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B pabome npooonsicenst ucciedosanusn Ighphpekma anomanbHo 8bICOKOU IN1EKMPONPOBOO-
HOCIU ROBEPXHOCMU pPaA30ena 6030yX-INEeKMmPOIUm NPU INEKMPOIUMUYECKOM DA3N0NCEHUU
600bl. IKCnepuMenmsl RPOBOOUTUCH KAK HA NEPEMEHHOM HLOKE C NOMOULbI0 MOCHOBOIL CXeMbl,
Max u Ha NOCMOAHHOM, 8 UemblpexIieKmpooHoil ayeiike. Panee 0v110 nokazano, umo 6 moHKux
CNOAX INEKMPOAUMA, CPDARULAUUX C 8030YXOM, YOEIbHAA IIEKMPONPOGOOHOCY, U3MEPEHHAS 8
yemuipexIneKmpoOHoll AYeliKe, RPU INEKMPOoIu3e 600bl NPeGbluLaem COOMEENCMEYIOuyIo 6enu-
YUHY, UIMEPEHHYIO C HOMOWIBIO MOCHIO080IL CXembl 01 PACMEOPO8 2udpokcuoa nampus — e 1,5
pasza, pacmeopos cepHoui kuciomesl —6 1,25u pacmeopax ceprnoxucnozo nampus - 2,5paza. Ilpu
3amMeHe NOBEPXHOCHU 2A3-HCUOKOCHb HA 2PAHULY HCUOKOCMb-meepoasn aza I¢pgpexm ucuesan.
bBovino nokazano, umo anomanbvio 8vlCOKAA INEKMPONPOBOOHOCH b MOHKUX C/10€8 IJIeKMpouma
Ha zpanuye ¢ 6030yxom 3asucum om memnepamypot (npu 4 °C 3nexmponpoeoonocme cios pac-
meopa monwgunoii Imm yeenuuueanace ¢ 8-12pa3s), uonnozo cocmasa, pH (maxcumym ysenuue-
Hus neKkmponposoonocmu 6 S paz coomeemcmeyem pH uzonekmpuueckoi mouku). 3mo nos-
6OJIUII0 NPEONONONCUNLD, YMO OAHHbLIL I hexkm 00ycnosnen myunenuposanuem 3apaoa (0e3 ne-
PEeHOCa maccel) RO YNopsa004eHHbIM CIPYKHLYPAM HA NOBEPXHOCHU 600bl — 2U2AHMCKUM 2emepo-
daznvim knacmepam. Taxoii mexanuszm 6v11 HA36aH KpOKemMHBIM. [ NPOGEPKU 6IUAHUA NOBEPX-
HOCMU 0bLIU RPOBEOEHBL IKCHEPUMEHNIBL 8 CTIOAX INEKMPOoauma moauwjunoi om L. mum 0o 0,1mxm.
Tonkue naeunku nekmponuma cmaounusupoesanuce IHAB JIC-10, u ux monwuna usmepsanace
unmepghepomempuyeckumu memooamu. bovino noxkazano, umo yoenvHaa INeKmMponposooOHOCHb
MOHKUX NJIEHOK, O CPAGHEHUIO C ITEKMPONPOBOOHOCHIbIO UCXOOHO20 INEKMPOIUMA, Y8eTULUBA-
aace 6 150-250paz. Imo noomeepircoano nawiu npeononoxcenHus o npupooe ygppexma ano-
MAbHO 8bICOKOU I1IEKMPONPOGOOHOCIU NOGEPXHOCIU pa3zoena ha3 2a3-INeKmpoaum npu Inekx-
mpoxumuueckoii zenepayuu neckomnencuposannvix H' ulunu OH uonos. Heoxcuoanno oxasa-
J10Ch, YUMo yOebHaAs IIEKMPONPOBOOHOCHb NICHOK JJIEKMPOIUma moauwjunou nuxice SOmMkm npu
usmepenuu na nepementom moke uwacmomoii 10 kI'y maxsice npeeviuaem 6enudunbl 11€KMpPo-
HPOGOOHOCMU, UZMEPEHHOIL IMUM IHCE MEMOOOM 8 00beme UCX00H020 Inekmponuma. Benuuunvt
INEeKMPONPOBOOHOCHEIl MOHKUX NIEHOK IJIeKMPOJIUMA, U3MEPEHHblE PAZHLIMU MEMmOOaMU, NPAK-
muuecku coenaoanu. boviio npednonosxceno, umo 3mo AneHUE C6AZAHO C USMEHUGUIUMUCA YCII0-
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SUAMU 3APAIHCEHUS 06OTHO20 IIEKMPUUECK020 c10A. /1A nposepKu nPeonoioxiceHus ol usme-
PeHbl 8eIUUUHBL YOEIbHOU INEKMPONPOEOOHOCIU C10A IIeKMPoauma monwunon lum npu us-
Menenuu yacmomsut nepemennozo moka om 10xl'y 0o 0,11'y. Bvino nokasano, umo rgpghexm yee-
JUYeHUsA INEKMPONPOEOOHOCIU HAYA NPOAGIAMbCA npu yacmomax 00 1 kl'y. Pacuemsl noka-
347U, YUMo NPU IMUX YACMOMAX KOJIUUECHEO ITIeKMPUUEeCmead, cooduaemoe 11eKmpooam, 00-
CMAamouno 014 3aPAHCEHUA 060IIHO20 C105 U Hauana gapadeesckozo npoyecca. Takum oopazom,
nonyueno euje 00HO nOOmMeepIcoeHue, YUMo KPOKemHblil MeXanu3m I1eKmponpo8ooHOCmu npo-
AGNACMCA NPU 08YX YCLOGUAX. INeKkmpoumuyeckom zenepuposanuu H' unu OH uonos u nepe-
HOce 3apA006 no ynopA0oUeHHbIM CIMPYKMYPAM HA NOBEPXHOCHIU 800bL.

KaioueBnle ciioBa: QJICKTPONPOBOAHOCTD, KIIACTCP, 'PAHULIA pa3aciia (1)33, MEPCHOC 3apsaaa
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In the work the investigations of the effect of abmally high electric conductivity of surface
of the air-electrolyte interface during electrolgtidecomposition of water were continued. Experi-
ments were carried out both at alternating currevie. the bridge circuit and at direct current in the
four-electrode cell. Previously, it was shown thatthin air-bordering electrolyte layers specifioo-
ductivity measured in the four-electrode cell dugrelectrolysis of water exceeds the corresponding
value measured with the bridge circuit for solutisrof sodium hydroxide by 1.5 times, for solutions
of sulfuric acid by 1.25 times and for solutions ebdium sulfate by 2.5 times. When replacing the
gas-liquid interface by the liquid-solid phase ottee effect disappears. It was shown that the abnor-
mally high electric conductivity of thin air-bordéng electrolyte layers depends on temperature (at
4 °C electric conductivity of 1 mm thick solution layencreases 8-12 times), ion composition, pH
(maximum 5 times increase of electric conductivdgrresponds to pH of isoelectric point). This al-
lowed suggesting that such effect is caused by ®limg of charge (without mass transfer) through
ordered structures on the surface of water - gidmterophase clusters. This mechanism has been
called croquet. To check the influence of surfadeetexperiments in 1 mm and 0.1 mm thick layers
of electrolyte were conducted. Thin electrolytenfd were stabilized by the DC-10 surfactant and the
thickness was measured by interferometric methdtleas been shown that specific electric conduc-
tivity of thin films increases by 150-250 times @@mparison with conductivity of the original elec-
trolyte. This confirmed our assumptions on the natuof the effect of abnormally high electric con-
ductivity of the gas-electrolyte interface durindeetrochemical generation of uncompensated H
and/or OH ions. Surprisingly, it appears that specific elactconductivity of the electrolyte film of
thickness below 5@m as measured at the 10 kHz alternating currenalso higher than conductivity
measured with the same method in the initial eledyte volume. The values of electric conductivity
of thin electrolyte films measured by different nheids were almost identical. It has been suggested
that this phenomenon is related to the changed citiotis of charging of the double electric layer.
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To test the hypothesis, the values of specific gleconductivity of 1 mm thick electrolyte layerese
measured at changing from 10 kHz to 0.1 Hz frequésecof alternating current. It was shown that
the effect of increase in the electric conductivitggins to occur at frequencies up to 1 kHz. Calcu-
lations showed that at these frequencies the qugntf electricity transferred to the electrodes is
sufficient for charging the double layer and initiéon of the Faraday process. Thus, another confir-
mation that the croquet mechanism of electric corudivity occurs at the two conditions — the elec-
trolytic generation of H or OH ions and the transfer of charges through orderewiustures on the
surface of water — was found.

Key words: electric conductivity, cluster, water-air interface
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INTRODUCTION structures has no effect on the electric condugtivi
lectrolytes. But there are indications that in shie-
ace layer short-lived clusters become stable bhauf t
lifetime increases significantly [13,14]. Thermody-
pamic and kinetic stabilization of the clusterstciba

te to the leap of electrochemical potential onsine
ace of water with the gradient of abouf MWcm.

Water has physical and chemical propertie
that distinguish it from other liquids. The boilirad
freezing points of water are the highest in the dlom
gous series of oxides, the temperature dependefice
density and dielectric constant have extremes at t
temperatures of 4 and approximately 36 °C [1-5 :
These properties of water are caused by the foomati. As for today, there are no methods for direct

of associates of molecules connected by hydroggwestlgatlon of the surface structure of water amad

bonds. Water also has abnormal electrochemical pr& r solutio_ns, and there_is contradictory informaton
erties. Pure water is dielectric due to high atira 'S Properties [15-20]. Itis generally accepteat thater

energy of the reaction of its dissociation. In pueger moleculer? are oréer;]te%%red?mm.antly dby the oxygfen
there is no fast transfer mechanism that requires-p 2t0M to the air and the Oléns forming a dense coat o

ence of an excess proton or hydroxyl ions [6]. Fagfe double electric layer are adsorbed on theohis 01_‘
transfer and high mobility of Hor OH ions compared water molecules, that d‘?f'”‘?s a negative electetiin

to other electrolyte solutions is caused by tumgetf potentla}I of bubbles mowr;]g |n|the yvater. ductivi

charge between two properly oriented molecules of . n some cases, the electric conductivity ano-
water. This mechanism is called a relay one. Amoth alies also occur at different measurement methods.

known fact of the conductivity anomalies is that fo he'[2'1] describes determination of the electrin-co
pure water the electric conductivity of solid phéise) ductivity of ice crystals doped by HCI at the temspe

is two orders of magnitude higher than the conditgti tures ranging_ frofm -10 tga-150 Oé: and the curt:em{ f
of its liquid phase. The abnormal electrical coriiic qhuencyl ranfglng rom 5- g 5-10Hz. Itwas s ov;/rn
ity of water in solid state is linked to the ordgrar- Lnatatlow frequencies in the temperature range

rangement of molecules and shooting of a prot&rp to ‘LOI °C the act|vat|onless| transf_er of cha;%;(_e
through the chain of hydrogen bonds, which caneot FU'S: While measurements at alternating curreten
divided into a multitude of proton hops betweerghei S&Me€ range showed higher electric conductivitytdue
boring molecules [7]. Such a transfer requires texig otational mr:)tlon of the mczlle(r:]ule_?. he surf ¢

ence of a long-range order in the arrangement ¢f mo_ .. We ave suggested that It the surface of water
ecules, which is absent in liquid water [8]. Inest stabilizes the existence of ordered structuresdiamt

papers the experimental discovery of existencer-of Jreterophase clusters) than th!n films Of. Wate”‘?‘“"f.‘
dered structures — giant heterophase clustersde-is Of €l€ctrolytes should have high electric conduttiv

scribed [9-12]. The lifetime of such clusters ifurne N fact, our experiments have shown that speciéc-e

of water is about 10-12 s, which is comparable with tric conductivity measured in the four-electroddl ce
time of a proton tunneling between two molecules di“tlh 1 mr? thick layer ofdelect;[rolyte durlngdt_he (E{el
water [7]. Probably, therefore the existence ofhsud/©'YSIS Of water exceeds the corresponding value

60 W3B. By30B. Xumust u xuM. texHosiorus. 2018.T. 61.Beimn. 2



W3B. By30B. Xumust u xuM. TexHojorus. 2018.T. 61.Bsir. 2

measured with a bridge circuit for solutions ofisatl  The difference in the usage of circuits was thairaict
hydroxide 1.5 times, for solutions of sulfuric adéi@5 current the electrolysis of water with generatib®él
times and for solutions of sodium sulfate 2.5 tinies ions occurred on the cathode and for the bridgauitir
was also shown that the abnormally high electrit- cowith the frequency of alternating current of Hz it did
ductivity of thin layers of electrolytes at theerfiace not occur.
with air depends on temperature (aC4he electric To measure the electric conductivity of less
conductivity of 1 mm thick solution layer increas®s than 1 mm thick electrolyte films the Syntanol D&-1
12 times), ion composition, pH (maximum 5 times insurfactant was added to the electrolyte in cona&otr
crease of electric conductivity corresponds to gH @f 20 g/L. Insertion of the DS-10 additive leadghe
isoelectric point) [22]. t Should be noted that foe decrease in electric conductivity from 19.8 to 13/,
appearance of this effect the two conditions are revhich can be attributed to appearance of non-cdanduc
quired: 1) the presence of free gas-liquid intexfand ing micelles of DS-10 in the electrolyte. To measine
2) the presence of uncompensatdd © ions (H — electric conductivity of less than 1 mm thick filme
ions in the acid and tand OH—ions in sodium sulfate used two types of cells with different conditiorfsttoe
solution). In the closed with a lid cell this effagas film formation. One of them was a frame, the sicdisv
not observed. Also it was not observed in the aq@iin  of which were 200 um diameter nickel wire electede
in case of usage of copper working electrodes andaad the end walls were thin polypropylene rods.(Eig
solution of copper sulfate as an electrolyte, indio A). The width of the cells was 2 cm, the length was
tions while the mentioned ions were not formedtmn t ranged from 2 to 7 cm. The film was formed after im
electrodes. This allowed suggesting that such teffec mersing and extracting the frame from the electeoly
caused by tunneling of charge (without mass transfevith the surfactant. In the second type of cellg.(E,
through ordered structures on the surface of wagint B) the electrodes length reached 25 cm at theelieier
heterophase clusters. This mechanism had been cati®de distance of 2 cm. A movable fluoroplasticieae
croquet. was shifted along the electrodes. The electrolye fed
Previously, we had reported the increase in theto the gap between the carriage and the tripadlree
electric conductivity of thin films of electrolytess (2) by the microdoser. The film of different thidgs
measured by alternating current [23]. The aim & thwas formed as the carriage moved away. The thisknes
work was to determine the influence of the airdiiqu of the films was evaluated by interferometric metho
interface on the value of the specific electric chary
tivity of electrolytes. For this purpose it was essary A 4 3
to estimate the influence of thickness of electely
layer on the value of electric conductivity of dgimn
using a bridge circuit at alternating current arfdua-
electrode circuit at direct current.

EXPERIMENTAL

(55

Fig. 1. Scheme of cells for investigations of coettlity of thin
A cell with dimensions 10x10x20 mm with films A - frame-cell; 1 - electrodes 2 - polypropgk rods; 3,4 -
platinum electrodes mounted along the end walls weegrrent conductors for powering the working elegemand con-
utilized for the experiments 1 mol/L sodium hydmbei "€cting & measuring device; 5 - hanging loop. Bi-vaéh mova-

. . . ble carriage, 1 - electrodes 2 - tripod elementséauring the elec-
solution with the conductivity of 19.8 S/m was used trodes; 3,4 - current conductors for powering tloeking electrodes
an electrolyte. The electrolyte level during th@@’*— and connecting a measuring device; 5 - movabléaggrr
ments was varied from 1 to 10 mm in 1 mm increment8uc. 1. Cxema siueex st HCCNEOBAHMS IPOBOTUMOCTH TOHKHX
at the constant current density in the electroliar- EEIZH:;AK;;‘IS‘?T&TP;&?O 1B ;ﬁ‘ﬁfgﬁ; ig:;;f‘;ﬁgg”:f*;
Ing the measurements at dlreCt Current the Vomagp " s H(?Z[KIIIO"I@;{I/ISI I/I3MepI/IZ'[[‘eIIIIiHOFO HpI/I6OI;Ja, 5 —HeTeJ’ILiaIZIUISI
inthe eIeCtmete was measured by chlorine-siélec- nojBeunBanus, b — sueiika ¢ moaBmkHON KapeTkol, 1 —amnek-
trode probes, the distance between which was variedrpons, 2 —snements! mTaTuBa 1715 KpErieHHs MEKTPO/IOB;
from 3 to 20 mm. The precise distance between thé:4 —ToxonosBobi muTaHKs PabOUHX MNEKTPOIOB H IS MO~
electrodes was controlled using the scale bar @f th"CIeH#1 H3MEPHTEILHOTO NPHOOPA; S —NOABMKHAS KapeTKa
MBS-9 binocular magnifier. The current was sethmgy t RESULTS AND DISCUSSIONS
potentiostat PI-50-1 or the G6-28 generator of @udi
signals of specific form, the voltage drop was rded
by the S1-67 oscillograph. For the measuremerdk at
ternating current the classic bridge circuit wakzatd.

1. Effect of layer thickness on the value of spe-
cific electric conductivity of electrolyte

The dependence of electric conductivity on the
thickness of the electrolyte film is shown at F&j.
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where the ordinate axis shows the value of thefieoef2, curve 3). It was assumed that this effect magde

cient of increase of electric conductivity defiresi sociated with such a small working surface of fleee
K trodes being used that the quantity of electriigitthe

= half-cycle of alternating current was sufficientr fo

Ki charging the double electric layer and beginninthef
wherex; — value of specific electric conductivity of theFaraday process.

initial solution; x — value of specific electric conduc- If we assume that the capacity of the double
tivity measured at direct current or alternatingrent electric layer per unit of surface areals= 20-40
on the free electrolyte-air surface. uF/cnt [24], and the electrode area in the frame-cell is

The figure shows that at the usage of diregtetermined by the length of the electraged cm and
current the electric conductivity of sodium hydmi the thickness of the electrolyte layér = (0.0
solution increases 1.05-1.5 times with the decre&se3.00)- 16' cm, the charge that must be gained by the
the layer thickness from 10 to 1 mm (curve 1).He t electrode for charging of the double electric la@e#
cell with the 1 mm thick layer the electric conduty  and beginning of the electrochemical decomposition
increases 1.5 times at the concentration range framaterAE = 1 V, can be estimated as
0.01 to 16 mol/L. In the layer of sodium hydroxigli¢h Q, =Cpp [AE = (C 5) [AE = (001+ 840)10° [
DC-10 additive the increase is also observed bat to

CIL’

On the other hand at the generator frequency

lesser extent (curve 2). of f = 10 kHz during the half-cycle afy = 1/(2f) =
K] =0.5-10" s for the mean value of the measured current
10¢ I=1mA=1,0-18 A the electrode may gain the charge
of

L1 IIIIII|
w

Q=lr,,=500°C
that does not contradict the made assumptions.

10 3 To check the conditions under which it is pos-
. 2 sible to realize the Faraday process at alternatimg
- 1 rent the following experiment was conducted.

1 — 2. Effect of alternating current on abnormally

high electric conductivity of surface.

o,mm
10°10° 10* 10° 107 10" 1° 10 , . ,
The experiments were performed in a cell with

Fig. 2. Dependence of the coefficient of increasthe electric  4imensions 10x20x1 mm with platinum electrodes of
conductivity on the thickness of the electrolytgeia 1 - measure-

ments at the electrolysis in thetm thick electrolyte layer apprOXImater 0.078 chsurface area placed at the end
without surfactant; 2 - measurements at the ellysimin the V\{a”S- The Curr_e_nt was set by the G6-28 generaftor o
electrolyte layer with the surfactant; 3 — measweetmby the  signals of specific form, the voltage drop in thece

bridge circuit trolyte was measured by auxiliary electrodes, as de
Puc. 2.3aBucuMocTb K03 HIMEHTa YBEINYCHHS TEKTPOIIPO- scribed above

BOJAHOCTHY OT TOJIIIUHBI CJIOA 3JICKTPOJIUTA. 1 -U3MEPCHUS IIpU

3JIEKTPOIIH3E B CIIOE dIekTponuTa TonmuHoi 107 MM Ge3 TTAB; The measurements have shown that Wlth_ the
2 —M3MepeHHus IPU SIEKTPONIU3E B CIOe HIeKTpouTa ¢ [IAB; decrease of pulses frequency the value of cunnethtei
3 —M3MepeHHs MOCTOBOH cxemoi cell increases from 1.08 to 2.06 mA, which indikect

It should be noted that although the insertio.H“jiC""_tes a decr_e_ase of resistance of the cellc_iﬁipe
of the surfactant leads to the reduction of thesuead €'€Ctric conductivity was calculated on the basithe
values of specific electric conductivity and thegef- Ohm law from the voltage drop in the electrolyteT
ficient due to transfer of the surfactant to theiae of d&Pendence of conductivity on the current frequesicy
aqueous solution and de-structuring of its surfagfoWn at Fig. 3. As it follows from the figure ihet
(compare curves 1 and 2 in the range of the litgyielr f_re_qugncy range of 300-100Q0 Hz the electric conduc
thicknesses from 10 to 1 mm), the electric congitgti UVItY IS constant and approximately equal to 1mS/
of 50 um thick films increases approximately 10egn 2nd at the decrease of the frequency from 300 Bzto
and of 100-700 nm thick films — 200 times and rergai It INcreases to about 23 S/m, i.e. 1.5 times, asipr

approximately constant. ously obse,rved.' , - .
In the experiments with film thickness less Lgts define the quantity of electricity required
than 1 pum the increase of electric conductivity wias 10F charging the double electric layer and starting

served at the measurements at alternating cuient ( Faraday process. For the electrode area of abaut O.
cnv, the voltage in the half-cycle of 2 V and the eutr

of about 1.5 mA the quantity of electricity should
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about (84)-10° C and the current frequency aboutransferred quantity of electricity is sufficienorf
1000 Hz, which satisfactorily coincides with the- decharging the double electric layer and decompasitio

pendence at Fig. 3.

K, S/m
23 —
22 —
21 —
20 —
19 —| .
18 —
17 -
16 .

15 -] - "

14
|||||T"| |||||T|1| |||||'|T|'| |||||T|1| |||||T|1|_|w’ HZ
01 1 10 10C 2100C 1000(¢

Fig. 3. Dependence of the specific electric coniglitgton the fre-
quency of alternating current
Puc. 3.3aBucumocts yZ[eIIbHOfI DJICKTPOIPOBOAHOCTU OT 4aCTOThI
TMEPEMEHHOT'0 TOKa

The obtained results suggest that for th
5-10° mm thick films and the area of the electrodes
3,5-10" cn? at the frequency of 10 kHz the transferre

quantity of electricity is enough for charging diet

double electric layer and starting of the Faradapy p
cess. Thus, the abnormally high electric condugtiv
of surface can be also observed at alternatingstjrr

when during the half-cycle of current oscillatiotise
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of water.
CONCLUSIONS

It was experimentally recorded more than
two orders of magnitude increase of the specific
electric conductivity in thin films of electrolytédmor-
dering the air.

The increase of electric conductivity at the de-
crease of thickness of electrolyte film indicatemi-
icance of the gas-liquid interface for the abnotynal
high rate transfer of charges.

The cause of the abnormally high electric con-
ductivity can be the transfer of charges througingi
heterophase clusters (ordered structures of water m
ecules connected by hydrogen bonds) localized ®n th
surface of the solution — the so-called crockethmec
nism.

At measurements at alternating current this ef-

ct occurs when the current frequency decreasgs an

epends on the type of the measuring system. F@ssib

ause of the effect is related to the necessijgterate
the OH ions. At the high frequency the double electric

.layer may not have enough time to keep chargingp up

the level required to start the Faraday procesers
generation.
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