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Chemical sensors (chemosensors) at molecular level with changes in luminescent color and 

emission have been utilized using single crystals of phosphorescent metal complexes for 

detection of volatile organic compounds (VOCs). However, effect of molecular structures on 

sensing capabilities has not been addressed. Therefore, we report the systematic study on 

vapochromic phosphorescent sensing of alcohol derivatives using trinuclear copper(I) pyrazolate 

complexes (2A-E) synthesized from non-side chain, 3,5-dimethyl, 3,5-bis(trifluoromethyl), 3,5-

diphenyl and 4-(3,5-dimethoxybenzyl)-3,5-dimethyl pyrazole ligands (1A-E). All complexes 

showed emission bands centered at 553, 584, 570 and 616 nm (λext = 280 nm) for complexes 2A-

C,E, respectively and 642 nm (λext = 321 nm) for complex 2D with lifetime in microseconds, 

indicating a large Stoke shift for phosphorescent compounds with green to red emission in the 

dark room. Upon exposure to ethanol in 5 mins, chemosensors 2A-C showed quenching of its 

intensities to 34%, 15% and 100% with color changes to less emissive, suggesting insertion of 

the vapors to the weak non-covalent Cu(I)-Cu(I) interactions. In particular, the best chemosensor 

2C with color OFF gave only reusability using external stimuli. Otherwise, chemosensor 2D 

showed photoinduced energy transfer from 642 to 636 and 460 nm with 87% decreasing in 

intensity. Interestingly, chemosensor 2E revealed blue-shifting of its emission intensity to 556 nm 

(∆λ = 60 nm, orange to green) where its original emission band was completely and 

autonomously recovered in 15 mins. When alcohol derivatives were used, chemosensors 2E only 

showed good sensing capability for detection of methanol (∆λ = 60 nm) to propanol (∆λ = 22 

nm) due to a weak intermolecular hydrogen bonding interaction of alcohol (methanol to 

propanol) to the oxygen atoms at dimethoxybenzyl side-chains of the pyrazole ring. By 

increasing hydrophobicity of alcohols (butanol to hexanol), it will reduce the electronegativity of 

alcohols for the interaction and have lower vaporation rate.  
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1

Volatile Organic Compounds (VOCs)

Elosua, C, et al., Sensors 2006, 6, 1440

2

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

2



Luminescence Chemosensors

Spacer

3

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

Active  
Unit

Receptor  
Unit

Useful  
Signal

Absorption

Thermal resistivity
Refractive index

Swelling
Mass

Permittivity

Luminescence

Changes in Properties

Example of Luminescence Chemosensors

Without  
external stimuli

Grove, L.J., et al., Journal of the American Chemical Society 
2004, 126, 1594

Pt Complex Salt for Chemosensor of Vapors Naphthalimide for Chemosensor of Metal Ions

Xu, Z., et al., Organic Letters 

2005, 7, 3029

Luminescence

3

Luminescent Copper Complexes  
with Phosphorescent Properties 

4

Dias, H.V.R., et al., Journal of the American Chemical Society 2005, 127, 7489

Good Phosphorescent Properties, Less Toxicity, and Cheaper Precursors

Green

Strong Emission

Emission Dependent 
on Alkyl Side Chains

Large Stokes Shift
Thermochromics

Microsecond Lifetime

Properties

Chair-Like Coordination 
Geometry with  

Cu(I)–Cu(I) Distance 
3.1-3.9 A
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Copper Complexes as Vapochromic Chemosensors

5

Cingolani, A., et al., Journal of the American Chemical Society 2005, 127, 6144

Green

1. Dinuclear Bispyrazolate Copper(II) Complex as Vapochromic Chemosensors 

beige brown

Ethanol Response time: 2 days
Reusability: irreversible

2. Dinuclear Pyridine Copper(I) Complex as Vapochromic Chemosensors 

Mobin, S.M., et al., Dalton Transaction 2010, 39, 1447

Ethanol

Response time: 2 hours
Reusability: irreversible
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Copper Complexes as Vapochromic Chemosensors
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Green

3. Trinuclear Pyrazole Copper(I) Complex as Vapochromic Chemosensors 

Copper(I) 3,5-Dimethyl

Pyrazolate Complex

Ethanol

Response time: ~
Reusability: ~

Ghazalli, N.F., et al., Advanced Materials Research 2014, 970, 44
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The Importance of Molecular Structure for Improving Sensing Capability  
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Research Objectives
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Color ON

Color OFF
Ethanol

Effect of Molecular Structures of Copper(I) Complexes with Different 
Side-Chains at Pyrazole Ring on Vapochromic Chemosensors of Alcohol

Phosphorescent Properties of Copper(I) Pyrazolate Complexes
Sensing Capability of Copper(I) Pyrazolate Complexes

Synthesis of Copper(I) Pyrazolate Complexes

7

Synthesis of Copper(I) Pyrazolate Complexes

8

[Cu(MeCN)4]PF6 = tetrakis(acetonitrile)copper(I)hexafluorophosphate Solid Powder

8



Mass/Charge (m/z) 

Mass/Charge (m/z) 

Mass Spectra of Copper(I) Pyrazolate Complexes

9

Agilent 6560 IM-QTOF LCMSMS

Calculation

[M+H+] = 389.8760 Da

Observation

[M+H+] = 391.8793 Da

Calculation

[M+H+] = 475.9700 Da

Mass/Charge (m/z) 

Mass/Charge (m/z) 

Observation

[M+H+] = 475.9119 Da

9

Mass/Charge (m/z) Mass/Charge (m/z) 

Mass/Charge (m/z) 

Mass Spectra of Copper(I) Pyrazolate Complexes

10

Agilent 6560 IM-QTOF LCMSMS

Calculation

[M+Na+] = 822.7902 Da

Observation

[M+Na+] = 822.3446 Da

Calculation

[M+Na+] = 871.0544 Da

Observation

[M+Na+] = 871.5956 Da

Mass/Charge (m/z) 
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Mass Spectra of Copper(I) Pyrazolate Complexes
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Calculation

[M+H+] = 927.1827 Da

Observation

[M+Na+] = 927.6032 Da

Mass/Charge (m/z) 

Agilent 6560 IM-QTOF LCMSMS

11

Mass Spectra of Copper(I) Pyrazolate Complexes
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Complexes Molecular 
Formula 

Molecular Weight (Da.) 
Calculated 

[M+H]+ 
Observed 
[M+H]+ 

Calculated 
[M+Na]+ 

Observed 
[M+Na]+ 

2A C9H9Cu3N6 389.8760 391.8793 – – 

2B C15H21Cu3N6 475.9700 475.9119 – – 

2C C15H3Cu3F18N6 – – 822.7902 822.3466 

2D C45H33Cu3N6 – – 871.0544 871.5956 

2E C42H51Cu3N6O6 927.1827 927.6032 – – 

Similar monoisotope patterns and mass value (m/z) of  
calculated and observed copper complexes

12
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FTIR Spectra of Copper(I) Pyrazolate Complexes
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- Disappearance of vibration bands for N–H stretching and bending from 1° and 2° amine 
groups at 3201-3058 cm-1 (1) and 1750-1595 cm-1 (3) in Pyrazolate Complexes 

FTIR Spectra of 1A-E FTIR Spectra of 2A-E

- Formation of new vibration bands for N–Cu–N at 560-632 cm-1 (6) in Pyrazolate Complexes 

13

Photographs of Copper(I) Pyrazolate Complexes
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Photograph Images under Daylight
Complex 2A Complex 2B Complex 2C Complex 2D Complex 2E

greenish-gray greenish-white green-white white-greenish greenish-white

14



Phosphorescent Properties of Copper(I) Complexes
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Absorption Spectra of 2A-E

Emission Spectra of 2A-E

2A2B2C
2D 2E

2A

2B

2C 2D2E

Photograph Images under Daylight

Green to Red Emission of Trinuclear Copper(I) Pyrazolate Complexes

Photograph Images under λext = 254 nm

Complex 2A

greenish-gray

Complex 2B

greenish-white

Complex 2C

green-white

Complex 2D

white-greenish

Complex 2E

greenish-white

Complex 2A

greenish

Complex 2B

orange

Complex 2C

greenish

Complex 2D

red

Complex 2E

orange
λem = 553 nm λem = 584 nm λem = 570 nm λem = 644 nm λem = 616 nm
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Phosphorescent Properties of Copper(I) Complexes
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Excitation Spectra of 2A-E Emission Spectra of 2A-E

2A

2B

2C

2D

2E

2A

2B

2C 2D2E

Luminescent Decay of 2A-E
2A2B

2C

2D

2E

Large Stokes Shifts and Microsecond Lifetimes of Trinuclear Copper(I) Pyrazolate Complexes

Copper(I) 
Complexes 

Luminescence 
Lifetime (µs) 

λmax of Excitation         
(nm) 

λmax of Emission            
(nm) 

Stokes Shift   
(nm) 

2A  7.437 ± 0.7 274 553 279 

2B 7.594 ± 1.5 280 584 304 

2C 7.370 ± 0.4 280 570 290 

2D 8.685 ± 0.3 322 644 322 
2E 8.162 ± 1.8 278 616 338 
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Vapochromic Chemosensors of Ethanol
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1-5 mins

Alcohol

Sensing Capability
1. Emission Changes 
2. Color Changes
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Sensing Capability of Chemosensor 2A (R1 = H, R2 = H)
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Sensing Capability of Chemosensor 2B (R1 = CH3, R2 = H)
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0 min

Emission Spectral Changes of 2B 
(λext = 280 nm)

5 mins Quenching  
in 15%
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Sensing Capability of 2B (λem = 584 nm)
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Photograph Images under λext = 254 nm

No color change of original orange in 5 minutes

0 min 1 min 2 mins 3 mins 4 mins 5 mins
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Sensing Capability of Chemosensor 2C (R1 = CF3, R2 = H)
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0 min

Emission Spectral Changes of 2C 
(λext = 280 nm)

5 mins

Quenching  
in 100%
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Sensing Capability of 2C (λem = 570 nm)

0 1 2 3 4 5
0

20

40

60

80

100

I/I
0 (

%
) 

Time (mins) 

Photograph Images under λext = 254 nm
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Color change from greenish to dark (less emissive) in 5 minutes
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Sensing Capability of Chemosensor 2D (R1 = C6H5, R2 = H)
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0 min

Emission Spectral Changes of 2D 
(λext = 322 nm)
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Quenching  
in 87%
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Sensing Capability of Chemosensor 2E  
(R1 = CH3, R2 = -(OCH3)2Bz)
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0 min

Emission Spectral Changes of 2E 
(λext = 278 nm)

5 mins

Shifting  
in 61 nm
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Sensing Capability of Chemosensor 2A-E
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Sensing Capability for Propanol

Chemosensor 2E 
still gave the best 
sensing capability 

for detection of 
methanol to 

propanol
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Sensing Capability of Chemosensor 2A-E
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Sensing Capability for Hexanol

0 1 2 3 4 5
0

20

40

60

80

100

0

20

40

60

80

100

0 1 2 3 4 5
0

20

40

60

80

100

0

20

40

60

80

100

0 1 2 3 4 5
0

20

40

60

80

100

0

20

40

60

80

100

Chemosensor 2E 
gave significant 

decreasing 
capability for 

detection of butanol 
to haxanol with 

increasing 
hydrophobicity of 

vapors

24



25

Emission Spectral Changes of 2E 
(λext = 278 nm)

Photograph Images under λext = 254 nm after exposure for 35 minutes
0 min 12.5 µL 25 µL 50 µL 100 µL 200 µL

Color change from orange to green even with 100 µL Ethanol 
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Sensing Capability of 2E 
(λem = 616 nm)

0 min35 mins

Sensing Capability of Chemosensor 2E  
(R1 = CH3, R2 = -(OCH3)2Bz)
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Reusability Testing of Chemosensor 2C (R1 = CF3, R2 = H)
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Emission Spectral Changes of 2C 
(λext = 280 nm, λem = 570 nm)

Recovery in 51% 
with external stimuli
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Reusability Testing of Chemosensor 2D (R1 = C6H5, R2 = H)
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Emission Spectral Changes of 2D 
(λext = 322 nm, λem = 644 nm)

Recovery in 87% 
with external stimuli

0 min

5 mins

Photograph Images under λext = 254 nm
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Emission Spectral Changes of 2E 
(λext = 278 nm, λem = 616 nm)

Recovery  
in 100% 

without external 
stimuli

0 min5 mins

Photograph Images under λext = 254 nm

0 min 5 min

Recovery of red with less emissive using  
external stimuli compared to the original color

Ethanol

200 µL

without heating 
or grinding

15 mins
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(R1 = CH3, R2 = -(OCH3)2Bz)
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Sensing Capability of Chemosensor 2A-E
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Ethanol

Color ON (Shifting)

Color OFF (Quenching)

Chemosensors Sensitivity Re-usability Phenomena 

2A Slow	 No	 Quenching	

2B 
 

Slow	 No	 Quenching	

2C Very Fast	 51%  (Heating)	 Quenching	

2D Medium	 87% (Grinding)	 Quenching	

2E Very Fast	 100% (Naturally)	 Shifting	
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Proposed Mechanism for Chemosensor 2C

30

 Formation of intermolecular hydrogen bonding interaction between high    
electronegative F atom of CF3 (trifluoromethyl) in meso position of the pyrazole ring  
to the OH of ethanol in the higher number (18 of F atoms)

  Formation of intermolecular hydrogen bonding interaction between high    
electronegative N atom of the pyrazole ring to the OH of ethanol

30



Proposed Mechanism for Chemosensor 2D

31

 Formation of photoinduced energy transfer from the triplet excited state of the 
Cu(I)-Cu(I) interaction to the emission site of stacked phenyl ring at the meso position 
of the pyrazole ring with new emission band around 430-460 nm as a blue-green 
emission

 Formation of intermolecular hydrogen bonding interaction between high    
electronegative N atom of the pyrazole ring to the OH of ethanol

31

Proposed Mechanism for Chemosensor 2E

32

 Short distance of Cu(I)–Cu(I) interaction tends to encourage the formation of a weak 
intermolecular hydrogen bonding interaction between OH of ethanol with 
electronegative O atoms of the methoxy groups at the benzyl ring 

32



Conclusions

33

1. Successful synthesis of trinuclear copper(I) pyrazolate 
complexes with different alkyl side-chains at the pyrazole 
rings as a powder with different color appearances under 
daylight in high yield. 

2. Successful characterization of phosphorescent properties of 
trinuclear copper(I) pyrazolate complexes with different alkyl 
side-chains at the pyrazole rings as green, orange and red 
emission with lifetime at microsecond  and a large Stokes 
shift. 

3. Successful investigation of sensing capability of trinuclear 
copper(I) pyrazolate complexes with different alkyl side-
chains at the pyrazole rings with chemosensors 2E as the best 
chemosensor for detection of methanol to propanol.
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