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Po3po6neHo eneKkTpoHHY cXeMy Ta CKOHCTPYHOBaHO POOOYMI MPOTOTHII KOHIYKTOMETpa
MTech COND-350 Ha ocHoBi MmikpokouTposepa C8051F410 kommanii Silicon Labs ayist TutpumMeTpii.
Ilpunan ampoOoBaHO BHM3HAYEHHAM KHUCIOT pi3HOI cuimd. KOHIyKTOMETp MOXKe MpalioBaTH
ABTOHOMHO 3 BiJOOpa)K€HHSM IPOBITHOCTI PO3YUHY Ha CBITIOJIOJHOMY AUCIUIE] UM IMiJ KEpyBaHHAM
MEPCOHATBFHOTO KoMII toTepa. Po3pobieHo koM 1oTepHy nporpamy B cepenoBui Visual Basic 5 ps
BUMIPIOBaHHS 3aJIEKHOCTI MMPOBIAHOCTI Bi 00’ €My TUTpaHTa.

Kniouoei crnoea: KOHIYKTOMETp, KOHAyKTOMeTpruuHe TUTpyBanHs, npmwiax MTech COND-350,
HPOBIJHICTE.
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Cepen (i3uKo-XiMiYHIX METONIB aHaNi3y KOHIYKTOMETpis BHUTITHO BiIpi3HIETHCS
MPOCTOTOIO amaparypHoro 3abe3nedeHHs. BogHouac neit MeTo MMPOKO BUKOPHCTOBYIOTh
JUISl BU3HAUYEHHS KOHLEHTpAL[ll BOJAHMX PO3YHMHIB €JIEKTPOIITIB, KOHTPOJIIO SIKOCTI BOJH, a
TaKOX JUISl THTPUMETPHYHOTO BU3HAYCHHS Garathox aHamitis [1-3].

AHaITHYHI XapaKTePUCTUKU BU3HAUYCHHS CYTTEBO 3aJICXKATh BiJl PIBHS 00JIaHAHHS,
SIKC BUKOPUCTOBYIOTH B aHamizi. Ha#Oinpmn “ciabkum Miciiem” TPHITAJiB, BUTOTOBICHHUX
noHag 20-30 pokiB TOMy, € BUMIPIOBAHHS Ta PEECTpALlisl aHAJNITUYHOTO CUTHAIY, SKY
37€0UIBIIOrO MPOBOJATE 32 JONOMOTOI0 aHAJOTOBHX €IEKTPOMEXaHIYHHX ITOKa30METpiB.
CTpiMKUid TeXHIYHHIA Tporpec y MpuianoO0yayBaHHI MPHBIB IO IOSBH BHUCOKOTOYHOTO,
HaJIIfHOTO Ta 3pyYHOr0 y BUKOPHCTaHHI aHAIITHYHOTO YCTAaTKYBaHHS, O/HAaK JIsi 0araTtbox
BITUM3HSHUX J1IabopaTopiii BOHO 3aJMINAETHCS HEJOCTYIIHUM HYepe3 BHCOKY IIiHY, TOMY
€IMHOIO aNITEPHATHBOIO € PO3poOKa BIACHOTO ab0 MOJEpHI3allis iCHYF0OUoro 00JiaJHAHHS.
HesBaxkaroun Ha MpOCTOTY KOHCTPYKIIIi, CydacHi MU(PPOBI MPOMUICIOBI KOHAYKTOMETPH €
HEOOTPYHTOBAHO JAOPOTUMH. 3yMOBJICHO 1€ HacaMIepes iX “3aKOpIOHHUM MOXOPKEHHsM
— B YKpaiHi aHaJITUYHOTO MPUIa00yayBaHHs (HaKTHIHO HEMAE.

Mera Hamoi mpami — poO3pOOMTH NPOCTUH  KOHIYKTOMETP Ha OCHOBI
MIKPOKOHTpOJiepa 3 BOYJOBaHOIO AaHAJOrOBOIO mepudepieto, BHUTOTOBUTH pPOOOUHi
MPOTOTHII Ta aPOOyBaTH HOTO Ha KOHAYKTOMETPUYHOMY THTPYBaHHI KUCJIOT Pi3HOI CHJIH.
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OcHoBoro pospobiieHoro koumykromerpa MTech COND-350 € MikpoKOHTposep
C8051F350 [4, 5], sikuii, kpiM HU(PPOBHX KOMIIOHEHTIB, MICTUTh MOTYXXHY aHaJOTOBY
nepudepito, 30kpeMa 24-po3psIHHUIA eNbTa-CHTMa aHAIOTO-IM(POBHHA IEPEeTBOPIOBAY
(ALII) 3 MyIPTHIUIEKCOPOM Ha BXOJi Ta BHCOKOCTaOUIbHE HKEPETIO OIMOPHOI HAIPYTH Ha
2,5 B (puc. 1). TakTyBaHHS MIKpPOKOHTpOJIEpa PEai30BaHO HAa OCHOBI BHYTPIITHHOTO
TaKTOBOTO TreHepaTopa Ha 24,5 MI'm.
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Puc. 1. Cnporena exexkrpuyna cxema kouaykromerpa MTech COND-350
Fig. 1. Simplified electrical circuit of conductivity meter MTech COND-350

I'eneparop 3minHOi Hampyrm dactotoro 1,5 k[ peamizoBaHo Ha Taiimepi
MIKpPOKOHTpOJIepa 3 BuUXoJoM Ha mudposuii mopr P1.6. dopma BuXiZHOrO CHrHaiIy
reHeparopa — Meaup 3 aMmInIiTyaow 3,3 B. 3a qomoMororo mojigroBaua Ha pe3uctopax 2 i
1 kOM BuHXigHAa Hampyra TreHepaTopa 3MeHUIyeTbcst BTpudi. [lepmmii onepauiiHuit
migcumoBau BHKOHYe (yHKIiIO Oydepa reHeparopa. Moro BHXii MOmaeThcs Ha TpH
napanenbHo yBIMKHYTI konaeHcaropu (0,1; 10 i 470 mx®) s BiaciroBaHHS MOCTIHHOT
CKJIaJ0BOT Hampyru. B Takuii cnocid Ha enekTpoaM KOHIYKTOMETP BHBOJIUTH 3MIHHY
HaNpyTy OpsSMOKYTHOI popmu 3 yactororo 1,5 k['1 Ta posmaxom 1,1 B (puc. 1).

Ha ppyromy omepamiiiHOMY IIiJCHITIOBaYi peali3oBaHO IEPETBOPIOBAY ‘‘3MIHHHI
CTpyM — mocTiiiHa Hampyra”. OmuH 3 ISTH Jialma3oHiB BHMIPIOBaHHS BHOHWPAIOTH 3a
JIOTIOMOT'010 TaJIETHOTO TepeMHKaya, IKHi KOMYTY€E PE3UCTOP 3BOPOTHOTO 3B SI3KY B MEXKax
Big 100 Om mo 200 kOm, 110 3a0e3nedye OTUPOKHA TUHAMIYHHN Iiarma30H BUMipIOBAHIX
3HAYCHb EJICKTPOMPOBIAHOCTI. IlapanenbHo pe3ncTopa 3BOPOTHOTO 3B S3KY MIAKIIIOYCHO
KoHIeHcaTop Ha | HD [yist 3rIaKeHHS My IbCalliid BUXIIHOTO CUTHATY Hanpyru (puc. 1).

Onepauiitni migcumosadi 3 i 4 BigirpatoTe poib OydepiB Hanpyru. Mik HUMH
BKJIFOUEHO (DibTP HU3BbKHX 4YacTOT Ha pe3uctopi 10 kOM Ta kepamiuHOMY KoHAeHcaTopi 10
MK® 11 OCTATOYHOTO 3IJIAJPKCHHS CUTHAIY mepea Woro mnomanHsMm Ha Bxig AIIIT
MiKpoKoHTpoJepa (puc.l).

Bimpmricte TMGPOBUX TOPTIB MIKpOKOHTpoliepa (3arasom 11) 3amisHO mis
MUHAMIYHOT 1HIWKAIl pe3yNbTaTiB BHMIPIOBAaHHS EJIEKTPOIPOBIAHOCTI 3a JOMOMOTOO
cemucermenTHoro auciuiero. IToptu P0.4 1 PO.5, sxi € UART ninissME MiKpOKOHTpoOJepa,
3aJiSHO JUISl TIepeJaBaHHs pe3yibTaTiB BHUMIPIOBaHHS y IEPCOHAIBHUN KOMIT'IOTEp 3a
inrepdeiicom RS232. Ockinbku OUIBIIICTD CydacHUX KoMIT'10oTepiB He MatoTh COM nopriB
crangapty RS232, a kommnekryrorscs nume USB nopraMu, To 3B’430K KOHIYKTOMETpa 3



0. babin, |. Mauan, O. Kpaciubka
226 ISSN 2078-5615. BicHuk JlbBiBCbKOro yHiBepcuteTy. Cepis ximivHa. 2018. Bunyck 59. Y. 1

MIEPCOHATBHUM KOMIT FOTEpOM peaitizoBaHo depe3 USB moprt 3a 10moMoroi KoHBepTepa
inTepgeiicie  RS232-USB  wa ocHoBi wMmikpocxemu PL2303HX, migkmrodeHoi 3a
CTaHIAPTHOIO CXeMOI0 (pHC. 2), peKOMEHIOBaHOIO BUPOOHUKOM [6].
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Puc. 2. Enextpuuna cxema kouseptepa RS232-USB
Fig. 2. Electrical circuit of converter RS232-USB

Takoxx USB-mopt 3a0e3meuye mpwiaj HEOOXiAHHUM >KUBICHHAM — 3,3 B mus
MIKpOKOHTposiepa Ta +5 B s omepauiiiHnx mincuiroBadiB. MiHYCOBY KOMIIOHEHTY
JIBOTIOJIIPHOTO KUBJIEHHS (—5 B) ozeprkaHo 3a nonomoroto nepersoproBada ICL7660 [7].

BinpuricTh €NEKTPOHHUX KOMIIOHEHTIB, SIKi BUKOPHCTAHO B CXeMi KOHJIYKTOMETpA, €
B MiHiaTIOpHUX SMD Kopmycax Uil MOBEpXHEBOTO MOHTaXy. BuOip TakMx KOMIIOHEHTIB
Ta BIICYTHICTh OKPEMOTO [DKepelia )KUBIICHHS JaB 3MOTY CYTTEBO MiHIMI3yBaTH PO3MipH
JpYKOBaHO! IUIATH Ta PO3TAINYBaTH {i y IUIACTUKOBOMY Kopmyci D65SA koMmakTHOro
po3mipy — 9,2x6,6x3,6 cMm (puc. 3).

Puc. 3. 30BHILIHIN BUMIIA KOHAYKTOMETPA
Fig. 3. Photo of conductivity meter
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3 omHoro Ooky mpmmany posramoBaHo BNC-KOHHEKTOp A TiIKIIOYEHHS
eJNEeKTPOdiB KOMIpKH, a 3 iHmoro — kabems 3 USB-mrekepoM. Y BHmanky aBTOHOMHOI
pobotu mpunaxy USB-kabens migkimrodators He 1o USB-mopra xomm’orepa, a 10 OJI0Ky
JKUBIICHHS 9l Hakonn4dyBada (powerbank) 3 BuxigHoro Hampyroio 5 B. Ha BepxHii kpumii
KOHIYKTOMETpa 3aKpilJICHO TaJeTHUH IepeMuKad sl BHOOPY Iiama3oHy BHMipIOBaHHS
eJIIEKTPONPOBIAHOCTI Ta CEMHCETMEHTHHH IUCIDICH Uil BigoOpakeHHS 3HAYCHHS
€JIEKTPOIPOBITHOCTI B YMOBHHX OJIMHHUILIX.

Po3pobneHo komm’toTepHy mporpamy MoBow Visual Basic 5 mms BUKOHaHHS
KOHJIYKTOMETPUYHOTO TUTPYBaHHS, NOOYZ0BH KPUBUX THUTPYBAHHS Ta PO3paxyHKy 00’ €My
TUTPAHTa y TOYL €KBiBaJeHTHOCTI (puc. 4).
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Puc. 4. Bikno porpamu 1Jjid BUKOHaHHSA KOHAYKTOMETPUYIHOI'O TUTPYBAHHS
Fig. 4. Software window for conductometric titration procedure

Jlyis Bu3HAUEHHSI 00’ €My TUTPaHTa y TOYIl €KBIBaJCHTHOCTI MPOrpama po3paxoBye
napameTpu (a, b), ixHi craHgaptHi (S, Sp) Ta BIAHOCHI (Sra, Srp) BIAXWJIGHHS — JIBOX
NPSAMOIIHIMHAX TUISHOK perpeciiHiM aHalli30oM 32 METOJOM HaMEHINNX KBajapatiB [8].
Touky nepeTHHy IUX MPSIMUX 3HAXOASTH PO3B’SI3KOM CHCTEMH PiBHSHB:

le a + b1V
sz az + b2V .

V¥ Touni exBiBanentHOCTI W1=W,, TOMY:

a + b1V=32+ sz,
3BIJIKH 3HAXOMATh 00 €M TUTPaHTA:

vV -3

by ~b,
VYpaxoByrouu 3B’5130K V 3 mapamerpamu NpSIMHX, MOXXHA PO3paxyBaTH BiJIHOCHY
NMOXMOKY BH3HAYCHHS 00’€éMy THUTpaHTa 31 CTAHNAPTHHUX BiIXHWJICHb JBOX MPSMONIHIHHUX
JUJSTHOK KPUBOT Ta OLIHUTH MTOXHOKY THTPUMETPHYHOTO BU3HAYCHHS:

2 2 2 2
AV | s +Sq 4 o1t Sy
v (a,-a)*  (by—by)?
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KonmykroMeTp ampoOOBaHO THUTPYBAHHSAM KHCIOT Pi3HOI CHJIM PO3YMHOM Kaliit
rizpokeuny (puc. 5, 6). [nid BUMIpIOBaHHS  €JEKTPOIPOBIAHOCTI  PO3YHHIB
BHUKOPHCTOBYBaJlM  NPOMHUCIOBHH  KOHAYKTOMETPUYHHMH  JaBad Bil  HOJBCHKOTO
koHaykromerpa Elwro N-5721M, a Takox JBa caMOpOOHi IUCKOBI rpadiTOBI ENEKTPOIH 3
wiomero nosepxHi 0,25 cm?.
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Puc. 5. Kpusa turpysanus 100 v 4,8:10° M H,SO, 7,35:10™* M posurnsom KOH
Fig. 5. Conductometric titration curve for 100 ml 4,8:10° M H,SO, by
7.35:10™ M solution of KOH
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Puc. 6. Kpusa tutpyBanus 100 M 1,8:10° M H,C,0, 7,35:102 M po3uunrom KOH
Fig. 6. Conductometric titration curve for 100 ml 1,8:10° M H,C,0, by
7.35:10% M solution of KOH



0. babin, |. Mauain, O. Kpaciubka
ISSN 2078-5615. BicHuk JlbBiBCbKOro yHiBepcuteTy. Cepis ximivHa. 2018. Bunyck 59. Y. 1 229

[Toxubxa BU3HaYCHHSI 00’ €My TUTPaHTa y TOUIl €KBiBaJICHTHOCTI 32 TUTPYBaHHA SIK
CHIIBHUX, TaK 1 CIIa0KMX KHUCIOT He mepeBumrye 0,2 M HaBiTh UII CHIIBHOPO30aBICHUX
PO3UNHIB (4,8:10° M). BigHocHa moxubka BH3HAYCHHS KOIMBA€THCS B Mexax 0,5-3 %
3aJIe)KHO BiJl KOHLIIEHTpPALil Ta CUJIM TUTPOBAHOT KHCIIOTH.

OpnepxaHi pe3yNnbTaTd JaroTh 3MOTY CTBEPIDKYBATH, IO PO3poOJeHMH NpHian
MTech COND-350 MoXHa  YCHIIIHO  BHKOPDHUCTOBYBAaTH B  aHami3i  Aus
KOHJIYKTOMETPUYHOTO BH3HA4YE€HHS KHUCIOT Ta OCHOB. Y MaHOyTHBROMY MH IIJIAHYEMO
anpoOyBaTy NMpuia] KOHIYKTOMETPUYHUM TUTPYBaHHSIM 32 METO/IOM OCaJKEHHSI.
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SIMPLE CONDUCTIVITY METER MTECH COND-350 FOR TITRATION
O. Babiy, I. Patsay, O. Krasic’ka
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Kyryla i Mephodiya Str., 6, 79005 Lviv, Ukraine
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The conductivity meter MTech COND-350 based on the microcontroller C8051F350 (Silicon
Labs, USA) for measuring the electrical conductivity of solutions and plotting curves of a
conductometric titration has been designed. The conductivity meter can work bothindependently and
under control of the personal computer. The conductivity meter has five ranges of measured electrical
conductivity of solutions.

A computer program based on Visual Basic 5.0 language for operating the conductivity meter,
visualization of the measured curves of conductometric titration, and calculation of the analysisresults
has been developed. It is suitable for titration of both concentrated and strongly diluted solutions. The
error of scoping of the titrant volume does not exceed 2 ml.
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The device is equipped with RS232-USB converter based on PL2303 chip for power supply
and communication with the computer through USB port. Power supply of +5 V for operation
amplifiers is based on USB port and DC-DC converter chip ICL7660.

The device was tested by determination of different acids via conductometric titration.
Titration of strong acid such as H,SO, with strong base, e.g. KOH, shows that the equivalence point
can be reliably located even in the case of highly diluted initial solution of acid up to 10 mol/l. In the
case of weak acids,the minimal value of the initial solution concentration is 10 mol/l. In both cases, the
conductance is high before KOH is added due to the presence of highly mobile hydrogen ions. When the
base is added, the conductance falls due to the replacement of hydrogen ions by the added cation as H"
ions react with OH™ ions to form undissociated water. This decrease in the conductance continues till the
equivalence point. At the equivalence point, the solution has the minimal value of the conductance. After
the equivalence point, the conductance increases due to the large conductivity of OH™ ions.

The designed conductivity meter MTech COND-350 is very simple and cost-efficient. It is
suitable for low frequency conductometric titration of strong and weak acid solutions with strong
base.

Keywords: Conductivity meter, MTech COND-350, conductometric titration, analytical
signal, measuring, determination, C8051F350 chip.
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