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Fig. 1-1 Range of sound frequency corresponding to cavitation and

relaxation phenomena.
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Electrode interface Reaction control

Concept of electrode interface modification
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(Energetic control)

Functional material
modification (Chemical control)

Structual / morphological
modification (Physical control)

Catalyst Solidification Light

Redox mediator Gasification Magnetic field
Enzyme Micellation High pressure field
Chiral material Hydrophobic High gravity field
Molecular / ion seave Ultramicroelectrode Ultrasound

etc.

etc. etc.

Fig. 1-2 Concepts of electrode interface modification for reaction control

in electroorganic processes.
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(Scheme 2-1) %3&%E L7131 |

arcHo &tH72e+2H" 1 ArcH-CHAr ; ArCH,OH
2" 5 G/
(HD) (HM)
Ar 1 CgHe, p -CHsCgHa, p -CNCyHa

Scheme 2-1  Electroreduction of benzaldehydes to the corresponding

hydrodimeric (HD) and hydromonomeric (HM) products.
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W, FBRE LIRS TFOR LIRS L) ICHREL 2%H4E, DIECLEVORELE]
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Counter Working
electrode . electrode

Water I

4
Transducer \

Ultrasonic cleaning
bath (100 W, 36 kHz)

et AR o3

Fig. 2-1 Placement of cells and electrodes in an ultrasonic cleaning
bath (100 W, 36 kHz). The cells were well-immersed in the bath (A, C,
and D). Only the bottom of the cells was immersed in the bath B). A
working electrode chamber was placed in a corner (A) and centers (B, C,
and D) of the bath. The working electrode surface was positioned
parallelly(A, B, and C) and perpendicularly (D) to the propagating direction

of ultrasonic waves.
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Table 2-1 Electroreduction of benzaldehydea) in an ultrasonic
cleaning bath (100 W, 36 kHz)

Stirring mode Current efficiency Product selectivity
for [HD] + [HM]/ % for [HD) / %
Still , 36 40
Mechanical® 63 72
Ultrasonic A® 66 72
Ultrasonic BY 70 96
Ultrasonic C® 69 97
Ultrasonic DY 70 96

a) Electrolyzed by passing 0.5 F mol™! at 20 mA cm™? on a lead cathode in
a 0.25M H,S0, / 50 % MeOH solution (1 M=1 mol LY. b) Stirred by a
rotating magnet bar. c) See Fig. 2-1.

feoT., BEWRKG BN TOEMES X UCEHERORE D I DWW TIEEFRZE
(HD+HM) . HDAERGERIZIGIEL §5 2 LIS X DIGFELSTTRB L 2%, Table 2-1D5
BIh, ZOBEFEDBIIEBEOME I ST LART KEERNICBIT 5 BHED
MBICHEELTWA EER D, KFIZBIT 536 kHzOBHFEDWRED 4cm MBTH 5
CEAERTNEINGIHNPTESL, $hbb, BFEORZSEZDORELFARE
Th 51O BHEHADOTEHIE EOMBIZBN TS ZRIFERENR , BREDRE D
BEIHAIREEH TELLDLEEZ ORA, UL, BERESSFIIZOWELD D
FHREVTDICTEEBRHNOTEL, B, THBITHEZEICI W EMILLTBY,
B EABE HE S N BICKEIRKBENs b0 L Bbhs, T/, BF
WREH RN OER L, EESAMICRELKET A ZEdRONTBY? | BERILF
FISOBFHREBEEZET SEIERE 2> TwWbh, LAd> T, BHEE»D BB EER
2475 1 i, FED D O BBWD ERIEY ., BER TR AL &% T
BICH T X A EBEBEIATRTH ), BEEFRE LTSS E HWHZ LITEST
BN EMPA RS ‘

TSR L. BERESTF ATy FAR- VB ERBIREFEERSRICEAT A Z
EHRTEDL -OBBRIUISRICBWCIIFRLEBRETEOEHCAE R EE LYREEIC
HECcE, SLICREELRNNTIA—F THIBBFRZANVF—DOHNEIHIEL TH 5
CEVENINTHE, FIC, WERIRE TRV EREA L-BEERER L A, B
BEOLBBEEITH L LD ICHFETH 58— v Rimib e TR L O R EIZOWT
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bEEE LT, Fig 2-210BEWIRE) TR — V2B LB VOBIER %L, £ 7:Table2-2
Cp AT VR AT VT e FOETRIE (Scheme 2-1) #ETFNVE LIZBHERHRERT .

Thermostat
Ultrasonic stepped
Cathodic horn
solution
) Pb disc cathode
‘z?ot?lc (Diameter, 3.3 cm)
solution
N
| -"‘ 6mm
) 1.70r3.4cm
Thermistor Rotating magnet bar |
Platinum anode o
Glass frit diaphragm

Fig. 2-2 Electrolytic cell with an ultrasonic horn (a titanium alloy lod with 6 mm
diameter, 0-20 W, 20 kHz).x

Table 2-208EH0 S, BEUIRET R — VXA D X 5 (BB EEREE % RiE
LD, HI100 WORESHC X 2BERIE L IZIZFRFOHNREB L 210001
DA CERTESL Z L 5, FBEIUSO KIS IEBBALTH 5720, BEHEHE
SEIEA— VO & B E OBEBEICKRE RFET A2, R —EICS 2 ITT I,
HITREICIS U7 BB R R 2B TE A EPHO N E o T,

PEORER L ) BFEEH IR LBEREE FA - 2 Hwa 2 & T, BEEER
PERIRINCEMTE 2 2 EAUREND, L VRBELRERELELTAGEICEEZw
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Table 2-2 Electroreduction of p-methylbenzaldehyde® at
various stirring / irradiation modes

Stirring mode Current efficiency Product selectivity
for [HD] + [HM]/ % for [HD] / %

Still 35 0
Mechanical® 74 67
Ultrasonic® 77 99
Ultrasonic® ® 72 93
Ultrasonic%- D 80 96
Ultrasonic®: & 89 98
Ultrasonic® ™ 70 94

a) Electrolyzed by passing 0.5 F mol™! at 20 mA cm™ on a lead cathode in a
0.25 M H,S0, / 50 % MeOH solution. b) Stirred by a rotating magnet bar.
¢) Cathode was positioned 6 cm apart from the bottom of an ultrasonic
cleaning bath (100 W, 36 kHz). d) The cathode was positioned 1.7 cm
apart from the top of an ultrasonic horn (0.6 cm diameter, 20 kHz). e)
Ultrasonic power, 4W. f) 8W. g) 12W. h) The cathode was positioned
3.4 cm apart from the top of the horn.

LODDEEIIRD o 728 2L, BHEESHRRFICB TEFE 2 BT dH LB
DT 5729, BREEICET 5 KB 2SEHEPEE,IC X ) Z0RRICERD D 51T
Thb, Tbb, ¥ SN BAEEET kH20BEW, OKFIZBIT 5 BEREIZBnTH
Hn, WERRETFA— BB E OBEMESAGOLER T LISBE BRI 11
Ebbl b, bbAABBFTEOEEL AN X —YFE» L OMEEICKH L. HEE
BT A2 LI X 2 8NN S I L TH, BEEMNR OISO LERE T L O R
HIEEBICEAHE Th o /o s SIS EMENEET S O O KRS EHEICEERT 5720
THY, B LIIEREIERENS L) BB LT ATHRINL HETED
AW, EBEHTERVWEEZONS, $72, BREMMMEICBIT 2 8F L AV F—
TWHREE) #EERT S LT ENEEROBELREICBOALZ LI TEL L
Bbhbis, 0L AL R FERLEBIAEINOOH LR THY ¥, HE, £

FHEOWE RS ATHIED CRTSThH L, RELCBWIEHATAF Y F—Yav
FHCX D —BOWEIFEONTVEN, RO TH S, DD, T I THN

AE IR ERR T, BIbRv, EBR, BEEFEORMFNBIN, BEZ &0 RISE
BEOWREZRISHOGOERLZH ) LESH L I EWNRBEINS,

13



3 BEWEE (5E) BhFR

R 7R PR ST E IR IR S BEICR TR SN E b O THS
4. A TB. RIS L0 20 USEEORRER A LOER £ LESHD
i MESHEE TS 2, 7 2 ToOMEETRT 5720, BEH HHE YIRET 5
B RE) (R EELEE LA, Tabb, BEEKRBEERESES 210k
D . YR ASEMRN % (RS B 7o (AT B SRR A ER A BUMET B 2 L %
Sk foo REEEICVS 2 (EHBE I OBELIC & 5 BB NEETT 2> & O SUR 2 F 80 BB
YIEEwnavas, ZoOBBLEICBITABEFRBEIRMERTORELERE T HLEN
DT, BHEEOMAZOb DL BAT I ENTE B,

<«—— Ultrasound-stepped
horn (Ti alloy)
Platinum anode
\\ t Thermally-shrinking tube

/ (a) Tip-section-loop (TSL) cathode
(Diameter : 19 mm, Area: 2.8 cm2)

H-shaped divided cell

15mm, -

- (Diameter : 6 mm, Area : 2.8 cmz) i- 75 mm (c) Lateral-loop (L.L) cathode

J ~A15mm
- -- - (Diameter : 6 mm, Area: 2.8 cmz)

(b) Lateral-node (LLN) cathode

Septum cap

Septum cap

Fig. 2-3 Ultrasound-vibrating electrodes.
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Fig. 2-4 Current efficiency for HM + HD and selectivity for HD in electroreduction
of p-cyanobenzaldehyde on the tip-section-loop (TSL) cathode of an ultrasound-
stepped horn (20 kHz). Ultrasonic power: 0 W (@, O), 80 W (A, A).
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and irradiated (38kHz, 120W) cathodes of an ultrasound-stepped horn.
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Fig. 2-6 Current efficiency for HM + HD and selectivity for HD in electroreduction
of p-cyanobenzaldehyde on the lateral-node (LN) cathode of an ultrasound-stepped
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horn (20 kHz). Ultrasonic power : 3 W (@, O), 6 W (A, A).
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Fig. 2-7 Current efficiency for HM + HD and selectivity for HD in electroreduction
of p-cyanobenzaldehyde on the lateral-loop (LL) cathode of an ultrasound-stepped
horn (20 kHz). Ultrasonic power: 3 W (@, O), 6 W (A, A). |
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Fig. 2-8  Distribution of vibration in an ultrasound-stepped horn.
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FEOFOMEER R IETE LY, AREBRS S $-88 (B LRLEEST (B
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FERABRAROMINEFIC X o TRE NIz, —F, BERACFEUEOHEILEREEICL o
TEREINA-D, BRAFEZNAIZ LIFOBBEEEORELHEHBERD L LIC2 S
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ERZFXF v T~ a YOEREBEMITERNIKRIEL7, oIk, FvyET—T 3
YADOFBEET L L TET O b BE RERGEA T 2b b BRROEOBEICOWT
PRE L, AEOTMTH S [FREBISICBIT 2 WHBBMREDR] 2RET 5.

3.2 KNy TR =X BBERLRO M

EOETESVIIBICUE LAEFEFRT VFY FOBRMETINE. &R OEE 5
DIHRELTRVE VX M) —2dult LZBRALZNEICBWT S BDTE L OifgELs
ZENTE /21012 | BRio BBUORBETICBITBp X F VRV AT VT RETOKIL

p YR W R ER IS L) KT B L, B T 5 AERAE S 1D

o, ZOBMEBERIIEESTFO—BFRBTIHISLTBY, ZOBMERICETIIE
FREEPIL ORI TIEINTNWAZ L LIHBAER L DELN, COERMSK
EWVEIEWERBBRESRNC LI b, FITAETIRET, BEERRBRFICL2EBE
R 2 BRI T 5 720, BUKBBRFICBITSp A F VR XTIVTFE FRITO
RS v A M) —HEE#A BERHTBETICBV T2/ Fig3-1) o

10
=
3)
< 5r
g
0 M0 | | | l
-0.8 -1.0 -1.2 -1.4
E/V vs. SCE

Fig. 3-1 i-E curves for p-methylbenzaldehyde at a lead cathode in H,SO, / 50 %
MeOH under ultrasonic irradiation with various powers. Ultrasonic power : 0 W
(Mechanidally stirred) (@), 4 W ([0), 8 W (A), 12 W (O).
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CORNVEVETIALD BRBEETBICICBEERETOWTRLOEAIZBNY
CHRAEHR GREBRAER) BPEONTBY, TOERMITRWELRE L ) BERRS
TC, SOTBEEREDSRECEFERMT 2, 20 Inid, BEERCX2Y
BRI 2SO MABEORRITENKE {22 2 L 2IMEITRLTVRARFRT
Hbo Tix—Ik, ﬁﬁ&%%ml5%§ﬁﬁmm@ﬁﬁw@@f@é%ﬁ FIT, %
NENDOME E W M) EET T ORI R B A R © MM BB IC X D185 7201
E@ﬁﬁ@@%ﬁ#%%k%ﬂé#%uwmwﬁ(&m&)”M:ib%ﬁbt:@mm&
1)

i, =0.620nFD* "y VoC* (Eq. 3-1)

ZZT iy o By Dy ooy v BEUCH BEAER, BBIRABGME, USETH.
77 77— AR, BB EEO MK, BRER L UEEO NNV IRET
Hho F7o, AR O TICEREBEICBWTIEXEMEEZFIH L7 (D=10° ecm?*s?, v =
0.0253 cm?st) %,

Table 3-1 Values of limiting current density obtained
under ultrasonic irradiation with different powers and
equivalent rotation speed calculated from Levich equation

Ultrasonic Limiting current Equivalent rotation
power / W density / mA cm speed / rpm

4 53 1022

8 6.8 1682

12 7.7 2156

ZOREPD, 10 WHIBOHIERETICB T AIRERABRMEIL, HEHRERICBITS
BLZ2000 rpmDEERE & ) B ER D2 D W2 MEICAHS T 5 2 L5505
Waw. WAERSZ LDOTE ABEWHIREEL HnE, SHICKES2YWEEBEZE
BIENUEREEZ b, BERRIC L AEBRBFHOBHIO —HEE) LT
&5,

DX %, BE RN X2 HRAERBOMIMI~ LA VBV ATV, TV R
S OBEHRET, P T ZWVT I VOBLEEORNVSY YA M) —HIEICBNTHFE
RRICBII L Tw5 28, 22 TiEEET 5,
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0 BIC BT &) KBBBEPICBI 2HFRT Ve FOEMRTIIST
. —BIBTENLSVINVOS v T v 7ICk b b a—vik (HD) %25 IIAY
ST T—E (HM) 2SERT %0 72, 2 04 BB L fUS R OFEEINEIZK
HEHZ e PERo THY, HDLEMOAERL (ERMERE) (20T, &
SALE N FUSHEME (Scheme 3-1) T &, WHEBBBR L ERICANLBFH M
WA ENTWEY , —JF, 31T ANVS VA M) —WEDERP L, T OEMRITTK
I RIT T BB B E BEMEE ISER LT \WA 2 & ATRIRE b 72205, A8
TR EROBEWEN T 2bbY I ol — Y a VICk )BT R L BHENIERT 5,
o). WHWRE T THES WD WEBEEED 5 Y I a L—3 3 YTk Y ARWER
MAEH L, BEERHEEROENME L LERFTA2bD0TH 5,

Cathode .
AV ANA AN A A VANV A A AN

+
Hnus————?»Ts—?———»Ss

K I1 I2
m T m T | H*

Hr Y Y

Zb e —— Ub 1/2 Yb Xb
K

Z . ArCHO m : Mass transfer coefficient

+

U: ArCHOH

T : ArCHOH Subscripts

S: AréHOH b : In the bulk solution

Y : ArCH(OH)CH(OH)Ar s : On the electrode surface

X : ArCH,OH

K : Equilibrium constant

i : Current density

Scheme 3-1 Mechanistic reaction scheme for the reduction of

p-methylbenzaldehyde in an acidic solution.
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Scheme3-1IZBWT, 7TVt FEOEBRATM~OWEREREE m, BEE2C LTn
(/qu 3-2 %)§5‘2_ % ﬂ% o

vdC

=-mC Eqg. 3-2
P m (Eq. 3-2)

o

ZIT. V. AL L i BXURIEREN, BRRAHE. BEEEE, BWEE., 1ETE
TOIMRAEBREEB LT 77 97— R THSH, —F. 3.1DFig.  3-LIIBITHILH
RAERZE (i) 25, Eq. 322 B TEHBFEMBEICBIT 2 WEBEBRE m%E RO
BT EHTES (Table 3-2) o

Table 3-2 Mass transfer coefficients (m) for p-
methylbenzaldehyde estimated from limiting currents
(i 1) under ultrasonic irradiation®

Ultrasonic power 1

m/x103cems

/W
oY 3.9
55

8 7.0
12 8.0

a) The cathode was positioned 1.7 cm apart from the top of an
ultrasonic hom (0.6 cm diameter, 20 kHz). b) Mechanically
stirred.

B AOFEOFIIEWT 505, 20 m OMEHVTEg 322 2 LIZX YEq
C 33BLUSATERSINS ARYBINRISEHENS,

2T, AX)R B N AYIEENENEE t 104, 4- VAF Ve Fuxy v 1Y (X)
EpATFNRVINVTNVIA=V (Y) DEBRETHS, ZDOXHILZFIEICLY, Fig 32
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OMEIR L BRENTICBIT A ERYEREL VI 2 V- a ¥V LI R)Fig. 3-2
DEBTEZ OND, F/-, Fig. 3-2070y MIERICY I OAF7 —VOBBERISE
Frol:BEDERETH L0, WEBBLHRE LAERHERE O RW—BROL N
770 TOZ LIZE D | AREBUSICBITHEBERIHRO—2 L LT, WERBDRLED
FEHIICDMEES L, F A R BIRESEER R THBLES CEAALRIIEN
720

Selectivity / %

0 4 8 12 16

Ultrasonic power / W

Fig. 3-2 Product-selectivities calculated (curves) and experimentally obtained (plots)
for 4,4’- dimethylhydrobenzoin (Y) and p-methylbenzyl alcohol (X) in the p-
methylbenzaldehyde reduction. Selectivity for X (O) and Y (A). Electrolyzed by
passing 0.5 F mol™ at 20 mA cm? on a lead cathode in a 0.25 M H,SO, / 50 %
MeOH solution.

3.4 WEBBREZRO ST EH L BEO®RH

SEHRIZ X 2WEREREITRILVSY VX M) - DBFHE D 5 VT ERERSRICBIT
2 BIHNR R LR BIRE R LICi L, BOTELVWEELS 25 2 LIdRR0EBY
Thh, LI2HH, 31 [HE] ITVB X I ICTOWEBBRED A D = X 1%, #
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Fig. 3-3  Relationship between cavitation intensity index and ultrasound

oscillating power in a catholyte for the reduction of p-methylbenzaldehyde.
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yavﬁ@ﬁw WTHBHILERLTWAS, 0, REBRIIBWTHW ¥ vy T —
yavAi—=Fik, FYETAOEBEIIHIME (FvET -V aVHTEL L)) OKRE
KA 27U 73 VICLEDVMETHIEEBETHY, A—FOREFREZVEEFYETF 1
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¥ OREOHKIE, FYET 4 OMEMHLZEOEIMNCLEDDTH S,

—F, pATFNVRYXTIVFe FOBBRTIISRICBIT 5 WERBREDOEEIE
BRIZKBERNS V7 ADORABREE (i) THERALOND Z L3 1TRNZ, £
ZTHIEHRE, BARBEEHIMETICB I 2 BRAEREEZME L (Fig 3
4) o CORERPODNA L), iEMOBFBEERGFHIIZ1s WTHY, TSI
FEOFAYEF - a VEELHIEL T I Lo ONE, T/, BMEL EOWS
BT CIIIEBR R ER EE i SO 2 bbb F v €7 1 DN K2EOHMIC
PRI L T Z & b Fig 3-4 L Fig. 3-5 £ ORTEH S Z 5,

$70. vy DEBC B 54 MEME (HDVHM) | & b (21 HDA BRI b 2 0
ISWOF ¥ ¥F— 3 g VEBIERBICANTAZ LSO, E o7 (Fig. 3-5) ©
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Fig. 3-4 Relationship between limiting current density (i, ) and ultrasound oscillating
power in the reduction of p-methylbenzaldehyde.
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Fig. 3-5 Dependence of ultrasound oscillating power on product selectivity (HD/HM)
(A) and current efficiency (@) in the reduction of p-methylbenzaldehyde.
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Scheme 3-2 Electrooxidation of hydroquinone to quinone.
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Fig. 3-6 Relationship between cavitation intensity index and ultrasound oscillating

power in an anolyte for the oxidation of hydroquinone.
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Fig. 3-7 Relationship between limiting current density (i) and ultrasound oscillating

power in the oxidation of hydroquinone.
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FBILOWTRET L 72e $72 208, #EEMIRICBT A F v U7~ a VBE LR
DFEXEF—TavA—F, EHITRTIVI KRS VOBEREBESY 0oRMELY, v
EF—va vt ORFERICOVWTEmE LIz,

Table  3-3ICKTAUROBEBICBIT 5 p AF VARV X7 IVF FETOBE LIRS
(30 W) ICX 2ILERFAEIEE EOMIME (FRAT & IS T OILE R AR D
#11,) « SO WOBHEBHTICBIIZ23 vy BT~ a vy A—F OREM, 200HOME
FEWRS (30 W) KKXATNVIFRANVOBRBELZO TEBREE LTHW LAY /-
Ve Ty =), 2-7unN) =), ZFLY7)a—- VENENOE LR LI, 2D
RERPS, REEMRREHEICBITS], OFFNLEE &%%K¢57w3$4w®@ﬁﬁi
%5 PILENENOBIRBIC BV TEIER L L TR B RORBEDOHBIRIZ % - T

Table 3-3 Increase in limiting current density with ultrasonic irradiation power
(Ig), cavitation intensity index and weight loss of aluminum foil by ultrasonic
erosion in a variety of electrolytic solution for electroreduction of p-
methylbenzaldehyde, and viscosity of organic solvent added to electrolytic solution

Organic solvent I, /mAcm? Cavitation Weight loss by  Viscosity of organic
added to electrolytic intensity index” ultrasonic erosion™®  solvent (20 °C)?
solution® - / mg / mN s m™
Methanol 4.0 80 32 0.54
Ethanol 2.8 71 2.6 1.1
2-Propanol 1.6 60 2.2 1.8
Etyleneglycol 1.4 89 1.0 21

a) Electrolytic solution, 0.25 M H,80, / 50% organic solvent. b) Ultrasonic power, 30 W.
¢) Irradiation time for 20 min. d) Values cited from Ref. 26.
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FREIC, BIEEROBMHRICBIT A FOf ) VMLoBEERS (30 W) I[ZX 53k
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B2 O ICZFNEROBRRICB T 5 B0 & 0B A #E S iz (Table 3-
4) o LALERIL, A—BREBATIEE—DOXF YT~ a VIlkoThzbdhbH
HIRICE 2 WERBBIIZRSE NI h 220, ¥ U7 1 ORERIIREROWEKE)
BEICRBENEbDLEDNS, fEoT, ¥¥ET A DOFERBLHPT I L 2L
T, RERFT DN TEZROBKER KBS LD, REEHERZMZ5Z & TBEEZT
T LB EEIREIIBE X v, L L, BMEEFBICL ) BRIGRICB T 5 BEH
WY EREREE L 155 72O IIIEB R ESOB R OW MR 2 SHICES 2 &8
EOLIEETHHESZ L),

Table 3-4 Increase in limiting current density with ultrasonic irradiation power
(I, cavitation intensity index and weight loss of aluminum foil by ultrasonic
erosion in a variety of electrolytic solution for electrooxidation of hydroquinone,
and viscosity of organic solvent added to electrolytic solution

Organic solvent I,”/mAcm? Cavitation Weight loss by  Viscosity of organic
added to electrolytic intensity index® ultrasonic erosion®®  solvent (20 °C)®
solution® / mg /mN s m?
Acetonitrile 3.0 70 3.5 0.38

DMF 13 78 1.1 0.80
DMSO 0.8 90 0.5 2.0

a) Electrolytic solution, 0.1 M CH3COOH, 0.1 M CH3COONa / 50% organic solvent.
b) Ultrasonic power, 30 W. c¢) Irradiation time for 20 min. d) Values cited from Ref. 26.
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HcoocHs  GH2COOCH;
HCOOCHs  CHCOOCH,
[ a2t CHCOOCH,

. CH,COOCH
CHCOOCH; e [CHCOOCH, 2 3
I S e— | [D1]
CHCOOCHS, CHCOOCH,
e+2H" _ CH,COOCH,
CH,COOCH,
[M1]
PhCH,Br
>  PhCH,CH,Ph
X H+ - Bl'- [D2]
2e-Br 3
PhCHzBr _— PhCH2 —
H+
> PhCHj
[M2]
2e + 2H* - H0 +
PhCOOH —==% & BhCH(OH), ——— PhCHO —22* 27 prcH,0H
| [M3] [M4]

Scheme 4-1 Electroreduction of dimethyl maleate, benzyl bromide and

benzoic acid.
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Table 4-1 Electroreduction of dimethyl maleate, benzyl bromide
and benzoic acid

Starting compound  Stirring mode  Current efficiency Selectivity
for[D1]+M1],  [D1]/M1],
[D2] + [M2] [D2]/ [M2]

or [M3]+ [M4] or {(M3]/ [M4]

! %
Dimethyl maleate®  Still 66 0.0
Dimethyl maleate®  Mechanical® 93 0.3
Dimethyl maleate®  Ultrasonic® 96 0.4
Benzyl bromide? Still 40 0.0
Benzyl bromide? Mechanical® 40 0.3
Benzyl bromide® Ultrasonic® 40 0.9
Benzoic acid® Still 1 0.0
Benzoic acid® Mechanical® 17 0.2
Benzoic acid® Ultrasonic® 54 1.5

a) Electrolyzed at a lead cathode in a 0.025 M KH,PO,/ 0.025 M Na,HPO,
/ 0.5 M NaCl solution. b) Stirred by a rotating magnet bar. ¢) The cathode
was positioned 1.7 cm apart from the top of an ultrasonic horn (0.6 cm
diameter, 12 W, 20 kHz). d) Electrolyzed at a lead cathode in a methanolic
0.5 M (C,H5)4NBr solution. e) Electrolyzed at a lead cathode in a 0.05 M
H,SO,/ 0.2 M citric acid solution.

7k FORMGEDOBEBIEED O BB NSV 7 ~OWERB 2PHET 2720, 7VFe R
MOT VA= NVANDRFTCICHTI S NG 2 12229 , WFRIC LTS, AR &R
MEF O E BB R (KT 5 BRI L OB FRIBSHC X 2 W ERBEVEESREZ A
HARICHRI 45 Z I3 FETH YD, Table 4-1IRE D X9 2 AERYERPEDE L
PERIN TS, T/, FERTNVFL R, U4 VBIAF )V, RV 7al F
% EDBRRITTIL TG ERRE OFRIC L Y RF RFHEBRE & L TEBALE
IO TEETSH 5 “miL SRS N/ Z L IFETREZ L THY, Bkt 5
TN -TZUOQZ N VOEBE I AL v 7Y V7 RSN OIS BRI S iz,
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Coupling

i (RCHaCHy)p
D
esorption RCH,CH, - . o
H* -CO \ isproportionation RGH,CH, + RCH=CH,
RCH,CH,CO0H —20 222, [ RCH,CH, * g N
\_- va

> RCH,CH,OCH; + H*

{RCH,CHy « ]o4 : Radical intermediate species adsorbed on anode.
RCH,CH, + and RCH,CH;* : Radical and carbocation intermediate species free (desorbed) from anode.

Scheme 4-2 General reaction processes and products in the Kolbe electrolysis
of carboxylic acids in methanol.

Boh VR VB T, BRER. B DI X 2 EEE LV, o T,
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Bol b DEBRBTHS S, 22T, BlEHE D VARBREA~OBE WAL RFT L
S ORISI B B E R REFOR IO TEET 5, W& LT 59 LRSI
BRI OB T & | DT 3 01K LCEE L7

(1) —BTFERALIMERNITE Z 5 2 VR VEERLORZER 0 VKIS @ CH,,CO0H-
CoH,,COOHZ FH & 3 A 35ER 2 VKIS (Scheme 4-3) o

(2) —BFBALIEELNICEZ 2 VAVERE ZBETFBLIMBEENIES 2 VR
B & DAZERI 2 VAR ¢ C,H,,CO0H-C H,,OCH,COOH% #£E & ¥ A ER o )L~
FJE (Scheme 4-4) o

(3) —EBTFBL, ZBTFBEASRERZLBIEINVKVEBED 2 VARG .
c-CeH,,COOH%Z HZ & 35 2 WAL (Scheme 4-5) o

- -H* -CO,
CsH11COOH  —————">[ CgHyq * Jag™ > GCgHyy * —————— CyoHp

>——> Ci3Hzs
- -H* -CO,

C8H17COOH E—— [C8H17 * ]ad"""'""'_" C3H17 b ——m C16H34

Scheme 4-3  Mixed Kolbe electrolysis of C;H,,COOH - C;H,COOH

in methanol. -
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-8 -H* -CO,
CsH{{COOH  mmme—————= [ CgHyy * g = » CgHjj* ——————» C Hp

» CgH130CeH13

-6 -H* -CO,
CSH«laoCHzCOOH —_— [C6H13OCH2 . ]ad - CSH13OCH2 ¢ e— (CGH13OCH2)2

-e CH3OH
" Ne———p CgH{jOCHy* ————3 CgH1;0CH,OCH; + H*

Scheme 4-4  Mixed Kolbe electrolysis of C.H,, COOH - C . H ,OCH,COOH

in methanol.
/——————> (c-CgHyy)2
C'CGHH . \
e J- C'C6H12+ C-CSHw
- - + -
¢-CaHyyCOOH 2 CO2 0 1o H., - Ly o /

\ . . /
» c-CeH :

e CHyOH
N s ¢-C4HyOCHg + H

Scheme 4-5 Non-mixed Kolbe electrolysis of ¢-C H,,COOH in methanol.

CH;,COOH-C H,,COOHN R ZERI 2 W NS (Scheme 4-3) TILBHE KIS, FEHEGTIC
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TREEDRILITL AEED LN o7 (Table 4-2)
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> 7 HEHETLC H,, (CH,,0CH,),. C,H,,OC H IZMA, B VEDFF &
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Table 4-2 Mixed Kolbe electrolysis of CsH;;COOH - CgH;,COOH
at different current densities with and without ultrasonic irradiation in

methanol®

Ultrasonic Current b Oxidation

irradiation density Product-selectivity™/ % efficiency
/mAcm?®  CyoHyy CygHas CisHyg | %

Without 100 82 1 17 54

With 100 83 1 16 56

Without 200 82 1 17 58

With 200 83 1 16 56

a) Starting ratio, CsH;; COOH / CgH;7COOH = 10.. Total concentration, 0.83 M.
Charge passed, 0.55 F mol™ based on CsH,;; COOH.

b) Percentage molar ratio.

Table 4-3 Mixed Kolbe electrolysis of CsH;;COOH - CcH;30CH,COOH at
different current densities with and without ultrasonic irradiation in methanol®

Ultrasonic ~ Current o b‘) Oxidation
irradiation  density Product-selectivity™/ % efficiency
/mA cm™? CioHoo (CsH14OCHy)» C6H130C6H13 CeH130CH,0CH3 /%
Without 50 56 4 13 27 62
With 50 54 3 9 34 59
Without 100 56 5 16 23 64
With 100 55 4 14 27 62
Without 200 56 5 17 22 64
With 200 56 5 16 23 61
Without 400 58 5 17 20 66
With 400 59 5 18 18 65

a) Starting ratio, CsH;11COOH / CgH130CH2COOH = 10. Total concentration, 0.83 M. Charge

passed, 0.55 F mol™! based on CsH11COOH. b) Percentage molar ratio.

oIz (Figd1) o TobL, BEAEET TR EBOL ®) 2 EEWRSIC XY
WA DI L, BERBET TREFEWIC L YRIIT 5 &\ UEHS I
Nizo D &) REBEWRBRINC X5 L/ (R) OFMHARIE —ETBILERD ((c
CeHi)ps € CeHyp%2 & UMiZe-CeH,y) & “BFBLAERY (c-CH, B & UeCH,,0CH,) #5&

41

ol



With irradiation
4 I -_— O——
Without irradiation
o 3L
/
2 -
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Current density / mA cm™

Fig. 4-1 Relationship between the product ratio (R) and current density in the
mixed Kolbe electrolysis of CH COOH- CH,OCH,COOH with and without
ultrasonic irradiation.  Starting C.H ,COOH / C6H13OCHZCOOH ratio, 10; total
concentration of C ,H, COOH and C H,OCH,COOH, 0.83 M; charge passed, 0.55 F
mol " based on C .H,,COOH.
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Fig. 4-2 Relationship between the product ratio (R) and current density in the

non-mixed Kolbe electrolysis of c-C,H,,COOH with and without ultrasonic irradiation,
Concentration of ¢-CH,,COOH, 0.57 M; charge passed, 0.25 F mol™.

- V4 : Coupling
RCH,CH,CO0 -1/ RCH,CH,CO0 ==+ 1/ RCH,CH,CO0--- (RCHZCHa),
7 " 7 €O,
RCH,CH,CO0 §—> RCH,CH,COO0 - ; ———=» ' RCH,CH, -
5 5 Dispropotionation RCH,CHz
c 00" --- RCH,CH,COO--- +
RCH,CH,CO0 -1/ RCH,CH,C 7 ,CH,CO0 ROHoGH,
(A) Anode (B) © (D)
H* - P -
RCH=CH, RCH,CH,CO0---1/: RCH,CH,COO -+
L /
7
RCH,CH,* 7 -2 RCH,CHj -
CHy0 N )
RCH,CH,0CH, RCH,CH,CO0™--- 7 RCH,CH,CO0 ™+~
(F) (E) (D)

Scheme 4-6 Reaction sequence in electrode surface and interface for Kolbe

electrolysis.
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PEAETHICa VAREIRICBIT 2 BEEOYEBEM R IEEBEREET CEERET
A VHEOBBRERANORE 2T A2 LTIV INEORELLMEZMEL BT
Ffbtkr, BERFET CEBEERICBWCRBEICEE LT V1 VEEOIEE R
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4.3 BUSHEERR

4. 20 BRI BBO L ST L OBFREEAL L HEET 5 VbW 5 BT DE
BIESTH Y., THEEAEDEBRSIEICNICBTAdDTHE, ZHIIFL, F4
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HENHLIDLEZOND,, BIZ T, ABEOEE TR L) ICHEBEE OBHBRIL
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B X o TRUBHER BB 220, BEWOWEBEMBEDIIC X 5 SUSE DR R
?yﬁﬁﬁ%%%@t@bh%o%:T\if%@*ﬁﬁ¢@@%%@@%@@ﬂ@%ﬁm
o X BB DA (Scheme  4-7) %EF IV & Lz UGBS RICH T 5 BE RS ED
FIREEIFE L7 (Fig. 4-3) o

i
]
1
1
1
1
1
t
1

CH;COOH == CH;COOH
0 mass tlransport
2+ - 1

2e" Cu Cu Chemical reaction :
Electron 1/2(CH;CO0),Cu ——— 1/2(CH;CO0),Cu
transfer mass transport

Copper ) :

anode Electrode interface : Bulk solution

Scheme 4-7 Anodic dissolution of a copper electrode in acetic acid.

Fig. 4-3DREEN S, BEWRRE T8 2B O £ REBRHB LT OEBRERE
KBWTHEET, BREREODIDO LDV REVZ L5025, ORGSO ERIEA &
VOB D O BB NNV I NOYERBREDORESIEET LI L 2ZRBTH L,
BN O EREEESRE BT 2 SIS X AEEOBRRBIEL Y D THENTH
BIEVBMARS, L LA S, BRBICHEAR ¥ o BRI & AT 5 S5 O B
ALVEEIUS (Scheme  4-8) Tld ¥ = v B A B B AN=R O B 8 BE AT AR BR SR 2E
BEISOBE L TR bDE R o7 (Fig. 44) o 2F D, 05-20 mA cn?OBEREE
WATTIHETRBHE TICBT 5 v 2 v BEAOERBERMNFESTHET . BREAETOIO
LY AREL, FSHABORE & MRREE LR L0 L, 40 mA cn®OBHE
ETIE S I B E R RN X 2AERBRMBOERIRZ T bbb ol T2, £l
DEHCER LY 2 VBT ERE IR TH A0, ERYO—IRIEIEBERE 2 B
BYAfmmeE LTEBR L. Tk, ¥ 2 VBRRETh s - Oo0BREETICS
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Fig. 4-3 Current efficiency for the formation of copper (1) acetate at a copper
anode in an acetic acid solution at various current densities with () and without

(A\: Mechanically stirring, @: Still standing) ultrasonic irradiation.

e 2H* COO
Cu (Anode) ?IeO(?II{{ » <E o O) Cu
|
COOH

Scheme 4-8 Anodic dissolution of a copper electrode in

oxalic acids.

WTERBRIROEZRVER L 2P o 2FE—DBERIZEBORNERIICER L TWA
CEDHEENLTHA ), —F, BRICIABIE,H05 mA cn?TOBEWRRETE |
I BT 5 BRI IR EOEFIBEL TB), &5I0itTable 4-5I0RL7:
£ 91T, EEWRBSHT, 0.5 mA ecm?THH L2y 2 v ERAD £ BIHRZI2124.0 mA cm?
DFEWH L THFRL TS E AHRBEINTZ, TRODFERPS, BKEREET (05
mA em®) THER L BF WARIS AR ORIMEI & 5 USRI OELICRE L
TR bDLEZLNE, 0L BB BRBICERIUSIZ & 5 7 VR Y B
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Fig. 4-4 Current efficiency for the formation of cupric oxalate at a copper anode in
an oxalic acid solution at various current densities with () and without (A:

Mechanically stirring, @: Still standing) ultrasonic irradiation.

Table 4-5 Current efficiency for formation of cupric

oxalate films on a copper anode

Ultrasonic Current density Current efficiency
[rradiation - /mAcm? ! %
Without 0.5 33
Without 4.0 2.7

With 0.5 1.9

With 4.0 3.5

AR T E BN R S BY OMEIR (BMR, W2 E) IRET A Z e o icsh
VAR -
— %, BRERRGIC 51T b BEAE B AL BRI SUSICEBIT 2 b O%d Y
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Ufﬂiﬁﬁ‘}ifﬁﬁ}(ﬁl@@if‘@7)1/;\;)1//\121]3%%0)%’%3%%&[5 (Scheme 49) X
Z OO RIEDIFFITH 51419

Coupling

» 1/2 RaSﬂSﬂRe,
Path a
-Snp.1
3RX + 3e” + Sn, —p» | RgSnpy T/ RzSn | —]
Intermediate species RX +e -X

Snp : Sn cathode on an electrode surface Path b
R = CHg, C3Hs
X=1,Br

Scheme 4-9 Electroreduction of alkyl halides to the corresponding alkyl

stannanes at a reactive tin cathode.

Scheme 4-9ITRL7AZ X ICZOFIEOHTBEER D THB R+~ (R,Sn) BLUT A
¥+~ (R,SnSnR,) WEBEEICHELIAS =V D VRHEERHLERTS
EFMENT VA, 70, ZORETIZBEEME BEFIRKIST 5 2 & D72\l OB
LicBWTHBHENE T Vh Y OER S IR 5 PUSERBRERRIC T TBEERDR T
a5 &) BIICESE 7TV VA LSO LR 2 B0 h g & Lz,

Table 4-6ICfi 4 OWHEHTIIB T 5 FHEEMETHIEOREELR L,

ZORRIFET L IICI TV, BALAF VT ROBEIC BT b BTN
TIBIFAVAY T (Me,SnSnMe,) DERERBLHET . BMBEHETOIDOLD B
KREL B0 TCRBIENGPEe MAT, VA5 T (Me,SnSnMe,) DAEPERFILE
B O W IIEBEDORIMAL KT 5 2 L MR ENT: (Fig 4-5) o

Fleishmann® *? B X OUlery 12X D A% =)V T Vb Vb BRIZEEBETR b %P8
BZEDPHREESNTVE I EPD, T OEFERNRIET D I v RO FKIE LB DL
WREALZDDEZEZLN, TNICXoTIIINDA Yy T) VY TEFRFE ELIZD D
LR EN D, W, T TV h v BkOBmRER 2 O B SV 7 ~OYWEBE)
TS EEZ TET L DDOTHERL, BNV IIBITE Dy 7)) 7 b T BEWRIC
IDRESNTHE dDERDNE, 72, @KT7TEF= M)VHIZBT S RIEX TV
DEMBTTIFAYF Y (Me,Sn) « YAF ¥+ (Me,SnSnMe,) DRI ZIKED
BRSO L, ZORITHEESERE TICBWTHALY: (Table 4-6) o LHESHD
R LD B ZHALSn BT H720 27 LIBEO X T VEERFT S Cy6ll,,Sn0;, TH S
ZEAHERS N, IR EOSHEESET,ORE TS LK o TERLL
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Table 4-6 Electroreduction of methyl harides at a reactive tin cathode

.. — -
Methyl  Stirring mode Current efficiency / % Selectivity /  Precipitate

haride (CH3)3SnSn(CHgz)3  /mg
(CH3)3SnSn(CHg);  (CHy),Sn (CH,),Sn
CHjl Still 4 . 53 0.09 None
CHl Mechenical 4 48 0.11 None
CH3l Ultrasonic 12 37 0.43 None
CHBr™”  still 10 47 027 None
CH3Br*®  Mechenical 12 30 0.50 None
CH,Br*®  Ultrasonic 13 18 0.94 None
CH;Br™?  still 26 17 2.00 trace
CH3Br"®  Mechenical 20 13 2.06 0.05
CHBr™®  Ultrasonic 7 tarce o0 20.0

* a) CH3Br (0.5 M) was electrolyzd. b) Electrolyzed at 0 + 2 °C for preventing evaporation of
CH3Br. c) Electrolyzed at 5 mA cm? by passing 19300 C mol ! in 1.5 M (C,Hs)4NBr /
CH;CN-H,O (7: 1).
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Fig. 4-5 Current efficiency and product selectivity [(CH,),SnSn(CH,), / (CH,),Sn]
in the electroreduction of methyl iodide under ultrasonic irradiation with various
powers (0-17W).
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bOEEDNL, BERBHTICBITA ZOWBWORRMREEN TS L3 %&Fnl3
PRGSO LIER RV, S & b BT BRSSO BRI Y 2
NOBEER LTV LERE )OO THA) . LPLEFL, WFhOK
IRRFICBWTE RS+ (Me,Sn) « YRF »F v (Me,SnSnMe,) DWEMLE B D
GEIERAIRITEEWEIREIC LY, F-20OMPDBERHMEELZ L I2X R L,
:@Rmﬁﬁﬁéﬁiﬁ%wﬁtAEﬁTWﬁD'@Hﬁl@CH)T@%:t%%ET
W, BHERET VA VOERERE LA LIRS, ER LIS ICT VD DR
EEEOBELICBV ORI DD TH Y, RUSEESREST OWER )3
%H%%@&%i%néo:hmﬁt\7»#»12%6%%&&#%&@%@@&%
DHEEIIEBERR BAEDOERICE > TERELN LI EFMONTVE, Eo T, S
DIFEI b HAUTTEEFWROY BB ERRIET Vb v D EBICH LTEFICEH L T
5o Elz. KFEREDTARBEBREFISHTBE RN L VEES A Z EdHbN
Twb, CHTEBR LICEE > ARK 2T v EF 4 —DHUY AR, BHEBERET S D
DEEZLNTEHY | BiR, FEICBWTHTARTHE AT VB LY VO FED
BEREFICIVIRESNEZ LB T-—RHTHAL L EDbNS,

ZhCH L, RIET UV REE LABATRBEERBNOARE, MK OEEICH
HHF AL FY ((CHe)ySnSn(C4Hy),) WHEBRE T, ERERWIEI RS &>
(C3H),Sn) TH Y|, BRI EKT & b= )V OBEITIERILX F VOGS L Ffk
AFF MR EY (B8) PERLz (Table 4-7) o

Table 4-7 Electroreduction of allyl bromide at a reactive

tin cathode

Stirring mode Current efficiency / % Selectivity /
(C5Hs),Sn Precipitate Precipitate

(C3.6H1275n0yp 5) (CH3)4Sn

Stin® 39 0 0

Ultrasonic® 3 0 0

SR 27 9 0.33

Ultrasonic® 1 21 21

a) C3H;Br (0.5 M) was electrolyzd. b) Electrolyzed at 10 mA cm™ by
passing 19300 C mol in 1.5M (C,Hs),NBr / CH3CN-H,O (7: 1).
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BOYA 7)Y IRVY VETTAERLIZ,

-dne, -4nH*
2n<::>—NH2 > H—<C:>—m
n

ne | 2n+ -_Z_II_HJ' _
{On-Or) = OOy, = (OO

Scheme 4-10  Electrooxidative polymerization of aniline and doping /

dedoping of the polyaniline.
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Fig. 4-6 Cyclic volutammograms in the course of polymerlization of aniline at 50

times of potential scanning.
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!Witho_ut sonication ;

Fig. 4-7  SEM photographs of polyaniline films prepared at 50 times of potential

scanning without and with sonication.
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Fig. 4-8 UV-visible absorption spectra of the electrolytic solutions after 100 cycles
of potential sweep in 0.1 M aniline / 4 M HCl. (a) Before sweep. (b) Without

irradiation and (c) with irradiation.

Fig. 48 (a) BZEAMTHbET ) VE/T—DUVARYZ PV ThHA, UK
L. FEBRE TIRBVWTESZTo-BFRICHERERMICAH ) I~ - 5Ky T=
R~ —IRET 2 BASHBE L TB D, EGREIIHIAT RO BFE~ ORI, &
AR o TWB ZEDRBRENA (b) o LLARAL, BEERETICBITAESR
DEFHEDOUVIANZ FVIRT =) VE/ v —DERE SIFEKRER L, +1) Tv—RfK
FFER) v —DEBIZITE AR Nahol, fEo T, BERICL2EAEEDR
DB L VCERESE OB LIEESEICB 2R ) v =g ONldH 5 WidESBEORH
WKEoTh o38N DTREZWT & oz, Tz, SHIFERFTICBWTESL
N-EABIT L THRBEREHEE LTh, BETESTHOR L) B—7RY)
T VEIELNEWE EhL b EME SN,

T, HHITRECEE L TEBEERETICX VBOREARIIFASEOL Fy 7 X
WERBTCHTAHEBHTES (LoRBEMHFNC L AEE) ObDDOB L L10EDOHE
BETHDZEbMPOLNT (Table 4-8) o CORRLVBEEOESEHK T T
TRCBCEEWESREFAFENRTWE ZEAREN, TOFERIC X 0 Hi7- 2Bl
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Table 4-8 Properities of polyaniline films prepared without and with

sonication
Sonication Potential Surface Thickness Density
scanning appearance / pm /x10% g cm™
/ time Visibly SEM
Without 50 Dull Porous 120 3.7
Without 15 Dull Porous 40 1.1
With 50 Bright Dense 5 10

R AIET o LI s NG, 7o, HEMOWMER L TwiavidsTable 4-8 DFERD
SE 2. BEERET. ERETERLENCBIT A7 =) YOBMBICESBREIILT
DEIREZONETHL) o ThbDDB, JERE T CIET =) ¥ D EABE SRR
KBWCAER LB, BEENICEZY, NHEEZBR T 5720 &EHIC IR —-F A
BEHEOR) T VEIC A0 EIERENE, TRICHL, BHTICBILES
BEEBREE, OB —ICEBT AR TR D, B4 RIS S b 72 D REE 2
R T VIESBRENIZDDEEZ LN,

M. LR OKEE, SOIGBEWRICL AT o) VEGHEOBEELIIBITA
FyUFr—a VEHEOEE%, SBBRETARBEILERINTIZVEET= VD
BIRMLESIC X o THIEE S 1 BRI E ST MR~ OBE R R IO TEL L,
EODDITERESEOSEEALT TR R L LTOBEEFHAERSENL TS Z LIk
WORWEZATH D,

W& ToMmoBEHR

ZITRZUAA Yy TV IRIG, VEY 7 ARXT 4 L -8 — % b BERRDUC,
FARY Y a v, TNV a VEMBIBICLAERER R CEE SRR & L TER
LT & 7B R A BERA BRSO BE RS RMFOFH 2 23 L., ARERG
BRSNS EROWRMERT I T 5,

T TRT YT VT RIS BT BBE RS R
ABBBEISD —2 D & LT, BILID 5 Wit @ICHI R E- RER ST BUUG,
bWEGFhy TNV IRIEDEH 5, Bz X, BB TIEATROKolbe BAF, BB
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4.2 TEEERR] KBV THRE LAEERRET Coa WAEBREISTIEE VIS
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ErUF2IUS FYNOBEZ O AS Y T v F IS (Scheme 4-11) 3 REFUV
Find L. BEEHEFBICX 2700y 7)) VY FTERYWOBERILEZRAA,

H3C\ e+ Ht HsC_. e+ H* (.:H3
=0 — ,C-OH > H3C-CI>—CHZCHZCN
H,;C H,C CH,=CHCN OH
Cross-coupling product
| e+H"
Dimerization
CH4; CH
1 {272 H3C,
7 HC 0§ CMs CH-OH
OH OH H3C
Pinacol 2-Propanol

Scheme 4-11 Electroreduction of acetone in the presence of acrylonitrile in

acidic media.

Scheme 4-10DFETiE, 727V u= b ViE7E MV ETICEDAELLE SV H IV
FEOWMEH & LTRETA DT, 727 yu= M) VEROEERT ZHHT 5 7-0121%
Toyuz bYNBEELZT L S8 U THEWIES T A LEN S S, 2020, &
BEEICBWTHRNIC IO Ry 7)) Y RIS EEITS 5121k, BRI <hs T2
VR M) VOWEBEZRET S EHBEL 2B, BEIWRIC X 2 WEBEMEER)
REFATAZELTIZURD v 7 ¥V ZHEOBIRKRIIEE T, BRERTICHAREY
W BT EHMIRENT: (Table 4-9) o
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Table 4-9 Current efficiency and product selectivity for
the cathodic crossed-coupling of acetone (10 M) with
acrylonitrile (0.01 M)?

Stirring mode Current efficiency Selectivity for
for reduction / % cross-coupling / %
Still 33 21
Mechanical” 41 29
Ultrasonic® 41 59

a) Electrolyzed at a lead cathode in a 2.8 M H,SO, solution. b)
Stirred by a propeller (100 rpm). ¢) The cathode was positioned 3.0
cm apart from the top of an ultrasonic horn (1.9 cm diameter, 17 W,
20 kHz).
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Scheme 4-12 The indirect reduction of benzyl bromide by a radical

anion mediator electrogenerated from anthracene.
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Scheme 4-13 The indireét oxidation of amines by a cation mediator electrogenerated
from 2, 2, 6, 6-tetramethylpiperidyl oxide (TEMPO) .
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Scheme 4-14 The indirect oxidation of benzyl phenyl sulfide by a radical

cation mediator electrogenerated from tris(p-bromophenyl)amine.
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Scheme 4-15 The indirect electrooxidation of p-methylbenzyl alcohol

to the corresponding aldehyde.
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Scheme 4-16 The indirect electrooxidation of suspended pyrene to the

corresponding quinones with a Ce**/Ce™ redox mediator.
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Scheme 4-17 The oxidation of 2-propanol to acetone on TiO,.
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Fig.4-9 Concentration of acetone formed (a) under ultrasonic and photo-irradiation,
(b) under photo-irradiation without ultrasound, and (c) under ultrasonic irradiation in

the dark.

4.5 K@

E [HRERES RO TREESUSEAST LOBTFBBBA L LTOH
YeBhS 2 [EEEER] . BEMEE ZMEZEHOICEIBICSB5T 2 [ USSR
R LEERECESEOH M5 [EEBRLESENAHR] 25 OHE [Z0boE
W] DX ISR AR L, 2R ZNICBIT 5 BEEOMERBIC D TR %
To77

CORR, 4.2 TEREER] CBIEYV A VBIZT L, RY V703 F, 2R
EFROBERITTO L 5 2HE OWERBIEEI L D RSO, 4 RER B g
&5 RS CREBERMEAED THHTHS 2 L AW o 2SNz, $72, 2
VARBIET B W DB T S 72T Y 9 VB RO WE BB 2 HE S5 =
L TEBYIEREIC R KT 2 A o 7,

4.3 [FUSHEER] 2BV TT VF VA LS E AT 2 ISR LR Lo T
VE VN UALEY O BIERTT FUE I BBRE T BAOLEE . 5 VR BARED T
DSEGIR D ERFHAC BRI X 5 7 )V R VB O & BRI T4 F ¥ OBV 2~

62



DIE T BEREAIMEEST 5 2 LI LD, ENENFUEDERIL, ZhRIIER S Nz,

4.4 [BRBACESEAHER] IKBWTET7 = Y OBMBILES JUSICEER ¢ICH
FHIETERR) 7=V OBEEATERE N, BREER 7D XL L ToO@EFRE
FIRABANT OA AR E Nz,

Wl [FOMOBMER] CHIZ7UAIy TV VIS, VRYZARXTF 4 L—F—%
v 5 BB BRI 72 EOR A2 A REMARINCBIT s EFRDIREBR LZE S
AHVFND FUSIZ B WT S RISORIEALD 5 Vit AR O EBITULIER S L, HE R
HEMPBD TEMNTH B Z EATRENTZ,

BE W BRI DT H 5 VZEEORRELELE T 5 NERMFERELZRERIK
TEHA L VW) SIBICBWCGEATE 3 JUSIED TREICBI R D LEZONS, o
T, GENMHEZ RIS % ) 2 CRUSE LR BB L oMM 2 BHE L, —&ivH
$1EMYT AL EBOTHHZMRICRETHS ), RETHLWBEREIINLD
ERO—BIC B b D LHEEL T D,

23 JCHk

1) PIRESE WOA=, “AREM SR - ERMEAOER- 7, [LFE T, p. 1 (1986).

2) W=, iR, A OIER, e, 652 & T3, 43, 1992 (1990).

3) V.D.Parker, Acta Chem. Scand., 35B, 149 (1981).

4)  V.D. Parker, Acta Chem. Scand., 35B, 274 (1981).

5) J. A. Harrison and D. W. Shoesmith, J. Electroanal. Chem., 32, 125 (1971).

6) P.-C.Cheng and T. Nonaka, Bull. Chem. Soc. Jpn., 68, 378 (1995).

7)  N.Kumer, D. G. Tuck and K. D. Watson, Can. J. Chem., 65, 740 (1987).

| 8) J.S.Banait and P. K. Pahil, Bull. Electroch_em., 5, 264 (1989).

9) BE @, “HBEMAR - BRI LOFELIGH -7, @A YT 10717,
p. 57 (1981).

10) A.]. Fry, “Synthetic Organic Electrochemistry 2nd Ed.”, John Wiley & Sons, New
York, USA, Chap. 8, p. 238 (1989).

11) S. Torii and H. Tanaka, “Organic Electrochemistry 3rd Ed.”, ed. by H. Lund and M. M.

| Baizer, Marcel Dekker, New York, USA, Chap. IV, p. 535 (1989).

12) M. Fleishmann, G. Mengoli and D. Pletcher, Electrochim. Acta, 18, 231 (1973).

63



13)
14)
15)
16)
S 17)
18)
19)

20)
21)
22)
23)

24)

25)
26)

27)
28)

29)
©30)

31)
32)

33)
34)
35)

H. E. Ulery, J. Electrochem. Soc., 120, 1493 (1973).

H. E. Ulery, J. Electrochem. Soc., 119, 1474 (1972).

O. R. Brown, E. R. Gonzalez and A. R. Wright, Electrochim. Acta, 18, 369 (1973).

H. E. Ulery, J. Electrochem. Soc., 116, 1201 (1969).

HEEE, NFHELE, R T L7 a2y A7, a1 JiE, p. 190 (1996).
HIEEE, “HEUWMITFOREBELICH”, 74 ¥ - —, p. 141 (1988).

M. Atobe and T. Nonaka, Ultrasonics World Congress, Extended Abstracts, p. 140
(1997). v

M. Atobe, Y. Kado and T. Nonaka, The 3rd International Symposium on Electroorganic
Synthesis, Extended Abstracts, p. 144 (1997).

M. Atobe, P.-C. Chen and T. Nonaka, Denki Kagaku, 66, 556 (1998).

Y. Kado, M. Atobe and T. Nonaka, Denki Kagaku, in press.

A.]. Fry, “Synthetic Organic Electrochemistry 2nd Ed.”, John Wiley & Sons, New
York, USA, Chap. 5, p. 144 (1989).

A.]. Fry, “Synthetic Organic Electrochemistry 2nd Ed.”, John Wiley & Sons, New
York, USA, Chap. 7, p. 208 (1989).

P.-C. Cheng and T. Nonaka, J. Electroanal. Chem., 269, 223 (1989).

L. N. Nekrasov, L. N. Vykhodtseva, A. P. Korotkov and L. P. Yureva, Sov.
Electrochem., 13, 628 (1977).

C.Z. Smith and J. H. P. Utley, J. Vhem. Soc., Chem. Commun., 483 (1981).

G. Farnia, G. Sandona, R. Fornasier and F. Marcuzzi, Electrochim. Acta, 35, 1149

- (1990).

P.-C. Cheng, T. Nonaka and T.-C. Chou, Bull. Chem. Soc. Jpn., 64, 1911 (1991).

L. Walder, “Organic Electrochemistry 3rd Ed.”, ed. by H.Lund and M. M. Baizer,
Marcel Dekker, New York, USA, Chap. V, p. 809 (1989).

E. Yeager, T. S. Oey and F. Hovorka, J. Phys. Chem., §7, 268 (1953).

B. L. Funt, “Organic Electrochemistry 3rd Ed.”, ed. by H.Lund and M. M. Baizer,
Marcel Dekker, New York, USA, Chap. IX, p. 1346 (1989).

D. E. Stilwell and S.-M. Park, J. Electrochem. Soc., 135, 2254 (1988).

H. Yang and A.]. Bard, J. Electroanal. Chem., 339, 423 (1992).

J. Memurry, “~ 7 <) — A8 FE H IBEZIIEAER, BRALERA, p. 455

64



36)
37)
38)

39)
40)
41)
42)
43)

44)

45)

53)
54)
55)

56)

(1992).

Wreh i, MEE—R, XL, 34, 105 (1966).

S. M. Margel and M. Levy, Electroanal. Chem., 56, 2569 (1974).

T. Lund, S. U. Pedersen, H. Lund, K. M. Cheung and J. H. P. Utley, Acta Chem. Scand.,
B41, 285 (1987).

L.-G. Franzen, Acta Chem. Scand., B41, 103 (1987).

K. S. Schanze and D. G. Whitten, J. Am. Chem. Soc., 105, 6734 (1983).

P. Martigny and J. Simonet, J. Electroanal. Chem., 111, 133 (1980).

M. Platen and E. Steckhan, Liebigs Ann. Chem., 1563 (1984).

A. Yoshiyama, T.Tsubaki, P.-C.Cheng, M. Wakamatsu, 1. Okubo and T. Nonaka,
Denki Kagaku, 589, 976 (1991). |

M. Wakamatsu, A. Tsuji, I. Okubo, A. Yoshiyama, N.Sato and T. Nonaka, Denki
Kagaku, 60, 1005 (1992).

Y. Kunugi, P.-C. Chen, T. Nonaka, Y.-B. Chong and N. Watanabe, J. Electrochem. Soc.,
140, 2833 (1993).

P.-C. Chen, P.-C. Cheng, Y. Kunugi and T. Nonaka, Denki Kagaku , 61, 866 (1993).
P.-C. Chen and T. Nonaka, Denki Kagaku, 63, 395 (1995).

S. Torii, Electroorganic Synthesis, Kodansha-VCH, Tokyo, Japan, Chap. 11 (1985).

BE 0%, ARmsC, SR IHERAE, p. 62 (1995).

A. ’Yoshiyama, T. Tsubaki, P.-C. Cheng, M. Wakamatsu, I. Okubo and T. Nonaka, Denki
Kagaku, 60, 131 (1992).

B 8, R, FBEEM, S, SIaEIE (1992).

S. Nishimoto, B. Ohtani, H. Shirai and T. Kagiya, J. Chem. Soc., Faraday Trans.1, 81,
2467 (1985).

T. Sakata and T. Kawai, Chem. Phys. Lett., 80, 341 (1981).

K. Domen, S. Naito, T. Ohtani and K. Tamura, Chem. Lett., 555 (1982).

S. Teratani, J. Nakamiti, K. Taya and K.Tanaka, Bull Chem. Soc. Jpn., 55, 1688 .
(1982).

F. H. Hussein and R. Rudham,]. Chem. Soc., Faraday Trans. 1, 80, 2817 (1984).

65



¥oE BEREEROPE

5.1 S

19204 RBPICR 7 — N LBHFWR LRI S 4 H TIIAR, TREBIZEDT
D Az & TR TR BV IdAALED 7 BOED TR LRI R A TV
TLEEEICBRTES, R IEEDAVETOEEICHE RS (VX I A
=) AYER L TE - EREEIIE T ~BE k0B E I BT E D DITEE L 25 Fy
EF—va VHBROFRICEA L ZATREVETZ L Y0 , EBICHE 4 EDHNICS
WORENZAREBRIUSR CORBFEDREDOITLAL T F Y ET — v a VHRIZL S
BEAERICERTA200L LTHBENABDTH A,

NI L, FYEF—YaviERLILW, HIVIEHAERL ZWE VbR
BAMHzU L OBERILE 18 [FBaH] KBVl L) CER, B ERUTEHEDT
EEHN: Fo@ME, THHMAS R A HCEE LT & 208, BEW % LRI O flE = A
WE=L LUTHAT A Z 22D WTIEHE LRIV | §EoT, 20 RBHERIZE
FTHZEEY /L7 ayFIARN)—EBIIEFY /rIA M) —OFFEREIRIIN L,
V- 2RAZRITRED DD, ERDERIBOTREVIDLEEZ OIS,

EZAT, WP ICBWT I~ a2 BlE by v AE % & o RER ERIEEERE TF
ELTBY ., SHIMHEZF L OBFEWRDERT 5 & MR LRIS O P E L,
BERDOBAMPIBE PSRBT 5 Z L MO N T 52 BARNHR IS OV TIER
B53ICBWTHRT 225, ZOBRILEME OMEETH, SEBBRTE™ 281280 Th
FHTAHZ EPOFRICK 2 BRIWHEOWEICBTAFHIZE T oTBY, LAD X
HNALFEFISOFEICIEEL BB ER TRV, LRLAEYEL, & 2, vieY ol
EY o s BEALE IS IC BT 5 FEBE ASMHAFBE WIS X DEFF IS, 2ol
U7 AU DAERY (cis-A V714 Lrans-F L7 4 V) OVAREREEI D00 T
BEEZIIELDEEZ LN,

22T, RETREFNUS & LT BB IUS & B+ 2 & WSk 5 2ol T
CEBAFVAY V7T I FORTTMEFEILUS (Scheme 5-1) 119 45 & L, MHz
WA ELBERBEROBEBIIOWTELT 5,

5.2 [vie VN L& WRTIC B 2 BERAWROHE] T, AF LAY Y Tu3
FOBRTHAFEISICBY 2 BERABEBOBEY T L LTERWTH B AF IRV
O SARFER D S W5 LT

66



F7-, 6.3 [BEIERIUHEIC X 5 MEzZFBE R OVERBE OB ] IcBWwWTikxF v
Ry V70 3 FOBERFIH ZICB W TEIE S - BMRINEESR 2 212 L TMHE R
HFW AL EHOBBIZONWTER LT,

o o
Br—C—CwBr + Zn — C—C + ZnBr,
| ¢ R/ "y
H H
dl- / meso-Stilbenedibromide cis- / trans-Stilbene

Scheme 5-1 The debromination of stilbenedibromides with zinc powder.

5.2 vicPNULEWETICB 2BEERERORE
4 OB (200 500 kHz7z 5 NI21.5 MHz) OBEEBE TICBITAd-AF VY
713 FOBREFIC X Beis- A F VAR Y DERERRO B HERER #Fig 5 1ITRT,

Selectivity for cis-stilbene / %

20 kHz
O | | ] ‘I ._l

0 5 10 15 20 25 30

Ultrasonic intensity / W cm™

Fig. 5-1 Influence of ultrasonic intensity on stereoselectivity for cis-stilbene

formed in the debromination of dl-stilbenedibromide under sonication at various

frequencies.
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Fig. 5-2 Relationship between cavitation intensity index and ultrasonic intensity at

various frequencies.
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Scheme 5-2 Reaction mechanism of the debromination of dl-

stilbenedibromide with zinc poWder.
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'Fig. 5-3 Ultrasonic absorption of 0.7 M di-stilbenedibromide in a toluene at 30 °C
as a function of frequency. Plot : experimentally obtained. Curve : caluculated from

fitting the experimental data to Eq. 5-1.
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20 30 40 50 60
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Fig. 5-4 Influence of reaction temperature on the stereoselectivity for cis-stilbene

without and with sonication at 20 kHz and 1.5 MHz.
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A5 ABEAHEE V., SRR (25cm®) ZHV, 0.025M ) YERTIRFED U U A,
0025 MY VEBKEF ) T ALRLNCT LA VEEY X FV3 gk & LK
(50 ml) ICBWTEMBETT L (BREE 50 mAcm® HEEE 0.5 Fmol’) o
Bl&fs, BMRATERIFVTHIR L%, Y UbF vy os (RRVE | BER
IFIV: AFY Y =1:1) KTHEEL, BEaSRE LTI e/,

- NMR ( CDCl,, TMS ), 0 2.1-2.8(4H, m H")
CH,COOCH, 0 3.0-3.4(2H m H*)
éHCOOCHg 837  (12H,s H°)
éIPCOOCHg »
CH®,COOCHS

Mass spectrum, m/z

259 ( M' - OMe)

TAEF MYFH Y T 10 VFRIANRF T b2, 4T R T
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Klocke 52 OHFEIZL D EK LT,

4. FRITUNARY FV
BAEZ T 9 AP HE 2V, BBIC AR (3x3cem) . BIBICHE, WK
ELT7INMTul F220M (9.68g,80 mmol) %%&¥rl.5 M Et,NBr / MeCN +
&O(M&N:Hp=7:1)@W%ﬁb‘%ﬁﬁﬁummAmﬂ\ﬁ%ﬁLOFmﬁ
CTEBREMR 2T o7z, B, BRIEHOLERY 205 L. 18P OBz %
FERE L, AT V2 IR R AT HIER L7z, & 510, BIRICKEMAR
BREE2RE LB, ABBEMSO, TERL, NIV VERERE L2, B
NIREA (Fh) B2REARYE (105-110°C/ 1 Torr ) LTEHWMRWE LT

B &YW 21587,
'H - NMR ( CDCl,, TMS ), 60 1.9-2.0(2H,d, H*)
04.7-4.8(1H,d, H)
Hb H°

[l 04.8-49(1H,4d, HY)
Sn | CH5 —C=C
/o, 85.8-6.1(1H, q H)

Mass spectrum, m/z ( relat. intens. )
243 (23,M'-C,H;)
161 (100, M*- 3C.H,)
120 (22,M"-4C.H,)

e B
1. $HEMR

B2REFLUDDEHN,

2. HE&EBE®

BIBELFE LD D% Hn,

3. SiER&
PARZTIVIF (1 um) ICXDBEL, BEAICE DTS L THY,
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4, ARXBIR
AZXMAETIVIF (1 pm) WKEDEFBEL. BEKICK D LT,

HMEWEMEKE
BRI R BEOARKIILITO®E) TH 5,
BRI 4t} T POTENTIOSTAT/GALVANOSTAT HA-501
BEWAR—V - %<z MR}, POWER SUPPLY MODEL 50 (20 kHz . 7
§UBEATYTER=V, ¢ 6mm )
RER AV Ry AL IFF5 A (BK) . USC-6 (38 kHz, 120 W)
ARG AR V. T AREATHE RV 7 & ONCRE A A 2K
s (Y — () FA7Lw A IEDF345) fHAE
W
L3 . BEAR
SR . fafiH = 9 B (SCE)
~ 7 1 &%

1. VA4 VEEY AFIVOEHRETT

BEWEBT R —> (20 kHze ¢6mm) BIA LT T AR £V, SR
(¢33 mm) . HEWE®RE W, 40 oMOEE %4 1:0.025 MKH,PO, /0.025 M

NaHPO, /0.5 M NaCUK¥HH, HHEIX25 Clo BV CEBREM (BEE 05 F

mol®) L77o E7-. VEFIBILBEROERTIACH LEHICA L, TOHRMEE 17

em L7zo ANIBIXFUVBLOT FTAFN1,2,8,4 T8 YT I DNVEFY

L— hO&IRGe (WAZ TR NS5 74 —) TfTorz (BT 45 1156% DEGS on

Neopack 1A3 X U'Silicone DC 550) o

9. Ny 7uI FOEMEIT
HIREIT A — > (20 kHz, ¢ 6mm) BHA L7cH T AREA £V, SRFIARIRE
(¢%nm)\E@W%@%%w\Mmeﬁg%ﬁﬁQSM@ﬂﬁm%/Mﬁmﬁ
WP, R CK BWCEEREN GEEE (05 Fmol?) L7z, T/, fFAR
ORI LREICKE L, ZOBME1T mk Lz PYIYBED
PR IVOGHIZCC (FAZ TR M T 74 =) Tfiolz (474 :0V101) o
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ZREROEBMETT

BEWIREVFA— > (20 kHz, ¢ 6mm) EHHA LA 7 ZAREAM IV, siFIRER
(¢33 mm) . HERGHEEZ AV, 40 nMOKE % &1:0.056 MH,S0, /0.2 M 7 T
VEOKEIE, REIE25 CICBWCEBREM (BERE [ 0.5Fmol™) L7z, T/,
TERBIEBF R ORI LREICR L, 20HEZ1.7 cn& L7z XV XT
VFE RBLUNRVI VT VA= VOGHIEGC (FAZ7Uu< 7574 —) Tfro
7z (519 A . Unisole 30T) o

a WRER
EWAEIIIHSREE (1x1em) ZELAEYT 7 ABEMASEVZ RV, T2, 77
& VB E AT Y VBORRER 2 )V NEHFTIEKOHIZ X 1 10% HF1 & 17z MeOHKE
m\A#%/#v%@kﬂéﬁvmwiﬁﬂ:WNﬁﬁﬁmmmm;bumwﬂé
N7-MeOHABR., ¥ 27 ONFH T H VR VD 2VAREHTIXKOHIZ & Y 7%HF1
ENT-MeOHKEE % FNENEBMEM L Lz, BERBEIBH LV 2 BE R IEER
CTREEE S Z LT KD ERBL, FERE T OB ITRRMEIETIC X 5 B
210tz Fi2, FNEND 2 NVREMICBIT B BRSO FEMIIARTO KO HVE
ICFHE LD T 2 TIHEWT 5, EFRYWOSITIEGC (FRAZ7Uux 7574 —)
TfT-7z (#5 4 :PEG6000) o

FEREK S I BT 5 SR O BF B

BEWRIRE)F A —> (20 kHzy ¢ 6mm) ZIA LA 4 QBBEAHE 2V, 1
Ptk (¢ 28 mm) . HSMEMRE Vv, 0.25 M BEBOKISBH ., IREEIE25 °CIC
BOTERREMR BER . 1.0x10° F) L7z, 7. EARIIBEROEIKIT
X LEBEICE L, ZOHBER1.0 emk L, ARWTH LB (0) X, BF
BROBFRI> OB BBEERERE L, BRET A2 LI2X DB (Blue

powder) o %8B, EBYTH HEEE (1) DIRANRZ M VIFTRHDIR AN b
WIC—8T 52 L ER LT,

IR (KBr):3380, 1605, 1450, 1355, 1050, 1030 cm™

¥ 2 T BOKESHP IS B 2 s o BFRRL .
BHUBHRE)F R~ (20 kHz, ¢ 6mm) ZHA L7247 ARBA LV, H AR
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(¢ 40 mm) . HEAREEE H, 0.26 MY = THEREEB, HEEIX25 CloBnT
EEMEMR (EER2.0x10° F) L7z, o, FEABRGBZT RO L
MEICH L, ZOHEHELZ1.0 cm& L, £RWTHARERN (1) &, BHEOR
D OFEBOK ISz ERE A L, s 5 Z LI2X W37 (Light blue

powder) o F7o, Vo vEMIMIREBROE I OMEBITOEIEELFILZ L
T, BIEBRY 2 v (1) OINEZERE L, 2B, ERWTHD ¥ = 7 B
() DIRARY PVIETHIFMPDIRANY PVIC—FT 5 2 &L 2R LT,

IR (KBr): 3400, 1650, 1370, 1325, 825 cm!

FOSHE A Xt b CoNa 7 ALE O BIHRT

AWK T+ — > (20 kHz. ¢ 6mm) ZHA L7204 T AWMV, 2 RS
(2x2cm) . HERBEE AV, 1.0 MOIEE % E10.256 M Bu,NCIO, / DMF##
B, ImBEIE2E CICBWTERREMR (BREE 10 mA cn?, #EEE [ 0.5 F mol”
) Lizo 7z, YERARBIGBEHEOERAIICH LEEICA L, €0H#EZ1.0 cmé
L72e TRIRXTFWARE F UV BIUNXTFRAF VI ALY FDOHHIECC (FA7 1
< 7T T 4—=) T (U5 A DPEG6000)  TUINVAYFYOSHIZHPLC
(EHBE 7 O~ T T 74 =) TfFolz (155 UltronS-C'®(25cm), AHEH
H,0:MeCN =1:3) o F/2, BRICX VLB L-WEIZENLERST 2ITo 72
B ORBIETESICLDC, H, NOMEL %, ICP (FEEE 75 A<) EE
THTIC L ) Sn DB R D7, 2B, LU OEREMOYE AR LD Table®
BEICRER L 72D T 2 TIET 5,

T =) Y OEBERIVES

BRI B v, BRERICEEEREY (I1xlem) \ 0OIMT =Y /40M

HCL HFICBWCEMIFES] (%5 1#B  0~1.0 V vs. SCE, @513 : 100 mV s?) ¥
LZETTZY YOBLESGEITo 72 BMEREE LTCEBERAT Yy 7R—V
(20 kHz, ¢6 mm, 7 W) VI, T/, FFAB (B8 d&— 2 ICBREICHE
L. TOHHE*2.0 cmiZFEZE L7,

KT =Y VEOWE

1.

RIMERER
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RY 7o) VETHEIN-BRE —BRBREZES S, SHICHET TAZICE
BEFb02T T NVE L, EARENE (SEM) ICX DV REVRBEZHE L

2. EE
BAEOBERIEAIROEI LIREZHIRNET A Z LI VRO, 2B, EF
BOE S EHEHROBBOERDES LR, BREIIESHROBABO U Z
2SI L VBT 5 2 & TRD A,

BEE BT PAEBOYE

A
1. mesoAFNARUYITOINR, cis AFIVRY ., rans-AF VR ITTHTHROFAEL ZD T
T HW7,

2. dIAFNVRVIPTuI R
Buckles 5 OFEIZ I W AR LT,

3. HESROR
Reich 5% OFHEIZ X Y BEHHEK (BALE. < 300 mesh) ZIEHALS W,

POBEE
500 kHzB L UL MHzOBERIZ 77 v 7Y a vy v ey A FBLUNSY T 7
I2 X ) NMPIRED T 2 BREY S 5 & & THRA S ¥72, 20 kHz2OBHFRIITHRDO AT v 7
BOBERAR— VKD BESE, o, BFEHE DR AT — XA M) —2kD
KDY, |

FUSIC AT BEF ORI UT O@EY TH 5,

NI =TT ! ENI MODEL 2100L RF Power Amplifier

TJTYrvavy YAy [ LILTRERE Ty VFTr YT vaY
Yyt A 1915
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B I IRE) T o b — % VEINMPIRE)F (500 kHzB X UF1.5 MHz,
= T4 P gE) |

EEW AR — D BRI  USP - 400A (20 kHz, T4 ~
BEATY TAR—, $19 mm )

B LA T ARE RV

X DA TV A VBB

AFNRry TV 7 FORITGHEZRICKIE
BEWARE)T (500 kHzd A\ 1316 MHz) & 5\ IdHEWE S —> (20 kHz, ¢6
mm) ZHALZA I AMGELVZHV, 5 aMOEE B X U515 mmol DMK L &
UMeOH A, IRBEIZ40 CIZBWTHREFLE T o7 (BUBKER © 6047) o 7
COBE, EHBRIIBEAEET CREEE (800 pm) TAILICINRBEE,
FISERB D A F VR Y OAHTIEERN-TTARBINA X7 B VHIEIC X DITo729

dl - AFNRyTITuI FOBEFEANXY PVvlllE
WSS > 707 MOBEZ & E M VL Y VEHZ . 2.1~4.2 MEz0 B3
PICIE I EE, 16~65 MHz ORI EHEE TILHEIC & D BEEA <7 PVIEE
To7z (MERE 30 °C) » 2B, WEIIATERRY BHFFRZEICBTERBL
726

2% 3Tk
1) B b EEsc, BRI RS (1990).
2)  E.Klocke, A. Matzeit, M. Gockeln and H. J. Schafer, Chem. Ber., 126, 1623 (1993).
3) R.E.Buckles, J. M. Bader and R. J. Thurmaier, J. Org. Chem., 27, 4523 (1962).
4) H.]. Reich and R. E. Olson, J. Org. Chem., 52, 2315 (1987).
5) T.J]. Mason, J. P. Lorimer and D. M. Bates, Ultrasonics, 30, 40 (1992).
6) M. L-Shalom, J. D. Fitzpatrick and M. Orchin, J. Chem. Educ., 34, 496 (1957).
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Brep i BRI X DS - LET,

ATFRICIE L, B ICERS2 WIS & el e 0 ¥ LAY BT BRuRicR
oL ET,

wiE, BWYRMPEB LB E R LFLURT H-L, &k BE
Rl BEEEs O ICHBASE ANBRE BB LB LETET,
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TEAF BB X UvMNbE RO XVERLBE L BT T,

SEARIBAANGE 25 ¢ B S TV B AR ICAR MBS R BY LA B
At EHCOX Y EHWELET,

gyl A~y FOVIIERE PR CH B SR TW R LAERERY FF AT
BEBIOFH 2 BBERCLELLTET,

W ERABRE LTV AV EY MERE MBI UTERAT A2 E
LB L ETE T,

BRgE S R RIE S v — T & LCARMIR 2 XA TR nnEmd K 2
Fatr K. AR K. A R K EEAC K BR OR K, BIEZ
. ShARRE K. STE KA S ONCILHEER KICEALE L EITE T

F7o. B ER SRR OB S 3L MBI R WZIEE, ARfGe % FESED
CEAHSEE L, SR LTHERLE L BT E T,

2 LT, A2 BWTRAHIRAETE 25%5 2 L 3FHOXH R L CHEEATRETL
720 TTICLEDEHOBEERLE T,
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