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For the purpose of elucidating and understanding the reaction dynamics of shortlived inter-
mediates formed in the solution phase, it is very important to carry out detection and kinetic
analysis in a homogeneous solution without being interfered by concentration gradients, which
are usually unavoidable in electrochemical and pulse-radiolysis methods. Our group is propos-
ing an electron-transfer stopped-flow (ETSF) method for the spectroscopic detection and reac-
tion analysis of shortlived ion radicals formed in aprotic solvents. In the ETSF method, eg.,
short-lived cation radicals are formed via electron transfer reactions with stable cation radicals in
the mixing part of a stopped-flow apparatus, so that any changes in the absorption spectra are
observed in an optical cell after stopping the solution flow. In this account, the principle and
actual procedures of the ETSF method are described first. Then, some successful results
obtained using the ETSF method in observing the absorption spectra and analyzing the reaction
mechanisms are summarized for the reactions of poly-aromatic cation radicals and aromatic
amine cation radicals. The former includes anthracene and pyrene derivative cation radicals
formed in acetonitrile, and the latter includes aniline, N-methylaniline, N,N-dimethylaniline and
diphenylamine derivative cation radicals formed in acetonitrile. Finally, as interesting examples
that the ETSF analysis cannot give straightforward results, time-resolved absorption spectra
observed for the oxidation processes of N, N-dimethyl-o-toluidine and N,N-dimethyl-m-toluidine
in acetonitrile are shown and discussed.

Keywords : stopped-flow method; electron transfer reaction; aromatic cation radical ; reaction
analysis ; visible absorption Spectroscopy.
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Fig. 1
of anthracene cation radical recorded after mixing of
the acetonitrile solution of 0.20 mM TDPBA: " with
the acetonitrile solution of 0.20 mM anthracene’
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Fig. 2 Dynamic transformation of absorption spectra
of pyrene cation radical recorded after mixing of the

acetonitrile solution of 0.20 mM TDBPA- " with the
acetonitrile solution of 0.20 mM pyrcncm
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%3, Scheme V O SHEREIZE-DITIE, DMT DEX AN (mMeDPA- ") R mm'-Y AFNY 72 ZVT I U7
LFmILE A D ) TCHHTE D 2 &%, BRICH/NERZ F4 5 YAV (mm'MeDPA- ") DRIESIE, HDPA-"
AunBRALHHEIS L > TEMFLNTED, JEsh EHBL TR T LI Dm0,
7SI R D — LT B, IHSORISONEICE LTk, AFNVEDRXYHAD

YWIZ, NN-VRAFNpT I hFHrIVH0 AL THRISKREAZLL, Ye ey 727>
(DMA- ") 2L TH, DMT- LRk, dlsT L0 F Yy aRER2LEYW (pMeDPPZ) HBLZ )
S TRt A 2 L 2O HETHLNIITSE (LB TR L2 BEIZ L 5. 2ot R bUniE, X
720 SO, HEEANE DMT- T A (14) TE BRSPS T OB R 2T IS RRC UGS THEST

XNBH, IEEEER LIPS FEDORIGET8IM FTAHAYMAE ZEARIGTH Y, RO #EE I
s, YT YEDORIETIOM 's &, DMT: 2T mMeDPA- " T 87%x10°M ™ 's™', mm'MeDPA-"T 1.1 X
1100 BEOHETH - 72", TSSO, A bF 10°M 's ' THo 7.

Y2 HFF IV ANORENE L TWA.

H
|
~d[DMA-"]/d( = k[DMA- ] [DMA] (14) ©/N\©/CH
CH,
H3C-o—®~Ni mMeDPA
CH,
H
H.C N CH

46 RRC RIETHETY 2R{E-E(RT

VT VT IV AFA YT IAN (HDPA-) LIl
LT, p-xa‘-)l/*‘/““ig—.:)l/?? VhFF T AN
(pMeDPA-") OBIBHEMKT 352 L bETRIHA b v
T h7a—ERBECTH S LY. pMeDPA- T OIS

CUHTBRON Y ¥V YRS 5%, ORISR ! on,
HDPA- " O & LI (15) TSN, PUSHEEEK /@E D/
H.C N

1223x10'M 's ThHorW. 3

mm'MeDPA

—d[pMeDPA-"1/dt = k[pMeDPA- "1 (15)

mMeDPPZ
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47 RISICRIFT N- X FILEOZE

NN-YRAFNpT =2 P hF+ 25991 (DMA-)
DLEFENERHVES L OBUGIZE LT 4-5 Tili~< 7243,
N-AFOU A SOBE N O BUEHEREZ 5 2 2 828 % 1) & A
T ALHT, NAFLpT =P hF+r5TH0
(MPA"") R p-T =2V v AFFH T30 (PAT)
CELTY, EFREZ Y 7 b 7o k& e Tz
1oz,

CH, H
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H H

MPA PA

ZFORE, MPA-T, PA-TEL5DWE S, B
LClE, #F AT HI % BEMCHE bll L7286 130

(16), W2 HT L 86138 DX LR
BESIL, DMA- & 3R -7 MH}T ‘mbwvﬂ T5Z
EDVrr ot TROSOIISIE, 4.5 TRL LD 2 ik
THh<, & LA 43Tl L S flEsrTric 7Umm
WROENLHBITH Y, Scheme IV & [FHEZ KSR 7%
55
~d[MPA-"]/d; = k[MPA-"]* (16)
—d[MPA-"1/dt = k[MPA- "T*[MPA] (17)
UL2L, BUSHEKWIZEL TIZ, MPA- TldBIL_ &

K (MDMPZ) #4083 525, PA- DIFAIE A L F 2 HH

ODEDBMEELNY T I 7b— (VB) AELEEYWTH

272, TOREIL, NS OFEKRTIZEEEILO b A
EO TSRS EIL D E LA Z AR LTWnA',

L DHEDTFF T VAN OHRI L

ﬁﬁ#%ﬂbﬂfwz

BORE AT 1113

VB

48 T DM OYFHEY & G

INFETRLTELZLNIEL, FHEETIhFA 05T
AN DB~ DML H O, BIBRBA L v
T 7a—EE VA I ET, O 0ORISEERR KUE
T A E N TE .

COEMIL, TEMZPMILPTORMN) 7227 3
CHFX T THN (TPA-T) DOFISIZEBWTIE, 1960
FFIT AR I VY (TPB)

BT 2 (18) OZEALBUS™ 725 T R L, Rk
S /AN I X‘ T 5 E—FMOREMKEANX(19)
DI LD ERTHZ %, BFBEA Ly 7 70—
B X > THS T L.
2TPA-" —— TPB+2H" (18)
TPA- "+ TPA — (TPA)y- " (19)

0

TPA-" @ 647 nm DFEVEHIEINE — 27 L1380 % 0
850 nm fFfiZ 7 v — k4 WW%HO(NM ORI
INWATTH )T AFIT & B EEET 1995 41| ¥ﬁ*’éilf

L0, WEALFBILIC BV TRRELC M STV D -
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073“:11’5 | T E L 72 AL RIS 2 Tl i L07 IR
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ZOIEDT(20) ORIBHEEIETLTLEL %
WnrsTHDHL
2 TPA- "+ 2Py — TPB + 2 PyH (20)

SOLHIT, WEOHEETHE
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LLLAPFICHWTWAERA Ly 77O —ET
i3, TEAfbi 8X10°M™'sT' D TPA- DB
(LB IRHTY SRR OIS R TH D, GERR7z L) &
KA BT T AR T IV AFF TV ANDOR
ks B RS, FEE L, WA TH 7.

FOEET, BEALFICOFME BN TS 720 ,@
WNBTBE L V) BRALE» HBENTEZEHT S
WADYL, DEDDOEZFTEDHLEES.

L EALFE Tl & L
WFREA Ny T h7O—

G RE A 1

5 HEMIEET I A FA LT VA NOBHEE
s

5.1 BFBEIZA b v 7 b T7O-FOEMARR

3, 4TI, BEBEA by 7 b 70 —EICE - THAF

ﬂ%ﬁ/7/ﬁ»®nm%ﬂx«7bw#oi<mmf
é,c@ﬁﬁ@%&%@%%wim DT RSB A
T%T@ot,mbiW%WﬁTL#

Lirl, BWF4 2T Y HVoRIBTED T X THmi
ARG S L 255, FEWE, TV hFFITTh
R NN-FAFLVT =) Y HFF 25T HN05
ERENL T o 72 b DO RETDH - 7.

BTBEA L v 7 b 70— kA, [T AT
FRHETFREBIEERD L, SR DERTHRNS DS

TPALS RS R 2 AT 4 5 k] & vz 50T, (LK
B DS L2 UGS R TR R A 0D 43 e 3 L R
ThbH., NTTORFOKETIE, TRUSHEEE LT
10°M s UECSWORIBHETREBA Ly 770
—FEOEHBH L EHARRTHA .

L Ledss, EHdahnF 45 VIV EENITHRI

KAGAKU Vol. 53 (2004)
TEARTH, BRERSHE ML 72WIA XY FvoZt
MEH S NDEERH A, KR LTI, ZFho 0Bl
2 RITRT.

59 NN-FAFIo-h AT hFF LTI HI
NN-TAF WY bVA T AFE LTI NN (DMT- )

DFIGIWZE LTIt 4-5 THRARZZDS, NSTHNAFVET
REINTHHWNNIAF - b VA P hTFA T
THN (o-DMT:") ORIETIE, —EAD NNN N-T

FSAFNII-VAF NN TV Y (TMDMB) AR

%.
CH,
N
\
CH,

CH,

o-DMT

H,C

TMDMB
SOOI LT, 3 o-DMT ORMBEALISIZBIT
HEMBHRICEZMWE L. Fig. 312 o-DMT DO 1 7 1)
2RV ES T LERT. o-DMT- OERIZHET S

&wk~7zﬂm¢é%it—7uﬁMéhf.%ﬂmm
RCEOBMNBEH 72 OB bE I — 7 25 S

niz. To¥—7i3
HET2HD0TH 5.
KIZ, o-DMT- DA ERIL TBPA- " DAL~
TETHDHNDOT, TBPA- % USHIER & L TETBE)A
My 7 b7 —MEEZIT- 7. Fig. 4A1Z, 0.1 mM
o-DMT ®7 £ b= MY ILE L 0.1 mM TBPA- "D 7 t b
= MY LB A RS L TE SN A RS VO ZE
fbz719.

BN & AL 72 W BRI TR TR B U & o TEBmIIC/E
hELﬁ:mDMTN0>§0rG%%Uf I — 7 23R & &

, A bic X K L7 TMDMB I

LITWETABTFPBHTEL2 3T THS. LAHL, Fh
DFEYTIE, Fig. 4B IR T LI, 480 nm DY — 7 &

El/\‘f‘

BAEMBICHML T —EMEE R bEHR LN T2,
ORI LT 5 ¥ — 2 B ClE R i R
WL RN h T,

KT 2 8Kk THB TMDMB DX H IR TV Uiy
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Fig. 3 Cyclic voltammogram of N,N-dimethyl-o-tolui- C D
dine (0-DMT) in acetonitrile ]
Concentration of o-DMT: 1.0 mM; supporting elec- g
trolyte: 0.10 M tetrabutylammonium hexafluorophos- ) I
w2
phate; working electrode: platinum disk electrode -2 \\
(diameter; 1.6 mm); scan rate: 100 mVs ' AN
O 1 i 1 1 1
400 500 600 0 5 10 15
Wavelength / nm Time /s

0.8
Fig. 5 Time changes in absorption spectra (A, C)

T T and absorbance at 480 nm (B, D) recorded after mix-

ing of the acetonitrile solution of 0.10 mM TBPA-"

with the acetonitrile solution of 1.0 mM o-DMT

Time interval of each spectrum of (A): 2ms; (C) 1s

Absorbance
(o)
NS

0 i 1 1 1
400 500 600 0 200 400 600
Wavelength /'nm Time / ms FUTEDLCTHERAMTE 2w, 20720, BT

o-DMT 2 HF T 2 44 Tid, L7 TMDMB: ™ &
0-DMT & DBEBALE B ASEI T+ 5 2 12k b, TTHk

Fig. 4 Time changes in absorption spectra (A) and
absorbance at 480 nm (B) recorded after mixing of the

acetonitrile solution of 0.10 mM TBPA* " with the ace- WAMET AL DO LEETE S
tonitrile solution of 0.10 mM ¢-DMT
Time interval of each spectrum of (A): 2 ms 58 NNSAFLmhAT L HFALSSHIL

o-DMT "%, EOMDONY I T v i EKT LT =) >

FIERAF A T AN O BALKIS LT, NN-

AR OBERNL L, HFF T IHNIIR DL E 480 Vx%wwpwvfyyﬁ%ﬁyﬁfﬁw(mDMT+)®
nm P2 E D, Foo, |”Iim)ﬂ TR AR BOBAE A7 0 #7202 BARIIIZIE, m-DMT- (2B L T3
FENLZWAUZDWTEH, TMDMB- I2BTE 5. La & b KIS 12 & o'cﬁu&é‘é ZAR= 0N R D IO
L., TOHRIEAY Scheme [T THE XN D LS % wﬁ (TMDMBH."") 72STMBILIC L ) A HEEcXx 2 2 L8
PR TR 2 LT AUE, FICHAER Y T4 5 VA0 HESHTY 2™, FEE, Fig. 6 1258F mDMT O 1 2
DHELBN SN LETTHDL., Z0d, oDMT-'® Do o RVEEST LTI, mDMT DHEKIZHIET S
ZEALFISEA Py 7 a— &fiﬁ%?é&wﬂ&% BILE AL SN O o-DMT- LRI L TH 225, 2k
HTHEITTZL0D, H DWEEL T 2 0 EANCEICHEAHIAL TB Y, MRS I 2 hus
ZRIRREZ T LT TMDMB- " D4 ASE L TEI S h 2 HIST LA BE S v, TD-075VAED LY

LbDOEERTED. —ZZB L TiE, TMDMBH, DETIZL AL D EIEE X
*7‘lOmMoDWT@T%F;FUw%ﬁEOImM NTEBY, £ L > THERT S TMDMB O AL 1L,
TBPA- "7t b= FULBEEERSG LAWEICIE, m-DMT DAL CIEO BN THM 25 2 & AE

43)

Fig. 5 12/R9 & 912, 4H0nn\ON&qXﬁb\of“AﬁﬁUﬂLfi T3
BRMETZEHAR LN, ORI LW 2 ¥
— 7R LN, F7o, WET DML Fig. 5D IR
FTEN, BOA—5—THDOT, WL ORI
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THbHN, m-DMT- " ZEEMITER L 7258121, 510
nm AT ORIOM KRR S DIZH LT, m-DMT A
HGFFT AHE1T1E 480 nm ORI ET 5 DI PEoTH
WM OWILA NS % #T-238H S .

BEALZMEETIE, mDMT- " & m-DMT O JUEIZ X
D RALAHE AR, FNAEETHIL S S ECE #i# T
TMDMBH. " 2SERKT 2 2 EAWME s Twa™., Thz
KT r e, BFBEALNy 770 —#ETIE, Fig. 7B
DEBREMTIE, KIEA TMDMBH, ™ O A4 F THEfT &

ZD XN

F, TMDMBH,* ' ® X 9 IREORINAEE SN Tnb 2
ENEZLNS.
20—, m-DMT- HMTiZ, TMDMBH," %

TMDMB O FEALIRAE (K $ 2 i B INAEN S Twn

LHLDLHETED
6 & i

HREHF 42TV HNDEIKBEERTOEEE)

RIS CTHBIMIAER T 2K, KRYSLHEDY Y 7V
FICHEET 2 E VI DT TLRVOT, EOBHRISHE
WorbokEmevwoTh, S fbFEomsts LT,
< v F-RYTMRHIRERF B L.

La L, BILETIZILFORBE VI DI TH 5720
W2, FNERERA A TR CABLEWICIERL T
FE 2T oI, Ry, T BT ERTLRE

KAGAKU Vol. 53 (2004)
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=
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E —_—
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5 | | |
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E/V (vs. Fc™/ Fc)

Fig. 6 Cyclic voltammogram of N,N-dimethyl-m-tolui-
dine (m-DMT) in acetonitrile

Concentration of m-DMT: 1.0 mM; supporting elec-
trolyte: 0.10 M tetrabutylammonium hexafluorophos-
phate; working electrode:
(diameter; 1.6 mm); scan rate:

platinum disk electrode
100 mVs™'

Absorbance

0 1
400

500 600

Wavelength / nm
Fig. 7 Time changes in absorption spectra recorded
after mixing of the acetonitrile solution of 0.10 mM

TBPA- " with the acetonitrile solution of (A) 0.10 mM
m-DMT, and (B) 0.20 mM m-DMT

Time interval of each spectrum: 2 ms
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AETIE, RSC & RRC LISIZ DWW CRHIZ i 7295,
1978 E1C1E, 70 b Y BE A ) mgE T BALUSIS
BT 5 BEMERICED “diagnostic criteria” A 25 D FERE
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