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Development of Novel Chemical Reactions and its Applications to Automated

Chemical Analysis

T e
T. Sakai

Abstract New chemical reactions based on ion association formation with a monoprotic acid dyestuff,

thermochromism of ion associates with amines, stepwise titration with ion association ability and water-soluble

color and fluorescence reactions were proposed. And also, flow injection analyses (FIA) coupled with novel

chemical reactions mentioned above have been developed for the analyses of pharmaceuticals, toxic air

pollutants and physiological substances. Moreover, the automated flow-based techniques were proposed for the

rapid, reproducible, less reagents consumption and sensitive analysis using newly designed apparatus. The

proposed technologies are available in food science, control of industry waste water, environmental chemistry,

pharmaceutical and agricultural chemistry.

These researches described here were awarded by Japan Society for Analytical Chemistry on September

21, 2006.
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A F U EERINTIE, BUKMEA A& E L BUKEIA A4
VEENEL B SN TV D BIEILEAMEA Z 2
HENIZEA L, WBEERTD. FBEFITVF—
RBUKMEA T OEEITESS b O T, oA 45
EHHICHAVWLOND. BlxiX, Fedl)ix 1,10-7 =7 > bk
o U (phen) & 1:3 $&fK[Fe(Il)(phen),” 12 TERL L, 7R
EEEG A A O =51010m) &725. Z OIRIRICER
DBEEBRA LT (COS) BEMESH B &
[Fe(Il)(phen);> [(C10, ), D 12 A F Vv REAEBERMIC
RS, AMEHICHEHIS., Lo T
[Fe(II)(phen):> 1ML EE 2 JIET 5 Z LIz X v, Ry
WBERMA A OREETERT D ERNHESL V. L
2> L [Fe(Il)(phen);*"] @ & /LW Y% £01E 10,000 L mol™
cm ! BRETHY, WMESIITITES 2. £ TEHE
DBKERA A EtAF & L, EBICREREAR
JeAR% (89 100,000 Lmol'em) &2 AF LT L—

B TERZTERICAEFRIC LR (BEH)

(MB) 2, =FA AL F Ly k (BV) Por—%3I B

(RhB) Y72 ERAVOND &, BUKMERRA 408k
AV OREESTBFRETH SH. MB R EV IXfaA 4
UHEREIEER OBMESTICEA SH, NSPCRA S
nTWs. —F, HEMHE ST LT T ARYE
DEAWVWLNTE. BlxiE, =7 Iy RNH) IR LT
JuEws vy =7 Y —r (HBCG) M5 & pH4
DT TIEEED 1:1 DR;NH)HBCGEAERE LN,
B#ERIIC RNH OREZRDHZENTES . £
pH 8 FHETIXHFA®D 2:1 DRNHN,(BCGHR AN
RS ND. B OSEERITESLHHICEREEICHE S
B, E/VISEAREIT/ N &V, % F1E 25,000 L mol ! em™
BREORBREZAT D, FArBELIMEROERE, £
Ted AU REEROMBENEL, SEERAERDEH pH
IR . & BITHHERETOA A v R E ORI
1 C 12 BMRETAZERHD. £IT, EFHELITL
OOBREETES (pK,) LEFz 2o —HEERRYE D%
HERZ L. ZOfRR, KEEOMBITET 111 3%
B, F72EAIEAREITAT 3~90,000 L mol em™ &
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Bz, TR LY bENEEREEZB L LN TE,
EREMRK N, BT, TRITRET = ) — LT
Z LA v F AT/ (TBPE) 137 2 Ik LTiE
#7 45,000 Lmol ™ em™ *), 48k T B =T AA FUNT
% L CI3%9 100,000 L mol™ cm™ D E /LG4RS E 5 2
10D, F 7=, Bl pH SIS 5~11 & KiglIcgEF S ni.

TBPE (3% bEN A A v R EHRAETH D23, 1~3
BT 2Nk L IR~ READSEEE, iz, 4
W7 =y MMEIETCHEASARERKRT 22 L0
RHENTZ. ZOL A ALY, KA EOARN
BB LIIBOTEBLVWEREZTHD. S DIZR~FRE
BADT I ESEIZY —F 7 1 I X A (thermochromism,
LGN 2RBTDHI L, TOWNEEOEITRE,
TR VREICK LR ERICENT D Z & & A
L, H4WT7 o E=T DEOSBIER D, 7I05
BlEE BO% 0T I O RESHE SO SR S

—J5, “HEEERYeRl (B XX BCGY) & TV ) fElk
THW2 &R %8 5 R EROEREEARNC & &
L7z, L L pH7~8 FHEIZRBWT, NAF—7p3
MTIvThiryratrTaiueAd R (Q) BEET
% &, BCG & O THRESEERI(BCG NQNIMER S
N, ZORARICHMEDE 4 BT VE=T DESRMS
N5 LHFEOCOREEPHRIND Z X LE 1.
DT EITEY, XY 7 uI XEANFKE L, BEDOHEIE
PR b, ElREROEMEIRELEINE. 2
DEESEIIZTA A 2A 1K (temary ion associate) &
L sz,

EROFEFFIRICRE SN A T a6 KIS % F
AT 5RERE - BRIRNSITETH L0, 2Ty F~
=a T WVETHB. LEER-T, —EORIEIZHV SR
HOWBEREITIZ L, HITICET 2R bR, BT
IR ECTH D, F T ERIEITEMET, Sivr9IRER
EETL. b ORMBEAEMRRT D0, WEHHH
AT AL L7 e—A V2 v a 1E (Flow
Injection Analysis, FIA) Z 2% L, £R{Lzidn-7- 19
Ny Fv = o TVEEER IR, B R M YA
BT & 5 EBRBREEIE Y, ZR OB HIEEEK 2 &\
BV, FIAXZh b ORMBEREMRTE 5H51kE LT
HEEENLTWS.

W FIA YRIEEVBOCREBO R E RYuk2 v
BIEA A v FUEIEEROE M E IR 2R & ORI - m i
BESHREICIZE LTV DD, &BA v OS5I I3
JESBERMEICENTWD SIEE 20, SOl X R E (&
+ ppb~%+ ppt) DERA AL DOHITINET T T 7 A

b7 7 =R RRETFRIEIEEE (GFAAS) RFEMEE T
T A= JRFFIHEACP-AES) AW SN TV 5728,
INGIIRMARERT, EemMichdd. £ T, KE
M L— MREEZ WD FIA ORI 2{To7z. Ok
B, 227V ppb D Fe(ll), Co(Il), Cu(Il)72 & DiEEN
FREL 2ol Eio 1 B Y72 0 ORI HTIEREE T 20
~60 BET, Ny Fv=aTEE D LEFEOR
HHERHR S . E£72, £< 0 FIA TIREIGRS T
VAT APREESN TSR, EHIL2~3 TRE R
T 57200, oY A T7e—kN, XTA7
o—tL, WE7a—e /LR L, B - FRESHT
AT LEBRL, HFHELTHWS Y.

AR L7223, FIA [RGR, BHRA 7 =X R *
T B2 TND T, SNEBIN & DIERERF S Z &8 T
5. LEeno T, BEOTTPERIZSITICE LT
5. ERBESHNFEETHDH. £2T, RKRFOLF
VE U IRFNLAT AT E ROMESITICEA L. £
TeHERRT DI LT F = ORESHT VAT L%
FLT.

12006 FEBARSGHLFRFEE ] ORRILRoT
ERBFRNE % Table 1 IZART. [H LA F 26 KG
DA & B LW KSR AR SUR ORI TRIE L
(s BAUCRER) 28R E LT, T b OLRERKIG %
FEAIAAT THRIASHTIEOBRZE) kv, [958 - i
WRED M £y 2 Y, T5HE - AFHLEOFRML L (L
2OWOEEML) 2 B Uiz, misee(t - Bt sh
7z FIA B X 28T LWARE - P bZOFED, BR’E
b2, WEFHE, eeREEREOSBIZEAIN,
INTEART DF R L BRI KREL FEL, E~DHERD
K&V, BEICH A L, INDOF N BERENEILIT
TEEO—EERNTD.

2. FHA U REIGORIR & EASHT A~

2.1. TBPE IC kB4 A VvEAEDI—F7rI XL Y
~25)
TBPE % pH8 fFiTicRB W\ Tid7u b ALz
R;NH' (R,NH,") & ffngEf (R;NHTBPE & 2 WM id
R,NH,TBPE) %TEHT 5. ZDERAEDORIUEREE
(Amay) 13 550~580nm \ZFFE L, FR~TREEIZEAT
5. INHEAEROWIN AT MV Fig 1 1ZRY. E
BHIZHWONDAF N T =2 Y VERIED Ay 1
550nm, T7 = KU %5550, Y7k KT



PEREMERREE ORI & b0 4T 0 B BMBIZ B 2 A%
Table 1 HFSENZA
(e 1] H LA A RERIEOAIH (R 2] B LV KB R ARG ORI
I-(1) —H R LRIEDRFE II-(1) 7RKEME#REREEDOTE A
ORRIA A v S E IS DR ORI RIRERARIRIC L 2 FRFE R
O FMEE IR OB - BEKE ST OZFx 2N 7r—E/LOB%
OBA 2 v FmETE MR O R EE 44T OKNIFEEFTOAG/KE T AT I
O&BA A4 OZBIRKY - REESHT II-(2) FHlESERFERILGR DB %S
ORFERA - /BRI AT L DORFE OHEH ZAH BN LT VT & RO
I-2) —F7 v I XLREORZ OWRTFEERSE D B B HT
OBRBEISE A DR RIIZIS OAF & b ORI E &
OB HUARE 7 Bt O BA 7& I-(3) EFAfhH 2 BEE OB
OREERIE 7 o —& L DBFE O7 = =V DERBESHT
OIRAET I v ORRER O7 =/ —nofroeAEE
OF 4T E=y LRERKLOHHIEERE OMEBEREDOBREE
1-(3) =JiA A eSS ORI II-(4) ERARFBURL D2k HT
O ZHEERR YRt DRERE DA L OFAERRD I VT F=rDE=H—
OFAFIv I LV TDILR ORFAZ 7 =& v ORESHT
OV IEARER DK '
1573 nm IZAFET D, 3T I VD gy 1E Ly KU 7
b U722, ST REMEEOEWNC L b D EEZI BN
4. —FHF RN (47 Ve L) OBE, 2T A
1610 nm IZFEELZ. £2T, ZThHOSEED 1,2-
vrsruxZ (1,2-DCE) HTOESBEMELZRIE L
3 Tz ZA, RN DERT 2 HASEKRITERLEE L
z FEH, REREEITE < FUMEE RS2V & 3H 5
3 Lz, T7bbHERAAEIZRN)TBPE)D A A%
= EEERL, 2EIIYEA 4@ TBPEICIKE L, fEHE
LCNWBZ enlgnotc. £ 37T IV ORAREH
% RyNHTBPE O & 5 72 8B fif & R 72 22 WO HINSE (A % 2 Ak
LTW5EEXD. TBPEREAX—EILLT, 7Iv0
BEZENLSEZEZAH, TV OREOEIMIEND,
550 600 650 410 nm 1 Aoy A 35 TBPEH OWILERBA T2 D
Wavelength (nm) W5t LC, fHNgh{A R;NHTBPE DU IXHE K L7z,
F72 490 nm FHTICERINRA R OND Z &b, RE
Fig. 1 Absorption spectra of ion-association complexes B 5 LT BT AL RS LT b o & i
formed with TBPE'®: (1) 2x107° M diphenhydramine: (2) DB
2x10° M methylephedrine: (3) 3x10° M ephedrine: “)
1x10° M berberine (RgN): (5) reagent blank: TBPE TBPE , + R;NH', == TBPEHR,N, = R.N, + TBPEH,
1.6x10™* M ; solvent :1,2-dichloroethane, reference: water. .
- Blue Red-violet Yellow
1

ZZTwIKIRE, o IZAHERE R, TBPE &Ykt L
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Fig. 2 The changes of absorbance spectra with elevated
temperature (Berberine-TBPE-1,2-dichloroethane).'” (1):
25°C (2): 40°C (3): 60°C. Berberine: 1.0x10° M, TBPE:
6.4x107® M. Reference: Water, pH: 8.5.

LTHWAEA, 7 I 0ok LTEmesik %z, 4%&7
VEZUAEIZR L CT#HRENICEE LA A v e
& (A vxt) BT D05, T i@&br%u\fﬁ%
Thd. IbiZ, ITNboEeREMELZLZ A, &
A F U RAERITINEIZ LV, TR BEE DR 23
Ronfz. —HRESEEITRED LF I, 580 nm
T O SEE TBEENZID L, Apax 410 nm OWEGEE A
WRLE. ZDAT MVELE Fig. 2 & Fig. 31T~
CITREART =T AEE LT X0 M AN
Uy (Ber’) #HW, 7IELT25x10°M b A
v (ProH") # A7z . Fig. 2 ILALNB X5
(Ber)(TBPE ) XIEEE D _EFHIZHEVY, 610 nm & O 410 nm
DVFTHUCBNTHRAEITED B R bz, (il
RIZX % 1,2-DCE ORRIGERIZ L 26D T, Wik
BERNTHETS & 25CITRBIF 2R EE L —FK LT
—7, REAESEE (ProHTBPE) (HIEEEA 20°CH 5
55C~LEFHT DI, 580 nm AT O W SEEE 1T E B
W2 L, 60°CHRHTIZ B W CERASAE O LT
FZERBR RET T 7)) LIBERLCERDZ LM
EnEiods. E7- 410 nm (Z31T AL IEEE I A L.
S HIZ55CH B 20CITHEIT 5 L 20C TORIEIZRE
D EDD, MBI X 2 RIEDRNEA F o/ ED
SETIER L, RIERQIFATAHHY—Es/mI X
A (reversible thermochromism) AU TWH EEX 5.

55° Lor
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Fig. 3 The changes of absorption spectra of the charge
transfer complex by hermochromism.'? Procaine : 2.5x107
M, TBPE : 1.28x10° M. pH: 8.5, Solvent : DCE.

Reference: water.

Heat
ProHTBPE, == Pro,, + HTBPE, 2)
Cool
ZI T ATV RBERPRTI—E 7 v I XL 20y
WICBAT D Z & BaRAT.

Table 2 Effect of foreign substances on berberine

determination™'?)
Berberine
recovery, %
Substance Mole ratio 25°C 60°C
Glucose 1:1000 100 -
Lactose 1:1000 98 -
Ammonium sulfate 1:1000 101 -
Calcium chloride 1:1000 100 -
Sodium carbonate 1:1000 98 -
Sodium chloride 1:1000 102 -
Sodium nitrate 1:1000 101 -
Sodium acetate 1:1000 101 -
Sodium citrate 1:1000 100 -
Sodium salicylate 1:1000 99 -
Starch, 0.4% - 101 -
Thiamine 1:1 102 -
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Table 2 continued 211 P—E7uIXrERAFTLIE4H/T U E=D
Triethanolamine 1:500 105 105 LE R OFEFRT X ¥ ORI
Caffeine 1:100 101 - A A AR LE LT TBPE 2V 5 &, RNEW
Benzethonium 1:1 185 185 RNH & b A A 2B E R L, 1,2-DCE ~OHlHifE
Neostigmine 1:0.1 111 111 bEW. LER-T, 2O HFET S5 L EITHAEIS
Diphenhydramine 1:0.3 107 102 FADEEE %25, L LFig 2ICAGND LI,
1:0.5 112 104 Ber' & TBPE & OFBSAEIII —E 7 v I XLER
Procaine 1:2 129 102 72N, —F, ProH’ & OEERIL 55C~60CHITICR
1:4 159 106 WTHIRIERE T 7 v 7 LRI UENEEZTRT. Tbb,
Emetine 1:1 113 102 HEREE 55C~60CIRTIET I I L o EZD
12 130 106 T, BRI B ZMIETHZENTED. ZORRE
Papaverine 1:10 105 98 % Table 2 127”9, T DB % AT Fig. 4 12777
1:20 114 101 BCTHFASEEIILARGET LR, WEREL
Pilocarpine 1:30 106 101 60°CIZIRTIE, REIHERET 5. T7hbb, FOSEE
Eserine 1:1 111 100 OWAEINTEEE 522\, Fe, TIVaREHROY
12 126 102 —E7u I RALIEEMREEREERS D Z L300
Chlorophenylamine 1:0.3 115 104 ot ez 210 M P T =k RT3 4250 T
1:0.5 128 106 25CH B SOCIZHIR L, TOWNEZRET bbbt & AA
a. The berberine taken was 1x107° M, the wavelength was DHANA ZEH LT 25, 7.48x107° OEEHE, 10

610 nm, and the pH was 8.5.

3 ¢ W

TBPE-0" + “N-R, = TBPE-O"'N-R,

7 < 7 %

N A WY s £

IBPE-0" + H'N-R, = TBPE-O~(H)-N-R; —= TBPE-O-H + N-Rj

Br B T LT o
RyNe--Ho0 ﬁﬂ RgN-t"H """ 0:@\ ﬁo Rgh--H Om ,@
B Ij co By B 7~ (P Br Br” > C” 7 Br
r @,coocg Hs @Aoocz Hs @ C00C2Hs

Fig. 4 Resonance structures of charge transfer complex.
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Table 3 Effect of quaternary ammonium cations in the

determination of diphenhydramine using thermochromism'®

2x107° M diphenhydramine A4/At = 7.48x107 At =25°C

RyN added Concentration/M  AA/At Recovery, %
(x107)
Benzethonium 5x1077 7.68 103
1x10°° 7.72 103
Berberine 5x107 7.41 99
Octylatropine 5x107 7.64 102
Sparteine 5%107 7.40 99
3x107° M diphenhydramine A4/At = 10.76x107> At =25°C
Benzethonium 5x1077 103
Berberine 5x107 97
Octylatropine 5%107 100
1x10°° 103
Sparteine 5x1077 102
0.7 |
0.6

Absorbance
o
=

400 450 500 550 600
wavelength/ nm
Fig. 5 Changes of absorption spectra of Htbpe associates with
increasing amine concentration.”” Htbpe; 2.4x107° M,
propylamine concentration: 1, none; 2, 8x107° M; 3, 1.6x107*

M; 4, 3.2x107* M; 5, 6x10™* M. Reference: 1,2-DCE,
temperature: 20°C.

B DY R LUEROEBREIL 1.5% T, FRTEHE
LERDbNE Y, Eblza®z25CEL, VT2 KT
I UDEBER(1~5x10° M DO TR Y, KIRE
TOANM B RDTeE 2 A, BRIFRERBRIELN,
ThEY 7z b FIIVERBDEDORERE LT
FAWBZ LR TEDZERDoTz. RN DAA/At &P
Tt RT I DAA/A % B LT fER % Table 3 1T
AT, RNIZRDHEENRNZ L5305,

P—EruIXLEFATHEMHET I OR
EEE 26~29)
TIVIEBY—F s 1 I XA EREICERAT 5
7201, 1~3 MISHIET I v DEAERE T OBRERK
FHIZOWTHRE L. £9°, 73 & TBPEH (@F
I3 TBPE % FiV> 5723, pH3 L F D/KEEIRIZYT 5 L o1
TBPEH #3557, 1,2-DCE I[Z52&fiEns) oz
AEHAERD-. TBPEH % 24x10° M IZffH, ot
T 2 DIEEE 8.0x107° M~6.0x10™ M O#iH CHIM
L& & OWNEZELE Fig. 5 1TRT. A7 b1 O
410 nm BT D2WHEN S TBPEH DE/LEIEHRE

2.1.2.

(erpppn) ZROBZENTE D, SAEHIILLTOR
FRWTHEHESNS.
K, = [RsN-HTBPE]/[HTBPE]r[R5N]x 3)

Z DBA[HTBPE]R & [RsN]g XS # D TBPEH & R3N
DEETHD. Fut LT I U ENEDOHTBPER X

[HTBPE]g = 4410, &rppen *

AuolE 410 nm 12315 TBPEH ORKETHD. —F
TBPEH & O R;N OFJEARE % [HTBPE];, [R:N]; & 72
&

[HTBPE]; — [HTBPE]g = [R;N-HTBPE] %)
[RsN]r =[R;3N]; — [RsN-HTBPE] (6)

@), 5), ©OERQB) KRATDHZLIZLY, Ko &R
B EMTED., ZOFER% Table 4 1T77F. TIER
WRIZ1ET 2 v OHA 560 nm (LI, 2 #&1E 570 nm,

3T 2 1% 580 nm AEICHEE L, REHITRTE T,

MR R BIZ 5N, Ly RY 7 P LTWDH I E
BE3IB . ZHUE Fig. 6 129 L H1Z, Z ORINgEAEIE
KEBFRTZEIEL (KFEFE, hydrogenbridge) &3 5%8E
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Table 4 Association constants of amine-Htbpe asociates®”

Amine Wavelen 20°C 35°C 45°C
gth/nm log Ka, log Kay log Kay

Table 5 Recovery test for tertiary amine in the presence of

primary amine at 20 and 60°C>®

Tri-n-heptylamine®

20°C 60°C

Primary Abs Recovery,%  Abs Recovery,%
amine®

0 1.109 100 0.745 100
5%x10° M 1.170 106  0.754 101
1x10° M 1.255 113 0.746 100
2x107° M 1.443 130 0.744 100
3x10° M 1.584 143 0.745 100
4x10° M 1.752 158 0.738 99

Propylamine 562 3.42 2.86 2.50
Butylamine 565 3.52 2.93 2.61
Pentylamine 565 3.53 3.01 2.63
Hexylamine 562 3.54 2.94 2.65
Dipropylamine 570 4.65 4.01 3.70
Dibutylamine 575 . 479 4.17 3.71
Dipentylamine 573 4.84 4.29 4.03
Dihexylamine 568 4.70 4.17 3.82
Tripropylamine 580 5.02 4.46 4.07
Tributylamine 580 523 4.66 4.36
Tripentylamine 585 4.95 4.51 4.22
Trihexylamine 580 5.28 4.74 445
(CH2)3CH3 Br Br

CH3(CH2)3—l’\l---- ~—H—-—o0 o
(CH2)3CH3 O ‘

Br Z Br

l COOC,Hs

Tri-n-butylamine-HTBPE complex

(red-violet)
Br Br
N N—H* o 0
OO Br [ /‘ Br
l COOC,H5

Proton Sponge-TBPE associate (blue)

Fig. 6 Electronic structures of tri-n-butylamine-HTBPE
)

((|3H3)2 (C|3H3)2

complex and proton sponge-TBPE ion associate.?®

a. Amax = 581 nm, 2x10~> M, HTBPE, 3.2x107* M.

b. Added concentration of n-heptylamine.

HRBESEAZ TR L, DODOKERFNT I M~ &
FFENZEAENICEDLDEEZD. TORILE LT
WO THEEEDORNT I THET R P ARV
ZWINT % & TBPEH O 7' 1 b U MBERICE & o,
b L FRSBERERRT D LIcESITbhD .
%72, Table 4 Z Ll 92 & 147 2 v ORAERILIS,
2 #kIX 4.6, 3RIT S LIREICKREL 2D, EEEDE
FACHEOVEEMICEO T2 2 &, EEEHOBARITT
IVTEICRRENTHAZ ENHBA L. Lo T,
T OBDEREFATIET I RO BIE BT
BEL 725 78,

72 ZIE, NV an~"TFAT I pNTFAT IV
DIREATEHIZDONT 20°C L 60°CITRIT DEINE & ED
[\ ZE % Table 5 12T, 2x10° M b U-n-~TF LT 2
T 0.5~4x10° M D p-~TFAT I U ERFMT S &
20CITBWV TR E RIFEEZRTN, S0CTORIEICEH
WIS BENR LT, EIUEIX 100%T KV -n-
NTFLT IVRBRIRICERTE D Z LB ahoT.
ZORBERWCEZA, 1fkE 3K, 2/HkE 1#%, n-
Tl iso-T IR EDHBISH N FEEL Tr o2 P
Elo 2 BORET I VERORBESHT B ARETH D Z
Lot T2k 20X, Fig 710R T £ 9 ITRIRR
FE% 555 nm & 575 nm ([ZRFD 2007 I DRE,
FNZN DA [R5 25C L 50°CTD e TFOHEHT
5. 25CIcBiF 27 I 1 (5550m) DENPEREE
Eio5c, T XV 2 g L, — 7, S0CIZBVN Tl e socs
a5 clTHE
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Fig. 7 Changes in absorption spectra of dibucaine and

chlorpheniramine mixture with TBPE

15)

temperature  increase.

in DCE with

Diducaine,  2x107¢

chlorpheniramine, 2x107° M; TBPE, 1.6x107 M; Buffer :

pH 8.0. Absorbances :

Ay soec.

A, Aipsec; B, Arseec; C, Angsec; D,

Temperature, the 4th dimension In UV-visible

molecular spectroscopy

Analytical applications of thermochromism

0. Thorburn Burns
Belfaat, UK,

snd

T.O'Hellly
Dubtln, Irchmd

Time and temperature are often rele-
vant independent variables in spee-
troscopic studies, Variation of absor-
bance with time gives rise to kinetic
methods of analysis and with temper-
ature 1o thermochromic studies,
Thermochromic  compounds  are
those which show change in colour
(and spectrum) with temperature.
The process, called thermochro-
mism, is usually based on changes in
positions of equilibria for jon-pair,
charge-transfer, chelute and acid-
base reactions. A number of analyti-
<al application studies are now avail-
able for review,

lon-palr and charge-transfer
complexes

An interesting geoup of papers in
this area concern the application of

reversible thermochromism by Sakai
and co-workers using the tetrabro-

mophenoiphthalein ethyl ester anion
{TBPE") which forme jon.associntec

bance from amines. The rm
crease of absorbnnge with t
tuse {dA/AT) is proporiion:
concenlration of amine
aqueous phase and s Jittle
by the _presence of the qu
smmonium cation which per
determination of drugs such.
verine? and dxphcnhydmmim
teine® has been determined §
component formulations wi
speciral overlap interferenc
removed by thermochromi
shmultancous determination
caine and chlorpheniramine
is possible using measurem
AAIAT at 555 and 575 am’,
protedures were reported
phnnhydmmme and chlorp
mine maleate’, dibueaine 1
phenhydmmmc nml also fo
caine and procuine®. The pre
" has been further evaluated by
iermination of methylephedri
chlorpheniramine, ephedrine
phenhydramine in commercia
and hias been extended 1o thre
ponents in model systems s
berberine, methylephedsine ¢
wwrshydramme TBPEH pern

bommtlo — —

Fig. 8 Introduction of the author’s work published in Trends

in Anal. Chem. 7, 82 (1988).

M;L

Tt gEs , % 9 5, 2007 48
Abs;asc = 105cXC1 T &,250%XCy @)
Absy s6¢c = &150cXC1 + 850X Co (®)
AAbSA = Agl,Axcl + AEZ’AXCZ (9)

W 575 nm IZB W T HEERIZ L TAAbsg 23R DB Z &
NTE B,

AAbSB = ASI,BXCI + ASZ,BXC2 (10)

9), (10)DFENFHFEXEMEL &

Cy = [(4Abspxds, ) — (dAbsyxAdsp)] / [(deipxAgs) —
(de ax A& p)] (1

C, = [(4AbspxAg ) — (AAbsgxde )] / [( AsypaxAep) —
(4 ax A8 8)] (12)

L7285, 555nm & 575 nm |
WG 72 2 P E T AUTIR G
ERDODHZENTE D,
IN6DT7 IVERENRTI—EsrIXnEE
DORREMEZFIRT 20T BT HATHD TOHRETH
Y, Trends in Analytical Chemistry, 7, 82 (1988)IZ
“Analytical applications of thermochromisim”® % A /L
TD. T. Bumns & T. O’Relily IZ & - TH/r = 417 (Fig. 8) .

BIF525CE 50°CH
Ehis 2 EOT I DERE

22. A FVEEHEIC L DBRE R

SN F =T AT AL T T ADBKMEA A 2 13K
W TA T 2ahE AT 5. 2610 XL DBUKERS
EOIEEARBERIINCTIFET D22 L IXEEL L 2D, KD
BOFMUIHENSD. Liedi>T, KEBE bRV EHE
ENFETIEERIREA~ORMHEBEZ 5. ZhhiA 7
HHTH 5. HlziE, FL— FRELEBEA T
BEISLTER LA TR 1 fMiosEEA 47T
A VEDYREA F 2 BEET 2 L 11 ORAERITHEY
REBBENCBET 5. 4 v afthix, BEVWOA S
VEAEE A VEREEBOKRE X) oEEFIATE
AWZED BITHHTE A, C i cEino R
ARETC, ZORBEEFMATIEB & CITERRMEE £
HTZERHRETHD. ZORBEIGARCHALEZL D
WA TV EBHETHD.

RS ChrTuabfy, DT WAy, ThTH
AV (ZHBITHREMEENRR D) 1ZaA 4B ThH

Ve
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% TBPE LA AV &ET 2. RFTMEIEZ RN TR
L, HMEMETIE RRNH E LTHEELTVWEDT
R;NH™-TBPE &4 2 LIRAEZ 2T 5.

F9 RNHBAFEEL T ARIRICEGRDA T o5
FIE TBPE & farnd & L CEIHIRMT % &uToMzL
VEGERBEREN, EHRBICBEITS.

R;NH' + TBPE" = R;NHTBPE
Red color

RKEIED RNHIEEER THAHT FTF 7 z=— LR n
v (TPB) A FrEEL, AHRMBICBETS.

R;NH' + TPB~ = R;NHTPB
Colorless
SHIZTPB N E T END & A 4 &AHED TBPE<TPB
ThdHED, UTOBBRIGHET 5.

R;NHTBPE + TPB- == R;NH'TPB + TBPEH
Yellow

9 724> RNH™- TBPE 23 RyNH - TPB (200 V) 45 L 72
D, TBPE [JilEfisnEf L ed. YESATIIZIOER
UGS X VAR B/ D N TE, TaliA Vi
FERMEICLIVEREHEDZ LI 5. FRROFEEZF
PR O E RIS Lic & 25, REBE L 1T1F—5
T OREREGT. REFTREEED T 7V ORREEE X
HET, fiEELELTEATHS.

FIA AV REEERNCSEOT N ) &R A A
VEMAD LR L, £2ETHEA AL RDDT, |k
FOFENFFRICEATE S P,

Nonion + K = K-Nonion"

K-Nonion" + TBPE™ == (K-Nonion")(TBPE")

Blue
(K-Nonion")(TBPE") + TPB~ == (K-Nonion")(TPB") +
TBPEH
Yellow

I, BA A REEER RN &3EA A4 v R
EHA It S, BRERTD L2 RE L.

RN" + Nonion + TBPE™ = (R,N")(TBPE")

Blue
(R,N")(BE,) + TBPEH
Yellow
Nonion + K"+ TBPE™ = (K-Nonion")(TBPE")

(R,N*)(TBPE) + BF, —

Blue
(K-Nonion")(TBPE’) + BF,” = (K-Nonion")(BF,) +
TBPEH
Yellow

FRORGEHAT D R TBPE 28T 5 &
R,N"-TBPE 231 AV &4 L, HfL72d. BF, (EVR
—) BT 5 EYBATHEAILRD. Z0%, TV
71V &J@A A4 & TBPE %% 5 & Nonion-Me* TBPE
L, BOFGIZEAT S, Y4B 5 Tl Nonion-Me'-
BF, DM S, ZOEE, TBPE M HEbHEL CHA
L%, ZOBRRESERISTHA AV KOS Z v Fm

TEHEFIOBRGHTBFERE L IR o Tz, FOFER% Table 6
AR, B O E T EN I E TRENE VO T, E
BICIIf{EEE LTHERTH 50, BRFEREEOHIX
D TH72L, ZOREIA AV EEERDOEEFIAL
Tea=—2 TERAMEORWAFETHS.

Table 6 Determination of synthetic mixtures of
benzalkonium chloride and Triton X-100 with 5x107™* M

BF4—,34)

BZ:Triton Added Found Recovery
(mg /ml) (mg /5 ml) (mg /5 ml) (%)
0.184 0.92 0.94 102
0.625 3.13 3.05 97.4
0.184 0.92 0.93 101
031 1.56 1.52 97.4
0.184 0.92 0.91 98.9
0.16 0.78 0.76 974
0.184 0.92 0.89 96.7
0.031 0.16 0.16 100

23. A FvEAEOY—FI7uIXLERATLIE
7 A VU FIA® Y

21K 22. CIFFHHRIC R Uic A v SE G EF|
FH9 B IAE I & B LA Y O B R  EEIR
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EBIEIC DN TR T2, 206 DFEITIERIBE SN T
WBFIEE D LR - BRI - BEMEO R TREL
BESNELDOTHD. LDLARDL, WFROFED
NyFv=a 7 WVETHLRD, REOHER, 77,
1 RS OO, KEOFEK, EREEOEY,
KBREOERMIBEIC L2 RE R L OMBESEH
T5. FI TR E AT A LT ARARE LT
Ruzicka & Hansen 17 & o TIRIBE 7z FIAY D& 0Ft
BHRBE LI, FIA TP, BEROKREZRHTE, 5547
OY-HE R USE HEME, M, EERE, B Bx
LHIEDES S, WIEHEOFBME, K57 A DM
ST, AZXNAT Y= EORERSH D Z LD, SR
BINZWREEE, THIPKEHE, EELOT, B%S
B, RS, BT =X — R CIRIE RS TR Y,

A F TIZER L # 9000 HOFFERINFER ENLTVWE D,

Lin L& < OMFRITAKREREIGEFAT 56 0T, B
HiH %2 4 T 1 b L2885 1 Karberg™*?, Motomizu®
0 Bumns’ LIt LB bORERTHD. BEHLAA
VEARISERIAT SR FIA BICBET 25/ %
ZREL, RELREELTWER D, - ZTixy—
T/ 0 I AAEREALLE FIA KON TS,

1,2-DCE |Z¥57> L 7= TBPEH ZHiHZEIE L L THW-.

pHS8 UL EIC R 7= 7= AKVEIR Tl
TBPEHo - TBPE + H'

LY, AF U LENT TBPEIEF v U ¥ —HIZiEA
SN RN RyNH' & HEERORERA F 28
BEFEK L, 1,2-DCE Rt Snd. ZnbaiEko
A (BIEAERIEREZE) 13 30~50 nm LARWDT, =
NONETFT D EMAEYETS. LML 21LTRHE
NEFREAEAEOY—E 7 uI XL ATA 2L
W2k, RNTOBERWEERDFAREL 2otz ZTD 71
—V AT A% Fig 9IT7RT. F¥ U v —& LTHREKE
0.8 mL/min TF 5 Vv —RFITLVEE L, D
FUTEEE 140 uL SEA SN D, BRBHIFEENR (pH 11)
CIRE SN, TORMBRELHEHEEL KL
TBPEH/DCE NAHi &N 5. ZOKM & BH#HEEZIREAT
DY FEATORT A E—5HkT 5 LKA
LEBHOE T AV MBREAS T, fiH=A L (RO)
2 BE L7228 &, TBPER,N & % TBPEHR,N 25k &
AU 1,2-DCE (2 & 5. KHH & B H#EFEIX PTFE X v 7
U7 4N — (FAR08 pm) ZHEF LIMHOEERT
SEESH, 7 4V E —E T LT AR O BRI

Fig. 9 Flow system for the determination of acetylcholine by
extraction and thermochromism.>” BS : buffer solution (pH
11), RS: 1X10~° M TBPEH DCE solution, P: pump (flow
rate 0.8 ml/min), S: sample injector (140 pl), RC: 3 m
reaction coil, Se: separator, C: circulator, FC: flow cell (8

pl), W : waste.

Org

/.
Seg — s T‘ = Aq
N =0 ]
/' ]
Aq
Seg Type A Type B

Fig. 10 Phase separators tested.’® Seg, segment; Aq,
aqueous phase; Org, organic phase; A, PTFE membrane
filter (pore size 0.8 pm); B, microporous PTFE tube (1 mm
i.d., thickness 0.5 mm, porosity 60%, length 2.5 c¢cm); C,

connector made of Daiflon.

WA SR, BB REE CTA 4 SE RO IEE
TE - END. KM EAERMEONBESRL®D DD
IZ=— RSV TNVYE AW, BHEMEO BRI
60%FEETHTBEE/D Z LR TE DN, KT
1% 98%DIEIN R & 157 3. KiE & A ERE L,
F 2GRS D EET B T I IR BERR O REAS E
Thd. £ T, W OO HERZ/ER L (Fig. 10),
ZOMHRER IR LTz, 121X PTFE AV 77 (B&
1.0 ecm) ZHWV, b5 —FHliE~A 7 mAR—7 X7 PTFE
Fa2—7 (HIFLE 60%,5& X 2.5 cm) ZAWER, WT
NYBREFREINEERES Z N TEIZ. Lo L, PTFE
Fu—T DEA, HHEOR SN A LT T LB L
EWew, E—IB3ETFTa— RNy, V7rvay
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Sample outlet

Heater

Thermistor

Sample inlet -

Fig. 11 Temperature—controlled micro flow cell.? 6

25°C d
b C
a 45 °C
a b < d’{
T U WWUL

10 min.
Fig. 12 Flow signals of TBPE—cetylpyridinium and mixture
with amine associates at 25°C and 45°C.*¥ a, a>: 1x10° M
cetylpyridinium (CPC); b, b’: 3%x107 M procaine with CPC;
c, ¢’ 2x10° M chlorpheniramine with CPC; d, d’: 5%107°
M chlorpheniramine with CPC; TBPE-H: 5x10° M ; pH:
12.5.

HALbEL 0T,

T, A A UEAEEINBT 5 - OICIREREHEE
HTan7u—tn (Fig. 11) &lFE L. 7r—kLD
FREIF 8 UL, HEHEIZ 1I0mm T, TAI=v AT vy
I OFIT'ENAERNRL, — I A F—IT XV IRENHE
(BEMEITE1C) TE5D. 25°CT TBPERN K
TBPEHR;N {RABEKOEY—7 HIZHEL, T0OHkE
NOREZE 40~50CICHIRL, BEY—mI2HIE
L7z, Z0fE%R% Fig. 1212777, TBPERN OB — 7 %
DULBDT BN, BfFET5H. L L TBPEHR;N O B —
TR D Z & D, TBPERN OHDE—7
ESERDDZENTES. JEEREIL 610 nm 23

bz, ZOVATLAERAWSZ LIZLY, TBPERN
BRI OEBEICHIETE, B OOITEEX
36/h LR T, FEERE (n=5) 1L 12% Th-oTc
o, AR ERT DREMIIED TH 52, B EEN
8 uL LIBED T/INENZ L HEEDOEREICITE BE
DIRNT AV L7z

3. FHRBAEAFTEMREISEAVS FIA
VAT KO

KREBREFREN L 2B L 725 TV DN, JREWE
IXEHEN A0 DN A B D WDIXZEEYE L k2 T
o, £, TNOOBEEWEIC X 5B/
BT, Kk LTk, FodhisliE b EE R
HThb. ZEHELDOIN—FTIILERHIRICRITS
NO, KU SO, ZEAEMITIED , Mgl E 217V, EhfEE
BERELE Y. MMEEREY JORRBE TH
L5AX VU VERET BV AT LAOBREEITo. 2
Z TRV ERIE & B FIA ¥ 27 A% Fig. 13 KO
Fig. 14 1ZR9. AV (05) X TE2EEMNCELL, L
BERT D, LITREEMED 2-F 7 F L F A — VB
b3 2L VANT 4 RMEEMRERS L, HEETT
WD ZRNT L, 2L, 4V BExFENIC
EETHDT, I FIVEFig 15IRTEoIE~AF
AFEDY T FIVIRE L 725, 2.5x107° M~1x10° M O
i CTRARRERDE SN, KKFOBRENE
DOEEBEZ T, BHTOT T 07— BREEI . 20
Lkt Zxtg & L7z LOD iE 2 ppb (v/v) (signal-to-noise
=2) TRAEEDSHEORENGELNT. KRR &k
ELTHELEE IS 0.034~0.047 ppm(v/v) DIENE
b7,

—0F, ¥y I Ny AMEGREPNENREBROMBEL L
THEMEL LTS EEFBERED DRV LT IV
T b FOFEEHENX 0.08 ppmv & ED HILTW B, 7€k
ECITEMER COMUEEZNEL TS, 22T, UATO
WIFHEMRER (Fig. 16) ZFA$5 FIA AT A
(Fig. 17) %#ZE L7z. Cyclohexane-1,3-dione (CHD)
AL LT AT FE pH 5.0 OFFRT - E=0 L3ETF
TCTHENREDETHD Decahydroacridine-1,8-dione e
L7z, ZOFEEOBERKIL376 nm, #HCEEIZ
452 nm \ZAFET 5. BRBEIREE % 100, 300, 500, 700°C
EELEY, B TIRBEET A B A L BT X TR
¥, FOBHRERNTHRLLT LT e REEZRIEL

27
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Formation of iodine by photochemical oxidants

0, + 2KI + H,0 0,+1,+2KOH

Reducing reaction of Iodine with 2-thionaphthol

S—S

Di-2-naphthyl disulfide
55)

SH

2-Thionaphthol

Fig. 13 Measurement of oxidants in urban air.

Fig. 14 Schematic diagram of flow system.*> CS: Carrier
solution (2 X 10-2 mol dm-3 potassium iodide solution); RS:
reagent solution (2X10-4 mol dm-3 2-NAP solution); P:
pump (flow rate 0.55 cm3 min-1); S: sample injector (140
mm3); R: reaction coil (100cm X 0.5 mm i.d.); BPC:
back-pressure coil (200 cm X 0.25 mm id.); D:

spectrofluotimetric detector; Rec: recorder.

A
B
=
&
@ A: 0
| ¢ B:2.5% 106 M
C:5x10°M
D:7.5x10°M
D B: 1X105M
5‘nlin
E
f —

Fig. 15 Flow signals for iodine.>
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0
CH,COONH,
CH,CHO + O |
0 N

Fig. 16 Reaction of acetaldehyde with CHD.*®

Reagent

Fig.17 manifold  for

Flow

injection aldehydes
determination.”” P: pump; S: sample (60 pl); RC1: reaction
coil (700 cmx0.5 mm i.d.); RC2: reaction coil (200
TB1: thermostated bath (70°C); TB2:

thermostated bath (10°C); D: detecter; W: waste.

cmx0.5 mm i.d.);

7L A, 1000C T &9, 300°C Tid 350 ppm,
500°C T 716 ppm, 700°C i 332 ppm A3FRHH S 4L, BABE
BECOREROENERIN. ZZCHELNRE
BR1Z 100~400 ppb T 100 ppb LA F 2 HET B2 HA IR
OB EEFHELTHENRSHSH. ZDOV AT L TIEL CHD
LEEEET = U MEAWIRE LTS, 2L L
720, BB E L BNy I I T U RO ERPREZY,
NR—2Z7 A4 ORY) 7 RBEINZ. £ZTCHD &
BEfR T &= A BB 2 ICRET 5 3 RBY AT b%
AW zZsn, R 7 MIALNT, EEMRERIT 10
~100 ppb 315541, MAKDRFEICHH S, £7250
ppb WL AT AT B RIZHY 2HXHELERZE (n=10)
1% THBMO L ABENE LN

4. FBEFRIEZESHT~D FIA OEA ¥~6)

FAERORF DI VT F= U EHEMRERH Y A b
Q74 —DAI V== 7iEE LTEETHY, £/27
L7 F=ui3 1 BICHRit S 2 ERNITE—ETHDH Z
EMMBIRFFRG OREAFET D700, BERAIESH



MREVERAZE DO RIR L (L2253 HT 0 B BLIC B3 D A %E

" " E\ I NO.
= N
04l NO:  pon o~ ) 2TH3
>C=NH -
OC_H NO, T >3=NH
NO, oc—

Fig. 18 Reaction of creatinine with picric acid.

,.1)

Concentration of creatinine (mg ml
by HPLC method :

1 ] ] J
0 0.1 0.2 0.3 0.4 0.5
Concentration of creatinine (mg ml"1)

by FI method

Fig. 19 Correlation diagram between HPLC and FI
63)

methods.

| FEO—FFROHBEAR
Lot 22 R KEEREEERGOE |
Mmuﬁ%ﬁéﬁﬁL [(ma | j%u%mgﬁwﬁ%}
(o FaEERoE ) e

EHEEFIA
YRT L
2]
LEa D (8) BBYIEZ /LT
BEL-BEL
B
[BELHT~DEA |
ML
mmmg
Fig. 20 £ &9

TWa. 77 F=rORFEICIX Fig. 18 ITREnd
Jaffe reaction WO D. ZHUIT VT F=U BTV
HVEHICBWCY S U Ve S L Rk %
AT DRIETH 2. BEORE CITEmEREs n< b
77 74— (HPLC) AEbN B, WEIC KRR %2
T3, F5-7 =R —F—ELHNOND, AL
BURETHD. £ T, 2D FIA $EEZ AL T
B, 7 LT F = OSHIEHE - SRESHINER S

HZ e, RBEE A — N T T —REE L

100 pL DFREBIR 30 DA o F— "L THRY U ¥— (T
B U 7 A4EDTA) ICEAINLD. R (vr U v
W+ KB LT N Y U L) OWEPENEEVE— 7 25
BRI, B —Z BN ED 5 725, 0.82 mL/min & L7z.
Z OFER, FBHMUHELEE T 102/h & B THL 59D
T ENTER. BMERRIT 5~200 pg/mL OB CHRAE
WELHEBRIESN. HPLC 2HWA5 kL N5 &,
ERTIRIZ 40 ORERBELZR S Z LS8 TE, F2i
BEO B EE i3 HPLC CiE 15/h 1% L 102/h & KIEIZ
HESh, ERASTICEL TS, Fig 19 ICHAERR
o LT F=2% HPLC L1287 5 FIA I X 2HIE
EOEBEZRTH, 13T 1 OHEERENSE5h, FIA 23
BHETELDHETHLZEPHLNE 2o T.

LU EDOBFZERE A Fig. 20 IZF LD, AHFFE ORI
WL LA U S ARG & 3T LW KRR B S RO
ORI TR U T8 LR - MibsetE) & L
W FIA EBEORF] LE2RAETHZLICED, EkE
FIA VAT AEBETHZ LICHI LIz, Z0RE b
EOMORE/E BEIL) ZERT DI LN TE, BE
b2, BRR L, &VE - e g8, NRRERED
BIGAHCEBAT 5 Z ENAREL 220, ARICIER S
TRY, HEH=—XEZ TS EHEFELTWS.
EFIL 34 FEMICEY, BUKHA G RGKOKE
PEFE - HOEFUS B DS < b FROS Z Al L T&E 72
IHLOFHRISIE T —A vV =7 Vg U
(FIA) (A S, kRrx em8 CEAMNIEES LT
Wh. D ORFEEREIE 130 MOFERSL, 12RO
EE, 31 MOMH - FAHFICELDLNTND.

F 72 F OO E T JAFIA FHiE (2001 4F 11 A),
JAFIA #3CE (2004 4F 11 A), Pasifichem2005#16 ~X 2
FRAZ—E (2005412 ) b 5.

A
D CHR LB B R R OB TR T
TN b 0T, BIEONPEILH BT R I T R
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OSBRSS o B % - BENTESLBh R L o, F L
THAT B TERFZFIRACMEB R & O LRI
YB2b0THEN, L OFELLOMKRZH NG
STINLDORERELNZLDOTHD. T7-%< Off
M-FAEICX 2N RETRA D DFREPRS S
DEVEHWEZLEYT. £ 30FEMIchizY T4
BEKGNZOWTERBEOHEFZ LY Vv v a v
Z T\ T2 ] (L K 224 2 s AR B82S SR AR 0 OV ] Lok
FIFEAKE ZBERICEH L E T

HEIL TBERH-o TZEREOIENTE D) & X
KEbNBD, T THFRITES - KEERE L0 #Ehi-
M THDEFELTNWD. ZOEOZEIIZMTE
KB TR R PR R E B0%, TR & ORI fokE
B OEEN RNy 7T v FICL VB E N b D
TLEYEHN T LET.

FEERPEOHE 5 2 THWEEM TERER
A HITH TR BEBRICBILE LT .
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