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Abstract
In order to discuss the mechanism of “microwave assisted chemistry” on various chemical reaction universally, the generic
definition of chemical reaction enhancing effects under microwave irradiation was proposed in this paper. As the experimentally
quantifiable kinetic definition, two types of correction coefficients (Cy, Cs) were proposed in this paper. These coefficients are
expected to affect respectively the activation enthalpy (AH™*) and activation entropy (AS’) of the target reaction. This definition
was proposed based only on the invariance of linearity and the changes in the gradient and/or intercept of Arrhenius plot for
various chemical reaction under microwave irradiation. In comparison with the deductive discussion on some mechanisms of
“microwave assisted chemistry” based on various assumptions in other previous studies, it can be said that the discussion based
on the proposed definition are phenomenologically guaranteed to be generic and accurate. In addition, the verifiability of some

deductive discussions in other previous studies by experimentally measuring C and Cs were shown in this paper.
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Fig. 1. Comparison of state distribution under isotropic

heat bath and under microwave irradiation.
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isotropic heat bath and under microwave irradiation.

32. TUAIINE—HMREHS LUV FOE—1
MRFRBOBLIRRIC T HIRFENE
R(16) LV, =2 X)L E—h FARE TR B L2
2B R DR DO AL 2 M IET B85 CTH v | iR
FEBAACHT U THRIFE 2 R oD T - T, JINEMEH (&
WZIHKRF L2V, —FH T, = b e B—a0 R R 50T
W EE (2569 2 B B B AR DR DY) 1 & HiE 3 B 4%
BThHv ., MIRMEB KA TET 5, T7hbb, =k
7 RSN TR E O M I B A2 % 5, L
L, WINOBATH, Bl 7 7 A
X 57, PHEMA~A 7 oI B IR 0 & A
2P ENTE LUER AL T 256, WIRMEOM
FEIZHIRT DRl dam SR, £, ~A 7 mjic
WS NWNERZE AWT, EROHRERIZE D
BEZH 50 CORIEL T Z & T, MIREOME
\ZHRT 2RREZE IEREICHERR LIS 5, Z0%a. MR



JEMEA Journal Vol.6 (2022.12)

TEOMEIZHRT 2RREL I LT, 2R EIT
RO 7RI S - HEITIRY | HRERITKIEL
7o I~A 7 aEhR) OFEEE R U155, Al
DFRHEZ, T D X9 BRI A E 2 fR S
HREBFFO LN B,

/N TIRIBICE D Arrthenius 7 1y R OEFTND Cy
BLOCGETEEILTH-DI2IE, 1 7 il i
BT, K 3 FEHORE AR SOSREE S 2 FRAC
FHTLMENDH D, ZIUTDONT, Bz, 5L
T DAL SO RO K R OS5 6. —HAE R
PG AR DINVE A E OV 2835 = & T, 3
NI DFERIER 2T 5 Z &7 LR S IR
FERIE 2T 5 Z &N TE D (Fig 3), BRSSO
e bRERIC, U RBVE R K D P EBL AT 6E
ThsbrENZ D,

Pump
Fiber Optic \'sampling E:Electric Field %H
Thermometer | | g Reflux e H:Magnetic Field j
k:Wave Vector E

TE,,-mode Traveling Microwave

Reaction
System

Fig. 3.

Non-polar Refrigerant

Stirring Bar Rectangular Waveguide (WRI-22)

Liquid-phase reactor with WRI-22 as a heating
chamber for irradiating TEji-mode traveling microwave

under temperature control using a non-polar refrigerant.

4. EER
4-1. Arrhenius 70y DRI

~ A 7 B FIZ38 1T 267G D Arrhenius 7' 1
v MZOUWNT, SCHER4-6] TIIAHBIRE G STk
. WINBIEFITRUVBIEENFEFES N TVD, X
BR[7] Tl FEBIREUCB 25 KT as, 7y b
ERDRY . ~A 7 nlORIHNZ L 2 LWIERIEL
IR TE ARV, ZDO X DT, ENRAR D LSRR
TALEERORIZ I T, Arthenius 7' S OfFEMENR <
A 7 W DRI OHEEARAT LN T LD, 2-3 il
BT I~A 7R OFERITHERANEL) T
bHENWZD, FET ~A 7 P ORREHIZ X5 Arrthenius
7'ay hOFE LOIERIALBI S =55 Th o T

24

. 23 HIUCBIT D [~A 7 ol OEROHH
SN CIEH 2 HOD, BHEEICEIR [~A1 7 vz
R THDLEMIRTE D,

Arrhenius RUZI1T 2 FFR/ T A —F A 1ZHONWT, E
s bE (@, 5) MICh, 4 1T TORERTT
PEEZRFOZ ENMBN TN D8], LavL, ATl
Avw DIRERTFEE TIINEB AL T, T - +oolZ8I1T
D EROMME L LTI EERLTWD, 22
T, R(3)DOHEFRAVFEIR ORI & LTV 5 Eyring 2T
SONTC, R(7) &V, Eyring 71 v b EREINHERDE
(19DKALT D,

kg , ASH  AHTF

h R RT

(19)

In% =1n
T

Hern ik, R19)Tlik, U 5H7290T - +o
DOWIRNERTET, T7hobb, BEICIX, Yoy b
OYIR %5 U720 A8, SMFE & L CREliic el %
/5 Z LITFRETH D (ZOFHEIL, Avw DIRFERKRTF
PERBR SN TORWE(13, 14)TH FRRICHE RO 2
L72%). Ko T, FEERFEROBH N OBRIZIE, STHk6]
D& DI, WIREITHT HIn 07 1y bEfERL,
DOIMEE L L TU R/ ZRET D FEO Dt T 5
AREMR D D, ZOLAIE. = bu B aREK
b FE IR EZFE O REE 2 RIE 45 2 L2 D,
7ok, SCHEk[6]% DR Y | Arrthenius 7' v | & Eyring
7a oy b EOMTE LW ZbIT /K S ICR
=T,

4-2. TURIE—MHRBRES LUV FOE—H

MRFBHAMKFT DI EHUIT A —42

(<A 7 o) OEL LTk, ~( 71
WV —2WINT 5 Z L IC LD, BRI TE7-
BRI T- & L C D0 T OSSR 20 5 FERTF Y
FIEEN ORI 7R EDX, 3 F o F- DR R 11]7° 6 [ERHY
IZTTE D, Z2TCWH FIEProy1EsE)] DR
& LTI, 245 GHz F2EE OJE A CRFRIZE)3 2 Hk
PHBWET DI TO, DU OBGH FELIANLE S (3]
IREEBZTHE LTV 5, Lo T, ERGEIIRT HE A
EHLTDBAND . ORI QMR -E— A > MX
HERYHECTHDH EEZOND, £, T OBA
2k D FESEB N EE CTH 572 HIE, SOSIEEOSR



JEMEA Journal Vol.6 (2022.12)

HEECTRBIM O, BUSREROZER TR L
FLEETHDLEBEZAON, CEEOEEMEE— A
¥ NOEBEDALTERIMINE, SUSR DR LS 72 E DRl
PIELETCEETHL L EALND, Thbb, =

Z NV E—RRIRRE S L O v b e B =R RIS,

TINDHDNT A= EMSIER L UCTRET 22 &
TSN,

[~ A 7 ot L) Cid~A 7 amEE G
DOEJR LT DIGENLN, F ORI, Joule 1K (&
AR | BERA, AR D 3 RO BRSO =X
JLF—ift & LC, Poynting D EEIZIHE-S < kDA (20)
2 k0 B STV B[12],

Py =2, |E[dV + 2, {¢"|E|> + @ |H|?}dV  (20)

T, PO [WIEBEEIC L A EREEOMBEENE. o
[rad s I XERZ O AIREEL, o [S m)IFEE DEE R,
& [F m 1 IBE OEFRFAEROER, 1 [Hm'|IXEE
DIEFBR O/, E[Vm ' IZEBE~2 L, H
[A m'IIBEE7 ML THY, BEHEEIT~A 7 vl
MBS B B ISR A IRER Sy Th D, T
b, PLTAEENTHY . Lo (X(8)) ki)
% yEmw (AT S TH D LRIRT 5 Z LN TE
%, Filo, ®EhESH, Tbb, Bkt TICBE T IS
B INDLEINZOWTH, Poynting DEERZHS
ROKQINT L B STV D[12],

Py == [, (€|EI* + u'|H|*YaV 1)

Z T, & [Fm I TE O#EEFHEROTER, 1w [Hm']
FEE DERBWROF Th D, LoT, v/
B N2 2 05RIE,. 0, 212D % i
TRNFX—HHBEEITEE T2 210k b, 22T
PAARBLED D, O RAFX—IZHKT D NS
DZEF B ETTIFEF IR LV | ALERIEA
HINDHZLIZhd, Thbb, BHEOMERL LW
AIERE, BLORGREEE L TORBEXERICD
WChH, XA E—IERREEB L= b B —
WA AMKAF T DML ERR T A—F THDH &
MTRIND, B, FOSROEFRFERL LOEHR
BRERIZOWTUE, <A 7 v lNEOBLS) L ARNE
NOFPEECTH D72, R(20) L 0 | B EE S

25

NBRHTH LN, Falt, FERIFRG FEE)OBLEIG |
LG TIHETe LA RIS RICERE S 400 Mh e ) 0 )5
WEETHLHZ &, Thbb, ARQDEY ., EROEE
PEAVRIE S LA TWB[13], 2 b O a £ 2 5
&L T UH RN AUREIIEESE RS LU R
BEEGEROEIC, =2 o E—iRRRE T,
ZIVETVMNT U TIRIE L QD D ATREME 2 HEZE LG5,

4-3. <4 OEBHTIZE T2 RERDIRES
AFmIZBIT 5 Arrhenius OVEIR T, ~ A 7 kiR
HTICBT DRERDTRF—IREES (DU
W) OBEE BB EREET, HET
Arrhenius 77 v N OBIGGERAYRAHIEIZ DOV T DI E K
LT\, ZloEgm T, RO TERIESNLARE
NETNTIENE SN LD EEFAOMIE, T72bb,
N(12) TRI SN DKL M D3RO ZAE L T
WB[3,13]e TOICEIZHOWT, RASNITHS X, A
BINAN T DRISRICKTT D~ A 7 2 OG-
NX—Euw & TR LT A—41{bL, Zht
Cy DFEIME & ORRAfT 5 Z & T, ~A 7 =ik
FTRIZIT 2 SOSRORIESG A A MGE LS5, 2 2T,
HILOBGRIX, ~A 7 2R il 2 5RO
RESARDZA L. T 7eb b L7 ~OFEHEF 217 (B
HORERELTO =4 7 azh) 2T Hikm C
bbb, —HT, BIzIE, FH-AZaAL FIEBEHOH
AFEHBRIZONWT, <A 7 e OIS K 5 bR
PEEE TR E ORI BT 2 B MEE S TR W [14].
ZHTEH b= =D, TRbbEEFH)
ERORERE LTo T~ 7 alghE) BT 5%
WCHD, Lo T, NUSHTEEANERALT D DT Tl
72 < BUSKEREIZ K- TIE, Bl 23Tk 14] 0 & 9 72 8E
NS CuOERE Y TH 5 FIRetED & 5, £
7=, BloERE LT, IR, ~ A 7 alERE IR
VT 2% BB S O R A AR SRS K] 2 SR ORI D3
JE45A & Maxwell-Boltzmann 4347 & O BB DML
SITNB[15], DA, FEHRNTA—F 4 ([ZOH
FEDSMBNZ 72 B[15], ZAUZDWTIE, Cs OFEHAIME
L DN G M OEGZHGEE L1535, 7ok, FEHR
BIZIE, ZREZERLFROSITIN T, RS
7L T CyETE CsD—F7 DB DAL KB 72 5



JEMEA Journal Vol.6 (2022.12)

AREMEEZHET HMLEIRANE WA D, e LA, CiB

L O Cs DZALDFRIE & ROSHREOBIFRMEIL, (LFPESE [3].

IZBWTC, B~ A 7 e x X —0FHiFs &
BT TTh D,

[4].

5. kEEf

A ClE, HILOHRRB1ZEEBIC, ~ A 7 ol
IS SRAE S E 2 Ul aeo Nt S A Byt e )
BOHENRET D [~A 7 alEzhF) ORI
FRTRERER AL FRUICIRRE L, K CER LT
AL E— R L O v b o AR AR s

X, BERBIRTEFRIS] DBLE N D, ~ A 7 o IRE T [5].

B DALFOSOIEM L > Z 1 =36 LOVEME L=
YR E—ERIET 2R L LTIRIRT 5 Z LT E
Do Flo. THHOERIZRWTIE, HIREN~A 7
HCERE STRET 7 A SRR O &9 2R
RE[EMT D2 LT, FIRMEOHEREICHRT HRAE,

WhWD BRI 35 CER U, [6].

BRI D= U H N E—REIRR SR L O b
2 IR O ERIL, I, fx O FEER
FEA O ARSI 2R >Nt 65— T,
HL ETHHEGRMNRERTH LD, ThHHEND
[~ 7 et ) ORI B & EHGERT D
PEEDO SO TIER, ZOMIZHONTIE, ZHhBMEK

T DML T A — B DRFE LT NS LB L [7].

B ENZDH, —HT, HENIZIE. WL ODDMET
WFEIZ BT Digaml3, 13, 15)lCOW T, AiwlcBi 5 7E
RICHAS L HEERTREMEZ TR LT,

6. BHEE
AMWFFEIZ, IST RIAAIFEE BRI IE T 0 75 L

JPMISP2154 D3R ZZ\T T2 6 DT, [8].

51 AR
(1] ERIEUREE, “~ o 7 a0, £
74717, 66(1), 2025, 2014,

[2]. Akshay R. Yadav, Shrinivas K. Mohite, “A Brief [9].

Review: Microwave Chemistry and its Applications,”

Research Journal of Pharmaceutical Dosage Forms

and Technology, 12(3), 191-197, 2020.

26

(DOI: 10.5958/0975-4377.2020.00033.6)

HZINE—, “FEBMIIZ R0 i SR 2 B % PR D
18, 713 [5] H AR T 7N F IS
2N A B02, KIS <X, 10 H, 2019.
Jacob Hunt, Anthony Ferrari, Adrian Lita, Mark
Crosswhite, Bridgett Ashley, Albert E. Stiegman,
“Microwave-Specific Enhancement of the
Carbon-Carbon Dioxide (Boudouard) Reaction,” The
Journal of Physical Chemistry C, 117(51),
26871-26880, 2013.

(DOI: 10.1021/jp4076965)

Luca Ricciardi, Willem Verboom, Jean-Paul Lange,
Jurriaan Huskens, “Local Overheating Explains the
Rate Enhancement of Xylose Dehydration under
Microwave Heating,” ACS Sustainable Chemistry &
Engineering, 7(16), 14273-14279, 2019.

(DOI: 10.1021/acssuschemeng.9b03580)

Shinji Yamada, Akinori Takasu, Kazuhiko Kawamura,
“The Effect of Microwave Irradiation on the Kinetics
and Activation Thermodynamics of Ring-Opening
Polymerization of e-Caprolactone,” Journal of
Polymer Science Part A: Polymer Chemistry, 51(17),
3732-3739, 2013.

(DOI: 10.1002/pola.26776)

Somnath D. Shinde, Ganapati D. Yadav, “Microwave
Irradiated Immobilized Lipase Catalyzed Synthesis of
Alkyl Benzoate Esters by Transesterification:
Mechanism and Kinetic Modeling,” Industrial &
Engineering Chemistry Research, 53(21), 8706-8713,
2014.

(DOI: 10.1021/i€4040972)

Samuel Glasstone, Keith J. Laidler, Henry Eyring, The
Theory of Rate Processes: The Kinetics of Chemical
Reactions, Viscosity, Diffusion and Electrochemical
Phenomena, McGraw Hill, New York-London, 1941.
(ISBN: 978-0-07023360-7)

ALNE—, KA, ~ A 7 mIFIINF O 5187)
R a2 Lb—yg ) E9 B ARG T R
FAIFR A 4,038, FEH TR
X, 11 A, 2015.



JEMEA Journal Vol.6 (2022.12)

[10). HRHER, #7107 1 R, R X,
2008.

(ISBN: 978-4-563-02437-6)

[11]. Donald A. McQuarrie, John D. Simon, Physical
Chemistry: A Molecular Approach, University Science
Books, Sausalito, 1997.

(ISBN: 978-0-935702-99-6)

[12]. David M. Pozar, Microwave Engineering, 4th Edition,
John Wiley & Sons (Wiley), New York, 2011.

(ISBN: 978-0-470-63155-3)

[13]. AZILNE—, KAME, S BR T O & = LF
—\ IR D FENIFERIBEL” 15 [a] AR
BT FINF— S FA AN A B0, A
74,10 H,2021.

[14]. Jun Fukushima, Keiichiro Kashimura, Motoyasu Sato,
“Chemical bond cleavage induced by electron heating:
Gas emission behavior of titanium-metalloid
compounds (titanium nitride and oxide) in a
microwave field,” Materials Chemistry and Physics,
131(1-2), 178-183, 2011.

(DOLI: 10.1016/j.matchemphys.2011.08.050)

[15]. epbooaR, i, mILER, “TA Y 7ET )L
KD~ A 7 aNROBEL 1) 7 B A
BT RN F— I F2 2 AT A,
1B04-05, 50T H R, 9 H,2013.

Manuscript received:  Aug. 29, 2022

Revised: Nov. 7, 2022
Accepted:  Now. 16,2022

27



