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KOHAYKTOMETPUYHO-IOTEHUIOMETPUYHI JOC/III>KEHHSA BOJHUX
PO3YHHIB BYI'JIEKHCJIOTH

OnHOYaCHO METOAaMHU KOHIYKTOMETPIi 1 HOTEHIIOMETpii T0CITiPKEHO BOJAHUN PO3UMH
Byriekucnotu (H>O+CO;) y mupokomy aianazoHi Bmicty CO;. J{ist Takol CUCTEMHU TepeBipeHO
3anexxHocti pH 1 pCO; po34nHy Bifl €JIEKTPONPOBITHOCTI B Niana3oHi pH 4...5.5. Pe3ynbratn
JOCHIPKEHb MiATBEPIMIIN TEOPETUYHI 3AJIEKHOCTI 3 TOXUOKaMHU, 110 HE MepeBUILYIOTh £ 2.5%.

Kurouogi ciioBa: kapOoHaTHa BogHa cucrema, pH-norenuniomerpis, pCO;-noTeHiomeTpis,
KOHJIYKTOMETPisl, eJIeKTPONPOBiIHICTb, BOAHI PO3YMHHU €JICKTPOJITIB.

Beryn. BojHi po3urHM BYTJICKHCIOTH € OJHUMHU 3 HANMOIIMPEHIIMX B MPUPOMIL, OCKUIBKH
BOHH (OPMYIOTBCS MPHU KOHTAKTI aTMOC(EPHOro MOBITPS 3 BOJAHUM CEpEJOBHUINEM 1 TOMY Taka
cucTeMa JOCIiKyBajach 0ararbMa aBTOpaMH pi3HUX HAayKOBO-TEXHIYHMX HampsMmiB [1]. B maniit
poboTi mocmimkyeTbcss uncta kapObonatHa BoaHa cuctemMa (KBC), ska yTBOPIOETHCS HUISIXOM
3MIIIYBaHHS JI€I0HI130BaHOI BoAM 3 ByriiekuciuM razom (CO+H;0) 3 TOYKH 30pYy OJHOYACHOTO
OararonmapaMeTpUYHOTO MPUIIAJOBOrO KOHTPONIO. Taki CHCTEMH IIMPOKO BHKOPHCTOBYIOTHCS Y
BOJOMIATOTOBII PI3HUX Taly3eil NMPOMHUCIOBOCTI TAaKUX SK EHEpreTHKa, MeTamyprisi, XiMidHa,
XapuoBa MPOMHUCIOBICTE Ta 1H., TOMY pe3yabTaTH pPOOOTH MOXYTh OyTH BHMKOPHCTaHI IS
TEXHOJIOTTYHOTO KOHTPOJIIO MIATOTOBKU TTTMOOKO OYHUIIIEHOT BOJH.

Teopernuni Bigomocti. Ilpu B3aemMoaii BYIJIEKUCIOrO Tra3y 3 BOJIOIO YTBOPIOETHCS
BYyIJIEKHCIIOTa 32 peakiieto (1):

C02+H20<—>H2C03, (1)
SKa B MMOJANBIIOMY AUCOIIIOE 32 MEPILIUM 1 APYTUM CTyNEHsIMH — piBHAHHA (2) 1 (3):

H,CO; — H' + HCO5', 2)

HCO; < H + CO327, (3)

B mpomeci amcomiarii 3MilIyeThCss KHUCIOTHO-ITy>KHa pIBHOBara, sika Oyae 3MIIIyBaTH TaKOX
peaxitito qucoriaiii Boau (4)

H,O - H' + OH 4)
PiBusiaas (1)-(4) € Teopernuroro ocHoBoto KBC, 1 KUIBKICHI CIIBBIIHOIICHHS MDK KOMIIOHEHTAMHU
KBC, BpaxoByrouH, 10 CUCTEMA € TEPMOJIUHAMIYHO PIBHOBAXHOIO BCTAHOBITIOIOTHCS 32 BUPa3aMU
Ui TEPMOJMHAMIYHMX KOHCTAHT AMCOIliaiii ByruibHOI KUCHOTH (5), (6), KOHCTaHTH TUCOMLIAIii
Boju (7).

K=ot )
Co,
2— +
K2 — CQ—P_[, (6)
HCO;,
K,=H"OH, (7

ne K;, K, K,, — KOHCTaHTH AWCOIIiallii ByrUIbHOI KUCJIOTH MEPIIOro Ta APYroro CTYIEHS i BUpa3
JUISI KOHCTaHTHU JIMCOINAIil BOJM, BiAMOBIIHO, sKi 3rimHo [2] mua ¢t = 25 °C cTaHoOBiATH: K; =
1.72-107, K, =4.40-10""", K,, = 1.00-10™"*. Ocxinsxu KBC € i0HOreHHOI0 CHCTEMOIO, TO HEOOXiTHO
BUKOPUCTATH TAKOXK PIBHSHHS €IEKTPOHEUTPAIHHOCTI (8):

c,=C,,12C ,+C, . (8)

HCO; Cco?
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[Ilo6 3HafiTH 3B’S30K MDK KOHTPOJIIOIOUMMH CHUCTEMYy [apameTpamu, a came pH Ta
€JIIEKTPOTIPOBIAHICTIO, HEOOXITHO 3HAWUTH KOHIICHTpAIlil I0HHUX KOMMOHEHTIB. OCKUTbKH OJHA i3
ioHHNX KoMmoHeHTiB (H') BUMIpIOETBCS i € BiOMOIO, To po3B’snkeMo cuctemy (5)-(8) BimHOCHO
HE3aJIeXKHOTO BifoMoro mapamerpa H'. Bupasu 11 KOHLEHTpAIil iOHHEX KOMIOHEHTIB PO3UUHY
(HCO; , CO5* , OH"), B 3aJIC)KHOCTI BiJl H' OyayThb TakKi:

H" K,

Twe H Vo )

o T MV (10)

c, =——tr (1)

1€ yx — Koe]illieHTH aKTMBHOCTEH KOMIIOHEHTIB X, PO3paxOBaHUX 3a piBHAHHAM JleGas- XroKkens
apyroro HabmwxeHHs [3].
Po3paxyHOK KOMIIOHEHTIB 3a criBBimHOIICHHSIME (5)-(8) moka3anuit Ha puc. 1, ne C (%) —
MOJISIpHI KOHIIEHTPALlil BYTJIEKUCIIHX CIIOJIYK Y BIICOTKAX, Bl iX 3arajJlbHOTO BMICTY.
o001 BpaxoByroun BCi KOMIIOHEHTH 10HHOi MiJCHUCTEMH, Ha

L e / ocHOBI 3akoHy Koubpayma mpo He3aJeXHICTh I10OHHHUX
o / pyxnmuBocteil [3], mpu mpsMyBaHHI CTyMEHS AucoLialii 10
st onuHUIll  (OCKUIBKM  MOJSpPHI  KOHIIGHTpAIii  MEHIIe
- / 10° Mob/on’), PIBHSIHHSA ISt PO3paxyHKy

// €JIEKTPOTIPOBITHOCTI CHCTEMH OYyJIe TAKHM:
a0t /
=] i 2Crq A a2 Coge A e Cop A 4 Cop A ) (12)

‘ ¥ ; 35

Puc. 1. Binnocna pisunus (€) ne C, — KOHIIEHTpallisi KOMIIOHCHTa X, BKa3aHOTO B

eﬂeKTpOHpO}Z‘;JI({?ZC)T?P(I’I5;’31)“03““ iH/IeKCOBaHiii 1Mo3uIlii, A, — IOHHA PYXJIMBICTH KOMIIOHEHTa X,

BKa3aHOTO B IHJEKCOBaHIN MO3uIlii. 3BUYAHO, Take PIBHSHHS

€ TIEBHUM HAONMKCHHSM, SKE HEOOXINHO CIIBCTABIATH 3 MOXUOKAMH EKCIIEPUMEHTAILHOTO
oOnaHaHHS.

VY Bunanky carypariii i gera3aiii geioHizoBanoi Bogu CO, BOJHEBUIl MOKA3HUK 3MIHIOETHCS Yy
nianazoni pH = 4...5.5. Po3paxyHKH Noka3yioTh [4], mo0 y TakoMy aiana3oHi pH OCHOBHUMH
komroHentamu KBC € CO, 1 HCOs; a MakcuManbHUM BMICT KapOOHAT-i0HIB (COs™) 3a
po3paxyHkaMH He Oyme mepeBmmiyBatd 107 % i, TakMuM UMHOM, [OTO BKIAZOM B
eJIeKTPOIIPOBITHICTS MOKHA 3HEXTYBATH, OCKLIBKH 3HAUECHHS iOHHUX pyxmuBocTeit HCO;y i CO5™ e
Onu3pKUMU. MakcuManbHUM BMICT Tinpokcua-ioHiB (OH') 3rimHo K, MO BIIHOIICHHIO 10 BMICTY
ioHiB BOJHIO Ta rimpokapbonat-ionis (H +HCO5) y naHomy mianmasoni pH 3a po3paxyHKaMH He
Oyne mnepesumryBatd 0,08 % 1 Tomy, HOro BKJIQAOM B €JNEKTPONPOBIIHICTH TAKOX MOKHA
3HEXTyBaTU. BpaxoByrouum BHIE CKa3aHe, PIBHSHHS EJIEKTPOHEHUTPAIBHOCTI JUIS JAHUX YMOB 3
noxuOKor1o, sika He nepesutrye 0,1 % Oyne:

H' =HCOy3, (13)
Toi piBHsAHHSA (12) MOXHa 3anucaT y BUTIISIL
;(=CH+-(/1 Hco;+;t H*)' (14)

CniBcTaBlieHHS 3HaU€Hb €JIEKTPOIPOBiTHOCTEH, po3paxoBanux 3a (12) i (14) mokasaio, mo ix
BimHOCHA pizHuUIl He nepeBuirye 0.001 % (puc. 1).
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OcCKiTbKHM, B JaHMX EKCIIEPUMEHTaX BHMIPIOBABCS TMOKAa3HUK 1OHIB BOAHIO pH, sKuii
[IOB’sI3aHMI 3 aKTUBHICTIO 10HIB BOIHIO @+, CIIIBBIIHOIIIECHHSIM

-pH
a= 107", (15)
TO HEOOXiTHO BUKOPUCTATH PIBHSAHHS 3B 53Ky aKTUBHOCTI 3 KOHIICHTPALIIEIO:
a
—=C, (16)
/4

ne C — KOHIIEHTpAIlis pO3UHHY.
Jlnst nasoro miamasony kowrentpamiit (107*...107 momw/on’) 7 ~ 1, T0610 a ~ C, Bupas (16)
HaOyJe BUTIISY:

A=y 'V“ Hcog+ﬁ“ H*)’ (17)

X
. = , 18
a, (z) (—)/1 ot (18)

1 Toai, ¢popmyna A po3paxyHKy MOKa3HUKA 10HIB BOJHIO 32 3HAYCHHSIMHM EJIEKTPOIPOBIAHOCTI,
Oyze Takoro:

3 Bupasy (16) orpumaemo, 1mo

pH =-lgla . (7). (19)

Hami, 3 (5) — (8), 3 BpaxyBaHHSM, IO JUIi HEHUTPAIbHOTO KOMIIOHEHTa KOHIEHTpalii piBHI
aKTUBHOCTSIM, OTPUMY€EMO:

a K

H* _ w
7/11* 7/011’ 'aH*
= 20
aCOZ Kl N 2K1 'Kz ( )
2
Vico; "%y Veor @y

Amnani3 nokasye [4], mo y nianasosi pH npu sikoMy BiiOyBaeThCsl KaJdiOpyBaHHS y JaHUX YMOBax
(pO3uMH BYTJIEKUCIOTH Yy JICIOHI30BaHiil BOJI) 3 moxuOkoro, sika He mepesuirye 0.01% wmoxHa
3aIucaTu:
2
a .
H* Y HCOy

a.,, =—> 21
=Ky (1)
BpaxoByrouH, [0 B JAHHX YMOBAX 3 HOXHOKOI0, sika He mepesuinye 0.005%, ' = Jucos i3
BpaxyBaHH:M (15) 3anumemo:
2
pCO, = ~log —4 . (22)
K,-10 '(ﬁ“ Hcog+ﬁ“ H*)Z
Bupas (22) € dopmynoro s kaniopysanns pCO, — naTymka. 3a JaHUMH eJIEKTPOIPOBIIHOCTI () Y
niamazoHi pH 4+5.5.

ExcnepuMeHnTasbHa YyacTHHA. (7151 BUKOHAHHS EKCIIEPUMEHTIB BHKOPHCTAIM CIEIIaIbHO
po3pobieHuit 'y (i3UKO-TEXHOJNOTIUHIA JabopaTopii BOJHMX CHCTEM OararonmapaMeTpUYHUI
aHaji3aTop sIKOCTI BogHUX cucteM [5]. KaniOpyBanbHuit gociig poOnsaTh Tak. Y TEPMOCTaTOBaHY
KoMipky 1 (puc. 2) 3anuBaroTh JI€i0HI30BaHy BOAY 1 MPU HEOOXIAHOCTI Joaar0Th enekTpouit KCIl. Y
1[I0 K KOMIPKY MOMIIIATh pH-eNneKTpoa — 2, elneKTpoa mopiBHsIHHS — 3, naBad pCO, — 4, naBad
eJIEKTPOMPOBIIHOCTI — 5 1 nmaBau Temmeparypu — 6. Po3uMH TepMOCTaTyioTh 3a JOMOMOIOIO
TepMocTara — 7 npu temneparypi 25 + 0,1 °C. Uepe3 po3uuH NpOMYCKAIOTh BYIJIEKHCIHA Ta3 3
6anony 8 n0 nocarHeHHs kKoHueHTpauii CO,, 6IU3bKOT 10 HACUYEHHS.
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Puc. 2. Brnok-cxema yCTaHOBKH JUTSI KOHAYKTOMETPHYHO-
MOTEHI[IOMETPUYHUX JTOCITI[KCHb
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eKCTIepuMEHTaTbHUMU 3HaueHHAMHU CO,

Puc. 5. ExciepumenTanbHi (-) i
po3paxoBadi (0) 3HaueHHs CO,

[Ipu mpomyckaHHI BYIJIEKHUCIOrO Tra3y IWOCTIHHICTE HOro BHUTpaTh KOHTPOJIOIOTH 3a
nonomoroto poramerpa 9. Ilicns nocsaruenns konueHtpauii CO,, G1U3bKOT 10 HACHUEHHSI, PO3YHH
JeTa3yloTh, IePEMIIIyI0ur HOTo MEeXaH1qHOIO Mimankoto — 10. Curnain Bix pH-eneKTpoaHo1 mapHu —
2 - 3, pCO, — naBaua — 4 1 JaBaya TeMIepaTypu — 5 HaJXOIUB Ha BIAMOBiAHI nepeTBoproBayi 11,
12, 13 a Bix gaBaya eNEKTPONPOBIIHOCTI Ha MpeuusiiHuil konaykromerp LM-302 (Himeuunna) —
14. Jamni, 3 mepeTBOpIOBaviB 1 KOHAYKTOMETpa, CPOpPMOBaHi €IEKTPHUYHI CUTHAIM HAJAXOJUIN Ha
wiary AL[I1 — 15 i 3anucyBanuck y nam’sith KOMH’IOTepa — 16. Takum unHOM, 0a3010 TAHUX TAKOTO
CKCTIEPUMEHTY 6me 3HAYEHHS CHCKTPOHpOBLZ[HOCTl x 1 pH. 3a BUMIpIHUMH 3HAYCHHIMH
enKTponpOBmHocn po3paxoByBanu pH 1 pCO, po3umHy 3a crhiBBimHOomeHHsMEu (19) 1 (22)
BIJIMIOBI/THO.

Amnani3 pesyabTatiB. Ha puc. 3 NOpiBHIOIOThCS 3HAYEHHS aKTHUBHOCTEH ioHiB Bojuio (H),
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pO3paxoBaHi 3a EKCIIEPUMEHTAILHUMU 3HAUYEHHSM €JIEKTPOTIPOBIAHOCTI 32 ciBBigHOMEHHIME (18)
i (19) Ta 3sHauenns H', BuMipsHi pH-eneKTpoIHOIO Mapoo. I3 puc. 4 BHAHO, IO BiTHOCHA TIOXHOKA
TAaKOTO TOpPIBHSAHHA He mepeBuinye +2.5%. Ha puc. 5 moOpiBHIOIOTHCS 3HAYEHHS KOHLIEHTpAIlii
BUIbHOi ~ Byriekuciaotu  CO;,  po3paxoBaHi  3a  EKCHEPUMEHTAIBHHUMH  3HAYCHHSIM
€JIEKTPOTIPOBITHOCTI 3a CHIBBIMHOIICHHSM (22) Ta 3HaYeHHs, BUMIpsHiI qatuukoM pCO,. I3 puc. 6
BHJTHO, 10 BiTHOCHA MTOXMOKA TAKOTO MOPIBHIHHS HE MepeBUInye +2.5%.

Bucnosxu

1. Ha ocHOBI po3paxyHKiB KOHIIEHTpaLliil IOHHUX KOMIIOHEHTIB KapOOHATHOT BOJTHOT CUCTEMHU
BCTaHOBJICHO 3JIC)KHICTh €JIEKTPOIPOBITHOCTI BOJHOTO PO3YMHY BYTJICKUCIOTH Bif pH.

2. Ilpu omHOYaCHOMY BHMMIpIOBaHHI enekTpornpoBinHocTi, pH i pCO, BCTaHOBJIEHO, IIO
noxXuOKa MDK pO3paxOBaHUMH 3a EJIEKTPONpoBigHicTI0O 3HaYeHHAMU pCOs(y) T1a pH(y) 1
eKCTIIEPUMEHTAIBHO BUMIPSIHUMHU HE MepeBuInye +2.5%.

3. Pe3ynbpTraTtu BUMIpIOBAaHb JAIOTH IIJICTaBy CTBEP/PKYBATH MPO MOXKIUBICTH KOMIUIEKCHOTO
OJTHOYACHOTO KOHJIYKTOMETPHYHO-TOTEHIIIOMETPUYHOTO KOHTPOJII0 KapOOHATHUX BOJHUX CHUCTEM,
10 MOXe OyTH KOPHCHUM B PI3HUX TEXHOJOTIUHUX MPOIECAX.
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CONDUCTOMETRIC-POTENTIOMETRIC STUDIES OF AQUEOUS SOLUTIONS OF
CARBON DIOXIDE

At the same time methods conductometry and potentiometry investigated aqueous solution of carbonic
acid (H,0+CQO,) in a wide range of CO,. For such a system, checked the dependence of the pH and
pCO; of the solution from the electric conductivity in the range of pH 4...5.5. The research results have
confirmed the theoretical dependence with errors not exceeding + 2.5%.

Keywords: carbon water system, pH-potentiometry, pCO;-potentiometry, conductometry,
conductivity, water solutions of electrolytes.
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KOHAYKTOMETPUYECKO-IOTEHIHUOMETPUYECKHUE UCCJIEJOBAHUSA BOJHbBIX
PACTBOPOB YIJIEKUCJIOTBI

OAHOBpPEMEHHO METO/IaMU KOHIYKTOMETPH M MOTEHIIMOMETPUU UCCIIEA0BaH BOIHBIN PacTBOp
yraekucnotsl (H,0+CO;) B mmpokoM auamnaszoHe coaepxkanus CO,. [ Takoil cucteMbl IPOBEPEHO
3aBucuMocTh pH 1 pCQO, pacTBOpa OT BJICKTPOIPOBOJHOCTH B Anana3one pH 4...5.5. Pe3ynbTarsl
WCCIJIEIOBAHUN MOITBEPANIN TEOPETUUECKHUE 3aBUCUMOCTH C IOTPELUTHOCTSAMU, HE MPEBBILIAIOIINMHU
+2.5%.

KuroueBble ciioBa: kapOoHaTHasi BoaHas cucrema, pH-norenuunomerpus, pCO,-noTeHIHOMETpis,
KOHAYKTOMETPHS, €JICKTPONIPOBOJIHOCTDb, BOJAHBbIC PACTBOPLI 3JICKTPOJIUTOB.
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