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653G™Iol  doMomo  F0bss®l, FogdmEros  93GHMMOL  FogH MM I0IOS.
LsoLYHGHsEoMm bsdMMIoL LBEGHOWIGHMMS ©d BMmEWEMds. LoEolgdGsgom b5dGMmdo
9909905  dgLo3eoLoYSD, Lsdo  ®s30L, ©sL33b0L, oEIMsGHMMOL  Loolgsdh 111
5LOBYgdom. 15FMFoml JOMOMOO LS RoIM(39MW0s ¥9F30m0 BH9duBol 113
3390 b9, 0MLEHO0MHEIds 11 gbHowom s 12 Bobsbom



LsolgMEs3om b5dMMaol Jobss®lo

d9L5358o [oMmBmagbowos LyEOLYMEHSEOM 09dol Sg@ISEEMds, 0ls JOMOMSEO
50m3sbgdo  @d  3MMIWYIdo,  OMIgdo3  FoMdmodmds  33eng30L  3MmEqLdo.
B59Myse03900s 65IMOMIoL oBsbo, 3300930l IgnMmEYd0, d9;3609Mo Losberg s
365d}H03M0 V0MGOEgds. IM393w0s b5IOMI0L Jobso®LOL Bm3eng sbm@sEos.
30639 35330 3m(3999w0s 3565000M0L A58MmYygbadol bLigMmgdo, 3603369 mds, dobo
Mo Msb539M™m39 0bMLGHMOS s (39db03580. 936939  WOEIMSGHVIOIO
909mbogngs, Lo F9BboWMWos dgEbogMgdol Foge 50dmbgbowo sHsEro MYsa9bEHd0
5 3500 gobloBE3MOL dgomgdo.
dgmGg 380 ImEgdME0s M9o89b3gdol dowgdol, 0wgbEGH0R035300L s LB3gdBHO M-
30GMIGGHONO  350539GHM9O0L  gobloBrzmol dglobgd. dsbbowrmeos mommgmemo
95395G0L dobsliosmgdegdo.
dgbodg 530 dMO393L 33¢930L F9IRJOL O OLZ3BL. Fobboos dobser®o s
1583336960560 LolE9agdo, Tglfogeromos 3m83MmbIBEHMS M9bsRIMEMBS s TEYES-
©Md0L 399©303900. 35BLIZ3OIE0s WHdYMH-d9M0L 356MEDBY ©od399YdsMGdOL 0bE e~
35900 33930 9ga9d0 dmEgdEos J3gdmo.

3956500030 dbgd580 2o3M39wgdol M35elsHMOLom J093mm3b9ds 9.. »339w0”
999963 90L. 39650MTdo 439wy dmIFodsz300 3MSMMYBMwo Bsghmgdol Lsboom,
LoQOE 00 9MLGdMAL MMM  395¢0MbME, olg sbombme gm®Isdo. dolo dmdfjsd-
309Mmd0sb 359m0bsmg, 360d369em35605 Jobo MHOMmEYbMBOL 3MmbEHMMEO 3Mbo
mO560H390Ls, 396906003 2oc9dmby s iywgddo. Y439y GHMJL0ZMYMOS brmgs-
wabBH0sbo  bsghmgdo, Moysb IMIHodwgEMmds  IBMIOEIOE0s  35¢gbEHMBDY,
Bofos3gdool  olidgmao®mgdol bosmolbdg s bmmommby®o gsbsomdo s dobo
396506M0d9d0 o0oeoEbmdol 39d3gmo@Mol, d3oMg b3gcmomo fmbols ©s oo
30OMDoMwo  IEYMOIE™OOL  20dm  094gbgdgbh  3MBLEGHMMIE0ME  FoBodSE. OO
50 bMdOL  35650MAL, BIOMMZ6500Aol Lobom  A5dm0ygbgdgb dg@swrmMA05d0.
39650008899(339000 B0 FodMmoMBg3s OO LOTBHIOE0M, WEMHIIPMOOM, IOE)-
49900Ls @S 00dEx00LJ0TMM FEYMIEMOOM. 35650MAL slig3g F98M0Ygbgd9b MYX oL
©93060900L5M30L. 356500MAL 094gbgdgb B3owrbd-356500T0L, FH0E9b-35650MBol s
0MH0bx Ml F965006Mdgd0L Jobowgds, 50 FmMol 0bEHgMgbol Logsbos Fgbscrmmdgdo,
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OmIwgdoz 99039390 30M3MboMAL, 450l T5o35L, GHOGHBL, FMmErxkx®mLdl ©s o. .
39613943005 LR 35650MTol s Jobo Jgbobmdgdols Asdmygbgds doHM3,
05393 ©d 96969303 M M95dG™MM9d30, 51939 300008M0B53900L Fomdmgdsdo.
Bgoo 65300mdOL 49053 353900L5L oMbgboo 9.f. ,8wwsd0”, GMIgEoE F9yJOs
9505 IM939e0  dsbol  BsbIoMFYodsgdoLsd,  BolosmEIds  3sbsomdols
3993390 Md00m. HBgm9gdol 2osdmTs3900L 3OMEgldo 0o ®Bgds LoH3s3do s dobo
39033390 Mds 895009bL Lodoerme 1400 aMs3L EGHMbs BgmBy. doBmmol 3oLsl ogo
399Mm0gmazs  3358¢0ols Losboom. 396Bobbg dmdM8sgzg dMog3900L FogH  Q9TMYMBOO
3996530 d30L 800EIb 50gdmw Lobxdo 356s0MTol 3mb3gbEGMsE0s séob 0,1-0,2
9y/8® . 39650030l DMa0gMmo bsgMHmo 259m0ygbgds LerRwIols 99MMbgMdsTo MMM
Lbobmdo,  bomwm  356s@odol  Bogmomgdols 9993390 30935653 Jd0,  OMAMOS
159390bsodem Bsdwoegdgdo dooiEobsdo.
396500m30L  BHMJLo3MOMDdS  30MEI30M  393006MHTos oL 359bGHME

900 M3oMm9MdLmb. dMIFodzwgEmds 0BMYds 35¢9bEHMBOL Fo@gdsbmb ghHmo o
43905D9 L5G0dos bM3z5egbE 060 35650mTo. dobo bsgHmMgdOL F5MHd0 BoMgds 0f)393L
39971 9dE HD0sbL. LyFoIOHMgdOL dobg3z0m 00 ML dgLsdg Jeslol, sdo@mad dobo
39933900l bdoMo 3mbEHOMHME0 5793090905, OMYMEO 3 153390 3OMYJEH9Yddo, S19g39
LoLAYe Hyosedo. 35650000l dMboGHMMOBAO 396 dmbgds JodorIMo sbsEoBol 4o69dy.
dolo  503MBgbol o M3MOIbMOM0Z0 FoBLIBOZMOL FYMHABMBOSGY, TgMBgz30m0 o
bgwdobsfigomdo  dgomgdols  Jgdm8s390s,  Goms  2obolaHwzmml  35bsomdol
90360050 90Mmds,  565¢0BMOO  Jodool  goIMIdYEo  58M35bss. 3565000l
365m6bmo bogMmgdo MBOM L5dodos, 300060 MMRBMWO. Wommbol (3966
900853690990 0ysbolL d30MMmEIbo (33e0gds3 30 - YMHO305L SO BL.

565¢0Bol  9gomEgdl GOl Immbmgbsos yzgws ol dgomo, GMmIwobl
Qb3sMm9d0ms3 Joowfgzs 39565000493(V)-0bsbloBmzmol Mo 890dwgds J39s DBPZsMO
SOLBYOMEMIb  FgoMd0m. 3956500MToL  obloBO3MOL  BOBOZMM-JodomMo  dgom-
90056  Y39wsbg 99gBHo 2odmoygqbgds BmEGHMIYGGHOIro  Igm©gdo, OMmIJos
53945090 os  Bs33wgzo 6030096900l FJogH bowmwo, o0bg®sflomgmo  ©o
M EGHO00LGIOO0 25dMLL03g00L 96 09BNl 0bEJuogMdOL AsbMIz5%PY.
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139dGHOMRMGHMIGAHO0s  bogmogMgdoms 330930l s SBsewoBol  Fgmmos,
MHmdgeroi dgbodergdgels bol  gargd@®mmadsabod®o  godmliboggdol o6 dmsbmddol
15931939 B IMIBPObML B030gMYO50S 5b5EP0BO. 0l sHBIBL o6 3390 LoaMdol
9mbmgdOHmAs@meo bbogol dmsbmddom 503m09Mmqdsms GMmamM3 mM30LMmdM030, 1939
50 bMdM030  FobOLOsMYPIWGOOL  FoBLIBOIMSL  Lbgosbbgs  gotgdmdo, pH-ol
239633999 36093690MdsBY, 51939 603M0xMGOs™S 00IbEHOB0 35300, o0 EOLM30S3EOL
90303900L 49BLEBOZMOL BoFwOEGdSL 0dwg3s MMYMOE 3dg, olg 35535 oM9gdmdo.
535bm5b539 FgbodEgdg0s 6030009MH9d0L LoLBMsgzol bomobbol s 3mI3ergdugdols
Lbgoolibgs Foboliosmgdgdol oYbs, HMymes botgzqddo, olig blbségddo.
695395390056  306OHMYowMmol  SHM[oMTMGOMEgIL 356539 EHMgool  dQdbm-
09mdoLs s J9MBG30mMdOL QoBOEOL JoBbom FoBLO3MIMYOMWO 5SRO ©935300.
3190 60309gM9d900 155G 0dEg35 FM0dgdbML B3B3 WoMMbgdOL, s Fom
dm6Hob 3965003(V)-0b 8036MM50mgbmdol s0dmbgbols 300093 MBOM J39s DBL3s60,
3OL9dMEMb F9Mgd0m; 51939 5bsWOBMMO 09530900l Foseo FgMBI3000Mds, o3
399mboGmos d0bsGrmwo LolEgdosb 1sd3MI3MbgEH0s6 LolLEIsDY AsILZE0.
139dBHOMBMGHMIGGHM0Mo  Fgomol  Fglodwgdemdgdo  dmmIEg 9O MO
dgbfogeoo.  dobo  M30MOGHILMBSS  FRMAbMdYMdy,  gMBgz0mMds,  LoBMLEY,
LodoMEGH039 o FoMBH030  bgwlofiymgdols  odmygbgds.  39bsoMd(V)-ol  33e930L
139dGHOMBMEHMIGGHOMEO FJOMPO IRYI6JOME0s 3565000l 0Mbgdol MBIy,
0o60mgdbsb Fgugmoo bsghHmgdo bbzs 60300096M9d90msb, o FmMoL, MOR6
056 0msb. 3b65¢0BMm0  Jodoobsmzols  3Bodgzbgemgsbos 3sbsowydols
306396300l obloBMzms, GMAMmOE Loffo®dmm  Mmd0gdBgddo, sbg3g Bsdobasmy
D9yargddo, booogls @o 153390 36MHMEwYJBHYddo. sl slg3g 09gbgdab JodomMo o
3396353930 36935653900l 5bseroBo.
5653900M39  9b5e0BMH  Jodosdo  FoomE  godmoygbgds 0953963900,
OmIqdoi 99039306 OH s -N=N- x%995390L. 5§96 450m80b56g 30HmMysememby
55399969000 5BMbsgOHMgd0 39ML39JG0ME0 ©95396@gd0s 9650 BMG Jodosdo Goyo
0o™bg30l 0mbgdoL obLEBOZMOLIMZO.
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OH

OH
OH

306105 MEO

LobMb0odgdo: 2,3-030OMIJLoRIbME0; 306MHMYswol 35539 1,2,3-GHM030OMmJB0d96-
Bo; 396%Bme-1,2,3-GMom@o. 30OMmAsmo Jdbol 3ma3egdum® Bogmomgdl 3sb6s-
©03(V)-00b, GmIol  35¢9b@GHmo  dymBoMgmds  Lbgoabbgss.  3s6500do(V)-
obm30L MROM GH03079M0 Ls3MMOHPObsgom MmoEbzos 4 s 6, GMIGELsE TggLodsdgds
MJGHogocO®wo gm®mds. pH=2-%bg V(V) 560l 35¢0ombmm 53m6dsdo, bmm «a@m 05539
blbo®gddo  [VOs3]'ombo(HVO?)39@9356000005539,  29M@50Jdbgds  dgotgo  blbo
30006535 - V20snH20). 95535 go6gdmdo [VOs]* 0mbo 3Hm@Embobsgool 3Gmwyd@Egdos
[VO(OH)(H20)4]* o5 [VO(OH)(H20)4]* 0mbgdo.

396500099(V)-0b  dmbmdoM3zmeo  damdocmgmds bsdmzbos 10°M-bg bs3zwgdo
3M6396@®s3ool  MHML.  blbosol  pH-Bg ©9m300989wgdom  ©™dobsbEHMo
90 MBo69Mds 543l HVOs 0mbl pH-ol Lbgsslibgs 8603369wmdolsls pH=3-4; pH=4-6;
pH=7-10 s pH=10,0-12,5-%9, 9gLsd530Ls©. MBOM oo 3MbiEgbEME00L ML
9090bsMgMdL  3m0dgM0Bs3gool  3OMmEqlo, Mmoo  ombmEmo  Ho6dmbogdbgdol
9d00900m. 59 O™ pH-0l 36083690Md5D9 ©sdM 300090 g0l Jobg300 MI0bsBEH0s
[H3V207]* ombo pH=4-8; pH=8-11 s pH=11-12, dgLodsdobs. GH@g blbs®do mgédm
9939© 39633l 0mbydo, S 96 sOBYDdMBL IMbs(399900 Fo0 3ME0dGMHOBsE0OL Tgliobgd.

blbo®do  3965000MA(V)-0b  sMLgdMdOL MGG  30MI30M3MHMIMEMF0Y
©59M300090qdsd0s  5Mgdml  pH-Bg s 3063963930009, V205  39¢)g9dmob
0o63mgaboll mOMM3Z965093JOL, 630G Mo blbs®nsb doowgds d9Eo396509¢gd0,
bem 85935 blboMgdosb 9939000 35650s3gdo dgygbowmdoom 2M20- 2V20s,
dogoomo@  Ms[V207]2[4].  dobo  ©9m3000900)gds  Fyoedsol  3sB39b909mby
93999905 Bobobo 1-Bg. pH=14-B9g 356500730 56MH0L IMBMIOOHMZM-MOHPHMZD50®)
0mbol  dyMdo®mgmdsdo, pH=13-11 3mwobwzwgmome dymds®gmdsdo, ©odgmol-
3063565053 0mbol Lsboo - [V207]*s pH =9-7 5s6L9gdmdl GHModgeol -[ViOs]*-
9939356553 0mbols  Lobom.  dwoghH  Fgo35  bLbsMgddo  39Bsodo  sEOLYGdMBL
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dmbmbm3wgoc®mo [VO]>*gm®mdom s dwogh 95535 390gdmdo (3M HaSOs) o3wqgbl
derog® d5556993 030L9090L. I55535L 3b3IBEHGSE300L 8993060905 0§393L 5196330000 MbsGOL
390306M905L. 3565080 3mB3egdugdl Hoedmgdbol MbmGOWWo sEH™MAdOL J9d;339e
39396m 30306 B59M90mM9b, LsoE OL 33930067 MMM 99(393BHMEOO SBMEHOLS
BobdoMdool  §yz0wmsb.  goblsgmmgdom  Bsob@geglms  3m33egdubogHmgdo,
39003 bobosmgd05b bmo 56 943LF9300560 3030 0m. BoLIMZ0L EsTobolOSMYOYE0S

59635 bLbgoslibgs %R0 b.

LTy A
V (V) ~—C—N-— N —N (0)—C
' - N
0 OH }_UH SNa (K}
B OH HO
- N /N
Y—0H M= =0 _/ N
V(V) =N--OH —< VAN, \N—CH,—C00H >_N=:q_<

)" 0OH RUH / _

3965000m30(V)-0b  0mbMmo  fymds  Goos, MOL  QodMmE 290339390
3530MbMM05 ) 560MmbmMo 3m33wgduo. MgO™ bdotMs (pH=2-5) 3565000930 0dymxqds
3oGHombme VO3, VO(OH)*, VO2r @s sbombmem ViOn?, VOt gmMdsdo, Gobsg 0056
bEogl 139gdBH®OL (33900 MBS, FJBIMHOEMISLMD GOHMOE. 39MIM®, 35650000l
“R39O™ 0060 25050l Bo®ObXoLRIH ©0g393956509E0MbT0. 3:MbLEEEHIOOL 2oblsbL3OS
59 MOHMUL 396 SL5b3L LMY Jodowe MM EgLL.

399330939035 3bsYM, MM 50bodbmwo M9gog9gb@gdol »dg@glmds 56 0dwg3s
Bomobom 99990l 3500 5Bse0@03MM0 3565393 MJd0m. 5d9sb 2sdmdobsty,
3°5094s  39650d(V)-0l  gm@GMIGGHOwo  goblsbrzmolsmzol  3oOHmyswmeby
55399969000 5bsw0 S 39O (36MDOEO SBMBsgMMGdOL LObMYBO s 2odmyqbgds.,
596  356500073(V)-0b BMEGHMIGEHOIO  A5BLIBOIMOLIMZ0L  Y39wsDY BIOMMO
399Mm0ggbgds  sHBMbsghmgdo  MmamEE  dobsMmwo, olg  bbgsobbgswoysbosbo
3339 dbbsgMHmols Loboo.

9539530 80L-(2,3,4-GHMH0300MOMJL0RGHOEsHBM)d96BoObo LobmgBoMgdmw 0dbs
36™d0oo 8900030l Lsxgdz9e By , oo FgEIBHOEMBds O SWBIYMBS FoBLEBOZOE

0965 90098960 565¢00Bom s 0bgMmsfomgwo (0ff) b3gdGHOmLzMm300m.
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HO OH HO OH

B5bsBo 2. M79396E0L d0L-(2,3,4-GM030EMOMJLongbowsBM)dg6B0oEobol
LOOIIOO

399mygbgdme  0dbs  ©9goggbBHol - d0oL-(2,3,4-GHM030MmJloggbowsbm)
096Dooboll 1-10° M gomobmeol blbstro s dglsdg 3m33mbybEHdoL Lsboom Fysen-
9005600l (3:7 99xnsMEgd0om) blbs®gdo, MHmIgwoi Imdbsos BmlEGo fmbszol
3oblbom. LoFoMm 3mbigbdMmoEool 356500ma(V)-ob blbso domqdme 0odbs NHsVOs
35600l H2S04-80 (1:1 0565535600 30m) goblbom, 4500md00 s 399 25dmboowo
Dywom go6Bs3gd0m. LsFoMmm 35530560m30L qLoddbgers godmygbgdme 0dbs 58053296 -

539AHGHMO0 dMRgOHIo blbsMo. g3zgms 499mygbgdme 095963l 3Jmbos d0bodvd
3650003039960 bsGobbob 3350530353095 - ,J0d0)Ms© LRms™ (J.1).

OMxgOHwo  blbsegdol  8553006mds  dmdgdmos  PHS-25  ombmdgd®om
(3965¢09)M5 b gdMm©s Bombs® LEbIOEMEO 3RO blbsMYdOL d96Bg3s).

LObMIHBOMGOMEO BJoa9bGH0 - dobL-(2,3,4-GM030OMILogBIBOWIBM) d96BoObO
(9000l 130MGHT0) 3565000F(V)-00b {o®Bmddbols dgngmoe 3m33wgdul. 3mB3wgdl-
0o60mgdboll  ©sdM300093gdol dglogersd 2o6gdmb  B5o3056MdBY  sB39bs, GM™T
006560 333 gJbol FodBoo MmO goBMbszswo Fgobodbgds, MmEs pH=5¢&swwmols
3ogdLodmABY (Aasp=411 63), beagre Ggog96GHOL Joge dogdlodsgr o Lobsmerols msbmgds
50060365, Gmas pH=5 (Aagp=447 63).  30339dubogOmTo 35650003(V)-ob Lo
093538060905  doomfig3s, OMES  M9oagbBHoL  M®omgbmds  BHmos  356somd(V)-ol
509bMdOLs. 356500MA(V)-0l s 0959963 - d0L-(2,3,4-GHM030MOMJbo BGboEIsDBM)
096D00bol 333 gdLHoMBMJIbol Mgod3ool FrmbolffmMmds ysergds 095396 Jd0s
996930Lm0bs39, Mo3 d99bgds BLbsOMS Mm3BH03M 1Lo33M039L YYEILIL0S JOO O
3968530Md5d0.899853909  0dbs  333gdlHomdmdabol Mm3EH0dsermo  3o6HMdYdO,

31939 dgLbHogerowo 0dbs 3m33egdugdol b39JBHOMBMEMIYGHOMEO Fsboliosmgdegdo.
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Ubgoolbgs 530H0399M-J0doMmo IgNMEId0m 2oblsbEzMe 0dbs LobmgboMgdmwo
30339dLbsgHMOL BEGHMIEBHOS s FgPBOW M.

396500099(V)-0b BmEGHMIGGHOHWWo dg0m©om JoblsBOZMHOLIMZ0L Fobbomos
39650003(V)-0b 3083 9gbFodmgdbsdol-(2,3,4-HM0 30O JLo-89bowsBM)-096-
B00bmb Igusdg 333MbgbEHOL — RIPMOEEHOMOoboL (396), domRIBMbE®Mmobols
(05396) s~ O30MHOOOL (X,x-Q03) M3bIMBOLSL.

BbobEOMmemobo 0500mn1BsbEHMEobo
$3JoSOG M BJOSOGH MM

o, ~030MHOEOO

900900 3033w gdlgdol dgLfHogrsd bowym, M pH-ol go@omm 0b@gMzsedo
0o60m04dbgds Lbgoabbgs wogsbosbo/dgmgmeweoysbosbo 3md3wgdlgdo (396dme,
V-R-39b6 A=426 63, V-R-0396 A\=42968s V-a,a'-003 A=431 63) dglodsdobo Lobsomerols
95gdLbodoeMHo Jmobmgdom. goggbGHols s 3MA3gdlgdol BgHO sTMIOWIOME0S
3°6098mb pH-bg, 580@ ™38 30033cgdlgdols fo03mddbol dmsbmddols L3gd@™gdo dqlfogwrowm
0gdb6s  L3MmbAHOMEm  R-396-0l, R-a,a'-03-0bds @ R-0396-0l xgmbbg.  dqLsdy
30033mbgbBHoL  qo3wgbom, gzgms  FoMdmddboe g9 osbosh  3ma3egdudo
3906086905 303LdOH Mmoo 9539J@0, bobsbo 3.
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0.13

4
0.1

0.03 /_1\

250 300 330 400 430 300 330 600 630 A 68

Lt

BobsBo 3. 3sbsovyd (V)-ob dmsbomgdols L3gdEo:

1.- VR; 2. - VR- ggb; 3. - VR - d3g396; 4. - VR-a,a’-003. Cv=4:10% M; Cr=1-10"* M.

blboGol pH-bg m33H0396Mm0 1093360030l sTM30YdMEgdoL dglfogerom, bobsbo
4-0b  9mbso39dgdol  dobgzom,  gboo  gobs,  ®MmI  B9bsbEH®MMObmsb,
050 xB9656GHOMMobm6 [N o, -Q0306MH0OW M6 MOH009M00Jd99g00Lsl
30339dbgdol  Go@mBmddbol  Mm3EGH0TomO  30MMdJI0  Foo0b33wGOME0s  T5535
39M99mdo pH=3,3-0bs s pH=4-0l dqlsdsdols.

M3G00oEmo  30MMmdgdoL  dgladBg3zs  dglfogrow  odbs  ©9oaab@gdol
3™6396@®Ms300l,  BH9d39MeGMolbs @S @OMOL  o3wgbs  dobsewryGo o
3960990560560 3mA3e9dlgdol [omdmddbs®y. 3m83cgdugdols 4e8mliogEosbmds
35Jb0doE M0 3MB3EIBEGHME09dDY:

BobsBo 4. 3965000 3(V)-0b 3m33¢gduols pH-ob (§gs¢rdsmedo 35839690eol) ©sdm3ngdnegds
330306 50333M039bmsb (A) dglssdg 3mA3mbgbE oL sMgdMdOLSL s SMIMLGdMBOLSL
U53mbEG MM 30l A m3¢E).(Gseol Log®dol m3EH0dsev®o) 360dzbgEMdsbY:

1. - VR; 2. - VR- gqb; 3. - VR - d3g396; 4. - VR-a,0'-003. Cv=4°10° M; Cr=1-10"* M.
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d009dm  3m33¢gdugddo  3mB3mbbGHdol  dYMEMOOL  d©d03900
0565835MEM0900  ©sPIboE 0dbs 0BMIMEsGMWo  YHooL FgoMmEOom, LEIM03-
056M05bgEol  BIMEOMO0MO  2oTMBOZ0bMBOLS  @d  [MbsLFMOHMdOL  dg3MOEMdOL
9900MmEQdom. g43zgms gl 3mA3egdbo  HoMmBdmoddbgds  3mA3mbgbEgdol  BlbsGmgdols
396930Lm56539 s 9OHMTHYNOLsPD Foblbz530gds FYMIMBdOM. 35, 0349 dobsGrmwo
3033w9dubsgmmo  BEYMOEos  9OHMO  EEY-Msdol  2obdsgrmdsdo s  60°C-dy
23539 gd0LsLs, dodob bgo0Lbgsoysbosbo /89690960560
30339 dubsgmmgdo  80°C-8pg o3bggdolsll ghm ©@s 9@ ©O®Y-©99Hg MBO™
bsbaMd0350  06560GFMbgdL  EAMOIEMBL.  3mA3gdlgdol  Fmobmddol  dmerMo
309303096900 355695608909 05 bsxgOMBOL IOOIH. 33¢0930L TJOIAIP 5JOI
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300d39dlol 430 63-Bg 3603690 MdOLSL.

3063mboNI(IV)-ol gmGHMIgGHOHwo  Igomom 4Bl BEO3MOLIMZOL

396boEmwos 30603m60md(IV)-0b 3m33wgdufo®@dmddbs  2,3,4-GHM030Omm-Juoggbon-
5BM-5"-bexzmbogBowobmsb  dgledg  3mA3MbgbBHol -  asboobol  (3p, PG),
©0xn9bowasboobol  (oxky, DPG) ©s GH®oggbowymsboobol (Hxy, TPG)

0565030LSL.

39033 gMmos  30bsOer  3m33egdubg  dglodg 3Mm33MbgbGHOL o3 gbo.
3v19600060l,  ogxgbowymsboobol s  BHM0RIBoEAMBoObol  MsbsMmdOLSL
300900 3m33cgdbols dglfogersd, pH - ob oMM ©0535BmbTo, 563965, GMT dglsdg
30033mb9gbE oL gogwgbom [o®dmoddbgds 996mgmewoysbosbo 3ma3wgdubsg@mo Zr(IV)-
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R-g3g, 35Jb08senmeo 8mJdmsborddom A=452 63-U, 3083w qdubsgMmo Zr (IV)-R-coxp, A=461
63-U, begwem 3033¢gdubsg@omo Zr(IV)-R-@xy, A=470 69 - U, sbg39 500mBb@s, ®md dgbsdy
3093mbgbEH0L 9b5md0LLL G9gobodbgds doBodOmIMwo 9539dGH0, M3 FIb30MHMdYGIMWos 0dom,
Gmd  dgbsdg  3MmI3Mb96EHOL  MMMN0gOHMJIgIOOL TJEIRI® 9RO  5d3L  BgoygbGHolL -
909dBHOMbMo  LolEBJIoL I MISWODIFOSU. 00656 3083wgdlomsh  8gaMgdom
3960999 03560560 3m33wgdlol Mm3EH0dsMo pH 56 033wgds.

bbgo 296M@53535¢ omMbgdmsb Jgsmgdom, bozgmo Bmdoghs Gmdbozmco
99396¢ 05 ©d XM 30WI3 B0 3MHEIPAM3000 0fj393L brps© GMJuoz G 9BIIOL
5@580560L Bbgby, 0{)393L FB306M-HBIBOL s BOWEZ9OOL 535D, 5330193050
LodLO3gbggdL WS WIMTSGHMEMAO0YE  EOLIJOL. sdoBH™A, Tgboderms OEAJL  dobo
dmboEmMobaol Bogombo dmbgdsdo, MHoYb 3d0dg 0bMLEMOOL 45630569053 s 9.§.
»®996037M35 M93mY3053“ Q0BG 33039 oMMbgdOL 3mb396GHMsE0s dbgdsdo. gl
@om™mbgdo  LEBosbMm© TmJdggdgb (MEbIE  MOYboBIGPDBY, M3 LsdgoEobm
035LOBOOBOM YIMHOELIMGO0s FoMO 331935, O3 9O bgds SBs0BMGO Jodool
396909.

99Lfogeowos,  sbggg  Ni(II)-ob  3m33egdufo®dmddbs  HmamOE  dobsgrwm®
Lol gdsdo 1939 dgbsdg 3MI3MBIbEHOL Mobsmdolsl, dglsdg 3mA3mbBIBEHOL MsbsMBOLSL,
396999000 0sbGHMMo 3093egdLHoMBMIabOl Mm3EH0Bs MO 30MM39d0. 50BMmBbES, HmA
Ni(II)-R-g@Cl 85gb0dserm@mo bLobsomerols Imsbmddom A = 548 63, Ni (II) R- 3@Br, A = 544
63 s Ni (I) R- 3@3sBr o6dmoddbgds A = 552 63. ©9oggbEHols s 3033¢gdlgdol i3g@o
©59M30009005 o6gdml pH-bg , dglsdsdols, dmobomddol b3gd@EHMgdo dgbfogzerowo
0965 Lo3MbEMmMEMm 9du39M0dgbEHOL R -gECL, R -3&Br s R -3@dsBr sg0eomby . dgLsdy
3033mb96@3gd0L  gogargbom, dsmmdMmdmwo gxgd@o 890dRbgzs  y3zgws  Fgeguew
©woobme 3m33wgdbdo. Tgbsdy 3mB3MbgbGHOL sOBYDIMIOLLL, 3MB3wgJuFoMTmJabs
09653309005 35535 2969dmdo,  dgUHogwrowos MEbm 0Mmbgdol gogwgbs bozgarobl (II)
R-056 3m83wgdlmemdsbyg dgLsdg 3ma3mbgb@gdol s65MLYdMdOLS S ™Mbl gdom.
500dmBbs, MmId dgbodg 3mB3MbYbBHYOOL  SMLYdMBOLLL  dB0T3bgmgbo 0B
3033@9dbymo  H9god30900L  BwgdomGmds.  3md3mbgbEgdol  Msbsgsmmds NiR
3033 9dubdo s60b 1:1, beagrm JgMgmee oysbmer 3ma3egdugddo sGob 1: 1: 1.
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V. (V)-ob, Zr(IV)-ob o Ni(I[)-ob 3m33ewgdufo@dmddbs®y 330639005l
30620l Box8dz9w By LobMGHBOMGPdIMW 7959963 JOb, 50BMBBS, BIMT oo
3bsll0smgdm 333 gdLHocBdmddbs 8035 9M9do s Tgbodg 3MmI3MBYBEHOL M9BsMdOLSL

9000935 d5GSJOMINwo 9B9JGH0, MMIgEog (96533 gdmEos MBOM 535 236M9dmdo.
SQRAOWO 5943l M9oa9bGHol  T-gagdBHO™mbmo  LoliBgdol YW MISWODFOS. 99009
309306963 0L 3565mdOLSL 3603693650 0BMHYds 3033egJuBIO B195J30gd0l gMHRI30MMBS.
5303Mmd 5MOL 30MHMYsw™Meol bygmdzgeBg LObmMgHBOMYdIMo Mgsa96@gd0 39ML3gdGHoMwo
3093¢9dL §o6dmgabols Mgod309080 259mboygbgdensc.
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10.

11

12.

13.

14.

33365

306MMQMmEbHg ©Ixdbgdmwo sHMbsghmgdo 39ML3gJGH0MWo M7s9bE9d0s
3bseoBME  Jodosdo  Mogo  @om™mbgdol  0mbgdols  AsbLoBrzMolsmazol.
39650003(V)-0b 3m@HMIgEHOHIeo 45B6LsBO3M0-bomgol;

LOBbMIHBOMGOME0s 0953963 Jd0 39650 MI(V)-0l  L39gdBHOMBMEGHMIYEHOWO
39bLOBOZMOLIMZ0L, gugbos: doL-(2,3,4-EM030OM-JL05960WsBM)dgbDOObO;
4-(2",3" 4" -3»©03000OMJLoggbo)-2-b0EHMHm-1-lmExamsbdmdIbbmmo; 2,3,4-
&M030000MmJb0-4"-lmEBMOBM 396BMmEo;

d9LPHogowos 39650003(V)-ol 300339 gbHocmdmddbs 306535 MOoL
155399339 Bg LObMGHOOIOMWO MOYBMEO BogPNGOMb.

9mbsbe0s 383¢gdlgdol Homdmddbols m3E0dscrEmo 306HMdYdO;

396L5BOZOME05 35650 MI(V)-0l 3033¢9Jlgdol FmbNJol Mo 3:Mm9R0E30Y0-
3900 ©5 3YM5MBOL 3MbLE6EYd0;

50396005 dYMHOL 356MbBY 390 YOMYIOL 3b(396EHMF0SMS 0bBEYMZoW9dO;
30b©MJA™3gEGHO@O GOGHIM0m 2560LsBOZMS 3MPNMO JergIEBOMASTBHIOMDS;
dgbfogeoeos  dgbsdg  3md3mbybEoL, 39MdmE  Jsmombmemo  bys30MHWs©
593060 6030009M09d0L 03w gbs 383 gdufoMdmJdbsby;

d9LHogowos 39650003(V)-ol 00L-(2,3,4-™03000MmJLoxggbowsHM)
096D00bmMsb 3MA3gdLHocBmddbs Tglsdg 3d3MbgbGHOL — B9BMbEHMMEobol
(396), domMAIbmbEHOHMEobol (d39b) s aa’- EO030MHOEOEL  (X,x-03)
0565mdOLSL;

0DBMINWIOMo  BgMHool  FgNMEOm,  BEGHIM03Z-d56MBbIOl  BIOPMOOMO
399053 056MdOLs @S FbolfimMmMdol dzm0m  goblsBEzmrmwos dmMgsy069
603009M9dsms  30m33Mbg6EHJOOL  MobsBIMPMdS, BMAMOE  dobsrmEo, obyg

3960999 0y56056 30d39Jlgddo;

. 9gbfogamomos  Mgbm  0mbgdol s Fgdbowdsgzo BogzmogMgdgdol  gogwgbs

3965000m3(V)-ols d0b-(2,3,4-™030000MmJs053960wsHM)d96D00bm 6
30339 duHo®mdmddbsby dglsdy 3mI3MBYBEIOOL  GMmyMEE  sMBYOMdOLSL, 0lyg
365OBYIMIOLLL;

©OoEy0bs  GMI  dgbsdg  3mA3MbgbGHOL  sMIGdMBOLLL  860d3bgemgbs  0BMYdS
95996@0L IMIBMBYEMdS s bYEgGOOMDS;

39650009(V)-0b dgsmgdol dobbom dglfogzerowos 1b3gd@EMmmamEmadg@®mYIeo
3900ME00m 35M53535¢0 39@9egd0 6039wol(II) s 3063mbomdol (IV);
d9LPogowos 6039wol(Il) s FoM3mbomdol (IV)-ob 3m33cgduHocdmddbs

306MPMmEol bogmdzgebg BLobmgHBOMYOME 0959963 Jdb, glfogurowos
9500 B39JGHOMBMEHMIGAHOIO Fobslosmgdgdo.
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Abstract

Among the methods of analysis, all those methods are in demand, with the help of which
the lowest possible limit of determination of various metals, including vanadium, can be achieved
compared to the existing ones. Among the physico-chemical methods for determining vanadium,
photometric methods are the most used, its advantages are sensitivity, selectivity, accuracy,

simplicity and the use of simple tools.

The spectrophotometric method of vanadium research is based on the ability of vanadium
ions to form colored compounds with other substances, including organic ligands.

For analytical chemistry, it is important to determine the concentration of vanadium in
production facilities, as well as in waste water, soil and food products. It is used in the analysis of

chemical and pharmaceutical preparations.

Azone compounds based on pyrogallol are promising reagents for the determination of a
number of metal ions in analytical chemistry. Azone compounds based on pyrogallol were used
for the photometric determination of vanadium(V), which is a very relevant task, both theoretically

and practically.

as reagents - bis-(2,3,4-trihydroxyphenylazo)benzidine; 4-(2°,3",4 -trihydro xyphenyl)-2-nitro-1-
sulfoazobenzene; 2,3,4-trihydroxy-4’-sulfoazobenzene was used as an organic compound
synthesized on the basis of pyragallol. Reagents were synthesized according to known methods.

Its composition and structure are determined by various physico-chemical methods of analysis.

Complex formation of vanadium(V) with reagents - bis-(2,3,4-trihydroxy phenylazo)benzidine
was studied; 4-(2°,3,4 -trihydroxyphenyl)-2-nitro-1-sulfo azobenzene; 2,3,4-trihydroxy-4'-
sulfoazobenzene. Optimum conditions for the formation of complexes have been found. The
synthesized reagents form colored binary complex compounds with vanadium(V). Complete
binding of vanadium(V) in the complex compound is achieved when the amount of reagent is
equal to the amount of vanadium(V). The equilibrium of the complex formation reaction is
established instantly, and the optical density of the solutions remains unchanged for a long time.
The composition and structure of the synthesized complex compounds were determined by
elemental analysis, IR and PMR spectroscopy at different pH values and in a wide range of
wavelengths. Molar absorption coefficients and stability constants are also determined; The ratio
of reactive components in the complex compound is determined. The interval of submission to

Berry's law is studied.
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For the determination of vanadium(V) by photometric method, the complex formation of
vanadium(V) with the above-mentioned synthesized reagents in the presence of the third

component, cationic surfactants, was studied.

For example, the complex formation of vanadium(V) with bis-(2,3,4-trihydroxyphenylazo)
benzidine in the presence of the third component - phenonotroline (phen), bathophenonotroline
(bphen) and a,o'-dipyridyl (o,a-dip). In a wide range of pH, a complex with various ligands is
formed with the maximum absorption of the corresponding light; The optimal conditions for
complex formation are shifted to acid medium. The color of the reagent and the complexes depends
on the pH of the environment. All these complexes are formed immediately after mixing the
solutions of the components and differ from each other in stability. Under the influence of the third
component, a hypsochromic effect is observed in all formed mixed ligand complexes. The stability
constants and ratios of the components in the obtained complexes were determined by the method
of isomolar series, relative yield and equilibrium shift of Starik-Barbanel. The ratio of the
components of reactants in the binary complex is 1:1, and in the mixed ligand complexes 1:1:1.
The linearity degree-graph interval is preserved, as well as the interval of subjection to Berry's
law. Maximum light absorption and contrast are established; molar absorbance; hydrogen index;
Conditions for the stability constant of the existing complex as a result of complex formation and
others. The influence of foreign ions and masking substances on the complex formation of
vanadium(V) with bis-(2,3,4-trihydroxyphenylazo)benzidine in the presence and absence of third
components has been studied. It has been determined that the selectivity of complexation reactions
significantly increases when the third component is present, and these reagents are more selective
for the spectrophotometric determination of vanadium(V). The developed methodology can be

used for the determination of vanadium(V) in river waters.

The mixed ligand complex compound formed by vanadium(V) and 4-(2°,3",4°-
trihydroxyphenyl)-2-nitro-1-sulfoazobenzene of papaverine (Pap), dibazole (Dib), urotropin (Ur)
and also in the second case in the presence of cetylpyridinechloride (CPCI), cetylpyridinebromide
(CPBr) and cetyltrimethyl ammonium bromide (CTMABT) by spectrophotometric method. The
optimization of the conditions for the formation of mixed ligand complexes has been established,;
The influence of temperature and time on the formation of binary and mixed-ligand complex
compounds has been studied under optimal conditions. It is determined that the binary complex is
stable over a long period of time and stable at 70°C, and the complex with different ligands at
90°C. The optimal conditions for complex formation are shifted to acid medium. A bathochromic
shift is observed in mixed ligand complexes compared to binary complexes. By different physico-

chemical methods of analysis: isomolar series, Starick-Barbanel, equilibrium shift methods, the
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ratio of reactant components is determined, 1:2 in binary complex compounds and 1:2:2 in mixed
ligand complex compounds, respectively. Molar absorption coefficients of binary and mixed-
ligand complexes were calculated, a non-hardening graph was constructed and the interval of
submission to Berry's law was determined. The influence of foreign ions and masking substances
on the complex formation of the mixed ligand complex compound of vanadium(V) and 4-(2°,3",4 -
trihydroxyphenyl)-2-nitro-1-sulfoazobenzene in the presence and absence of a third component is
studied. It is determined that the presence of the third component, surfactants, significantly
increases the sensitivity and selectivity of the reagent, which contributes to the selectivity of the
reaction. The developed methodology can be used not only for the determination of vanadium, but

also Ti(IV) in complex objects.

Complex formation of vanadium(V) with pyrogallol-2,3,4-trihydroxy-4’-sulfoazobenzene
was studied, an intensely colored binary complex is formed. The effect/influence of the third
component, cationic surfactants - cetylpyridine chloride (CPCI), cetylpyridine bromide (CPBr)
and cetyltrimethylammonium bromide (CTMABT) on complex formation was also studied. The
maximum vyield of mixed ligand complexes was found/determined. In order to study the
effect/influence of cationic surfactants on V(V)-R complex formation, V(V)R-Surfactant
absorption spectra were studied on pHopt. It is established that the two-component and mixed-
ligand complexes of vanadium(V) have a bathochromic shift of the absorption maximum rather
than the absorption maximum of the reagent. It was found that the yield of mixed ligand complexes
under the influence of cationic surfactants was observed on acidic medium and the stability
constants of their complexes increased. The effect of foreign ions and receiving substances on the
formation of the complex was observed. The developed method is used in the photometric

determination of vanadium(V) in standard alloys.

A rather sensitive and selective photometric method for the determination of vanadium(V)

in natural objects in the form of mixed ligand complexes has been developed.
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