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YK 541.13
N3ydeHne cOCTOSTHUSA YIEKTPOXMMHUYECKH AKTHBHPOBAHHOI BOABI N0 PeaKHu
aKBaTaluu TeTpaakBoauxJopuaa xpoma (I11)

O.C. Ilnakaruna, B.®. bopb6ar, B.A. Myxun

Omckuil 2ocyoapcmeeHiblil yHugepcumen, Kageopa HeopeaHuieckou Xumuu
644077, Omck, np. Mupa, 554

Behavior of the electrochemically activated water can be determined from the tetraaquadichloride
chromium activation reaction. Completion time of the reaction and electroconductivity of the solution at the
moment are the controlled variables.

[Ipu >7€KTPOXUMHUYECKON aKTHBALMK BOJbl M BOJHBIX PACTBOPOB IMPOMCXOJUT U3MEHEHME psla MX
CBOMCTB, TakuX Kak pH, OKuCIMTENbHO-BOCCTAHOBUTEIbHBIN TOTEHIINAJ, [IOBEPXHOCTHOE HATSHKEHUE, DJIEK-
TPOIPOBOAHOCTE [1]. DTO 0OBsCHSCTCS H3MEHEHHEM ra30-COJICBOrO COCTaBa PACTBOPOB MOCIIE UX IEKTPO-
XMMUYECKON aKTHUBAIUM, a TAK)KE YBEIMYEHUEM HOJBM)KHOCTU MOJIEKYJ BoJbl. Ho pasnnuue B moaBHXKHO-
CTH MOJIEKYJl HEaKTUBUPOBAHHON M aKTHBUPOBAHHOW BOJbI B OOJIBIIMHCTBE pabOT OTMEYAETCsl Ha Kaue-
CTBEHHOM ypoBHE. OTCYyTCTBHE KOJMYECTBEHHOH OIIEHKH, BEPOSITHO, CBS3aHO C TEM, YTO CpaBHHBAEMbIe
CBOMCTBA [TO3BOJISIFOT OLIEHUTh UX U3MEHEHUE KOCBEHHO.

IIpu u3ydeHUu CTPYKTYpbl BOJHO-CHUPTOBBIX PACTBOPOB C MOMOILBIO PEAKIMM aKBaTallUU XJIOpUAA
xpoma (I11) aBTopsr [2] xapakTepu3yroT JaHHYIO PEaKIHIO KaK CTPYKTYPHO-UyBCTBUTEIbHY0. Peakuus ax-
Bartaiuu xjgopuaa xpoma (1) onmuceiBaeTcst ypaBHeHUSAMMU:

[Cr (H20)4Cl2]" + H20 = [Cr (H20)sCI]>" + CI- (1)
[Cr (H20)sCI]*" + H,0 = [Cr (H20)6]** + CI 2

B pesynbTare peakuuu akBaTtaldy B paCTBOPE U3MEHSIETCS KOHLIEHTpAIMsl CBOOOJHBIX XJIOPH/ HOHOB,
YTO Be/IET K U3MEHEHUIO 3JIEKTPOIPOBOJHOCTH M OKPAcKH pacTBOpa. B cBs3u ¢ TeM, 4TO B JAHHOW peakiuu
Y4acTBYIOT MOJIEKYJIbI BOJIbI, LIEJIbI0 PAaOOTHI SIBJISUIOCH U3YUEHHE KOHAYKTOMETPUYECKUM METOJIOM COCTOS-
HUS AJIEKTPOXMMUYECKH aKTUBHPOBAHHOM NPU Pa3HBIX YCIOBHUAX AMCTUIUIMPOBAHHOM BOJABI C IMOMOILBIO
peaknuu akBatanuu xyuopuaa xpoma (I11).

Jlns onpeneneHns ONTUMAIbHOIO BpEMEHN (PUKCUPOBAHUS U3MEHEHHSI AJIEKTPOIPOBOIHOCTH PAcTBO-
pa CoJM apreHTOMEeTPUYECKUM METOJIOM OIpeiesieHa KOHIIEHTpalusl CBOOOAHBIX XJIOPHUA HOHOB uepe3 1 yac
1 24 yaca ¢ MOMEHTa IIPUTOTOBJIEHHS PACTBOPA. Y CTAHOBJIEHO, YTO 3a IEPBBIM Yac C MOMEHTA IIPUTOTOBJIE-
HUS pacTBOpa COJIM, KOHIIEHTpAIUsl CBOOOJHBIX XJIOPU]I HOHOB yBEJIWYUBaeTCs Ha 4 %, a 3a mocieayrolme
23 yvaca — nmib Ha 2 %, 4TO coriacyercs ¢ JTuTepaTypHbiMu qaHHbiMHA [3]. TToaToMy M3MepeHHe 3IeKTpo-
IpoBoAHOCTH pacTBopa xjopuaa xpoma (111), Tepmocratuposannoro npu 25° C, cremyer HpoBOAUTE B Te-
YEeHHE [IEPBOro Yyaca ¢ MOMEHTA IIPUTOTOBIIEHUS PacTBOPA.

Ckopoctb peakiuu akBaranuu xjgopuga xpoma (1) B pactBopax Ha HEaKTUBHPOBAHHOM M 3JIEKTPO-
XMMHWYECKH aKTMBHUPOBAHHOW IIPH Pa3HbBIX YCJIOBUSAX BOJIE B COOTBETCTBUU C JINTEPATYPHBIMU PEKOMEH]Ia-
IUSMU ONpeNeNsiachk 0 BPEMEHHU JTOCTUKEHUS TOCTOSIHHOTO 3HAYEHUS 3JIEKTPOIPOBOAHOCTH PAaCTBOPOB,
YTO MPAKTUYECKH COOTBETCTBOBAJIO 3aBeplIeHHIO peakiuu [2]. Takke yuUTHIBAIOCH H3MEHEHHE JICKTPO-
MIPOBOJAHOCTH PAacTBOPOB K 3TOMY MOMEHTY BPEMEHH, TaK KaK B Pa30aBIIEHHBIX pacTBOpax 3JEKTPOIPOBOI-
HOCTB 3aBUCHT HE TOJIBKO OT KOHIIEHTPALMU AJIEKTPOJIUTA, HO B OOJIbILIEH CTENEHN OT MOJBMKHOCTH MOHOB.

KoHuenTpanus pacTBOpoB COJIHM, MPUTOTOBJICHHBIX Ha HEAKTUBUPOBAHHOM U 3JIEKTPOXUMHUYECKU aK-
TUBUPOBAHHOHN JUCTUUIMPOBAHHON BoJie, Obla oanHaKkoBod M paBHOU 0,01 MOnb-3KB/II. DNEKTpOXUMHUYE-
CKas aKTUBAallMg MPOBOAMIIACH B JHa(parMEHHOM 3JIEKTPOJIM3EpPE C ANEKTPOJAAMU U3 TUTAHOBOIO CIUIAaBa
Mmapku BT-1 ¢ 1nenpio yMeHbIIeHUS BIUSHUSA HAa d3PPEKT aKTUBALUU HJIEKTPOXUMUYECKUX MPEBpAIIECHUI B
Tedenue 5 — 30 MUHYT NPH MaJIbIX HOCTOSHHEIX MTOTHOCTSX Toka (0,02-0,08 MA/cM?).



B xone skcniepumMeHTa yCTaHOBJICHO, U4TO B pacTBope xjopuaa xpoma (I11) Ha HeakTMBUpOBaHHOW 1H-
CTUJUIMPOBAaHHOHM Bojie dyepe3 40 MHHYT ¢ MOMEHTa €ro MPUTOTOBICHHS AJIEKTPOIPOBOIHOCTH TOCTUTACT
MTOCTOSIHHOM BETMYMHBI U €€ M3MeHeHue 3a 310 Bpems cocrapisieT 0,037 Cm/M. 1o qaHHBIM 0 BpemMeHH 3a-
BEpILEHHUS peakiuu akBarauuu xsuopuja xpoma (111) B pactBopax Ha HEaKTUBUPOBAHHOM M 3JIEKTPOXUMHYE-
CKM aKTHUBHPOBAaHHOW IMPH Pa3HBIX YCIOBHIX BOJE, 3HAUCHUSAM 3JICKTPOIMPOBOJAHOCTEH, COOTBETCTBYIOLIUX
3TOMY BPEMEHH, PACCUMTAHBI UX OTHOCHTEIIbHBIC BEIUYHHBI:

At = [t1(H20) - t1i]/ ©1(H20); Ae =[2&(H20) -a&i]/ &(H-20), rae

Ti U &i — BpeMs 3aBepIICHUS PEaKLUU B paCTBOPE HAa aKTUBHPOBAHHOM BOJE U €r0 3JIEKTPOIPOBO/I-
HOCTb;

1(H20) u &(H20) - Bpems 3aBepiiieHust peakiii B paCTBOPE Ha HEAKTMBUPOBAHHOW BOJIE M €T0 DJIEK-
TPOIIPOBOJHOCTb.

PesynbTathl pacueToB npeacTaBieHsl B Tadnuie. M3 HUX ciemyeT, 4To BO BCEX pacCMaTPUBAEMBIX CH-
CTEMAax peakliMsl akBaTallMy B OOJIBLIIMHCTBE CIy4yae 3aBEpLIAcTCs 32 Pa3HOE BpPeMsl. DTO MOXKET yKa3blBaTb
Ha pa3Jinyre CBOMCTB UCCIIEyEMbIX PACTBOPHUTENEH.

Tabnuua
CpaBHeHuE BpeMEHH 3aBEpIICHUs peakiuu akBartanuu xjaopuaa xpoma (111) u uamenenus snexrpo-
IPOBOJHOCTH B PACTBOpPAX Ha HEAKTUBUPOBAHHOMN
Y aKTUBUPOBAHHOM BOJIE.

VYcioBus aKTUBAITUH OTHOCHTETBHOE H3MEHEHHE OTHOCHTENBHOE N3MEHEHHE
Bpemenn AT, % ANEKTPONpoBOAHOCTH Age, %
i, MA/cM? | T, MuH KaTOJIUT AHOJIHUT KaTOJIHT AHOJIUT
5 0 0 -19 -13
0,02 15 12,5 12,5 -5,0 -11
30 12,5 12,5 -5,0 -5,0
5 37,5 12,5 4,0 7,0
0,04 15 25,0 12,5 4,0 3,0
30 25,0 25,0 19 8,0
5 25,0 12,5 0 0
0,08 15 0 0 -5,0 -5,0
30 0 12,5 -16 -5,0

JIyis TeX cuTyanui, mpu KOTOpBIX AT paBHO 0, 4TO COOTBETCTBYET OJIMHAKOBON CKOPOCTH PEaKIUil B
ATHX PacTBOpax, BenmnynHa A& nMeeT nHoe 3HaueHue. Oimune A& OT HyJIsl TAKKE COOTBETCTBYET Pa3HBIM
CBOHCTBaM HcciieyeMbIx cucteM. CieoBaTeiabHO, IPU UASHTU(PUKALIMN COCTOSHUS aKTUBUPOBAHHON BOJIBI
HEOOXO/IMMO YUYHUTHIBATh JIB€ BeNMYUHBI — AT u Az. Benmuunny AT MOXXHO paccMaTpuBaTh B KauecTBE TO-
Ka3ares U3MEHEHHsI KOJIMUeCTBa CBOOOAHBIX MOJIEKYJI BOJIBI B paCTBOPax Ha OCHOBE HEAKTHBHPOBAHHOIO U
aKTUBUPOBAHHOTO pacTBopHUTeNei. Benmnunna A& MOXeT XapakTepru30BaTh H3MEHEHUE COOTHOIIICHUS MEXK-
1y KOJIMYECTBOM CBOOOHBIX M CBSI3aHHBIX B aCCOLIMATHI MOJIEKYJI BOJIbl B CPABHUBAEMBIX CHCTEMAX.

CpaBaenne At u A moka3ajno, 4YTO JaHHbIE XapaKTEPUCTHUKU COBMAJAIOT B JABYX Clydasx: AJIS pac-
TBOPOB HAa OCHOBE KAaTOJHTA M aHONHTA, MOTy4eHHBIX NIpH MIoTHOCTH Toka 0,02 MA/cM? B TeueHne 30 Mu-
HYT, a TaKkKe NpH IoTHOCTH Toka 0,08 MA/cM?B TeueHne 15 MUHYT. DTO MOXKET CBUIETENLCTBOBATH O COB-
MaJeHUH CBOMCTB KaTOJUTA U aHOJIUTA, TOJTYUYEHHBIX [IPU OJMHAKOBBIX YCIIOBUSAX aKTHUBALUU.

[Ipoananu3upoBaB JUHAMHMKY W3MEHEHUS BPEMEHM 3aBEpLICHMS peaklMy aKBaTallMH XJIOpHUJa XpoMa
(11) Ha akTUBUPOBAHHOU MPHU PA3HBIX YCIOBHUAX BOJE MOXKHO OTMETUTh TaKyl 3aKOHOMEPHOCTB. CKOPOCTh
peaKiuy aKkBaTaluy U3MEHSIETCS] HEOAHO3HAYHO YCIOBHAM JIEKTPOXMMHUYECKON aKTHBALIUHU (Ta0auIa).

B pactBOpax, NpUroTOBIEHHBIX Ha aKTUBHUPOBAaHHOW IPHU MAJIbIX IUIOTHOCTSAX TOKa BOJE, CKOPOCTb
peaKiuu akBaTallMM BO3pacTaeT M0 CPaBHEHHUIO CO CKOPOCTHIO B PacTBOpax Ha HEAaKTHUBHPOBAHHOW BOJIE.
Brictpee Bcero (AT=37,5 %) 3aBepiiaercsl peakiys akBaTallii B pacTBOPE Ha KaTOJHUTE, MOJyYeHHOM INpH
miotHOcTH Toka 0,04 MA/cM? B TedeHHe 5 MMHYT. B pacTBope Ha aHONHTE, HOTYYEHHOM TIPH MIOTHOCTH
toka 0,04 MA/cM? B Teuenne 30 MMHYT, HOCTHTaeTcss HanOOMBIIAS CKOPOCTh aKBaTAIIMH XJIOPHAA XpOMa

(1) (At=25,0 %). B pacTBOpax, NPUrOTOBJICHHBIX HA AaKTUBHPOBAHHOH MpHU OoJiee BBHICOKUX TUIOTHOCTAX
TOKa BOJIE, CKOPOCTh peakluy HayMHaeT yObIBaTh. Peakius akBaranuu xinopuaa xpoma (lll) B pactBopax
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Ha KaTOJHUTE, MOTy4eHHOM IpH TIOTHOCTH Toka 0,08 MA/cM? B Teuernue 15 n 30 MUHYT, 1 aHONHUTE (TUIOT-
HocTh Toka 0,08 MA/cM?, BpeMs akTHBALMK 15 MUHYT) 3aBepIIaeTcs 3a OJMHAKOBOE BPEMs ¢ pacTBOPAMH Ha

HeakTHBHpoBaHHOM Boje (AT=0 %).

[IpuunHa pa3nuuuii B CKOPOCTH IIPOTEKAHUS PEAKLMH, BEPOSTHO, CBSA3aHA C YBEIMUYEHUEM JIOJIM CBO-
OOZHBIX MOJIEKYJI BOJbl B PE3yJbTaTe€ U3MEHEHMs €€ CTPYKTYpbl NpHU akTuBaiuu. CBOOOIHBIE MOJIEKYJIBI
BO/IbI O0JIe€ MOJBUKHBI 10 CPABHEHHUIO C MOJIEKYJAMH, CBA3aHHBIMU BOJIOPOJHBIMU CBSI3SMHU B acCOLUATBHI.
OTO MOATBEPHKAACTCS 3HAYCHUAMHU 3JIEKTPOIPOBOJHOCTH PAaCTBOPOB HA AaKTUBHUPOBAHHON BOJE K MOMEHTY
OKOHYaHUs peakuuu. B pacTBopax, NpUrOTOBICHHBIX Ha BOJE, aKTUBUPOBAaHHON TOKaMU MajO MJIOTHOCTH
(0,02 MA/cM?), yBenuueHHe NOABHKHOCTH MOJIEKYI BObI B PE3y/IbTaTe «Pa3sphIXJICHUS» ee CTPYKTYphl yBe-
JMYUBACT OJHOBPEMEHHO KaK CKOPOCTb PEAKIMH, TaK U 3JIEKTPOIPOBOAHOCTb pacTBOpoB (Tabiuna). Ho
JanbpHeHIee yBeInueHNe KOJIMYeCTBAa CBOOOIHBIX MOJIEKYJI BOJBI MPH aKTUBAIIUM TOKaMHU 0oJjiee BBICOKOM
IUIOTHOCTH NMPUBOJUT K OoJiee IVIOTHOM MX yIMAaKOBKE. DTO MPUBOJIUT K YMEHBIIEHUIO 3JIEKTPOIIPOBOIHOCTH
TAaKMX PacTBOPOB. B pacTBOpax, NPUTOTOBIEHHEIX HA aKTMBUPOBAHHOM NpH moTHOCTH Toka 0,08 MA/cM? B
TedyeHue 5-30 MUHYT BoJie, CBOOO/IHBIE MOJIEKYJIbl HACTOJBKO YIUIOTHSIIOT €€ CTPYKTYpY 10 CPaBHEHHUIO C
aKTUBHPOBAHHOM IPU MaJbIX IUIOTHOCTAX TOKA BOJOW, UTO CKOPOCTh PEAKLMU aKBaTallMM yMeHbliaeTcs. B
TOKE€ BpEMsl CTPYKTYPHO pa3pbIXJItOmui 3((EeKT XJI0pUJ MOHOB MPUBOAMUT K YBEIWYECHUIO 3JIEKTPOIPO-
BOJHOCTH PacTBOPOB.

ComnocraBnenne Ag pacTBOPOB XJIOPUAA XpOMa Ha aKTUBUPOBAHHOM MPHU Pa3HbIX yCIOBHIX BOJE MO-
Ka3bIBaeT, YTO 3Ta BEJIMYMHA UMEET MOJIO0XKHUTEIbHbIM 3HAK JJI pacCTBOPOB, MPUTOTOBJIECHHBIX MPU IIOTHO-
ctu Toka 0,04 MA/cm? B Teuenne 5-30 MUHYT. B OCTalbHBIX CTydasx OHA MPUHUMAET OTPHIATENbHbIE 3HA-
YeHHUs. YUUThIBasi BBICKa3aHHOE BBIILIE MPEIOI0KEHHE O CTPYKTYPHBIX COCTOSHUSX aKTMBUPOBAHHOW MpHU
pa3HBIX yCIOBHAX BOABI, TUHAMUKY A2 MOXHO pacCMaTpHBaTh, KaK MOATBEPXKACHUE TAHHOTO IPEAIOIO-
KEHUs. XJIOpUJ MOH, UMEIOLUI HeOObIIYI0 IUIOTHOCTh 3JEKTPUYECKOr0 3apsjia, OTHOCAT K CTPYKTYPHO
Pa3phIXJIAIOIIMM HOHAM, YTO OIPEAEIAETCS XapaKTepoM €ro B3auMOJEHCTBUS C MOJIEKYJIaMU BOJBI B IIPO-
necce ruaparauuu [4]. [onoxurensHoe 3HaueHHe Ag& B pacTBOpPaxX Ha aKTHBHPOBAHHOI IMPHU ILUIOTHOCTH
toka 0,04 MA/cM? BOsie, BEPOSTHO, COOTBETCTBYET H3MEHEHHUIO XapaKTepa B3aNMOICHCTBHS XJIOPH/I HOHOB C
MOJIEKYJIaMH PAaCTBOPHUTENS: XJIOPUA MOHBl YMEHBIIAIOT MOJBUKHOCTh MOJIEKYJ BOJbI, OKPY’KAIOLIUX 3TH
HOHBI.

Taxum 06pa3zoMm, P «MATKOM» SHEPreTHYECKOM BO3AEHCTBUM HA BOAY YBEIMUEHHE TOJIU U IOABHXK-
HOCTH CBOOOHBIX MOJIEKYJI BOJIbI O0YCIIaBIMBACT «Pa3phIXJICHHE» CTPYKTYphI. bonee «okecTkoey sHepreTu-
4ecKoe BO3/EHCTBHE, yBEIMYMBAs KOJIMYECTBO CBOOOTHBIX MOJIEKYJ PacTBOPUTEINs, NMPUBOJUT K Ooiee
IUTOTHOM WX YIAKOBKE, YTO TOATBEPIKAACTCS INTEPATYpHbIMU NaHHbIMA [5]. Boja, 37eKTpOXMMUUYEeCKH aK-
THBHUPOBAHHAS NPU TIOTHOCTH Toka 0,04 MA/cM?, IMeET TIEPeXOHYIO CTPYKTYpPY. DTO MPEAIoNoKeHne O
XapakTepe CTPYKTYPHBIX U3MEHEHUH BOJIbI B 3aBUCUMOCTH OT YCJIOBUH 3JIEKTPOXMMUYECKON aKTHBALIUU XO-
POIIIO COTJIACYETCSI C paHee MOTyYCHHBIMA HaMH JTaHHBIMU [6].

CornacHO 3aKOHY JEMCTBYIOIIMX MAacC CKOpPOCTb PEAaKIMM IPONOPLUOHAIbHA KOHLEHTPALMH BeEllle-
CTBa WJIM MPOU3BEACHUIO KOHIeHTpaluil. Tak kak pactBopsl xsopuja xpoma (l11) Ha HeakTHBUpOBaHHOMN U
aKTUBUPOBAHHOM IIPU Pa3HBIX YCJIOBUAX BOJAE NOTOBMJIMCH OJMHAKOBON KOHIIEHTpPALUH, CIEAOBATEIBHO,
CKOPOCTb peaklly aKkBaTallliy MPONOPLIUOHAIbHA KOHIIEHTPAI[MH CBOOOIHBIX MOJIEKYJ BO/bI (YpaBHEHHE 1).
IToaTOMYy MOXHO NPEANOIOKUTH, YTO IPU IIEKTPOXUMHUYECKON aKTUBALUU JUCTHJUIMPOBAHHOW BOABI TO-
KaMM Majoi IUIOTHOCTH TOKa3aTesIeM KOJIMYeCcTBa CBOOOJHBIX MOJIEKYJ BOJBI [0 CPAaBHEHUIO C HEAKTHUBU-
POBaHHON MOXET CITy>KUThb OTHOCUTEJIbHOE BpeMs 3aBEpILICHMS PeaklMu akBaTaluu. Tak, Hampumep, B Ka-
TOJIUTE, TIOMY4eHHOM TIPH aKTHBAIIMH BOJBI TOKOM MIOTHOCTHIO 0, 04 MA/cM? B TedeHHe 5 MUHYT, yBeluUe-
HUE OTHOCUTEJILHOW J10JIM CBOOOJIHBIX MOJIEKYJI [0 CPAaBHEHUIO C HEAKTHBUPOBAHHOW BOJON, BEPOSITHO, CO-
craBiset okoio 37,5 %, B anoymre — 12,5 %. [Ipu WHIUKAITUN COCTOSHUS BOJIBI, SJICKTPOXHUMHUCCKHA aKTH-
BUPOBAHHOM mpu Gombreii mioTHOCTH Toka (0,08 MA/cM?), crefyeT y4uThIBaTh M3MEHEHHE JIEKTPOIPO-
BOJHOCTH PacTBOPOB COJIM 110 CPAaBHEHHUIO C PACTBOPAMH Ha HEAKTHBUPOBAHHOMN BOJIE.

Takum 00pazom, A OLEHKH CTPYKTYPHBIX M3MEHEHHH 3JIEKTPOXMMUYECKH aKTHUBHPOBAHHOW BOJIBI
0 peakiuu akBaTauu xjaopuaa xpoma (111) B 3aBucumMocTy OT yCI0BHi aKTUBALMU CJIEyeT UCIOIb30BaTh
JIB€ BEJIMYMHBI. OTHOCUTEIBHOE U3MEHEHNE BPEMEHH 3aBEPIICHUS aKBATAllUU U OTHOCUTEIBHOE U3MEHEHUE
ANEKTPONPOBOIHOCTH PACTBOPA HA MOMEHT 3aBEPILIEHUS PEAKIIHH.
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