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Volatile Organic Compounds (VOCs)

VOCs are commonly used as ingredients in household products or in
industrial processes where they normally get vaporize at room
temperature as toxic and organic vapors as well as non-organic vapor
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Elosua, C, et al., Sensors 2006, 6, 1440
Flammable Carcinogen Irritation




Luminescent Chemosensors

Chemical sensors (chemosensors) are a molecule, when receptor unit
interact with analytes, it transforms specific information through spacer

to the active unit to give analytical useful signals Changes in Properties

ANALYTE ® Absorption
Spacer ® Permittivity
'< > ® Swelling
_ ® Mass
Ach:tlxce Reﬁepttor Without ® Refractive index
ni i external stimuli ® Thermal resistivity
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Example of Luminescent Chemosensors

1. Metal lon Sensors 2. Temperature Sensors
Cu?, - 2H* ¥
NHHN I N, N
(i)

1 NHHN 5 NH NH

-

Naphthalimide Chemosensor

Xu, Z., et al., Organic Letters 2005, 7, 3029
! gan Eu Complex Chemosensor

Peng, H., et al., Advanced Materias 2010, 22, 716 e
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Luminescent Chemosensors

Chemical sensors (chemosensors) are a molecule, when receptor unit
interact with analytes, transform specific information through spacer to

the active unit to give analytical useful signals Changes in Properties
S ANALYTE ® Absorption
pacer | S ® Permittivity
< ® Swelling
. . . ® Mass
ctive eceptor ) ® Refractive index
Unit Unit Without

external stimuli ® Thermal resistivity

[ J

Example of Luminescent Chemosensors

3. Molecular Sensors : 4. Vapor Sensors

Dicarboxylic
acids

red

orange
Cu Complex Chemosensor :
Goodman, M.S., Journal of the American Pt Complex Salt Chemosensor

Chemical Society 1995, 117, 8447 :
Grove, L.J., et al., Journal of the American :
Chemical Society 2004, 126, 1594 : 0




Phosphorescent Group 11 Metal Complexes

Group 11 (/)
Metal Complexes ™.

N N
-\ / \
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Coordination Self-Assembly

>

Complexes

Supramolecular
Longer Lifetime Columnar Assembly

High Luminescent Quantum Yield with Chair-Like
Phosphorescent Properties at Room Temperature

Cheaper than Platinum Complexes

Highly Sensitive to External Stimuli

Yam, V. W.-W. and Lo, K. K.-M. Chemical Society Reviews 1999, 28, 323.
Ford, P. C., Cariati, E. and Bourassa, J., Chemical Reviews 1999, 99, 3625.

Discotic Columanr Assembly of Gold Complex in the
Channels of Mesoporous Silica Nanocomposites

Lintang, H. O., et al., Angewandte Chemie International Edition 2010, 49, 4241

140°C

4.1 nm o2

Au(l)-Au(l)
Metallophilic
Interaction

20 °C
Standing

Perfect Self-Repairing in 5 h
Room Light  Aext = 254 nm

Complex Amphiphile
Transparent Red e




Group 11 Pyrazolate Complexes as Chemosensors

1. Trinuclear Pyrazolate Gold(l) Complex as Vapochromic Chemosensors; ON to OFF

Hexafluoro
benzene 1 day

100 uL

¢ Reusability: Irreversible < Response time: 1 day

Rawasnden-Ginary, wi. A, coal., Journal o/ che Amnaiican Cnenncal Sodicty 2501, 125, 0338
2. Trinuclear Pyrazolate Copper(l) Complex as Vapochromic Chemosensors: SHIFTING

2 Reusability: Irreversible

OCH,
Wet (—)e» Dried
OCH, _
H;C <N\ CH; Fixation i
OCH; \ &
N-N . . >
HC g N CHj Air-Drying §
N =
H;CO /A . Masked 2
_N~cu'N_ o < > k=
H;C CH; Benzene
OCH, —_—
H3;CO R S
400 500 600 700 800

Wavelength (nm)
Filter Paper  Kishimura, A., PhD Thesis, The University of Tokyo 2005 a
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Group 11 Pyrazolate Complexes

Effect of Group 11 Metal lons on Distance of Metal-Metal Interactions;
Difference of Phosphorescent Properties

CFs F3
Q0
FaC \ / CF,

M\ /M

N—N

e (C) .

Copper Complex Silver Complex Gold Complex

3

Omary, M. A,, et al., Inorganic Chemistry 2005, 44, 8200




Research Objectives

Effect of Group 11 Metal lons with Pyrazolate Complexes
on Vapochromic Chemosensors of Benzene Vapors

T _
Color OFF
R1\2>,R1

R, Benzene

N-N,
R, R,
ﬁ/ Base/
Solvent J:( 71 Color ON
Pyrazole Ligand

1 Pyrazolate Complexes

2(M)

Synthesis of Group 11 Pyrazolate Complexes
Phosphorescent Properties of Group 11 Pyrazolate Complexes
Sensing Capability of Group 11 Pyrazolate Complexes

Synthesis of Copper(l) Pyrazolate Complexes

Ry

Ri—# Ry
R, [Cu(MeCN)aJPFe ﬁ
R, R, > . ey
ﬁ EtsN/THF N N \“1
--cu-N
Ry Ry

R+ = —CHs, R2 = -CH2CsHs5(OCHa)2

[Cu(MeCN)4]PFs =
Solid Powder tetrakis(acetonitrile)copper(l) hexafluorophosphate
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Synthesis of Group 11 Pyrazolate Complexes

Trinuclear Group 11 Pyrazolate Complexes R,
R1\%>/R1
[Cu(MeCN)4]PFe NN
EtsN/THF Ri N N 2(Cu)
T NecnoN. | Yield; 85%
Ry YR,
R,
R, R1\%>/R1
R, R, A N-N,
gPFs S
> g, A AL o 2(Ag)
EtsN/THF =N N .
_  N-AuN | Yield; 75%
Pyrazole Ligand Rs R,
1 R1 Ft1
R,
E: Rt = CHs, R = ~CH2CsHs(OCHa)2 RHXym
/.
[Au(SMey)]Cl NN
> G900 Mg 2(Au)

Rq

KOH/MeOH-THF NN T
[Au(SMe2)ICI = (dimethylsulfide)gold(l) chloride RZJ;(N"AQ‘N\ \ R, Yield; 95%

AgPF6 = silver one hexafluorophosphate R, R,
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Mass Spectrum of Copper(l) Pyrazolate Complexes

Calculation Observation
[M+H+] = 927.1827 Da [M+Na+] = 927.6032 Da
Mass/Charge (m/z)

Agilent 6560 IM-QTOF LCMSMS

Similar Monoisotope Patterns
and Mass Value (m/z) of
Calculated and Observed

Copper Complexes
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Mass Spectrum of Silver(l) Pyrazolate Complexes

Calculation
[M+H+] = 1057.11 Da

1057.11 1059.11

1058.11 1060.11
1055.11 1061.11

1056.11 1062.11
1063.11

1056 1059 1062 1063
Mass/charge (m/z)

Agilent 6560 IM-QTOF LCMSMS

Observation

[M+Na*] = 1057.12 Da

Similar Monoisotope Patterns
and Mass Value (m/z) of
Calculated and Observed
Silver Complexes
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Mass Spectrum of Gold(l) Pyrazolate Complexes

Calculation
[M+H+] = 1326.28 Da

1326 1327 1328 1329
Mass/charge (m/z)

Agilent 6560 IM-QTOF LCMSMS

Observation

[M+Na+] = 1326.29 Da

Similar Monoisotope Patterns
and Mass Value (m/z) of
Calculated and Observed
Gold Complexes
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Phosphorescent Properties of Group 11 Complexes

Green to Red Emission of Trinuclear Group 11 Pyrazolate Complexes

Photograph Images under Daylight
2(Cu) 2(Ag) 2(Au)

greenish-white brownish white

Excitation Spectra of 2

2(Cu)
2(Ag)

—> 2(Au)

Photograph Images under Aext = 254 nm

2(Cu) 2(A9g) 2(Au)
orange dark-green reddish
Aem = 616 nm Aem = 468 nm Aem = 612 nm

Emission Spectra of 2

2(Ag) 2(Cu) 616 nm
468 nm

2(Au) 612 nm
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Phosphorescent Properties of Pyrazolate Complexes

Characteristics of Large Stokes Shifts and Microsecond Lifetimes

Emission Spectra of 2

2(Ag) 2(Cu) 616 nm
468 nm

Luminescent Decay

2(Au) 612 nm

26(C 1) 82+1.8
2e(A0) 284 468 184 7.8+0.7
2e(Au) 280 612 332 8.8+0.7
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Vapochromic Chemosensors of Alcohol Derivatives

R»

R1\hf R1
Benzene

'N - N“

RN N T >
N--11--N 1-5 mins
~ N
Ry Ry

Pyrazolate Complexes

2
R1 = —CHs, R2 = -CH2CeHs5(OCHa3)2
Ag Au
Sensing Capability
1. Emission Changes
2. Color Changes
17
Sensing Capability of Chemosensor 2(Cu)
Emission Spectral Changes (Aext = 278 nm) Sensing Capability (Aem = 616 nm)

5 mins $ 0 min

Photograph Images under Aext = 254 nm
0 min 1 min 2 mins 3 mins 4 mins 5 mins

Color changes from orange to green-orange in 5 minutes
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Sensing Capability of Chemosensor 2(Ag)

Emission Spectral Changes (Aext = 284 nm) Sensing Capability (Aem = 468 nm)

15 mins

0 min

Photograph Images under Aext = 254 nm
0 min 1 min 2 mins 3 mins 4 mins 5 mins

Color changes from dark green to less emissive in 5 minutes
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Sensing Capability of Chemosensor 2(Au)

Emission Spectral Changes (Aext = 280 nm) Sensing Capability (Aem = 612 nm)

0 min

5 mins

Photograph Images under Aext = 254 nm
0 min 1 min 2 mins 3 mins 4 mins 5 mins

Color changes from reddish to less emissive in 5 minutes
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Reusability Testing of Chemosensor 2(Au)

Emission Spectral Changes (Aext = 280 nm, Aem = 570 nm)

0 min Recovery in Photograph Images under Aext = 254 nm
82% without

external stimuli 10 min

10 mins

5 mins

Standing without
External Stimuli

0 min 5 min

Benzene

>

200 pL

Recovery of reddish without esternal stimuli
compared to the original color
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Proposed Mechanism for 2g(Cu)

Short distance of Au(l)-Au(l) interactions
tends to encourage the diffusion of benzene
vapors to Au-Au interaction for removing the
light-emitting capability and to benzyl ring
for formation of weak 1t interactions

2(Au)

22/
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Conclusions

. Successful synthesis of trinuclear pyrazolate complexes with
different Group 11 metal ions at the pyrazole rings as a
powder with different color appearances under daylight in
high yield.

. Successful characterization of phosphorescent properties of
trinuclear group 11 pyrazolate complexes as orange, dark
green and reddish emission with lifetime at microsecond and
large Stokes shifts.

. Successful investigation of sensing capability of trinuclear
group 11 pyrazolate complexes with chemosensors 2(Au) as
the best chemosensor for detection of benzene with
quenching of emission intensity in 81%.

®
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