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CTpyqeH TPYJI

IIPIlMEHA HA IIO,n;rOTBEHA THOQHJAHA THA JOH-CEJIEKTIIBHA
EJIEKTPO~A3AOIIPE~EnYBAffiEHATHOQHJAHATHHJOHH

BO IIIIWCTPHCKA OTIIA~HA BO~A

Bepa TpajKoBcKa H KpYMe KaJlajl,lHeBCKU

HHCmryr 3a xeMMja, IIpMpOJIHD-MaTeMaTWlKMpaKYJlTer, YWfBep3ffTeT "CB. KMpMJIMMeTOJIMj",
91000 CKOI1je,MaKeJIOHMja

OnpeLleJleHa e COLlPJKHHaTaHa THoUHjaHaTHH jOHH BOHHLlYCTpHCKaOTnaLlHa BOLlaCOnpHMeHa Ha HeKOJlKY
MeTOLlHOLlLlHpeKTHa nOTeHUHoMeTpHja. KaKo HHLlHKaTopcKa eJleKTpOLla e ynoTpe6eHa THoUHjaHaTHajoH-ceJleK-
THBHa eJleKTpOLla nOLlroTBeHa BOl1HcTHTyrOT 3a xeMHja. KaKo cnopeLl6eH MeToLl Ha onpeLleJlYBalbe e npHMeHeT
cneKTpo.pOTOMeTpHCKHOT MeTOLlCOjOHOT Ha JKeJle30(III) KaKOpeareHc. ):{06HeHHTe pe3YJlTaTH ce CTaTHCTH'iKH

o6pa60TeHH, npH UJTO e HajLleHo Llt:fa peJlaTHBHaTa CTaHLlapLlHa LleBHjaUHja npH OBHe OnpeLleJl)'Balba (KOH-
ueHTpaUHcKo nOLlpa'lje cca 80 mg/dm SCN"") H3Hec)'Ba 1,26 - 4,35 %.

KnY'llIH 36opOBU: THollHjaHaTH, THollHjaHaTHa jOH-ceJleKTHBHa eJleKTpoLla, LlHpeKTHa nOTeHlIHoMeTpHja,
HHLlycTpHcKa OTnaLlHa BOLla

KapaKTepHCTHKHTe Ha npHroTBeHHTe THOU:H-

jaHaTHH jOH-CeJIeKTHBHH eJIeKTpOJJ:H co u:spCTa xo-

MoreHa MeM6paHa [1] ce onpeJJ:eJIeHHco HcnHTY-
BaI-ba BO 'IHCTH paCTBOpH OJJ: KaJIHYMTHoU:HjaHaT,

npHroTBeHH OJJ:p.a. U:SpCTa cync-r.aHu:a.

Pe3Y JITaTHTe OJJ:OBHe Mepelba nOKa)«aaJJ:eKa, BO

norJIeJJ: Ha eJIeKTpOJJ:HaTa <PYHKll,Hja, npHrOTBeHHTe

eJIeKTpOJJ:H nOTnOJIHO 33JJ:OBOJIYBaaT Kora CTaHyaa

360p 3a HHBHa npHMeHa BO 'IHCTH paCTBopH OJJ:

THOll,HjaHaT. MetYToa, caMO no ce6e ce HaMeTHa
npaIllalbeTO KaKOKe ce OJJ:HeCYBaaTnpHroTBeHHTe
eJIeKTpOJJ:HBoeJJ:HaOHe'IHCTeHanpHpOJJ:HacpeJJ:HHa
BOKoja nOKpaj THOll,HjaHaTHHjOHH ce npHCYTHH H
HeKOH JJ:PyrH cyncTaHll,HH. ,LJ:aJIHH BOTHe YCJIOBH

BOBE,D;

eJIeKTpOJJ:HTe Ke ja 33JJ:p)«aT eJIeKTpOJJ:HaTa <PYHKll,H-

ja H Ke MO)«aT JJ:ace npHMeHaT 3a onpeJJ:eJIyaalbe Ha

COJ{p)«HHa Ha THOll,HjaHaTHH jOHH BO TaKBa cpeJ{H-
Ha?

3a JJ:aOJJ:rOBopHMe Ha OBa npaIllalbe CH nOCTa-

BHBMe 33JJ:a'Ia JJ:a ce 06HJJ:eMe JJ:a ja onpeJJ:eJIHMe

COJ{p)«HHaTa Ha THOll,HjaHaTHHjoHH BOHHJ{YCTPHC-

Ka OTn3JJ:Ha BOJJ:aco npHMeHa Ha JJ:HpeKTHa nOTeHU:H-

oMeTpHja KopHcTejKH npHrOTBeHa THOU:HjaHaTHa

jOH-CeJIeKTHBHa eJIeKTpOJJ:a KaKO HHJ{HKaTopCKa eJI-

eKTpoJJ:a.

Pe3YJITaTHTe OJJ:OBHe HcnHTYBalba ce J{3JJ:eHH

BO OBOj TPYJJ:.

EKCITEP~HTAITEH ,D;EIT

TIpHrOTBeH e paCTBOp OJ{AgN03 co KOHu:eH-
Tpall,Hja c = 0,1 mol/dm3 H pacTBop OJJ:KCN co
KOHu:eHTpaU:Hja c = 0,1 mol/dm3. TO'IHaTa KOH-
u:eHTpaU:Hja Ha OBHe paCTBopH e onpeJJ:eJIeHa no

CTaHJJ:apJJ:HHnOCTanKH [2, 3J. J OHCKaTa CHJIa Ha
paCTBOpHTe (1 = 0,1 mol/dm3 3a BpeMeHa CHHMalbe-
TO Ha KaJIH6paU:HOHHTeKPHBH H npH onpeJJ:enyaa-
lbaTa co npHMeHa Ha JJ:HpeKTHanOTeHll,HOMeTpHja e
OJ{p)«YBaHaKOHCTaHTHaco JJ:OJJ:aIJalbeHa paCTBOp OJ{
KaJIHYMHHTpaT.

MepelbaTa ce HanpaBeHH co J{HrHTaJIeH jOH-

aHaJIH3aTOp Orion Research model SOlA, KOpHC-

TejKH eJIeKTpOXeMHcKa KeJIHja COCTaBeHa OJ{3aCHTe-

Ha KaJIOMeJIOBa eJIeKTpoJ{a Radiometer Model K401

H npHroTBeHa THOll,HjaHaTHa jOH-CeJIeKTHBHa eJIeK-

TpOJJ:3, co eJIeKTpOJIHTeH MOCT OJJ:KaJIHYMHHTpaT.

TeMnepaTypaTa Ha paCTBOpHTe e OJ{p)«yaaHa
KOHCTaHTHaco YJITpaTepMOCTaT MLW Model D-
ISC. 3a BpeMe Ha MepeH>aTapaCTBopHTe ce MeIllaHH
co MarHeTHa MeIllaJIKa.
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PE3YJITATIl II ):(IlCKYCIlJA

Onpe)];eJIYBaaaTace HanpaBeHHHa npHMepo-
I.J;H0)]; HH)];YCTpHCKa OTna)];Ha BO)];a0)]; a.)];. "OXIlC"-
CKonje. IIpHCYCTBOTO Ha THOI.J;HjaHaTHH jOHH BO

OBaa BO)];ace )];OJI)!(H Ha HaTpHYMTHOI.J;HjaHaToT, KOj
ce KOpHCTH KaKO paCTBOPYBaq BO npOI.J;eCOT Ha npo-

H3BO)];CTBOHa CHHTeTHqKH nOJIHaKpHJIOHHTpHJIHH

BJIaKHa. Co I.J;eJI CO)];p)!(HHaTa Ha THOI.J;HjaHaTHHTe

jOHH BO HcnHTYBaHaTa BO)];a )];a 6H)];e nOrOJIeMa,

O)];HOCHO0)]; pe)]; Ha BemrqHHa MepJIHBa co JOH-ce-

JIeKTHBHa eJIeKTpo)];a, npHMepOI.J;HTe 0)]; HH)];YCTPHC-

Ka OTnaJJ;Ha BO)];a ce 3eMeHH npe)]; Hej3HHoTO npe-

qHCTYBaae.

KaKO HH)];HKaTOpCKa eJIeKTpO)];a npH nOTeHI.J;H-

OMeTpHCKHTe Mepeaa e ynoTpe6eHa e)];Ha 0)]; npH-
rOTBeHHTe THOI.J;HjaHaTHH jOH-CeJIeKTHBHH eJIeK-

TPO)];H co u:BpCTa XOMoreHa MeM6paHa [1]. IIpe)]; )];a
ce ynoTpe6H eJIeKTpO)];aTa 3a OBHe MepeH>a, 6erne

nOTpe6HO npBO )];a ce npOBepH Hej3HHaTa eJIeKTpO)];-

Ha CPYHKI.J;Hja,3a )];a ce YTBP)];H )];aJIH Taa MO)!(e )];a ce

npHMeHH 3a KOHKpeTHHTe onpe)];eJIYBaH>a. 3a Taa

I.J;eJI ce onpe)];eJIeHH napaMeTpHTe Ha eJIeKTpO)];Ha

CPYHKI.J;HjaHa cnOMeHanTa eJIeKTpo)];a (n6eJIa I) KOH

nOKa)!(aa )];eKa eJIeKTpO)];aTa nOTnOJIHO 3a)];OBOJIYBaH
MO)!(e )];a ce npHMeHH 3a npeJJ;BH)];eHHTe nOTeHI.J;HO-

MeTpHcKH Mepeaa. IlMeHo, rpaHHI.J;an Ha )];eTeKI.J;H-

ja Ha eJIeKTpOLlaTa [4] BO O)];HOCHa THOI.J;HjaHaTHHOT

jOH e MHory nOHHCKa 0)]; CO)];p)!(HHaTa Ha THOI.J;Hja-

HaTHHjoHH (cca 80 mg/dm3 SCN-) BOHcnHTYBaHHTe
npHMepOI.J;H Ha HH)];YCTpHCKa OTna)];Ha BO)];a, rnTO

OB03MO)!(H nOTeHI.J;HOMeTpHCKHTe MepeH>a Lla ce

HanpaBaT co )];OBOJIHa cHrypHocT H TOqHOCT.

Ta6eJIa I

IIapaMeTpH Ha eJIeKTpo,o:Ha rjJYHKI(Hja Ha
IIpHTOTBeHa THOI(HjaHaTHajoH-CeJIeKTHBHa

eJIeKTpo,o:a IIpHMeHeTa KaKO HH,o:HKaTopCKa
eJIeKTpo,o:a

e - naklon na kalibraciona kriva

EO - standarden potencijal na elektrodata
N - granica na detekcija po Nernst
I - granica na detekcija po !Up AC
* Termini definirani vo referenca [4]

CO)];p)!(HHaTa Ha THOI.J;HjaHaTHH jOHH BO HcnH-

TYBaHaTa HHLlYCTpHCKa OTnaLlHa BOLlae onpe)];eJIeHa

co npHMeHa Ha CJIe)];HHBe MeTO)];H OLl LlHpeKTHa
nOTeHI.J;HOMeTpHja: rpacpHqKH MeTO)];, MeTO)]; Ha Ka-

JIH6pHpaae co )];BaCTaH)];apLlHH paCTBOpH [5], MeToLl

Ha n03HaTO )];O)];aBaae [6] H MeTO)]; Ha n03HaTO

0)];3eMaae [7].

KaJIH6paI.J;HOHaTa KpHBa Koja 6erne KOHCTpYH-

paHa 3a onpe)];eJIYBaH>e Ha CO)];p)!(HHaTa Ha THOI.J;Hja-

HaTHHTe jOHH BO HH)];YCTpHCKa OTnaJJ;Ha BO)];a co

npHMeHa Ha rpacpHqKH MeTO)];e npHKa)!(aHa Ha CJI. 1.

Pe3YJITaTHTe OLl 0)]; OBHe nOTeHI.J;HOMeTpHCKH

onpe)];eJIYBaaa ce npHKa)!(aHH BOTa6eJIa 11.

E/mV

6J

50

40

30 t t
40

I-
60

I-

6020

y/mgdrriJ SCN-

CJI. 1. KaJII16paQI10HeH Lll1jarpaM 3a onpeLleJIYBalbe Ha
COLlP)f(I1HaTaHa TI10QI1jaHaTHI1jOHI1BOI1HLlYCTpl1CKa

oTnaLlHa BOLlaco npl1MeHa Ha rpaljmQKI1 MeToLl

Ta6eJIa 11

Pe3YJITaTH 3a Co,o:pJKHHa Ha THOI(HjaHaTHH jOHH
BO HH,o:YCTpHCKa OTIIaJJ:Ha Bo,o:a

BuII.Chem.TechnoI.Macedonia,14,2p.113-1 ~6(l995)

e EO N* 1*
mY mY moldm-3 mol dm-3

61,20 93,55 6,OXlO-6 1,5x10-6

x s s
MeToLl

rn
mg dm-3 mg dm-3 %

I) 5 79,78 2,03 2,54

12 5 76.18 1,75 2,30

13 5 77,10 3,35' 4,35

14 5 76.93 2,59 3,37

11 5 78,15 1,82 2,33

1- DOTeHQI10MeTpl1CKI1MeTOLlI1(1 - rpaljmQKI1MeTOLl,
2 - MeTOLlHa KaJII16pl1palbeco LlBaCTaHLlapLlHI1paCTBOpl1,
3 - MeTOLlHa n03HaTO LloLlaBalbe,
4 - MeTOLlHa n03HaTOOLl3eMalbe)

11- CneKTpoljJoToMeTpl1CKI1MeTOLl



IlpuMeHa Ha npUTOTBeHa TH01(ujaHamajoH-CeJIeKTUBHa 115

3a)),a ce npOBepaT )),06HeHlfTe pe3YJITaTH, Ha-
npaBeHH ce napaJIeJIHH onpe)),enyBaaa co YUlTe
e)),eH MeTO)),.3a Taa I.J,eJIe npHMeHeT cneKTpO<pOTO-

MeTpHCKHOTMeTO)),co jOHOT Ha )KeJIe30(III) KaKO
peareHc [8]. Co npHMeHa Ha OBOj MeTO)),KOHI.J,eH-
TpaI.J,HjaTaHa THOI.J,HjaHaTHHTejOHH e onpe)),eJIeHa
npeKY Mepeae Ha anCOp6aHI.J,HjaTa Ha HHBHHOT
060eH KOMnJIeKCFeSCN++.

AnCOpnI.J,HOHHTe cneKTpH Ha CTaH)),ap)),HHTe
paCTBopH 0)),FeSCN++ co pa3JIH'IHa KOHI.J,eHTpaI.J,Hja,
KaKOH Ha onpe)),eJIYBaHaTa np06a, ce npHKa)KaHH Ha
CJI.2. Bp3 OCHOBaHa OBHeCneKTpH e KOHCTPYHpaHa
Beer-OBa KpHBa (kpHBa Ha npOnOpI.J,HOHaJIHOCTno-
Mery anCOp6aHI.J,HjaTa H KOHI.J,eHTpaI.J,HjaTaHa Mep-
HHTe paCTBOpH) H onpe)),eJIeHa e Hen03HaTaTa KOH-
I.J,eHTpaI.J,Hja Ha THOI.J,HjaHaTHH jOHH.
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CJl. 2. AncOpnl\110HI1 cneKTpH
Ha CTaH.I.Iap.l.lHI1paCTBopH 0.1.1FeSCN+ +

)X06HeHHTe pe3YJITaTH (Ta6eJIa 11) ce BO CO-
rJIaCHOCT co pe3YJITaTHTe 0)), nOTeHI.J,HOMeTpHCKHTe

onpe)),eJIYBaaa.

OTKaKO rH )),06HBMe pe3Y JITaTHTe 0)), CHTe Me-

peaa,ce 06H)),OBMe co HHBHa CTaTHCTH'IKa 06pa60T-

Ka)),a H3Be)),eMe COO)),BeTHH3aKJIY'I0I.J,H. ITpHToa KaKO

pe<pepeHTHa Bpe)),HOCT 3a Co)),p)KHHa Ha THOI.J,Hja-

HaTHH jOHH BO HcnHTYBaHHTe npHMepOI.J,H HH)),YC-

TpHCKa OTna,!J,Ha Bo)),a e 3eMeHa Bpe)),HOCTa y = 77,32
mg/dmJ, )),06HeHa co KJIaCH'IeH BOJIYMeTpHcKH Me-

TO)), KOj BO a.)),. "OXHC" ce KOpHCTH KaKO CTaH)),ap-

)),eH MeTO)), 3a BaKBH onpe)),eJIYBaaa.

ITo)),aTOI.J,HTe 0)), CTaTHCTH'IKaTa 06pa60TKa Ha

pe3YJITaTHTe (Ta6eJIa Ill) co npHMeHa Ha F-CTaTHC-

TH'IKH KpHTepHYM 3a cnope)),YBaae Ha cpe)),HH Bpe)),-

HOCTH 0)), K-cepHH Ha Mepeae [9] nOKa)Kaa )),eKa
eKcnepHMeHTaJIHO )),06HeHHTe no)),aTOI.J,H 0)), CHTe'

'IeTHpH nOTeHI.J,HOMeTpHcKH MeTO)),H Ha Mepeae

npHnaraaT Ha HCTa nonYJIaI.J,Hja, na MO)Ke )),a ce

KOpHCTH e)),Ha 3ae)),HH'IKa cpe)),Ha Bpe)),HocT 0)), 'IeTH-

pHTe noe)),HHe'IHH cpe)),HH Bpe)),HocTH.

IJlac.xeM. TexHoJl.MaKe.l.loHl1ja,14,2,c.113--116(1995)

Ta6eJIa III

IIoJJ;aTol(H 0JJ;CTaTHCTH'lKaTa 06pa60TKa

Ha pe3YJITaTH co IlpHMeHa Ha F-CTaTHCTH'lKH
KpHTepHYM 3a CIlopeJJ;YBalDe Ha cpeJJ;HH

BpeJJ;HOCTH OJJ;K-cepHH Ha MepeI-be

F (npec.) F (Ta6.) a HoVI V2

1,969 3,239 3 16 0,05 ce np\1(paKa

v - CTeneHH Ha cJlo6o.l.la

a - Koe!jJI1l\l1eHT Ha pl13HK

ITo)),aTOI.J,HTe 0)), CTaTHCTH'IKaTa 06pa60TKa Ha

pe3YJ1TaTHTe (Ta6eJIa IV) co npHMeHa Ha t-cTaTHC-
TH'IKH KpHTepHYM 3a cnope)),YBaae Ha cpe)),HaTa co

CTaH)),ap)),HaTaBpe)),HOCT [10], 3aceKoj MeTO)), noe)),H-
He'IHO, nOKa)Kaa )),eKa MeTO)),OTHa n03HaTO )),o)),aBaae

)),aBa pe3YJITaT KOj CTaTHCTH'IKH HajMaJIKY ce pa3JIH-

KYBa 0)), pe<pepeHTHaTa Bpe)),HOCT, lllTO 3Ha'IH OBOj

MeTO)),e HajTO'IeH BOO)),HOCHa )),PyrHTe. MeTO)),OT Ha

n03HaTO 0)),3eMaae H MeTO)),OT Ha KaJIH6pHpaae co

)),Ba CTaH)),ap)),HH paCTBopH )),aBaaT pe3YJITaTH KOH

HeUlTO nOBeKe ce pa3JIHKYBaaT 0)), pe<pepeHTHaTa
Bpe)),HOCT, HO cenaK 0)), CTaTHCTH'IKa rJIe)),Ha TO'IKa

OBHe pa3JIHKH ce BOpaMKHTe Ha )),03BOJIeHOTO OTCTa-

nYBaae, lUTO 3Ha'IH )),eKa H OBHe )),Ba MeTo)),a MO)KaT

)),a ce npHMeHYBaaT. MerYToa, rpa<pH'IKHOT MeTo)),

)),aBa pe3YJITaT KOj CTaTHCTH'IKH 3Ha'IajHo ce pa3JIH-

KYBa 0)), pe<pepeHTHaTa Bpe)),HocT, lUTO 3Ha'IH )),eKa

OBOj MeTo)), e HenpHMeHJIIIB 3aBaKBH onpe)),eJIYBaaa.

Ta6eJIa IV

IIoJJ;aTol(H OJJ;CTaTHCTH'lKaTa 06pa60TKa
Ha pe3YJITaTH co IlpHMeHa Ha t-cTaTHCTH'IKH

KpHTepHYM 3a CIlopeJJ;YBalDe Ha cpeJJ;Ha
co CTaHJJ;apJJ;HaBpeJJ;HOCT

Mero)'1 t (npec) t (Ta6.) V a Ho

11 2,424 2,132 4 0,05 ce OT!jJpJla

12 - 1,303 2,132 4 0,05 ce npl1!jJaKa

13 - 0,131 2,132 4 0,05 ce npH!jJaKa

14 - 0,301 2,132 4 0,05 ce npl1!jJaKa
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3AKJIY40K

Bp3 OCHOBa Ha eKcneplIMeHTaJIHO ,D,06lIeHlITe

Bpe,D,HOCTlI 3a CO,D,pX(lIHa Ha TlIOU:lIjaHaTHlI jOHlI BO

lIH,D,YCTplICKa OTna,D,Ha BO,D,aco nplIMeHa Ha nOTeH-

U:lIOMeTplICKlI MeTO,D,lIHa Mepel-be II nO,D,aTOU:lITeO,D,
HlIBHaTa CTaTlICTlI'lKaTa 06pa60TKa, MO)!(e ,D,a ce

3aKJIY'llI ,D,eKanplIrOTBeHlITe TlIOU:lIjaHaTHlIjoH-ce-

JIeKTlIBHlI eJIeKTpO,D,lI MO)!(aT ycneIllHO,D,a ce nplIMe-

HYBaaT 3a onpe,D,eJIYBal-be Ha CO,D,p)!(lIHa Ha TlIO-

U:lIjaHaTHlI jOHlI He caMO, BO 'llICTlI paCTBoplI, TYKY

II BO OHe'llICTeHa nplIpO,D,Ha Cpe,D,lIHa, KaKO IllTO ce

lIH,D,YCTplICKlITe OTna,D,HlI BO,D,lI.

DJIarO,l(apROCT.

ABTopHTe Ha TPY):\OT H3pa3YBaaT 6Jlaro):\apHOCT Ha M-p

EJlaroja AH):\OHOBCKH 0):\ I1HCTHTYTOT 3a xeMHja, ITM<D - CKoIlje,

3a ):\paroueHaTa IlOMOlll IlPH CIleKTpOljJOTOMeTpHCKHTe OIlpe):\e-

JlYBal-ba.
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Summary

APPLICATION OF PREPARED THIOCYANATE ION-SELECTIVE ELECTRODE
TO THE DETERMINATION OF THIOCYANATE IONS IN INDUSTRIAL WASTE WATER

Vera Trajkovska and Krume Kalajdzievski

Institute of Chemistry, Faculty of Science, The "Sv. Kiril & Metodij" University,
91000Skopje, Macedonia

Key words: thiocyanate; thiocyanate ion-selective electrode; direct potenciometty; industrial waste water

The thiocyanate content in industrial waste water was deter-
mined by different techniq ues of direct potentiometty. The thiocya-
nate ion-selective electrode prepared in our Institute was applied in
these measurements. The spectrophotometric method with Fe(III)
reagent was applied as a comparative method.

The results obtained were statistically treated, and it was
found Ihat the relative standard deviation for these determinations

(concentration range cca 80 mg/dm3) was 1.26 - 4.35 %.

Bull. Chem. Technol.Macedonia, 14,2 p.113-116(19c{5)


