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TITLE: ELECTROCHEMICAL STUDIES OF VIOLANTHRONE IN
YVARIOUS SOLVENTS

ABSTRACT

Electrochemical studies of violanthrone in dimethylformamide (DMF), acetonitrile
(MeCN), dimethyl sulfoxide (DMSO), and dichloromethane (CH,Cl,) showed that
the compound behaved differently in these solvents. Three couples of reduction waves
were observed in DMF, two in dichloromethane and one each in DMSO and in
MeCN. Among these solvents, violanthrone was the most easily reduced in DMSO
and with difficulty in dichloromethane. This could be due to the  solvent effects on
stabilization of the radical anions produced electrochemically. In addition, the
direction of scanning and potential limits also affected the forming of reactive species.

KEYWORDS: Violanthrone, electrochemical studies, solvent effects.
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TITLE: THE LUMINESCENCE QUENCHING OF VIOLANTHRONE
BY AZOBENZENE IN APROTIC SOLVENTS

ABSTRACT
The quenching reaction of violanthrone by azobenzene was investigated in aprotic

solvents such as chloroform, dichloromethane, and acetone. The polarity of solvents
also have some effects on the excited states of violanthrone via solute-solvent
interaction. In addition, the Stern-Volmer constants, K, in the different media are
reported. The quenching rate constants, kq, were obtained from emission intensity
and emission lifetime studies. It is found that azobenzene in chloroform gives the
greatest value of quenching rate constants. The mechanism of quenching reaction of
violanthrone by azobenzene occurred through the energy transfer process
predominantly.

KEYWORDS: Liminescence quenching, violanthrone, azobenzene, energy transfer
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TITLE: ELECTROGENERATED CHEMILUMINESCENCE OF
VIOLANTHRONE IN DIMETHYL SULFOXIDE

ABSTRACT

Violanthrone is an anthraquinone vat dye, which is resistant to photochemical
damage. Most previous work has concentrated on its chemiluminescence properties.
In this report, electrogenerated chemiluminescence (ECL) of violanthrone has been
investigated in dimethtyl sulfoxide with 0.1 M of tetraethylammonium bromide as
electrolyte. Violanthrone luminesces in the potential range between 0.0 V and -4.0 V.
At the sweep rate 1000 mV/s, the intensity of the violanthrone ECL 1s about 2 % of
that of tris(2,2-bipyridine)ruthenium(1l) ion under the same conditions. It was found
that bromine was also produced during the experiment, leading to the conclusion that
the luminescence arises from the reaction between radical anion of violanthrone and
molecular bromine. The mechanism is discussed in detail.

KEYWORDS: Violanthrone, electrogenerated chemiluminescence, bromine
molecule
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Solvents 37\,“ (nm) hlm (nm)
MeOH 343 463
acetonitrile 370 616
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THF 380 616
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(Q] acetone CH,Cl, CHCl,
0.10 x 10" 0.998 1.10 1.06
0.25 x10° 0.997 1.04 1.05
0.75 x 10" 1.08 113 127
125x10° 1.16 1.25 1.48

175% 10" 1.22 1.38 1.70
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I1E9 ¥50 emission intensity AN mﬂﬂﬂgmmfmﬂan 1300737 bimolecular
; . < (Y] 1 - L= - -] o
quenching reaction DIWABASATIAIUVOWAINNITUYB IR IHTA 15z TufunY
97 d't:i o Y] o LI %) s Y v o o o
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ABANUITUUDY emission 1103 quencher 130725231 (TnuviinisIndu33ms
=1 ar
miouiunnlsznis)
p=-} 1 9 9 i -] a
[Q] AomANUdNTUA1I¥DIAITEIY

' 4 @
K., A9A1 Stern-Volmer constant 417310 slope WHIBY

1nmsanudfaseinisseiuvesms hlenauInsulaslsy azobenzene (517
5231) Tuaviiazate acetone dichloromethane (CH,CL,) 1z chloroform (CHCL,)

T r -4 -3
Taglsmanunduduuos azobenzene Tur39 1x10 M-1.75x10 M lugyl 24
- 31 2.6 UAAY emission spectra VoI5 1 Tonau nsuly ludniiazaty acetone
CH,CI, uaz CHCI, MLURINY Lﬁmﬁnmwm%’uﬁuwaa azobenzene (quencher) 41N
& ' . . ! 4 g (¥
YU WU fluorescence intensity V03a15 1 lanauInsudaanasliary Tuaiss
d. L ] 5t . . d’. B otd v 5/
N 2.2 1anIfgns 1dIUYIRNIYLUDY emission 110 113 quencher AN
VB4 emission 131011 quencher (I /1) uazﬂmm%’m’fmhmmaq azobenzene 1UFIM1

0y acetone CH,LCI, 1o CHCI,
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D UITINITIUAT emission lifetime =uaqu*°lumazaww€faamsu§3 (31590

i k, 18fseruns

K., = kq’[,'
We T fiofl1 emission lifetime {ns)
' . -1 -1l
k ﬁam quenching rate constant (M s )

. ¥ v
dishmsazaw T TenauInsuludiviiazaionis 4 viia uazifuaasedufininu

8 ] as ) .. a:i.. o ar s
Wuguag iy laoly exciting wavelength i 370 nm dMSumsaza1wnnd? Hag

I
ﬂﬂmnﬂ’nm%’waaﬂmﬂmummn‘numaaﬁaﬁmxawﬁaﬁ

11! acetone ?\. = 616 mm

em

Ty cH,Cl, A= 624mm

€m

uay lu CHCL A = 626 mm

dy < t a s 1 W
wonntsyl 2.7 Wunsvuasem I/ WapaNUATAINIYLYHUDY azobenzene
¥
o o s =Y o
lughazraensausia namsneaouiluldameaunisves Stem-Volmer Tay

W intercept A1 =1 @IU slope M 1AABAIVEY K, Auaadlumisian 2.3



1.80

1.60
¢ acetone
1.40
- g CH2CI2
=
1.20 & CHCI3

1.00

0.80 i

0.00 0.50 1.00 1.80 2.00

-3
concentration of quencher x 10 (VD)

12 = . . Y W @
11U 2.7 avluaaanIswasaserIN I/ AUAIAITUUUUBY azobenzene 11HA?

[:]

NIAEAY acetone, CH,Cl,, CHCI;



12

H ' o a o
A13197 2.3 LAAIAIANUTUWUTUD quenching reaction ¥8aa15aza1w 12 laiau

=4 = o ¥ a/ © a’/’ =%
Tnsy Taud azobenzene 1WualeIulUAINIaza107e 3 ¥ila

acetone CH,CI, CHCl,
A 584 602 606
A, 370 370 370
A 616 624 626
R 0.9958 0.9965 0.9954
SD 0.0105 0.0117 0.0310
K., 155 253 380
Intercept 0.9739 0.9629 0.9807
T (ns) 381 4.93 5.31

- -1 -1
qulog(M s ) 40.76 51.29 71.65
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TNSURDIT 9INAIUDY Z-value T/ empirical solvent parameter AN
) Pl o Q‘J” @ o w o =
polarity HieanuutIvedihazats  drdnhazarwiifives Z-value g1 anw
o o o S v '
Wudivesdniara1ongenlu  f1ved Z-value ¥89 CHCl, CH,CL, itaz acetone
¥ "
ANy 632 64.2 une 65.7 keal/mole Mud0Y  duiudieSuadrdunnuily
3y + b4 »
JrvesmatiazaturiniInnntes lyuindadl
CHCI; < CH,Cl, < acetone
= - 3/ 1 v ot Y
InA1s1eR 2.3 smruldnnsnlawaavesais hlsuauInsuflinnudugaga
ananuenauiitnHin e atureimsganauluaazaeria@oiy

»
o ' < ' . ' . v -1
ANEMUEIYUTIS 0N Stokes shift 114 acetone A1 Stokes shift M0 889 cm 1U

v
ar

t 1 s '] L "4 '] ar
CH,Cl, f1 Stokes shift (MU 586 cm wazlu CHCL, Ay 528 cm  AINUIE
< ] 4 < :;’ @ o A ; a as ..
wuladuieanuiludiueswaiazaieiudu STAUNEIIIUYD the emitting state
P 4 o < A A
MUTUAIY  ANUUTUDY the excited state (WU LU n —»  TT*  UBNAINUILD
o ' a = 9 P= 2 [ Y] - 9/ [l o '
waoamndsun ldninmsaanduuas  wsedmasnui ldsinmisidasnaefiua
A [~ ' o o 1
Z-value n3 R laIdwduase (A1 r=0.971 uag 0.976 AWAAL) LA slope VDI
msgandunay A1 =255  d@u slope voImsilaealian = 107 wailad
» ]

paashiiui anududivesdiharaisinansenuiumseaunasnud taen
msaanduias wanhlunsdlvesszauwaanui laninmsilaes

uenviniiaisazaw lleuaulnsuludaniazais CHCI, CH,CL, taz
acetone 1/A1 lifetime (MU 5.31 ns 4.93 ns LA 3.81 ns MUMAY 15 12 Toiamu
Insuluaniug excited state g stabilized 190 14A1aEA1Y chloroform 11NN
o o o Y o . v o o aa o= ng r
ariiavais et uIi IR lifetime 919077 Mvhasatshlanuiludags 1By

‘o ) i Yo o v )
acetone 681 solute-solvent interaction 1AANT Lﬂur4a°lﬂmaqa1u excited state
3

00 deactivated 18410031 1A lifetime duas

d'i =y o ar 4 =t o g9}

HoAud5zdu M50 quencher lumsazatsTilonauinsu  Tnavii ¥

. - o v o

Tutana 14 excited state 9n deactivated naziiiautosas ildnnuduveans

WduwmasaududadiufulSnesdissivimvalll Y§asonisseiuves
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AMAUNITUDY Stern-Volmer 1At l intercepr = 1 JuAMMazaeiaay Taohim

=1 H
-1

kq'H?EJ quenching rate constant A1 40.76 M s (acetone) 129N s { CH.CI)
- - ! . = Id = & 2 o

naz 7165 M s (CHCL) aw hlanaulnsulnaslsvasmbudnia ad

lifetime NUINAATHUIIMAVIIAE B wsIA GaTwanaly excited state a¢
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ynn3 msidasnasvesais N lsvau Insulusurunised T

3.1 Unin

i o L=
Tuaprums Wi ual sisgaldeuldiilu radical anion 150 radical cation

;3 .o . Hq 9 o e‘; < [ Y o

Yuayy potential N1% M35V lovoUsanIytia v ldiAa Tuanaly
A0IUE excited state WupWIzddssndanuit lasveonunlugidveas dims
: < 4 v &4 1 ar ar
durnsafanisdwas]d vioddesndsnuesninluglvendaiuaim
3/ < ¥ ot =) ) -4 [ |t = c.’:
Founld  Usingmsaiiensinmisuldwaadediuyyiums Idduaiidy 151

»
FYNULIUNTTUN electrogenerated chemiluminescence

w15 MisnauInsulumdhazatseds  awisalawasldngungiives

y
3

e ldsunaenseduianuonduimunzay il luanainlleglu

A01UY excited state (AZYADIWAINUUTIDDNUUNONALIIGHDINE  ground

[ b3
state 3351 luana¥iulogluaniug excited stateld orvldwurums

TWHuad seauns 3.1-3.4

A+te —H A (3.1)
A — A +e (3.2)
A+ A T 2A* (3.3)
A* . A+hV (3.4)

Tuund 2 1lédnanaaniswasuasvasais isuauInsuludraisazarenaivyiia

v o ar 2 f=1 Y o s kg v =5 '
paleiinInaassnunsosle lurelfuamsual  wud1l msanynisiaaay

voee13 1 Tauau Insuluvrums vl i ludraisazaty dimethyl sulfoxide
Y 14
THnansnaased auiulusiwsauioznantannizmIinaanilusiiasaly

dimethyl sulfoxide (11111



16

32 msniliazinzesilenlFlumsnaass
a5 I TouauInsuldain BASF taz §¥1azais dimethyl sulfoxide 16
310 Carlo Erba reagent tetracthylammonium bromide (TEAB) 211 Aldrich
nseailefididadie nseaiefilFlumsmfase ifuafimatin cyclic
voltammetry m‘?aq MacLab potentiostat MacLab/4e 311 ADInstrument Pty Ltd.

#9191 Macintosh PowerPC Performa 7300/120 computer Tusunsuilefe

F=%

EChem program version 1.3.2 electrode ‘ﬁi%ﬁ@ﬁWH‘Hﬁﬂﬁ@ platinum foil (“f‘%}uﬂ 1.4
cm x1.5 cm ) u auxilliary electrode working electrode ¥y platinum foil ﬁﬁfuﬁ
0.9cm x0.5 cm ) 118% platinum wire ({u quasi-reference electrode msazawnﬂﬁa
lapendounen lWdoufaeisneu anuduvswasfiingn ECL Sadhy 1nsed
JASCO FP-777 Spectrofluorometer  13suiiiouainusuvesmafitinin ECL
wosas T Teuau nsufudiildanms 19ms [Ru(bpy),}(PF,), ( bpy A9 2,2'-

bipyridine) nwldaniznisnaassfivileuny

3.3 3EMsnaasg
Tumisnaasuneiy ECL ioazaindanidiauas 3avimsnaasaluy
Ha0A quartz VHIANDANULDIN 1ol cuvette TIMTUIN emission 1TA1TALAI 3 mL
Tuviasn quartz lalwnios spectrofluorometer aoa 10 IHAY electrodes (D
=y -V =} . ] r=4
naassmsinaUinsouniilidr Taw cycle potential 14929 0.00 V 4 -4.00v

scan rate 1000 mV/s vtizHiinisdiauaaniatianinas lhlsuauInsu

3.4 HANSNARDY

Tusiaisazans dimethyl sulfoxide ( DMSO) @15 13 louauInsuld ns
Wasumafinnuoaiu 626 nm danlugl 3.1 UAAIAMN cyclic voltammogram
U09e13Hfl 92113 3 reduction wave E,c fiaft 045V uazd E, faft -039 v

v b5
TﬂﬂﬂmuLﬂU‘UﬁU saturated calomel electrode
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A g w . < ) . =
g1l working electrode 111U Pt-foil ~ Pt-wire 111 quasi-reference electrode
= 3/ = s = o
uazilu counter electrode A8 TuwpIumsail I uiioviinisnaasufonsy ECL
1A0 cycle A1 potential ¥HIR0.0V D9-4.0V wazil 0.1 MTEAB ilues
. [~ ' F=N ‘ﬁy ' '
supporting electrolyte 3ziMumMsilaaumiveslrlonauInswfadu sourgusis
4 ' Y . o
484 cyclic voltammogram 3xi/aou ldielinszud Inldhwinin Fwaaslugdd
3.2 imadvundasm potentialszHi190.0V 81--3.0V
e = * el ]
1dtmsanuimswaasvesas lsuauInsunuy ECL ludaviiens
azay N,N-dimethylformamide (DMF) Taalsimsitasuinlasat potential se1314
2 £ L] L%
+40V 09-40V°  nalaveanisia ECL 1 DMF a193111910 mMssuiuueg
radical anion AV radical cation ¥94m135 13 1ouau INTUAINEUNST 3.1-3.4 9199
[ o o o =1 = v
ualumsnaasslaoly DMSO Wudihazaw udldininasunasf potential
t ] d o < ¥ q v o ' .
FEUIN 4.0V D3-4.0 V AFunamnu ECL g1 lnmsilasuit/asnl potential
] = < s [~4 9 ] as o 3 F=3 [ [T ‘:'
STHINO0.0V 03-4.0V AHURU ECL Murunu Astuaeronan1édin nalai
NEIY9IAUMISIAA ECL MuAna1eiununstivesly DMF
=5 1 3
Tumsdnyinisidawaavesats lsuau Insuuuy ECL 1w DMSO 1u
A q v & o ) Y ' aa 4 4
Mo 1MinT o1 spectrofluorometer JaLAS ladaandsInumiasuaafiifiadui

electrode 13119 scan rate a0 Gnlgdl.l@i 500 mV/s 042000 mV/s [IAAT scan rate
1000 mV/s  I¥wamsSauasiiniiqa 331981 scan rate 1000 mV/s pasaNs
NABDI

Tus1 3.2 wansds voltammogram 403 12 lotau Insuvnziia ECL Tugaa
potential 0.0V §3-3.0V  91nn sz udBon potential 0.0V 84-1.7V f1weq
nszualih oy v) dsan uransza iRy potential ¥10AI -1.7 V
A1UBINTZUA (cathodic current) tﬁuﬁumuﬁwaa negative potential limit 'ﬁLﬁﬁJ‘ﬁu
fw gy 33 Wunsuaaefianuduiussendng potential limit fuad1dy

RPN ¥ a o ar ::: ]
193 ECL MiRa%u dnwazvens wiluiduase aaiulwaasinnuduvsaas

¥
o I=1

ay v = ' o a a Y dlfl P 4 St A
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"luﬂﬁﬁ?uﬂﬂf‘hmﬁ 0 working electrode 5119 potential Anutiuay Judy
a =ad 3 o . N oo cg &4
msiavotanasouIvinuas D leuauInsy intemmediate MRt ufaa15 1 Ionay
v as Y as L -=Y
Tnsuusu leou aqlaadluaunis 3.5 usnuIntinamsnaastawyals

= « J
Tusfiu (Br,) (MaduaIu

3.5 unlosal
NNMITUNAVUEIINTNAADINU NS T MDD BN UNARANAADY TS
o ] o =1 ::1 o o’; HL AV a ] o
anarnae Tusiudes Andulaliveaalunsizmgey s nszualuvuzy ECL
Jaddou TdmnndiafSouounumaneasadnd Tusazi cycle potential 0.0 V
s = ] - g | ] oA . d? ]
f4-17v lumsarawnsiiua Br (Uudiulve usillo potential Qavu w1nnN
o - o aan . [~ ar
1.7 v Wuduld Br o1umeljnsen oxidation 181y Br, Asaums 3.6

—_—

Violanthrone + e Violanthrone (3.5)

2Br . By +2¢ (3.6)

lusmziats I lsuauInswiaU§As015AnFuUN working electrode bromide ion
= aano =Y o o . v ¥ o =
aUfAsuIeanBadu auxilliary electrode 1A1TW Br, taz Tusiuluana
o c:’x:l P dl =t .
awsaluda oxidizing agent MATIUITOVE oxidize Talouau Insuiiiiu radical
° LY ad v . &
anion ¥l unanuithu Tuanaiiunatuds g luanInue excited state F36D

Yasowasauesn llugdusandsauneadaaums 3.7-3.8

2Violanthrone + Br, ——— 2Violanthrone +2Br (3.7)

Violanthrone —  Violanthrone + hV (3.8)

e . o o 1 o
UDNINTANTUIUVD supporting electrolyte Wu 0.1 M HuNndanugy

Juge daiuanuiduduves Br ganniaSuisufuanududuesaslile

-5 o - a 4 a 9 Y,
taunsu (10° M) luvmzihll Br uag Br,hadu Mlnanududuveslossy
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ELECTROCHEMICAL STUDIES OF VIOLANTHRONE IN VARIOUS
SOLVENTS

KANIDTHA HANSONGNERN, PIPAT CHOOTO, AND PONGSATON
AMORNPITOKSUK

Department of Chemistry, Faculty of Science, Prince of Songkla University,
Hat-Yai, Songkla 90112, Thailand.

ABSTRACT

Electrochemical studies of violanthrone in dimethylformamide (DMF),
acetonitrile (MeCN), dimethyl sulfoxide (DMSO), and dichloromethane (CH,Cl,)
showed that the compound behaved differently in these solvents. Three couples of
reduction waves were observed in DMF, two couples in dichloromethane and one
couple in DMSO and MeCN. Among these solvents, violanthrone was the most
easily reduced in DMSO and with difficulty in dichloromethane. This could be due to
the solvent effects on stabilization of the radical anions produced elctrochemically.
In addition, the direction of scanning and potential limits also affected the forming of
reactive species.

INTRODUCTION

Violanthrone is an interesting anthraquinone vat dye (Fig.1). It gives the blue
color and has been used in fabrics for a long time. Besides the resistant properties to
photochemical damage, it has been also used as a blue toner in electrophotography’.
This compound has some interesting fluorescent properties. For example, a solution
of hydrogen peroxide and violanthrone in pyridine can undergo some reactions with
chlorine and produced a bright red chemiluminescence’. In addition, it can produced
electrogenerated chemiluminescence in dimethylformamide when a cycle potential
was applied to platinum electrodes’. However, the electrochemical studies of
violanthrone itself in other solvents have received little attention.

The aim of the present study was to investigate the electrochemical behaviors
of violanthrone in different solvents such as dimethyl sulfoxide and acetonitrile in
order to obtain more information about its electrochemistry.

MATERIALS AND METHOD

Materials. Violanthrone was obtained from BASF and used without
further purification. N, N-dimethylformamide (DMF), dimethyl sulfoxide (DMSQ),
and dichloromethane were pure RPE grade and purchased from Carlo Erba.
Acetonitrile (MeCN) was obtained from Merck. All solvents were used without
further purification. Tetrabutylammonium bromide (TEAB) was obtained from Fluka
and used as supporting electrolyte in all experiments.
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Apparatus. The electrochemical technique was cyclic voltammetry. All
cyclic voltammetric measurements were carried out with potentiostat and MacLab
Unit, from AdInstruments Company, controlled by Power Macintosh 7200/120 with
EChem program version 1.3.2. Three electrodes were used. A working electrode
was a platinum disk and a platinum wire as a counter electrode. The reference
electrode was Ag/AgCl which calibrated with the saturated calomel electrode (SCE),
therefore all potential measurements were reported versus SCE.

RESULTS AND DISCUSSION

Violanthrone consisted of conjugated unsaturated hydrocarbons and also two
carbonyl groups. The electrochemical study was studied in DMF. Three couples were
observed as shown n Fig. 2. The first couple gave the cathodic potential, E, -0.49V
and the anodic potential, E_, -0.39 V versus SCE. It was observed that the cathodic
peak was very sharp. In the second couple, the cathodic peak potential and the anodic
peak potential occurred at -0.62 V and -0.53 V versus SCE, respectively. The third
couple was also observed with E . -1.49V and E, -1.02 V versus SCE. It was noted
that in the first scan, the reduction of the first couple was broad and the scanning
direction was from positive to negative potentials. However, in the second scan this
reduction peak became distinctively sharp. If the first potential scan was performed
from negative to positive values with the initial potential -0.7 V or greater, two
consecutive anodic peaks were only observed. From this result it indicated that the
reduced forms of violanthrone could undergo some further reactions and were not
electroactive. However, some of reduced forms of viclanthrone can be oxidized back
to the violanthrone molecules.

Fig. 3 illustarated the cyclic voltammogram of violanthrone in acetonitrile. It
showed only one couple in the reduction wave potential. The shape was similar to that
of violanthrone in DMF solution. The position of E;; and E;, were -0.61 V and -0.56
V wversus SCE, respectively. It was found that the reduction peak in acetonitrile was
not stable during the time scale of experiment. If the measurements were carried out
many cycles consecutively, then the current and the shape of this couple werechanged
with time. However, if the fresh sample was added in the reaction container, then the
former couple appeared again, exactly at the same position with the same shape. This
indicated that the reduction product in acetonitrile can undergo some further reactions
and those intermediates were not electroactive species any longer,

In DMSO only one stable couple was observed in cyclic voltammogram,
with E,. -045 V and E,, -0.39 V versus SCE. Meanwhile, in dichloromethane
violanthrone gave two couples (as shown in Fig. 4). The first couple occurred at  E,
-0.65 V and E,, -0.47 V versus SCE. The second one was observed at E,. -1.15V
and E,, -1.08 V versus SCE. Furthermore, the two couples in dichloromethane were
similar to those last two couples in DMF. In order to observe those couples clearly,
the positive potential limit had to be applied first. If the potential scan was carried out
from negative to positive potential limits, the reduction waves were deformed.

Table 1 summarized the values of the peak potentials in all four soivents.
From the values of AE, in Table I indicated that the first cathodic processes in
MeCN and DMSO corresponded to the electrochemical reactions which involved one
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electron transfer. After the first reduction, the violanthrone radical anions were
produced in all solvents (in the first couple) and became reduced further to produce
the dianions in the second couple. The dianions were stable only in DMF and
dichloromethane. According to this result, it implied that the violanthrone dianions
were stabilized in these solvents more than in MeCN and DMSO. In other words,
the dianions were more reactive in DMF and dichloromethane therefore they
underwent some further reactions and gave unelectroactive products under time scale
of experiment.

From E,. values, it was noted that the violanthrone molecules were easily
reduced in DMSO which occurred at -0.45 V compared to results in other solvents.
This meaned that DMSO was able to facilitate the reduction of violanthrone to some
extent. Meanwhile, violanthrone were hardly reduced in dichloromethane (E]JC -0.65
V). This could be due to how well the stabilization of the intermediates which were
produced during electrochemical reactions by solvent molecules. The dielectric
constants of solvents could play the importan role in this interaction. DMSQ has the
value of dielectric constant, 46.68 whereas, dichloromethane has the value of 8.93
(DMF 36.71 and MeCN 37.5)". The solvent with high dielectric comstant can
stabilize radical anion much better than the ones with low values.

In additon, the values of AE, in DMF and in dichloromethane from the first
couple were greater than 0.1 V, this implied that the redox reactions in both solvents
involved more complicated reactions than those in MeCN and DMSO. From the fact
that the AE, of the first couples in MeCN and DMSO were less than that in DMF, it
indicated that the electron transfer reactions were faster in the former solvents than in
DMF. The couples became electrochemically reversible®. It should be noted that the
E,. of the first two couples were very close in values, it could be rationalized on the
structure of violanthrone molecule. Violanthrone contained two carbonyl groups
which were almost equally susceptible to be reduced. The first reduction occurred at
one ketone group and molecule became radical anion. Then the other one was
reduced further and molecule became dianions. If violanthrone dianion was reduced
further. Violanthrone is a large molecule with many conjugated double bonds and two
ketone groups. In the case of the third couple, which was seen in DMF, occurred at
the most negative potential. It was possible to state that this radical anion could be
generated from the conjugated aromatic part in violanthrone molecule. At this point,
the radical anions produced were not stable enough and were able to react further.
Meanwhile, this corresponded to weak signal and the shape was broader.

CONCLUSION

From the investigation of electrochemical behavior of violanthrone in DMF,
MeCN, DMSO and dichloromethane, it showed that violanthrone can be reduced to
the radical anion in DMSO easily because E,. was the smallest compared to others.
This could be due to the property of solvent, high dielectric constant, which can
stabilize the radical anion of violanthrone very well compared to other solvents. The
electron transfer reactions of the first couples in MeCN and DMSQO were faster than
those in DMF and in dichloromethane. In addition, if violanthrone was reduced first,
it gave rise to stable anions during the time scale of experiment and redox reaction
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involved were reversible. However, if the compound became oxidized frist it gave rise
to some intermediates via complexed reactions which were irreversible and it was
noticed that the reduction potential waves were deformed. Therefore, violanthrone
was quite senitive to the direction of the applied potentials.
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Table 1 Cyclic voltammetric data of violanthrone in various solvents with 0.1 M
TEAB electrolyte. The sweep rate was 100 mV/s. All measurements are

versus SCE.
Solvents Couple 1 (V) Couple 2 (V) Couple 3 (V)
E, E,, AE, Ej E. AE, E,. E, AE

DMF -049 -0.39 0.104 -0.62 -0.53 0.090 -1.09 -1.02 0.068
MeCN -0.61 -0.56 0.057
DMSO -0.45 -0.39 0.058

CH,Cl, -0.65 -047 0.18% -1.15 -1.08 0.072
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Fig. 1 The structure of violanthrone.
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Fig. 2 Cyclic voltammogram of violanthrone in DMF with 0.1 M TEAB as electrolyte (Pt-disk working electrode).

All potentials are versus the saturated calomel electrode (SCE) at the scan rate 200 mV/s.
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Fig: 3 Cyclic voltammogram of violanthrone in MeCN with 0.1 M TEAB as electrolyte (Pt-disk working electrode).

All potentials are versus the saturated calomel electrode (SCE) at the scan rate 200 mV/s.
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Abstract:

The quenching reaction of violanthrone by azobenzene was investigated in aprotic
solvents such as ‘chloroform, dichloromethane, and acetone. The polarity of solvents
also have some effects on the excited states of violanthrone via solute-solvent
interaction. In addition, the Stern-Volmer constants, K, in the different media are
reported. The quenching rate constants, kq, were obtained from emission intensity
and emission lifetime studies. It is found that azobenzene in chloroform gives the
greatest value of quenching rate constauts, k. The mechanism of quenching reaction
of wviolanthrone by azobenzene occurred through the energy transfer process
predominantly.

INTRODUCTION

Violanthrone is a vat dye which used in fabics industry.[1] The fluorescent
properties has been studied by the singlet oxygen [2] and it was found that
violanthrone can give emission via electrogenerated chemiluminescence
indimethylformamide [3]. However, the quenching reactions of this compound with
other solvents have not been studied. In this report, the quenching reactions before of
violanthrone in aprotic solvents such as chloroform, dichloromethane, and acetone
were investigated in order to get the information of the properties of the excited state
of violanthrone.

MATERIAL AND METHODS

Material. Violanthrone was obtained from BDAF and used as received.
Acetone and chloroform were purchased from Lab-Scan whereas dichloromethane
was from Carlo erba. Azobenzene was obtained from AJAX and recrystallization 2
times before used as quencher. 7

Absorption spectra of violanthrone were recorded at room temperature with a
Hewlett Packard 8452A Diode Array spectrophotometer. Uncorrected emission
spectra were obtained with a JASCO FP-777 spectrofluorometer. Solutions for the
emission intensity were deaerated by argon gas for 15 minute prior to measurement of
fluorescence intensity. The emission and excitation slits were set such that the
bandwidths were 5 nm. In addition, solutions containing violanthrone and azobenzene
were excited at the wavelength which both compounds have minimum absorbance (A
<0.05) in order to prevent self-absorption. The emission intensities were monitored at
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the (uncorrected ) wavelength of maximum emission of violanthrone in each solvent
(> 600 nm). No correction for absorbance of azobenzene was necessary at these
wavelengths.

Lifetimes were determined by photocounting equipment. The nitrogen laser
(1= 337 nm) is an exciting source and streak camera for detection of light intensity.

\

RESULTS AND DISCUSSION

The absorption and emission spectra of violanthrone

The absorption spectrum of violanthrone in acetone shows an absorption band at
584 nm. In dichloromethane the absorption spectrum consistes of two bands at 558
nm and 602 nm. Violanthrone in chloroform also gives similar spectrum to that of
Violanthrone in dichloromethane with two bands which occur at 560 nm and 606 nm.
The lowest absorption bands were shifted to higher energy with increasing polarity
of solvents.

The emission spectrum recorded for the violanthrone in acetone shows weak
emission band at 616 nm. In dichloromethane and in chloroform, the emission bands
were observed at 624 nm and 626 nm respectively. The normalized excitation and
emission psectra of violanthrone in dichloromethane, chloroform, and acetone were
shown in Figure 1-3 resPecuvely The Stokes shift in acetone was observed to be the
greatest value ( 889 cm ) compared to that in dichloromethane ( 586 cm’ ) and that
in chloroform (528 cm’ ). The solvent parameter, Z- values give the scale of solvent
polarity. Acetone hasthe Z-value 65.7 kcal/mole, dichloromethane 64.2 kcal/mole,
and chloroform 63.2 kcal/mole respectively. Among three solvents, acetone has the
greatest polarity.

The emission lifetimes of violanthrone in solvents were measured. In acetone
the lifetime is 3.8 ns, in chloroform 4.93 ns, and in chloroform 5.31 ns respectively.
It is noted that when the polarity of solvent increases the lifetime decreases. This
indicated that in acetone there was strong interaction between the solvents and the
molecules of violnathrone in the excited states therefore this increased the rate
constant of radiationless pathway therefore, the lifetime is shortest. There is less
interaction between solvent-solute molecules in the excited states in chloroform, then
violanthrone has the longest lifetime, 5.31 ns.

Quenching reaction

When azobenzene was added to the solution of violanthrone, the fluorescence
intensity was decreased. The fluorescence quenching of violanthrone was observed
in acetone, dichloromethane and chloroform. The relative fluorescence intensity
follows a linear Stern-Volmer plot (see Figure 4).

A Stern-Volmer analysis of photochemical kinetics involves a competition
between a unimolecular reaction decay of A* and a bimolecular quenching by Q:

A¥ — A
A* +Q — A+Q

where Q is the quencher which is azobenzene and A* is the molecule of violanthrone
in the excited state.
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The slope of the plots is the Stern-Volmer constants, K,,. K,, is equal to
where kg is the second-order luminescence quenching rate constant and t is the
fluorescence lifetime of violanthrone in solution without quencher. The values of
K,, were calculated from the slope of the plots in all three solvents. Then, the
second-order luminescence quenching rate constants were also ontained and given in
Table 1. The values of k, were 20.7 x 10 9M"s'l, 513 x10° M's'and 71.7x 10°
M's in acetone, dichloromethane and chloroform respectively. Since the molecules
of the excited state violanthrone in chloroform had longest lifetime, then they could
be quenched by azobenzene easily. This gave rise to the greatest value of ky . The
mechanism of quenching reaction should be energy transfer reaction. When the
azobenzene was added in the solution of violanthrone, the luminescence intensity was
decreased without new bands observed. The azobenzene itself did not emit therefore
when it received the extra energy and passed it to solvent and surroundings.

CONCLUSION

The excited state of violanthrone showed less solvent effects on the emission
energies than the absorption energies. For quenching reaction, azobenzene was a
good quencher for luminescence of violathrone in chloroform, dicloromethane, and
acetone. The quenching rate constant, k, in chloroform was the greatest value among
three solvents. This corresponded to the longest lietime of violanthrone in the same
solvent. The mechanism for quenching reaction occurred through the energy transfer
process.
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Abstract

Violanthrone is an anthraquinone vat dye, which is resistant to photochemical
damage. Most previous work has concentrated on its chemiluminescence properties.
In this report, electrogenerated chemiluminescence (ECL) of violanthrone has been
investigated in dimethtyl sulfoxide with 0.1 M of tetraethylammonium bromide as
electrolyte. Violanthrone luminesces in the potential range between 0.0 V and -4.0 V.
At the sweep rate 1000 mV/s, the intensity of the violanthrone ECL is about 2 % of
that of tris(2,2’-bipyridine)ruthenium(Il) ion under the same conditions. It was found
that bromine was also produced during the experiment, leading to the conclusion that
the luminescence arises from the reaction between radical anion of violanthrone and
molecular bromine. The mechanism is discussed in detail.

INTRODUCTION

Chemiluminescence of some reactions have been studied and it was found that
the excited states are generated by electron-transfer processes and the light was
observed at the electrode surfaces. This is called electrogenerated chemiluminescence
[1]. One route to ECL is via an ion-annihilation reaction mechanism. For example,
the reactions between radical anions and cations of 9,10-diphenylanthracene have
been studied in acetonitrile, propylene carbonate or the mixtures of solvents [2].
Some involved the reactions between strong reductants (A7) and strong oxidants
(D") which are generated electrochemically such as the ECL of the [Ru(bpy) 1%
82032' system in acetonitrile-water solutions [3]. The excited state [Ru(bpy);]°" is
generated via oxidation of [Ru(bpy);]” by SO, . ECL of violanthrone has been
investigated in dimethylformamide at sweep rate §0 V/s with tetrabuthylammonium
bromide (TEAB) as electrolyte, in the potential range -4.0 V to -4.0 V [4]. The
mechanism was proposed to be the result of annihilation of the radical anions and
radical cations of violanthrone produced electrochemically.

In this work we investigated the ECL of violanthrone in dimethyl sulfoxide,
but in the potential range 0.0 V to 4.0 V with TEAB as electolyte. The
luminescence was found to be produced via a route different from that previously
reported.
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EXPERIMATAL SECTION

Materials. The ECL of violanthrone was studied using a deoxygenated
solunon in dimethyl sulfoxide (Carlo Erba reagent) with a supporting electrolyte of
tetracthyl- ammonium bromide (TEAB, Aldrich) at a concentration of 0.1 mol/L.
Violanthrone was obtained from BASF and used as received.

Electrochemical measurements.  Cyclic voltammetric investigations of
violanthrone at a platinum electrode were done in dimethyl sulfoxide containing 0.1
M TEAB. The electrochemical measurements were carried out using MacLab /4e,
MacLab potentiostat from ADInstrument Pty Ltd., connected to Macintosh PowerPC
Performa 7300/120 computer, with the EChem Program version 1.3.2 to control the
applied potentials for electrochemical reactions. Platinum disk is a working electrode.
Pt wire is an auxiliary electrode and the reference is a Ag/AgCl electrode which was
calibrated to the saturated calomel electrode (SCE). Then all potentials are reported
to SCE and the sweep rate is 200 mV/s

Electrogenerated chemiluminescence measurements. For all ECL
experiments, the sweep rate was set at 1000 mV/s in the potential range 0.0 V to -4.0
V. The Scope Program was used to generate the waveform within a given period of
time. The area under each waveform was determined by the Peak Program supplied
by the ADInstru ment Pty Ltd. The 3 mL of solution was transferred to the quartz
cell, with diameter of 1 cm.  All three electrodes were immersed in the cell. The
working electrode is Pt foil, 0.9x0.5 cm., total area, 0.45 cm?. The auxiliary is also Pt
foil, 1.4x1.5 cm. total area 2.1 cm®. Pt wire was used as a quasi-reference electrode.
All solutions were degassed with argon and carried out at room temperature, 25 °C.
The relative ECL intensity measurements were performed using Jasco FP-777
spectrofluorometer. Integration of the ECL intensity over finite periods of time was
accomplished using the program supplied by Jasco Company. The ECL intensity from
violanthrone was compared to that of [Ru(bpy);](PF¢); under the same conditions.

RESULT AND DISCUSSION

Violanthrone is a vat dye, used in fabrics and is known for its resistant to
photochemical damage. It is a aromatic hydrocarbon with a lot of conjugated systems
of double bonds as shown in Figure 1. Violanthrone gives emission in many
nonaqueous solvents such as dimethyl sulfoxide and the maximum wavelength of
luminescence is 626 nm. The electrochemistry of violanthrone was studied in
dimethyl sulfoxide with 0.1 M TEAB as electrolyte. The cyclic voltamogram is
shown in Figure 2. One couple in the reduction wave occurred with the E. = -0.45 V
and the E;, = -0.39 V at a Pt electrode. The potentials are vs. the saturated calomel
electrode.

For ECL experiments, the electrodes used are differrent form normal cyclic
votammetry mentioned above. Pt foil, the auxiliary electrode, has greater surface
area than that of the working electrode (Pt foil) and Pt wire was used as quasi-
reference electrode. This setup is a requirement for the ECL experiments in order to
generate the large amount of the radical anions produced electrochemically. In the
previous work we studied the ECL experiments of violanthrone in dimethylforma-
mide in the potential range +4.0 V to -4.0 V [4]. However, in this work we confine
the investigation of ECL study to the electrical measurement in the potential range
0.0 V to -4.0 V in order to obtain more information about mechanism. The
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luminescence from ECL was detected using the spectrofluorometer. The emission
maximum of violanthrone in DMSO is 626 nm therefore, the spectrofluorometer was
set to monitor the light intensity at this wavelength for measurement of the ECL
intensities.

No emission was detected from the DMSO solution of violanthrone unless
the potential applied to the working electrode must be cycled from 0.0 V to a
sufficiently negative value that the ECL intensity can be detected by
spectrofluorometer. The scan rate was kept constant at 1000 mV/s because the
detector of spectrofluorometer gives the best signal at that speed. In addition, when
cycling the potentials between 0.0 V to -2.5 V and beyond , molecular bromine was
also seen as yellow liquid at the bottom of the quartz cell.

Figure 3 illustrates the behavior of violanthrone during the ECL experiments.
During cycling the voltage ranges from 0.0 V to -3.0 V. Between 0.0 V and -1.7 V,
a residual current was observed to be very low, when the applied potential was
greater than -1.7 V, the cathodic current increased markedly with the negative
potential limit increased. This indicated that there were some reactions involved to
cause the increase of cathodic current. Figure 4 showed that the potential limits had
effect on the intensity of the ECL produced by cycling the working electrode. The
light intensity was still increasing with the increasing potential limits. The correlation
between the potential limits and the emission gave linear relationship. This indicated
that intensity of ECL was subject to the amount of ions produced, more tons caused
greater current and generated more light intensity. The ECL of violanthrone should
be due to the combination of ions to each other in the given potential range.

As seen from Figure 3, only a small residual current was observed until the
potential limit reached -1.8 V, beyond this potential the current increased
significantly. The reason for this behavior is that prior to this value, only Br was
present, while beyond that both Br, and Br were present. The reaction at the cathode
was the reduction of violanthrone. This species was the precursor of radical anion of
the emitter. = Meanwhile, bromide ions can undergo oxidation at the auxiliary
electrode. A possible sequence for the new mechanism can be written as follows:

Violanthrone +¢© ——  Violanthrone ™ (D
2Br- —— Br, +2¢ 2

At working elecrode, the reduction of violanthrone occurred, whereas the bromide
ions were oxidized as bromine at the auxiliary electrode. Then the bromine molecules
can act as an oxidizing agent which oxidized the radical anions of violanthrone to be
the molecules in the excited state.

2Violanthrone * + Br, —  2Violanthrone ~ + 2Br” (3)
Violanthrone - —_— Violanthrone + hv 4)

In addition, the concentration of supporting electrolyte, TEAB, is 0.1 M therefore the
bromine concentration is quite high compared to the concentration of violanthrone
(10-5 M). In the presence of the species, Br; and Br " the reactions above can carry
substantial current between electrodes as seen in Figure 3. This ECL mechanism of
violanthrone was involved the reductive oxidation.



38

CONCLUSION

v Violanthrone can produce the electrogenerated chemiluminescene in dimethyl
sulfoxide by reductive oxidation. The radical anion of violanthrone was generated
and reacted with the oxidizing agent, bromine molecule produced electrochemically.
Results from this work will be applied to other fluorescent compounds within similar
conditions and these studies are currently under investigation.
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Figure 2. Cyclic Voltammetry of violanthrone in dimethyl
sulfoxide with 0.1 M TEAB as electrolyte (Pt-disk working
electrode). All potentials are vs. the saturated calomel
electrode (SCE) at the scan rate of 200 mV/s.
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Figure 3. Cyclic Voltammetry of violanthrone during ECL
experiment (Pt-foil working electrode). The potentials were
cycled between 0.0 V and -3.0 V, relative to the Pt quasi-
refe_rencé electrode, at the scanrate 1000 mV/s. The supporting
electrolyte is 0.1 M TEAB.
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Figure 4. The effect of the potential limits on the intensity of
the electrogenerated chemiluminescence, Igcy, produced by
cycling the working electrode in the potential range 0.0 V to -4.0

V. All potentials are relative to the Pt quasi-reference electrod:
at the scan rate of 1000 mV/s in 0.1 M TEAB.
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