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Detection of Ethanethiol Using Differential Pulse Voltammetry
Student : Hong-Jhe Tsai Advisor : Tiing Yu

M. S. Program, Institute of Molecular Science, Department of Applied
Chemistry
National Chiao Tung University

Abstract

We applied differential pulse voltammetry (DPV) to detect
ethanethiol in this study. Catechol, added to the sample solution, was
readily oxidized to form o-benzoquinone during the oxidation cycle.
Ethanethiol then reacted with ‘0-benzoquinone immediately to form a
catechol-thiol adduct which was further oxidized during the same cycle.
The oxidation potential of the adduct was found ~0.5 V lower than that of

ethanethiol. Quantitative ~analysis ‘was  investigated using the DPV
oxidation current. A linear dynamic' range of 0.65 uM -59.3 uM

(ethanethiol solution prepared in butanol) was obtained while the
detection limit was 0.068 uM (S/N = 3). Interferences including dimethyl
sulfide, hydrogen sulfide, sulfur dioxide, styrene, acetaldehyde, and
nitrogen dioxide were doped in the butanol sample solutions in selectivity
tests. Hydrogen sulfide created major problem due to its very close
oxidation potential to ethanethiol. Detection of gaseous ethanethiol was
also examined under the ambient environment. When gas volume of 100

L was collected in neat butanol, the detectable range of ethanethiol was
found 0.4 - 37 mg/m°. This technique conformed to the regulation set by

the Environmental Protection Agency.
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¥ 5 (20 3 % (10 ¥ § (87 3 #% (TmL/
forAw mL/min) mL/min) mL/min) min)
4‘? ( narrow-bore,  fused silica GS/Q F H#
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R &1 ¥ -
SE¥R 01%CW1s0  CPen: 7 A - 30m
0on cm x 30mx0.53m  *053 mm I.D.,
0.25-mm ID,
80/120mesh miD 3.0 um
I um DB-1
Supelcoport )
5B 10L& -
% 0.5-10.0 ppm
0.5~ 2.0 161259 (VIV) ; 100L
B iy 4% D T L. m ’
Lt PP ug/10mL
2l s
0.05-1.00 ppm
1.06 pg/= #
— B LR 4 w5 0.027 4 pg/Eid
i LA N r; (£20L i 0.76 ng/mL 23.6 ng
kr PP "
o)
0.52 1 2.085
3
i PW mg/m_ _ 10toS50pg/ | 1272508
(VLzF  suepe gse#s
&)
B4 % NN-=
SR
(N,N-dimethyl-p-
-ﬂ 2.1

phenylene-diamin
e,DPDA)z_ % it

HOR £ R

L gk g 18 ip) % (FPD, flame photometric detector) ;
F 48 % 47 & (GC, gas chromatography) ;
ek kv Rk Sk ik (UV/IVis Spectrophotometer)
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2-3 Catechol &g &+ erf #

1T+ & % Catechol #g chde At B 2% kil T - A 47427 p
T @i LA Sk Catechol 472t A & 5§ 2diang “ B R
ER S 1Y SEMAE =L R T RS ARtk A

H v & 5 4] % sowg(adsorption) s 58 %, & + A& AU % f&(carbon

paste electrode);® & 7 £ fj 8 ~ = {f e 2 i £_8 4% catechol & »

1976 & Daniel C. S. Tse & 4 % 35 catechol &g #i=4 $= e iV B 414 »

VLY T F ity §iEA7A quinone ¢ ¢ % F 4c® 8

HO R O R
" e
HO (6)

catechol 0-quinone

where R = CH,CH,NH,— Dopamine
=CH(OH)CH,NH, — Norepinephrine
=CH;— 4-methylcatechol

B 8. Catechol #g =2 4 0% - 1B R $841
@ 7 1978 # Daniel C. S. Tse ¥ T. Kuwana { #- dopamine ~
3,4-dihydroxybenzylamine %2 4-methycatechol % catechol g4~ & 4 %| ¥
%% P o s Bl £ Nicotinamide adenine dinucleotide (NADH) 3 i+
g4 % 8¢ e NADH 0k e £ 05 3,4-dihydroxybenzylamine >

@ 4-methycatechol it >x % i £ o
16



o

Leb > 4 1985 & - Carlson ¥ Miller £33 0-benzoquinone and
p-benzoquinone 2 NADH thx Jis 4] 0 2 4% = (ortho-)eng & 3L

3 Eat(para)ih- TR r (- HEHETIEBEET S

A5 chid FRot g0 P A B T 4§45 (electron transfer) s it F 4%
ARTF@EEF R BRI DT oL T idept o 5180 L
$ A7 7 BIE B 417 catechol e 4+ @ W 5+ chid i) > 7 & B

catechol ‘5 7 1* & % i = 0-benzoquinone & &2 4541 & 3 F B IF
2%, oA ;Ln 71-84

H ¢ D. Nematollahi % % 1997 £ B4y > 3 4 7 - 4707

%

S

§ - catechol & §_catechol enjimd 5 A A > &2 L 7 F & 474 &

F‘
&3

B ey R I R A sk g

T

Frenjrd 470 2 & §41* o-benzoquinone HH A ¥ - kT oo
PR TR R Y Ao 3 AP £ 4 0 P ¢ 7 catechol ¥ v =

0- benzoquinone pF » & {FEAEMEE B 0 F Ao T Bl 9

'T\@OH -2e” -2H" R0 Nucleophile R OH
Z -
OH  +2¢ +2H* SN0 NG N 0l

B 9. Catechol ¥ i = 0- benzoquinone ¥2 Nucleophile ~ J& 5 #1

Tt -5 iR R € Flcatechol ¥ B~ K7 A G AT

= » % catechol ~ £ ¥ & } B~ (X &fjul’ﬁ % pF > dedopamine o
17



Aldopamine ¢ % it = dopaminoquinonep¥ > p {7i& {7 & + p Tk it
F A 2 leucochrome » # £ 4-®10"" - %] % leucodopaminochrome
v dopamine{ % % ¥ it » #t12leucodopaminochrome/dopaminechrome

% iRk T Ap$dopamine § VIR AL f AT e

Hom - 2e- '2H+ OD/\
HO NH, o) NH,

Dopamine Dopaminoquinone
o NH, HO NH
Dopaminoquinone L.eucodopaminochrome
HO -2e-2H - /O
HO I j/—\ NH OI j/—\ NH
Leucodopaminochrome Dopaminechrome

B 10. Dopamine ep £ £ B F 44

18



31 RE
A

(1) CHI 1205A (CH Instruments Inc. , USA)
(2) CHI660D (CH Instruments Inc. , USA)

2. Wi
(1) = =% #&(working electrode) : #t33 #¢ & & (Glassy carbon

electrode) - ® /= % 3mm- & # 5 0.0706cm’ (Part No.CHI104)
(CH Instruments Inc. , USA)

(2) #f =+ T &(counter-electrode) : 44 5 (Pt wire)

(3) %% 7 i=(reference electrode) @ 4% it 427 #&(Ag/AgCl » 3M
KCI) (CH Instruments Inc. , USA)

3. pH P&k (pH meter) : SP-2200 (Suntex, Taiwan)
4, ¥ ek Rk k¥ ik ¢ U-3010 Spectrophotometer (Hitachi, Japan)
5. E 7 & i : MOA-V112-AE (Gast, USA)

6. ;%332 : RMA-21-SSV (Dwyer, USA)

3-2 ¥ &

(1) Deionized water - purified from Milli-Q plus > (Millipore, USA)

19



(2) Catechol » C¢HsO, > 99% (Alfa Aesar, USA)
(3) Ethanethiol » C,HgS » 97% (Alfa Aesar, USA)
(4) Potassium hydrogen phosphate > K,HPO, > 99% (Showa, Japan)

(5) Potassium dihydrogen phosphate > KH,PO,4 > 99% (Showa,
Japan)

(6) Citric acid , anhydrous > CgHgO; » 100% (J.T. Baker, USA)

(7) Sodium hydrogen phosphate > Na,HPO, > 99% (Showa, Japan)
(8) Sodium carbonate > Na,COj3 > 99% (Showa, Japan)

(9) Sodium hydrogen carbonate > NaHCO; > 99% (Showa, Japan)
(10)Sodium hydroxide '.>.NaOH » 96% (Showa, Japan)
(11)Hydrochloric acid- > HCI » N (Scharlau, Spain)
(12)Hydrochloric acid > HCl» 35% (Showa, Japan)

(13)Nitric acid » HNO3; » 16M (D=1.42 g/mL) (Showa, Japan)
(14)n-butanol » C4HyOH > 99.9% (Echo, Taiwan)

(15)N,N-dimethyl-p-phenylenediamine dihydrochloride » CgH4N,Cl, >
99% (Sigma, USA)

(16)Iron(I11) chloride hexahydrate » Fe Clz « 6H,0 > 97%+ (Alfa Aesar,
USA)

(17)Dimethyl sulfide » C,HgS » 99% (Alfa Aesar, USA)

(18)Styrene » CgHg > 99% (Alfa Aesar, USA)

20



(19)Iron(l1) sulfide > FeS - tech. (Alfa Aesar, USA)
(20)Mercury(1l) acetate » C,HsO4Hg > 98% (Alfa Aesar, USA)
(21)Potassium nitrate > KNO;z » 99.9% (Aldrich, USA)

(22)Sodium sulfite, anhydrous > Na,SO; @ 98% (Alfa Aesar, USA)
(23)Acetaldehyde - C,H,O > 99% (Alfa Aesar, USA)

(24)Acetic acid (Glacial) » CH3COOH - 99.7% (Showa, Japan)

3R
(1) #t=pkpd
a ~ Phosphate buffer solution (PBS) : §=2~ 17.42 g K,HPO, ¥
> 500 mL =& 5y ¢ e g K ﬁr%i % & pes 02M
KoHPO, % % 5 ##2~ 13.61 g KH,PO,4 & * 500 mL #_& #g,
P S kAR YA 0 fe R 0.2 MKHPO, R R o 7
#- KoHPO, #7 KH,PO, 1 — %t &8 £ % pH 6.0+7.0+8.0
K Niipk i
b ~ Citric acid + Na,HPO, buffer solutions : =2~ 9.60 g Citric
acid % »~ 500 mL =z & #g® 3 g3 oK LR pes
0.1 M Citric acid 7% /% ; 72~ 14.20 g Na,HPO, % ** 500 mL

TR P oKFR I 2R 0 fe s 0.2 M Na;HPO,

21



(2)

3)

@

%% o £ #-Citric acid #2 Na,HPO, 2 — Z_t &2 & = pH
3.0~40-50 B3 7% o

¢ » NayCO3z+ NaHCO; buffer solutions : =2~ 5.30 g Na,CO; %
500mL F R ALY A I OKHFRIAAR e 01M
Na,CO;:% i% + #=8~ 4.20 g NaHCO; % *+ 500 mL #=_& g ®
r14 S kD % A > pe ¥ 01 MNaHCO; 73 i » £ #
Na,CO; &2 NaHCO; 12 — =zt &R & iz & HCI 22 NaOH
3 pH9.0~10.0~11.0 ¥ =3 i% -

Catechol ;% 7% : #%8+0.011 g catechol ** 10 mL = & #g® I

0.1 M PBS (pH=T7)# & %/ & » = # 10 mM catechol i3 %

BariFd Y o BRE RFEILRE  BRAREREAT

o A2 RE o frrE =R E Y R £ A @ catechol 3% o

e FifEth sk P B~ 10 ul 97% ¢ Fafig4e » 10 mL % § 5y ¢

T AR A e 13mMM ¢ BRI R 0 R F R

RLILRRE  ®FLo AR RERERFHEE AL T 971U

A XPIRFREEAFEC R ERR

Rk TR 1B~ 25 ¢ ﬁ;’ﬁiﬁq‘% %> 200 mL -k ¢ 54 125 mL

PREFEETS o SR AR 2 500 mL > # 3R EEEL R R R 5 59/100

mL o
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()

(6)

(7)

(8)

(9)

(10)

(11)

(12)®

(13)

F 48530 1P~ 19.69 & 1485 & (FeCly - 6H,0):% >t 250 mL
f? o o RAEL( E 1.42)18 ML 4ok R S 500 mL -
N,N-= 7 A% - 1A% 1B~ 259 N,N-2 7 L85 - dga 3t
500 mL )k B AL (35% wiw) ¥ > ¥ R 3tihd Fge o G oo A
6@ FARMTUHELI Lo

UV-Vis 5 ¢ i 1 ipl% > 3% NN-Z 7 ¥ - mepipd g i
BRI 3LRE o

At 55 R 4P~ 0.0404 g A pedeat 10 mML 2 2 ALY T
ook AR I AR e 40 MM AL 4T 1R SR R

T ERfA 4N 5% % ¢ AEB~ 0.0504 g & Anfiedh >t 10 mL &g g
#oa kAR T AR > e 40 MM I R AN 4R R R

Fo s R P46 pl99%F ¢ e » 10mML TR LY ¥
T ERFRE AR e A0mM F e R R -

s fEte sk B~ 22 1 99% 2 g e » 10mL B AP X 4ok
FRI A - e J0mM & FEHR S5 % ¢

PR A R DB 32 4l 99% T Fnfiide » 10 ML TR ALY A

13>.1«

”"ﬁ%ﬁ"ﬁi% }i ﬁbg\' 40mMnFIﬁL’F{ / /| °
Friv @ HREa R A kx5t A 4 % ¥ (Kipp’s gas generator)

WEF G FM A WAL LR AR B BIA RS



mu E sk liE (A FEAE BB)  #EEL(C) ~ HF

(D)(F ##IR ¥ 42 B M)t > 4oF] 11 =57 > W& 5 2

v

L B3R fix o PR e Ta(FeS)ie 5 g (D)X »
WEROEMSLORERE CEFEF R
2. d I RLC) e » FREIFEAI . B HAIF

E(B)Y BINA B TAF RAZCE F A

w
)
i
-\Jl

ERF RN BRI F AR
4 feB B ARG BFF 0 HAIRGAIF BiF o w0

MY o RFEY VRS R BRET G B A

N\
o
o

FTRE AL TR S L  FRE R
FRATEmM G ERT URERE » B 035g s it 3748 > 4e
»EEAINBRF o HF B A2 e T

FeS +2HCl — H,S + FeCl, X 1)

B 11 sriv @ ®WE & j%_ (Klpp s gas generator)
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3-4 Catechol £ ¢ ripg i PR SR ic 42
3-4-1 ¥k *R % = (Cyclic Voltammetry, CV)

VTR RZ 2 A i A 471k CHI1200A » & (7% =X F H w0
AR TR BT KFk I AT BF v 0.05 pm Alumina
powder 1 8 F A B 1 A 4818 0 £ UAZF R ;"‘ég‘f%—i AT LT iEE
% 1 Alumina powder ¥ * 2 35 -kiiie 0 2 188 AgIAQCT %5 7 1.
29 £ 5H M THEE BB 0.1 M10mLPBS (pH=7)¢ > kiRl E &
de ~ R0k B ehcatechol »Y3 7% ¢ > 2 (84 2 B IR R G FRfE R S

A RiE CV i o

3-4-2 £ ;\"% =k % ;2 (Differential Pulse Voltammetry, DPV)
ARk E %y TAVE e ik CHIGE0D » i (75 =X F % >
7R T Y3 ok £ A E# 0,05 pm Alumina
powder 2 8 F 1A 30s {6 F ARG A RFFI AT LT EE S D
Alumina powder ¥ * 4 g3 -k iFik o 2 15 22 AgIAQCI %% T1EZ ¥
AR TR P B 01M10mLPBS (pH=7)¢ - 3k p] T ot
» ¥ %k K& encatechol *t3 % @ » W DPV #dy & il ifg €2 18 »
EAer 2 RIRARDC IR SRR EIEI0F)23 R 587 E R o

DPV # 4 T =428 5 -0.20 1 0.60 V ; "%k & t5 5 50 mV ; %k § A&

25



% 30ms A xS 0lse

3-5 F 4 Rl

w2~ 0.1 M 10 mL PBS (pH=7) z 7 100 uM catechol ;% i% > 14
DPV ## I T i T 218 a3 R FH? & B4 r ¢ el
7T ORI ANN G SO FESF OO T RRpR A o AV LA 4R 2% 0 50 pl
R FHESFER S 200 MT 323 10 £5353 R & 1SR R
DPV #45 % = # 8 %-020 2 0.60V ; "%k #&tF 5 50 mV 5 %k T &

% 30ms > R iFEH 5 0.1se

3-6 F itk & iR

12 25 uM 10 mL catechol & %S| 4e xR e & & ehe Frfig th 505 %
*DPVRICEZEFER > X e pifpk R T IMELE T
wE Frh-%FZREY 8~ 100 pl o mrppik e o 35 18
SR E A 10mML T BT R SO P N E TR RPRENRPE LR
oo deB 12 (@)#Tor 0 dF S A 2L/min o HARPFRE A B 5 5min
20 min ~ 50 min o # § # % H2o sz =2 8 0 B~ 100 ul s e

f-
4

$] 25 uM 10 mL catechol # > i& {7 DPV @R » #7182 § f& h &%

«m

WE T REAREE RN GBS TE BB kR -
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3-7 ¢ mfE i = 2 iR (NIEAAT703.71C)%

B 2770 pl 130 MM 2 £ fig i3+ 100 mL fis e & 3 % @ s 2R
(~1&%;% 1 mL 4p % > NTP( Normal Temperature and Pressure);#k #& *
2L EifRF A 245ul) EFP o mrpEiR i 0.0+5.0+10.0+15.0
2200 mL > A s B2 25 mL B3¢ 0 BN 2mL AR R A
ekt T % R - #HBR L3515 > 2%y 30 4480 2 UV-Vis i
Hoex o Ao Rk £ 5 505 nmep] TR TR ATH 207 8 3R BB 2mL
B phpERASIURI B R R mpER SR A TRE
BoBFh- BFEIRY b~ EEEFALE S B0 B RS Y
2 20mL ﬁﬁ’ﬁﬁﬁ;&ﬁi,"é BORENEZR I FRERFE LA
4ol 12 (b)#r7 0 4 F @ F 5 2 Limins B 5 20 min > #F 5 4
2 Bt & (s o F40mL 2 B ST %~ 50 mL § A o
£ % B R TIR R e ST MR B O RELN o XU EE R RO
TCR AL 2 R RFEPEML2 53R 26 mL 5Lp >4 2mL
B r UmERACGR FRI A B RS kE 30
A4 1 UV-Vis BIH Soc g > BRIAE 5 505 nm e #7182 1 &5 7R

SR Tl RERRN MRS T MBI ER
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(a)

Pump :

(b)

W 12, Y L AR LR 5 LW
@F* T F 2 GPIEREY ¢ ML HE L E (D)o i
= % (NIEAATO3.71C) BB B ¥ ¢ infi2 %5 B
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frd REEHEG

4-1 Catechol £ ¢ %ifk (ethanethiol)sh g i & 5

8] 13 £_200 uM catechol 0.1 M PBS (pH=7):% i% ™ ¥ 45 i# & 20
mV/s #1 & 18 ehja Ik R % Bl (Cyclic Voltammetry, CV) - Bl @ (@)% » 1
mM ¢ Fifg > (D) & 4c » 2 Fifg 0 (C)2 ()R] 4 %] F_1mM 2z Fepg 22 0.1
MPBS 3% # 7 catechol £-0.2V 5] 0.8V p* ¥4 #=FIp <7 CV F] -

JEB P ¥ g 4y F 5 catechol 1F 5 R it & 45 4 (mediator) eriE 0 H

“.‘B‘L\

h R L A 0TV A L BB oo B R e R

Mo R R 8 AT R SRR I

Current / pA

02 00 0.2 0.4 0.6 0.8
Potential / V' (vs. Ag/AgCl)

B 13. Catechol £ ¢ £ifi; ik K% F
(@) 200 uM catechol + 1 mM ¢ z:fg (b) 200 uM catechol (c) ImM z &
F# (d)0.1MPBS - 0.1MPBS (pH=7) ; ¥4 # & : -0.2V~08V ; #
faik & 120 mV/s
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A% % pH=7 g 2 T > catechol / o-benzoquinone =% i B R &
4w & Ep=0.256V, E,=0.128 V- E ~ i1 ¥ 17 (quasi-reversible)

hf i B R 5 fi(ledlpa=0.8) © catechol éh i+ £ § i Bk & fig *© 4-H

14 #17 :
OH O
OH @ .
+2H" +2¢
catechol 0-benzoquinone

] 14. Catechol / o-benzoquinone =% i* & 7 * &5+

E RS TN Tl ¥ AR e O R
3 LT 0256V AT =S wimSE 0203VoF it T e B4
HT8%z2 5 oA BRT IR AGHE T H A R T B

B R T =€) % rcatechol &7 ¢ R W chF Jutd 4] Cho@l 15 #rF

OH

0
OH -2H*, 2e 0]
+2H", 2¢”
O OH OH
©¢O RSH ©, Co /©/OH
RS
RSH +

RS
OH
/©/OH OH*, 2¢
+2H+ 2e” [ j
RS
@B 15. Catechol £ ¢ F‘ﬁg; FE s
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f-
S 1%

7 x:

Catechol 5. d ¢ i- & = ;4 % i+ 352 o-benzoquinone & » € 22

n>»

¥ e pifgsF 4 Michael addition reaction @ # =t ethanethiol-catechol

adduct » f5d adduct snf § i i B R RUELH 4 e A A g R

m G
Al 723w khSaki & hFEd 3K R4 = a0 ethanethiol-
catechol adduct ¢ &7 a4 & = Ewa 4 L T4 %> ERF LT

€T R et w ljA o d e LifE Y 0-benzoquinone sk i

% ¥ i > #7141 i & catechol / o-benzoquinone i /i T R ILEL € F1 L B

7 ® gho-benzoquinone B2 ¢ mrifg k A a E R AR E T 0 H

35

7 I S A

b iy AR spifgm 0 Feg G catechol (i3 iR (T S =
CVH#HFq2is> “f i & catechol =& it k9 (Ag)L7 4p ¥t B it
¥ (Co)2- 7t > B H G 006V = = NI~ BATNF 1 k4% (Ay) 4o
B 16 1245 L % ?)I?c P4 # 4p 310 &4 catechol p £ 2 R & A A

m?&@ *;” ’ M’rg 4 mgg it /ﬁ»”lé - @-%%‘J—&Fg] 17 #1771 o
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AO

1
<
= A
T o
=
@)

-1 -

CO

-0.1 OTO 071 0.2 0?3 074 0.5
Potential / V (vs. Ag/AgCl)

B] 16. Catechol % =x# #; -7 CV B
0.1MPBS (pH=7) ; # 45 # B+ -0.1V=0,5V » #H i# & : 50 mV/s -
1 4u Bl ¥ - 20 [

OH O
2 . O T
Ejo or

B 17.Catechol p ¥ B & F 4%+

~ Dimer —— Polymer

Catechol p & R & ehk B2 F3% 7 pH Ean@ 8 B3k v
M iz 2T p DR EF ARG BBy e 2RE Y

catechol ¥ % F e B35 AL (-OH) € F] 5 pafddnm 2,4 - B f T &
3 1 f & 9755 (anionic form) » # i catechol L 4% % # 4 p L R &

F s o
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L FifE bk GVAFRR T A 0 B 4 0.68 mg/mL* s a7 e ]
© FRER A AR o st B A RS fe e RRPRAE R AL A
B EY ARG B A B RLE BAD % TG o R ERE
SEILETILT R RAG R ARIE (T RIGE 0 SR 18 o e B K e 2
FEGLRO T L AT RS §HF TR SR B T
Wos R e FRR Ar e 4 3k catechol e0F U R B e o T BT R

P ER S e e ARAR SR A o

3

2 - (a))
< (b
e ©
5
S5 o e
O

-1 4

01 00 01 02 03 04 05
Potential / V (vs. Ag/AgCl)
Bl 18. Catechol £ ¢ %ifg ~ 7 f& ch P53k K% [
(@) 50 uM ¢ zxpg (b) 50 uM catechol (¢) 50 ul 99.9%~ A& - 0.1 M PBS
(PH=7) ; #4581 -0.1V~05V ; i & : 50 mV/s
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i3t mfgeng © 8 2 E M plA 3 > ¢ Fif% 2 0-benzoquinone
& A 2 ethanethiol-catechol adduct > @ 4.3 &% & 252 F5m ¢ T &

fOERF PREEAER e e B B AP AR AT

S

=% ¥ 0§ Rz (Amperometry i-t curve)ig (7 #F 4 7 ¢ O FEE A H
g (VB2 Y s L VR Rk % £ (Differential Pulse Voltammetry,
DPV) £ 3 " <4 B 5Len+ 3 ~ 3 4o 5L se 2 et & (S/N ratio)

U SIS T R T R T A T S A R

ADPV it EERP oA PREEINECV E - FTIm% o AR
i 7 3 catechol p > # 12 %.0.267 V % 3| catechol =13 1t j& & 2 5L(A,)

BAvr e pifigts o ¥ 25 CV Rl P s = catechol chF i T ikt 5L(Ag)
B4 @ £ h 011V R - BTeng k% (Ay) 0 4oB] 19 #77 o
Ly it KRR A2 B2 0-benzoquinone i {7 Michael addition
reaction #r & # 374 $~ ¢h§ v 2% %, ¥ % ethanethiol-catechol adduct
F Ik 9 Cy-position § 7 - BEURA(SR) 0 R AET FEFH A o AT
2t adduct + ¢ i3 2 A Ap >t catechol § & 5 AL E Lo T T U A

FUf T mens S LB TIFTF LM > T NEF C FLARE B R e B

ERTE STEIN B TR L
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2.5

2.0
< sl
~~
-]
c
L 10
| -
-
@)
0.5
0.0 .

-0.2 ' 070 ' 0:2 ' 074 ' 076 ' 0.8
Potential / V (vs. Ag/AgCl)

Bl 19. 25uM Catechol 75 A % kR T Fifs e DPV B
(@ A“4c» 2 zifg (b) 2.6 uM 2 F7ipE (€) 6.5 UM ¢ FifE (d) 13 uM ¢
Fifig (e) 19.5 UM ¢ £ifg 2 0.1 MPBS (pH=7); DPV %#c:E:-02V >
Es: 0.8 V> Pulse Amplitude :50 mV > Pulse width : 30 ms - Pulse period :
0.1s

4-2 T FF BRI

FeFAPAED R CV Y DR S 0 KRG e e AR5 0]
R I(Ag)E Frdy ik FehM (2 12— HFT g catechol ¥ 1t A5 =
o-benzoquinone £2 ¢ Fift ATt E & hF B ek AP AT
3 % hF 4] 5 A0l (diffusion-controlled) szt o R 3% F R ihE
kst a2 d Randles-Seveik 3222 42 T2t 5 2 A 4o

v

AN
1 1

3
i, =2.69x10°n?C,AD?? (3% 2)
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ﬁd |pﬁ~/ﬁs"’éﬁ_‘/n ynﬁﬂq'*ﬁgﬁ}g{’COﬂA}*%*ﬂ/}E}i AF‘“'
BE e A D FAFF Bt VEFRES c FAFF AT RE
m ek B4 5 o' 4] (adsorption-controlled) o Bt F R T £

/‘,1;}\‘3

. n°F?
| =
* 4RT

VAT, (5% 3)
H¢ F 4% ¥ #ic(Faraday constant) : 96500 Cmol™ ; R 4 7 44
¥ 8 8314Imol K™Y T 2 B 4HE A - Th 5 %t © molecm? o #1u
AT IR E S OIS RER e T AT LA G E i
UEE 2 EALIERCREE S5 B S A IE N Sl el R TRt ]
ER-RLE- 32 A
Bl 20 §_% pH=7 =3k 5 F >3t catechol ;‘f]:%cw ik R C Frfig o iT
A PafFRmid s o d-02VHRKE I+08V e CV R ¥ RETC
Fefig ¥ 0-benzoquinone & s > W FIT Agcnx L ENEL > R &
0-benzoquinone & f A & A EL(Co) B AT i £ 7 L > MEF 4 i S
10mV/s & B34 2 400mV/s> B 5 (v iR mhg2 H4e o deF U F 0t
T (| po) ¥ Frdr i X TR LB 21 K% 7 0 5o 10 mVIs
FlA00MV/s chif 2™ » 3 (LA ANT INEEFRHE IO T S RE -
&R %> 354 o7 o-benzoquinone &2 ¢ Frfg e Y B K A HIT

Frlent AT AR R -
36



50

40 -
30 -
<
=  20-
c
L
S 10-
@)
0 -
-10 T T T T T T
-0.2 0.0 0.2 0.4 0.6 0.8
Potential / V (vs. Ag/AgCl)
B 20.200 uM Catechol 7 e ERC AEA i F iR CV B
(@) 400 mV/s (b) 200 mV/s (c) 100 mV/s(d) 50 mV/s (e) 20 mV/s (f) 10
mV/s - 0.1 M PBS (pH= 7). % 4 #&# & -0.2 V~0.8 V

R’=0.99573

0 L] L] L] L] L] L] L] L] L] L]

4 6 8 10 12 14 16 18 20 22

1/2 -1/2
Scan rate”" / mVs

B 21 § 1Lk Tin(l o) 45 i 5 chT S B 5
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4-3 £ ;R R % i (DPV) $dicyd 8 p enfs

% DPV R it E o722 dple aefig > Hg it 25 ¢ X 3
A 38 4 Ao % iR 2 RS 4o % fiRdR vy (Pulse amplitude, A) ~ % R RS
& (Pulse width, P) ~ *% f=i¥ #p (Pulse period, T)

B] 22-24 &_catechol & DPV ¢ i+ & = 2T g % g g (Pulse
amplitude, A) ~ *% % A& (Pulse width, P) ~ #% % # (Pulse period, T) =
W B o

FER) 22 7 rig Ay o g R iR v i B 10 mV o~ 30 mV ~ 50 mV

80 mV 3 4c 31 100 mV pF » 714 (B

—\\

EIJ#E?&?’L&EG’J% /- FIL %ku ’ ;F_’_\E_’ I_’ A
€4 R eng (kg T g S AR S g 2% 4 100 mV g%
ftreyR g P¥ > catechol 27 2 it % eng WA BT E A - A2 ¥ -

5G4 R TR AR R ST A 2 B D 0h & pEH| L 0T

-

EHS50mV 5 e pRpE il pliE i o
B 23 ¢ o AN e g e % e R 1£.30 ms~50 ms 3] 100 ms
PFo ¥ ORI SEEF IR R R i 4 > TR DR R WELE E BT
FoX L EipRE R OB S tg R Y AT M &V A ELF] 5 DPV
e T2 ) g s 4 - PR EFT {8072 % T S (Faraday’s current >
)4 2 2o T % n(Charging current > Ic) 3% ¢ &g+ = ¥ F 30 ¢ 'E
FRF e Mo Y AT RROERBEINERY T
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MRl 24 ¢ > 2w A E S RES 5 0152025055 F ou
WAL F Y e JW o pifig g SRR X R EF R
d 30 S0 R ) B AN F R B a0 dE s gt o AN PR R R R )

0.1s 5 DPV % 5 cifE i -

ETTS

5 @

5] ©)

Current / pA

'
[N

-0.2 070 0.2 074 0.6
Potential / V (vs. Ag/AgCl)
B] 22. & %% 4v % e % fiFdk by e DPV )
(@)100mV(b) 80mV (c) 50mV (d) 30mV (e) 10mV - 0.1M PBS (pH=7) ;
Ei:-02V - Ef: 0.6V > "%fimixdp : 0.1s> "% &% & : 30ms
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2.04

1.6 4 (@)

1.2 4 ©)

0.8 -

Current / pA

0.4

0.0

-OI.2 OTO 072 074 076
Potential / V (vs. Ag/AgCl)
B 23. & %% 4 % e PR @RE R 1 DPV B
(@ 30ms (b) 50 ms (¢) 100 ms - 0.1 M PBS (pH=7) ; Ei : -0.2V » Ef :
0.6V ity : 50 mV » "% ibrir Hp © 0.2

5
44
(@)
< s
—~ (©
-
[
Lo
-
>
@)
14
O L] L] L] L] L]
0.2 0.0 0.2 0.4 0.6

Potential / V (vs. Ag/AgCl)
B 24. & %] 4 2 e 7% ek #p e DPV )
(@0.15()0.2s(c)0.55-0.1MPBS(pH=7);Ei:-02V -Ef: 06V >
R iRty - 50 mV o R bR AR C 30 ms

40



4-4 % 7% pH E R R
Catechol ¥ it & o-benzoquinone tHx ¢ » 24542 2B H >

by H

\\\?{r

BT B F ko Eimn iR pH B PEAF £
& ch% % o 1458400 #5772 (Le Chatelier’s principle) ¥ 1 &rig - §
PH B3 s pF(HUER R S) > 33 J130F B v 3 2 w7 > Fp
i§ ;] catechol #7% 2 % i* ¢ =i € "% 115 F 2 > %% pH & Mpr(H
JERH ) B F g et R R F B> w7 0 R R catechol
S TRL LA B R

f8] 25 &_catechol ;% /% A.pH 3-11 s DPV B]- # # pH 3-6 ¥_d citric

acid ¥ Na,HPO, 34 fie @ = “'pH 7-8 B| &7 PBS fie #l » @ pH 9~11 &_

a@\«

¢

"1 Na,CO3; &2 NaHCO;, = fie @ N R ljﬁys.xq BE %’f

o

pH 3 4c > catechol eng i T i=x SE2 A f T k4 megu;f 5 B
PAEFFRIL2_ s T oA H G 2142 42 3% (Nernst equation) v 14 fE 2
jé_catechol sh = 8P 23 a8 BR 3 {on B a g+ j\* s B BrdE
FARNT AT R4

0.0592 o [ catechol , ]

E=E’-
2 [catechol  J[H*]?

(s 4)

i E® ¢ [catecholeg] ~ [catecholoy] & # & — ¥ #c38 C B|¥ 27 5 X 5
E=C-0.0592x pH (¢ 5)
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F]pt & #-catechol 1% i F = (E)4 pH E i@ > Blm% 1+ 7 -

WAL & % -0.0502 chAUHEBE o il A Pt R e pH B R H
catechol 1% it 7 = v B(B 26) > ¥ " {# 7] - £ & 5 -0.0719 s {4 i

%> 4 70 catechol e it ¢ SEF pHI se @ L T imss ol % o

| AN

-0.6 —0I.4 —OI.2 OTO 072 074 076 0.8
Potential /' V/-(vs. Ag/AgCl)
Bl 25.200uM catechol =% F pH & 72 DPV Hl

(@) pH 3 (b) pH 4 (c) pH 5 (d) pH 6 (¢) pH 7 (f) pH 8 (g) pH 9 (h) pH 10
(i) pH 11 - 0.1M PBS (pH=7) ; DPV % #ck @] 19
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0.7

0.6 4

0.5 - y=-0.07193x+0.75153

0.4 4 R’=0.99777

0.3 4
0.2 4
0.14

0.0 4

E/V (vs. Ag/AgCI)

B 26. Catechol # i* 7 iizn 537 F pH & B % B

FFAP AT P oapH BB T4 22 Fifs X ELZ 0-benzoquinone
B pifgenk A5 0 B 27 AofepH3-11 200 uM catechol 4c » 48 F&
R T FEifEDPV Bl e pH>9 2 {8 » ¥ g Pl4e » 2 FifR T & E
B F R MBI 4 > R T st &_catechol ehpKa=9.5 ¥ %k
pH &~ >+ 95> ¢ i3 /% ¢ ~ 384 catechol # 4 = F § & H3|5% >
4oB) 28 #7or > @ {F catechol # 4 p LR EF B ¥R B AE S

0-benzoquinone :& = Michael addition reaction -
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Current / pA

-04 -0.2 070 072 074 076 0.8
Potential / V (vs. Ag/AgCI)
B 27.Catechol %7 F pH & T 4c » )k B ¢ #ifi5 5 DPV B

(@) pH 3 (b) pH 4 (c) pH 5 (d)pH6(e) pH 7 (f) pH 8 (g) pH 9 (h) pH 10
(i) pH 11 - 0.1M PBS (pH=7) ; DPV %<k 8] 19

OH OH
OH o}
—_— +H* pKa=9.5

catechol catechol anion

B 28. Catechol 23T f§rF &

B 29 ¥_z mifis &% F pH I3 T £ o-benzoquinone it 7 F R A7 1F
Pleng b EL(A) S pH BBl G F] > AR P T BB T
KEE pH B 4 AR E > B R ehF LR B KE2 2 s ¥ A pH=
TREZPHAE; a % pHEXT 21 §F T ias 8% pH
Bk g a TR B R FIEE AR ACTRILES T 0 o L B S

L e 5 1 o mipR L R R X > 3 413 Michael addition
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reaction ek JEiE {7 o Rig 3 LR et RBE S A BB RER
& |2 0% T pF o> catechol & ¢ F] L R IR nIg A end fRRE o A2
4 g %253 ehcatechol > 1 18 0-benzoquinone £ ¥l p £ F & F A,

SRMAIREY  BRF ST IR A gR T E o

0 e e e e . . .
2 3 4 5 6 7 8 9 10
pH
Bl 29. ¢ mipgd it T OUEL(A)E pH E PR T R

4-5 Catechol Jk & e 5

R S AR catechol B s WiRl2 FRERENT I s o ST B
Fipgeh T g 447 0 B EF MR R BRHRL. ¢ X T catechol
B PR o 1) 30(a)-(e) 4 W EfU* DPV % i pl 2 3 10 pM~25 uM ~

50 uM ~ 100 M ~ 200 uM catechol £ ¢ Fif & Jicith & S E] -
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KB v g catechol sk B F 10 uM BF o> BEARF U B
WPl E R B IR EB PR ATAE 0 F i ) 5 catechol sk B o (R
%};,g fre Fppie 7 F B Dl e @ @02 7 FIRG DRI R
e § % catechol sk B & 3 PF > BEAAF MR F ¥ M plant T 34 1
RIEDSUEE R B > e drg X3 ARMER BRIC MfORATR 0 &

wocatechol sk R EH T -7 U RBERIER DT K it% 2 BIEA
shicatechol = 2 ¢ 27k & catechol # 7] e £ fif eradi 14 F] &2 B i< 7 1f

B R ArE 4 57 o
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3.0

2.5+

R°=0.99553

0-5 T T T T T T T T

12
Concentration of Ethanethiol / uM

s (€

R’=0.99286

o/ BA

0 T T T

0 20 40 60
Concentration of Ethanethiol / uM

12

80

)

104

R°=0.99749

| o/ BA

0 40 80 120 160

Concentration of Ethanethiol / uM

200

| o/ LA

1 &)

R°=0.9909

Concentration of Ethanethiol / uM

(d)

R’=0.99073

T T T
20 40 60 80 100 120 140

Concentration of Ethanethiol / uM

Bl 30. % kA& catechol e e P e £ SUE

(a) 10 uM (b) 25uM (c) 50 uM (d) 100 uM (e) 200 uM - 0.1M PBS (pH=7) ; DPV %

#c e @] 19
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# 4. % kR catechol 7 be T ERfR el Rt 5

Catechol (uM) &t & [Fl (uM) VR ER (UM)
10 0.65 -15.5 0.65
25 0.65-59.3 0.65
50 6.5-71.2 6.5
100 13.0 -136.4 13.0
200 13.0-175.5 13.0
4-6 R RH T

EREROEITL > AR AT RS L TT R LS
RirREZ Y T -02V L BT =06V ¥#FsR 5 01M
PBS pH & % 7-:%* 25 uM shcatechol iz 474 ; DPV %83t 4 »
LRty 5 BOMV ~ Rk fREE R 5 30 ms ARk 5 0.1s - B 31
APF o A012Ving T (A)E I - BREFC R AS A F
(LI 30 _Lzﬁr'}ﬁa%t R o B EF A PR F LT R Kﬁg,};

B ERI(B] 32) » ¥ Il & sttt b= 0.65 uM-59.3 uM - H i pli&

' % 0.068 uM (S/N=3)
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3.5

3.0 -

2.5+

2.0+

1.5+

1.0+

Current / pA

0.54

00 T v T ¥ T v L] v L]
-0.2 0.0 0.2 0.4 0.6

Potential / V (vs. Ag/AgCl)
B 31.25 uM catechol 7 hvtUER ¢ Fifig i DPV B
0.1IM PBS (pH=7); DPV %3z :E;:-0.2 V »E¢: 0.6 V; Pulse Amplitude :
50 mV ; Pulse width : 30-ms.; Pulse period : 0.1 s

3.0

2.5+
y=0.04167x+0.02415

20+ R2=0.99413

1.5+

1.0+

Current / pA

0.54

OO T T T T L] L] L]

Concentraction of ethanethiol / uM
] 32. 25 uM catechol /,91‘ v 2 ER C FLR iR B AR
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INES T

B RRY T g XTI - L g g et i ipE Y
TABE R AR RTAL L BB FREY 0L €7 BN ERE
ey T4 A Rl T gE(Dimethyl sulfide, DMS) ~ £21 &
(Hydrogen sulfide) ~ itz (Sulfur dioxide) ~ ¢ fE(Acetaldehyde) -

—

F L ’fp (Styrene) ~ = % it % (Nitrogen dioxide) - F1% = % “ Fi¥2 = 3

=
9}
).

Bk A u g F AR (SO5) & A 1T 4 (NOy )3T

— S

A BTl F IV ERE Z F 1§ PR > NP E R TR
e B R FLAT A R RF N F AR

¥4~ 200 UM % R R S P RE 0 B 33()-(d)F g El 0 - F
T F ~ L pES T R FOFD A EHENRIC ey TN
XFIE oA s § L EReRINA 5 4oB] 33(e) 0 T L 4 033V ehink
FI- AT CFONAMEL FlE L EifEend YRR MEL A 014V Ar

S F ETA L hE CUBLE R §¥te A Rlg ¥ K

Foit & iRl b oo ho@ 33(F) 0 d AR F kY AR § pp R

-\

HS) > m & mpailv st € 23 ? 5d T 15§ it 2 4 ch0-quinone

i 7 Michael addition reaction @ & # % it F /e 4e > fpb o AR

SF PRET LE AR T OO R R ST i T R .



hydr

Potential / V (vs. Ag/AgCl)

2.4 2.4
(a) (b)
204 no NO_ 204 no dimethyl sulfide
—— 200uM NO; — 200uM dimethyl sulfide
1.6 1 < 1.6 -
< 3.
2 121 = 12-
— [
c o
2 08 5 08
5 &)
O
0.4 0.4 4
00 L) L) L) L) L) 00 L) L) L) L) L)
0.2 0.0 0.2 0.4 0.6 0.2 0.0 0.2 0.4 0.6
Potential / V (vs. Ag/AgCl) Potential / V (vs. Ag/AgCl)
3.0 2.4
() (d)
2.5 4 no acetaldehyde 2.04 no styrene
—— 200uM acetaldehyde — 200uM styrene
2.0 1.6 4
<
< <
~ ~~
+— 1.54 +— 1.2 4
[ c
(<) D
= =
S 1.0 S 0.8
(@] O
0.5 0:4 -
00 L) L) L) L) L] 0'0 L) L) L) L) L)
0.2 0.0 0.2 0.4 0.6 0.2 0.0 0.2 0.4 0.6
Potential / V (vs. Ag/AgCI) Potential / V (vs. Ag/AgCl)
2.4
© 244 (f)
2.04 no SO’ no H,S
—— 200uM SO, 201—200um HS
1.6 4
1.6
< <
3, 3
= : = 124
[ [
L sl e
s S 08
O (@]
0.4 4 0.4
00 L) L) L) L) L) 00 L) L) L) L) L)
0.2 0.0 0.2 0.4 0.6 0.2 0.0 0.2 0.4 0.6

Potential / V (vs. Ag/AgCl)

®l 33. Catechol i *v & #&+ 4+ 2 DPV H
(a) nitrate (b) dimethyl sulfide (c) acetaldehyde (d) styrene (e) sulfite (f)
; DPV 4-#ck B 31

ogen sulfide - 0.1M PBS (pH=7)
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4-8 B ¥ © FipEF WA
BB F MR o S AR 1L R TR EERERA
$r 2 P REFHEE Y 4036 F Hon AR > A R BTR B2 T
R U R E RS RN F EREY T iR kR -
AR ERMOL) Rk AR SRR 570
Frppen 2 (ng) #F R L 100 R )i > RIF g 2 4 ¥ 977 ¢
Frpgen® SR LR F LM TR 2 Y 41T o AR 2k

B (mg/m®) -

C Ax va 0.01 100 (£ 6)

C: # 87 ¢ gpt2 k& (mg/mP)

A d R TR e a2 kA (UM)
M: 2 zifg i 2 F £ (ng/umole)
Voo S F o2 A (dmd)

%R A 1 0.01 (L)

18 i3 4+ 100
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RO TS ST R A STINECE SIS e W R

SR G Y F 34 F A S 10 ppm (25.4 mg/im’) - @ % B OSHA

e
’\%l

2Hu RS EATS P BRI EFABER S 0.5ppm
(127 mgim®) » @ &= 2 e mp ek B R T FEHEF EM > 3
FF 25 10L pF o PR ] 2 4 4-370 (mg/m°)ph > EH 4 £ 5 100 L

» RIR) e ] & 0.4 37 (mg/mAp > ¢ FEFRB Y ¢ R ik
B e i R IE g R AR N

B 33(a)-(C)~ % PR 5 5min ~ 20 min ~ 50 min #717 3|0
DPV B> #7182  § i+ T w28 w4 0.1889 uA+~0.798 pA~1.408 pA -
cd W ERFE B ERAEE 395 UM ~ 18.63 uM -
3321 uM > L 5d N 6HEF IR B o2 F MER L 2454 -
28.93 ~ 20.63(mg/m”) -

hH Y o Avr IR R AR o AT TR FRRPER 2 oo T
BEEPIhF HIERS Ak YRR ARP S BY o MR b
626 (Mg/m>) » &2 #7 i Bl B e B @ Rk R L H 4 o3 A 1 iE
R F 2 AR A A e~ e i M E R AR BOE
FRERNREL ;L T A A 2 EARY 0 ¢ G R AT R Y 0 A
TR AT AR P 2 R G B0 AR 2 A RS B
Frpg e & 3 (HQ(SEL),) » #7102 1% F P ek B ¥ ihe fifi o

53



2.4

(a) 5min
2 04— 25uM catechol
—— 25uM catechol + ethanethiol
1.64
<
=1
~ 1.2 4
d—
c
L
5 0.8 4
@)
0.4 4
0.0 T T T T T
-0.2 0.0 0.2 0.4 0.6
Potential / V (vs. Ag/AgCl)
24 -
(b) 20min
2.04— 25uM catechol
—— 25uM catechol + ethanethiol
1.6
<
3
~ 1.2 4
o
c
L
5 0.8 4
@)
0.4 4
0.0 T T T T T
-0.2 0.0 0.2 0.4 0.6
Potential / V (vs. Ag/AgClI)
2.4 -
(c) 50min
—— 25uM catechol
20— 25uM catechol +.ethanethiol
1.64
< 6
3
~~
+— 1.2 4
=
L
S 08
@)
0.4 4
0.0

-0I.2 O.IO 072 074 076
Potential / V (vs. Ag/AgCl)
B 34. B¢ ¢ FifE 5 B RI2 DPV B
+# ¥ pF ¥ (a) 5 min (b) 20 min (c) 50 min > 0.1M PBS (pH=7) ; DPV %
B e B 31
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4-9 - FEE B RIE — Tk B2

Bis AT P GRIRR Y F MR A TR
Wk F TR BB Y AR R SRR R TR R GG AR R
B R AR ERAG R CRE Y ¢ A £ 2 NN-
= 7 A ¥ % - "%=(N,N-dimethyl-p-phenylene-diamine, DPDA) 2. & 1 4%
BERIEY B o AL 506nm k] TEIFR R R o 1§ iR ST
F7 73 200ppm (VIV)2+ 2= F gt = § 14§ > & 1ppm (VIV)
P ERit @ s R e TR o R BRI AR 37 i 0 fe /R R
che BRI R 0 12 UV-ViS R s i & () 35) i ¢ #ifig ok & (ul/mL)
gu R Witk E S4B 86> HEA F#F 5098 — 19.6 (uL/mL) -

g HengdR o U O R BRGe Y R 4-8 TRBL L FnfE 5 W R
A Fe g gk 2 SR TR R 0 PR Ao R AR 37 frit o ¢ AR g
RO R mafs kA C (ppm, VIV) T k58 7 48 % @ 3| S % A 1§
R E RO e

AXZSX@
V 5

(5 7)

A B SRS 2 FREE B (ul/mL)

VA3 S % ER-XE 1(D)
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G R R ¢ o 4o » 50 L 97% ¢ ARt R R B o @# 5 E
Moo gifRik R 5 313 (mg/m®) » 4 20min f5 0 = HL A0 ML 2 5
Sofcif A~ 50 ML BHLN o f T AR AR TR T M iR
o~ R O I UBEASGRFRINAE  RFEROML L
7t 25 mL B HCP 0 e 2mL BT R 8 E R A GR PR T %)

R

-

Hm L¥ag 180 2B 30 A4 12 UV-Vis sk 3 hip| 2 v e B
FresociE s 0087 #FLJIF R ERE THEFIC pmphf 18
kR 5 6058 ppm o BERH A E 2 O AR
sB(mg/m®) s AR S s HIREERE (= O % ¥ 1 ir
ERETF T ER R e 8T > (D] % % L 153.62
(Mg/m®) » 229 % % be 2 S FIR% 7 FARE FA 0 A RA KR
FHS 2R AT MBRES AT R L -

Mw
/m*)=—— P
(mg/m*)= "= ppm (3 7)

Mw : $ 2= %42 3 453 £ (g/mole)
2445 LB 2B R - S FRFRT G I FAFLELEIME 2

= 2 A #ic(cm*/mmole)
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0.4

0.3
v 02
o)
< ()
0.1-
(@)
0.0-
400 450 500 550 600

Wavelength / nm

B 35. =Tk R P o RRfR 2 STk )
B o ErfiE 2% () 0.0 (b) 5.0(c) 10.0-(d) 15.0 () 20.0 mL » i &) 4c » 2
mL & 4 % s fFE T 25mL

0.20

%51y =0.00943x - 0.0044

R2=0.9989
. 0.10 4

Abs

0.05 -

0.00 -

0 5 10 15 20
Concentration / (uL/mL)
Bl 36. vk & jE Pl e FifE 2 & £ 5 B(505nm)
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¥I® 8%

A ERE Y e R enilRl o B R A& 7 R L4 BrERELG
SO 0 I R £ BT BB Y R = e & 4 (Ho(SEt),) 0 £
Bl TP H A B E D RER o e fI* GC/FPD & A
d R EITRR Rl 2 R AT FeAp g R e A LT & A
HRE SRS S E L A P

ATy @ 02 catechol fah 2 1 BN o F T ERpR RO R
it g o B DPV s M2 JE > 454 o-benzoquinone £ ¢ Fifg F
feié ihg 1 RINAFLE 7 2 AR e T E AT 0 2 1R E cnaLIE i [F]
5 0.65uM-59.3 uM » & i RlH& L& 0.068 pM (S/N=3) -

HEFRBY c mmakRPIEFRILEF EM  §HFE5
100 L p# > P32 3P %4 B & 0.4-37 (mg/m°)p > = # Sk B ¥ ¢ Fufig
FARE O RIEE FERIR T -

PR ERM PR RET OB LA E T e 3R (e

Wi

A

B1EREY 73 Rt EPRRDRRISTY a BB

ERFREOERI L o BEAREF LR Y HIRB G ¥ B DR 0 T R



AR T L TR L Y R A T RSO R R SE T B

v rfLi—i_’;EI:,;\;_’rj—J—‘L;}%o

59



24

1. Patnaik, P., Handbook of Environmental Analysis: Chemical
Pollutants in Air, Water, Soil, and Solid Wastes. CRC Press: 20009.

2. Heafield, M. T.; Fearn, S.; Steventon, G. B.; Waring, R. H.; Williams,
A. C.; Sturman, S. G., Plasma cysteine and sulphate levels in patients
with motor neurone, Parkinson's and Alzheimer's disease. Neuroscience
Letters 1990, 110 (1-2), 216.

3. Seshadri, S.; Beiser, A.; Selhub, J.; Jacques, P. F.; Rosenberg, I. H.;
D'Agostino, R. B.; Wilson, P. W. F.; Wolf, P. A., Plasma Homocysteine as
a Risk Factor for Dementia and Alzheimer's Disease. New England
Journal of Medicine 2002, 346 (7), 476.

4. Herzenberg, L. A.; Rosa, S.-C. D.; Dubs, J. G.; Roederer, M.;
Anderson, M. T.; Ela, S. W.;.Deresinski, S. C.; Herzenberg, L. A.,
Glutathione Deficiency is-Associated with Impaired Survival in HIV
Disease. Proceedings of the National Academy-of Sciences of the United
States of America 1997, 94 (5),-1967.

5. Roederer, M.; Staal, F. J. T.; Anderson, M.; Rabin, R. O. N.; Raju, P.
A.; Herzenberg, L. A.; Herzenberg, L. A., Disregulation of Leukocyte
Glutathione in AIDS. Annals of the New York Academy of Sciences 1993,
677 (1), 113.

6. Eck, H. P.; Gmunder, H.; Hartmann, M.; Petzoldt, D.; Daniel, V.;
Droge, W., Low concentrations of acid-soluble thiol (cysteine) in the
blood plasma of HIV-1-infected patients. Biological chemistry
Hoppe-Seyler 1989, 370 (2), 101.

7. Townsend, D. M.; Tew, K. D.; Tapiero, H., The importance of
glutathione in human disease. Biomedicine &amp; Pharmacotherapy
2003, 57 (3-4), 145.

8. Soria, C.; Chadefaux, B.; Coudé, M.; Gaillard, O.; Kamoun, P.,

60



Concentrations of total homocysteine in plasma in chronic renal failure.
Clinical Chemistry 1990, 36 (12), 2137.

9. Shahrokhian, S., Lead Phthalocyanine as a Selective Carrier for
Preparation of a Cysteine-Selective Electrode. Analytical Chemistry 2001,
73 (24), 5972.

10. Nygard, O.; Nordrehaug, J. E.; Refsum, H.; Ueland, P. M.; Farstad,
M.; Vollset, S. E., Plasma Homocysteine Levels and Mortality in Patients
with Coronary Artery Disease. New England Journal of Medicine 1997,
337 (4), 230.

11. Refsum, M. H.; Ueland, M. P. M.; Nygard, M. O.; Vollset, M. D. D. P.
H.S. E., HOMOCYSTEINE AND CARDIOVASCULAR DISEASE.
Annual Review of Medicine 1998, 49 (1), 31.

12. Hwang, C.; Sinskey, A.; L.odish, H., Oxidized redox state of
glutathione in the endoplasmic;reticulum. Science 1992, 257 (5076),
1496.

13. Dalton, T. P.; Shertzer, H. G.; Puga; A., REGULATION OF GENE
EXPRESSION BY REACTIVE OXYGEN. Annual Review of
Pharmacology and Toxicology 1999;39 (1), 67.

14. Trabesinger, A. H.; Weber, O. M.; Duc, C. O.; Boesiger, P., Detection
of glutathione in the human brain in vivo by means of double quantum
coherence filtering. Magnetic Resonance in Medicine 1999, 42 (2), 283.

15. Dieckhaus, C. M.; Fernandez-Metzler, C. L.; King, R.; Krolikowski,
P. H.; Baillie, T. A., Negative lon Tandem Mass Spectrometry for the
Detection of Glutathione Conjugates. Chemical Research in Toxicology
2005, 18 (4), 630.

16. Wang, W.; Rusin, O.; Xu, X.; Kim, K. K.; Escobedo, J. O.; Fakayode,
S. O.; Fletcher, K. A.; Lowry, M.; Schowalter, C. M.; Lawrence, C. M.;
Fronczek, F. R.; Warner, I. M.; Strongin, R. M., Detection of
Homocysteine and Cysteine. Journal of the American Chemical Society
2005, 127 (45), 15949.

61



17. Huo, F.-J.; Sun, Y.-Q.; Su, J.; Chao, J.-B.; Zhi, H.-J.; Yin, C.-X.,
Colorimetric Detection of Thiols Using a Chromene Molecule. Organic
Letters 2009, 11 (21), 4918.

18. Chen, X.; Zhou, Y.; Peng, X.; Yoon, J., Fluorescent and colorimetric
probes for detection of thiols. Chemical Society Reviews 2010, 39 (6),
2120.

19. Assessment, S. R. C. C. f. C. H.; Santodonato, J.; Etiology, N. C. I. D.
0. C., Monograph on Human Exposure to Chemicals in the Workplace :
Mercaptans: Final Report. National Cancer Institute, Division of Cancer
Etiology: 1985.

20. ACGIH., Documentation of the Threshold Limit Values & Biological
Exposure Indices (7th edition). Amer Conf of Governmental: Cincinnati,
2001.

21. Kangas, J.; JA Ppinen, P.; Savolainen, H., Exposure to Hydrogen
Sulfide, Mercaptans and Sulfur Dioxide-in Pulp Industry. American
Industrial Hygiene Association Journal 1984, 45 (12), 787.

22. Goyer, N., Evaluation of Occupational Exposure to Sulfur
Compounds in Paper Pulp Kraft Mills."”American Industrial Hygiene
Association Journal 1990, 51 (7), 390.

23. RTECS, Methanethiol Methanethiol, Ed. NIOSH: 2004.

24. % £ & . In CNS 12951, # R 7J&#: 2003.

25. Persson, S.; Edlund, M.-B.; Claesson, R.; Carlsson, J., The formation
of hydrogen sulfide and methyl mercaptan by oral bacteria. Oral
Microbiology and Immunology 1990, 5 (4), 195.

26. Awano, S.; Koshimune, S.; Kurihara, E.; Gohara, K.; Sakai, A.; Soh,
l.; Hamasaki, T.; Ansai, T.; Takehara, T., The assessment of methyl
mercaptan, an important clinical marker for the diagnosis of oral malodor.
Journal of Dentistry 2004, 32 (7), 555.

62



27. ETHYL MERCAPTAN. H.H.S., U. S., Ed. 1988.

28. Waller, R. L., Methanethiol inhibition of mitochondrial respiration.
Toxicology and Applied Pharmacology 1977, 42 (1), 111.

29. Sandmeyer, E. E., Organic Sulfur Compounds, in Patty's Industrial
Hygiene and Toxicology. John Wiley and Sons: New York, 1981; p 2063.

30. Jaakkola, J. J. K.; Vilkka, V.; Marttila, O.; Jappinen, P.; Haahtela, T.,
The South Karelia Air Pollution Study: The Effects of Malodorous Sulfur
Compounds from Pulp Mills on Respiratory and Other Symptoms.
American Journal of Respiratory and Critical Care Medicine 1990, 142
(6 Pt 1), 1344.

31 M4, 95 £ EEIERT T4 F AR EEEHE 77 F

IOSHO95-A304. ¥ % ¢ % 2 f¢2 7~ 3 #1028, 2007, p 73.

32. Wronski, M., Determination of volatile thiols by gas chromatography
using separation astributyltin mercaptides. Journal of Chromatography A
1991, 555 (1-2), 306.

33. Tcherkas, Y. V.; Denisenko, A. D., Simultaneous determination of
several amino acids, including homocysteine, cysteine and glutamic acid,
in human plasma by isocratic reversed-phase high-performance liquid
chromatography with fluorimetric detection. Journal of Chromatography
A 2001, 913 (1-2), 3009.

34. Amarnath, K.; Amarnath, V.; Amarnath, K.; Valentine, H. L.;
Valentine, W. M., A specific HPLC-UV method for the determination of
cysteine and related aminothiols in biological samples. Talanta 2003, 60
(6), 1229.

35. Ogasawara, Y.; Mukali, Y.; Togawa, T.; Suzuki, T.; Tanabe, S.; Ishii,
K., Determination of plasma thiol bound to albumin using affinity
chromatography and high-performance liquid chromatography with
fluorescence detection: Ratio of cysteinyl albumin as a possible

63



biomarker of oxidative stress. Journal of Chromatography B 2007, 845
(1), 157.

36. lvanov, A. R.; Nazimov, |. V.; Baratova, L. A., Determination of
biologically active low-molecular-mass thiols in human blood: II.
High-performance capillary electrophoresis with photometric detection.
Journal of Chromatography A 2000, 895 (1-2), 167.

37. Chen, G.; Zhang, L.; Wang, J., Miniaturized capillary electrophoresis
system with a carbon nanotube microelectrode for rapid separation and
detection of thiols. Talanta 2004, 64 (4), 1018.

38. Zinellu, A.; Sotgia, S.; Scanu, B.; Usai, M.; Fois, A.; Spada, V.;
Deledda, A.; Deiana, L.; Pirina, P.; Carru, C., Simultaneous detection of
N-acetyl-1-cysteine and physiological low molecular mass thiols in
plasma by capillary electrophoresis. Amino Acids 2009, 37 (2), 395.

39. Fei, S.; Chen, J.; Yao, S.; Deng, G.; He, D.; Kuang, Y.,
Electrochemical behavior-of l-cysteine and its detection at carbon

nanotube electrode modified with platinum. Analytical biochemistry 2005,
339 (1), 29.

40. Potesil, D.; Petrlova, J.; Adam, V.; Vacek, J.; Klejdus, B.; Zehnalek,
J.; Trnkova, L.; Havel, L.; Kizek, R., Simultaneous femtomole
determination of cysteine, reduced and oxidized glutathione, and
phytochelatin in maize (Zea mays L.) kernels using high-performance
liquid chromatography with electrochemical detection. Journal of
Chromatography A 2005, 1084 (1-2), 134.

41. Huang, S.-T.; Ting, K.-N.; Wang, K.-L., Development of a
long-wavelength fluorescent probe based on quinone—methide-type
reaction to detect physiologically significant thiols. Analytica Chimica
Acta 2008, 620 (1-2), 120.

42. Shibata, A.; Furukawa, K.: Abe, H.; Tsuneda, S.; Ito, Y.,

Rhodamine-based fluorogenic probe for imaging biological thiol.
Bioorganic &amp; Medicinal Chemistry Letters 2008, 18 (7), 2246.

64



43. Duan, L.; Xu, Y.; Qian, X.; Wang, F.; Liu, J.; Cheng, T., Highly
selective fluorescent chemosensor with red shift for cysteine in buffer
solution and its bioimage: symmetrical naphthalimide aldehyde.
Tetrahedron Letters 2008, 49 (47), 6624.

44, Rafii, M.; Elango, R.; Courtney-Martin, G.; House, J. D.; Fisher, L.;
Pencharz, P. B., High-throughput and simultaneous measurement of
homocysteine and cysteine in human plasma and urine by liquid
chromatography—electrospray tandem mass spectrometry. Analytical
biochemistry 2007, 371 (1), 71.

45. Burford, N.; Eelman, M. D.; Mahony, D. E.; Morash, M., Definitive
identification of cysteine and glutathione complexes of bismuth by mass
spectrometry: assessing the biochemical fate of bismuth pharmaceutical
agents. Chemical Communications 2003, (1), 146.

46. Zeng, Y.; Zhang, G.; Zhang, D., A selective colorimetric chemosensor
for thiols based on intramolecular.charge transfer mechanism. Analytica
Chimica Acta 2008, 627 (2),.254.

47. Zhang, D.; Zhang, M Liu, Z.; Yu, M:; LiF,; Yi, T.; Huang, C.,
Highly selective colorimetric sensor for cysteine and homocysteine based
on azo derivatives. Tetrahedron Letters 2006, 47 (39), 7093.

48. Shao, N.; Jin, J. Y.; Cheung, S. M.; Yang, R. H.; Chan, W. H.; Mo, T,
A Spiropyran-Based Ensemble for Visual Recognition and Quantification
of Cysteine and Homocysteine at Physiological Levels. Angewandte
Chemie International Edition 2006, 45 (30), 4944,

49. Wen, M.; Liu, H.; Zhang, F.; Zhu, Y.; Liu, D.; Tian, Y.; Wu, Q.,
Amorphous FeNiPt nanoparticles with tunable length for electrocatalysis
and electrochemical determination of thiols. Chemical Communications
2009, (30), 4530.

50. Zacharis, C. K.; Tzanavaras, P. D.; Themelis, D. G., Ethyl-propiolate
as a novel and promising analytical reagent for the derivatization of thiols:
Study of the reaction under flow conditions. Journal of Pharmaceutical
and Biomedical Analysis 2009, 50 (3), 384.

65



51. Heyrovsky, M.; Vavticka, S., Electrochemical reactivity of
homocysteine at mercury electrodes as compared with cysteine.
Bioelectrochemistry and Bioenergetics 1999, 48 (1), 43.

52. Cakir, S.; Biger, E.; Cakir, O., Square-wave adsorptive stripping
voltammetric behaviour of fresh and aged cystine solutions at
physiological pH. Electrochemistry Communications 1999, 1 (7), 257.

53.Cakir, S.; Biger, E.; Cakir, O., Binary and ternary complexes of Cu(ll)
ions with saccharin and cysteine. Electrochemistry Communications 2000,
2 (2), 124.

54. Hart, J. P.; Hartley, I. C., Voltammetric and amperometric studies of
thiocholine at a screen-printed carbon electrode chemically modified with
cobalt phthalocyanine: studies towards a pesticide sensor. The Analyst
1994, 119 (2), 259.

55. Retamal, B. A.; Vaschetto, M- E.; Zagal, J., Catalytic
electro-oxidation of 2-mercaptoethanol using cobalt phthalocyanine +
poly(2-chloroaniline) modified electrodes. Journal of Electroanalytical
Chemistry 1997, 431 (1), 1.

56. Inoue, T.; Kirchhoff, J. R., Electrochemical detection of thiols with a
coenzyme pyrroloquinoline quinone modified electrode. Analytical
Chemistry 2000, 72 (23), 5755.

57. Lawrence, N. S.; Davis, J.; Compton, R. G.; Jiang, L.; Jones, T. G. J,;
Davis, S. N., Selective determination of thiols: a novel electroanalytical
approach. The Analyst 2000, 125 (4), 661.

58. Lawrence, N. S.; Davis, J.; Compton, R. G., Electrochemical
detection of thiols in biological media. Talanta 2001, 53 (5), 1089.

59. Gong, K. P.; Zhu, X. Z.; Zhao, R.; Xiong, S. X.; Mao, L. Q.; Chen, C.
F., Rational attachment of synthetic triptycene orthoquinone onto carbon
nanotubes for electrocatalysis and sensitive detection of thiols. Analytical
Chemistry 2005, 77 (24), 8158.

66



60. Wang, W,; Li, L.; Liu, S. F.; Ma, C. P.,; Zhang, S. S., Determination of
physiological thiols by electrochemical detection with piazselenole and
its application in rat breast cancer cells 4T-1. Journal of the American
Chemical Society 2008, 130 (33), 10846.

61. 2 FipsdRth A 453 223k, INnCLAS0L7, fFocfa¥ 1 £ R €.
2008.
62. OSHA, METHYL MERCAPTAN. In OSHA 26, OSHA: 1981.

63. MERCAPTANS, METHYL-, ETHYL-, and n-BUTYL-. In NIOSH
2542, NIOSH: 1994.

64. % ¢ AR A ~ T REAR - FRT-EE  ERR T B 2 CgR Y A
ik -F Ap K 49/ %5 % BR)E . In NIEAAT0L11C, 7 sebilk i %

# % 2008.

65. $iixp g ¢ RifR R S 2 -Fole kR E 0 In NIEAAT03.71C, 7 rcix

Tk B %3 % . 2005.

66. Pariente, F.; Tobalina, F.; Moreno, G.; Hernandez, L.; Lorenzo, E.;
Abrufia, H. D., Mechanistic Studies of the Electrocatalytic Oxidation of
NADH and Ascorbate at Glassy Carbon Electrodes Modified with
Electrodeposited Films Derived from 3,4-Dihydroxybenzaldehyde.
Analytical Chemistry 1997, 69 (19), 4065.

67. Zare, H. R.; Nasirizadeh, N., Electrocatalytic Characteristics of
Hydrazine and Hydroxylamine Oxidation at Coumestan Modified Carbon
Paste Electrode. Electroanalysis 2006, 18 (5), 507.

68. Tse, D. C. S.; McCreery, R. L.; Adams, R. N., Potential oxidative
pathways of brain catecholamines. Journal of Medicinal Chemistry 1976,

67



19 (1), 37.

69. Tse, D. C.-S.; Kuwana, T., Electrocatalysis of dihydronicotinamide
adenosine diphosphate with quinones and modified quinone electrodes.
Analytical Chemistry 1978, 50 (9), 1315.

70. Carlson, B. W.; Miller, L. L., Mechanism of the oxidation of NADH
by quinones. Energetics of one-electron and hydride routes. Journal of
the American Chemical Society 1985, 107 (2), 479.

71. Shahrokhian, S.; Bozorgzadeh, S., Electrochemical oxidation of
dopamine in the presence of sulfhydryl compounds: Application to the
square-wave voltammetric detection of penicillamine and cysteine.
Electrochimica Acta 2006, 51 (20), 4271.

72. Shahrokhian, S.; Saberi, R. S., Differential pulse voltammetric
determination of propylthiouracil-and methylthiouracil using their
catalytic effects on the electrochemical oxidation of catechol.

International Journal of Electrochemical Science 2007, 2 (2), 158.

73. Raoof, J. B.; Ojani, R.; Amiri-Aref, M.; Chekin, F., Catechol as an
electrochemical indicator for voltammetric determination of
N-acetyl-I-cysteine in aqueous mediaat the surface of carbon paste
electrode. Journal of Applied Electrochemistry 2010, 40 (7), 1357.

74. Nematollahi, D.; Golabi, S. M., Electrochemical study of catechol
and 4-methylcatechol in methanol. Application to the electro-organic
synthesis of 4,5-dimethoxy-and 4-methoxy-5-methyl-o-benzoquinone.
Journal of Electroanalytical Chemistry 1996, 405 (1-2), 133.

75. Golabi, S. M.; Nematollahi, D., Electrochemical study of catechol
and some 3-substituted catechols in the presence of 4-hydroxy coumarin:
application to the electro-organic synthesis of new coumestan derivatives.
Journal of Electroanalytical Chemistry 1997, 420 (1-2), 127.

76. Nematollahi, D.; Forooghi, Z., Electrochemical oxidation of
catechols in the presence of 4-hydroxy-6-methyl-2-pyrone. Tetrahedron
2002, 58 (24), 4949.

68



77. Nematollahi, D.; Rahchamani, R. A., Electro-oxidation of catechols
in the presence of benzenesulfinic acid. Application to electro-organic
synthesis of new sulfone derivatives. Journal of Electroanalytical
Chemistry 2002, 520 (1-2), 145.

78. Nematollahi, D.; Alimoradi, M.; Husain, S. W., Cyclic Voltammetric
Study of the Oxidation of Catechols in the Presence of Cyanide lon.
Electroanalysis 2004, 16 (16), 1359.

79. Nematollahi, D.; Rafiee, M., Electrochemical oxidation of catechols
in the presence of acetylacetone. Journal of Electroanalytical Chemistry
2004, 566 (1), 31.

80. Moghaddam, A. B.; Kobarfard, F.; Fakhari, A. R.; Nematollahi, D.;
Davarani, S. S. H., Mechanistic study of electrochemical oxidation of
o-dihydroxybenzenes in the presence of
4-hydroxy-1-methyl-2(1H)-quinolone - Application to the
electrochemical synthesis. Electrochimica Acta 2005, 51 (4), 739.

81. Fotouhi, L.; Khakpour, M.; Nematollahi, D.; Heravi, M. M.,
Investigation of the electrochemical behavior of some catechols in the
presence of 4,6-dimethylpyrimidine-2-thiel. Arkivoc 2008, 43.

82. Nematollahi, D.; Rafiee, M.; Fotouhi, L., Mechanistic Study of
Homogeneous Reactions Coupled with Electrochemical Oxidation of
Catechols. Journal of the Iranian Chemical Society 2009, 6 (3), 448.

83. Nematollahi, D.; Bamzadeh, M.; Shayani-Jam, H., Electrochemical
Oxidation of Catechols in the Presence of Phenyl-Meldrum's Acid.
Synthesis and Kinetic Evaluation. Chemical & Pharmaceutical Bulletin
2010, 58 (1), 23.

84. Varmaghani, F.; Nematollahi, D.; Mallakpour, S.; Esmaili, R.,
Electrochemical oxidation of 4-substituted urazoles in the presence of
arylsulfinic acids: an efficient method for the synthesis of new
sulfonamide derivatives. Green Chemistry 2012, 14 (4), 963.

85. ¢ FpEd X 2FAA. AR ¥ 14| €, Ed 2010.
69



86. Wang, J., LU, Hui Sun, Qiaohua Li, Rongzhi Zhong, Yan Zhao, Jian
Liu, Min Jia, Xiang Method of Electrochemical Determination of
Glutathione. Acta Chim. Sinica 2009, 67 (5), 415.

87. Zanello, P.; Chemistry, R. S. 0., Inorganic Electrochemistry: Theory,
Practice and Applications. Royal Society of Chemistry: 2003.

88. Shahrokhian, S.; Ghalkhani, M., Simultaneous voltammetric
detection of ascorbic acid and uric acid at a carbon-paste modified

electrode incorporating thionine—nafion ion-pair as an electron mediator.
Electrochimica Acta 2006, 51 (13), 2599.

89. HPE AT 2R Fra¥ 14 R €:1995.

70



