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DPCIEAR Y I —ARx— NUEICB T 2EERZFREETH Y, ZOFRENEOR TS, BUTORLEER L OZF0lE
a5 DRESN TV DEEERIEICON TR, ZOMEREZHLMMNC L. £72, E7 Y —EOAFH
P, BLOBEBR I TV D ERE & BEE T 2 MRS OBFEFIZ SN Tk ~, ZOMBEREH LT LT,
IO OB AR T 57200460 L R 5 FHEHRIEORBEORBREL RS, EREHIELZHEAT 28BSV
Tim U7e. SBRG ORI T H 2 W5 22t JIHIE S ATER 72 &5 2> L= DPC A pk & D ek J1 &R L 7=
B 2= VEREAME IR XOBENE T2 2 L OER S EEMEEZ IR AT,

% 2% [Pd(in-situ NHC) BRFHLLIZ & 5 DPC Ak

PdC1, (MeCN) , FEMFAMEIZ I 5 DPC ARSI R U TR ARBINL T O R 7 UV —= 0 T & T o7z, Z OFEHR, NHC BlfL
FTH 5 Mes, IPr Z AW TEMBISEIT o128 25, DPC DA BN BRI ORE & &b ICEAROITHm L 7-.
NHC OYINZ LD PA DT / — R TCOFBLEIEA IR L S ETL, EFICEMRI LR =N ETTLZ L%
RH L. &5IZ, NHC ORIBRMEATH DA I Z Y 7 A¥EO IMesHCl, IPrHC1, I#BuHCl, SI#BuHCl Z AW T,
DPC Al T 35 L OVEEFR N =AM L, IMesHCL < IPrHC1 < IzBuHCl < SI#BuHCl DNEIZ DPC A R A e+
HZERRB LA, RERFEMHICBWCERDRN RN TIINECH LU, ERMEE Lod 225 5mA (ZHINSE
5 BN AL TR T2 Z EBRH LN ERY, ET N AL R 7. PANHC), EMRAMEOME
JHBAEIZ DWW TRET AT o 7o f5 5, NHC BEAZ 7 (TMes 36 KON IPr) & EX, PAdICEM T2 2 TAuT /— K ET
D P D P& ~DEE{b AR L, DPCARGERE, BIRNELMMIELZ LRnbhrotc. A IX VT LENLD
NHC D2 B 12 DWW TRRET L7255, PhONa OEIEDIERIZ L D A I X U U A5 NHC B3FAT 5 O Tidie
L AZIEVTLEDN Y — FETICE Y NICABAEL TNWD Z ENRRBEN, in-situ THAE L7z Pd(NHC)
B L LTEA L TWA Z LB LN E R oT-.

#3E [AuT7 /— FOIEMAL L Pd(in-situ SI#Bu) BAREAEI X % DPC &

02 EOERE O T, mERERERKICESWTEWERIERE R T 57201, PAOBILIGSE THD Au 7
= RIZOWTHEERITo 7o, IRFWE LW 7 Au BT 2S5 2 8280, P OFEBILEHEDR L4
Hfg L7z, BRFEMAKE LT, AC, XCT72, KBy, GR-1, -2, -3 ZMHW\T Au/C ZFHH L, DPC A=pkii i 2 34 L 7=
FOFEE, Au/GR-3 RNELEIRMTHALZ L2 RH L7, AuNPs/GR-3 Ziill4 % & & OB THI O, #uTinE
LARHEHNOEHED Au B FEUTTT B8 % B 5752 L, DPC AERRIENE & OFEEH Sz L. {R#H (PVP) 17
fET, 208 K CNaBH, ZHWTEILT 2 LICEY, 2 nm D Auki 23 GR-3 LICHEFS I, f b DPC ARUEME
PRETZZEEZAM L. CVIEND, M7 Auki 712 &, PA°(NHC) OFLIEE N KE W L3 bho72. Au
DR FEMEZF LT T D708, Pt NPs/GR-3 7/ — REMET L7CHER, Pt REIZ CO A% AE L PAIIWAETE T,
b SN2 & bhr 7=, Au NPs/GR-3 DENZMEIT Au ZEm F1T CO I Liz< <, PAd(NHC) #Eg (kT %8
WZHDHZ MW LMNERSTz.

BTAE [ NUBUT ) —FBLICE A7 == VA RRY

BRI L 2R B DO H 7Y U TRIGICR L TRBEDO A Y ) — = T {T oz, B 7 = = )VAEROEER
MIRRE ATV, WY RIS SEORF 21T o 7. SAFEMEOMWEIZ L0 ISR N R Z Enbholz. B
Tz = VAERBREIC OV TR ZIT o TR, 7/ — R ETRUB o b3 L, SELiIsiALs s LTEM
L, B7 = VARMISZMEEL TV D 2 & 23 <R STz,
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This doctor thesis is consists of following 5 chapters.

Chapter 1: Introduction

This doctor thesis includes study of electrosyntesis of diphenyl carbonate (DPC) and biphenyl. Accurately
controlled eletrochemical potential in DPC synthsis and strong electrochemical potential in biphenyl synthesis
were used.

Chapter 2: Electrosynthesis of DPC by using Pd(in-situ NHC) electrocatalyst

Electrochemical carbonylation of phenol (PhOH) with CO to DPC was studied using a homogeneous Pd
electrocatalyst. Various ligands were screened and N-heterocyclic carbene (NHC) groups, such as
1,3-di-mesitylimidazol-2-ylidene (IMes), were found to be effective for the electrocarbonylation. An in situ
generated NHC derived from a 1,3-di-alkyl-imidazolium chloride was also effective for the electrocarbonylation
and 1,3-di(tert-butyl)imidazoline chloride (SItBUuHCI) was the most effective NHC precursor to PdCl,(MeCN),
electrocatalyst.

Chapter 3: DPC synthesis by Pd(in-situ NHC) electrocatalyst usig Au nanoparticles anode

Electrochemical carbonylation of PhOH with CO (1 atm) to DPC was studied by using Pd-(SIt-BuHCI)
electrocatalysts and graphene-supported Au nanoparticle (Au NPs/G) anodes. Au NPs/G anodes prepared by
impregnation and liquid-phase reduction methods were characterized by using transmission electron microscopy,
X-ray diffraction, and inductively coupled plasma spectroscopy. The size of Au NPs could be controlled by
preparation conditions such as types of reducing agents, reduction temperatures, and the with and without a
stabilizer. Particle sizes of Au influenced the electrosynthesis of DPC. The formation rate and the current
efficiency of DPC were high when smaller Au NPs were used as anodes. Studies of cyclic voltammetry of the
electrochemical system indicated that oxidation rate of Pd° was accelerated at smaller Au NPs. As increasing the
electrolysis current, the contribution of anodic side-reactions became major at the Au wire anode; as a result, the
current efficiency of DPC formation lowered. On the other hand, smaller Au NPs anode efficiently enhanced the
DPC formaton at the severe electrolysis conditions and relatively high formation rate and current efficiency of
DPC were achieved.

Chapter 4: Syntheisi of biphenyl using anodic coupling reaction of benzene

Electrosynthesis of biphenyl with benzene was studied by using electrocatalyst. Studies of cyclic
voltammetry of the electrochemical system indicated that anodic oxidation of benzene was important step for
biphenyl formation.

Chapter 5: Summary
This doctor thesis was summarized.
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