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Abstract. A postive corona discharge fed by a N»:CH, mixture (98:2) at atmosphec

pressureand amhient temperaure hasbeenstudied as a laborgory mimic of the chemcal

processesoccutring in the atmosphere of Titan Satun’s larges mom. In-situ measwements
of UV andIR trarsmissionspectra within the discharge have shown that the main chemcal

productis C;H,, producedby disocigion of CH,4, with small but significant tracesof ethare

andHCN, all specesthathawe beendetectedin Titan’s atmosplere.A small amaunt (0.2 %)

CH,; was decompsd after 12 minutes of treatmentrequiring an avaage erergy of 2.7

kWh/g. After 14 minutes the dischage wasterminated dueto the formation of a solid yellow

depasit on the certral wire electrode. Such a deposit is similar to that observedin other
dischargesand is believed to be an analoge of the aerosoland dust obsened in Titan’s

atnmosphereand is composd of chential specescommony knonwas‘tholins’. We havealso

exploredthe electrical propertiesof the discharge The admixture of metham into nitrogen
caugdanincreasen onsetvoltage of thedischargeandconsejuenty led to areducton in the
measureddischargecurrent.

1. Introduction

The recent Casini- Huygensmissionto Titan, Saturn’slargestmoon hasreveaded a fascimating
ard complexworld tha many believe providesa good analogueof Earth during its early history.
Labordory studiesof electricaldischagesfed by methaneandnitrogen(the two major constituentof
the Titan atmospherehawe beenperformed for decadessince suchdischargesappea to be a good
methodologyfor simulating the chemisty of Titan's atmospherePreviols experimentalresearch
simuating procesesin Titan’s atmospherean be conveniently divided into two groups; (i) studies
performed at low pressues comrespondingto the conditionsat altitudesabove100 km and (ii) high
pressure(1000-1500 mbar) expeiments performedin conditions correspondingto Titan's dense
atmosphereloserto the suface where the pressue is aroundl1.5 bars.In Titan’s atmospher¢he CH,
concentrationis 4.9 % at the surfacefalling to 1.62% at analtitudeof 60 km abovewhich lies Titan’s
strataspherewherethe methanes uniformly mixed with nitrogenwith a molarfracion of 1.41% [1].
Above 1000km the concenration of CH, increasesip to value8 % in thelowerionospherg?2].

Low pressurexperiment hawe predominarlly usedglow, RF or microwavedischarges[3-8], the
deailed kinetics of chemia@l reactiors in nitrogerrmethaneafterglowsbeinglisted in [9, 10]. High
pressureexperimentshave beencorductedat atmospherigressire [12-17] using corona,dielectric
barier and sparkdischamges. The pioneeringstudy by Ponnamperumat al [12] useda dieledric
barrier discharge althoughit wasdescibedby theauthorsas‘a semicoronadischarge. Theyreported
the productionof Cg to Cy hydrocarbondrom methanen thedischarge.In alaterstudy Toupanceet al
[11] investicated methanedeconpostion in different CH,-N, mixtures (CH, concentrationsarying
beween 0 and 100%) usng a coaxid electrode systemtypical for the producton of a corona
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discharge However,these experimentsvere only conduced at a pressue of 20 Torr, so from ther
reportel dischargecurrert of 100mA we canassumehatratherthanoperaing a coronadischage in
the reactor they were opeiating a glow DC dischargeNeverthekssin their expermentthey observed
the formation of severdhydrocabonswith the highestyields beingachievedwith thelowestN, molar
ratios.

Ramirezet al have puldished three paperson the useof eectrical dischargessa simulaion of
processes in Titan's atmosphee [13-15]. In [13] they usal a dielectric barrierdischage althoughthis
is namal in the paperas corona discharge.Using Mass and IR spectromety they reporte the
formation of severalhydrocarlons and nitriles with acetylenebeng the dominant produd in the
nitrogen-methanemixture (N,:CH,=90:10) but condderable quantities of ethanewere also observed
(formed with ratios of C,H,:C,H, between3 and8). In thar nex paper[14] a standardDC corona
dischargevasadoptedand gaschromatogaphyusedto idenify the producs andestablisithe enegy
yields (moleculeJ?) for several product hydrocabonsand nitriles. In their final work [15] an outer
electrodeof diameer of 100 mm was used Suprisingly they repoted both positive and negative
dischargs in sucha reacor athough the existenceof negativecoronadischarg in suchmixturesis
probleratic. Pethapsthelarge diameterof the outer electodeensiredefficient quenchingof streaners
and the conversion to a spak dischage. Ethane wasfoundto be the dominantproductwith acdylene
having the seondhighestyield.

A glow dischargefed by a mixture of 2% methanein nitrogen (by presenceof 0.01% CO) was
published by Raulin and co-workers as part of their laboratory supportfor the Cassini-Huygens
mission[16]. This paperfocusedon the detectionof ammoniaand ethylene but the main products
pl’esenton Titan: C2H2, C2H4, C2H6, C3H4, CgHg, C4H2, C6H6, HCN, HCgN, CH3CN and C2N2 were
alsodetected.

A sparkdischargewasusedin orderto simulatepotentiallightninginducedeventson Titan [17].
Thesparkdischargewvasinitiated betwea a point electrodeandthe surfaceof ice block into which the
planeelectrodewasimmersed.Since the expeimentswereconductedat 240K, the patial pressire of
watervapou wasrelatively high. Therefoe the authorsalso observedconpourds containingC-H-O,
C-H-N andC-H-0- in thedischage.

Thusto datea wide variety of expermentsudng dischargeso simulateTitan’s atmospherenavebeen
reportal but the resultsof suchexpeiments areconflictory in both the productspeciesobseved and
the chemicalsynthesisobsened. The aim of the presentresearchs to studythe decomposibn of the
CH, and synthesisof new conpoundsin a DC positive coronadischargeusinga sygem of electodes
with amuchsmallerdiameterof the outerelectrodecomparedo thatused by Ramirez[15]. Moreover,
in our experiments in-situ UV/FTIR spectroscopyis used for the first time to measurethe
concentationof producs formedwithin the plasma

2. Experimental Apparatus

Theexpeaimentalappardusis shownin Figure 1. Thedischargereactorconsistel fromabras
cylinder 16 mm in diamete and 70 mm in lengthanda stanlesssteelwire with a diameterof 0.125
mm certredinsidethe metal cylinder. The cental electodewasconnectedo a Glassmarhigh voltage
sourceto producea coaxal coronadischarge A mixing ratio comprising 2% methane in nitrogenwas
prepaed andintrodwcedinto the reactorusing MKS flow controllers The reactorwas placed inside
the sanple regionof eithera Shimadz VUV or aNicolet FTIR spectrometefor in-situ measuements
of the synthesizedconpounds. Gaseousproduct concentations were calculatedusing the Beer
Lambertformulausing crosssedionsfor both UV andIR absorpton foundin the publishediteratue.
All the experimentsvere caried out at atmospheic pressureand at ambienttemperaturgin a staic
gasdischarggno gasflow throughthe reactor).The dischargevastypically operatedor betweenl0
and 15 minutesduringwhich time the nascenteacor temperaturgas measuredy thermocouplson
the reacta walls) did nat rise by more than1 °C.
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3. Experimental results

3.1Electrical propettiesof thedischarge

In purenitrogenthe onsetvoltageneededo strike the dischage occurredat 4.7 kV while the
onsetvoltage of the dischage fed by N,-CH, mixture (N,:CH,=98:2) was 5.2 kV. Current-voltage
(CV) chamacteisticswere measuredrom the onsetvoltageup to point wherethe coronadischargevas
transformedinto a spak dischage in both pure Nitrogen and the N,-CH,; mixture. Adding 2% of
methaneo the nitrogenreducedhe dischargecurrentin compaisonwith the values in purenitrogen
(Figure2a).

From the CV datathe mobility of chargecarriersin the drift regionof the discharge in both
pure nitrogen and mixtures of methae/ntrogen was calculatedusing the Townsendformula. The
mobility of chargecariers, posiive ions was found to increasein a pure nitrogen dischage with
increasingvoltagechandgng fromavalueof 2 cn?.V'.s' at 5.5kV upto 2.8cn¥/sV a 9 kV however
the mobility of postive ions in the N»-CH,4 mixture was unaffectedby the applied voltage and was
constantarounda valueof 1.7 cnf.V™'.s'. Sucha decreasén the mobility of the postive ions afterthe
addition of methaneinto the nitrogen dischargecan be explained by the formation of hydrocarbons
ionsor evenclusters(e.g (CiHy), having lower mobilities

The effect of the CH,; admixture on breakdownvoltage (the voltage at which the corona
dischargewas transforned into a spak transition) hasnot beenstudied becausea depositstartedto
grow ontheinner eledrode. The existenceof the depositled to transformatbn of the coronadischarge
into a spark dischargeafter sonme 12 minutes(seeFigure 2b). This dischargdifetime (12 + 1 min) was
observedfor all valuesof applied electrode voltage Hence we can state that the value of the
brealdown voltage was reducing continuously during the operationof the coronadischarg andwe
thereforecould not detemine a precise/uniqu&alue of the breakdown voltagein the gasmixture. As
is shownin Figure 2b, the dischage currentfell slightly from aninitial valueof 0.1 mA downto 0.06
mA duringthe coronaphaseof expeimentbefae sharpjumpswereobservedlemonstratingthe onset
of sparking.For mostof the experinentsdiscusedbelow a voltageof 6.6 kV waschon since this
waswell abovethe onsetvoltage but any temperaturechangesnducedwithin the reador werefound
to be very low.

. MFC
UV/ETIR =l z{“s control

Spectrometer ok

B
\ | A flow
T I controller

Koy
II__C‘?) Ny CH,
-

|

g

5 power |

supply

Figure 1. Schematiadiagramof the experinental appaatus usedfor UV and FTIR analysis of gaseos produds
producedin a postive coronadischage of 2% methanein nitrogen
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Figure 2: (a) VA chaacteiistics of the coronadischarge fed by pure nitrogen and N,:CH;=98:2 mixture
recordedat condart voltage of 6.6 kV opaatedin a stationay regme at ambienttemperatureand pressure(b)
The time evolution of the dischage current for a N,-CH, mixture at constant voltage of 6.6 kV operatingin a
stationaryregime atamhbienttempeatue andpressure.

3.2 UV analysisof gaseousproducts

UV spetra were measued in-situ between 190 and 200 nm by passinga UV light beam
throughthe dischargevolume.The recadedspecta arelargelyfeaurelessshowinga steadyincrease
in UV absaption with time. The measuredUV spectradid not show any significant peaks.The
spectrumis likely to be a superpsition of the absorptionspectraof severaldifferent compounds.
Accordingto Ramirez[15] the dominant productsof chemstry inducedby coronadischargesin CHy-
N, mixture are the hydrocarbonthare, ethylene aceylene andpropanewith smallercorcentrations
of nitriles. Howeverthe absorpion crosssectionof propanein this wavelengthregon is negligble
[18]. Accordingly we soughtto estimate relative concentration®f ethyleneand acetyene usingthe
formulae

Atg1m= n(Csz) Dc5191nm(c H 3 OL + n(C H z) Dc5191nm(cé'|4) OL {1}
Agam= n(Csz) Dc5194nm(c H 3 OL + n(C H z) Dc5194nm(cé'|4) OL {2}

where A1gim and Ajomm are the total absortane at 191 and 194 nm, O19110m and Giganm are UV
absorptioncrosssectionsfor the sdectedcompoundsat 191 and 194 nm andL is the lengh of the
dischargetube. The wawelengths191 and 194 nm were selectedbe@use at these wavelegths
acetylae and ethyleneexhibit well distinguishedmaxima in their absorptioncross sedions [18].
Howeverlater FTIR specta (seebdow) showedittle evidencefor formationof ethylenesowe could
alsofit the spectraldataassumingt wascomprisedf pureacetyeneusingthe simple formula

A
n(C,H — 191nm 3
( ? 2) G191nm L s

Thedifferencedetweerthe valuescalculatedusng equaitons {1, 2} andvaluescalculatedby {3} did
not exceel 10% supporing the hypothesighat ethylere concentrationsverelessthan10% of thase of
acetylae.Using {3} we cauld thenesimatethe growth rate of C;H, asa function of time (Figure 3).
The concentrations seento rise rapidly in thefirst five minutesthereafteremainingconstantat 370

ppm.
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Figure 3. Temporal evolution of C,H, measuredby UV andysis, produed in a positive corona discharge
operatingat atmospherigressuredrivenby a constantvoltageU=6.6kV andfed by a staticCH,-N, gas mixture
(2:98).

3.2FTIR analysisof gaseais products

Sincethe UV spectrawerelargely featuelessandarelimited to a narrowwavelengh regon
(190to 200nm)within which many of the expectedroduct do not absorbwe used IR spectrosopy to
investigate the chemical produds in the discharge.A typical FTIR spectrumobtdned in-situ by
passinganIR beamthroughthe dischage volumeis shownin Figure4.
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Figure 4. A typical FTIR spectrum reardedin a positive coronadischage operating at atmospheric pressue
driven by a constantvoltageU=6.6 kV andfed by a staic CH,;-N, gasmixture (2:98), recorded after 6 minutes
of plasmatreatmer. Notethe Negaive absobanceindicateslossof CH, during the operationof the dischage.

Using literaturedataindvidual absaption featurescould be assignedo specificcompoundg19]. The
strongelsfeatureat729(:m'l is dueto C;H,, while thefeatureat2973cm* is assignedo C,Hs andthat
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at713cm’® to HCN. However,in agreenentwith our UV results we found no feaurescorrespondng
to C,H4 (which hasa well known band beween800-1100 cm?, maximum at 956 cm* and a band
between 30003200 cm™, maximum at 3138 cm®). From the measued absorbancehe temporal
ewlution of the concentations of individual compoundswas calcuated using the BeerLambert
formulawith molecukbr IR absorptiorncrosssectiondatabeingtakenfrom existingliterature [19]. The
time dependencef concentatons of C;H,, C,Hs andHCN areshownin Figure5a.
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Figure5. (a)Evolutionof conentraton of C,H,, C,Hg and HCN producedn a postive coronadischargded by
astaticCH,;-N, gasmixture (2:98) operatingat atmospherigressuradriven by a congant voltage U=6.6 kV and
measuredy FTIR aralysis.(b) Evolution of CH,; decompositbn in a positive corona dischargerecaded unde
the sameexperinentalconditionsas (a).

It is evidentfrom Figure 4 thatthe produdion of C,H,, C,Hes and HCN is accompaniedy a deaease
in concentrationof CH,. Using absorptioncrosssectons data [19] the time dependene of the
decomposedCH, concentrdon was cadculated and plotted as the function of the time (Figure 5b).

Fromthelinearpartof Figure 5b the averaye energy2.7 kWh (9.7 MJ) requiredfor the decomposition
of 1 g of CH,wascalalated

4. Discussion of experimental results

Themgor chemicalprodud of a static,posiive coronadischargeoperatedn a N,-CH, mixture at
atmosphericpresaure is acetyene. However thereis a significant difference betweenthe results
obtainedusingUV andIR spectroscopyfor the formationof C,H, especidly in the time required for
satuation and the saurated value of C,H, concentration.In the UV measuementsthe C,H,
concentrationwhich wasonly stableproductdetectabldoy UV analysis,reacheda sauratedvalue of
350 ppmafter4-5 minutes(Figure3). This resultisin contrag with the FTIR measurementshown in
Figure 5a which show much higher C,H, concentations and a clear maximum in the temporal
dependaceof C,H, concentrations.

Sweh differencesmay be causedby photolyss of the product C,H,, since it is well known
hydrocarbon undable in the presence of UV light [20]. Hence C,H, molecules, which are
predomhantly formedfirst by dissoéation of CH, via processeq1, 2, 48, 49) followed by assocation
of CH, or/fandCH radicak via processs(51-56), may be alsodecomposedy photadissociaton (the
reacton kinetics for each processbeing listed in Tablg. The list of reactons were taken from
referenced4[ and[10].

(1) e+CHy—>e+CHs+H f (E/N) [10]
(2) e+CHy—>e+CHx+H+H f (E/N) [10]
(3) e+CHy—>e+CH, +e f (E/N) [24]
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(4) e+CH;—»e+CHy'+H+e f (E/IN) [24]
(5) e+H,—»e+H+H f (E/N) [25]
(6) Nz(x, V) + H2—>N2(X, V- 1) + H, See[4]
(7)  No(X, V) + H-NyX, v-1)+H see[4]
(8)  Ny(A) +CH,— Ny(X,v=0)+CH,; k=3.2x 10 cn’s* [26]
(9)  Ny(B) + CHs— Ny(A) + CH, k=0.95x 3x 10" cn’s? [27]
(10] Nz(B) + CH;— NZ(X, V= 0) + CH,4 k= 0.05x 3 x 10_1,Crrss_4 [27]
(11) Ny@)+CH;— Ny(X,v=0)+CH, k=3x 10 "cr’s™ [29]
(12) Ny@)+ CH,— N(X,v=0)+CH, k=5.2x 10" crrgs‘1 [29]
(13) NyA) +H,— Ny(X,v=0)+H+H k=24x10% crr st [3C]
(14) Ny(A)+H— Ny(X,v=0)+H k=2.1x 10 cn’s [31]
(15) NQ(B) + H,— NQ(A) +H, k=2.4x 10" cn’s q [32]
(16) Ny@)+H,— NyX,v=0)+H+H k=26x 10" cn’s™ [2¢]
(17) Ny@)+H— Ny(X,v=0)+H k=2.1x 10 e’ [33
(18) N+ CHz— HCN+ H, k=1.4x 10 " en’s™ [10]
(19) N+ CH;— H,CN+H k=6.2x 10" + 2. 2% 10‘*’ [34]
expt1250/T,(K)) cn’s™
(200 N+ CH,—» HCN+H k=5x 10 "exg-250/Tg(K)) cn’s™* [35]
(21) N+CH,— CN+H, k=1.6x 10 *cn’s™ [36]
(22) N+CH,—»CN+H+H k=1.6x 10" cm’s™ [36]
(23) N+ H,CN— HCN + NH k=6.7x 10 *cms™ [10]
(24) CHy+ CH,— CHg+ CHs k=2.14x 10‘“ x Tq o et [37]
(25) CH'4+CH,— CHg+ CH's k=1.5% 10 %n s [39]
(26) C,Hs+ H — CHg+ CHs k=6x 10" cn’s [10]
(27) CHs+ H+ Ny— CH,+ N, k= 6x 10““(TQ(K)/300“l S omet [10]
(28) CHas+ CH;— C,Hg k=4x 10" x Tq U4C|T st [10]
(29) CHs+ CH;— C,Hs+H k=1.3x 10‘ exp(— 13 275/Tq(K)) cn’st [39]
(30) CHs;+ CH,— CH;+ H k=7x 10" cm’ s [10]
(31) CH,+ CH,— C,H4 k=1.7x 10 *cn’s q [10]
(32) C2H5+ H— C2H6 k=6x 10 “Cﬂ" s [10]
(33) C,Hg+ CHz— C,Hs+ CH, k=25x10 x T exp(—3043/Tg(K)) [10]
CIT S
(34) C,Hs+ H+ (M) — CHst+ (M) ko= 2.15x 10" % exp(-349/Ty(K)cr’s” [40)*
k.= 4.39x 1C° 11exp(— 1087/Tg(K)_) c’s”
(35) CN+ CH,— HCN + CH; k= 10" exp-857/Ty(K) o s ! [41]
(36) HCN + H + (M)— H,CN + (M) ko= 6.4% 10 2152>< Ty ofente [36]*
k.= 9.2x 10 ~“ex (—1200fl' K)) cn’s
(37) C,Hs+ CHs— C,Hs+ CHy k=19x 10" crr% () [10]
(38) C2H5+ C2H5—> C2H6+ C2H4 k=24x 10 12 CcIr S [10]
(39] CN + C;Hg— HCN + C,Hs k=1.8x 10" x T, U:Cn" S [35]
(40] C2H6+ H— C2H5+ H, k= 214>< 10 o x Tgl e)@(_ 3730/T9(K)) [10]
crr <
(41) CHg+ H — Hy+ CHs k 3212 x 107 x T’expt-4045/Ty(K)) [10]
cirs
§42% CHg+ CHs— CoHs+ H, tz 1.7 % 10_i:exp(—:}1 500/T(K)) crrst {10%
43) H+H+ N> H+ N, =1.5x 10 x T, *¥cn’s 10
(44) NH+NH+ (M) — Hyt Nx(X, v=0) k=10 *cn®s™ [35]
+(M
(45) Hz(c& +H — HCN + H, k=29x 10" x T,>* enr® ¢ [35]
(46) CHy+ Hy— CHg+ H k=3.34x 107" x TS >%cn’s™* [42]
(47) N, + CHs— N+ CH;" +H k=1.3x 10%n’s* [43]
(48) N, + CH,— Ny+ CH;+H k=15x 107" cm’s™ [10]
(49) N, + CHs— Ny+ CH, +H k=45x 10" em’s™ [10]
(50) N, + C,Hg— N+ C,Hs +H k=3.6x 10 *cm’st [10]
(51) CHy+ CH, — 2H+ C,H, k=1.8 x 107 x expt-400UTy(K)) cns™ [10]
(52) CH,+ CH, — Hy+ CH, k=2.0x 107" x expt-400UTy(K)) cns™* [10]
(53) CH,+ CH — H+ C,H, k=6.6x 10" cm’s™ [10]
(54) CH,+C — H+ C,H k=83x 10" em’s™ [10]
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(55) CHy+ CH — CH+ CH; k=3.Cx 10" cms’ [10]
(56) CH+CH — C,H, k=2.Cx 10 cms™ [10]
(57) HCN+e— CN +H [44]

*Threebodyreactionsk = kokooM/(kg+ kooM).

Table 1. Reaction kkinetics of theradcals andionsformedfrom CH, dissociationin CH,-N, dischargeleading
to theformationof prodicts observedn this work.

In our experimentphoto-dissociatbn may be causedy theinteractionof UV light beamused
in spedrophotometerto measurghe UV absorbancsincethe gasin thedischarg gapis permanently
exposedto UV light with wavelengthssufficient for the photo dissociation A seriesof testswas
conductedin orderto showthe differences betweenthe productconcentatonsaobtainedwith UV and
FTIR spectrosopic methodsunderthe sameexpeimentalcorditions. The useof aUV scanningoeam
effectedthe final C,H, corcentation compaed with FTIR technique Accordingto our observaions,
the close the wavelengh of the UV-beamto the wavelengh correspondindo the absorptionpeakof
C.H, the highe the differencein C,H, conentations derivedby UV comparedFTIR-analysis(as
high as afactorof 4).

Photodissociatiorby the UV light souce in the UV-vis spectromedr hasbeenobservedn
previousexperimentswherewe comparedneasurementsf ozonein an oxygendischargeusing UV
(200-300 nm, ab®rption peakat 255nm) andFTIR (1054cm™) spectra(with their well known cross
sections).The ozoneconcentration®btainedusing the two methodswere not equal. IndeedFTIR
spectrgpredictedup to three timesasmuchozone Thelargestdifferencesvereobtainedwhen the UV
measurmentwas carriedout at 255 nm, wherethe UV radiationis expectedo photodissociatehe
ozore mostefficiently. Therefore we believe that photodisociaton of C,H, is equallyprobabé since
it absaobsatwavelenghs provided by the UV lampwith a crosssectionsimilar to thatof ozone.

The first step in C,He formation (observedby FTIR) is CH,; dissocation producd
predomnantly by elections and exdted nitrogen The primarty processwith the highestreactionrate
leading to C,Hs formation is associaton of CHj; radicals (28) but reeaction of C,Hs with atomic
hydrogenalso leadsto productionof C,Hg albeit with a lower rate corstant (32). Reactons (18, 20)
leadto HCN productbn directly from the primary radicak, however the reacion of CH; radca with
atomicN (19) canresut H,CN formationwith a higher rateconstanthanin caseof (18) butit is also
dissociatd into HCN via (23) and(45). Thelow C,Hg concentratios observedin our experment (see
Figure 5a) areascribedo reactiors (39, 50) with reacton (39) explainingthe comectionbetweenthe
rapidHCN- riseandtheslow C,Hg increaseThe FTIR spectreof the gas@usmixturedid not confirm
the presenceof othercarbon-nitrogencompoundsn gaseouphasg22].

Most of chemicalreactionsoccur in the very thin glow regionsurroundinghe wire electrode.
Due to this, the radcals and productsalso undergoheterogeneouseactionsbetweenthe electrode
surface and the gas. A solid yellow depositwas observedon the positive wire electrodeonly no
evidencefor sucha paticulae formation in the dischargevolume or on the electode windows was
observed Thesephenomended us to considerthe hypothesis that such a deposiion is due to
negatively chargedparticles moving towards the postive electode. This deposit which leads to
teminaion of coronadischarg, is in the caseof coronadischarg@ mostlikely formed from nitrogen
compound, especiallyHCN whichis alsosupposd to be a preairsorof solid materialsandaerosls.
The mog likely the primary processfor the formation of the deposi is electon attachmentto HCN
within the glow region (57). The CN anions are then transmrted to the wire where they are
neutralized befare undergoing a series of heterogeneouseactionswith CH, and CH; and someother
radicalsaswell aswith parentgases|eadingto formationof deposit The deposi is an insulata and
hencea negative charg canbe accumulatean the surfaceof the depod. If thelocal eledric field at
suchspotis sufficiently high a ‘backward corona canbe formed,which is finaly transferedto the
streamerfollowed by spark This hypothesismay be testedstill further by an analysisof the arnons
formedin the dischaige andis the subgct of future work. Moreover the ideaalout the activerole of



Coronadischargeexperimentin mixturesof N, andCH,

negative ions in the formation of depositis supportedby the recentdiscoveryof a large variety of
negaive ionsin Titan's ionosphee by [23, 45]. According to these authorsnegativeions play a key
role in ion chemistryandthey may be importantin the formation of organicerich aerosolsso called
‘tholins eventuallyfalling to the Titan’s surface.

It is importantto menton that depositio on optical windowsis negigible in our casedueto
few reasonsTherewasa “blind place” (alengh of 1 cm) betweenrthe optical window andthe endof
the groundedcylinder inside the reactor.No deposi on the wall of this volume and on the optical
window was obsrved. The formaion of the solid deposi appearsto be indicaive of a specific
behavior in the activedischarg gapon thewire electiodeonly. The only depositobsened on the KBr
windowswas H,0, outsidethe window, not inside becausédhe reactorwas exposedto air (KBr is a
hydrophilic material) The effectof this wateris trivial.

5. Conclusions

In this paperwe presentthe resuts of a UV/FTIR study of the gaseougproduds formed in positive
coaxial coronadischarg fed by anatmospheic pressuremixture of N,:CH, = 98:2 operatedn a static
regime at congant voltage U=6.6 kV and ambienttemperatureThe electrcd propertiesof corana
dischargehavealso bean studied. The termporal evolutionof C,H, detectedby UV spedroscopyandof
C.H,, C:Hs and HCN measuredby FTIR spectoscopy was examned. Diff erencesin the CH,
concentrationgound by usingUV andFTIR methodsmay be explainedby phaolysis of C,H, by UV
light from the UV spedrometer FTIR studies of gaseougroducts HCN, C,H, and C,Hg show an
increasawith time, after 10-12 minutesthe C,H, concentations appeato reacha satuatedvalue.
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