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Memooom yuxniunoi eonvmamnepomempii 00cioHceHo npoyec 8iOH061eHH s OeH3eHOIa30 il
mempagmopbopamy Ha epadimogomy eirekmpooi 3 aAyeMOHIMPUILHO2O0 POFUUHY.
Buxonano enexmpoximiuny mooughixayiro nosepxui epagpimy MIII-7 y nomenyiocmamuy-
HOMY peodicumi 3a cmanozo 3navenns nomenyiany —0,2 B 6 ayemonimpunoHomy po3uumi,
wo micmue 0.1 M Oenzendiazoniti mempagpmopbopam (BAT®H ) ma 0.1 M nimii
nepxnopam. [locniodiceno 3anedxicnicms Kpaiioozo Kyma 3mouyeans NO8epxui po3uuHamu
AHIiNiMY 8 cONAMIU Kuciomi 6i0 Konyenmpayii anininy ma kuciomu. Pospaxosano pobomu
Koeesii ma aoeesii.

Knrouosi cnosa: benzendiazoniii mempaghmopoopam, epagim, aHiiiH, Kym 3MOYYEaHHS.

Beryn

I'padit — 116 BUCOKONPOBIAHMI MaTepian i3 3[aTHICTIO IHTEPKAIIOBATH Pi3HI HOHH,
SIKMH 3aCTOCOBYETHCSI y MOHOJIITHOMY Ta TEPMOPO3LIMPEHOMY BHIJISAL, TpadeHi, Horo
HIMPOKO BHKOPUCTOBYIOTH B €JIEKTPOHIlli, eHepreTulll Ta karamisi [1]. Iarepec 1o ri6-
PUIHHX €JIEKTPOIPOBITHUX KOMIO3UTIB Ha OCHOBI rpadiTy i MoiaHiIiHy 3aJIMIIAETHCS
BUCOKHMM 3aBJISK{ iXHI BUHATKOBIH €IeKTPOXiMiuHiil akTWBHOCTI [2, 3]. Taki KOMITO3UTH
BUKOPUCTOBYIOTh JJIi CTBOPCHHS BHCOKOEMHHX CYIEPKOHIEHCATOpiB [4, 5], enekTpo-
XIMIYHUX CEHCOpiB (HampuKkiIan, Bu3HaueHHS pH, %kapOamimy, riroko3m) [6-8],
CJIEKTPOJHUX MaTepiaiiB Jpkepen cTpyMmy [9] i aHTHKOpO3iliHUX mOKpuTTiB [10]. Bonn
BUSIBIIIOTH BUCOKY €IIEKTPHYHY, TEIDIOBY, OIITHYHY i eIeKTPOXiMidHy cTabimpHicTh [11].

[Tix wac moniMepu3alii aHLTIHY B IPUCYTHOCTI rpadiTy € MOKJIMBUM IPOLIEC TPHUE-
HaHHA MOJTIaHUTIHY 10 aKTHBHOTO IIEHTPY B CTPYKTYPi rpadity, 0 MiATBEPIKYETHCA 3a
nonomororo SEM [12, 13]. Lle cpusie OJNIIEHHIO CTPYKTYPH, TEPMIYHOT cTabIBHOCTI
Ta eJIEKTPOIIPOBITHOCTI KOMITO3UTIB. BaXkIIBOIO YMOBOIO il 4ac BUPOOHHIITBA KOMIIO-
3UTHHUX MarepiajliB Ha OCHOBI TpadiTy Ta eIeKTPOIPOBIHUX MOJIMEPIB € 3a0e3eUeHHs
HAJIHHOTO KOHTAKTY Ta J0OPOi B3aEMOIi MiXkK OKpEMHUMHU KOMITOHEHTaMH. J{oCIiKeHHS
nUsixiB GizuyHoi Ta XiMivHOT Moaudikamii rpadiToBoi MOBEPXHI 3 METOIO0 MOJIIIICHHS
3MOYYBaHOCTI i po3dMHAMH COJEW aHINIHY € BaKIMBAM KPOKOM Y BHPIIICHHI IBOTO
3apaaHHs. Moaudikailis MOBepXHi BYIVIEHEBHX MarepialiB, 30KpeMa HUISIXOM BiHOB-
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JICHHSI COJICH apeHIia30Hi0, TOKPAIIY€E BIACTUBOCTI iX KOMIO3HUTIB 3 €NEKTPOIPOBITHIMHU
noximMepamu [14]. BingHoBieHHs i0HIB OCH3EH/IIA30HII0 CYNPOBOKYETHCS YTBOPEHHIM
(heHITPHUX paguKaiB, SKi XIMIYHO TPUETHYIOTHCS IO TMOBEpXHI rpadity. Y mpOMY
BUNAJKy NpPUBUTI (QeHUIbHI rpynu OyAyTh OpIEHTOBaHI Mifi KYTOM JO TOBEpPXHI, IO
MOJIETIITYBAaTHME aA0pOIIifo, HaMpUKiIaA, aHuTiHy. Haifuacrime mif dac momiMepm3amii
AHUTIHY JUISi CTBOPEHHS KHCIIOTO CEpeAOBHINA Ta JOIyBaHHS IMOJIaHUIIHY BHKOPUCTO-
BYIOTH COJISTHY 200 cynbgaTHy Kucimotu [15—17].

I'padir MIII'-7 HanexuTh O KiIacy KOHCTPYKHIHHHMX BHCOKONIUILHHMX JPiOHO-
3epHUCTUX TpadiTiB, MPU3HAYCHUX U1 BUCOKHX MEXaHIYHWX HABaHTAXCHb B YMOBAax
BUCOKHMX TEMIIEpaTyp 1 arpeCUBHUX CEpPEIOBUIL. BHUrOTOBISETHCS 32 TOMOMOTOI0 XOJIOI-
HOTO TIpeCyBaHHA. Ma€ BHCOKY IIBHICTE (>1,8 r/cM?) i HU3BKY BiJIKpHTY NMOPHCTICTH
(<10—12%). Manwuii po3mip 3epHa (He OUIBII HDK 25 MKM) J]a€ 3MOTY BHI'OTOBJIATH 3
IIbOTO MaTepiairy BUPOOH 3 TOHKMMH peOpaMu, BUCTYIIAMH Ta CKJIaJIHIMH TOHKOCTIHHUMH
netansmu [18].

Bapro Takox BpaxyBaTH, IO 3MOYYBaHICTb IpadiTy ICTOTHO 3MIHIOETBbCS I
BIUIMBOM EJIEKTPOXIMIYHMX TPOIIECIB, SIKI CYNPOBOIKYIOThCSI IHTEPKAJISLIEI0 aHIOHIB 1
KaTiOHiB, 0COOJIMBO B YMOBaX MPHUKIIAJACHOTO 30BHIIIHHOTO OTeHI Ay [19].

Matepianu Ta MeTOAMKA eKCIIEPUMEHTY

Jlist mpurotyBaHHsl pO3YMHIB BUKOPHCTOBYBAJIM aHUIH (x4) BUpoOHMITBa Aldrich,
COJISTHY KHUCIIOTY (X4), IUCTIIIFOBAaHY BOMY. |'OTyBanM BUXiZHI PO3YMHHU aHIIIHY Pi3HUX
KoHIIeHTpalii y 3,0, 2,0, 1,0 Ta 0,5 1 HCL

I'yctrHM nocmimKyBaHUX PO3YHMHIB BH3HAYAIN MIKHOMETPHYHHM METOJOM, a iXHil
MOBEPXHEBUI HATAT — CTAJIArMOMETPHYHUM METOIOM.

EnextpoximiuHa momudikariss moBepxHi rpaditry MIII-7 BigbyBamace B armero-
HITPWIBHOMY po3uuHi, 1o mictuB 0,1 M Gensenniasoniii rerpadropdopar (bBATDE) Ta
0,1 M mnitiit nepxiopar. ['padiToBa mracTuHKa CiIyryBajia poOOYHM €IEKTPOIOM, IOTIO-
MDKHHH €JIeKTpOJ — IUIaTHHOBA IIIACTHHKA, EJEKTPOA TOPIBHSHHS — HAcHYEHHWH
xnopcpiOumit. Monudikarito rpadiToBoi MOBEpXHI BUKOHYBAJIN y NOTEHIIOCTATUIHOMY
peXuMi 3a crajoro 3HaueHHs norenuiany —0,2 B. TpuBamicts mpomecy — 5 XBHIIMH.
[Ticns mporo TpadiToOBi MIACTHHN OaraTOKpaTHO MPOMUBAIIM ETHJIAETATOM Ta CTHIIOBUM
CIHUPTOM, 100 M030YTHCS NPOAYKTIB MOYKIIMBHUX MOOIYHMX pEaKIliii Ha MOBEPXHI.

Busnauanu kpaiioBHMil KyT 3MO4YyBaHHS TBEpJOi MOBEpXHI rpadiTy pozdrMHAMH
aHUTIHY B COJISTHIHM KUCIIOTI. B AOCTIHKEHHSIX BUKOPUCTOBYBAIA METO/I JIS)Ka40l Kparui.
Ha mnomepenHp0 MiArOTOBIEHY MHOBEPXHIO TpadiTy HAHOCWIM KPAIUIMHY PO3YHHY
o6’emom 10 wmxi. TlpoBoamim 5 mapanenbHUX BUMIPIOBaHb, MOMIMIAOYM KPAIUTUHA
PO3YMHY Ha Pi3HI JUITHKH ITOBepXHi. Pe3ynpTaTi mapanseasHUX BUMIPIB ycepeaHIOBANN.
[Mpoekuito kpamnuH Ha migkitaani  ¢ororpadyiors. Bucoty Ta miamerp Kparii
BU3HAYaroOTh Oe3nocepenHbo 3a GoTo3HIMKOM (pHc. 1). 3HaUueHHST KOCHHYca KpaioBOTO
(d/2)?-h?
(d/2)?+n?’
OCHOBHU Kparut; # — BucoTa kparuti. J[ns po3paxyHky poOOTH Koresii BHKOPHUCTAIH
piBHsHHS [{forpe, a Ji1s BU3HAYCHHS PIBHOBAXXHOI pOOOTH ajresii piAMHMU 3aCTOCYBaJH
pisusaHs dronpe—tOunra. Bei mocnimkeHns mpoBoawiu 3a temmepatypu 20 °C.

KyTa 3MOYYBaHHS OOYHCIIOIOTH 3a (hopMyioro cos 0 = ne d — mmpuHa

PesyabTaTn gociigkeHs Ta 00roBOpeHHA

MeTomoM IUKIIIYHOI BOTBTAMIIEPOMETPIl JOCTIIHKEHO MIPOIeC BiTHOBICHHS OCH3CH-
Jia30HiI0 TeTpadTopbopaTy Ha TpadiTOBOMY EICKTPOJIi 3 AlCTOHITPUIBHOTO PO3YHHY
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(puc. 2). Ha meprioMy DUKII pO3TOPTKU MOTEHIIATY CIIOCTEPITAlOThCA KK BiTHOBICHHS
3a noreHmianiB omuspko —0,07 Tta —0,30 B. Ilik 3a norenmiany —0,07 B Biamorimae
TIpOIIeCy BiXHOBICHHS Jia30C0JIi 3 YTBOPEHHIM (eHlIpHOTO pagukana. [20].

Puc. 1. [lo BU3HaUEHHs KpaliOBOIr0 KyTa 3MOUYBaHHS
pozunHamMu MoaudikoBanoro rpadity mapku MIIT-7.

Fig. 1. To determine the marginal angle of MPG-7 graphite wetting by solutions.
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Puc. 2. lluxnigna BonsTamneporpama rpagirosoro exexkrpoaa y 0.1 M po3unHi
OeH3eH/11a30Hil TeTpadTopOOpaTy B allETOHITPHIIL.
Fig. 2. Cyclic voltammogram of graphite electrode in 0.1 M solution
of benzenediazonium tetrafluoroborate in acetonitrile.

Ha HacTymHUX LMKIIaxX CKaHYBaHHS MOTEHLIANY CIIOCTEPIraeThCs pi3Ke 3MEHILCHHS
CTpYMIB BiJHOBJIEHHs. L{e CBIAYMTH MPO MOKPHUTTS MOBEPXHI MPOJAYKTAMH BiJHOBICHHS
OeH3eHtia30HiI0, SKi OJOKYIOTH ii Ta MEpeNIKoPKAIOTh MOJANIBIIOMY €JIEKTPOXIMIYHOMY
nporecy.
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OTtpuMaHi pe3yIbTaTH MiATBEPIKYIOTh MOXIIUBICTh MOAM(IKaIlii ToBepxHi rpadiTty
NUIAXOM eJIeKTpoXiMiuHOro BigHoBJICHHS B/IT®b. Byno BuOpano 3HaYeHHsS MOTEHINIATY
—0,2 B s MOTEHIIOCTATHYHOTO BiAHOBIEHHS coii mpu Momudikamii rpadirtosoi
MOBEPXHI.

3anexHICTh CTPyMy BiTHOBJIICHHS OCH3EHIia30HII0 TeTpadTopOOpary Bix dacy mpo-
1ecy Moaudikarii moBepxHi 300paxeHo Ha puc. 3. Ha orpumaHiii 3a1e:KHOCTI criocTepi-
Ta€THCS MTOCTYIIOBE 3MEHIICHHS CTPYMY BiJIHOBIIEHHSI BHACIIAOK Mozwdikamii moBepxHi
NPOJIYKTaMH BinHOBIEeHHS. Moaudikariss npu3BoauTh 10 (GOpMyBaHHS TOKPUTTS, SKE
XapaKTePHU3y€ETHCS 3HAYHUM SJIEKTPUYHIM OIIOPOM.
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Puc. 3. 3anexHicTh CTpyMy BiTHOBJIEHHS (eHUIAIa30HII0 Bix yacy Moaudikanii rpaditoBoi
noBepxHi. [Torenuian rpadirosoro enexkrpoxna -0,20 B BirHOCHO HacH4YeHOTO
XJIOPCPIOHOTO ENEKTPO/IA.

Fig. 3. Dependence of the reduction current of phenyldiazonium on the time of modification of the
graphite surface. The potential of the graphite electrode is -0.20 V relative
to the saturated silver chloride electrode.

Jocnimkeno 3mMouyBaHHs rpadiToBoi moBepxHi MoJu]iKOBaHOT HIISIXOM €IeKTPO-
XIMIYHOTO BiJJTHOBJICHHS! OCH3CHI1a30HII0 PO3YNHAMH aHLTIHY B COJISHIM KHCIIOTI. 3anex-
HICTh KOCHHYCa KpailoBOro KyTa 3MOYYBAaHHS BiJi KOHIIEHTPALiil aHLTIHY Ta COJSHOI
KHCIIOTH y BOJIi 300pa’keHO Ha pHcC. 4.

Enexrpoximiyna Moaudikallis moBepxHi rpadity CyTTEBO MOJINIIYE T 3MOUyBaHICTh
MOPIBHSHO 3 HeMoupikoBaHOIO MoBepxHeto [21]. HaiTh y Bumaaky 4nucToi Boau cepenHe
3Ha4YeHHS cos 0 = 0,44, 1110 € IeII0 BUIIUM HOPIBHIHO 3 HEMOIU(IKOBAHO MOBEPXHEIO
(cos 8 =0,32).

Jliist po3umHiB 3 KoHIeHTpariero kuciotu 0,5—2,0 H Ta anitiny 0,0—-0,1 H 3MOYyBaHICTh
rpadiToBOi MOBEPXHI MOTIPIIYETHCS MOPIBHAHO 3 YHCTOIO BOJOI0. 30UIBIICHHS KOHIICH-
Tpauii KUCJIOTH M aHUTIHY MPU3BOIUTH 10 3poctaHHs cos 0. Haiikparioi 3MouyBaHOCTI
JIOCSITHYTO 3a KOoHIeHTpauii anutiny 1,0-2,0 v Ta kucnotn — 3,0 H. OTpuMaHi pe3yiabTaTi
MOXKHa TIOSICHAUTH MOBEPXHEBO-IHAKTUBHUMH BJIACTHBOCTSMH COJISIHOT KHCJIOTH Ta
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MTOBEPXHEBO-aKTUBHIMH — COJITHOKHICTIOTO aHiJIiHY. 32 BUCOKHX KOHIIEHTPAIid aHUTIHY
Ha noBepxHi rpadity BimOyBaeThcst ajacopOuis katioHa (eHinamoHito. O4eBUAHO, MO
(eninpHa Tpyma Oyme opieHTOBa B OiK MOBEpPXHi, a aMiHHa rpyma B OiK PO3YHHY.
HasiBHiCTh (heHITBHUX TPyH NMPUBUTHX 1O TMOBEPXHI CIPUSTHME LIbOMY Tpoiecy. Tomy
TOJINIIEHHST 3MOYYBAaHOCTI CBIMYUTH MPO HASBHICTh NPUBUTHX (PEHUTPHHX TPYN Ha
rpagiToBii HOBEpXHi.
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Puc. 4. 3anexHicTb KOCHHYca KpaifoBOro KyTa 3MOUYyBaHHS Bijl KOHLEHTpALliil aHiNiHy
Ta COJISTHOI KMCJIOTH Y BOJI AJIsSI €IEKTPOXIMiYHO Mo/iM(ikoBaHOi moBepxHi rpadity MIIT-7.
Fig. 4. Dependence of the cosine of the contact angle on the concentrations of aniline and
hydrochloric acid in water for the electrochemically modified surface of graphite MPG-7.

Bapro 3a3HaunTH, 110 HaBITH 32 BIICYTHOCTI aHUTIHY 301UIbIICHHS KOHIIEHTpAii
KHCJIOTH TPU3BOJUTH 10 MOJIMIICHHS 3MOYyBaHOCTI moBepxHi. IlosicHuTH neit gaxr
MOYKHa IHTEpPKAJSIIEI0 XJIOPH/-I0HIB Y MOBEpXHEBI miapu rpadity. Bizomo, 1o aHioHu,
3okpema Cl7, 31aTHI MPOHMKATH B MDKIIAPOBHH NPOCTip rpadiTy, 3MIHIOIOYM HOTO
MOBEPXHEBY €HEPTil0 Ta KpaloBHi KyT 3Mo4yBaHHs. Taka aHIOHHA IHTEPKAIALIsI CyNpo-
BOJDKYETBCS IepeOy/IOBOI0 €JIEKTPOHHOI CTPYKTYpH TpadiTOBOi MOBEPXHI Ta MOSBOIO
MOJISIPHUX LEHTPIB, 10 CIIPUSE NPUTITYBAHHIO MOJIEKYJI Boju [22].

Ha ocHOBI pe3ynpraTiB BU3HAYEHHS KpPalOBHX KYTIB 3MOUYYBAaHHS pPO3PaxoBaHO
3HaueHHA poOit axaresii (W,) ta xoresii (W.) (tabn. 1). Jnsg Bogm poboTtu amresii ta
xoresii popisrio0Ts 0,105 Ta 0,146 [oc/wm?, BinmosigHo. 361LbINEHHS KOHIEHTpAIi
aHUTIHY TPHU3BOAMWTH /O 3MEHIICHHS pOOOTH Kore3ii, IO 3yMOBIIEHO 3MEHIICHHIM
MOBEPXHEBOI'O HATATY po3uMHiB. Pobora aaresii po3umHiB n0 rpadiToBOi MOBEpXHI
BUSIBIISIE 3arajibHy TEHACHIIIO 10 301TBIICHHS 31 30UIbIICHHSIM KOHIICHTpAIil aHUTiHY,
xoua y Bunazaky 3,0 H HCI HaiiBuie 3Ha4eHHs poOOTH CIIOCTEPIracThes 32 KOHIEHTpaIlii
aninminy 0,5 H.
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Tabnuys 1

Pe3yabTaTn q0caiKeHb 3MO4YBaHHS eJIeKTPoXiMiuHO MoaudikoBaHoi noBepxHi rpadiry MIIT-7
po3unHamu anijginy B HCI

Table 1

Results of studies on the electrochemically modified graphite surface wetting MPG-7 with solutions of
aniline in HCI

Konmen- 3,0 u HCI 2,0 1 HC1 1,0 1 HCI1 0,51 HC1
Tparist
anininy, #|Wa, Jlx/m?| We, JIx/M? Z[\XY/;IZ HX(V/CI;/IQ H;v/j\’dz H;\]/iﬁz HyKv/;Q Z[yxv/cliﬁ
0 0,106 0,138 0,093 0,138 0,099 0,140 0,097 0,142
0,05 0,104 0,140 0,089 0,129 0,108 0,149 0,089 0,136
0,1 0,104 0,136 0,099 0,129 0,110 0,145 0,092 0,135
0,3 0,111 0,135 0,106 0,129 0,104 0,140 0,106 0,136
0,5 0,118 0,136 0,104 0,127 0,109 0,136 0,108 0,136
1 0,102 0,116 0,107 0,130 0,109 0,128
2 0,098 0,111 0,110 0,126
BucHoBku

EnextpoximigHe BiTHOBIICHHS COJICH Aia30HIIO € MEPCIIEKTUBHUM IIiIX0A0M MOIH]i-
Kauii noBepxHi rpadity. MoaudikoBaHi MoBepXHi JEMOHCTPYIOTh J00PY 3MOYyBaHICTh
pozurHamu 1,0-2,0 = anininy B 1,0-3,0 H HC, mo moxe 6yt KOPUCHHAM JIJIsI CTBOPCHHS
cneuudiyHUX MartepianiB. 30KpeMa IIpH CTBOPEHHI MPOBITHUX KOMIIO3UTIB, SIKI MOXYTb
OyTH BHKOPHCTaHI IPH PO3pOOIIi IPKEPET CTPyMY, CYIepKOHICHCATOPIB i CEHCOPIB.
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[Monani y wiii craTTi pe3ynbTaTd AOCIIKEHb OTPUMAaHO 3a (piHAHCOBOI MiIATPUMKH
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SUMMARY
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INFLUENCE OF GRAPHITE MODIFICATION BY ELECTROCHEMICAL REDUCTION OF
BENZENEDIAZONIUM ON SURFACE WETTABILITY

Ivan Franko National University of Lviv,
Kyryla i Mefodia Str., 6, 79005 Lviv, Ukraine
e-mail: yaroslav.kovalyshyn@Inu.edu.ua

The process of reduction of benzenediazonium tetrafluoroborate on a graphite electrode from acetonitrile
solution was investigated by cyclic voltammetry. In the first cycle of the potential scan, reduction peaks are
observed at potentials of about -0.07 and -0.30 V. The peak at a potential of -0.07 V corresponds to the process
of reduction of diazo salt with the formation of a phenyl radical. In the subsequent cycles of potential scanning,
a sharp decrease in reduction currents is observed. The results obtained indicate the possibility of modifying
the graphite surface by electrochemical reduction of diazo salt.

Electrochemical modification of the surface of graphite MPG-7 was carried out in an acetonitrile solution
containing 0.1 M benzenediazonium tetrafluoroborate and 0.1 M lithium perchlorate. During the process, a
gradual decrease in the reduction current is observed due to surface modification by reduction products. The
modification leads to the formation of a coating characterized by significant electrical resistance.

The wetting of a graphite surface modified by electrochemical reduction of benzenediazonium by
solutions of aniline in hydrochloric acid was investigated. The contact angle of wetting of a solid graphite
surface by solutions of aniline in hydrochloric acid was determined. The Dupre equation was used to calculate
the work of cohesion, and the Dupre—Young equation was used to determine the equilibrium work of adhesion
of the liquid.

Electrochemical modification of the graphite surface significantly improves its wettability compared to the
unmodified surface. Even in the case of pure water, the average value of cos 6 = 0.44, which is somewhat
higher compared to the unmodified surface (cos 6 = 0.32). An increase in the concentration of acid and aniline
leads to an increase in cos 0. The best wettability was achieved at aniline concentration of 1.0-2.0 N and acid —
3.0 N. The results obtained can be explained by the surface-inactive properties of hydrochloric acid and the
surface-active properties of aniline hydrochloride. At high concentrations of aniline, the adsorption of the
phenylammonium cation occurs on the graphite surface. In this case, it is obvious that the phenyl group will be
oriented towards the surface, and the amine group towards the solution. The presence of phenyl groups grafted
to the surface will facilitate this process.

Based on the results of determining the contact angles of wetting, the values of the work of adhesion (Wa)
and cohesion (Wc) were calculated. For water, the work of adhesion and cohesion are equal to 0.105 and 0.146
J/m?, respectively. An increase in the aniline concentration leads to a decrease in the work of cohesion, which
is due to a decrease in the surface tension of solutions. The work of adhesion of solutions to the graphite
surface shows a general tendency to increase with increasing aniline concentration, although in the case of
3.0 n HCI, the highest work value is observed at aniline concentration of 0.5 n.
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Electrochemical reduction of diazonium salts is a promising approach for modifying the graphite surface.
This can be useful for creating specific materials that can be used in the development of current sources,

supercapacitors, and sensors.

Keywords: benzenediazonium tetrafluoroborate, graphite, aniline, contact angle.
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