()OJIOTHH, dasoBoro
coCTaBa U JAPYrHX (PU3UKO-XUMHUYECKHX XapaKTePUCTHK aHATH3MPYeMbIX H rpajlyipoBOUHbIX 06pas-
LIOB: HaJOXKEeHHEeM aHaJUTHUECKMX JUHUH ONpefessieMOro H COMyTCTBYIOLWIMX 3/eMEHTOB, B 0CO-
GEHHOCTH SJEMEHTOB OCHOBbL HEONXHO3HAYHOCTBHIO H3MepeHHSl Pa3HOCTHOrO CHrHala (curHana sa
BHIUeTOM (hoHa). HeomHoponHoCTb 06paslioB CYIIECTBEHHO yBe/JHMYHMBAeT MOTPEMIHOCTh ONpefese-
HUS KaK 3JeMeHTOB OCHOBHI, TaK ¥ IpuMecHbX. CleyeT pacCMOTPeTb B3aUMOCBA3b 3THX HACTHBIX
OrpelIHoCTell M MOrpeliHocTell aTTecTalldd PaflyHpOBOYHBIX 00pasLoB; BKJAL KaXIoHW U3 4yacT-
HBIX TOCpeWHOCTell B O6IIMe MOTPEIHOCTH; CPABHUTb YPOBEHb MOTPELIHOCTeH IpaiynpOBKH IO
CTAaHAAPTHBIM 06pasilaM, aTTeCTOBaHHEIM TPAIMUMOHHBIM "KPYTOBBIM aHaJHu30M", U HOBOH CHCTe-
MO# XMUMHYECKHX Mep.

1) AToMHAS H DEHTreHOBCKas CIEKTPOCKOIHSA, BOJIbTaMIePOMETPHA (MeTonBI 2HATH34 PacTBOPOB)

ClieflyeT y4ecTh CJIefyIOLIHe OT/IMYKA OT METOJA0B aHa/lu3a TBEP/bIX o06pasuoB.

1) TlpakTHUeCKH HCKIIOYAIOTCH YacTHbie MOrpellHOCTH K3-32 pa3NUuAi PU3UKO-XMMHUYECKUX Xa-
PaKTepHCTHK aHaJIU3MPyeMBIX H [PaflyipOBOYHbIX 00pasloB, a TaKKe HEONHOPOAHOCTH MOCJELHHX.

9) MOXHO HCIONb30BaTh He TOMbKO METOX IPaAyMpOBOUHBIX 32BHCHMOCTEH, HO H METOL no6a-
BOK (BBONHMTb M3BECTHBIE KOJIHYECTBA ONpefe/seMOro 3JeMeHTa B PacTBOPBI HCC/eLyeMOro Belle-
CTBa).

B nocsiefHeM cJyuyae HCKIIOYAIOTCs MOTPEIIHOCTH HM3-32 PA3lHYMH aHANU3UPYEMbIX H IPalyHpo-
BOYHBEIX 06pasiioB (KpoMe X MPHMECHOTO cocTaBa), OMHAKO BO3HMKaeT 4acTHasl MOTPEUIHOCTb ¥3-32a
HeIMHEeHHOCTH IpafyHpoBKu (crnoco6 H06aBoK OGBIYHO HCXOAMT K3 MPENTNOOKEHHH O JIMHEMHOCTH
rpaduka).

O6ecrneyenue eIMHCTBA H3MEPEHHUH XMMHUYECKOr0 COCTaBa pasyiniHbIX 00BEKTOB

a) Mertael g cnaassl. MuHepalIbHOE CHIpbe

M3MepeHHs MHOTO3JIEMEHTHOrO COCTaBa YKa3aHHBEIX MaTepHaloB B HACTOSLICE BpeMsi Tpanyu-
pYIOT MO GOJBIIOMY HHCJY CTaHAapTHBIX 06pa3loB, aTTeCTyeMEIX Ha YypOBHEe MEeXAYHapOAHLIX Op-
raHu3alyi, rocyaapcTB, OTpacjer Ual OTAeJIBbHBIX npeAnpHsaTHE. Tako# MOAXOA HEPeAKO TPHBOAHT
K KOHQJAUKTaM MeXNIy [TOCTABIIMKAMUY ¥ NOTPeCHUTENMH NPOAYKLMH, TPYAHO paspelIMMbIM 00blu-
HBLIMM IOPHAHYECKUMH Tpoliefypamu. [lnst X paspelleHns HyXHa yBssKa aTTeCTYeMBIX XapaKTepHu-
CTHUK CTaHOApPTHHIX 00pasuoB MaTepHaloB C cucteMoll xumuueckux mep. CienyeT ynesJuTb BHHMa-
HHe OLleHKe MOTPeIllHOCTed aHajn3a CIUIaBOB H MHHEpalbHOro Chipbi, 06YC/IOBIEHHBIX BapbHPOBa-
HHeM W30TONHOr0 COCTaBa 3JeMEeHTOB B MX COCTaBe B 3aBHCHMOCTH OT MPEAbICTOpHH 006pa3LoB.
Oco6eHHOCTH H3MepeHHsl COJepKaHMH IPHMeCHBIX KOMNOHEHTOB HHCTBIX MeTaJJoB obCylHM B

cjefyiolleM pasfene.
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6) Uucreie Bewjecrsa

B 4ucTHIX BelwecTBaX TPaJUUHMOHHBIMH MeTodaMu ananuz‘mecmn} X
HHUA 3JCMEHTOB OCHOBBI (KOHTPOJIUPYSl CTeXHOMEeTpHYeCKHH COCTaB),

ponpHuMecei, a TakKe npuUMecHbix (a3 (BeliecTBeHHBIH aHaNn3). _I'Iep foLHX N06ABOK CYIiie-
THKY OnpefesieH|s OCHOBHBIX KOMIOHEeHTOB M (B MeHblleH cTelleHy) JernpyloLHu -

CTBEHHO TOBBICHT JOCTOBEPHOCTb aHa/lW30B. VHaue cGCTOMT AeJIO C KOHTPOJIEM II11’1’1_1‘“19(391‘1_68 ane
ThIX BelllecTBax. Haubosee cyliecTBeHHble CHCTeMaTHueCKue W CIydanHbie NOTPEIIHOCTH O yc.non;-
JIeHbl HEKOHTPOJAUPYeMbIMH (ayKTyauusiMi ¢oxa (a2 He aGCOMIOTHBIM €ro 3HaquHem, KaK Hepengo
CUMTAIOT), MaTPUYHbIMH 3(deKTaMy; 3arpsasHeHHeM Ipo6 H MOTepSMH onpefeseMbiX KomnogeH-
TOB, pasjW4yMAMH B TIOBeJeHHH O0Opa3LOB IIpH OMNepalMsx aHaiW3a H3-32 Pas/IHINH (bU3HYIECKOro
COCTOSIHUA ONpefiesigeMblX MpUMeced B aHaAU3UPYeMbIX W TpalyHPOBOYHBIX oﬁpama{- HOHHTKI:}
CO3/laHMsl CTAHAAPTHBIX 06Pa3lioB YHCTHIX BelleCTB He ofecneyuy eMHCTBA H3MEPEHHH TIPHMECEH
[15, 16], NOCKOJIbKY TPYAHO 06eCneunTh HWACHTHUHOCTb (PU3UKO-XHMHYECKHX CBOHCTB aHA/IHU3HpYe-
MO0 ¥ CTaHAapTHOro o6pasuos, GOpMbl BXOXKIEHHS NMPHMECH B MaTpHlly, OQHOPOLHOCTE CTaHAapT-
Horo o6pasua ¥ HeM3MeHSIEMOCTb €ro coctaBa Bo BpeMeHH. CHcTeMa XHMUYECKHX MEp He yCTDaHMT
YKa3aHHBIX MMpo6jieM, OIHAKO HCKJIOUMT Ipy6ble CHCTeMaTHUeckHe MOTPelIHOCTH, 00YC/IOBAEHHbIE
HeNpaBUJIbHOH aTTecTalped IpafyupoBOUHbIX oOpasuoB. OOHApYXHUTh CHCTeMaTH4eCKue [orpeLl-
HOCTH, OOYCJIOBJIeHHble APYTHMMHM MPHYHHAMHU, MOXKHO OOLLENPHHATEIMU IIpHeMaMH (cpaBHeHKEM
pe3ysibTaTOB aHa/lM3a NaHHBIM ¥ 06pa3lOBLIM METONAMH, He3aBUCHMbIMH JaGopaTOPHSIMH, MeTo/a-
MU 100aBOK M BapbHPOBaHHA HaBecOK). MaTpuunbie 3pdeKThl MOXHO BbISBJASATb He3aBHCHMBIMH
MeTo[aMHu, INpe/IBAPUTEJBbHO paspyLluasi UJu OTHeJsIsl MaTpULY.

MMHH OTIpeNesiioT CoAepXa-
JeTUPYIOWHUX A002BOK, MHK-
efaya pa3mepa MOJI B Ipak-

B) OCBeRTsI OKpy#amllieH CPesb!

MeTtponoruyecKn#i acrnekT aHaNMTHYECKOTO KOHTPOJS CONEPXKaHHE TOKCHYHBIX, (PH3HOJOTHYe-
CKH aKTHUBHBIX Y peIKHX KOMIIOHEHTOB B 00beKTaX [PUPOAHOM Cpefbl MO CYLIECTBY TaKOH Ke, Kak
MpH KOHTpOJie NMPHMECHOTr0 COCTaBa YMCTHIX BellecTB. YToObl 06ecrneyuTh AOCTOBEPHOCTb HH(DOP-
MalU¥ O COCTaBe M CBOHCTBaX BEIOPOCOB M COPOCOB B 0OBEKTH OKPYXKAWIUIEH Cpelbl, Hy)KeH CHC-
TeMHBIH MONXOJ, BK/AIUAUIMKA BbIGOp MapaMeTpoB KOHTPOJS, METOAOB M METOMMK U3MepeHHUs,
000CHOBaHHME HOPM MOTpPELIHOCTeH, cnoco60B MX YCTAHOBIEHHS W OLEHKHM UX COOTBETCTBHS HOp-
MaM. BosMoXKeH omepaTHUBHBIH KOHTPOJb KauecTBa H3MepeHHH 6e3 MCIOJb30BAHHS CTaHJapTHEIX
00pasLoB COCTaBa, B OCHOBY KOTOPOTO MOXKHO MOJIOXUTh COeNHHEHHs 3/1eMeHTOB, aTTeCTOBAHHbIE
06pasLOBbLIMU K PalOYUMH MePaMM M HeNOCPEeNCTBEHHO CBA3aHHBIE C TAJOHOM MOJIA. Peamusalus
MpOrpaMmbl MCC/IEAOBAHHNA H y4eT MEXIYHapOAHOro ONbLITA ITO3BOJIAT COKPaTUTh YHCJIO CTaHAAPT-
HbIX METOJMK ¥ MOBbICHTb [OCTOBEPHOCTb PE3y/IhTATOB aHaJH3a.

Metonel 1 cpencTBa H3aMepenus

a) Hcnosbsoanme cHcTeMbl XHMHIECKHX MEp AJA ONTHMH3ALUHH Hab0pa METOLOB H IpH6OpOB,
ITPHMEHSeMbIX B IIDAKTHKE XHMHYECKOrO aHAH3a
Nt Hallero BpeMeHH XapaKTepHBI H3GBITOYHOCTD METOAOB M MNpPHOOPOB, MpeaaraeMblX Js
aHa/M3a pasMYHBbIX OOGBEKTOB, M UX CTUXMHHBIA 0T6OP MV [PaKTHYEeCKOro MPHMeHEHHd. Bpere-
HHE CHCTEeMEl Mep NO3BOJIHT TOUHEe OLCHHTH JOCTOBEPHOCTh Pe3yJbTAaTOB aHAIM3A Pa3HbLIMH METO-
Ram¥ ¢ pasHoOM annapatypou. OLEHKH 3aBHCAT H OT BO3MOXHOCTeH nepefayd pasMepa MOJA OT
9Ta/lOHa B MPAKTHKY COOTBETCTBYIOLEro MeToxa. TH NaHHBIe, Hapsly ¢ SKOHOMHYECKUMH Xapak-

TEPUCTHKAMH METONOB aHA/IN3a, MOCJYXKAaT OCHOBOH ONTHMU3ALUH Habopa MeTonoB M nNpuGOPOB
HCMOJIb3yEMBIX B XUMHUYECKOM aHalu3e, ’

6) HuBenTapHsalis H IIepearTecTains CTaHAapTHEX 00pasLoB cocTaBa BemecTs u MaTepHasIoB
[locTpoerne onTHMAaNIbHOR CHCTEME! CTAHAAPTHBIX 06PA3L{0B
VI3BeCTHO, YTO MHOTOYHCJIEHHbIE CTAaHIAPTHbIE 00paslibl BEWIECTB W MaTepHaoB He o6ecmey-
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Obecneyenne efUHCTBA W3MEPEHUH XMMULYECKOrO COCTaBa U "MOAHAsA efuHULA’

paKTePUCTHKH KOTOPHIX cHCTeMOH 06pasuoBBIX ¥ paboynx mMep ¥ 0OpasLOBbIX METOAOB H3MepeHUs
yBSi3aHH C NepBUYHBLIM 3TajoHOM. Ha ocHOBe 3THMX CTaHZAapTHBIX 06paslloB MOXHO aTTecToBaTh H
apyrie. Bo Bcex cayuyasx cjefyeT OLEHHTb MOIPEIIHOCTH, 00yc/OBNeHHbIe BapHAUNAMU M30TOIMHO-
r0 coCTaBa 3JIeMEHTOB, BXOASLIMX B COCTaB MaTepuanob. [IpupeTcs OLEHHTh U 3KOHOMHUYECKHe
MocJeCTBUS MepeaTTecTali CTaHAapTHBIX 06Pa3LoB.

8) Hcroap3oBaHue XHMHIECKHX Mep Kak QyHIAMEHTa CHCTEMBI KOHTPOJIS Ka4eCcTBa H3MEPeHHH
XHMHYECKOro COCTaBa

HoBasi cucTeMa XHMHYECKHX Mep, MO-BUIUMOMY, CYUIECTBEHHO YNPOCTHUT CHCTEMY KOHTPOJA
KayecTBa M3MepeHMH XMMHYECKOro COCTaBa H IOBBLICHT ee MH(OPMaTHBHOCTb NPH HCIO/B30BAHHH
rpaBUMeTpPHH, THTPUMETPHH H HHCTPYMEHTaJbHBIX METOJOB aHa/M3a PacTBOPOB, B KOTOPBIX IpH-
MeHSIOT BapHaHTH Meroja No6aBok. llesecooGpasHo paspaboTaTh NPHHUMIBL CHCTEMBI KOHTPOJA,
OCHOBaHHbIE Ha DacTBOPaX COeJVHEHWH OMNpele/sieMbX 3/eMeHTOB, aTTeCTOBAHHBIX MO HEIOCPel-
CTBEHHO CBSI3aHHBIM C 3TaJOHOM MOJisi 06pasloBbIM M paboynM MepaM.

CucTeMa KOHTPOJS KaueCTBa M3MepeHHH XMMHUECKoro cocraBa JJIi METOAOB aHalW3a, rpajyH-
pYeMBIX 1O CTAaHZAPTHHIM 06pasuaM, Mo-BUAMMOMY, NPHHUMIHAIBHO He OyAeT OTAMYaThCs OT MpPH-
HSITOH B HacTosiliee BpeMs. Ho aTTecTOBaHHBIE XapaKTeDUCTHKH CTAaHIAPTHBIX 00Pa3lOB HAAEXKHO
YBSXKYTCH C CUCTeMOH Mep, H ofecneynBaeMoe eIMHCTBO M3MepeHUH XUMHYeCKOro cocTaBa CTaHeT
He ycJoBHbIM (B mpefesaX HMCIOJb30BaHHS JaHHOIO METOAA, AaHHOTO HaGopa cTaHZapTHBIX 06pas-
OB ¥ TOMY M0J06H0€e), a a6COMOTHBIM. |
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Kharkov University Bulletin. 2000. No. 477. Chemical Series. Issue 5(28). A.A.Bugayevski,
A.B.Blank, M.S.Kravchenko., "lodine unit” in the unification of measurements of chemical com-

position.

N.P.Komar's idea about a system of chemical measures based on unique properties of iodine is discussed
from the ungle of possibilites to realize it under modern conditions. Pure Iy is suggested as a standard
substance to be used for introducing the unit of substance quantity (in its present-day definition) into the
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prachice ol analytical chemistry. Problems of the practical representation of the mole size are considered
for various analytical methods as well as for various objects. The use of suggested sysfem of chemical
measures for optimizing sets of analytical methods and devices, for developing an optimum system of ref-
erence samples of composition, and for measurement quality control in analytical chemistry is discussed.
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YIK [534.34: 546.224 + 543.23]: 547.26
BNVAHWE OOBABOK OPFAHUYECKOIO PACTBOPUTEJTA HA OINPELEJIEHNE
CYJIb®UT-NOHOB B NMPUPOAHBLIX N CTOYHbBIX BOLAX N HEOPTAHUHECKUX
congax KMHETU4YECKNM METOOM

© 2000 H.J1.Eroposa®, A.B.Bauanx”, [11.B.Ilyasiesa

M3yuyeHO BRMsIHUE KOHLEHTPALUMM METaHONa, 3TaHOMa, MponaHona, nporaHona-2, aueToHa u
OM®MA Ha CKOPOCTb BOCCTAHOBMEHWUS >KENe30-(PeHaHTPONMHOBOrO KOMMMEKCa. HanpeHno, 4TO
CKOPOCTb PeaKuMu 3HauntensHo Bbiwe B 35%-Hom nponaHone-2, 40%-Hom 3TaHore, 50%-HoMm
METaHoNe no CPAaBHEHMIO C BoaHOM cpepon. PaspaborvaHbl meToguku onpepeneHus cynbdnT-
HOHOB B CYNMbGhaTax HATPUS W Kanus, CEPHOM KMCNOTe M CcTouHbix Bopax. MNpepen obHapyxeHus
5032" B NOMAEeBOl M ounlieHHow cTouHon Boge 0.5 mkr/mn, ans CEPHOM KUCMOTbI U ee coneu
pocturaetcs npepen obHapyskerus 10 4 mac. %.

OrnpeneieHHI0 MaJblX KOJUYECTB CYJbQHT-MOHOB MOCBSLIEHO CPaBHHTE/BLHO He6oJIbLIOe
yrcso pabor. Takue comepXkanusi HeoGXONUMO ONpPENesATh B JOXKAEBOH BOLE TPH BhINAEHHH
KHCJIOTHBIX ,I[O)K,[[Eﬁ, B OUUUIEHHBIX CTOYHBIX BOJaX HEKOTOPBIX [TPOHU3BOACTB, BbICOKOUHCTBIX
XUMHUECKHX peareHTtax — CEpHOH KHCJIOTE H €€ COJISX.

Hacrosas paﬁo'ra TIOCBALIeHA HUCCJ/eNOBAHHUIO BJAWAHUA HEOrPaHHUYEHHO CMellIuBaIHXCA C
BOJIOH OpraHWYEeCKUX pacTBOpHTeNiell Ha CKOPOCTh BOCCTaHOBJEHHS KOMIIeKca [Fe(phen)3]3+
cyabduT-noHamu. Panee [1] MBI MccaenoBany Ty peakUHIO B BOAHOM cpelie C LeJblo Ofpeaese-
HUS CYJb(QHT-HOHOB B HEKOTOPBIX HEOPraHWUeCKHX COJSAX.

DKcrepuMeHTalbHas 4acTh

B pa6oTe HCNO/b3OBaMM MepeKpucTayiu3oBanHbi 1,10-peHanTponnH ¢upmbl «Chemapol»,
13 KOTOPOr0 TOTOBHUJIH 0.5%-ublii BOZHBIH pacTBop (A/is M3yyeHHs BIMAHHUS N0OGABOK OpraHuue-
cKuX pacTBopHTeneit) B 1%-Hbi#l pacTBOp B 3TaHOJe (msisi mpoBefileHUs HMCC/IeNOBaHUH B 40%-
HoM sTaHosie). OpraHUyecKye pacTBOPHUTENH NPeABApPUTE/IbHO OUMIIAA MO H3BECTHRIM METOLH-
xam [2]. HurtpaT xenesa ¢ Komuentpaumeil 1.8x107° Monb/J1 roTOBMIM M3 KapOOHMILHOrO
sKeje3a pacTBOpeHHeM B pa30aBeHHOM asOTHOHM KHCJOTE; ero KOHLEHTpAlHIO ycTaHaB/HBa/lA
KoMILIeKcOHOMeTpuYecky [3]. AueraTHbiii GyQepHBIH pacTBoOp C pH 4.4 — 4.8 rotoBunn CMe-
LIHBAHHEM HeOGXOLUMbIX KOJHUECTB pacTBOpoB yKcycHo# kucuorhl (0.2 Monb/1) U anerara
warpust (0.2 mosb/n). PactBop, conepxauui 1000 MK/ MJI CYJbMUT-HOHOB, TOTOBHJIM pac-
TBOpEHHeM Cy/bhHTa HAaTpUA B 6HAMCTH/VIMPOBAHHO! BojJe; TOUHYIO KOHUEHTpalulo yCTaHaB-
quBanu nomometpuuecky [4]. Pactsoph, cogepxamue 100, 10 n 1 MKT/ MJ CyJbOHT-HOHOB,
FOTOBHJH TOC/TeN0BATeNbHEHM pa3baBieHHeM HCXOJHOro pactBopa. IIpu MpUroTOBIEHHH BCEX
pacTBOPOB HCIOJIb30BA/IH CBeXeleperHaHHylo GumAcTHANMpOBaHHYI0 Boay. CepHylo .KHCIOTY
HeHTpa/JN30BbIBa/M HaChilleHHBIM BOAHBIM PaCTBOPOM aMMHaKa.

CkopoCTh peakUUH XapaKTepH30Ba/l{ TaHTe€HCOM yrja Hak/oH2 NPSAMOJMHEAHOT0 ydacTKa
32BHCUMOCTH «CBETOIOIJIOLIEHUe — BpeMsi» H PaCCUMTEIBANHU 110 METOLY TaHreHCOB [5]. Cgero-
NoTJIolIeHHe H3MePSAH NPOTHB BO3LyXa Ha CHEKTPO(OTOMETpe C®-46 ¢ TepMOCTaTHPOBAHHOH
KIOBeTHOM Kamepoli npy ajuHe BonHel 500 HM uyepes Kaxibie 15 cekyHJ B TeUeHHe 2-X MHHYT
qocje CMELIHBAHHS HCXONHBIX pPAcTBOPOB B COCyde-CMecHTese ¢ TpeMA OTPOCTKaMH [6].
Cocyapl-cMeCUTe/IH 3aNoJHAAN CeAYIOIHM 06pa3oM: B NepBbld OTPOCTOK BBOAH/IH 1 ma 6y-
dbepHOro pacTBopa H 1 M pacTBOpa Xejesa (111); Bo Bropo — 0.0 Ma pacTBOpa

0-(heHaHTPONHHA H HEeOoOX0oAUMOe KOJHIECTBO OpTraHH4eCcKOro pacTBOpHTe/Sl; B TpeTHH — Pac-
TBOp cy/ibouTa HaTpua. CyMMapHbIH o6LeM CMECH JOBOAW/IA OMAMCTH/IHPOBAHHOM BOJOH 10
10 ma. PacTtBopbl mepej cMellliBaHMeM BbIIEPXKHBAIA B tepmoctate U-10 ¢ peryndpoBKOH
Temmepatypsl B npefienax +0.1°C B Teuenue 20 MuHyT. Peay/bTaThl OLEHKH CKOPOCTH peaKUHH
o6pabaTbiBaj¥ CTaTHCTHYECKH C JIOBEPUTENbHOH BEPOATHOCTBIO 0.95 [7].

Hucruryr MOHGKPHC rasnos HAH Yrpanun Hp. Jlernnna, 60, 61001, Xapbkos, YKpaunHa.

61



H.J1.Eroposa, A.B.Bnank, U.B.llynaesa

PesynptaThl ¥ HX 06CyXAeHHE

BnvsHHe OpraHMuYecKMX pacTBOpHTesNeld — MeTaHosa, 3TaHO/a, [Iponanoa, ﬁlipiiizg-‘;s?d
aueToHa u aumetnapopmamuia (IMMA) — Ha CKOpPOCTh peakUy H3yHaa# B UP é;KHHH'. H
MKI CyJb(HUT-HOHa B BHIGpaHHbIX paHee [1] onTHMa/bHBIX yC/IOBHAX HPOBeﬂeHgH 1%3 '})H
4.4 — 4.6, xouuentpaun Fe (III) — 1.8x103 moss/ 5, o-peHaHTPOMMHZ - oXIUT MOJD 1
3aBHCHMOCTH CBETOMOIJIOUIEHHSI OT BPeMeHH B MPUCYTCTBHA H OTCYTCTBHH C}’ﬂbcpm_‘HOH(m A
Boabl 1 40%-HOro 5TaHOMa MpeicTaBMeHb Ha puc.l. MoxHO BHIETb, UTO BBEACHHE aTaHZﬁ
IpaKTHUECKH He BAMSeT Ha CBETOMOMIOLICHHE XONOCTOrO PacTBopa, HO CYIIECTBEHHO YBE/H

BaeT CKOPOCTb BOCCTAHOBJIEHHS KOMILJIeKCa B MPHCYTCTBHH CYy/Nb(QUT-HOHOB.

) 4
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g 0,25 -
=
0,20
1 2
8 015-
0,10-
) 3
0054 - | | 1
] I | I i ! [ i ! ] I I { | l
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BPEMSL, CEK

Prc.1. 3aBHCUMOCTE CBETOIIOTAOILEHNUS OT BPEMEHU.

pH=4.56; 1.8X10-* M Fe?*; 5X10-*M phen; 50 mxr SOz2-;
1: Fe?* — phen; 2: Fe?* - phen - SO3%; (Boguas cpena); 3: Fe2* - phen;
4: Fe?* - phen -~ SO3%, (B 40 06.% sTanoae).

3aBHCHMOCTH CKOPOCTH PeaKIHH OT COAEpXKaHUS OPraHWYeCKOro PacTBOPHTENS UMEIOT BHI
KpUBEIX ¢ MakchmyMmom (puc.2). HanGosblliee BiusiHHE Ha CKOPOCTb peakuH OKashbiBaioT
40%-ubit sTanon u 35%-He# nponanon-2; IM®A, MeTaHON W NPONaHOA BAHSIOT Ha PeaKLHIo
HaMHOTO cJlafee; B IPUCYTCTBHY aUETOHA BOCCTAHOBJICHHS He MPOHCXOLHUT BOOGLLE.

Ananuz JsuTepaTypHBIX JaHHbIX [8,9] mosBosser NPEeNNONOXKHUTh, UYTO BOCCTAHOBJICHHE

[Fe(phen) 3]3+ MPOUCXONHUT IO CAeAYIOLIeH cxeme:

Fef‘l:l' +3phen [Fe(phcan)3]3“r (1)
[Fe(phen); P* + HSO3; 22 [Fe(phen);...HSO;** 2 [Fe(phen);]** + HSOS  (2)
[Fe(phen); 1" + HSO3 +H0 2 [Fe(phen); ** +S02 4 31+ (3)

O6pasyiouniicst Ha NepBOH CTYNEHH KOMILIEKC [Fe(pht—:'l'l)3']?’Jr Bsaumopericteyer ¢ HSO3 c

06pasoBaHKeM HHTepMefHaTa [Fe(p_hen)g--.HSO3]2+s B KOTOPOM oCyliecTBJIsieTcs! nepeHoc

snekTpora o1 cepsl (IV) k xenesy (III). TIpu stom o6pasyercs PallikanbHas yactuua HSO3
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Brnusune fobaBok opraHuyeckoro pacTBoputens Ha onpepesnexue CYNbOUT-UOHOB...

B3aMMOJEHCTBYIOIIas B OCHOBHOM C [Fe(phen)3]3+. OCHOBHBIM MPOAYKTOM OKHUCJIUTENbHO-
BOCCTAHOBHTE/IbHON peakuuu Mexay cepoit (IV) u xenesom (III) B yciousix usbpiTka xesesa
(111) ssaserest SOF (8],

16

14 -

2

=N
N
]

b
o
b

CKOPOCTH peakipy, tg ax10
s

T l. T T ¥ I. T ] T | pesst k- 1

0 10 20 30 40 50 60

coIEpyKaHHIE OpT. pacTBOpUTeNs, 00.%0
Puc.2. BAusiHHE COAEpIRaAHUS PACTBOPHATEACH Ha CKOPOCTh PeaKIHH.

YcaOBHS KaK B pHC.1, KpuBasi 1 — METAHOA, 2 — 3TAHOA, 3 — mpomaHoA, 4 — IponaHoA-2,
5 — IM®PA.

BpelleH1e OPTaHHUECKOTO PaCTBOPHTEJS B PeaKUHOHHYIO Cpely BJIHSCT Ha TEpMOLMHAMHAC:
CKHe TapaMeTphl XMMHYeCKHX DaBHOBECHH (pacTBOPUMOCTb NPOAYKTOB M HCXORHBIX BELIECTB,
YCTOHYUBOCTD KOMILTEKCOB) ¥ Ha KWHETHKY Ipoliecca M3-3a H3MeHeHHs CTPYKTYpbl CPelbl, Bi3-
KOCTH, AW3JEKTPHUYECKOU NPOHULIAEMOCTH H T.A.

Vsmenenne pH cpensl ipy f06aBJeHHH OpPraHH4eCcKoro pacTBOpHUTE/A (ApH) He MoXerT cy-
[IleCTBEHHO BJHMSTb Ha CKOPOCTb Mpollecca, TaK Kak AuarnasoH ONTHMaJbHbIX snayenud pH nis
ACC/IelyeMOl peakluy 3HAUHWTEJNbHO LIMPe 3TOr0 M3MEHEHUS (ApH coctapasier 0.21 u 0.25 en.
pH nas 50%-Horo 31aHoAa H TIM®A, cooTBETCTBEHHO; AJIS OPYTHX H3y4aeMbIX pacTBopuTeJen

ApH eme mensiue [10]).
Ilisi BOTHO-CIMPTOBBIX CMeceli HauGoIblllee BAMSHAE HA CKOPOCTb PeaKIUH BOCCTAHOBICHI

[I*“@(plaen)3]3+ CyMbHUT-HOHAMH HabnofaeTcsl NpH KOHLEHTPalUUAX CIHPTA, o6ecreunBaloIuX

MaKCHMAaJbHYIO BA3KOCTb cMecH. 1o JuTepaTypHbIM A2HHBIM [11], npyu MakcuMa/bHOH BS3KOCTH
B CMeCfIX «COHPT — BOAas Mpeo6/ajaloT accolyathl, COCTOfLIME H3 BOCHMH MOJIEKYJl BOJIB! C
AByMsI MOJeKyJaMH CIHpTa Ha KOHLAX. Cps3biBaH}e BOIbl B TAKUX LENOYKaX CMOCOOCTBYyeT
CHUIKEHHUIO YCTONYMBOCTH aKBAKOMIIEKCOB XKe€Je32 (1II), yckopsieT mpolecc 3aMelLleHHs MoJe-

KyJ BOJbl Ha MOJIEKYJH 0-GeHaHTPOIMHA B peaKUuH (1) u o6neruaet npucoegunenne HSO3 K

KOMIIeKCy no peakuun (2). YseauueHne KOHLEHTpalMH CIHpTa B CMECH [IPABOAUT K HEKOTO-
POMY YMEHbUICHHIO AH3JIeKTPHECKOH NPOHHULAEMOCTH CPEAL, YTO B CBOIO OUepefib CrocOGCTBY-
eT YCHIEHKIO B3aHMOJE/CTBHS 3apsIKEeHHBIX YaCTHIl ¥ CHIXKAET SHepruio repexosia 3JeKTPoHa

or HSOj x -[Fe(phen)3]3+ no peakupsm (2) # (3). B caydae meTaHona, sTaHOMA M NPONAN0-
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; ; . | eHeHUueM JH-
4a-2 BAWSHHE HA CKOPOCTb KMHETHUYeCKOH peaKlMd XOpouio corjacyercd ¢ H3M M I

3.1CKTPHUECKOH TIPOHULAEMOCTH, 06YCA0BAeHHON A06aBKaMy 3THX CIHPTOB. |

B BoaHo-oprannyeckux cmecsx (40% sranona u 35% ponaHona-2) 32BUCHMOCTH CKOPOCTH
PeaKUHH OT KOHUEHTPaUHH Cyab(GUT-HOHOB NpPSIMOJHHEHHB B HHTEPBAJE co,aep;g(aHHH CYyABPUT-
woros 0.5 — 50 mkr (1a6a.1). HdaneHeiiume ucc/iefoBaHus npoBoIuanch B 40 Jo-HOM e v
PacTBOPUMOCTb O-(heHaHTPONHHA B CMellaHHOM pacTBCpHUTEJe Bhill€, HEM B Boolle- 9}“0 03BO-
NUJI0 HCIIO/Ib30BaTh GoJiee KOHLEHTPUPOBAHHBIH pacTBOp O-(peHaHTPOJIHHA — 1 %-HBI# pacTBOP
B 3TaHoJIe.

Dbiio M3yyeHO BJHAHHe pa3/JTUYHbIX HOHOB Ha ONpellesIeHHe 10 MKr cyﬂbcpmeOH-oB.
(ta6s1.2). CusibHee BCero MeLIalOT OMpefefieHHI0 CylbdUA- H THocynbhaT-HoHb. KX BIHAHHE
yCTPaHsIOT BBeleHHeM HOHOB Pb2*. BiusiHue MeTa/so-HOHOB YA2eTcs yCTPaHMTb MaCKHPYIO-

ued cMmecolo, cofepkauied DATA u uuTpar HaTpHf.

Ta6arna 1. MeTpoliornueckne xapakTepucTHKH onpefenennst SO32~ (urcso omeiToB n=93,
foBepHUTebHasA BeposiTHOCTE P=0.95)

[Tpenen

Cpega unu MuTepBan onpene- 6 ] a) | YpaBHeHHe IpafyHpo- rd)
06BbEKT aHa/IN3a | JIeMbIX COlepIKaHUM ooHapy > BOYHOTO FpaduKa
KeHHUs |
40 06.% 0.5-100 mkr/ 0.03 | b = -3 0.999
. 5- mxr/ma 0.2 mxr/mal O. tgot=3.95x1073¢ ,
(o) ;
nﬁfn‘;i‘oﬁ’.z | 0.5-50 mkr/ma |0.3 mxr/ma| 0.03 | b tea=3.06x10"3 | 0.996

JloXXneBble UJIHU 3 _
—i———— 0.8-100 mkr/ma  |0.4 mxr/ma| 0.04 | b) tgoL=4.42x10"3¢ ()_997

NaySO; | 0.005 - 0.1 mac.% ?Aff% 0.05 | 9 tgoi=2.99x10"3¢ |- 0.998
KpSOs | 0.005-0.1mac% | pooo, | 005 | 9 tgo=3.62x10-% | 0.994
Hy,SO;  |0.0055 — 0.11 mac.% 32?‘32 005 | 9 tg=0.90x10-% | 0.995

?) — OTHOCHTeNbHOE CTAaHIApPTHOE OTKJIOHEHHe eNWHWYHOrO pesyabrata (IpH ompemeeHuH
10 mxr SO327);

b) ~ xonuentpauua SO32~ BLpaXKeHa B MKT;

¢) - xouuentpauusa SO32~ BripaxkeHa B Mac. %.

d) — ko3 dHLMEHT JHHEHHOM KOppeJ/ISiIUAN [l TPaLyHPOBOYHOH 3aBHCHMOCTH CKOPOCTH pe-
akunu (tga) ot xouuentpaunu (c). |

[ToyueHHble faHHbIe MCHONB30BAHHI [/ Pa3paBGOTKH METOAUK OTpefie/ieHUs CyNbPHT-HOHOB
B Cy/b(haTax HATPUS H KallUs, CEPHOH KHCHIOTe, NOXKAEBOM BOAE M OUMLIEHHBIX CTOUHLIX BOJaX.
MeTtposoruyeckue XapakTepHCTHKH 3THX METOAMK NPUBEIEHH B Ta6ul. 1, mpoBepKa mpaBH/BHO-
CTH OIpe/ieJIeHHs NpeACTaBleHa B Tabs. 3. SHauuMble PasIHUUS MeXIy napaMeTpaMH rpanyu-
POBOYHEIX IPaQUKOB MOATBEPKNAIOT H3BECTHHIA U3 JUTepaTyphl (hakt CYUIECTBEHHOTO BJIUSHUS
Cpelibl Ha CKOPOCTb KUHETHYeCKUX peakuui [5, 6]. |

Jlns onpenesnienus cymbdut-HoHoB B NagSOy u KoSO, PEaKTHBHOM KBaJHMUKAUWK 1 T COMH
pactBopsiloT B 10 M GHAMCTHANHPOBAaHHOM Bombl. B oaun OTPOCTOK COCYaa-CMeCUTeNs BBonﬂT
1 ma aneratHoro GydepHoro pactBopa ¢ pH 4.4 — 48 y 1 wmy 1.8x1073 monb /51 . |
HuTpara xedesa (I1I), Bo Bropost — 0.5 ma1 1%-oro pacTBOpa o-heHaHTPOMHHA B 9Tam§) 'aCTB%pg
MJI 3TaHOJIa, B TpeTHd — 1 MJ uccnexyeMoi npo6el, no6apasioT 6HnHCTﬁnanOBaHH ;om ko
CyMMapHOTro o6beMa cMecH, paBHoro 10 mi. Msmepenus MPOBOAAT MOCJ/e Te y Boiﬂy; a
KaK OTIMCAHO B SKCIePUMEHTA/bHONW YaCTH. RWACIaTH OBaNMA,

Jas onpefeneHus CyJabQHT-HOHOB B Bofe B 10 Ma npo6y R062aBaAgIOT | Ma pa Pb2+
KoHteHTpaiyei 100 mxr/mi, satem 1 mat pactsopa JITA (0.004 Mo ab/ 1) po %TBOP 8 S0
uurpata Hatpus (0.0005 Moss/n1), 3 Mar mpHUroToBeHHO npoGbl BBOAST B 0]4 " MB pacTaopa.
B apyrue ﬂBa“O'lg)gCTK? cgcyna-—cmecmem BBOJSAT Te Xe péare.HTgi,' Koropbfi:cgzﬂizsfgﬁé
aHaJi3a coaeu. HIMH oObeM CMeCH AOBOAST 6H,1HCTHJ1Jmp-OBaHHoﬁ BOAOH 110 10 M. |
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i Bnuanne pobasok opranMyeckoro pactsoputens Ha ofpefiefieHre CynbrUT-HOHOB. ..

Tabsmna 2. Bivsinye CONYTCTBYIOUIMX HOHOB Ha OTpefie/leHue 10 mrr SO32~ (P=0.95, n=6)

Beepeno co- o | BBepeHo co- Hatipeno

i von_| IO | s s | omnon | o | SO
Cl- 2000 - 10.0£0.2 S903%" 2 10.710.7
SO42" 1300 19.740.3 S9052~ (@ 20 10.20.4
NO;~ 700 9.9+0.2 $%- 0.5 10.740.7
B 540 9.8+0.3 52~ (@) 20 10.320.4
PO42" 150 10.040.2 NHq* 100 9.740.3
 COg?" 150 103103 | Mn2*® 100 10.140.3
105 75 9.740.3 Ca2+ b 100 9.940.2
B407%" 50 9.740.3 Co?* 100 10.240.2
- 50 9.740.3 N+ @) 100 10.0+0.4

~ NOy~ 50 9.940.3 Cu?* () 80 10.240.3
SCN -~ 20 10.1340.3 P2+ () 50 9.740.5
F - 10 9.840.3 Hg?* ® 10 9.740.4

a) — B pucyTcTBHM 25 Mr Pb?t;
b) — B mpHCYTCTBHM MaCKHpYIOLleH cMecH

Ta6umna 3. TlpoBepka NpaBUJIbHOCTH ONpefesIeHHs SO32~ B 10XIeBOM BOJIE U COJAX

(P=0.95, n=6)
e _ Haiineno SO32~, MKr 5

MeTO [12] |

2 2.010.4 2.110.2 0.010

I, 5 5.1+0.7 4.940.3 0.01

G 10 9.91+0.5 10.120.5 0.08

20 20.610.7 21.0+0.4 0.06

5 4.910.3 4.840.7 10.04

- 10 9.910.2 10.1£0.7 0.05

K9SOy4

30 30.110.3 30.110.6 0.08

50 150.240.5 49.540.5 0.07

10 10.140.2 10.140.4 0.05

20 20.310.4 20.510.4 0.06

it 40 40.310.4 40.510.4 0.09
50 50.140.2 50.310.3 0.07

5 5.010.2 4.8+0.7 0.010

NagSO4 20 20.110.2 19.8+0.3 0.008
- 40 4.0010.3 4.0510.7 0.007
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Jlist ananu3a cepHoM KHcJoTsl 1 Mt poObl pacTBOPSIT B 10 ma 6H£1HCTPEFJ1HPUB?;;*_I;‘;*; 2‘;
Abl, HEHTPANM3YIOT PacTBOpOM aMMHaka M0 pH 7.8 (koHTPOJb pH ¢ mOMOLIBIO S}BOHHTPOﬁi
06BOM JIOBOASAT GHAMCTHIANMPOBAHHON Bomo# Ao 20 MJ, or6upaloT 1 Ma H [ajee MpoBo
pefeneHue CyJab(UT-HOHOB, KaK MpH aHa/u3e COJIEH.
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topuTean. Pu-

[Tocrymuaa B pegaxunio 2 mapra 2000 r.

Kharkov University Bulletin. 2000. Ne 477. Chemical series. Issue 5(28). N.L.Yegorova,
A.B.Blank, [I.V.Pulyayeval. The influence of organic solvenis on the sulfite determination in
natural waters, wastewaters and inorganic salts by a kinetic method.

The influence of methanol, ethanol, propanol, isopropanol, acetone and dimethylformamide on the
rate of redox reaction between Fe—o-phenantroline complex and sulfite ions has been investigated.
Optimum reaction conditions have been determined. It is shown that in the presence of methanol,
ethanol and i-propanol the rate of reaction increases significantly. The procedures for SO32~ determi-
nation in sulfuric acid, Na;SOy4, K,SO,, natural waters and purified wastewaters with detection limits 10
ppm (for salts and sulfuric acid) and 0.5 pug/ml (for waters) are proposed. The random error values
are within limits allowable at the determination of microconcentrations. Metrological characteristics of
the developed technique have been presented. |
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MOOVDULIMPOBAHHBIA AJITOPUTM BbIBOPA AHAJTUTUYECKWX OJIMH BOJIH
O MHOMOKOMIMOHEHTHOM CNEKTPOMETPUN

© 2000 W.M.Backup, A.B.Ipo3n

MpeanaratoTcs yCOBEPLIEHCTBOBAHMSA K OMMCAHHOMY aBTOpamu paHee anroputmy Bbibopa pnv
sonu. B npeanaraemom BapuaHTe onTuManbHbie pasbuenns cnekTpa Ha “okHa" KOHEeYHOW LUMPUHBbI
aBTOMATUYECKM BbIBMPAKOTCS Ha Ka)MpoMm ware anroputma. HeopHopopHocth Habopa 3HaueHuM
KPUTEPHA ONTUMAanbHOCTH YCTaHaBMMBAETCS € WCMNONb3OBaHMEM MPERNaraeMon mopuuKkalmm cTa-
McTHrM Koxpana. Ypensertcs sBHumaHue obecneyeHuio NpUMEeHMMOCTH MOAXOAA K MHMHUMMU3ALIMK
Pa3nuyHbiXx KpuTepHes.

B MeTOH0/JOrHH MHOTOKOMIIOHEHTHBIX MHOTOBOJNHOBLIX OMpe/e/ieH|H M0 CNeKTPaM PasjuyHOu
NPHPOALI B MOCHeqHee BpeMsl MPHOOPeTalOT paclpocTpaHeHHe MOAXOAbl, B KOTOPHIX MOCJse Mo-
JTy4eHHsd CIIEKTPOB Habopa IpadyMpOBOUHBIX OODasiOB BBIMOJHSETCS aHA/NM3 3THX NAHHBIX C
L[eJIbI0 BEISIBJIEHHS HEMHOOPMATHBHBIX MO3ULMHA B CHEKTpe, H3MEPeHHS B KOTOPhIX GeCrose3Hbl,
a 4acTo ¥ BPEeAHBI ISl IMOJy4eHHST JOCTOBEDHBIX OLIEHOK COAEepXKaHUfX ONpe/e/sieMbiX KOMITO-
nentoB [1-5]. Tak, B npeapnywux paGotax [3-5] MBI onTHMH3MpOBaJH OUEHKH NMCIIEPCHH rpa-
NYUPOBKH JJIS LIeJeBOr0 KOMIIOHEHTa. DblT npeasoxeH [5] BapuanT anropuTMa mocsenoBaTelIb-
Horo orTceBa (ckopeiulero crnycka), MpUMeHsieMblil He K AMCKPETHHIM MO3HLHUSAM (JuiiHaM BOJIH
(IIB)), a x untepsanaM JIB, umn “oxsam”. lllupusa nocaenunx (umcno wryk OB, 11y), oguHa-
KoBasi IJS BcexX “okoH”, HO/KHa oOecledydWBaTh CTAaTHCTHYECKH 3HAYHMMYI0 HEOZHOPOAHOCTH
3HaUYeHHil KPHTEPHS ONTUMAbHOCTH (OleHKH [UCIIEPCHH) /ISl CONOCTaBJsieMbIX MJIaHOB. Kak
OTMeYajoCh, TAKOM MOAXOM MO3BoJSeT W36ekaTh “H3GBLITOYUHOrO ONHCAHWsA [NaHHBIX; OH aHaJo-
rMYeH OOLIENPUHATHIM BapHaHTaM CTaTHCTHUeCKOW 0OpaGoTKM CTrpYNNHMPOBAHHBIX JAHHBIX; BO3-
MOXXHO €ro TMpUMeHeHMe K ONTHMH3aLUH Pa3/iHuYHbIX KPHTEpHes.

B mHactosiueli pa6oTe Mbl pasBHBaeM CBOM MOAXO/ TaK, 4ToGk oGecreunTh NPUMEHHMGCTD K
ONTHUMHM3ALMH PA3JHUHBIX KPUTEPHEB ONTHMANBHOCTH; HCK/IIOUHTDH HEeO[HO3HAUHbIH BBIOOp TeX
WY MHBIX HeoGXONUMbIX MapaMeTpoB (BHIGOp LIMPHHBI “OKHA’ [5] He 6blT aBTOMAaTH3UpPOBaH,
CTATHCTHYECKUEe TUIIOTE3hl MPOBEpSAUCh JHIIbL MOC/Ae MPOU3BOJBHOrO Ha3HAYEHUS ny); NoGUTH-
¢l KaK MOXKHO 60JbllIeld CTaTHCTHYeCKOW 0O0CHOBAHHOCTH ajropHTMa.

CrartHecTHYECKHHY TeCT
OcofeHHOCTH TIPUMEHEHHOTO paHee [5] cTaTucTHUeCKOrO TecTa.

1. HI: Tunoresa 06 OJHOPOAHOCTH OLEHOK JHCIIEPCHH (S12 =S§ =... =Si,, rge n' — YUCIOo

“OKOH” H, CJIeIOBATEJAbHO, COMOCTAB/SEMEIX [IJIaHOB, TMONYyYeHHBIX HCK/IIOYeHHEM OLHOIO “oxkHa”
3 TTOIHOTO CrEeKTpa Ha JAHHOM Iluare ajropuT™a), IpoBepseTcs MUIS 3a[aHHOTO YPOBHA 3HAUM-

MOCTH TIPOTHUB
2 2 s 2 2 _  _g2

HO rumoTess o HeomHopoaHocTh ouenok (S{ =85 =..=87 #S] # 811 =-. =5, ).

9. BeposiTHOCTh P, ¢ KoTopoii oTBepraercsi /7/ NpOTHB HO, nomxHa npeBblliaTh 3aAaHHYIO
[OBEPUTENLHYIO BEPOSTHOCTh Feont (manpumep, 0.95), HHaye ONTHMHU3ALKSA OCTAHABIHBACTCH.

3 TecT OCHOBAH Ha cTaTuCTHKe Daptierra, M. Al oTBepraetcd H, CJI€I0BATE/bHO, JIaHHBIN

2 2 _ 0
mar aJropuTMa NpPOXOZAT, ecan M2y , THE o6o3nauaer (1=P.onf)x100%
1-Foont 1-Feonf
KBaHTUJb xz-epacnpeﬂeﬂel—mﬂ.

Heo6X0AUMO OTMETHUTh, UTO €CJH B KauecTBe HYJIb-THIIOTE3hl Bpibupaerca H1, a ne HO, o
ycJioBUe TPOXOXKAEHUs liara ajJropuTMa (uckniodeHye “okHa') — 3To mpuHsATHE F0 C BepoAT-
HocThio Peonf, T-€., M 2 xf p .- Msl npunsay [5] B KayecTBe HyJb-runoresbl AU, nocKoJIbKY

—4eonf
panee [3, 4] HemocpefcTBeHHast M HeorpaHHHeHHas MHHUMH3ALMA JHCIIePCHHH TPafyHPOBKH
oKasbiBagach BHojHe 3(deKTHBHON /s BbIOOpa aHATUTHHECKUX J1B. Hcnoab3oBaHue KakK HYJb-
runoTessl M/ He OCHOBaHO HA anpHOPHHIX MPEANONIOKEHUSIX O CBOMCTBAX KPHUTEPHs ONTHMAsb:
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. U3alluu KPUTEPHED,
HOCTH, M HMCHHO €€, MO-BHAHMOMY, Cje/yeT peKoMeH4oBaTb I onTHMH33L e

OTIMUHBIX OT S 2.
B nw6om cnyuae, npoBepka runoTesbl 0 HEOJHOPOAHOC
neTTa) He ToXJecTBeHHa nposepke A/ u HO. Hanpumep,

i gucnepeuit (mo cratucThke bapt-
B CHTyalH, KOT[a MCK/IIOYeHHe Off-

2 ocTalbHBIE OKHa He OKa3blBaWOT
pCsi, YTo TecT bapt/aerta mo-
b0 «OKOH» HexKeJja-
MeHbllle OCTaJbHbIX
JIeHUH ), MBl pepJa-

HOTO «OKHa» MPHUBOAWT K 3HAUMTeNbHOMY BO3pacTaHH) 52,
CYLIeCTBEHHOrO BNHUSIHHSA Ha 3HAueHHe KDUTepHs, MOXKeT 0Kasat
Ka)keT 3HaUMMYI0 HEOJHOPOAHOCTb, B TO BpeMs KaK HCK/IIOHEHHE KaKux-J
TefbHO. JlJisi 1poBepKM rHIOTe3bl O TOM, YTO OfHA K3 AMCIIepCHH 3HAYHMO
(uMeHHO 3TOT MAaH 6yleT BhHOpaH, ¥ ONTUMMU3ALUsA MOHIET B STOM Hampas
raeM HCI0Jib30BaTh CTATHCTHKY

g*=min(S%)/ 3 (7). (1)
Kak BHAHO, 5T0 MOIM(HKALMA M3BeCTHOM craTHCTHRM Koxpana [6], To ecTs,
meaX(S2)/Z(SZ-2). BepoATHOCTb NMPUHATHSI THIOTE3bl O HEOJHOPOAHOCTH (uHTErpas Bepo-

STHOCTH CTAaTUCTHKHA g *) COCTaBHUT:

1 _
s capet j - FY. g , (2)
P(g*)=1-n'+n \k{(g*—l)(n'——l)’(n D-f,f |

rie f — 4MCJO cTeneHedl cBOGOMBI KaXkAOH AUCHEpCHH, W(X, f1sJ») — 3HaueHWe HHTerpana

BePOSITHOCTH F-pacnpefeneHus Ajs cTerneHeil cBo6ombl fy, fo B TOUKe X. (Ha mam Barsisig, B

2
aJTOPUTMaX ONTHMM3ALUKH WHTEerpasbl BePOSTHOCTH CTATHCTUK g * (Mnd |~ MPH UCNOJb30Ba-

HUM TecTa DaprTiierta) Gojiee yooGHBI, YeM KBAHTHJIH COOTBETCTBYIOLUMX pacHpefeseHHH, T.K.
HAIOT BO3MOXXHOCTb He TOJIbKO MPOBEPATh THIIOTE3bl, HO M NPH HEOOXOAMMOCTH HENOCPENCTBEH-
HO MaKCHMH3HDOBaTh BePOATHOCTb MX MPHUHSATHS).

H3meneHHsa B aar OPpHTME IIoCcJaef0BaTe/JIbHOIo OrceBa

BJioK-cxeMa HCIoJAb30BAHHOrO B HacTosllel paGoTe BapvaHTa aaroputMa (peajusoBad HaMH
B makere MATLAB 5.2) npusenena Ha puc.l. [IpuBesem HeKoTophie NOSICHEHHS.

1. Peub uper 06 obuiem ciaydyae ONTHMH3aUMU HEKOTOporo ¢yHKIHOHaAa, P, He o0sg3aTelb-
HO RUCTEPCHH rpaayupoBkd. Heobxomumo, ofHaKo, YToObl 3HadyeHHs @ MOIMJIH CPaBHHUBAThLCSH
Kak 2-pacripefie/ieHHbe BeJHYMHB C M3BECTHBIM HHUCJIOM CTereHell cBOGOAB. TO, HanpuMmep,
MPUMEHHMO K KBafipaTy OTHOLIEHHS 1IyM/CHTHaJA, B TOM YHCIe, BBIYHCJIEHHOMY C Yy4eTOM
nonxomnos [2].

2. B anroputMe WHpHHL “OKOH” nepe6upaioTcst aBToMaTHUecKH (0T GOJBIIMX K MeHBIIHM,
no 1,= 1), Ges 3aKaHus BPYUHYI0O KaKHX-THGO MapaMeTpoB, KpoMe Peon. Eco npu yMenbiue-
HHY /1y, BEPOSTHOCTb P HauMHaeT yMeHbluaThCd, NalbHeHllee COMOCTaBNCHHE /7, HE BhIMOJHS-
eM, 4YTOOhl H36eXXaTh CAHIIKOM GOJbLIOTO 06beMa BHIUKCICHUH. |

3. ¥cnosnem [IPOXOXKNEHUs /ro mara He MOXeT ObiTh npocTo @ = min (o6bIYHbI aJroOpUTM
CKOPEHIIero Cnycka, MycTb M NPHUMEHEHHBIH K “OKHaM”, BelleT K “M36BITOUHOMY OMHMCAHHIO”).
BmecTe ¢ TeM, HaxoXJleHUe TaKOro 1y, 4YTo P = max, Toxe Hellefiecoo6pasHo (a5 KpUTepHes,
YUHTHIBAIOLIMX TUCIEPCHIO U3MEPAEMOr0 CBOHCTBA, YHC/IO CTENeHeH CBOGOMB MOKET HOCTHUIATh
COTeH M ThICAY, MNPH 3ToM P =~ 1, a MakcumanbHast P GyeT COOTBETCTBOBATH 1., = mMax (To
ecTh /= | B 0603HaueHHAX Hallled CXeMbl), Toraa AJITOPUTM NPUALT K HeKOTOpOM))'“;'lOKaJIbHOMy
MHHUMYMY, JajleKoMy OT roGaibHoro). Mul HCnoab3yem KOMIIPOMHMCCHBIH BapHaHT: BHIGUPaeM

pasCueHusi, Ans KOTOPbIX P 2 Ponf, @ M3 HHX — TO, ML KOTOPOro min(

E @) COOTBETCTBYET
HauMeHbllleMYy 3Ha4YeHHIO AJSl BCeX pa3bueHHUH.

[lprMep oNTHMH3ALHH C HCIIOJb30BAHHEM TIDEAIAr A€ MOro alroOpHTMA

[lpennaraembii BapUaHT ONITUMH3ALUHU NPOTECTHPOBAH Ha IKCTIEPHMEHTAJIbHBIX AAHHBIX [5] -
Ha pas/H4yHbIX MOAE/NHPOBAHHBIX CIIEKTPaX ONHOKOMIIOHEHTHBIX CUCTeM (Kax “CePOM” [51 TaK |

COCT2BJIEHHOM H3 HEpeiyloIlMXCs HHOOPMATUBHEIX U HeMH(OPMATHBHbIX (rme “curman”™ mpe
CTaBJisieT COBOH HeKOPpeJMPOBaHHEIE CayyaliHEIe YMCHa) YYacTKOB) | P
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Vicxonnbiit Habop us 7D wryk 1B |
(nanpumep, AV = 300).

®

M4 mar ontumusauuu (7= 1, 2,...): conoctasienue Beex BapHaHTOB pa3bUeHUs CIIeK-
Tpa Ha "OKHA” DAaBHOW IUMPHHEL, ColepkaliKe MO 1y, ; 1B kaxnoe
(nanpumep, 1 BapuaHT: 7y,1 = 150, 2 Bapuant: 1,9 = 100, u T.1.).

e

Il KaXKAOTO /-T0 pasGHeHHs BEHMCIATE:

| - Habop sHauenuil KpUTEpUS onTUManbHOCTH {@Dj} IVIf IIAHOB, MONYYEHHBIX OT6paChI-
BanueM oaxoro w3 n' = ')/ n,; “okon”; |

- BeposiTHOCTh (P), ¢ KOTOpO#H TpHHUMaeTcs THNOTe3a My WM He NMpHHMMaeTcs Hj
IJis JaHHOro pasbUeHuUs;

- MHHHMalbHOe 3HaueHHe &; (3aIIOMHHTDH COOTBETCTBYIOLIMH eMy MJIaH).

i g s i e o e e 1
i C yMmeHblleHHeM luara AUcKpeTHsauny () i wer |
{ P ymeHblnaeTcs ? I'""-'“" F=i+
e e e oo e R D R S D e m wm . L T T ey —— '
\ 22
| Halizensl BapHanTsl [MCKpETH3ALMH, 115 KOTODBIX |
E et s o em G o mm  lrrimbapmmm
Her _ | | \ za
Bui6upalor mnan (Fit | s Bcex nuianHoB, moJTyyaeMBIX, B CBOK OuYepelb, IS
Iar  ONTHMM3ALWH, BCeX 1, obecmeyuBawlUXx P 2= P, .5, BBOHPAIOT
HE obf3aTe/IbHO T0T, And Kotoporo @ = min. CooTBeTcTBYWOLIEE
 nocaenHui) ¢ “okHO” (WIHPHHOH 11y, j(ppy) WTYK JB) HCKIIOHAKOT.
@ = min. o .
v v
OcraHoB ) = 4D —p o | 5| I=1+1 {5 ®

Puc. 1. ITpegasaraeMblii aATOPHUTM BbIOOpPa aHaauTudecKux /IB.

B HacTosimien crtaThe pac-
CMOTPHM B KayecTBe IIpHMepa 0.05
BHIOOP ONTUMAJIbHBIX  JAJIMH
BOJH [ ONpeleleHHUd
5 YIJeBOJOpPOAOB MO OaMX- 0.04
nemy UK / BumuMomy cCriek-
Tpy (HaGop HaHHBIX, Npuaa-
TalOLIANCA K TPOrpaMMHOMY
obecneyenuio Pirouette QHUp-
Mbl  InfoMetrix, pHaHHbHE H
peKOMeHAauMH o obpaboTke
B3SITHl M3 WWW-pecypcoB {7]). 001
Crexktpsl 29 cMmecent (puc. 2)
pasfiejieHbl Ha TpalyHpoBOY-

HBIE U aHaJIM3UPYEMBIH
(“rensBectHuilt”) uabops (20

003

0.02

Absorbance

H 9 o0pasioB COOTBeTCTBEH- 001 g P . 1 ;

Ho). ['paayupoBKa BLINOJHEHA 00 600 700 800 900 1000 1100
Mo  MeToly  NapLHajbHBIX Wavelength (nm)

HauMeHbUIHX KBaJpaToB Puc. 2. CriekTpbl MOAEABHBIX CMECEH YyTA€BOAOPOOB.

(PLS, [1]) npu 9 dakropax. :
ONTHMHA3UPOBAJH THCIIEPCHIO IePeKPECTHOH NIPOBEPKH AOCTOBEPHOCTH, Sc,cv®, KaK ONMUCaHO

paree [5]. CratucTuyeckn nposepsiu runoresy A0 mpotus 1/ ¢ NOBEpPHTENbHOM BEPOATHO-

cthio 99%. CraHpapTHble OTKJIOHEHWS B MeTofaX MepeKpPecTHOM MPOBEPKH NOCTOBEPHOCTH
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- " v 1 : ] 360 a
(S cv AS TpaayHpoBouHoro Ha6Gopa) M “BBe[eHO-HaHIeHO (Sc nns awanusupyemoro HaGopa)

conocTapneub B Taba. l.
reBogopoaoB 6e3 HCIOAb30BAHHA H C

Tabsrua 1. ConocraBieHye pe3y/bTaTOB ONpeesieHud ¥ .
2 [epeKpecTHOH MPOBEPKH AOCTOBEPHO-

HCTIONb30BAHMEM ONTUMHU3aLMH (KpuTepuil — AUCIepCHs
e, Sc.cv?). C, Sc BhlpakeHbl B MacCOBBIX MPOLEHTAX.

f . : Bes ontumu3alny OnTUMaJbHbIH LJ1aH
Conepucane, £ 1 (1 geen 300 JIB) -
Kommonent | " HHMAIBHOE. .. Sc (“BBepeHoO-
...MaKCUMaJbHOE; Sc (“sBene- | [nanason OB, v Scev | S0 ”
cpedHee SC.V | yo-naiigeno”) | (uucao wryx ZIB) 7 | HaHIZeHo )
lemtan | 9.92..29.92; 17.68 | 0.72 0.99 802-950 (75) | 0.35 |  0.52
Usookran | 9.96..30.04; 20.66 | 0.36 0.16 | 870968 (50) | 0.17 0.13
Tonyon 29.90...49.96; 38.72 | 0.24 0.18 802-1100 _(150) 0.18 0.16
o-Keuwmonr | 4.00..15.01; 9.52 | 0.21 0.18 802-950 (75) 0.14 0.12
Oekan | 1.00..33.06; 13.37 | 1.40 0.88 802-910 (60) | 0.64 0.53

OnTaMaJbHble MJaHbl GbIIM HaleHbl A0CTaTOYHO GhicTpo (cpelHee BpeMsl CyeTa 2 MHHYTHI
Ha KommbioTepe ¢ mporeccopoM Pentium 100 MHz), onpenenerne Mo MeTOAY ~BBELEHO-
HalileHo” TOATBepPKIaeT HX HaNeXHOCTb. lak, A/d TelTaHa, yMeHblleHHe AHUCNEPCHH OIpELe-
JleHWs] TI0 MeTOLY <«BBeJEeHO-HalileHO» 3HAUMMO B COOTBETCTBHH C ABYCTOPOHHHM F-TecToM c
noBepuTebHOl BeposaTHOCTbI0 95% (9 cremeneir cBoGomIbI).

OTMeTHM, UTO B paccMaTpHBaeMol CHCTeMe MOXXHO C yCIeXoM ONTHMH3HpPOBaTh Habop NJIHH
BOMH pA3JHYHBIMH  cliocobaMH. Ilpefsaraemblii  BapHaHT MpefcTaBAdercss HauboJee
000CHOBAaHHBIM U OAHO3HAUHbIM. B o6uwieM ciayyae cTpaTerus MOHCKa ONTHMaJbHOIO IJIaHa IO
pesy/JbTaTaM MHOTONlapaMeTpHuecKod TIpajyMpOBKH MOXeT BKJIOUaTb [OCJAeJ0BaTe/bHbIE
NOMBITKH MHHUMH3aLMH Sc cy? ¢ mpoBepkoil runoressl HO npotus H/ (kak B HacTosileH pa-
60Te); MHHMMH3alUMH Sccy? ¢ TpOBepKol runotessl H/ npotus FHO, MEUHUMH3AUMH (YHKIHO-
HaJ/a, COOTBETCTBYIOLIEro GOJBIIOMY UUCAY CTeleHel cBoOOAE ¢ MPOBepKOW runortessl S0 npo-
TuB H1. Boibop Monesnn No/KeH 00YyCIOBIUBATLCA YHCJIOM IpafyHpPOBOYHHIX 00pasloOB, YUCIOM
anuH BoaH (He yuuThiBaeTcsi KpuTepveM Sc cy?), TpeGOBaHHAMH K 06beMy M3MepeHHH H [O-
IyCTUMBIM [OTPeLIHOCTSM.
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[Toctymuna B pegakumio 17 masg 2000 r.

Kharkov University Bul-l’etin. 2000. Ne 477. Chemical Series. Iss M '
-y Yo GV z ' . Issue 5(28). 1.M.Baskir,

A.V.Drozd. A modified algorithm of wavelength selection for mu.lti-compone(nt s)pectrometry
Improvements are proposed for the algorithm of wavelength selection described by the authors ear-
lier. In the proposed variant, optimum subdivision of a spectrum into “windows" of finite width is per-
formed automatically at each step of the algorithm. Inhomogeneity of a set of val 4
optimum is established using a proposed modification of

the Cochran statistics. icabili
approach to minimization of different criteria of optimum is a fics. Applicability of the

subject of special care.

70

ues of the criterion of

.l g{t}..?%‘d“_l v e . : K
%'-:I;.. : :".:'-"-'_" .:. : A i i .



BecThnk XapbKOBCKOro HauHOHanbHOro yHusepcuteta. 2000. Ned77. Xumus. Boin.5(28)

OPI'AHHUYECKAA XHMMHA U CITEKTPOCKOITHA

VIK 547.7/8
CUHTE3 U TAYTOMEPUA 6,7(4,7)-ANTMOPOMNPA30JIO-
[1,5-A]INMIMPUMUONHOB

© 2000 B.B.Jluncon™, C.M.Jlecenko, M.T.IlIupo6okosa*, B.B.Boponuna*,
T.M.Kaproxuuxkaa™, JI.A Kpynunuku# *

LinknokonpgeHcaumen apunMaeHaueToeHoOHOB ¢ 3-aMHHO-5-MEeTHINIMPA30oNomM  nofyyeHsl 5,7-
apun3ameluentble purugponmpasonof1,5-ajnmpumugunsl. Metogom cnektpockonuu [TMP npo-

AHaMM3UPOBAH TAYTOMEPHbIM COCTAB PACTBOPOB CMHTE3UPOBAHHbLIX COeAMHEHNM .

I{MKJIOKOHeHCAlUS aMHWHO0a30JI0B, COJepKall¥X TIYaHUIHWHOBHIM (parMeHT, € apoMaThue-
CKHMHU HeNpefe/IbHbIMH KEeTOHaMHU SIBASIeTCH OJHUM H3 Haubosiee NOCTYIHBIX CHHTETHUYECKHMX
MOAXOHAOB K (hOPMHPOBAHHIO YACTHUHO THAPHUPOBAHHBIX 2a30JIONMPHMHAMHOBLIX CHCTEM C Y3JIO-
BHIM aToMoM a30Ta [1,2]. Panee Takum cnoco6oM Hamy 6bljl CHHTE3UPOBAH DS JHMTHAPONHPA-
30410[1,5-a]MHpUMHANHOB ¥ MOKa3aHO, YTO 3TH COeJHHEHHs KaK B TBepHOH (ase, TaK U B pac-
TBOpPAX CYIIECTBYIOT HCKJ/IOYHTENbHO B UMHHHOH ©,7-guruapodopme [3,4]). Llenblo HacTosiLueH
paboThl fIBUJICS CHHTe3 HOBBLIX apHi3aMelleHHbIX AMTHAponupasoso|l,5-almupumMuinHOB U Hc-
cJeloBaHHe TayTOMEPHOro COCTaBa MX PacTBOPOB.

CoeguHeHHs 3a-M MoJlydeHB KOHAEHcallMed 3-aMHHO-d-MeTHU/NMpasofa | ¢ apoMaTHYeCKUMHU
o,B-Herpene/IbHBIMA KeTOHAaMH 2a-M, OCYILeCTBJIEHHOHM NyTeM KWIIAYeHHS PacTBOPOB 3KBHMO-
NAPHBIX KOJHAYECTB HCXONHBIX BellecTB B nuMmeTtuadopMamune (IMPA) B Teuenue 5-10 MUHYT.
CrenyeT OTMETHTb, 4To TipH 3aMeHe JIM®PA Ha cnuptsl (MeTanos, stanod, 1-6yranosn (BuOH))
eJeBble NMPOAYKTH 3a-T yaanoch mnojyuuth Jauwb B cpege BuOH. Ilpu stom Habmiongaercs
CHMDKEHHE CKOPOCTH B3aWMOZeHcTBUs: yepe3 30 MUHYT OT Hauasla KUNAYeHHS B PeaKUMOHHOH
cmecu MeTogoM TCX elile GUKCUPYIOTCS 3aMeTHBIe KOJMUYeCTBA MCXOAHBIX coefHHeHHH. [1oBBI-
CUTh BBHIXOMBl TPOAYKTOB KoHAeHcauu¥ 3a-r B BUuOH ypanoch myTeM yBennueHHs] BpeMEHH pe-
akumE 10 1.5 uacoB. B cpelle HHM3MIMX CIHPTOB AaXe AJHTeNbHOe Kunsiyenwe (4-5 wacos)
MCXOMNHBIX BellleCTB He NMPUBOAUT K 00pa3soBaHHIO LieJIeBLIX [IPOAYKTOB.

CeHy R Cethy—R2 Cetl —R?

N—NH K TIM®A/BuOH N—N - N—N
_ >

L | C/[I\/L |
B 7 N Ceth—R! RO H Z SN CHR! Hy 7 Cely—R!
b A
3a-M

9. 3 a 3 u, kK, M R!=H, 6 R!=4-Br, B R'=4-Cl, r, 1 R!=4-CHs, & R!=4-0CHyj,
e R!=4-N—(CHs)y, % R!=4-NOg; a-x R2?=H, 3, a R?=4-Cl, u R?=4-F, x R*=2,4-muCl,
M R2=2-CF;

UK cnekTphl coenuHennit 36-M, 3aperncTpupoBaHHHe B Tabietkax KBr, Mano WHpOpMATHB-
uel (Ta6n.1). B Hux oTmeuaeTcsi HaGop ToJoC, XapaKTepHBIH [/l KOHAEHCHPOBAHHBIX a30J10a-
SHHOBBIX CHCTeM, cofiepiKamux Heckonbko C=N casseit [5].

HanGospuyilo HH(GOPMALHI0 O CTPOGHMHM paccMaTpHBaeMbIX BELIECTB HECYT HX CIEKTpHI
[IMP (1a6a. 2). Ouu Xe Mo3BoJisiOT CYAUTb O PaBHOBECHOM TayTOMEPHOM COCTaB€ COCAMHEHHH
3a-M B pacTBopaX. B 3THX CHeKTpax Hapsady ¢ MyJbTHIJeTaMH apoMaTHYeCKHX IpOTOHOB,
CUHT/IETaMH METHUJILHOH TpYINbl ¥ METHHOBOrO IPOTOHA IMPA30JbHOrO LHK/Ia NPOABAAIOTCH

CHTHaJbl [POTOHOB (pparMeHTa ~CH-CHg — umuHHOro Taytomepa b u/ WM (pparMeHTa
~CH-CH - puruapodopmsl A, Kpome Toro, B ciyuae o6pa3oBaHHs CMeceH TayTOMepoB Ha-

1 2a-M

*Vrpanuckui HHH papmakorepainu SHAOKPHHHEIX 3a60/€BaHHH, I.XapbKOB
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a TaKXke MPOTOHCOMEPNKALMX 3AMECTHTE-
HocTell COOTBETCTBYWOLIMX TpYIHI CHIHa-
M B pacTBOpax. OTMeTHM, UTO
yTOMEpHOH (POPMBI b npakru-
rHafbl anudaTUyecKuX MpoTo-
(1a6a.2).

GA101aeTCs YABOEHWE CHIHAA0B MEeTHJIbHOHM TpYMmbl,
seii RY, R?. ConocTaBiieHue vHTerpanbHbIX HHTEHCHB
JIOB NO3BOJSET ONPeIC/HTb TaYTOMEPHHIH COCTaB coeanHeHu#d 3a-
B COeNMHEeHUAX 3a,6,r 1,21,/ IPOTOHbHl METH/IeHOBOW TpyMIbl Td
HCCKW SKBMBaJeHTHBI, TOTJA KaK B CMeKTpe BelleCcTB 3B,e,K,M CH
HOB AUIMAPONHPUMMIMHOBOTO (pparmeHTa o6pasyioT ABX cucremy

Ta6anya |. XapaKTepuCTHKH COeMHEHHH 36-m*

oo [ Boymo [ Halieio N | 1o, C | (e v, cut | B0
36 | CyoH;eN3Br %—g- 153-154 312?55229’5‘12;13228’ 68 (65)**
38 | CigHyeNCl %—% 156-157 | 2020, iSﬁéjtSO, 72 (69)
3r CooHioNs %"g- 162-163 | %% ggﬁ? : 3228’ 74 (70)
31 | CaoHigNsO 183\ yorazs | PRI |
3¢ CoHosNy, %:—8 180-181 290?*5 fgs 1 f& ifo& 68
3 | CyoHysN4Og {—g—:—g— 169-170 3;{519% 21%66%’ Q&ﬁ* 62
33 C1oH 6N3Cl %% 145-146 | 299% %ii% L6t 70
38 CoH eN3F %g 128-129 2931650?0104 RS 66
3k | CioH;sN3Cly ﬁ—:% 134-135 292?2}6185,8?;1 el 69
31| CoothisNaCl | %g 137138 | 2% ] 45,8‘1);}3 i 73
3M CodkTetiat ﬁ—:% 134-133 292?3 11:2818*1 116564* 64

*CoenMHeHMe 3a onMcaHo B cTaThbe |3], ero Brixog mo Metoay B cocrasaser 75 %.
** Beixon mo metony b.

Ananusupys mosiydeHHble NaHHbIe, MOXHO KOHCTaTHpOBaTh, 4To B pacTBopax CDCls coenu-
HeHus 3a,0,r,J,3 HAXOAATCS NMpPEeUMYIIECTBEHHO B UMHHHOM 6,7-nuruapodopme B. B pacrsopax
JIMCO-Dg aHanorMuHbid pe3ysbTaT OTMEYeH MIJsl BelllecTB 3a,B-XK,U. B To XKe BpeMs, B 3TOM
pacTBopuTene 1 nupasono|l,5-a|mupumununoB 36,3,k-M  3ahHMKCHpPOBaHO OﬂHOBp,eMeHHOé
MPUCYTCTBUE 00eUX TayTOMEPHHIX QOPM. ,

C_OlI'IOI(ETaBJIeHHe OJTy4eHHBIX Pe3yNbTaTOB C JAHHBIMH 110 PaBHOBECHOMY coc:TaBy AJIS paHee
H3YyUEHHbIX NUTHIPONUPUMUIMHOBBIX CHCTEM, aHHEJHPOBAHHLIX PA3/IAUHLIMM a30JbHBIMH LHK-
JlaMH, TO3BOJISIET OTMETHTb 3aMETHOe CMellleHHe TayTOMEPHOro PaBHOBECHsl B CTOPOHY WMHH-
HeiXx ¢opm B npu mepexome oT Tetpasono- (X,Y,Z=N), 1,2,4-rpuasomno|l,5-alou UMUIUHOB
(X,Z=N, Y=CR) u nupumuo|1,2-al6ensumunasonos (X,Y = 0-CgH,;, Z=N) ., o aEE)OJIO[l 5-a)-
(X=N, Y,Z=CR) u umunaso[l,2-ajmupumumunam (X,Y=CR, Z=N) [1-3,6]. Drot (I;am. e il
B3IVIAN, CJIEyeT CBA3aTb CO CHMXKEHHEM 3JIEKTPOHOAKLUENTOPHOTO BAUSIHHUS 230J1bHOLO ,smpa Ha
T-CUCTEMY AUTHAPOLMKAA B PSALY HA3BAHHBIX MPOU3BOAHLIX. - |

R>-CgH,
| (3'45PI4"‘Rl Y““ZANI C6H4—~Rl
b
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Cunres u taytomepus 6,7(4,7)-auruaponupasono-[ 1,5-ajnupumuguros

Biusuue pacTBopHTe/f Ha 110JI0XKeHHE TayTOMEPHOrO PaBHOBECHS MPOSIBJSETCH, B NEPBYIO
oyepefib, B ero cMeuteHur B cTopoHy NH-dopm B mpoToHoakuentoprom pactsoputene JMCO
nmo cpasHenuio ¢ CDCls. Takoe siBleHHe THMUYHO AJSI JUrHAPOA3UHOB M AMTHAPOA30J0A3HHOB
[7,8] u o6bsicusietcss crabuausaumeii NH-dopm 3a cuer 00pa3soBaHHs BONOPOAHBIX CBA3e
NH...IMCO. OgnoBpeMeHHO C 3THM, B caydae pacTBOpOB coenuHenuil 3, B JIMCO uabmopa-
IOTCSl M CYyLIeCTBeHHble M3MeHeHHS PaBHOBECHOI'0 TayTOMEpPHOro COCTaBa IOJ [elHCTBHEM BBO-
numbix 3amectntesedt R! u R?. Hanpumep, nas sewmectsa 36 (R! = 4-Br, R? = H) cooTHoue-
Hue popmsl A k B cocrasisier 1:2. [Tupasononupumuaus 3s (R! = 4-Cl, R? = H) npucyTcTByeT
B pacTBOpe B BHAe nuruapopopmsl B, B TO BpeMsl KaK JiJIsl H3OMEpPHOTro eMy COelHHeHHs 33
(R! = H, R? = 4-Cl) cooTHomeHHe TayToMepHoil ¢opmbl A K B cocraBiser 1:2. DTH sB/eHus
He MOryT ObiTb OOBACHEHbl MPU YydyeTe ONHOIO JIMIIb 3JEKTPOHHOIO BJHSHHS 3aMeCTHTeNeH H
TO3BOJIAIOT MpeArnoJaratbh CYIIeCTBEHHYIO pOJb BO3JeHCTBUA 3((PeKTOB ;LHq)q)epeHuHaﬂbHOH
COMbBAaTaUHMH Ha MOJIOXKeHHe TayTOMEPHOI'0 PABHOBECHS H3yUaeMBIX COeIUHEHUH.

Tabraga 2. XuMuAdecKre CIBHTH NPOTOHOB TayToMepoB A u B coemwnenuit 3a-m*, §, M.,

RULGB. J i
__ | | 6-H | Cogep-
(oeji] Pacteopu-| Tay- N¥ - 3-H 7-H (1H) mna A | 2-CH,4 Curiais JKaHHe
HeHHe (1H, , . MPOTOHOB
TeJb TOMEp (1H,c) (1H) (2H) pa B{ (38H,c) | | .| Tayro-
YI-U-C) 3aMECTHTEJIEH o
| . | mepa, %
3a |IMCO-Dg| B 6.30 |5.641,J=6.0| 3551 | 2.16 - 100
CDCly | B | - | 631 [55971,J=60| 346x | 2.29 - 100
36 |IMCO-Dg| A |9.14 | 545 {598 x,J=40| 5.11x | 20l |30
B - | 631 |563T1,J=80| 354 | 217 - 70
CDCls B - | 631 |557r.,J=80| 339x | 229 : 100
5.64 1.z, 3.60 n.n
38 |IMCO-Dg| B 632 | Jax=6.8; | 3.35nmm | 2.17 : 100
JBX=5.-0 'JAB= =3 1.1 |
3r |IMCO-Dg| B - | 620 |5601,J=60| 350 | 222 |237(3H,¢)| 100
CDClg b . | 627 |5557.,J=60| 343x | 229 |2.38(3H,¢c)| 100
31 |OMCO-Dg| B . | 623 |5601,J=7.1| 351 | 215 |3.79(3H,¢c)| 100
| CDClg B . | 626 |55471,J=7.1| 340 | 227 |3.81(3H,¢c)| 100
5.55 1.1 3.40 .o
3e |[IMCO-Dg| B 6.07 | Jax=5.3; 3.15 xn, | 2.18 | 3.03 (6H, c) | 100
I Jpx=8.0 Jap= —18.7 _,
3% |IOMCO-Dg| B . | 641 |5671,J=77| 362x | 2.18 - 100
33 |IMCODg| A |9.13| 544 [6031,J=40| 503z | 2.03 : 30
B . | 632 |5631.,J=60| 3561 | 2.18 | . 70
CDCly B - | 630 {5531,J=60| 339x | 227 . 100
3y |IIMCO-Dg| B . | 632 |5661,J=57| 355x | 217 : 100
3x |IMCO-Dg{ A |924| 548 {6.82x,J=80| 5021 | 205 . 1 25
o B 5.91 n.n. 3.72 0.1
B 637 | Jax=39; | 345nnm, | 2.18 . 75
Jex=7.8 |Jap=—18.0
" 37 |IMCO-Dg| A |903| 543 [602n,J=39| 50lx | 202 |222(3H,¢c)| 25
"' | E | . | 627 | 5641, J=60| 3531 | 234 |249(H,c)| 75
3w |IMCODg| A [931 ] 552 [6.29x,J=32| 494n | 2.02 - 60
| "' | 5.87 AL 3.78 1.1 |
B . | 637 | Jax=4.1; | 33lgn, | 2.14 - 40
JBXFS /4 JAB— ~18.0;

*Apomamqecxne npomﬁm coefMHeHNH 3a-M pe3oHHpyIoT B obsiactu 6.70 - 8.01 m.1.
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AkcriepuMeHTajpHas 4acTh
~a6neTkax KBr Ha crekTpomeTpe Spe-
AM-300, BHYTpeHHHH 3ITaJOH = TMC.
poJiHpoBajii C MOMOIIBIO TCX Ha njaa-

UK criekTpbi coefHHeHHH 3a-M 3aperucTprpoBaHbl B
cord M-82. Cnextpn ITMP cusithl Ha npubope Bruker
X0/ peakumy M 4YMCTOTY 0OpasylOLIHXCs BelleCTB KOHT
ctrHKax Silufol UV-254, saweHT: 6€H30/-MeTaHO/I (9:1).

2-Mernn-5(4-6pomgperns)-7-gperns-6, 7 guraaponapazool1,5-a mapHMHAAE (36).

A. Cmech 0. 574 r (2 Mmoub) 1-(4-6pompennn)-3-(etni-2-nponeH-1-oKa i 0.2 r (2 mmoi)
3-amuHo-5-MeTHamupasona B 0.2 ma JM®PA Kkunatar 10 MuH, OXJaXAAMT, CMEU_IHBS}OT ¢ 10
MJI H30-TIponaHoa ¥ oTduasrpossisaor 0.5 r (68 %) coepuuenus 36, T M. 153-154 °C.

AHaNoOrM4yHO MOJIydaloT BelllecTBa 3B-M. |

B. Cmech 0.574 ¢ (2 mmoJb) 1-(4'-6pom¢eum1)-B-qJeHml-Z-nponeH-1-OHa u 0.2 r (2 mmoub)
3-amuHo-5-MeTHAMUpasoaa B 1 ma BuOH kunsarar 1.5 daca, oXJIaxA2ioT, cmeryBatoT ¢ 10 M
alleToHa, oTaesoT Ha duabTpe 0.47 1 (65%) coenuHeHus 36, T na. 153 °C.

AHaJIOrMYHO MOJy4YaloT COeAHHeHUs 32a,B,T.
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CONTRIBUTION TO THE KNOWLEDGE ABOUT COLOURISTIC PROPERTIES OF
SOME XANTHENE DYES

© 2000 [A.V.El'tsoV", D.V.Samoylov*, N.O.Mchedlov-Petrossyan

Acid-base and tautomeric equilibria of Fluorescein nitro derivatives are highly sensible to the
number and position of nifrogroups in a molecule. Xanthene dyes with nitrogroups in 2 and 7
positions form anionic lactones responsible for lowering of colour intensity. Dyes with such

" nitrogroups demonstrate high mobility of tautomeric equilibriua quinonoid anion = lactone anion
at environment change from water to micellar solutions of colloidal surfactants. 4,5-dinitro
derivatives are similar to halogen derivatives and don’t form anionic lactones. Processes following
pH change are not restricted to reversible prototropic transformations: under action of cold alkali
4,5-dinitro derivatives form deep-coloured intermediates bearing partially cleaved pyran cycle.
This reaction is easily reversible under action of acid or heating.

Most of xanthene dyes were obtained as early as the end of 19—th century. But they still
draw an interest due to their bright colours ranging from yellow to bluish violet and relative
commercial availability.

In 3-rd edition of Colour Index International [1] thirty xanthene dyes are included: sixteen
are considered as Acid ones, four as Mordant, eighteen as Solvent (particularly for cosmetics)
and five (as aluminium salt) as Pigment ones. Some of them are applied as photosensitizers,
although their structure allows to simultaneously use them as Acid.

Three registered xanthene dyes contain nitrogroups in molecules: Solvent Orange 16 (CI
45396), Solvent Dye (CI 45395) and Acid Red 91 (45400). Attention is drawn by crimson
colour of the latter. This dye is considered in CI and Chemical Abstracts as individual
substance of structure (III) and a method of its synthesis consisting in nitric acid action upon
4 5—dibromofluorescein (X = Br, Y! = Y2 = H, Z = H; see scheme 1) in sulphuric acid is
given. We synthesized and purified Acid Red 91 in accordance with recommended method (2],
From the chromatographic data it follows that product obtained in this way in fact is a
mixture of two substances. They are 4,5—dibrom—2,7—dinitrofluorescein (III) and 4,5-di-
brom—2—nitrofluorescein (IV), the latter being dominating. It turned out that dye (III) can be
synthesized mostly by nitration under more drastic nitration conditions and the dye (IV) can
be obtained predominantely with shortage of nitric acid [3]. As it was shown in the work
devoted to HPLC of commercial Merck sample of Acid Red 91 [4], this dye comprised a mix-
ture of three substances, one of them being main. As judged from chromatographic data and
electronic spectra this stainer has a structure of 4,5—dibrom—2-nitrofluorescein (IV). There
was no evidence of formation of 4,5—dibrom—2,7~dinitrofluorescein (III) and of 2,7—dibrom-
4 5—dinitrofluorescein (II) from Eosin by nitration, as noted [5], but instead of this the
oxidative destruction of chromophore occurs. Dye (III) was prepared by action of bromine
upon 2,4,5,7—tetranitrofluorescein in boiling acetic acid, 15% by-products being formed
involving three components. The high—purity substance (II) was obtained by bromination of
4 5-dinitrofluorescein in aqueous alkali [3]. :

According to the 3-rd edition of CI information about «Solvent dye» (CI 45395) this
dyestuff was to be obtained by direct nitration of Fluorescein and it was attributed to the
structure of 2,7—dinitrofluorescein (X = H, Y! Y2 = NOg, Z = H) (Ia). But well before it was
stated [2] that Fluorescein forms 4,5-dinitrofluorescein (I) by direct nitration and in CI this
structure corresponds to the dye Solvent Orange 16 (CI 45396). So the dyes (CI 45395) and
(CI 45395) chemically represent themselves as 4,5-dinitrofluorescein (1) indeed.

Depending on medium acidity Fluorescein dyes may exist in cationic (a), neutral (b,c,d),
mono— (e.f) and dianionic (g) forms. Presence of three acid—base centres in their molecules
is responsible for complex system of their prototropic equilibria. Carboxygroup in ortho-

'S t-Péfersbwg State Technological Institute (Technical University), 198013, St-Petersburg, Moskovskiy
pr., 26 |

75



/. D.V. Samoylov, N.O. Mchedlov—Petrossygl

- . ' ding to ring-chain
position to the node carbon atom allows closing of lactone ring, leading g

ivatives o orescein have
tautomerism. Protolytic and spectral properties of halogen derﬂfzilr\faf;eoifﬂgi‘;me upon the
been studied most thoroughly [6—10]. Substituents have a fc?anmtomeric o wilibria of meutral
basicily of protonation centres and thus determine the state of tau thene mucléus exist mainty
and monoanionic forms. Monoanions of dyes with acpeptors in xantnel e e rivatives WhE
in phenolate form (f). On the other hand, monoanions of Fluoreiceéﬂ ), Zwitter—ionie
acceptors in phthalic acid fragment exist exclusively in carboxylate Ior -

form (b) was observed only for the latter dyes in aqueous solutions.
X X |

Scheme 1.

Fluorescein: X= Y'=Y2=Z=H; Eosin: X= Y'=Y2=Br, Z=H;
(0:X=NO,, Y'=Y2=H Z=H; (I): X=NO,, Y =Y2=Br,Z=H:
():X=Br,Y'=Y2=NO, Z=H; (IV): X=Br,Y'=NO,, Y2=H,Z=H
(V): X=Y'=Y2=NO,, Z=H. |

The values of molar absorptivities for dianions (g) with X = Y

' = ¥Y2= H, Br, I and
monoanions (f) with X = Y! = Y2 = Br, [ in maximum of electronjc spectrum (in the region
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490-530 nm) in aqueous and alcoholic solutions reach &gy = (88—112)+10% |-mol~!.cm™1.

The &0 Values of monoanions are in average by 10-15% lower than those of dianions.
Just these two forms are regarded as the dyes. This value can be taken as maximum for

chromophore system of ionized hydroxyxanthene (e;‘lxs). Neutral quinonoid structures (c)
absorb in region 430-450 nm and they are characterised by low g, :(10-30)-103

I-moll.-cm™!, This value can be considered as maximum for non—ionized hydroxyxanthene

(s_nh"s ). A little difference was observed between spectrum of carboxylate quinonoid

monoanions (e) and neutral quinonoid structures (c) because carboxygroup almost does not
effect the spectrum due to absence of conjugation between phthalic fragment and xanthene
nucleus which are non—coplanar to each other. In analogy spectra of zwitter—ions (b) are
similar to those of cations. Neutral lactones (d) possess no absorption in visible region due to
disturbance of conjugation in xanthene chromophore as a result of sp3—hybridization of node
carbon atom. The systems of protolytic equilibria of Phenolphtalein and xanthene dyes are
alike due to the similarity of their structures. Therefore it is convenient to approach protolytic
equilibria of Fluorescein derivatives in connection with Phenolphtalein dyes. The lowering of
dianion e, in Water—organic mixture was observed for the latter at rising concentration of
ethanol and methanol [11,12]. Addition of a polar aprotic solvent (DMSO, acetone) had
exerted reverse effect [12]. The phenomena observed were explained by existence of
tautomeric equilibrium between coloured quinonoid forms of a type (g) and colourless lactone
of type (i). That was the basic argument in favour of existence of such lactones (i).
Structures formed were not carbinols (which also are colourless), as the rate of fading is
independent of concentration of hydroxyl—ions, and equilibrium was established practically
instantaneously. The existence of the neutral forms of Fluorescein and Phenolphthalein in
DMSO as lactone (d) is proved by IR spectroscopy [13]. Reasoning from this it is possible to
construct the most general formal scheme of protolytic equilibria of Fluorecsein dyes, by
including anionic lactones (h) and (i).

The mentioned meanings of e,y correspond to the mixture of tautomeric forms with
different spectral properties. Shift of tautomeric equilibrium along with solvent variation
results in changes of these values and thus they cannot be considered as constants
characterizing a certain chromophore structure. Consequently, these are formal values in fact

(o form )
Experimental

Absorption spectra of dye solutions in 50%- (by mass) aqueous ethanol were measured using
SF-46 instrument (of USSR origin). pH measurements were performed on P 363-3
potentiometer and pH—121 pH—meter with ESL—-43-07 glass electrode and Ag/AgCl reference
electrode in a cell with liquid junction. Standard aqueous buffer solutions (pH 1.68, 4.01, 6.86,
0.18) were used for cell calibration. The pH values, corresponding to the proton activity

* .
standardized to the infinite dilution in the used mixed solvent (paH+ ), were calculated according

to equation: pa;+ = PHinstr — 0.20 [14], where pHjpgt, is instrumental measured pH.

Synthesis and identification of all substances have been described earlier [3].
Spectrophotometric determination of pA; values was carried out in 1—5 cm length cell and at
dye concentrations (C) (1.36-1.63)+107> M (25 "C). Phosphate, acetate and borate buffers

and HC| solutions were used to provide suitable pal} in all solutions, the ionic strength of

buffer systems being maintained constant (0.05 M). In pentyl alcohol Veronal buifers were

used. All reagents were analytical—grade. - o
Spectra of neutral and dianionic forms were measured directly under conditions of domination

of the corresponding form. The pAj) and pKuo values as well as monoanions spectra were
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* . ‘ _ P .
calculated by processing experimental absorbance (D) vs. pay (Fig.1) by iteration method [15}.

Absorbance dependences of averagely 18 solutions at 4—6 most informative wavelengths were

used. For the calculation of thermodynamic values of pAy represented in Table Id]?ebge-Huu:Iké
equation for ions activity coefficients was applied. The ionic pa{ameter was assumed to be eq
5 and activity coefficients of molecules were assumed tc be unity.

2

1.2-
1.0

.84

0.6 1

0.4 -

02+

0.0 -

0 2 4 6 8 10 12
*
paH‘F
Fig. 1. Dependences of D vs. pa; for substances (I)-(V) in 50% aqueous ethanol at ionic

strength 0.05M. 1 — (I), Aanal 515 nm, 2 - (I}, Aanal 520 nm, 3 - (IlI}, Aanal 560 nm, 4 -
(IV), Aanal 535 nm, 5 - (V), Aanal 510 nm.

Results

We have applied the proposed scheme and spectral data for halogen derivatives to study
Fluorescein nitro derivatives. Protolytic equilibria of dyes (I-V) were examined
spectrophotometrically in 50% (by mass) aqueous ethanol. As a result the parameters of
acid—base and tautomeric equilibria (pK; and Kt/ respectively) of these substances were
determined and monoanions’ spectra which are beyond direct observation were obtained (Fig.
2, 3). As mentioned before [13], for some dyes the fraction of these forms in a solution does
not exceed 30%. It turned out to be impossible to estimate the (very low) values of the
¢ M ¢ the neutral forms for the majority of dyes due to their limited solubility in the
chosen solvent. As judged from the absence of bands corresponding to anions (compare the
data in Fig. 2 and Fig. 3) spectra of dyes (I, III-V) in acetic acid (Fig. 3) represent the
mixture of their neutral forms (¢, d).

Since a certain kind of a spectrum was attributed to each coloured tautomeric form [16], a set
of the dominant forms have been chosen for each substance on the basis of the experimen't’al and
calculated spectral data (Fig. 2, Table 1). On the analogy of Phenolphthalein derivatives [11, 12]
and neutral lactones (d) of Fluorescein derivatives, the lactones of a type (h) and (.i) '-sho l’d be
colourless. Therefore the absorption of dianions of Fluorescein nitro derivatives in visible re ’ i
determined only by structure (g), and for monoanion — only by structure (f). For sub t. gmn(lﬁ
the spectral curves 52, 5b (Fig. 2) give an estimate of tautomers (f) and () S.pectr A ai an;:e | |
Using this line of reasoning, the neutral form of substances studied can absorb in v ‘-bcizor mg y
even if it partially exists as quinoid (c). This form has a spectrurn' close to the Iil © re%‘_’}f"
neutral form of Eosin (Fig. 3, curve 6), which exists in water to a certain e}?& fﬁ['r:;nszcg :

Y . . el | form . i s
tautomer [10]. Thus the spectra and the values given in Fig. 2 and in Table 1| indicate that
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anions of substances- (III-V) comprise a mixture of tautomers including colourless lactones of the
types (h) and (i). | | |

FY

€ x10* Imol'em

=

- e o ' '
500 550 600
Wavelenght, nm

400 450

Fig. 2. Absorption spectra at pa;+ 6.9 of dianions (g, i (Ia-5a) mixture and calculated

spectra of monoanions (f, h) (1b-5b) of substances (I) - 1q, 1b; (I1l) - 2a, 2b; (IV) — 3a, 3b; (V)
— 4q, 4b; (1) - 5a, 5b; 5c — mixture of neutral forms (c,d), 5d — cation of substance (II).
Spectra in 50% aqueous ethanol, as a rule at ionic strength 0.05 M (5¢ — at 5 M H2S04, 5d -

at 18 M H2S04).

Wavelenght, nm

Fig. 3. Absorption spectra of Fluorescein nitro and bromo derivatives in acetic acid 1 - (I), 2
— (), 3 - (1), 4 - (IV}), 5 - (V}, 6 — Eosin. -
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Table 1. Thermodynamic ionization constants and spectral chara%teristics of dyes (I = V)
anions in 50% (mass) aqueous ethanol (25 °C)

: Long-wave absorption maxima of mono- and

. -3
Ionization constants dianions: Amay, MM (10 " emak »

I-mol~t-em™1)

Dye ‘
pK,1 | pKa2 Dianion Monoanion
Fluorescein 6.82 7.66 495 (88.5) 455 (34.3) 2
Eosin 3.46 5.98 520 (99.6) 530 (84.0)
4 5-Dinitrofluorescein (1) | 5.36+0.16| 5.0+0.2 493 (76) 503 (93)
4,5-Dinitro-2,7-dibromo- 112+00215.33+£0.04] — b 505 (80) b 514 (81)

fluorescein (II)

4.5-dibromo-2.7-dinitro- |3 39,0 045.150.08 | 410(8.3); 536 (14.4) | ~400(4.0); 543 (22)
fluorescein (III) |

4,5-dibromo-2nitro- 14 31,004 |6.1920.03| 410(5.1); 519 (61) [410(5.1); 525 (21.5)
fluorescein (IV)

2457 tetranitro- | ) 409 |23820.11[407(15.1); 515 (~1)|400(6.2); 516 (34)
fluorescein (V) | |

Note: a) Fluorescein monoanion has structure (e). b) No evident band.

Since absorption band at ca. 515 nm in 50 % aqueous ethanol is practically not observed for
tetranitro compound (V), it is possible to conclude, that this substance demonstrates the greatest
propensity to formation of lactonic anion (i). Absorption bands of 2,4,5,7-tetranitrofluorescein in
400-410 nm region (Fig. 2) can be attributed to the isolated xanthene nucleus parts, whose
spectrum is similar to that of 2,6-dinitrophenolate—ion. Bromonitro derivative (II) is inclined to
lactonization to a less degree. On the contrary, judging from the spectra, dianions ol substances
(1Iv), (1) and especially (IT) (isomeric to (II)) exist mainly as quinonoid structure (g) in the given

mixed solvent. As for monoanions in the 50% ethanol the decrease in eform in relation to water

in the range of 500-530 nm is also observed, their existence as lactones (h) is quite probable.
Practically complete achromaticity of neutral forms in this solvent testifies the domination of
lactone (d) for all studied substances, except substance (II).

It is possible to write down a set of equations, which are the complete mathematical
description of this model of all equilibria:

PK ;1=pk o +1g(l +K1o Hgl+K11) = pky L +1g(1 +KTo ylg(HK T ) (1)

PK 42 =Dk coon Hall +K i He(l+K 1y ) = sz,L+1g(1 +K 7] }1g(1+Kf5) (2)
where kj o= a;+ [11/1ck kl,L=a;+ [hl/1d}; k2 coon =a;+ le]/11];
kpL= apelil/Ihk Ko = [d)/lel, Ky = [n]/11), Kyy = [i}/[g].

Proceeding from the given equations, the constants of tautomeric equilibrium
quinonoid = lactone (Kr,), were estimated as: |

Kr; = (shl':;s - gformy , form (3)

. hx .
for Kgo calculations the €, value instead of S?XS (for K7; and K79) was used. &M was

measured directly for neutral and dianionic forms and calculated for ioni

: - monoanior -
could calculate all parameters included into eqn. (1,2) but some of thEI?'l 1;);1:: nte, s
values in fact because not all of corresponding -
concentration for considered substances.

. just formal
tautomeric forms are formed in significant

Discussion

Let's consider substituents influence on a location of a maximum |

band of quinoid double charged anions (g) of nitro derivatives in 50 % ong-wave absorption

aqueous ethanol. From
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Contribution to the knowledge about colouristic properties of some xanthene dyes

data given in Table 1 for dianions of di~ and mononitro derivatives one may consider that
consecutive introduction of nitrogroups to 2 and 7 positions of Fluorescein molecule results in
bathochromic shift of a maximum of the long-wave absorption band by 20 nm for each
nitrogroup. Comparing in pairs spectra of dianions of dinitro derivative (I) and of
dibrominated substance (II), as well as of Fluorescein and Eosin, one may conclude that the
bromine atoms in the same positions cause similar in character but weaker.colour deepening
than nitrogroups ( Ad,,x 8 nm). |

Using 4,5—dinitrofluorescein as an example one can observe, that such nitrogroups
contrary to 2,7—nitrogroups insignificantly influence the position of a long-wave absorption
band maximum of dianion (g): a hypsochromic shift makes 2 nm with reference to
Fluorescein. On the other hand the introduction of bromine atoms in positions 4 and 5 results
in bathochromic shift of dianion long—wave absorption band by 15 nm compared with
Fluorescein. The occurrence of bromine atoms in positions 2 and 7 in this structure enhances
effect and results in total bathochromic shift of the specified band by 25 nm.

Comparing in pairs Eosin with dibromo derivative (I1) and isomeric substance (III) with
tetranitro derivative (V) makes it evident that the replacement of bromine by nitrogroup in
positions 4 and 5 results in hypsochromic shiit of an absorption maximum of dianion (g) by
15 and 21 nm, correspondingly, though the total shiit relative to Fluorescein is still
bathochromic (10 and 20 nm correspondingly). It is curious, that the hypsochromic shift
following introduction of nitrogroup in the_ position conjugative to phenolate group is
observed for the first time. In case of 2,4,5,7—tetranitrofluorescein (V) a combination of the
specified hypsochromic effect of nitrogroups in positions 4,5 with a bathochromic effect of the
same substituents in positions 2,7 gives total bathochromic shift of a long—wave absorption
band maximum of dianion by 20 nm relative to dianion of Fluorescein. It is clear that
nitrogroups in 2 and 7 positions exert the major influence upon location of long—wave
absorption band of Fluorescein nitro derivatives. |

For single—charged phenolate monoanions (f) of nitro derivatives shifts ol long-wave
absorption band maxima in relation to Eosin monoanion are nearly the same as corresponding

Ahmax ©of dianions in relation to Eosin dianion. Substance (V) is an exception since

hypsochromic shift of absorption band maximum of its monoanion is slightly lower than that
of dianion (5 nm vs.14 nm). Consequently, influence of nitrogroup position upon the shift of
long—wave absorption band maximum in electronic spectra of quinoid anions is almost
independent of the value of their charge.

We have performed quantum-—chemical calculation of dianions of isomeric substances (1)
and (L) using AM1 method realized in program HyperChem 5.01. As it turned out,
xanthene nucleus in both structures is planar, but dihedral angles between its plane and
phthalic fragment (76°) and nitrogroup (54°) in structure (II) differ from those in structure
(II1): 94° and 28°, respectively. The HOMO configuration and dipole moments of ground
states (12 D) are repeated despite of differences in geometry of carbon skeleton and
substituents position in xanthene nucleus (Fig.4). Consequently the changes in molecule
electronic configuration following the excitation are responsible for difference between
electronic spectra of quinoid dianions (g) of these dyes. As appeared this difference emerges
indeed in passing of dianions of dyes (11) and (I1I) from ground to Franck—Condon excited
state, which is presented in Fig. 5.
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Fig. 4. HOMO configuration of substances (III) - A and (II) - B. The cross-section of squared
wave function by the plane parallel to xanthene nucleus at distance 1.5A from it is shown.

Fig. 5. Diagrams of net charge redistribution over atom
- B at excitation to Franck-Condon excited state. (Ph
squares of circles are proportional to the values of

s of dianions (g) of dyes (II) - A and (IIl)
thalic acid fragments not shown). The
_ ; ) net charge changes. Black - negative
change, white - positive.

As stated earlier [11,12], the relationshi

. p between the tendency of Phenol
to lactonization and of tautomeric equilibr

; o * phtalein dianion
lum mobility manifests itself op S

olvent variation.
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The less stable are quinonoid anions (g), the more mobile is the equilibrium. By means of
spectral data for isomeric nitrobromo compounds (II) and (II) in 50% aqueous ethanol we
have shown that nitrogroup position influences the relative stability of quinoid (g) and
lactonic (i) dianions. The mobility of tautomeric equilibrium of neutral form ol Fluorescein
becomes obvious when medium is changed from water to micellar solutions of colloidal
surfactants. In so doing tautomeric equilibrium has been shifted towards lactonic structures of
(d) type through the variation of pseudophase nature [16]. Surfactants of all types display
insignificant influence on absorption spectrum of nitrobromo compound (II) dianion (Fig. 6A)
which coincides with earlier observations for dianions of Fluorescein halogen derivatives
which are not inclined to lactonization [16]. It testifies that in this case mobility of the
equilibrium does not even reveal itself and solvatochromic effect takes place [17] proving high
stability of quinonoid dianion (g) of this compound. On the other hand the character of
spectrum variation of isomeric bromonitro compound (III) in solutions of all three surfactant
types (Fig. 6B) is governed by regularity noted for Phenolphtalein derivatives: tautomeric
equilibrium of this dye is mobile and the dye is inclined to lactone formation.
4 g 1
8...

-1

€ x 10" 1 mol' ecm

T 1 T T ¥ ' . ]
400 450 500 550 600
Wavelenght, nm

ve

I o)
1 |

e x10™ Imol’ cm’
]

200 450 500 550 600

Wavelenght, nm
Fig. 6. Absorption spectra of dianions (g, i) mixture of substances (II) - A and (III) - B. in
aqueous media at pH 6.9: 1 — water with no additives; with addition of: 2-0.016 M sodium
dodecylsulphate, 3-0.003 M Cetyltrimethylammonium bromide, 4 — 0.01 M Brij 35.

The influence of nitrogroups position becomes clearly evident in comparison between com-
pounds ( 1) and (IV). Insignificant variation in absorption spectra of these compounds at me-
dium change from water to 50% aqueous ethano! (Fig. 7) does not allow to conclude that
anions of these substances transform into the lactone form. Though the tendency of spectra
variation following a further medium change to n-pentyl alcohol (Fig. 7) testifies that in the
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substances undoubted lactonization of dianon is observed only for dye (IV)

onsidered pair 1 '
considered pair of i at least one nitrogroup in

bearing nitrogroup in position 2. Consequently thg a‘pp-ea?ance 0 :
either 2 or 7 positions stabilizes lactionic dianions (i) in this solvent.

400 450 500 550 600
Wavelenght, nm

Fig. 7. Absorption spectra of dianions (g, i) mixture of substances (I) — (1-3) and (IV) - {1’-3)
in in water pH ~8.5 (1,1, in 50% aqueous ethanol at pH 6.9 (2,2’ and in n-pentyl alcohol

+ 4.104 M Veronal + 1.6:10~* M BuONa (3,3).

0.0

J : ! T T - : T
400 450 500 550 '6?10
Wavelenght, nm

Fig. 8 Absorption spectra of 2,4,5,7-tetranitrofuorescein (V) dianions (g, i) mixture in different
media: 1 - water, 2 - SO%E'aqueous ethanol, 3 - n-pentyl alcohol + 4.104 M Veronal + 1.6-104
M BuONa, 4 - 0.01 M Brij 35 in water, 5 - 0.003 M cetyltrimethylammonium bromide 1n wa-

ter, 6 — 0.016 M sodium dodecylsulphate in water, 7 - 0.092 M . _
water. In micellar media pH 6.9. sodium dodecy Isulphate in

Since the only difference between cations (a) of isomeric subst 1) i

e : ; ; | ances g
position of substituents in relation to hydroxygroup, it is convenient to a::urgi) e?qiil (5112211'[1;
(pko,0R) of these groups. But, as appeared, substance (1) completel iy |

PR e ’ * pletely turn ion (a) i
sulphuric acid just at Hy —7.6, whereas dye (III) remains in form gf c-oljumto aadhg -
even at Ay —8.6. Thus the difference in ability of these nitrocom '
demonstrates high stability of neutral lactone (d) of substance (III) as
substance (II) in this medium, in agreement to the equation:
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T R T

PKao = Poon — lgll+K1, ), (4

This coincides with the relative stability of lactones in acetic acid (K7o).

Generalizing spectral data on neutral (d) and anionic (i) lactones stability of isomeric
nitrocompounds (II) and (IlI) in 50% aqueous ethanol, in surfactant micellar solutions, as well
as in acetic acid one may conclude that nitrogroups in 2 and 7 positions stabilize corresponding
lactones. And on the other hand the same groups in 4 and 5 positions stabilize quinonoid
structures {(c¢) and (g).

It is convenient to compare antithetical effects of 4,5 and 2,7 nitrogroups upon the state of
tautomeric equilibrium of dianions using tetranitrofluorescein (V) as an example. The mobility
of tautomeric equilibrium of its dianionic form (g=="1i) at medium variation is clearly shown in
Fig. 8. Judging from spectra of dye (V) dianions in mpentyl alcohol and micellar surfactant
solutions the mentioned equilibrium is shifted toward the right in organic phase or micellar
pseudophase. |

Considering 2,4,5,7—tertranitrofluorescein it becomes evident that with nitrogroups in 2
and 7 positions the transformation of mono— and dianions to corresponding lactones (h, i) is
further facilitated by the same groups in positions 4 and 5 but not hindered by them, as it
can be concluded from comparison of substances (II) and (III). Thus presence of nitrogroups
in 2,7—positions of xanthene nucleus appears to be a principal structural factor responsible for
propensity of Fluorescein derivatives to closing of lactone cycle.

For Fluorescein nitro derivatives we made an attempt to calculate standard enthalpies of
transition of neutral, mono— and dianionic quinonoids (c, f, g) to corresponding lactones (d,
h, i) in vacuum. These values are considered as parameters characterizing total influence of
all diversities between initial and resulting structures upon the process of lactone cycle
formation. The entropy change was treated as constant since the same structure
transformation was involved. Quantum—chemical calculations were performed by using the
above mentioned technique. As it evidences from calculations (Table 2) for dianions the
lactonization is in general a more energetically favourable process than for monoanions which
is consistent with the experimental data (A1) < A12). Good concordance is observed between
A H(g—>1i) values and tautomeric equilibrium constants for dyes dianions (Atg), confirming
the greater stability of tetranitrofluorescein (V) lactonic dianion (i). The high tendency to
lactone (d) formation observed for all the neutral forms of compounds (I-V) is in good

agreement with calculated A Hc —d) values. Contradiction with calculations is observed
only for substance (IV) whose monoanions are more inclined to lactonization than dianions as

shown experimentally.

Table 2. Calculated standard enthalpies of formation (A £) keal / mol of different acid-base
tautomeric forms of Fluorescein nitro derivatives in vacuum

application of these dyes as
medium used, whereas und
Therewith the forms (c, f) are responsible
Intensity of colour is determined by state of equilib
colourless lactonic (d, h, i) forms. It is higher in pol
DMFA and lower in alcohols. Thus it may be though
acceptable for acid dyeing is conditio
(g), much less inclined to lactone

ned by s

«Solvent» (for cosmetics)
er acid and mordant dyeing conditions
for hue in the former case an

pectral properties of
formation than dinitro prod

™~~~ Forms Transformation
c d i h g i —T ;
m c—>d | f—h g—>1
I 58| —65 | —135 | —122 | —124 | -126 | -7 13 -1
11 50| -53 | —124 | —114 | —114 | —112 -3 10 2
1l =49 -54 | —116 | —116 | —114 | —126 -5 0 -12
vV T-57| —-61 | —125 | =117 | =111 | =122 | -4 8 ~11
\Y% 43| -49 | -132 | -123 | 128 | -146 | -6 9 -18
The pK, and Ay values and spectral data obtained for dyes (I-V) allow to believe that on

the forms (c, d, f, h) are mostly presented in

forms (g, i) are dominating.

d forms (f, g) — in the latter.
rium between coloured quinonoid (c, I, g) and
ar aprotic solvents similar to acetone, DMSO,
t that colour brightness of Acid Red 91 dye
exactly mononitro dye (IV) dianion
uet (II), which is included in CL
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However the knowledge concerning absorption spectra of each lorm and mediuml zci.d;;tgfa t?:jnwiiﬁz
they exist doesn’t permit to predict the hue and brightness of colour in con}merc? Pl?h ool o
caused by difficulty in determining dye lforms ratio in non—bulffered organic media. 1f -

reasonable to use buffered systems for exact reproducing of defined colours. o L
But the processes following pH change are not restricted to the reversible prototropic transior-

mations. As early as 1902 it was noticed [2] that initially yellow alkaline solutions of .4,_5".
dinitrofluorescein (I) and 2,7—dibromo—4,5—dinitrofluorescein (II} gradually turned deep blue even
cold, and under further action of hot alkali became colourless during several hq-urs. Colgur of
2,4,5,7—tetranitrofluorescein solution changed neither upon rising pH to %2 nor durm,g s%andtng at
this pH for several days [3]. With regard to mentioned above lactonization tende_z}-c:ies it may be
presumed that discrepancy in behaviour of these substances in alkaline !s_olutx-ons is due to
existence of substances (I) and (II) in this medium predominately in quinonoid form (g), whereas
2,4,5,7—tetranitrofluorescein (V) exists mostly in lactonic form {i). These transfo;r.natlons may
occur yet in hot solution of sodium carbonate and lead to poor reproducibility of resulting colour. ”

Upon the action of acetic acid on deep blue alkaline reaction mixture of dye (I) the orange
precipitate yields. It is possible to isolate individual product from this solid, being dxstmgulshgbl-e
from initial substance in some properties. Judging from elemental analysis and H!~=NMR data
this compound is a dye of Phenolphtalein group bearing partially cleaved pyran cycle — 2—[2,4-
dihydroxy—3—nitrophenyl—(2—hydroxy—3-nitro—4—oxo—2,5—cyclohexadienylyden)—methyl|-
benzoic acid (VI) |

NO,

(VI)

though its structure is unequally proved.
90

50 |-
70
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50
40

30

€x 10 Imol'cm™

20

10

[l i | i 1 % P

0 ' P . : : : "
400 450 500 550 600 650 700

Wavelenght, nm

Fig. 9. Absorption spectra of dye (I) in 0.1 M NaHCOj; solution (pH 8.5) ar ¥ .
NaOH solution (pH 13). | (PH 8.5) and dye (VI) in 0.1 M

Deep blue colour.(ﬂmax 580 nm, Ig€ 4.37, Fig. 9) of this substance in aqu-eo-us solution
at pH > 11 may be referred to completely ionized form (tetraanion), and at pH 3-4

substance'(Vl) has almost the same spectrum as a parent compound (I) ( Ao 482 nm. lo €
4.81). At intermediate pH region colour of dye (VI) is . ax ) 188
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to have used this substance as acid—base indicator with wide pH range (2—10) of colour
variation.

~ Dye (VI) under action of phosphoric acid or being heated at 90°C during 2 hours forms
initial compound (I). 2,7—dibromo—4,5—dinitrofluorescein (I1) under action of alkali gives the
similar dye of Phenolphtalein group, which slightly differs from dye (V1) in properties, with
exeption that it begins transformation into parent compound (IT) just at 100°C.
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Kharkov University Bulletin. 2000. Ne 477. Chemical Series. Issue 5(28). .B.EnbLiOB,
[1.B.Camoiinos, H.O.Muegnos-l1eTpocsH. K Bompocy O KONOPUCTUHECKUX CBOUCTBax
HEKOTOPbIX KCAHTEHOBBIX KpacuTenei.

MMonoMeHne KUCNOTHO-OCHOBHbIX W TaYTOMEPHbIX 'paBHOBECMI HUTPOMPOM3BOAHBIX (PryopecuenHa
BECbMa UYBCTBMTENbHBI K UYMCIY HWTPOrPYMn W MOMOMEHWOo WX B monekyne kpacutens. KcaHteHosbie
KPacuTenu C HUTPOrpynnamk B MOMOMKEHUAX 2 u 7 oBpasyloT aHMOHHbIE TNSKTOHbI, OTBETCTBEHHbIE 33
CHIOKEHUE MHTEHCHBHOCTH MOTFMOLLEHHs CBETa. TakMe COeuHEeHNs AeMOHCTPHPYIOT BbICOKYIO MOABUMHOCTD
TayTOMEPHOro PaBHOBECUA (XvHOMBHBIA  3HMOH) +— (naKTOMHbIA aHWMOH) NpW nepexoje OT BOAb K
MULLENISIPHBIM ~ PAcTBOPaM  KOMNMOMAHbIX MAB. 4,5-0uHuTpONPOU3BOAHbIE MNPORABMSIOT  CXOACTBO €
FanoreHNPOU3BORHbIMKY 1 He 0BPasytoT aHMOHOB-NAKTOHOB. Mpoueccsi, NpoTexaroLuue Npu U3MeHeHN! pH
B LUMPOKMX Npeaenax, He OrpaHMyMBaroTCs obpaTMMbimMy NPOTONUTHHECKIUMU npespawieHuammu: 4,5—
AUHUTPONPOM3BORHBIE NPU AEeNCTBM xonopHol Leroum obpasytoT riny6oKOOKpaLLeHHbIe HHTEPMEANATD! c
UBCTUYHO PA3OMKHYTBIM MMPAHOBBIM LIMKITOM. Peakuys nerko obpatMma npy AeuCTBUM KUCNOTbl MM NPH
HarpeeaHuu.
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YK 547.633.6 |
JIIOMUHECLEEHUMA HUTPO3AMELLIEHHbBIX dJIYOPECUENHOB.

© 2000 JI.B.Camoiinos®, H.U.Pruwmes*, |A.B.EabLos|

MapameTpbl nromuHecLeHuMy HUTpOrpou3sogHeix (PnyopecuenHa cunbHO 3aBUCAT OT NMONOXKEe-
HUA HUTpOrpynn v npupoabl cpefbl. Yeenuvernue Kon{ecTsBa HUTPOrpynn B KCaHTeHOBOM fAgpe,
ocobeHHO B rMonoxenusx 2,7, NOBbILAET KBAHTOBbIM BbIXOH (PnyopecueHLuM. [MonoxxeHne AnmH-
HOBOMHOBBIX MAaKCHMMYMOB MOTMOLLEHNS M MFOMMHECLEHLIMM OBYCNOBNEHO TMMCOXPOMHBIM (rum-
coriopHbim) acbcbekTom 4,5-HUTporpynn v 6atoxpomHbim (6atonopHsim) — 2,7-Hquorpynn.-
Ons 2,4,5,7-tetpanutpodnyopecuenHa nokasaHo, YTO MHTEHCHBHas (pryopecueHUMs XapakTepHa
Ans (PEHONATHBIX XMHOMAHBIX aHWOHOB (cobcTBeHHO KpacuTenei). B otnmume o1 nonuranouadryo-
pecuenHoB, y- 4,5-AUHUTPONPUIBOAHBIX Be3bi3NyyarensHas AUCCUNALMA SHEPTHU 3036y»<p,em43 B
pPacTsope NpoTEKaeT NPEeMMYLLECTBEHHO Yepe3 CHHITIETHOEe COCTOsHUE.

KcaHTeHOBbIe KPaCHTeNIH — XOPOLIO M3YydeHHble OpraHuyecKue JIOMHHO(OPHL. M3nyuyaTess-

HbI€ TIPOLIECCHl B HX MOJIEKYJaX OYeHb YYBCTBUTEJIbHBI K MPUPOAE H KOJIPI‘-IQCTBY BBE€II€HHBIX B
COOCTBEHHO KCaHTEHOBOE SIPO 3aMeCTHTeJsel, B 0COGEHHOCTH aTOMOB raJlOHMIOB £.2].

X, Y, Y2, Z=H(1); X=Yy, Yo = Br, Z = H — (1l);
X,Y,Y2=1,Z =H (Ill); X = NO2, Y1, Y2, Z = H - (IV);
X=NO2, Y1, Y2=Br,Z=H (V) ; X, Y, Y2= NO2 , Z = H (VI);
X=Br, Y1 = NOy, Y2, Z = H (VII); X = Br, Y1, Y2 = NO, Z = H (VIII);

Ay =0, A=0, B=CO0 mguanuoH (a); _
A1 =0, A2 = O, B = COOH ¢eHoaaTHEI MOHOAHUOH (6) ;

A1 =0, A2 = OH, B = COO" Kap60KCHAQTHBIN MOHOAHUOH (B);
A1 =0, A2 = OH, B = COOH =e#iTpaspHbIi XUHOHRA (T);
A, = OH*, A2 = OH, B = COOH xarwuoH (x).

Pac.1

Tak nBa aToma Gpoma B 4,5 MOIOXKEHHSX CABUTAIOT MakcuMyM norsowerust (A, ) u dayopec-
uextmy (A¢) anannona (a) B AIMHHOBOJHOBYIO 0GacTs Ha ~14 HM OTHOCHTENBHO NMAHHOHA
Dayopecuenna (I), a B 2,7 nonoxennsix — A, u Ag eme ~10 uM B Boze [3]. Bemumna o

ymenbuaetcesi ¢ 0.92 no 0.44 npu nepsoM 3amewmenuu u 1o 0.20 — npH BTOpoM. ¥ Dosuna (II)
H3/ydaTeNbHask KOHCTaHTa CKOpoCTH (k) IpaKTHUeCKH He oOT/IMuYaeTcs oOT duryopeciienna
(1.61+10% u 1.40-10% c7!), Torma kak 6eswianyuaresbuas () Bospactaer B 40 pas (ot
0.14+10% 1o 5.61+108 ¢c7!), a Crokcos capur Ha 150 ev~! MeHBwe. BBenenne ueThipex atomos

Hojia JlaeT GAaTOXPOMHBIA CABUT A, 35 HM, u GaTodopHbIl — At 65 HM oTHOCHTE/NBHO Daryo-

peclienHa B BOfie, MpH 3ToM @f nagaet fo 0.02, a x,, y Aputposuna (I1I) B8 600 pa3 6oJblle,

4eM y @uayopecueuHa, npu ToH xe k [4]. Menee Bhpaxennmi, no aHaJIOTMYHBIA 3hdeKT y
rajJioreHoB B (hTajeBoM ocTaTke [5].

Takum 06pasoM «TsKejible aTOMBl» B KayecTBe 3aMeCTHTeJeH B KCaHTEHOBOM fifpe pe3ko
MoBbillaeT 3QQPeKTHBHOCTh Ge3bI3NyuaTe/bHON IHCCHNALHY OHEPIUH, YTO NPUBOJUT K CHUNKe-
HUIO Qf, 3a CHeT yCHJICHHA CIHH-OPOHTANBLHOrO B3aUMONEHCTBHS,

Gyyopecuenta, Mbl OGHAPYKHIM CHABHYIO MOMHHECLICHIMIO WX pacTBOpoB B JIMCO u aneTo-

JAeHAs B MOJIEKy/e HOBOTO HHSKODACMOMNOXEHHOTO TPHUMIETHOrO YPOBHS# nﬂ*-ﬂpnpoﬁb; 7]

" Cankr-ITerepbyprexuii Tocynapersenspii TeXHOJOTHYECKHE HHCTHTYT

Tex. BE VERBaDAET
Poccn, 198013, r. Cankr-TlerepGypr, Mockoscxmii mp., 26 (rexsisecinii y HHBEPCHTET),
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JNiomuHecueHumMa HUTponpoussoaHbix MnyopecuenHos

mevers "

Bojee TOro, 3TOT 3aMeCTHTeJb CUHTaeTcsd 3(hGeKTHBHbIM BHYTPUMOJEKYSPHBIM TylIHTe/NEM
momMuHecueHuuu [8].

C uebi0 W3Y4eHU§ BAMSHUS KOJHYECTBA U TOJIOXKEHHs HHTPOTPYNN Ha CleKTpasbHO-
NIOMWHECHeHTHbe MapaMeTpbl HHTPONPOM3BOAHBIX DayopeclienHa Mbl HCC/IEN0BAJIH 4,5-
nunutpodayopecuenn  (IV),  2,7-nubpom-4,5-IHHUTPOPITyOpeClenH (V)  4,5-nu6pom-2,7-
nunuTpodayopeciens  (VI), 4,5-au6pom-2-wurpodayopecuenn (VI 2,4,5,7-TeTpanuTpo-
dayopecueun (VIII) [9] B opranuueckudx pacTBOPUTESX.

PacTBOPUTE/M H3MEHSIOT COOTHOLIEHHe KHMCIOTHO-OCHOBHBIX M TayTOMEDHBIX (POpPM KCaHTe-
HOBHIX KpacHTesell B pactsopax [10]. Cyns mo HemHornM paGoTam, 3TH (opMBl pasHyaloTCs
0o JOMHHECHeHTHHM cposictBam [11-13]. IIpu Hccien0BaHUM JIOMHHECUEHTHBIX CBOHCTB MpO-
u3BoHBIX PJjyopecierHa He BCerjia IPYHHUMAIOCh BO BHUMaHKe COCTOSTHUS 3THX paBHOBECHH B
pasHbIX CpeflaX, 4To NMPHBOAMJIO K CMEIleHHIO XHMHYECKOro H ¢dusnyeckoro GakTopoB BAUSAHHA
cpemsl. OTMeYanoch, YTO MaKCHMyMBbl MOTJIOLIEHAS H JIOMHHECUEHUHH CABHIAloTCA B MVIMHHO-
BOJIHOBYIO 06J1acTb NPH HMOHU3aUMH THAPOKCHIPYIII [10-12]. Tak, nns PdayopecuenHa B BOAe

s XMHOMJHOTo auanuoHa (a) A, 492 um, Ag 501 M, @f 0.92-0.93, xatnoHa (m) — A,437

HM, @¢ 0.8-0.9 [11-13], x0T mo naHHbIM paGoOTH! [11] sta dopma He smoMHHecuupyeT. Takxe

TIpaKTHYeCKH He JIIOMMHECLMpYeT HeMTpaJbHEH XHHOMA. DBakHoe oTAA4He MNPOH3BOIAHBIX
dyopeciieHHa ¢ aKLENTOPaMH B KCAHTEHOBOM fIApe OT COCTOHMT B TOM, YTO IS HUX MOHO2HH-
on umeer deroastHylo (6), a He KapGokcunatHyio (8) dpopmy [10].

WMcxomst U3 CpaBHeHHs 3HaueHWH DA, W CIEKTPOB MOMIOIIEHWS HHTPONPOU3BOJAHBIX dDayo-
peclieuHa B CEpHH pacTBOpHTeNed M aHHOHOB (2) H (6) Dozuna (II) 95%-HoM >TaHOse, HaM
yIanoch C JOCTATOYHOH YBEPeHHOCTBIO OTHECTH MOJYUeHHble MapameTphl JIOMHHECIEHUMH K
XpOMOGhOpPY ¢ HOHU3OBAHHBIMH THAPOKCHTPYNIAMH — (OPMbI (a, 6, X, 3). JlloMuHeclUeHUHS
JIAKTOHHBIX TayToMepoB (e-3) (pHc. 2) KCaHTEHOBBIX KpacuTesieM A0 CHX MOp He M3yHald, Ho-

A; = OH, A, = OH, — He’TpaAbHEIH AQKTOH (€);
A, = OH, As = O - AAKTOHHBIII MOHOAHHUOH (X) ;
A; =07, Ay = O - AaKTOHHEIH JHAHHOH (3).

Puc. 2.

CKOJIbKY 3TH CTPYKTYphl He IOIVIOLIAIOT B XapaKTepHOH 1/ OKpalleHHBIX (PopM obnactu 450-
520 uM, rae oOLUHO MPOBOAUIN BO3OYXKAEHHE.

[Tpu BO36YKAEHHH HEHTPANbHOrO (e) u puanmoHHoro (3) JIAKTOHOB COENMHEHHS (VD) B 06-
nacTH 366 u 410 HM COOTBETCTBEHHO, MB He OGHApYXKHJIH JIOMHHECLEHLHIO ¢ KBAHTOBbIM BbI-
xopoM Gosee 0.001.

Ilnis 2,4,5,7-rerpanuTpoduryopeclieiHa B 50% BONHOM 3TaHOJe JIOMHHECLEHTHbIE CBOCTBA

mouo- (6) @¢ 0.11 u nmanuona (a) ¢¢ 0.07, oTamuaiores Malo, TO €Cib MpaKTHYECKH OHH
onpefesioTCs TOAbKO HOHH3alMed IMAPOKCUTPYINI KCaHTEHOBOTO xpoModopa. MoxXHO Mpearno-
I0XKHTh, UTO Majloe pasiuuve (Of aHWOHHBHIX GOpM MMeeT MeCTO M M ApYyrHX hJ1yopecLieHHOB
¢ aKIenTopaMH B KCAaHTEHOBOM sipe, MOCKOJIbKY AJf HHX xpomoopsl MOHO- (a) W AMaHHOHA
(6) omuHAKOBHL. V3 5TOr0 MOXHO 3aK/OUHTh, YTO YCTAHOBJEHHEIE JIOMHHECLEHTHLIE CBOMCTBA
OTHOCHTCS K T/IyGOKOOKPALEHHEIM XUHOKJHBIM popMaM — (a) u (6).

BeaHuHHB Pf AHHOHOB HUTPOMPOM3BOAHEIX PayopecileMHa B CIHPTOBbIX pacTBOpaX HaXo-
narcs 8 npegenax ot 0.005 mo 0.28, (ta6a. 1), yto B O61eM OTBeyaeT AaHHBIM s Tajonisd-

meienubix ®ayopecuenna. KpacuTenyu MOXKHO pacrofOXHUThb B nopsiike yOblBaHUS @f B 3TOH
cpene B caenyiouwmit pagx (I) > (1) > v > (1) > (Vi) > (V) > (Iv) > (VII). B omyuue
OT BCeX U3BECTHbIX AaHHBIX MO JIOMWHECLEHLUHH HUTPO- H raJOUATIPOU3BOJHBIX apOMATHUECKHX

coenuHenui [7,8,14], ypenuuerne 4icaa HUTPOTpyNn B KCAHTEHOBOM anpe mosbiaeT Q. IIpH

nepexojie OT 3TaHO/a K MIMCO # 0coGeHHO K alieTOHY BeJHYHHa Qf BO3pacTaeT B HECKOJIbKO
pa3, IOCTHTast B MOC/E/HeM PAacTBOPHTENE OKOJIO 0.7 nas coepunenuit (1) u (V).
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[1.B.Camomnos, H.U.Pt1uies, A.B.EnbuoB

UM aHHOHOB HUTPOdNTyOpPECLEHHOB Ofl-
HUTPOCPYMI, H ABASETCH COUETaHHEM
i GaToxpomuoro (6aTodopHOro)

[Tof0XKeHHe MaKCHUMyMa MOTIoUleH)s U pyopecLeH
DCNEASTCS He TOMbKO KOMHYECTBOM, HO M [0JIOKEHHEM

THNCOXPOMHOTO (runcoduopHoro) s¢gdekra 4 H 5 3aMeLleHHs TR SHEY
~ 2 W 7. HanpuMep B 3TaHOJNbHOM pacTBOpe CyMMapHasi peJJMUMHA CIBHIa

| - 43 ,
Ha DosWHa NMPHHHMaeT 3HaueHus: A, oT —29 JO +12 uM, 2 Mg OT =23 A0 31 mm. Onna

HUTPOTpPYIa B MOJOXKEHUH 2 CABUraeT 06a MakcuMyma Tak Xe KaK 2 atoma 6poMa B MOJIOXKe-
uus 2,7. B nopsiike Bo3pacTaHWsl Af MPOM3BOXHBIC dayopeclerHa pacn(}ﬂaram'r_c_% B psl
(1IV) < (1) < (V) < (VII) < (VI]) < (1) < (I1I) < (VI). Ycunenne BOAOPOAHELIX cBsAsedt MeXny
MOJIEKYJIOH KpacHuTesisl U pacTBOpUTEJIEM C OfHOH CTOPOHBI OTKPbIBAET BO3MOXHOCTb .}:aim KoJe-
GaTeJbHOH pesiakcaluuy BO3OYKIEHUS 4Yepes CBSI3aHHBIH PaCTBOPHTE/D [15], a ¢ Apyro# NpHBO-
IUT K yBeauueHHto SQ-S| pacliernieHus (4.16], nosToMy HeJb3si OHO3HAYHO MPEACKa3aTh BO3-
feficTBHe 3Toro (aktopa Ha @f. B ciydae HATPONPOH3BOAHBIX B cepuu pacTBOpHTe/Ied C pas-
JAWYHOH CHJIOH BOJOPOAHBIX CBfI3€H He HaGionaeTcss OTYeT/MBOH 32KOHOMEPHOCTH MEXAY Be-
JUYUHAMK @f U rlapaMeTpaMHu pacTBOPHTEJA.

Ta6auna. 1. CrieKTpaabHO-JIOMUHECUEHTHbIE CBOMCTBA a3HHOHOB HUTPOIIPOH3BOIHBIX
dnyopeclieHHa B 3TaHole, cofepxkailem 1077 MoJb /a NaOH

_3 1n-3 | 103

CoenuHeHuUe Ay, HM Va .1? ; Af, HM Ve 1_01 ' ¥ _110 ’ Of
3 CM | CM CM -

(1) 499 20.0 520 192 -- 0.8 0.95
(D 527 19.0 550 | 182 | 08 0.69
() 532 18.8 551 18.2 | 06 | 0.08
(IV) 497 20.1 518 19.3 0.8 0.006
V) 516 19.4 526 19.0 04 - 0.012
(VD) 539 18.6 581 17.1 1.5 0.027
(V) 526 |  19.0 562 17.7 1.3 0.005
(VIII) 522 19.2 552 18.1 1.1 0.28

T[TpuMedanue: o6L1asi KOHLEHTPALHS coenunenui: (0.8-1.2)-107% mosib/ 1 npH M3MEepEeHUH CIIEKTPOB IIO-
TJIOLIeHUS U ONpefie/IeHUH @5 U ~107° Moab/ /1 — MpHU perdcTpauyy CeKTpoB ¢uayopeciueHunn. [Ipy aToM
KOHUEHTpaLHs CO6CTBEHHO Kpacuteneil (a, 6) He Gosee 107> mosn/

B M3y4eHHBIX PaCTBOPUTENAX HHUTPOMGIYOPECUEeHHB DPacrosiaraloTcsl B OJMHAKOBHIM psif B
Iopsifike BO3pacTaHUs A, H Ag; 00a MakCHMyMa CJBHralOTCfl B JJIMHHOBOJHOBYI 00JacTb
OTHOCHTEJIbHO BOAB, Haubosbni (B cpenneM 30 HM) casur BhisbiBaeT JIMCO, a HauMeHbUINH
(B cpemnem 15 um) 50%-biit atanoa. [ToaHBIH psn s pactsoputened uMeer Buf: 50% ta-

Hoa < AraHoa < Auerton < JJMCO B nopsake yBequueHHsi 6aTOXPOMHOro U 6aToGhJIOPHOrO
CIBUTOB.

BesinurHBl CTOKCOBBIX CHBHTOB (AV,) IJISi CIUPTOBHIX PacTBOPOB HMTPONPOM3BOJHKIX HAXO-

nates B npefedax 820-1430 cv~!. B nopsizke yGhiBaHHS ¢ 3aMelleHHBle DyyopecLieMHbl MOXHO
pacnosioxuts B pax: (VI) > (VII) > (VII) > (IV) > (I) > (1) > (I1I) > (V), To ecTb uMeeT
MECTO T4 K€ 3aKOHOMEPHOCTh BJIMSIHHMS MOJOXEHHS HMTPOrPYNN Ha STOT MapameTp, Kak AJs

Aa, Af. Bo BceH cepHM pacTBOpHTe/e 3Ta MOC/EOBATe/IbHOCTb COXpaHsieTcs. PacTBOpHTENH

3aHUMAIOT CJeAYIOLIHe MOJ0XKEHHUs 110 NMOpsiiKe yBenuueHus Av.: dranon < [JMCO < AueToH
< 50% Drano.

B sTaHO/BHBIX cTeKJax NnpH 77 K, BeqHuuHa Qf ANst 4,5-HATPONPOH3BOAHMIX Puayopecuen-
I—If:t, B OTJIMYHE OT TajOreHNPOM3BOJHBIX, Pe3Ko BospacTaeT: B 70 pa3 mas (IV) u B 58 pas fast
(V) Torma kax KBaHTOBbIH BEIXOL poctopecuenunn (Qpy, ) He npesbimaer 0.02. ¥ ocTambHbIX
nutponpoussonnbix (VI-VII) npn samopaxuBanuu gocdopecneHims Bopce H.e HabJ10aNaCh
(@pp, <0.001). To ecTh MOXKHO OXHAAThb, YTO 3acesieHHe TPUIIIETOB TipH 295 .K AJAS 9TUX CO-

eNMHEHUH MOUYTH He MpoucxomuT. Ms aToro cienyer, uTo 6GeswisnyuarensHas fle3aKTHBALUS
MOJIEKY H?TPOQ)HYOPECHEHHOB npu 295 K nporekaeT B ocHOBHOM us Si-cocTosHus AHHOHQ
coepunennit (VI) u (VIII), cknoHnble K 3aMBIKaHMIO MAaKTOHHOTO LKA npémﬂqéc@ TionHo-
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JhHoMuHecUeRUNA HUTPONPOU3BOAHBIX M nyopecuenHos

reprone S ——

CTHIO JAKTOHH3YIOTCH B CTeK/JaX TaHO/a, M TMO3TOMY A/ HHX TapameTphbl docthopecueHINH
OTIpelle/IATL He YAajoch. DHEpPrusi TPHIVIETHOTO YPOBHS (Fr1), ompemeseHHasi M3 CIEKTPOB
dbocthopecHeHIHK, AN HATPONPONSBOJHBIX HAXOAUTCA B Npele/ax 16.0-17.38 cv~! u Bo3pacra-
et B pagy: (VII) < (II) < (V) < (1) < (IV), a Besmuuna S) T-pacuerienus (3.25-3.82 cv~l) B
pany: () < (IV) < (I) < (V). TTo BausiHMIO Ha 5TH NapaMeTphi, HUTPOIPYINa Mallo OTIMHAT-
¢S OT rajioresa.

IKcrepuMeHTa/JbHasg 4acTh

O630pHble 3JEKTPOHHBIE CIIEKTPhI MOIJIOMEeHHs PacTBOpOB PerHCTpHpoBall Ha criekTpogo-
tomepe Specord M-40. YcraHoBKa Jyisi IPOBe/leHUs! JIOMHHECIEHTHBIX M3MEepEeHUHN coCTosIa U3
yHHBepcaasHoro ocserurens ¢ gamnoi JIPII-500, cTabU/IK3MPOBAHHOM 110 CBETOBOMY TOTOKY,
¢ MonoxpomaTopom SPM2 (ksapuesasi mpusma). Habumiofenne JOMUHECLEHLMH OCYLIECTBIS-
JIOCH TOA TPsSIMbIM yryiom. [Ipy CheMKe CIeKTPOB NpHMeHANach aBTOMaTHUeCKas 3alich HO O
HoMy4yeBOH cxeMme: MoHOXpoMaTop SPM2 — (OTOyMHOXHTEIb ®IY-119 (300-800 um) — ycu-
AuTeN b noctosimgoro toka MMT-05 — camonucel [11114-002. CnexTpajpHasi MIKpWHA LIeJH HE
npesbimrana 300 cm~!. CrekTpsl NepecuydThIBANM Ha LIKAjy HacToT C y4eTOM CMeKTpajJbHOH
YYBCTBHTEJNBHOCTH YCTAHOBKH, KOTOPYIO OMNpeNe/isiii ¢ MOMOIIBIO JIeHTOUHOM J1aMITbl HaKaJnuBa-
mis CU 10-300Y, cTa6uAH3HPOBAHHOM MO HANPSKEHMIO, U pacueTHBIX TAOMHLL dochopecues-
IO BBIEJISUTA NIpH moMolu (ochopockona: BPaIIAOMMACA CTaKaH ¢ NPOpe3siMH, OLHa MPOTHUB
Ipyrof, BHYTPH KOTOPOTo MOMellaa COCYyA Jlproapa 13 KBaplEBOTO CTeKJ/a, B KOTOPBIH TOrpy-
XKaJli LMJHHIPHYECKYI0 KBaplLeBYIO KIOBETY, paboumii cjaod 2-3 mM. HacToTa BpalleHUs CTaKa-
ua 50 T, cOOTHOLIeHHE AJMUTENbHOCTEH CBETOBOTO M TEMHOBOIO NEPHOLOB 1:8.

KBaHTOBble BHIXOIbl (JIYOPeCUEHUHH B PacTBOPaX OMpPeleJsi OTHOCHTE/BHBIM METOLOM. B
KayecTBE CTAHNAPTOB MCIOJb30BAJH PACTBOPH J03UHA K dayopecuensa B 0.1 Mosb /n NaOH,
a Takxke Ponamuua 6K B staHose. KBaHTOBBIE BHIXOAB! (ocdopecleHINN H HH3KOTeMIepaTyp-
HOU (JIyOpecleHIHH OblIM H3MEepeHEl MeTOAOM BHYTPEHHEro CTaHaptd, yTOOH YCTPaHHTH
OWMGKY, CBSI3aHHEE C PACTPeCKMBaHWEM CMHPTOBBIX CTEKOJ, HPUBOAALIMM X HeKOHTPOJIUpYe-
MOMY pacCesiHUIO BO36YXKIALiero ¥ SMATHPYIOLIETO CBETa. B xauecTBe BHYTpeHHero ctaniap-
Ta meroub3oBanm dayopecueHs H J03MH. PacTBOpE CTanHAapTa M HCC/EAyEMbIX 00 bEeKTOB,
Melolie OJMHAKOBbe ONTHYeCKHe MUIOTHOCTH B IoJioce BO3OYMKAAlOLIero CBETa MpH 295 K,
CMelMBaId B COOTHOIIEHNH 1:1 U 3aMOpaXHBalH B Cjloe ~2 MM.
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