Bhpk#&5 0811

A REAR T 38 RBHTG RO i & Sy Mk O B %8 & O 43 fiftak B O i E

PN PN T e T

B B S]] MEERAEL eV N T 2= LR T (PTPB) AME S TWDA, BREEHICI T Doy it e
L TIARZR S8\, ZOEHEL T, PTPB X TAAINA A ) 0 TE BB DL S AU TUORNZ EDZE TS
HID, T TAMIETIL, FrE TV — — U BRIKENE (CZE) 125% PTPB K N TSN R AE R Clh oy 7 ==
VAU (DPB) | 7 ==/LAha g (MPB) | 7 = /— /L D4y BEE EilEA eI L, ARiEZ T PTPB D43 Ehiz D0
TR 2 E T 2T o 72,

[EBR] LT, 0.1 MAKER{L T R X D% BT — P sh 5, FIINEE (10, 15kV) | k@K (BGE) ® pH
(20 mM DUARTEEF R D 2OKEHE, 1 M RS0 T 1 M KER{E T RUD AT pH % 8.0~11.0 (ZFR%E) | BUBHEARERH (1
~6 ) IR (195~220 nm) (IZ DWW TEERICRRETL 72, PTPB O i B2~ 27212 3k LT 3.0 mg/l ©
PTPB %517 =N LA Z T | BN RIERENIZERE L, fENL LT HriEIc 0 2 b3kl oo PTPB LUV
Do FRA R BRI E & LT, 4 AFAIC 1 BIHOFERR, 6 A T 2 B H OFEREBIALT-, o0, =il
DOEFAT K O ARG A ATV T T BT T BN IZ 31T % PTPB O3 fif 6 EhE R IC T~ 7=,
[FEREELZ] O 0.1 M KEALT RIY AICEDF v ET) — P L HBIER SES Uz, @ FIINEEA @V NEE K
BEHRERIX A 72, @ PKENED pH 723 10.0 BV T 10.5 D541 PTPB, DPB, MPB, 7 =/ — /L3RI Sy BfES AU 723,
pH 3 EWNEE ZNHDOPKENREE TR e o7, @ FBHEARED 1~4s OEEITIE FEARFRICHAIL T —2msh
BT, 5 s UL ETIRE— I RNERVGBECE /e o7, ® M ENEWZEY —7@mSIi@Emn>7223, 195 nm
TIX/ARXPRESAfEIE — I DGO o T, LA EOFERLID | Sl /oM SR HX L F OB Tho: 54T, 0.1
M KERIE T R D A0 BT — 2595, FUINEEIX 15kV; BGE @ pH 1% 10.0; REHEARIL 4s; i
W1 200 nm, BAMCERELZ30E o PTPB 1, 1 B H O FEBRTIEL 30 B2, 2 M HOEBR T 5 BEIQIFIZEE
RSz, Zhud, EBRERFO TSNS — H O KB R AF — & (Wm®) DR KT HEB 2 HND, 788,
JEEENEUEF O PTPB XX EA L fRSizhoTz, HIZ, SIROREHTCIE 3 4 A . PTPB 134 31% fiESiu, Ao
FNT T RO TR E N TIE RIS IZ, 7] =R WZERfEL 7= PTPB DR TIE, e rL ¥ —&0D
WENREEEL QODZENRIREI, AVEIL, PTPB O RSN AT ~_DI20 D HTEEL TR A ThDHZ LM R
T&E,

1. AEEH MRIEBSTERIEL T, BEARTIIEYY N7 =2= bR T
WEEAD A A ITE R T DR IREUE RIZEL DR E O (PTPB) . V> 7 UF AL NS TS D, B

BALZBES T2 IRIEICIEE A AR ERHESI RIRIERTE RO SRIL, DGR EHEE, K1

TW5, BIFEETHEHIN T A ARG ANL. WEH% AR b T 2 E O MBS IR 12

HELEAE 4 DA EPE AR S ARIEE 220 D, AL 20 4F IETHIETHD,

9 A 17 ADBJFRIELTHEAZE LS 2, Zhucftbsd PTPB |, dLKSCRMICh il IS LR TOD03, 20D
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Oy PR RS R AE B B N T s D AE R B 95

AT 7220, Amey & Waldron ¥ 1%, REKIRT 7
(UV-C) & A7z PTPB D43 i FEBRIZ I Z Doy a4
R, Zhou & Y 1L, EIEAKERET 7 (UV-A) & VT
PTPB D3 fRERZATN, 7= /) — /VED AR

WAL TV, Okamura 5 ¥ (X, PTPB O 7 &h=k)

JVERIRIZ UV-A ZBBE L, PTPB RS, V7 ==L
AU (DPB) . 7 ==/LiRa i (MPB) , 7= /—/L, X
VBV BTz ANERRENAZE BRI, EHIT, BT

= =)V K MO 53 R A R DURE T T I ATk 35

ML, PTPB O FMELVIRNZEEH LI LT, Ll
ZHBHDOHAETIL, DPB & MPB Z43 L TR TE TV
720N, BER, PTPB O HTidmiRikikra~hro7 41—

(HPLC)® ” %> HPLC/E &m0k ¥ Ickvithii g

23, PTPB, DPB, MPB D [AIREE EiA I IR LS AL TUVRL Y,
ZZCARBIZE T, FrETY— = BEXUKENE (CZE)

(2&% PTPB. DPB. MPB, 7 =/ — /LD [a]FF4y Bt & &%
ZHESLL ., SHIZ, PTPB D3Rz @hz i~ 50 riEL L T
AEOH AN EfHE T 72012, 7eh=R LIz
% PTPB D4y fif 32l a1T 572,

2. IRAE
2.1 PTPB RUZ DD RERY
Amey & Waldron ¥ 13, /KIS HFIZH51F 5 PTPB D43 i

B Nk o3 fi . B ooz arde) LT (1)
~(3) DI BEREAAER LT, TDIT, Szl L 7= 544
T 50 ppm @ PTPB #&ie N Liff/KAIRSLIZEZA,
PTPB (T (1)~Q3) (IR T BT RSITzny, fRiEL <
VRV PTPB JREG M A LA /R LT, 728, IFXH
BLOHKHSGEOELLOLA BN TH U BT
Blezsn2 o7, E5IT, 7.5ppm O PTPB & & e A LifE
KREBER U235 ARTEAKERT 7 (5.5 Uvh, 254 nm) &
FRETL 7=, ZDOfE R, PTPB, DPB, MPB d K LINIC
SRENTZER TS, Zhou B Y 1%, EEKRT 7
(UV-A) ZZ vy, FEx OKEERTIZF10D PTPB Oty
iR e ORGSR AT, 7 = ) — WV R OSSR [FE By
DERRINZ SN TEREL TV 5, Okamura & ¥ 13,
PTPB O7 Eh=RN/LIAKIZ UV-A % &L, PTPB 535>
s, V7 x2=/)LiRY R (DPB), 7 ==/ /LR 0 g
(MPB), 7= /—/L  R_RoPr BTz LRERESNDZ
EEIRUT, EDIT, BT == L K UMD 43 iR A 1) D i
7T I NATK T DML, PTPB OFMELVRNZE
ZHHSMICLT-, Fig. 1 (2 PTPB, DPB, MPB, 7= /—/L
DOREERE T,
2. 2 PTPB RUSNRLERMD 7 HTiE

ANHS O 1 E, KRBT O PTPB 2 [EfHHh %, 7
=RV TIRHL, IR CE B AR E AT CRNEE. &
WA 0~ hZ7 4— (HPLC) \IZ XV E &5 154

(CgHs);B-Pyridine — (C4H;),B(OH) + C¢HsOH (and/or C¢Hg) + Pyridine )
(PTPB) (DPB)
(C6H5)2B(OH) — (CéHg)B(OH)Z + C6H50H (and/or C6H6) (2)
(MPB)

(C6H5)B(OH)2 i H3BO3+ C6H50H (and/or C6H6)

10 U

(A)

3)

il

HO—B

OH

(B) © (D)

Fig. 1. Structures of pyridine-triphenylborane (PTPB), diphenylborinic acid (DPB), phenylboronic acid (MPB), and phenol.

(A) PTPB; (B) DPB; (C) MPB; (D) phenol
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FUT-, ABHE 250 ml & 1 ml (ZHEHEL 72854 D PTPB O
B HHBR A (LOD) 1. 3.23 pg/l Th-7= (iatEE21Th
PRV E1 808 pg/l) o MK, TRIJIIK, ME/KA HIV T PTPB
DOUMENLERRAAT ST fE R MAKOHAE I, [BIER
1% 90~99%. HEMOFERMRERZ21E 6.4~10.1% L
WA BAF 7S AR LTz, LU, WK OBEITIE, |
LRI 39~56%., FHXERMEIRZEIE 6.8~20.1% THY,

WERDEEIZIE, [BUERIE 46~50%. B HE HE(R 21T
7.1~32.8% THY, FUCEBIOFEIMELLH L TED
ERITESN D 5T, Takahashi & 7 13, fVEREND
WK FITERT U2 PTPB Z [EFEHh %, 7 BR=RL &
VYU OIRGEIR Tl L, HPLC ([ZXVERET D 51E
ZBIFE LTz, #UBHE 100 ml D4, PTPB O EIR AT
0.5 ng/l Toh-o7z PRAMEEIEEZAT DRV AT S0 ug/) o F
7o WK Z O R ANEN FEER DRI ERIT 96~97% T
Y AVEEBLTGE B PTPB A HJH B I E (5t
L7z, Hanada 5 ¥ 1%, /KI&E 0 PTPB M5 T C
[EFEFh L. HPLC/E & riE MS) ICKVE & 2715
ZBA%E LT, 500 fFiEfEL7=%40 PTPB @ LOD I3,

0.023 pg/l Tho7z PRMEERIEEATORWG AT 12 pg/l).
T IR, HEAKZ AW ERINENER 2B T 5
PTPB D[R IZZNE L, 84.9~99.5, 81.9~88.5,

98.8~102% & BAT7afE ROMFOLNTVD, 7235, Amey &
Waldron? (%, HPLC (2&9. 30 ppb Kiifi®> PTPB, ~ ¥

V. 7x/—/)L U DPB. MPB &M T, BIfEIL.

AIEO EEEALEART R E EVEB R AT o TN D EIR R
TWDD, R EEE T RS L TU VR,
2.3 XvES—BRKEEDHE

Fig. 2 IZ¥x vy TV —EBRIKENEEEOMK 2 ~T, £7°
FEAOVKEN R (BGE) & #nENEE 50~100 pm D7 2—R
RS VBB 27— BGE 7= 9, T, Al
F T — A BRI AL, 22> BGE 2l
EWIEL, REE XY T —NIZW 55, HRIOFx
B 7Y —5i% OV BGE Aesll R L, @ EEERICED, £
#® BGE Faw OB EEZEMT 5, 5o
BRI, FrETY—NTHAET HERIRZE (EOF)
K OVERVKENCEDF T —NEBEIL . BRI
B DFEWICE > TS L, TR R Ic Ko iah
%, 18 . BEOF [XB5B BRI [ > TitdL, EDRE
SIXERIKEREE L 0 K&, RIEE, e 70—k

capillary (ID=50~100 pm)

\

UV-Vis detector

|

sample

high voltage

electrodes

BGE

Fig. 2. Basic schematic of capillary electrophoresis (CE)
instrument. BGE, background electrolyte

23115 EOF O ENREE —TH A0, ml ok
BEEATD, —FH, FYETV—NEBIKEEL2D7-0,
TRFERE N3 TRV, a0, KA TA
VIEREREDRRESN TS,

2.4 & &

EEIL, B — RO MR R 7o —F
o~ — Ry BT —ERUKENEEE 270A-HT % FHV 2,
XTI — IV — VP A= AT 0 — AR Y B E
(NFE 75 pm, % 375 um, 25 72 ecm, A%5E 50 cm)
ThbH, 7 —HUBZIX, BE D-2500 Ja~h AT
L—&& LT, pH WIEIZIT, G A2 =— LAB
pH A—%— F-22 LT, Jo A Re L <,
KA a—R L — g 82375157 (6500K/21W,
EE B IR DA IR 2, 2/40
78 (UV-A) M 1% Macam % Model UV-103 THIEL 7=,
2.5 # X

AREI LT T 2 V2, BGE @ pH I, 20 mM
PRSI L (FHTAT A7) 12 1 M HEE (Fnothl
FEHD) F T 1 MAKER(E T NID A (F 74T 278 2N
2T, VY N7 2= LR (PTPB), V7 =
=)LARU W (DPB) . 7 ==/ LR % (MPB) 1%, dt84k
FTHEIVAT L, 7=/ — I T IT7AT A7 LA
L7-, PTPB, DPB, MPB DIEYEIRH I, A 1,000
mg/l £72BINCT ' =NV (FATAT A7 EL) 2 T
FARL | REEZ D201 1% BV (FHTAT A
I8 PRI, T IVIRA—/LTHOE L T IR AL
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T2 ZNHZT =RV CHlEAIRL THERA L, Wik
TR DOBEfE L IMKIE, P~ MR WG220 U
KBLEEEE IS L OVH ARIVAT MY Simpli Lab A8 i /K $lii
EEIZIVELNTZLOTH D, 728, BGE, EAERKIE
4 DRC 0.45 pm DAL T T T4 NE— (T RRT
/7%)@1’5 BTz,
BiREE
%ﬁu BT — T, AN T MKERL TR T AT
53 KT 10 Z3Weid L. LU T O EEIZ KO 04 21T

of:o ESS AN EEE {mﬁﬁ{mf“ % 30°C IZREE LT, RWNT, BGE
X 7U—|23 [ FEE L=, PTPB, DPB, MPB, 7=
/“—/V@ff“—ﬁi’@?&*iﬁz%ﬁ/“%@l?ﬁ(s in. Hg) ICXiEALT
%, REHEAMZ S L CREEAFIINL-, S5k
EhREE L0 B A R L, B — 2 & O — 7 @S
ERWTHREREZER LT, Rl EEICE &, Bl
PEICKRT 2% v BT U — P20 R FIINEE (10 8o
15 kV) . BGE ® pH (8.0~11) , & & (195~220 nm) .
FBHEARERH] (1~6 7)) DB OV TRET LT,
2. 7 PTPB 9 f#RER
2.7.1 KBADOFE

KBGIEDS PTPB D43 fRIZ G- 2 DB DWW TR 75
722, L DR E B ZAT o7z, 3B LT 3.0 mg/l
@ PTPB & te7 Eh=R VIR AZFITL . 12U 035k
(N 10.8 mm, FX 100 mm) (12 7 ml A, A (2 B
HCORE, FHRIE 25.2°C) LRFAT (25°C DO=RMNICE
UWZIREFE) IZENE R 30 AT ORRE LT, 7235 PTPB i
VX, RIS SN DS O — 7 mESaE gL

T 3.0 mg/l LL7z, HERGRICHEVGRBRE L 1 AT 28D,

BB O PTPB M N D oA il % AEIZ LD
EemLT, ERiT 4 A TaNLERLALT,
2.7.2 REDEE

IBFES PTPB D3I 52 DB SO\ TR 57
WIT, 2. 7. 1E[AERIC, PTPB 3B 1R (B N,
4°C) IZRRE LTz,
2.7.3 XDEE

KEGHE L CTIEEIZHIV T PTPB R ofiEsinsd
MEIDHERR T DTOIT, ANATNT T BT T4
RN (4°C) 1T 2. 7. 1 &[AIERIZ, PTPB alBlasx &L 7z,
T T OEEIMR (UV-A) 1T 8.9 x 10°(W/m®) T, P H
RIZBITHEEOREREE Y LT 0.5x 108EFLIEH 12

U,
2.7. 4 KIBAIRILXF—EDEE

KEGH =R —ED PTPB DMRIC G2 DB
WTRRETT 272912, 7 A BRI, 4 A LRERICES GF
IR 29.7°C) IZ PTPB ikt Aa% & L7-, 4 H TH& 7 H
FRTIE, KB r A —513 7 A EROTTRH 1.2
&80 2,

3. ARBEREEBR
3.1 EEZEDEFEFE
3.1. 1 FvES)—%KENR
E—JHifE, B mS, REIR O FEME IS 5%
YETV YR O R~ 572512, pH 10.5 ® BGE %
v, BUEFEL T 10 mg/l MPB AEHEVA % 4 [AlEEEL C
SR LTz, = DRERE Table LI~ 9, BoHTHRFFvE TV
—% 0.1 M KER{bL TN L THeiE3 5221240,
BN EEMED R ERBRSNT,
3.1.2 HMMERE
3. 1. 1 LFREEDSMT, FINE Fm&olswc
WTRRTL7Z, MPB 1, 10 kV TIEKI 19 43, 15 kV TiX
1 PPN S, BE—7 & ST, 15 kV O%A1E 10
kV DIGE DRI 715 ThoTe, 1T, FINEEEL TS
kV 28T 528ELT,
3.1.3 BGE® pH
#EFEL T 10 mg/l © PTPB, DPB, MPB #i1% (0.01%
VU EE T T ER=RNVIERIR) & VY, DkEhREIZ %

Table 1. Effect of rinsing capillary with 0.1 M NaOH
between run on RSDs (%) for peak area, peak height, and
migration time for phenylboronic acid (MPB)

Area Height Time
Without rinsing 4.4 43 0.95
With rinsing 1.8 0.79 0.61

Electrophoretic conditions: capillary, Li,=72 cm, Ly =50
cm, 75 pm LD. x 375 um O.D.; BGE, 20 mM sodium
tetraborate adjusted to pH 10.5 with 1 M sodium hydroxide;
voltage, 10 kV; wavelength for detection, 210 nm. Sample,
10 mg/l MPB in acetonitrile containing 0.01% pyridine;

vacuum injection period, 3 s (63 nl); four determinations.
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% BGE O pH DB S TIHRFTL IS % Fig. 312
GRCI

pH8.5~11.0 (2 T, PTPB, DPB, MPB [X##§(Z4y
BERR S8, pH 372 DIT D3V TR BN RE 23 R

7257, pH 10 B0 NE 10.5 DIGEIT, SBERIED b B<,

VKENIRFE S LAY B o 7o, 22T, pH 3 EK7RDICoh
T, ZHHDPKENREE 23R Ae s T FUIRIZ DWW TH 2 T
%, Fig. 1 bionybdE51Z, PTPB, DPB, MPB (377
(pK, = 9.23) LAEEDMEL TS, RTERIFII M EERE T
HHM, B(OH); D H N7 b B 50 Tid<, B 2
NVAAFEEL TN T, HyO 225 OH 28H 2 LIC st
wET2, Febb,

B(OH); + H,0 — B(OH), +H" )

71> T, DPB X UYMPB D556 [RIERIZ, pH 23Ri<72 512
SNTINGN OH ZFEHZ L THENE (EOF Df
R DI RL  UREIRF SRR o7 B 2 HiD,
PTPB D¥AHE UL DM L, [AIERDAE RIT2o72b D
LHEEEENA,

[E
N

[ S N
o B N W

Migration time, min

©

| |
8.5 9 9.5 10 10.5 11
pH of BGE

8 1 1

Fig. 3. Effect of pH of background electrolyte on migration
time for pyridine-triphenylborane (PTPB), diphenylborinic
acid (DPB), and phenylboronic acid (MPB). O, PTPB; A,
DPB; [, MPB. Electrophoretic conditions: BGE, 20 mM
sodium tetraborate adjusted to pH 8.0-11 with 1 M
hydrochloric acid or sodium hydroxide; voltage, 15 kV;
wavelength for detection, 210 nm. Sample, 10 mg/l PTPB,
DPB, and MPB in acetonitrile containing 0.01% pyridine;
vacuum injection period, 3 s (63 nl). Capillary was pre

-rinsed with 0.1 M NaOH for 3 min between each run.

3. 1. 4 BEER

BGE &L T 20 mM ARV EEF R AEEHE (pH 10) 2V,
M RE% 195, 200, 205, 210, 215, 220 nm 2 LS+,
3 mg/l PTPB, DPB, MPB iR &¥&IR A 53T LT, C DRGSR,
WENEIRDICONTE =7 ESITEL IR o T2y, AR
DRESRNR—=ZATA L DEBBIER LT, E->T,
PEIE 200 nm L7,
3. 1. 5 HELEARM

AREHE AR ZE<THIE, EASHSOH B By
Dkt ESHEINT D728 | BREEI L@ <Ae A3, #asxt &3
23 EDL, Kot BRI st s, 22
T, B =@ STk T U EHE AR D B4 T ~ 57
DIZ, pH 10 D BGE % A\, 508}E L T 1 mg/IPTPB, DPB,
MPB RAVERZ T LT, T ORER, AR 4 F0ET
L AR EBIL T34 H BRSO — 27 @ S
HIR U7z, UL, 5 BLLETIE, &0 Bk & 5e 4
2B TR o Tz, fE- T, BBHEARRIL 4 BEL
77
3.1.6 BREMR

LT 0~5.0 mg/l ® PTPB, DPB, MPB, 7= /—
JRATRIEZ L, BGE £LC 20 mM AU EE S KU L
TR (pH 10.0) & W, BB A AERL LTz, ZOREHE, &
— i, E—7@mI0ELLE WG E THERMED
JO B ERI GOSN, E— 2 ERE WS E O &
WwE Fig. 4 (O, B —2mitEE AW -5580 PTPB,
DPB, MPB, 7= /—/L(x, 0~5.0 mg/l) DfREARITZ I
ZH.y=2.86x 10" x +2.59 x 10° (r = 0.9994), y = 3.04 x
10*x + 7.32 x 10*(r = 0.9997). y = 1.65 x 10*x + 5.98 x
10%(r = 0.9998). y = 2.73 x 10*x + 6.40 x 10*(r = 0.9997)
THY, E—I@SE AV y = 5.09 x 10° x +
1.50 x 10% (r = 0.9998), y = 5.70 x 10°x + 1.91 x 10" (r =
0.9999), y = 2.96 x 10°x + 4.34 x 10" (r = 0.9999), y =
532 x 10°x + 1.91 x 107 (r = 0.9995) T -7z, AIEDH
*PAEHE(R 7= (RSD) &A% RS (LOD) % Table 2 (27”7,

/NED @ 0 HPLC (282535 Tl, I EE1To72
o734 PTPB @ LOD 1% 810 ug/L Th-7=, [FAIRIZ
TEHE B EAA T 727 > 72354 . Takahashi &7 ¢ HPLC (Z
LDI7VE T, PTPB O E & RSHT 50 ug/l TéY, Hanada
5 Y o HPLC/MS (25571 Cld, PTPB @ LOD % 12
ng/l Th-o7z, LIzi> T AYEICES PTPB @ LOD I3,
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= BE ==
oNn MO

© o o 9
N A o ©

Peak areaX 10'5, arb. units

10 20 30 40 50
Concentration, mg/l

Fig. 4. Calibration graphs for pyridine-triphenylborane
(PTPB), diphenylborinic acid (DPB), phenylboronic acid
(MPB), and phenol. O, PTPB; A, DPB; [, MPB, V,
phenol. Electrophoretic conditions: BGE, 20 mM sodium
tetraborate adjusted to pH 10.0 with 1 M sodium hydroxide;
wavelength for detection, 200 nm; vacuum injection period
of sample, 4 s (84 nl). Other electrophoretic conditions are

as in Fig. 3.

Table 2. Precision and detection limit of determination of
pyridine-triphenylborane (PTPB), diphenylborinic acid
(DPB), phenylboronic acid (MPB), and phenol *

RSD (%)" LOD (SIN=3)
Area Height Time (ng/)
PTPB 4.1 3.6 1.1 25
DPB 41 32 11 30
MPB 4.7 1.7 1.0 50
Phenol 34 14 073 29

*Electrophoretic conditions are as in Fig. 4.

b Sample, 0.5 mg/1 in acetonitrile; six determinations.

JINHBO T ELVIEL, Takahashi H=° Hanada HOD J7EE
ZEFARRECHLEEZ DID, AL, PTPB ERED S
JEIEALIZ DN T, Mg CERD o728, sEHE AR
FUTAVRFFEIC OV TR DI TR, RIEI,
D IFIEID B 2R AT IEE 7202 D5 2 b,
3. 2 PTPB &
3. 2.1 KBAEDFE

&4\ (25.2°C) TOD PTPB D/ fiffit B4 Fig. 5 12”7,

Concentration, mg/I

Days

Fig. 5. Degradation of pyridine-triphenylborane (PTPB)
and the formation of diphenylborinic acid (DPB),
phenylboronic acid (MPB), and phenol in the open air (on
the rooftop, started in the end of April). O, PTPB; A,
DPB; [0, MPB, V, phenol. Original sample, 3.0 mg/l
PTPB in acetonitrile. Electrophoretic conditions are as in

Fig. 4.

PTPB JREIT A EEE LI L, 26 HEZIDIZTES
(23RS, — 5. BEATEER (25°C) ORI H & 94 H %3
BtoxLrha7 znlT 5% Fig. 6 IR T, ZilbTL 2k
07 =177 LD S, PTPB IXIRFATCIL 94 H#IZH
3% fESHTe, LA EORERID . KBEYEIT PTPB 043 fif
\CREIR B RIFE T RN b otz 728, Fig. 5 T,
PTPB O3 fiIZ N DPB R 26 H#EETHMML ., Z
DO%W LTe, 7=/ —/V L MPB #2E1% 26 H#ET
XML, ZORIFIE—EThoTz, LER-T 4
[BI53H 68 L L7 DPB, MPB., 7 =/ — /L LIS D43 iR A=
I DIFTENRIBS VDAY, AU DWW T, TSNS
DIRAERM ChOE N RNUBY | RVEEOE &L
D, A% SRR L EETHD,
3.2.2 BENDEE

WIEHT (ST N, 4°C) TO PTPB D4y fiffs B4 Fig.
7 1279, 106 HATH PTPB [ XFTEAEDiESILT
DPB KON =/ — VREGLIZEAE B LU T, 728,
MPB (3 S22 o 72, ZHUSKEL , 5T (25°C) Tl
3. 2. 1 THRAZIDIT, i BBV DY PTPB 134
1% RS ATz, LA EZD | KEEGIZE T8, TREE
% PTPB DRI % KT TN 30T,
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(A) (B)
b b
8 |3
g |3
o Q
3B, 1° lc
<o
Ae b [l

ey

7 10 137 10 13
Time, min

Fig. 6. Electropherograms obtained in the degradation
experiment for pyridine-triphenylborane (PTPB) in the dark
(25°C). (A) Sample, 3.0 mg/l PTPB in acetonitrile just after
preparation. (B) Sample, after 94 days. Identification of
PTPB; c¢, DPB; d, MPB.
Electrophoretic conditions as in Fig. 4.

peaks: a, phenol; b,

Concentration, mg/I

Days

Fig. 8. Degradation of pyridine-triphenylborane (PTPB)
and the formation of diphenylborinic acid (DPB),
phenylboronic acid (MPB), and phenol in the open air (on
the rooftop, started in the

beginning of July).

Electrophoretic conditions, the original sample, and

symbols as in Fig. 5.

w W
o o
|

N
o
T

1

-
o
T

1

Concentration, mg/I

o
o

Fig. 7. Degradation of pyridine-triphenylborane (PTPB)
and the formation of diphenylborinic acid (DPB) and
phenol in the dark (4°C). Electrophoretic conditions, the
original sample, and symbols as in Fig. 5.

3.2.3 XDEE

AATNT T H AT T R RN (4°C) ZEBRD 94
A#%3k PTPB 135821040 fifS4, DPB. MPB, 7=/
—VOAERRLIMERS N, LIZA3>C, PTPB T, KEBEE
i U CIERITHI T RS D 2 &3 ool S
HIZ, 3. 2. 1 ORFFT IR A (25°C T, PTPBIX 94 H %
2K 31% Jpfif) L el LT A Rl SEBR S R D 1FEH
PTPB D/ i3\ N2 &0, PTPB DAy fRIZRL T,
TRE DRIV DORBD TN RENEDRENT,
3.2. 4 KBAIRILF—EDEE

7 A BAICBRFALT- RS (29.7°C) TD PTPB D4y filhk
% Fig. 8 1”7, PTPB IR IL HERGmE LB I L,
5 HZICIXsE RIS, £, PTPB O fRIZFEN,
DPB 1L 5 HLETHML, TO%BA LT, 7=/ —
VKON MPB JREIE 13 HZETHIINL7=03, Z2D%IFE
—ETholz, ZNHOFERIY, K= R — &,
PTPB /) i3 B Ko DN AU ED S A e D A IR,
WCRE 7B E T2 oyinotz,

4. %8 &

CZE |2X% PTPB, DPB, MPB, 7 = /—/L D4yl & &t
EEMENL LT, &5HI2, PTPB O RICIZ, o pL¥—
BOEBENRELPIEL TWHIEIRIBEE, Fx DR
ZRUT- CZE VEIL. PTPB D3 i@ A7~ 57O D43 4T
BEELTHH THLZEN MR TE, 5%IT, RIEDOH
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WFFEA G I U BP9, E7o, RERICH I TEN
Te AR OHANTF A | S TR AL TE W e db Bk T
KO — X, EREITOICHIZVA RIS ETAN
Te AR F- DR 5 e 28085 S OVES R SR B2 | R L 1
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Summary

A commercial organoborane compound, pyridine-triphenylborane (PTPB), is often applied to ship hulls as an
anti-fouling agent in order to keep them free from marine organisms, such as barnacles and bivalves. However,
the degradation process of PTPB and its degradation products have not been well understood, because of lack of an
analytical method for both PTPB and its estimated degradation products. We developed a procedure using
capillary zone electrophoresis (CZE) with direct UV detection for the simultaneous determination of PTPB and its
estimated degradation products, such as diphenylborinic acid (DPB), phenylboronic acid (MPB), and phenol.
The stock solutions (1,000 mg/l) were prepared in acetonitrile and 1% (v/v) pyridine was added to the stock
solutions to stabilize PTPB. The following optimum analytical conditions were established: a background
electrolyte (BGE), 20 mmol/l sodium tetraborate solution adjusted to pH 10.0 with 1 M sodium hydroxide;
detection wavelength, 200 nm; vacuum (5 in. Hg) injection period of sample, 4 s (ca. 84 nl); applied voltage, 15 kV
with the sample inlet side as the anode. By using the proposed procedure, limits of detection (LODs) for PTPB,
DPB, MPB, and phenol were 25, 30, 50, and 29 pg/l, respectively, at a signal-to-noise ratio of three. At
concentrations of 0.5 mg/l, values of the relative standard deviation (RSD, n = 6) of peak area: 4.1, 4.1, 4.7, 3.4%,
peak height: 3.6, 3.2, 1.7, 1.4%, and migration time: 1.1, 1.1, 1.0, 0.7%, for PTPB, DPB, MPB, and phenol,
respectively, were obtained. The analytes were detected within 14 min. Simple degradation experiments were
carried out to verify the usefulness of the proposed method for further PTPB degradation investigations. That is
to say, PTPB samples dissolved in acetonitrile were put in the open air and a dark place to examine the effects of
the light intensity and the temperature on the degradation of PTPB. The sample solutions were analyzed by the
CZE method with the elapse of time. As a result, it was suggested that the degradation of PTPB was significantly
affected by the light intensity, rather than the temperature. It has consequently been demonstrated that the CZE

method is a useful tool to elucidate the degradation process of PTPB and its degradation products.
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