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PYRAZOLATE/ DIIMINE LIGANDS 

 

AUGUST 2015 

 

This thesis is a study of coinage metal complexes with various bridging 

diimine ligands. It has 91 pp, 8 tables, 65 figures, and references for the study of 

group 11 elements. It discusses one main project and is divided into three chapters 

describing in general the synthesis, structure, and spectroscopic studies of silver (I) 

and copper (I) complexes. Chapter I presents an introduction to the chemistry of 

trinuclear azolate complexes of group 11 metals, trinuclear azolate complexes of 

group 11 metals, linearly-bridging diimines, mixed metal and mixed ligands for group 

11 complexes, and their potential applications, including metal-organic frameworks 

(MOFs), solar cells, and organic light emitting diodes (OLEDs). Chapter II describes 

the synthesis of d
10

 coinage metal complexes with different organic building ligands. 

Chapter III discusses the structural characterization and spectroscopy, including x-ray 

crystallography, photoluminescence, 1HNMR, FT-IR, absorption spectroscopy, and 

thermogravimetric analysis, of silver complexes, copper complexes, mixed-metal 

complexes, and mixed-ligand complexes. It also summarizes the conclusion of the 

results obtained in Chapter II and the expected applications. 
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CHAPTER I 

INTRODUCTION TO THE CHEMISTRY OF TRINUCLEAR AZOLATE 

COMPLEXES OF GROUP 11 METALS 

This thesis focuses on a study of synthesis, characterization, and 

spectroscopy of group 11
 
metal complexes. Section 1.1 presents an introduction to 

trinuclear Azolate complexes of group 11
 
metals. Section 1.2 gives an introduction 

to linearly bridging diimines ligand. Section 1.3 describes the mixed metal and 

mixed ligand group 11 complexes. Section 1.4 discusses the potential applications 

of the targeted compounds. 

 1.1 Trinuclear azolate complexes of group 11 metals 

The trinuclear azolate complexes of d
10

 coinage metals such as Cu (I), Ag 

(I), and Au (I) have attracted great attention due to their unique and interesting 

photophysical and photochemical properties
 (1,3,4)

. These complexes have been 

investigated for their intriguing and interesting structural architectures and 

properties 
(2)

. The cyclic trinuclear complexes of Au (I), Ag(I), and Cu(I) can 

interact with the vapor, liquid, or solid forms of organic molecules. The interaction 

leads to noticeable photophysical changes in the characteristics of the starting 

complex 
(3)

.  
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Fig.1: Photoluminescence spectra (left) for different solvents with 

 {[3,5-(CF3)2Pz]Cu}3 and packing motifs in the crystal structure (right) of a 

benzene solvate of {[3,5-(CF3)2Pz]Ag}3. 

 

These compounds show intermolecular metal-metal interaction (M…M) 

that leads to supramolecular assemblies 
(2)

.  Most of these complexes exhibit strong 

and long-lived luminescence at different temperatures in the solid state that spans 

the entire visible region 
(4)

.  They embrace cross-sectional chemistry areas, 

including acid‐base chemistry, metalloaromaticity, metallophilic bonding, 

supramolecular assemblies, M‐M bonded excimers and exciplexes, and host/guest 

chemistry 
(3,5,6)

.  
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Fig.2 the crystal structures of {[3,5-(CF3)2Pz]M}3 while (M3) showing the 

packing of the M3N6 metallacycles. (M) Cu, Ag, and Au from left to right 
(12)

. 

Nitrogen coordination from ligands such as pyrazolates, carbeniates, 

benzylimidazolates, 
(3)

 amidinates, and related ligands to group 11 [Ag (I), Cu(I), 

and Au(I)] has resulted in fascinating chemistry
(7–9)

. Monomeric pyrazole and 

pyrazolate coordination complexes have been known for many decades;
(2)

 dimeric 

species often contain two bridging pyrazolate ligands and have shown a variety of 

interesting reactions 
(10)

. Pyrazoles are considered to be flexible ligands that provide 

rich coordination chemistry with the coinage metals in several fashions 
(11)

 such as 

neutral monodentate, anionic monodentate, or exo/endo bidentate 
(3,7,11)

. Fackler 

and co-workers were among the earliest people to study pyrazolate complexes of 

group 11
(6)

. The supramolecular structures of tri-nuclear pyrazolate complexes of 

group 11 are held together by intermolecular metallophilic interactions, which can 

be influenced by various factors such as the substituents on the pyrazole rings, the 

metal, and the concentration 
(7)

.   
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Figure 3 illustrates planar nine-membered M3N6 rings. M= Au, Ag, Cu.  R= CH3 

(27)
. 

 

Group 11 trinuclear metal complexes, for example that shown in Figure 3, 

show two coordinated metal ions (M= Ag+, Cu+) that behave like linear units, 

whereas the pyrazolate ligands appear like angular building blocks 
(7)

. Trinuclear 

pyrazolate complexes of d
10

 coinage metals are known to exhibit π Lewis acid-base 

properties. The substituents (R) on the ligand are one of the factors that, in addition 

to the type of the metal have an impact on the π acidity and basicity of the 

molecule. Electron-donating R groups, such as methyl or other alkyl groups, can 

lead the trimer metal complex to behave as a π Lewis base. By contrast, if the R is 

an electron-withdrawing group such as Cl, F, or another halide, it can behave as a π 

Lewis acid
 (12)

.  
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Fig. 4: Emission spectra of Cu3 solutions in different R substituents and at different 

temperatures  
(14)

. 

Many pyrazolate trinuclear metal complexes have been reported, and the 

resulting complex structures can be either π Lewis acids or bases, depending on the 

influence of the substituents and the metal on the ligand 
(13)

. Those complexes 

exhibit an interesting bright and tunable luminescence. Moreover, those metal 

complexes are reported as potential candidates for emitting materials in molecular 

light-emitting devices (MOLEDs) because of their interesting phosphorescence 

properties influenced by the presence of aclosed-shell transition metals and metal-

metal interaction 
(14)
. In addition, the complexes’ volatility is increased by 

fluorination 
(14)

. The photophysical properties of these complexes include 

multicolor bright phosphorescent emissions, which are affected by temperature, 

solvent, and concentration (Figure 4) 
(14,11)

. Metal complexes with fluorinated 

ligands show different properties compared to their non-fluorinated analogs. For 

example, copper (I) derivatives of fluorinated ligands show significantly higher 
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oxidation potentials than those of the non-fluorinated ligands 
(13,15)

.
 

The 

metallophilic nature of the complexes affects their photophysical and 

photochemical properties and also their biological activity
 (14,16)

. This has been seen 

in many of the reported trinuclear azolate metal complexes and has been attributed 

partially to the properties of the adjoining ligands and the ground or excited state of 

the metals in the complexes, the nature of the ligand, the R substituent groups 

around the ligand, the metal center, the concentration, the reaction time, the 

temperature, and the solvent 
(14,16)

.  

1.2 Linearly bridging diimines ligands 

 Bridging ligands with bimetallic complexes that contain second and third 

row transition metal ions have interesting and exquisite electronic and 

electrochemical properties 
(16)

. Dinuclear Ru(II), Pd(II), and Pt(II) compounds have 

been widely studied. However, there have been limited studies on Ir(III) systems 

that have demonstrated the “Ir(ppy)2” (ppy = 2-phenyl pyridine) motifs containing 

two vacant coordination sites.  

These sites could behave as building blocks for the construction of 

bimetallic molecules. In general, the pyridine-based linkers have demonstrated an 

ability for the construction of dinuclear metal complexes, which has lead some 

researchers to employ these types of ligands, as shown in Figure 5, to construct 

coordination polymers 
(16)

.  
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 Fig. 5:   Examples of bis-pyridyl Linkers 
(16)

 

 

  Fig. 6: Example of a iridium dimer [{Ir(ppy)2}2(μ-abp)]
 (16) 



8 
 
 
 

The choice of the pyridine-based ligands was based on the following 

considerations: (1) Difference of the spacer length between the pyridyl donor atoms 

would modulate the intermetallic distances, and (2) The bridging ligand 

conjugation would help to form metal−metal interaction 
(16)

.
  
The type of the spacers 

linking the two pyridyl groups in the bridging ligand can dictate the properties and 

structures of the metallomacrocycles. For example, the possibility was reported of 

modulating the lifetime of emissions and the possibility of adjusting the 

luminescence colors by using variation of the bridging ligand for the iridium dimer 

[{Ir(ppy)2}2(μ-BL)2](OTf)2  (figure 6) 
(16)

. Properties such as the redox potentials 

of the metallomacrocycles iridium dimer [{Ir(ppy)2}2(μ-BL)2](OTf)2 have 

changed with changing of the bridging ligand, and the conclusion can be made that 

the type of ligand determines the range at which the molecules undergo reduction. 

It has generally been seen that reduction at a more negative potential is linked to the 

ppy ligand, while reduction at a less negative potential is associated with the bpa 

ligand 
(16)

  

1.3 Mixed metal and mixed ligand for group 11 complexes 

The majority of developments in the cyclic trinuclear complexes of group 

11 are homometallic cyclic trimers
(5,6,14)

. However, heterometallic or stacked cyclic 

trimers have been isolated and structurally identified upon the mixing of two 

homometallic cyclic trimers, each with a different ligand
(8,12)

, to obtain mixed 

metal/ligand complexes. The bimetallic clusters of cyclic trinuclear silver-gold have 

presented interesting structural, bonding, and electronic properties that can be used 
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in various applications such as catalysis
(16)

, medicine
(17)

, electronic devices, and 

optics because of their selectivity
(18) 

(Fig 7a). On the other hand, the mixing of 

ligands has also been studied. Tetranuclear gold (I) complexes can be obtained 

through the mixing of ligands that resulted from the reaction of the bulky ligand 

dinuclear Au2(2,6-Me2Ph-form)2
(19)

 (Fig 7b) with less bulky amidinates and 

pyrazolates.  

 

 

 

 

 

 

 

Fig. 7A: The molecular structure of the mixed metal gold/silver trimer 

[Au(carb)Ag2(µ-3,5 Ph2pz)2] 
(18)

 

 Fig. 7B:  A molecular structure of mixed ligands dinuclear Au2(2,6-Me2Ph-form)2 

19) 
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1.4 Potential applications of the targeted compounds 

Our targeted compound is predicted to form a metal organic framework. 

Metal-organic frameworks (MOFs), known as porous coordination polymers, have 

been intensively studied due to their applications in many areas such as solar cells, 

gas storage sensors, and semiconductors 
(20–22)

. The synthesis and characterization 

of various forms of MOFs have been reported recently. The ability of a compound 

to act as an MOF is influenced by the type of metal and bridging ligand. Metal–

organic frameworks (MOFs) are formed by using the coordination bonds between 

the linkers (bridging ligands) and the organic building units, which might be metal 

ions or clusters 
(23)

. In spite of the fact that coordination polymers were described 

before 1990, the construction and the methodical design of coordination polymers 

through the use of trinuclear ions with organic building ligands appeared only in the 

early half of the 1990s 
(23)

. Since that time, more than 20000 MOFs have been 

studied and reported. Bridging ligands have been used successfully to coordinate 

metal ions with clusters, for the purpose of forming metal organic frameworks 

(MOFs) such as pillared-layer MOFs, which are one of the mixed-linker structures 

(Fig. 8). The perpetual porosity of MOFs, which is regularly formed in MOFs 

constructed from metal groups, is their most important hallmark. These linkers are 

frequently pre-shaped, while the groups or clusters are usually formed in situ. The 

structure of the resulting (MOFs) depends on the geometry and communication of 

the bridging ligands. Knowing and determining the ratio, length, and functional 

group of the linker helps in adjusting the MOFs’ internal surface properties, such as 

the size and shape that are required for a specific application 
(24)

.  
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 Fig. 8: “Synthetic scheme for MOFs with polycarboxylate and dipyridyl linkers” 

(24) 

 

The inorganic units (metal ions or clusters) are widely specified as 

secondary building units (SBUs).  The cluster or the metal ion forms the inorganic 

unit. However, the organic units are formed by the carboxylates or organic anion 

units such as heterocyclic compounds, sulfonate, and phosphonate. Scientists have 

studied MOFs because of their unique porosities, structure, and diversity. More 

recently, scientists have used MOFs for specific applications by selecting specific 

SBUs and linkers with selected sizes, shapes, and functionality, and tailoring them 

together as matrixes. In reality, there are many factors such as the temperature, 

concentration, and solvent that make the predictability of MOF design sometimes 

hard to realize, especially when the size of the MOF is increased in more complex 

cases. On the other hand, there are many factors which may affect the morphology 

and crystallinity of MOFs, such as solvent, temperature, and concentration. The 



12 
 
 
 

organic building units are of many types based on the linkers (bridging ligands) 

with which they may connect, which are   

1. Mixed building units  

2. Desymmetrized building units   

3. Metallo- building units or linkers  

4. N-Heterocyclic building units  

5. Monocular carboxylate building units  

6.  Tritopic carboxylate building units  

7. Tetratopic carboxylate building units  

8. Hexatopic carboxylate building units  

9. Octatopic carboxylate building units  

 

Figure (9) “The construction of some coordination polymers/MOFs from SBUs 

and rigid linkers”
(24) 

Scientists have studied the different types of carboxylate linkers intensively since 

the discovery of MOFs because of their approachability and their easily understood 

structures when synthesized with various SBUs
(24)

.  



13 
 
 
 

 

CHAPTER II 

THE SYNTHESIS OF D
10

 COINAGE METAL COMPLEXES WITH 

DIFFERENT ORGANIC BUILDING LIGANDS 

This chapter details the synthesis method of various coinage metal complexes. The 

synthesis involves direct coordination of d
10

 coinage metal complexes of copper (I) 

and silver (I) with various linearly bridging diimine ligands. Section 2.1 covers a 

description of various chemicals and materials used to synthesize different 

trinuclear azolate complexes. It also describes different instruments used for the 

characterization. Section 2.2 presents the synthetic method for silver (I) and copper 

(I) complexes with different linear bridging diimine ligands.  

2.1 Materials and methods 

All synthetic reactions were carried out under an inert atmosphere of nitrogen using 

a standard Schlenk-line technique. Pyrazine,  4,4′-Azopyridine (Azo), 1,2-bis(4-

pyridyl)ethane(bpa) ,2,2′- Dipyridyl, 4,4’- Dipyridyl, and 1.10 phenanthroline , 

shown in figure 10, were purchased from Sigma Aldrich and were used as received. 

Glassware was oven-dried at 150°C overnight. All solvents used in synthesis were 

purchased from Fisher ACS grade and dried over a molecular sieve. The 
1
HNMR 

solvents were purchased from Sigma Aldrich and were used as received. 
1
HNMR 

spectra were acquired at 25°C on a Varian Mercury 500 MHz NMRS spectrometer. 

The proton chemical shift is reported in parts per million (ppm) versus 

tetramethylsilane (TMS). Infrared spectra were obtained on a Nicolet 6700 Fourier 

Transform infrared (FT-IR) spectrometer. Melting points for the resulting products 



14 
 
 
 

were measured by using the Mel-Tem capillary melting point apparatus. The 

photoluminescence spectra were done using a PTI Spectrofluorometer equipped 

with a xenon lamp, a PMT detector for visible and near IR region, and an excitation 

correction unit. The emission spectra were corrected for detector wavelength 

response, while the excitation spectra were corrected for wavelength-dependent 

lamp intensity. Temperature-dependent emission at 77K was done using liquid 

nitrogen as a coolant. Lifetime measurements were acquired using a high speed 

pulsed xenon lamp source interfaced with the PTI instrument, along with 

autocalibrated “Quadrascopic” monochromators for excitation wavelength 

selection. The absorption spectra were recorded with a Perkin-Elmer Lambda 900 

double beam and a UV/VIS/NIR detector. The emission and excitation spectra have 

been corrected for the wavelength-dependent lamp intensity and detector response. 

Thermogravimetric analysis data were determined by using a TA Q50 TGA 

equipped with a high sensitivity auto sampler and Mass Flow Controllers. The 

products were weighed on the milligram scale and were burned in an inert 

environment at 1000
o
C. The X-ray single crystal studies were performed on a CCD 

Bruker SMART APEX diffract meter with an Oxford Instrument low temperature 

attachment by Dr. Vladimir Nesterov at UNT. A suitable crystal was mounted on a 

glass viber using 5 min epoxy. Data were collected on a Siemens P4 diffractometer 

at room temperature. Structures were solved using the SHELXTL 5.1 software 

package provided by Bruker Analytical X-ray systems, Inc 
(49)

.
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Fig. 10: List of the linear-bridging ligands used as starting materials .
 

 

Fig. 11: The proposed synthetic route for reacting trinuclear pyrazolate complexes 

of silver (I) and copper (I) with the linear bridging diimine ligands. 
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2.2 Experimental section 

2.2.1 Copper trimer + pyrazine  

We were able to obtain three different polymorphs of {[3,5-(CF3)2Pz]}n Cun 

Pyrazine n using different synthetic routes and methods. 

1-Solventless synthesis 

2- Using solvent 

3-Transmetalation: a reaction that involves the transfer of ligands from one metal to 

another. 

2.2.1. First method: Solventless Synthesis of {[3,5-(CF3)2Pz] }6 Cu6 Pyrazine 6  (A) 

                        

                                                       

Cu2O + {[3,5-(CF3)2Pz] H + Pyrazine           {[3,5-(CF3)2Pz]} 6 

Cu6Pyrazine6 Cu2O (0.19 g, 1.43 mmol) and [3,5-(CF3)2Pz]H (0.50 g, 2.45 mmol) 

were mixed in 15ml of benzene to synthesize {[3,5-(CF3)2Pz]Cu}3 as starting 

materials according to the procedures reported in the literature (13). The mixture was 

filtered over a bed of cellite after 48 hours, and the filtrate was collected. The 

solventless reaction was carried out by mixing solid of {[3,5-(CF3)2Pz]Cu}3 (0.1 g, 

1 mmol) and solid of Pyrazine (0.034 g, 3 mmol) in a closed vial, where they were 

left to react. Due to the fact that pyrazine sublimes at room temperature, which 

leads it to react with the solid copper {[3,5-(CF3)2Pz]Cu}3 in the gas phase; this 

resulted in a change of the white color of the copper trimer immediately, and it 
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continued to get darker with the passage of time. The copper trimer {[3,5-

(CF3)2Pz]Cu}3 has orange luminescence, but this luminescence was quenched with 

the passage of time as the copper trimer reacted with pyrazine to form a non-

luminescent orange product. The dark orange solid product was obtained (Mp 180° 

C). The product was very soluble in acetone and acetonitrile. To obtain X-ray 

quality crystals, the orange product was crystalized by dissolving it in 10 ml of 

Benzene; then the solution was heated in oil bath at 80° C and left to cool with slow 

evaporation for 2 days under an inert atmosphere using purified nitrogen gas. 
1
H-

NMR using as reference acetonitrile d3 resulted in the following peaks: 6.98 

corresponding to the pz (C-H), 8.70 corresponding to the pyrazine (C-H), IR: C=N 

stretch: 2134.15 cm
-1

, aromatic C=C bend:1940.45 cm
-1

, aromatic C-C 

stretch:1509.64 cm
-1

, aromatic C-H stretch: 3094.25 cm
-1

.
 

An attempt was also made to react copper trimer + pyrazine in solvent such 

as benzene, but the same crystal structure was obtained. 

2.2.2. Second method: Using solvent to Synthesis {[3,5-(CF3)2Pz]}2Cu2Pyrazine2 

(B)  

Cu2O + {[3,5-(CF3)2Pz]H + Pyrazine + Ag2O + {[3,5-(CF3)2Pz]H 

   

{[3,5-(CF3)2Pz]}2 Cu2Pyrazine2 

Cu2O (0.19 g, 1.43 mmol) and [3,5-(CF3)2Pz]H (0.50 g, 2.45 mmol) were 

mixed in 15ml of benzene to synthesize {[3,5-(CF3)2Pz]Cu}3 as starting materials 
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according to the procedure outlined in the literature (13). The mixture was filtered 

after 48 hours, and the filtrate was collected. Ag2O (0.31 g, 1.35 mmol) and [3,5-

(CF3)2Pz]H (0.5 g, 2.45 mmol) were mixed in about 15 ml benzene to synthesize 

{[3,5-(CF3)2Pz]Ag}3 as starting materials according to the procedure given in the 

literature (13). The mixture was filtered after 24 hours, and the filtrate was collected. 

{[3,5-(CF3)2Pz]Cu}3 (0.097 g, 1 mmol), {[3,5-(CF3)2Pz]Ag}3 (0.1 g, 1 mmol), and 

Pyrazine  (0.0336 g, 3 mmol) were mixed in (10 ml) of benzene. The color of the 

solution changed immediately to light orange. The resulting product was obtained 

by removing solvent using a vacuum and further dried by vacuuming for an extra 2 

hours. The light orange solid product obtained (Mp 160° C) had no luminescence. 

The product was soluble in organic solvents, such as benzene and acetonitrile. To 

obtain X-ray quality crystals, the light orange product was crystalized by dissolving 

it in 10 ml of Benzene; then it was heated in an oil bath at 80° C and left to cool 

with slow evaporation for 2 days under inert atmosphere using purified nitrogen 

gas. 
1
H-NMR using as reference acetonitrile d3 resulted in the following peak: 7.40 

corresponding to the pz (C-H), 8.70 corresponding to pyrazine (C-H), IR: aromatic 

C-H stretch: 2964.25 cm
-1

, C=N stretch: 2049.15 cm
-1

, aromatic C=C bend: 

1695.45 cm
-1

, aromatic C-C stretch: 1519.64 cm
-1

. Note:  I used this method in 

order to obtain a mixed metal complex; instead it resulted in another polymorph of 

copper metal complex with different crystal structure than that which was obtained 

using method 1. 

 



19 
 
 
 

2.2.3.Third method Transmetalation: Synthesis of {[3,5-(CF3)2Pz]}3 Cu3 

Pyrazine3© 

Step 1: Cu2O + {[3,5-(CF3)2Pz]H                         {[3,5-(CF3)2Pz]Cu}3 

 

Step 2:   {[3,5-(CF3)2Pz]Cu}3  +{[3,5-(CF3)2Pz] }6Ag6Pyrazine2           

{[3,5-(CF3)2Pz]}3 Cu3 Pyrazine3 

 Cu2O (0.19 g, 1.43 mmol) and [3,5-(CF3)2Pz]H (0.50 g, 2.45 mmol) were 

mixed in 15ml of benzene to synthesize {[3,5-(CF3)2Pz]Cu}3 as starting materials 

according to the procedure reported in the literature (13). The mixture was filtered 

after 48 hours, and the filtrate was collected. The mixture was filtered after 24 

hours, and the filtrate was collected. {[3,5-(CF3)2Pz]Cu}3 (0.1 g, 1 mmol), and 

{[3,5-(CF3)2Pz]}6 Ag6 Pyrazine2 (0.27 g, 1 mmol) (prepared as described in Section 

2.2.4) were mixed in 10 ml of benzene. A light yellow color started to form 

immediately. The resulting product was obtained by removing solvent using a 

vacuum and further dried by vacuuming for 2 hours. The light yellow solid product 

obtained (Mp 155° C) has no luminescence. The product was very soluble in 

organic solvents, such as benzene, acetone, and acetonitrile. To obtain X-ray quality 

crystals, the yellow solid product was crystalized by dissolving it in 10 ml of 

Benzene; then it was heated in an oil bath at 80° C and left to cool with slow 

evaporation for 2 days under inert atmosphere using purified nitrogen gas. 
1
H-NMR 

using as reference acetonitrile d3 resulted in the following peak: 7.00 correspond to 

the pz (C-H), 8.56 correspond to pyrazine (C-H), IR: aromatic C-H stretch: 2964.25 

cm
-1

, C=N stretch: 2049.15 cm
-1

, aromatic C=C bend: 1785.45 cm
-1

, aromatic C-C 

stretch: 1619.64 cm
-1

.  



20 
 
 
 

Note: This method was also used in order to obtain a mixed metal complex; instead, 

it resulted in another polymorph of copper metal complex with different crystal 

structure than that which was obtained using methods 1 and 2. 

2.2.4. Synthesis of {[3,5-(CF3)2Pz]}6Ag6 (pyrazine)2 

Ag2O + {[3,5-(CF3)2Pz]H + Pyrazine                     {[3,5-(CF3)2Pz]}3 Ag6 (pyrazine)2 

Ag2O (0.31 g, 1.35 mmol) and [3,5-(CF3)2Pz]H (0.5 g, 2.45 mmol) were 

mixed in about 15 ml benzene to synthesize {[3,5-(CF3)2Pz]Ag}3 based on the 

procedure  found in the literature 
(13)

. The mixture was filtered after 24 hours, and 

the filtrate was collected. {[3,5-(CF3)2Pz]Ag}3 (0.1 g, 1mmol) and pyrazine (0.028 

g, 3 mmol) were mixed in dichloromethane (10 ml). The reaction was stirred for 2 

hours. The resulting product was obtained by removing solvent using a vacuum and 

further dried by vacuuming for 2 hours. The white product obtained (Mp 170° C) 

had blue luminescence. The product was partially soluble in organic solvents such 

as acetonitrile and acetone. To obtain X-ray quality crystals the product was 

crystalized by dissolving it in 10 ml of Benzene; then it was heated in an oil bath at 

80° C and left to cool with slow evaporation for 4 days in the dark at 25° C. 
1
H-

NMR using as reference acetonitrile d3 resulted in the following peak: 7.3 

corresponding to the Pz (C-H), 8.70 corresponding to pyrazine (C-H); IR: aromatic 

C-H stretch: 3160.06 cm
-1

, C=N stretch: 2165 cm
-1

, aromatic C=C bend: 2170.45 

cm
-1

, aromatic C- C stretch: 1972.38 cm
-1

.  
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2.2.5. Synthesis of {[3,5-(CF3)2Pz] }2 Cu2 2,2’-Dipyridyl2   

Cu2O + {[3,5-(CF3)2Pz]H+ 2,2’-Dipyridyl                {[3,5-(CF3)2Pz]}2 Cu2 2,2’-

Dipyridyl2   

Cu2O (0.19 g, 1.43 mmol) and [3,5-(CF3)2Pz]H (0.50 g, 2.45 mmol) were 

mixed in 15ml of benzene to synthesize {[3,5-(CF3)2Pz]Cu}3 as starting materials 

according to the procedure outlined in the literature (13). The mixture was filtered 

over a bed of cellite after 48 hours, and the filtrate was collected. {[3,5-

(CF3)2Pz]Cu}3 (0.097 g, 1 mmol), and 2,2’-Dipyridyl (0.05022 g, 3 mmol) were 

mixed in 10 ml of hexane. The reaction was stirred for 2 hours. An orange color 

started to form immediately and became darker with the passage of time. The 

insoluble product was collected using vacuum filtration and further dried under 

vacuuming for 2 hours. The orange product obtained (Mp 140° C) had no 

luminescence. The product was partially soluble in organic solvents. Many attempts 

at crystallization were unsuccessful to produce suitable crystals due to the high 

sensitivity of the product to air. The use of sonication and filtration with the cotton 

ball pipet was essential to acquire the best result for recrystallization. In this case, in 

order to obtain X-ray quality crystals, the crystals were grown in benzene using 

slow evaporation for 2 days under an inert atmosphere using purified nitrogen gas 

at 25° C. 
1
H-NMR using as reference acetonitrile d3 resulted in the following peak: 

7.40 corresponding to the pz (C-H), 6.90 corresponding to 2,2’-Dipyridyl (C-H), 

7.75 corresponding to 2,2’-Dipyridyl (C-H), 8.56 correspond to 2,2’-Dipyridyl (C-

H), 8.77 corresponding to 2,2’-Dipyridyl (C-H); IR: Aromatic C-H stretch: 3065.92  
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cm
-1

, C=N stretch: 2185.15 cm
-1

, aromatic C=C bend:1655.45 cm
-1

, aromatic C-C 

stretch:1510.64 cm
-1

. 

2.2.6. Synthesis of {[3,5-(CF3)2Pz]Ag}2 2,2’-Dipyridyl2   

Ag2O + {[3,5-(CF3)2Pz]H + 2,2’-Dipyridyl                          {[3,5-(CF3)2Pz]Ag}2 

2,2’-Dipyridyl2   

Ag2O (0.31 g, 1.35 mmol) and [3,5-(CF3)2Pz]H (0.5 g, 2.45 mmol) were 

mixed in about 15 ml benzene to synthesize {[3,5-(CF3)2Pz]Ag}3 based on the 

procedure outlined in the literature 
(13)

. The mixture was filtered after 24 hours, and 

the filtrate was collected. {[3,5-(CF3)2Pz]Ag}3 (0.1 g, 1mmol) and 2,2’-Dipyridyl 

(0.0489 g, 3 mmol) were mixed in dichloromethane (10 ml). The reaction was 

stirred for 2 hours. The insoluble product was collected using vacuum filtration and 

further dried under vacuuming for 2 hours. The white product obtained (Mp 110° 

C) had yellow luminescence. To obtain X-ray quality crystals the product was 

crystalized by dissolving it in 10 ml of bubbled Benzene then heating it in oil bath 

at 80° C; then it was left to cool with slow evaporation for 2 days. 
1
H-NMR using 

as reference acetonitrile d3 resulted in the following peak: 7.40 corresponding to 

the pz (C-H), 6.98 corresponding to 2,2’-Dipyridyl (C-H), 8.00 corresponding to 

2,2’-Dipyridyl (C-H), 8.55 corresponding to 2,2’-Dipyridyl (C-H), 8,80 

corresponding to 2,2’-Dipyridyl (C-H); IR: C=N stretch: 3120.54 cm
-1 

aromatic C-

H stretch: 2950.06 cm
-1

, aromatic C=C bend: 1640.45 cm
-1

, aromatic C- C stretch: 

1507.38 cm
-1

.  
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2.2.7. Synthesis of {[3,5- {(CF3)2Pz]}2Ag2 (1,10-Phenanthroline)2 

Ag2O + {[3,5-(CF3)2Pz]H + 1,10-Phenanthroline  

 

        {[3,5- {(CF3)2Pz]}n Agn (1,10-Phenanthroline)n 

 

Ag2O (0.31 g, 1.35 mmol) and [3,5-(CF3)2Pz]H (0.5 g, 2.45 mmol) were mixed in 

about 15 ml benzene to synthesize {[3,5-(CF3)2Pz]Ag}3 based on the procedure 

found in the literature 
(13)

. The mixture was filtered after 24 hours, and the filtrate 

was collected. {[3,5-(CF3)2Pz]Ag}3 (0.1 g, 1mmol) and 1,10-Phenanthroline  

(0.035 g, 3 mmol) were mixed in (10 ml) of benzene. The reaction was stirred for 2 

hours. A yellow color started to form immediately. The resulting product was 

obtained by removing solvent using a vacuum and further dried by vacuuming for 

an additional 2 hours. The yellow product obtained (Mp 140°
 

C) had no 

luminescence. The product was partially soluble in organic solvents such as 

benzene, acetonitrile, and acetone. To obtain X-ray quality crystals, the product was 

crystalized by dissolving it in 10 ml of Benzene; then it was heated in an oil bath at 

80° C and left to cool with slow evaporation for 4 days in the dark at 25° C. 
1
H-

NMR using as reference acetonitrile d3 resulted in the following peak: 7.40 

corresponding to the Pz (C-H), 7.85 corresponding to 1,10-Phenanthroline (C-H), 

7.95 corresponding to 1,10-Phenanthroline (C-H), 8.38 corresponding to 1,10-

Phenanthroline (C-H), 9.00 corresponding to 1,10-Phenanthroline (C-H); IR: 

aromatic C-H stretch: 3008.97 cm
-1

, C=N stretch: 2170.54 cm
-1

, aromatic C=C 

bend: 1660.45 cm
-1

, aromatic C- C stretch: 1500.38 cm
-1

.  
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2.2.8. Synthesis of {[3,5-(CF3)2Pz]}2 Ag2bpa 

Ag2O + {[3,5-(CF3)2Pz]H + AZo + bpa                            {[3,5-(CF3)2Pz]}2 Ag2bpa 

Ag2O (0.31 g, 1.35 mmol) and [3,5-(CF3)2Pz]H (0.5 g, 2.45 mmol) were 

mixed in about 15 ml benzene to synthesize {[3,5-(CF3)2Pz]Ag}3 based on the 

procedure indicated in the literature 
(13)

. The mixture was filtered, and the filtrate 

was collected. {[3,5-(CF3)2Pz]Ag}3 (0.1 g, 1 mmol), (0.021 g, 1 mmol), and 4’4-

Azopyridine (AZO), (0.025 g, 1 mmol), were mixed in benzene (10 ml). A peach-

colored precipitate started to form instantly. The product was collected using 

vacuum filtration and further dried under vacuuming for 2 hours. The peach-

colored product obtained (Mp 220° C) had no luminescence. The product was 

soluble in organic solvents, such as benzene or acetonitrile. To obtain X-ray quality 

crystals the crystals were grown in acetonitrile using slow evaporation for 2 days 

under nitrogen atmosphere at 25°C. 
1
H-NMR using as reference acetonitrile d3 

resulted in the following peak: 7.50 corresponding to pz (C-H), 7.80 corresponding 

to bpa (C-H), 8.55 corresponding to bpa (C-H), 9.00 corresponding to bpa (C-H); 

IR: aromatic C-H stretch: 2964.25 cm
-1

, aliphatic C-H stretch: 2653.92 cm
-1

, C=N 

stretch: 2149.15 cm
-1

, aromatic C=C bend: 1654.45 cm
-1

, aromatic C-C stretch: 

1509.64 cm
-1

. 
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2.2.9. Synthesis of {[3,5-(CF3)2Pz]AgCu}n 4,4’-Dipyridyl 

Cu2O + {[3,5-(CF3)2Pz]H+  4,4’-Dipyridyl +    Ag2O + {[3,5-(CF3)2Pz]H   

                   

  {[3,5-(CF3)2Pz]AgCu}n4,4’-Dipyridyl  

 

Cu2O (0.19 g, 1.43 mmol) and [3,5-(CF3)2Pz]H (0.50 g, 2.45 mmol) were mixed in 

15ml of benzene to synthesize {[3,5-(CF3)2Pz]Cu}3 as starting materials according 

to the procedure found in the literature (13). The mixture was filtered after 48 hours, 

and the filtrate was collected. Ag2O (0.31 g, 1.35 mmol) and [3,5-(CF3)2Pz]H (0.5 

g, 2.45 mmol) were mixed in about 15 ml benzene to synthesize {[3,5-

(CF3)2Pz]Ag}3 as starting materials according to the procedure in the literature (13). 

The mixture was filtered after 24 hours, and the filtrate was collected. {[3,5-

(CF3)2Pz]Cu}3 (0.097 g, 1 mmol), {[3,5-(CF3)2Pz]Ag}3 (0.1 g, 1 mmol), and 4,4’-

Dipyridyl, (0.0502 g, 3 mmol) were mixed in (10 ml) of bubbled hexane. A dark 

orange color started to form immediately. The insoluble product was collected 

using vacuum filtration and further dried under vacuuming for 2 hours. The dark 

orange product obtained (Mp 180°
 

C) has no luminescence. The product was 

partially soluble in organic solvents, such as benzene or acetone. Many attempts at 

crystallization were unsuccessful in producing suitable crystals due to the high 

sensitivity of the product to air. Although crystal structures could not be produced 

from this complex, it was possible to characterize it. 
1
H-NMR using as reference 

acetonitrile d3 resulted in the following peak: 7.40 corresponding to the pz (C-H), 
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7.42 corresponding to AZO (C-H), 7.95 corresponding to 4,4’-Dipyridyl (C-H), 

8.77 corresponding to 4,4’-Dipyridyl (C-H); IR: aromatic C-H stretch: 3194.25 cm
-

1
,C=Nstretch: 2189.15 cm

-1
, aromatic, C=C bend:2055.45 cm

-1
, aromatic C-C 

stretch:1619.64 cm
-1

.  
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CHAPTER III 

THE STRUCTURAL CHARACTERIZATION AND SPECTROSCOPY OF D
10

 

COINAGE METAL COMPLEXES WITH DIFFERENT ORGANIC BUILDING 

LIGANDS 

This chapter presents the structural characterization and spectroscopic 

measurements of various coinage metal complexes. Section 3.1, 3.2, 3.3, and 3.4 

discuss the spectroscopic measurements of silver (I) and copper (I) complexes. 

Section 3.5 presents a concluding discussion regarding our research. 

3.1 Results and Discussion for copper and Silver Complexes with pyrazine  

Copper and silver complexes with pyrazine: {[3,5-(CF3)2Pz] }6 Cu6 

Pyrazine6, {[3,5-(CF3)2Pz]}2Cu2(Pyrazine)2, {[3,5-(CF3)2Pz]}3Cu3(Pyrazine)3, and 

{[3,5-(CF3)2Pz] }6 Ag 6 pyrazine2  were prepared by synthesis of the trinuclear silver 

(I) and copper (I) complexes with a small molar excess of the pyrazine in benzene. 

Silver complexes are air stable. They are soluble in organic solvents such as 

dichloromethane, acetonitrile, acetone, and Tetrahydrofuran. By contrast, the 

copper complexes are very air sensitive.  All of these silver and copper complexes 

were characterized using 
1
HNMR spectroscopy, FT-IR spectroscopy, 

photoluminescence spectra, absorption spectroscopy, luminescence, and TGA.. In 

this section we will discuss the properties of all silver and copper metal complexes.  
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3.1.1. {[3,5-(CF3)2Pz]}6 Cu6 Pyrazine 6   (A) 

3.1.1.1. The X-ray crystallographic data 

In this section, the x-ray crystallographic data will be discussed in detail. 

Table 1(A) shows that {[3,5-(CF3)2Pz] }6 Cu6 Pyrazine 6  was crystallized in the P  1 

space group with a = 11.023(5) Å, b = 11.174(5) Å, c = 14.641(11) Å, = 

103.763(12)°,  = 104.969(11)°, and  = 106.907(8)°. 

{[3,5-(CF3)2Pz]}6 Cu6 Pyrazine 6   crystallizes in triclinic system as dimers and with 

one molecule in the asymmetric unit (for a Z value of 1). Figure 12 shows that 

copper (I) coordinates to two nitrogen atoms from different pyrazolate ligands and 

one nitrogen atom from the pyridyl group in the pyrazine ligand to form a trimer 

with three coordinates. The backing structures in Figure 12 reveal on extended 

chains with small porosity. The hydrogen atoms were placed at calculated positions 

and refined using a riding model. The final full-matrix least-squares refinement on 

F2 gave R1:4.75% and wR2:10.22% for all data. The goodness-of-fit was 1.043. 

Table 1(B) shows selected bond distances (Å) and angles (°) for  

{[3,5-(CF3)2Pz] }6 Cu6 Pyrazine 6. 
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Table 1 

(A) X-ray Crystallographic Data for {[3,5-(CF3)2Pz] }6 Cu6 Pyrazine 6 , (B) 

Selected bond distances (Å) and angles (°) for {[3,5-(CF3)2Pz] }6 Cu6 Pyrazine 6. 

Empirical formula  C43 H20 Cl2 Cu6 F36 N18 

Formula weight  1924.91 

Temperature  100(2) K 

Wavelength  0.71073 Å 

Crystal system  Triclinic 

Space group  P -1 

Unit cell dimensions A = 11.023(5) Å    = 103.763(12)°. 

B = 11.174(5) Å     = 104.969(11)°. 

C = 14.641(11) Å   = 106.907(8)°. 

Volume 1568.2(16) Å3 

Z 1 

Density (calculated) 2.028 Mg/m3 

Absorption coefficient 2.241 mm-1 

F(000) 936 

Crystal size 0.20 x 0.08 x 0.08 mm3 

Theta range for data collection 2.02 to 26.37°. 

Index ranges -13<=h<=13, -13<=k<=13, -18<=l<=18 

Reflections collected 14320 

Independent reflections 6247 [R(int) = 0.0249] 

Completeness to theta = 26.37° 
97.5 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.8446 and 0.6590 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 6247 / 0 / 484 

Goodness-of-fit on F2 1.043 

Final R indices [I>2sigma(I)] R1 = 0.0365, wR2 = 0.0940 

R indices (all data) 
R1 = 0.0475, wR2 = 0.1022 

Largest diff. peak and hole 1.338 and -1.351 e.Å-3 

(A) 

BOND 

Cu(1)-N(1) 

Cu(1)-N(6) 

Cu(1)-N(7) 

N(1)-C(1) 

N(1)-N(2) 

Bond Lengths Å 

1.935(3) 

1.957(3) 

2.067(3) 

1.343(5) 

1.368(4) 

BOND 

N(1)-Cu(1)-N(6) 

N(1)-Cu(1)-N(7) 

N(6)-Cu(1)-N(7) 

C(1)-N(1)-N(2) 

C(1)-N(1)-Cu(1) 

Bond Lengths Å 

131.04(11) 

119.72(11) 

109.01(11) 

107.3(3) 

132.7(2) 

(B) 
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Fig. 12: Molecular structure and packing diagrams from the crystal structure of 

{[3,5-(CF3)2Pz] }6 Cu6 Pyrazine 6   showing the extended polymeric porous phase. 
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3.1.1.2. Photoluminescence and absorption spectra 

A thin film of copper trimer [3,5-(CF3)2Pz]Cu}3 was cast on a quartz tube 

by the dissolving of a small amount of copper trimer in  drops of benzene and 

evaporation in a hot plate to remove the solvent followed by vacuuming to ensure 

that the film was completely dry. Then the luminescence of the copper trimer was 

measured; after that, the solid pyrazine was introduced to the closed system (quartz 

tube), and the quenching of the copper trimer [3,5-(CF3)2Pz] Cu}3 luminescence 

was monitored versus reaction time with solid pyrazine. 

 Figure 13 shows that the copper trimer [3,5-(CF3)2Pz] Cu}3  had strong 

orange luminescence with the peak maximum at 550; the orange luminescence of 

the copper trimer was quenched instantly as soon as pyrazine was introduced into 

the aquavit. This quenching is due to the reaction of solid pyrazine with the copper 

trimer [3,5-(CF3)2Pz] Cu}3  and the formation of new orange color product.  

Figure 14 shows the absorption spectra for {[3,5-(CF3)2 Pz]}6 Cu 6 

(Pyrazine)6 in the UV and visible region  using a different concentrations. As the 

concentration increases, there is a shift from the UV region to the visible region; in 

addition, the color of the solution becomes more intense and darker. This probably 

took place due to the ligand to metal charge transfer and the π-π* transition.  
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Fig. 13: Quenching of the luminescence of the copper trimer {[3,5-(CF3)2Pz] Cu}3 

versus reaction time with solid pyrazine as it sublime. 
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Fig. 14: The absorption spectra at different concentrations of {[3,5-(CF3)2Pz] }6 

Cu6 Pyrazine 6  in acetonitrile at1x10
-2

M, 1x10
-3

M and 1x10
-5

M. 
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3.1.1.3. Characterization using 1HNMR, TGA, FT-IR spectra 

1
H NMR measurements of {[3,5-(CF3)2Pz] }6 Cu6 Pyrazine 6 were done 

using  (d3) deuterated acetonitrile. Here we are illustrating the 
1
H NMR spectra of 

{[3,5-(CF3)2Pz] }6 Cu6 Pyrazine 6. As expected, the proton NMR spectra of the 

fluorinated cooper pyrazolates lack the broad peak corresponding to the C-H proton 

of the pyrazoles at around δ = 7.0 
(13)

. However, the 
1
H NMR signal corresponding 

to the protons at the pyrazolyl ring shows a small downfield shift compared to the 

pyrazine alone. Figure 15 represents the 
1
H NMR spectrum of {[3,5-(CF3)2Pz] 

}6Cu6Pyrazine 6. The sharp peaks at δ = 8.70 are assigned to the Pyrazine proton. 

 Fig. 15: The 
1
H NMR (400 MHz) spectrum of {[3,5-(CF3)2Pz] }6 Cu6 Pyrazine 6 in 

Acetonitrile d3 

A 

B 
Solvent   peak 
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The product {[3,5-(CF3)2Pz]}6Cu6 Pyrazine6 has this formula structure: (C43 

H20 Cl2 Cu6 F36 N18: MW: 1924.91g/mol). Cu2 weight %= (63.546*6/1924.91) 

x100= 19.80 %. Theoretically, there is 19.80% of copper in 1924.91g/mol. TGA 

(Q50 V6.7) analysis in Figure 16 shows 98.55% weight loss of the organic ligands 

in {[3,5-(CF3)2Pz] }6 Cu6 Pyrazine6. This indicates that the product sublimes at 

200° C. The remaining 1.45% percentage at 1000°
 
C is probably due to impurities 

in the sample (powder).  

The IR spectra for {[3,5-(CF3)2Pz] }6 Cu6 Pyrazine6 shown in Figure 17 

confirm the presence of the ligands in the product. 

 

 

Fig. 16: TGA (Q50 V6.7) analysis of {[3,5-(CF3)2Pz] }6 Cu6 Pyrazine6. 
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Fig. 17: FT-IR spectrum of {[3,5-(CF3)2Pz] }6 Cu6 Pyrazine 6. 

3.1.2. {[3,5-(CF3)2Pz]}2 Cu2 Pyrazine2  (B) 

3.1.2.1. The X-ray crystallographic data 

In this section, the x-ray crystallographic data will be discussed in detail. Table 

2(A) shows that {[3,5-(CF3)2Pz] }2 Cu2 Pyrazine2  was crystallized in the P  1 space 

group with a = 9.8425(5) Å, b = 12.2763(6) Å, c = 13.2130(6) Å, = 83.3060(10)°, 

 = 85.8950(10)°, and  = 75.7100(10)°. {[3,5-(CF3)2Pz]}2 Cu2 Pyrazine2 

crystallizes in triclinic system as dimers and with one molecule in the asymmetric 

unit (for a Z value of 2). Figure 18 shows that copper (I) coordinates to two 

nitrogen atoms from different pyrazolate ligands and two nitrogen atoms from the 

pyridyl group in the pyrazine ligand to form a dimer with four coordinates. The 

backing structures in Figures 18 reveal on extended chains with small porosity. The 

hydrogen atoms were placed at calculated positions and refined using a riding 

model. The final full-matrix least-squares refinement on F2 gave R1:4.94% and 

wR2: 9.50% for all data. The goodness-of-fit was 1.032. Table 2(B) shows selected 

bond distances (Å) and angles (°) for {[3,5-(CF3)2Pz]}2 Cu2 Pyrazine2. 
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Table 2 

(A) X-ray Crystallographic Data for {[3,5-(CF3)2Pz] }2 Cu2 Pyrazine2, (B) Selected 

bond distances (Å) and angles (°) for {[3,5-(CF3)2Pz] }2 Cu2 Pyrazine2. 

Empirical formula  C25 H18 Cu2 F12 N8 

Formula weight  785.55 

Temperature  200(2) K 

Wavelength  0.71073 Å 

Crystal system  Triclinic 

Space group  P -1 

Unit cell dimensions A = 9.8425(5)Å    = 83.3060(10)°. 

B = 11.174(5) Å     = 85.8950(10)°. 

C = 13.2130(6)Å   =  75.7100(10)°. 

Volume 1535.05(13)Å3 

Z 2 

Density (calculated) 1.700 Mg/m3 

Absorption coefficient 1.490 mm-1 

F(000) 780 

Crystal size 0.22 x 0.14 x 0.03 mm3 

Theta range for data collection 1.72 to 27.14°. 

Index ranges -12<=h<=12, -15<=k<=15, -16<=l<=16 

Reflections collected 15834 

Independent reflections 6782 [R(int) = 0.0416] 

Completeness to theta = 27.14° 99.6 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.9637 and 0.7343 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 6782 / 0 / 425 

Goodness-of-fit on F2 1.032 

Final R indices [I>2sigma(I)] R1 = 0.0343, wR2 = 0.0873 

R indices (all data) 
R1 = 0.0494, wR2 = 0.0950 

Largest diff. peak and hole 0.517 and -0.489 e.Å-3 

(A) 

BOND 

Cu(1)-N(1) 

Cu(1)-N(8) 

Cu(1)-N(3) 

Cu(1)-N(5) 

N(1)-C(1) 

Bond Lengths Å 

2.0006(19) 

2.0216(19) 

2.028(2) 

2.1618(19) 

1.343(3) 

BOND 

N(1)-Cu(1)-N(8) 

N(1)-Cu(1)-N(3) 

N(8)-Cu(1)-N(3) 

N(1)-Cu(1)-N(5) 

N(8)-Cu(1)-N(5) 

 

Bond Lengths Å 

116.34(8) 

118.64(8) 

110.36(8) 

103.56(7) 

103.00(7) 

(B) 
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Fig. 18: Molecular structure and packing diagrams from the crystal structure of 

{[3,5-(CF3)2Pz] }2 Cu2 Pyrazine2,  showing the extended polymeric porous phase. 
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3.1.2.2. Absorption spectra 

Figure 19 shows intense absorption spectra for {[3,5-(CF3)2Pz] }2 Cu2 

Pyrazine2   in the UV and visible regions  using different concentrations. As the 

concentration increases, there is a shift from the UV region to the visible region; in 

addition, the color of the solution becomes more intense and darker. This probably 

takes place due to the ligand to metal charge transfer and the π-π* transition.  

 

 

 

 

 

Fig. 19: The absorption spectrum at different concentrations of {[3,5-(CF3)2Pz] }2 

Cu2 Pyrazine2  in acetonitrile at1x10
-2

M, 1x10
-3

M and 1x10
-5

M. 
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3.1.2.3. Characterization using 
1
HNMR, TGA, FT-IR spectra 

1
H NMR measurements of {[3,5-(CF3)2Pz] }2 Cu2 Pyrazine2  were done 

using  (d3) deuterated acetonitrile. Here we illustrate the 
1
H NMR spectra of {[3,5-

(CF3)2Pz]}2 Cu2 Pyrazine2. As expected, the proton NMR spectra of the fluorinated 

cooper pyrazolates lack the broad peak corresponding to the C-H proton of the 

pyrazoles at around δ = 7.0 
(13)

. However, the 
1
H NMR signal corresponding to the 

protons at the pyrazolyl ring shows a small downfield shift compared to the 

pyrazine alone. Figure 20 presents the 
1
H NMR spectrum of {[3,5-(CF3)2Pz] }2 Cu2 

Pyrazine2. The sharp peaks at δ = 8.70are assigned to the Pyrazine proton. 

 

 

Fig. 20: The 
1
H NMR (400 MHz) spectrum of {[3,5-(CF3)2Pz] }2 Cu2 Pyrazine2  in 

Acetonitrile d3 

 

The product {[3,5-(CF3)2Pz] }2 Cu2 Pyrazine2  has this formula structure: 

(C25 H18 Cu2 F12 N8: MW: 785.55g/mol). Cu2 weight %= (63.546*2/785.55) 
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x100= 16.17%. Theoretically, there is 16.17 % of copper in 785.55g /mol. The 

TGA (Q50 V6.7) analysis presented in Figure 21 shows 97.49% weight loss of the 

organic ligands in {[3,5-(CF3)2Pz] }2 Cu2 Pyrazine2. This indicates that the product 

sublimes at 250° C. The remaining 2.51% percentage at 1000° C is probably due to 

impurities in the sample (powder). The IR spectra for {[3,5-(CF3)2Pz] }2 Cu2 

Pyrazine2  shown in Figure 22 confirm the presence of the ligands in the product. 

 

 

 

Fig. 21: TGA (Q50 V6.7) analysis of {[3,5-(CF3)2Pz] }2 Cu2 Pyrazine2. 
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Fig. 22: FT-IR spectrum of {[3,5-(CF3)2Pz] }2 Cu2 Pyrazine2 . 

3.1.3. {[3,5-(CF3)2Pz]}3 Cu3 Pyrazine3 (c) 

3.1.3.1. The X-ray crystallographic data 

In this section, the x-ray crystallographic data will be discussed in detail. Table 

3(A) shows that {[3,5-(CF3)2Pz]}3 Cu3 Pyrazine3 was crystallized in the P  1 space 

group with a = 11.9433(6) Å, b = 13.2270(6) Å, c = 15.0253(11) Å,  = 

98.8700(10)°,  = 108.6500(10)°, and = 116.3920(10)°. {[3,5-

(CF3)2Pz]}3Cu3Pyrazine3 crystallizes in triclinic system as dimers and with one 

molecule in the asymmetric unit (for a Z value of 2). Figure 23 shows that copper 

(I) coordinates to two nitrogen atoms from different pyrazolate ligands and one 

nitrogen atom from the pyridyl group in the pyrazine ligand to form a trimer with 

three coordinates. The backing structures shown in Figure 23 reveal on extended 

chains with small porosity. The hydrogen atoms were placed at calculated positions 

and refined using a riding model. The final full-matrix least-squares refinement on 

F2 gave R1: 5.31 % and wR2: 12.91 % for all data. The goodness-of-fit was 1.032. 
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Table 3 (B) shows selected bond distances (Å) and angles (°) for {[3,5-

(CF3)2Pz]}3Cu3 Pyrazine3. 

Table 3 

(A) X-ray Crystallographic Data for {[3,5-(CF3)2Pz]}3Cu3 Pyrazine3 (B) Selected 

bond distances (Å) and angles (°) for {[3,5-(CF3)2Pz]}3 Cu3 Pyrazine3. 

Empirical formula  C30 H18 Cu3 F18 N9 

Formula weight  1037.15 

Temperature  200(2) K 

Wavelength  0.71073 Å 

Crystal system  Triclinic 

Space group  P -1 

Unit cell dimensions A = 11.9433 (5)Å    =98.870°. 

B = 13.2270 (5) Å     = 108.650°. 

C = 15.0253 (6)Å   =  116.392°. 

Volume 1887.78(19) Å3 

Z 2 

Density (calculated) 1.825 Mg/m3 

Absorption coefficient 1.801 mm-1 

F(000) 1020 

Crystal size 0.36 x 0.23 x 0.11 mm3 

Theta range for data collection 1.53 to 27.10°. 

Index ranges -15<=h<=15, -16<=k<=16, -19<=l<=19 

Reflections collected 25717 

Independent reflections 8298 [R(int) = 0.0232] 

Completeness to theta = 27.10° 99.6 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.8293 and 0.5641 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 8298 / 0 / 541 

Goodness-of-fit on F2 1.032 

Final R indices [I>2sigma(I)] R1 = 0.0424, wR2 = 0.1199 

R indices (all data) R1 = 0.0531, wR2 = 0.1291 

Largest diff. peak and hole 1.005 and -0.639 e.Å-3 

(A) 

BOND 

Cu(1)-N(3) 

Cu(1)-N(1) 

Cu(1)-N(7) 

N(2)-C(2) 

N(2)-N(6) 

Bond Lengths Å 

1.930(3) 

1.942(3) 

2.069(3) 

1.926(3) 

1.933(3) 

BOND 

N(3)-Cu(1)-N(1) 

N(3)-Cu(1)-N(7) 

N(1)-Cu(1)-N(7) 

C(2)-N(2)-N(6) 

C(2)-N(2)-Cu(8)#1 

Bond Lengths Å 

135.25(11) 

113.90(11) 

110.78(10) 

137.04(11) 

108.86(11) 

(B) 
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Fig. 23: Molecular structure and packing diagrams from the crystal structure of 

{[3,5-(CF3)2Pz]}3 Cu3 Pyrazine3,  showing the extended polymeric porous phase. 
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3.1.3.2. Absorption spectra 

Figure 24 shows intense absorption spectra for {[3,5-(CF3)2Pz]}3 Cu3 

Pyrazine3 in the UV region due to the ligand charge transfer and the π-π* transition. 

 

Fig. 24:  The absorption spectrum for {[3,5-(CF3)2Pz]}3 Cu3 Pyrazine3 in 

acetonitrile. 

 

3.1.3.3. Characterization using 
1
HNMR, TGA, FT-IR spectra 

1
H NMR measurements of {[3,5-(CF3)2Pz]}3 Cu3 Pyrazine3 were done using  

(d3) deuterated acetonitrile. Here we illustrate the 
1
H NMR spectra of {[3,5-

(CF3)2Pz]}3 Cu3 Pyrazine3. As expected, the proton NMR spectra of the fluorinated 

copper pyrazolates lack the broad peak corresponding to the C-H proton of the 

pyrazoles at around δ = 7.0
(13)

. However, the 
1
H NMR signal corresponding to the 
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protons at the pyrazolyl ring shows a small downfield shift compared to the 

pyrazine alone. Figure 25 presents the 
1
H NMR spectrum of {[3,5-(CF3)2Pz]}3 Cu3 

Pyrazine3. The sharp peaks at δ = 8.56 are assigned to the Pyrazine proton.  

 

Fig. 25: 
1
H NMR (400 MHz) spectrum of {[3,5-(CF3)2Pz]}3 Cu3 Pyrazine3  in 

Acetonitrile d3 

 

The product {[3,5-(CF3)2Pz]}3 Cu3 Pyrazine3 has this formula structure: 

(C30 H18 Cu3 F18 N9: MW: 1037.15g/mol). Cu2 weight %= (63.546*3/1037.15) 

x100= 18.38%. Theoretically, there is 18.38 % of copper in 1037.15g /mol. The 

TGA (Q50 V6.7) analysis presented in Figure 26 shows 97.27% weight loss of the 

organic ligands in {[3,5-(CF3)2Pz]}3 Cu3 Pyrazine3. This indicates that the product 

sublimes at 250° C. The remaining 2.73% percentage at 1000°
 
C is probably due to 

impurities in the sample. 

  A 
 B 

Solvent   peak 
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The IR spectra for {[3,5-(CF3)2Pz]}3 Cu3 Pyrazine3 shown in Figure 27 

confirm the presence of the ligands in the product. 

 Fig. 26: TGA (Q50 V6.7) analysis of {[3,5-(CF3)2Pz]}3 Cu3 Pyrazine3. 

 

Fig. 27: The FT-IR spectrum of {[3,5-(CF3)2Pz]}3 Cu3 Pyrazine3. 
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3.1.4. {[3,5-(CF3)2Pz]}6 Ag 6 (pyrazine)2  

3.1.4.1. The X-ray crystallographic data 

In this section, the x-ray crystallographic data will be discussed in detail. Table 

4(A) shows that {[3,5-(CF3)2Pz]}6 Ag 6 (pyrazine)2 was crystallized in the P  1 space 

group with a = 10.537(4) Å, b = 11.355(4) Å, c = 15.527(5) Å,  = 98.364(5)°,  = 

105.997(5)°, and  = 106.056(5)°. {[3,5-(CF3)2Pz]}6 Ag 6 (pyrazine)2  crystallizes in 

the triclinic system as dimers and with one molecule in the asymmetric unit (for a Z 

value of 1). Figure 28 shows that silver (I) coordinates to two nitrogen atoms from 

different pyrazolate ligands and one nitrogen atom from the pyridyl group in the 

pyrazine ligand to form a dimer with three coordinates. The backing structures in 

Figure 28 reveal on extended chains with small porosity. The hydrogen atoms were 

placed at calculated positions and refined using a riding model. The final full-

matrix least-squares refinement on F2 gave R1:8.02% and wR2:16.78% for all data. 

The goodness-of-fit was 1.030. Table 4(B) shows selected bond distances (Å) and 

angles (°) for {[3,5-(CF3)2Pz]}6 Ag 6 (pyrazine)2. 
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Table 4 

(A) X-ray Crystallographic Data for {[3,5-(CF3)2Pz]}6 Ag 6 (pyrazine)2, (B) 

Selected bond distances (Å) and angles (°) for {[3,5-(CF3)2Pz]}6 Ag 6 (pyrazine)2. 

Empirical formula  C50 H26 Ag6 F36 N16 
Formula weight  2182.09 
Temperature  200(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P -1 
Unit cell dimensions A = 10.537(4) Å  = 98.364(5)°. 

B = 11.355(4) Å = 105.997(5)°. 
C = 15.527(5) Å  = 106.056(5)°. 

Volume 1666.0(9) Å3 
Z 1 
Density (calculated) 2.175 Mg/m3 
Absorption coefficient 1.880 mm-1 
F(000) 1044 
Crystal size 0.32 x 0.13 x 0.12 mm3 
Theta range for data collection 1.41 to 26.93°. 
Index ranges -13<=h<=13, -14<=k<=14, -19<=l<=19 
Reflections collected 15589 
Independent reflections 7118 [R(int) = 0.0473] 
Completeness to theta = 26.93° 98.5 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.8045 and 0.5837 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 7118 / 2 / 527 

Goodness-of-fit on F2 1.035 

Final R indices [I>2sigma(I)] R1 = 0.0560, wR2 = 0.1429 
R indices (all data) R1 = 0.0802, wR2 = 0.1678 
Largest diff. peak and hole 1.693 and -1.357 e.Å-3 

(A) 

BOND 

Ag(1)-N(6) 

Ag(1)-N(1) 

Ag(2)-N(2) 

Ag(2)-N(3) 

Ag(2)-N(7) 

Bond Lengths Å 

2.076(6) 

2.088(6) 

2.138(5) 

2.141(6) 

2.558(6) 

BOND 

N(6)-Ag(1)-N(1) 

N(2)-Ag(2)-N(3) 

N(2)-Ag(2)-N(7) 

N(3)-Ag(2)-N(7) 

N(4)-Ag(3)-N(5) 

Bond Lengths Å 

176.7(2) 

168.8(2) 

96.0(2) 

95.1(2) 

168.3(2) 

 

(B) 
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Fig. 28: Molecular structure and packing diagrams from the crystal structure of 

{[3,5-(CF3)2Pz]}6 Ag 6 (pyrazine)2,  showing the extended polymeric porous phase. 
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3.1.4.2. Photoluminescence and absorption spectra 

This section discusses the photophysical results for {[3,5-(CF3)2Pz]}6 Ag6 

(pyrazine)2. The complex exhibited blue photoluminescence (PL) in the solid state 

at room temperature (RT) and green photoluminescence (PL) in the solid state at 

77K. However, it didn’t exhibit any PL in solution. All the steady state (emission 

and excitation) spectra and their lifetime at RT and 77K are shown in Figures 29 

and 30. The photoluminescence excitation (PLE) band, with maximum at λexc= 

334 nm, and the emission band, with maximum at λem= 483 nm, were observed for 

the solid (powder) at RT. The RT emission lifetime was 30.54 μs, while the 77K 

emission lifetime was 106.04 μs, which suggests phosphorescence from a triplet-

excited state. On the other hand, Figure 31 shows intense absorption spectra for 

{[3,5-(CF3)2Pz]}6 Ag 6 (pyrazine)2 in the UV region due to ligand charge transfer 

and π-π* intaraction with extinction coefficient = A/C= 1.5 / 1x10
-2

=1500, which 

indicates that transition was allowed in the UV region.  

 

Fig. 29: Photoluminescence excitation (left) and emission (right) spectra of {[3,5-

(CF3)2Pz]}6 Ag6 (pyrazine)2 in a solid state at RT. 
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Fig. 30: Photoluminescence excitation (left) and emission (right) spectra of {[3,5-

(CF3)2Pz]}6 Ag6 (pyrazine)2 in a solid state at 77K. 

 
 

Fig. 31: The absorption spectrum of {[3,5-(CF3)2Pz]}6 Ag6 (pyrazine)2 in 

acetonitrile at RT. 
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3.1.4.3. Characterization using 
1
HNMR, TGA, FT-IR spectra 

1
H NMR measurements of {[3,5-(CF3)2Pz]}6 Ag 6 (pyrazine)2 were done using  (d3) 

deuterated acetonitrile. Here we illustrate the 
1
H NMR spectra of {[3,5-(CF3)2Pz]}6 

Ag 6 (pyrazine)2 . As expected, the proton NMR spectra of the fluorinated silver 

pyrazolates lack the broad peak corresponding to the C-H proton of the pyrazoles at 

around δ = 7.0 
(13)

. However, the 
1
H NMR signal corresponding to the protons at 

pyrazolyl ring shows a small downfield shift compared to the pyrazine alone. 

Figure 32 represents the 
1
H NMR spectrum of {[3,5-(CF3)2Pz]}6 Ag 6pyrazine2. The 

sharp peaks at δ = 8.70 are assigned to the pyrazine proton.  

 
Fig. 32: 1H NMR (400 MHz) spectrum of {[3,5-(CF3)2Pz]}6 Ag 6 (pyrazine)2  in 

Acetonitrile d3 

  A 
 B 

Solvent peak 
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The product {[3,5-(CF3)2Pz]}6 Ag6 (pyrazine)2 has this formula structure: 

(C50 H26 Ag6 F36 N16: MW: 2182.09g/mol). Ag2 weight %= 

(107.86*6/2182.09)x100= 29.65%. Theoretically, there is 29.65% of silver in 

2182.09g/mol. The TGA (Q50 V6.7) analysis in Figure 33 shows 96.92% weight 

loss of the organic ligands in {[3,5-(CF3)2Pz]}6 Ag 6 (pyrazine)2 . This indicates that 

the product sublimes at 280
o 

C. The remaining 3.08% percentage at 1000
o 

C is 

probably due to impurities in the sample. 

The IR spectra for {[3,5-(CF3)2Pz]}6 Ag6 (pyrazine)2, shown in Figure 34, confirm 

the presence of the ligands in the product. 

 

 

 

Fig. 33: TGA (Q50 V6.7) analysis of {[3,5-(CF3)2Pz]}6 Ag6 (pyrazine)2 
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Fig. 34: FT-IR spectrum of {[3,5-(CF3)2Pz]}6 Ag6 (pyrazine)2 

3.2 Results and Discussion for Copper and Silver Complexes with 2,2’-

Dipyridyl  

3.2.1. {[3,5-(CF3)2Pz]}2 Cu2 2,2’-Dipyridyl2   

3.2.1.1. The X-ray crystallographic data 

In this section, the x-ray crystallographic data will be discussed in detail. 

Table 5(A) shows that {[3,5-(CF3)2Pz] }2Cu22,2’-Dipyridyl2 was crystallized in the 

C 2/c space group with a = 24.5627(14) Å, b = 7.9815(4) Å, c = 19.5703(9) Å,  = 

90°, = 121.9290(10)°, and  = 90°.{[3,5-(CF3)2Pz] }2Cu22,2’-Dipyridyl2 

crystallizes in the monoclinic system as dimers and with one molecule in the 
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asymmetric unit (for a Z value of 4). Figure 35 shows that copper (I) coordinates to 

two nitrogen atoms from different pyrazolate ligands and two nitrogen atoms from 

the pyridyl group in the 2,2’-Dipyridyl ligand to form a dimer with four 

coordinates. The backing structures in Figure 35 reveal on extended chains with 

small porosity. The hydrogen atoms were placed at calculated positions and refined 

using a riding model. The final full-matrix least-squares refinement on F2 gave R1: 

3.95% and wR2: 9.21% for all data. The goodness-of-fit was 1.039. Table 5(B) 

shows selected bond distances (Å) and angles (°) for {[3,5-(CF3)2Pz] }2Cu22,2’-

Dipyridyl2. 
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Table 5: 

(A) X-ray Crystallographic Data for {[3,5-(CF3)2Pz] }2Cu22,2’-Dipyridyl2, (B) 

Selected bond distances (Å) and angles (°) for {[3,5-(CF3)2Pz] }2Cu22,2’-

Dipyridyl2. 

Empirical formula  C30 H18 Cu2 F12 N8 

Formula weight  845.60 

Temperature  200(2) K 

Wavelength  0.71073 Å 

Crystal system  Monoclinic 

Space group  C 2/c 

Unit cell dimensions A = 24.5627(14) Å    =90°. 

B = 7.9815(4) Å         = 121.9290(10)°. 

C = 19.5703(9) Å       =  90°. 

Volume 3256.2(3) Å3 

Z 4 

Density (calculated) 1.725 Mg/m3 

Absorption coefficient 1.412 mm-1 

F(000) 1680 

Crystal size 0.19 x 0.14 x 0.06 mm3 

Theta range for data collection 1.95 to 27.08° 

Index ranges -31<=h<=31, -10<=k<=10, -25<=l<=25 

Reflections collected 15854 

Independent reflections 3578 [R(int) = 0.0254] 

Completeness to theta = 27.08° 99.9 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.9151 and 0.7753 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 3578 / 0 / 235 

Goodness-of-fit on F2 1.039 

Final R indices [I>2sigma(I)] R1 = 0.0321, wR2 = 0.0865 

R indices (all data) 
R1 = 0.0395, wR2 = 0.0921 

Largest diff. peak and hole 0.534 and -0.380 e.Å-3 

(A) 

BOND 

Cu(1)-N(1) 

Cu(1)-N(2)#1 

Cu(1)-N(3) 

Cu(1)-N(4) 

N(1)-C(1) 

Bond Lengths Å 

1.9894(18) 

1.9966(17) 

2.0485(18) 

2.1038(18) 

1.344(3) 

BOND 

N(1)-Cu(1)-N(2)#1 

N(1)-Cu(1)-N(3) 

N(2)#1-Cu(1)-N(3) 

N(1)-Cu(1)-N(4) 

N(2)#1-Cu(1)-N(4) 

Bond Lengths Å 

116.06(7) 

118.80(7) 

119.17(7) 

108.64(7) 

106.61(7) 

(B) 
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Fig. 35: Molecular structure and packing diagrams from the crystal structure of 

{[3,5-(CF3)2Pz] }2Cu2 2,2’-Dipyridyl2,  showing the extended polymeric porous 

phase. 

 

 

 

 



59 
 
 
 

3.2.1.2. Absorption spectra 

 Figure 36 shows intense absorption spectra for {[3,5-(CF3)2Pz]}2Cu22,2’-

Dipyridyl2 in the UV region and the peak in the visible region with shoulder due to 

the ligand charge transfer and the π-π* transition.  

Fig. 36: The absorption spectrum for {[3,5-(CF3)2Pz] }2Cu22,2’-Dipyridyl2 in 

acetonitrile. 

3.2.1.3. Characterization using 
1
HNMR, TGA, FT-IR spectra 

1
H NMR measurements of {[3,5-(CF3)2Pz] }2Cu22,2’-Dipyridyl2   were done 

using  (d3) deuterated acetonitrile. Here we illustrate the 
1
H NMR spectra of {[3,5-

(CF3)2Pz] }2Cu22,2’-Dipyridyl2. As expected, the proton NMR spectra of the 

fluorinated cooper pyrazolates lack the broad peak corresponding to the C-H proton 

of the pyrazoles at around δ = 7.0 
(13)

. However, the 
1
H NMR signal corresponding 

to the protons at pyrazolyl ring shows a small downfield shift. Figure 37 represents 
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the 
1
H NMR spectrum of {[3,5-(CF3)2Pz] }2Cu22,2’-Dipyridyl2 compared to 2,2’-

Dipyridyl alone. The sharp peaks at δ = 6.90, 7.75, 8.56, and 8.77 are assigned to 

the 2,2’-Dipyridyl proton.  

 Fig. 37: 
1
H NMR (400 MHz) spectrum of {[3,5-(CF3)2Pz] }2Cu22,2’-Dipyridyl2  in 

Acetonitrile d3 

The product {[3,5-(CF3)2Pz] }2Cu22,2’-Dipyridyl2 has this formula 

structure: (C30 H18 Cu2 F12 N8: MW: 845.60g/mol). Cu2 weight %= 

(63.546*2/845.60) x100= 15.02%. Theoretically, there is 15.02 % of copper in 

845.60g /mol. The TGA (Q50 V6.7) analysis in Figure 38 shows 96.26% weight 

loss of the organic ligands in {[3,5-(CF3)2Pz] }2Cu22,2’-Dipyridyl2. This indicates 

that the product sublimes at 350°
 
C. The remaining 3.74% percentage at 1000°

 
C is 

probably due to impurities and solvents in the sample. The IR spectra for {[3,5-

(CF3)2Pz] }2Cu22,2’-Dipyridyl2 shown in Figure 39 confirm the presence of the 

ligands (Pz, 2,2’-Dipyridyl) in the product. 

 A 

 B 

Solvent  peak 

 D 

 C 

 E 
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 Fig. 38: TGA (Q50 V6.7) analysis of {[3,5-(CF3)2Pz] }2Cu22,2’-Dipyridyl2. 

 

Fig. 39:  The FT-IR spectrum of {[3,5-(CF3)2Pz] }2Cu22,2’-Dipyridyl2. 
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3.2.2. {[3,5-(CF3)2Pz]Ag}2 2,2’-Dipyridyl2   

3.2.2.1. The X-ray crystallographic data 

In this section, the x-ray crystallographic data will be discussed in detail. 

Table 6(A) shows that {[3,5-(CF3)2Pz]Ag}2 2,2’-Dipyridyl2 was crystallized in the P  

1 space group with tetragonal system with a = 12.4062(6) Å, b = 12.7452(6) Å, c = 

12.7492(6) Å ,  = 64.9870(10)°,  = 79.6320(10)°, and  = 66.2520(10)°.   

{[3,5-(CF3)2Pz]Ag}2 2,2’-Dipyridyl2 crystallizes in triclinic system as dimers and 

with one molecule in the asymmetric unit (for a Z value of 2). Figure 40 shows that 

silver (I) coordinates to two nitrogen atoms from different pyrazolate ligands and 

two nitrogen atoms from the pyridyl group in the 2,2’- dipyridyl ligand to form a 

dimer with four coordinates. The backing structures in Figure 40 reveal on 

extended chains with small porosity. The hydrogen atoms were placed at calculated 

positions and refined using a riding model. The final full-matrix least-squares 

refinement on F2 gave R1:4.78% and wR2:12.24% for all data. The goodness-of-fit 

was 1.012. Table 6(B) shows selected bond distances (Å) and angles (°) for {[3,5-

(CF3)2Pz] Ag}2 2,2’-Dipyridyl2. 
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Table 6: 

(A) X-ray Crystallographic Data for {[3,5-(CF3)2Pz]Ag}2 2,2’-Dipyridyl2 , (B) 

Selected bond distances (Å) and angles (°) for {[3,5-(CF3)2Pz]Ag}2 2,2’-Dipyridyl2. 

Empirical formula  C30 H18 Ag2 F12 N8 
Formula weight  934.26 
Temperature  200(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P -1 
Unit cell dimensions A =  12.4062(6) Å = 64.9870(10)°. 

B =  12.7452(6) Å = 79.6320(10)° 
 C = 12.7492(6) Å  = 66.2520(10)°. 

Volume 1672.03(14) Å3 
Z 2 
Density (calculated) 1.856 Mg/m3 
Absorption coefficient 1.274 mm-1 
F(000) 912 
Crystal size 0.29 x 0.19 x 0.15 mm3 
Theta range for data collection 1.76 to 27.18°. 
Index ranges -15<=h<=15, -16<=k<=16, -16<=l<=16 
Reflections collected 22468 
Independent reflections 7436 [R(int) = 0.0538] 
Completeness to theta = 27.18° 99.9 % 
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.8338 and 0.7081 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 7436 / 1 / 474 

Goodness-of-fit on F2 1.012 

Final R indices [I>2sigma(I)] R1 = 0.0447, wR2 = 0.1187 
R indices (all data) R1 = 0.0487, wR2 = 0.1242 
Largest diff. peak and hole 1.174 and -0.919 e.Å-3 

(A) 
 

BOND 

Ag(1)-N(1) 

Ag(1)-N(2) 

Ag(1)-N(4) 

Ag(1)-N(3) 

N(1)-C(1) 

Bond Lengths Å 

2.244(3) 

2.258(3) 

2.377(3) 

2.381(3) 

1.343(5) 

BOND 

N(6)-Ag(1)-N(2) 

N(1)-Ag(1)-N(4) 

N(2)-Ag(1)-N(4) 

N(1)-Ag(1)-N(3) 

N(2)-Ag(1)-N(3) 

Bond Lengths Å 

116.16(10) 

118.37(12) 

111.68(12) 

119.31(11) 

113.20(11) 

 

(B) 
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Fig. 40: Molecular structure and packing diagrams from the crystal structure of 

{[3,5-(CF3)2Pz]Ag}2 2,2’-Dipyridyl2, showing the extended polymeric porous phase. 
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3.2.2.2. Photoluminescence and absorption spectra 

The photophysical results for  {[3,5-(CF3)2Pz]Ag}2 2,2’-Dipyridyl2 are 

discussed in this section. The complex exhibited yellow photoluminescence (PL) in 

the solid state at room temperature (RT) at 77K. All of the steady state (emission 

and excitation) spectra and their lifetimes at RT and 77K are shown in Figures 41 

and 42. The photoluminescence excitation (PLE) band, with maxima at λexc= 556 

nm, and the emission band, with maximum at λem= 483 nm, were observed for the 

solid (powder) at RT. The RT emission lifetime was 11.97 μs, while the 77K 

emission lifetime was 14.16 μs, which suggests phosphorescence from a triplet-

excited state. On the other hand, Figure 43 shows intense absorption spectra for 

{[3,5-(CF3)2Pz]Ag}2 2,2’-Dipyridyl2 in the UV and visible regions due to the ligand 

charge transfer and the π-π* transition. 

 

Fig. 41: Photoluminescence excitation (left) and emission (right) spectra of {[3,5-

(CF3)2Pz]Ag}2 2,2’-Dipyridyl2  in a solid state at RT. 
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Fig. 42: Photoluminescence excitation (left) and emission (right) spectra of {[3,5-

(CF3)2Pz]Ag}2 2,2’-Dipyridyl2  in a solid state at 77K. 

 
 

Fig. 43: The absorption spectrum of {[3,5-(CF3)2Pz]Ag}2 2,2’-Dipyridyl2 in 

acetonitrile at RT. 
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3.2.2.3. Characterization using 
1
HNMR, TGA, FT-IR spectra 

1
H NMR measurements of {[3,5-(CF3)2Pz]Ag}2 2,2’-Dipyridyl2  were done using  

(d3) deuterated acetonitrile. Here we illustrate the 
1
H NMR spectra of {[3,5-

(CF3)2Pz]Ag}2 2,2’-Dipyridyl2. As expected, the proton NMR spectra of the 

fluorinated silver pyrazolates lack the broad peak corresponding to the C-H proton 

of the pyrazoles at around δ = 7.0 
(13)

. However, the 
1
H NMR signal corresponding 

to the protons at pyrazolyl ring 4-position shows a small downfield shift. Figure 44 

represents the 
1
H NMR spectrum of {[3,5-(CF3)2Pz]Ag}2 2,2’-Dipyridyl2. The 

sharp peaks at δ = 6.98, 8.00, 8.55, and 8.80 are assigned to 2,2’-Dipyridyl proton.  

 

Fig. 44: 
1
H NMR (400 MHz) spectrum of {[3,5-(CF3)2Pz]Ag}2 2,2’-Dipyridyl2   in 

Acetonitrile d3 
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The product {[3,5-(CF3)2Pz]Ag}2 2,2’-Dipyridyl2  has this formula structure: 

(C30 H18 Ag2 F12 N8: MW: 934.26g/mol). Ag2 weight %= 

(107.86*2/934.26)x100= 23.08%. Theoretically, there is 23.08% of silver in 

934.26g/mol. The TGA (Q50 V6.7) analysis in Figure 45 shows 93.6% weight loss 

of the organic ligands in {[3,5-(CF3)2Pz]Ag}2 2,2’-Dipyridyl2. This indicates that 

the product sublimes at 300°
 
C. The remaining 6.94% percentage at 1000°

 
C is 

probably due to impurities in the sample (powder). The IR spectra for {[3,5-

(CF3)2Pz]Ag}2 2,2’-Dipyridyl2  shown in Figure 46 confirm the presence of the 

ligands (Pz, 2,2’-Dipyridyl) in the product. 

 

 

 

 

 

 

Fig. 45: (Q50 V6.7) analysis of {[3,5-(CF3)2Pz]Ag}2 2,2’-Dipyridyl2    
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Fig. 46: FT-IR spectrum of {[3,5-(CF3)2Pz]Ag}2 2,2’-Dipyridyl2 

3.3 Results and discussion for the silver complexes  

3.3.1. {[3,5-(CF3)2Pz]}2 Ag2bpa. 

3.3.1.1. The X-ray crystallographic data 

In this section, the x-ray crystallographic data will be discussed in detail. 

Table 7(A) shows that {[3,5-(CF3)2Pz]}2Ag2bpa was crystallized in the C 2/c space 
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group with a = 17.4650(10) Å, b = 14.5716(8) Å, c = 21.9619(12) Å ,  = 90°,  = 

109.5250(10)°, and  = 90°. {[3,5-(CF3)2Pz]}2Ag2bpa crystallizes in a monoclinic 

system as dimers and with one molecule in the asymmetric unit (for a Z value of 8). 

Figure 47 shows that silver (I) coordinates to two nitrogen atoms from different 

pyrazolate ligands and another nitrogen atom from the pyridyl group in the 1,2-

bis(4-pyridyl)ethane (bpa) ligand to form a dimer with three coordinates. The 

backing structures in Figure 47 reveal on extended chains with small porosity. The 

hydrogen atoms were placed at calculated positions and refined using a riding 

model. The final full-matrix least-squares refinement on F2 gave R1: 5.92% and 

wR2: 17.11% for all data.  The goodness-of-fit was 1.070. Table 7(B) shows 

selected bond distances (Å) and angles (°) for {[3,5-(CF3)2Pz]}2 Ag2bpa 
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Table 7: 

 

(A) X-ray Crystallographic Data for {[3,5-(CF3)2Pz]}2 Ag2bpa., (B) Selected bond 

distances (Å) and angles (°) for {[3,5-(CF3)2Pz]}2 Ag2bpa. 

Empirical formula  C22 H12 Ag2 F12 N6 
Formula weight  804.12 
Temperature  200(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  C 2/c 
Unit cell dimensions A = 17.4650(10) Å    = 90°, 

B = 14.5716(8) Å       = 109.5250(10)°, 

C = 21.9619(12) Å     = 90° 

Volume 5267.7(5) Å3 
Z 8 
Density (calculated) 2.028 Mg/m3 
Absorption coefficient 1.597 mm-1 
F(000) 3104 
Crystal size 0.17 x 0.16 x 0.10 mm3 
Theta range for data collection 1.87 to 27.13°. 
Index ranges -22<=h<=22, -18<=k<=18, -28<=l<=28 
Reflections collected 35359 
Independent reflections 5825 [R(int) = 0.0254] 
Completeness to theta = 27.13° 99.8 % 
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.8541 and 0.7752 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 5825 / 1 / 387 

Goodness-of-fit on F2 1.070 

Final R indices [I>2sigma(I)] R1 = 0.0502, wR2 = 0.1578 
R indices (all data) 

R1 = 0.0592, wR2 = 0.1711 
Largest diff. peak and hole 1.334 and -1.219 e.Å-3 

(A) 

BOND 

Ag(1)-N(1)#1 

Ag(1)-N(1) 

Ag(1)-N(5)#1 

Ag(1)-N(5)    

Ag(2)-N(3) 

Bond Lengths Å 

2.279(4) 

2.279(4) 

2.358(4) 

2.358(4)  

2.214(4) 

BOND 

N(3)-Ag(2)-N(6) 

N(3)-Ag(2)-N(2) 

N(6)-Ag(2)-N(2) 

N(1)-N(2)-C(3) 

N(1)-N(2)-Ag(2) 

Bond Lengths Å 

132.32(16) 

114.91(16) 

110.40(16) 

107.7(4) 

118.6(3) 

(B)  
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Fig. 47: Molecular structure and packing diagrams from the crystal structure of 

{[3,5-(CF3)2Pz]}2 Ag2bpa showing the extended polymeric porous phase 

3.3.1.2.  Absorption spectra. 

 Figure 48 shows intense absorption spectra for {[3,5-(CF3)2Pz]}2 Ag2bpa in 

the visible region due to the ligand charge transfer and π-π* transition with 
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extinction coefficient = A/C= 1 / 1 x 10
-2

=1000, which indicates transition is 

allowed in the visible region.  

 

 
Fig. 48: The absorption spectrum of {[3,5-(CF3)2Pz]}2 Ag2bpa  in acetonitrile at 

RT. 

3.3.1.3. Characterization using 
1
HNMR, TGA, FT-IR spectra 

1
H NMR measurements of {[3,5-(CF3)2Pz]}2 Ag2bpa were done using  (d3) 

deuterated acetonitrile. Here we illustrate the 
1
H NMR spectra of {[3,5-(CF3)2Pz]}2 

Ag2bpa. As expected, the proton NMR spectra of the fluorinated silver pyrazolates 

lack the broad peak corresponding to the C-H proton of the pyrazoles at around δ = 

7.0 
(13)

. However, the 
1
H NMR signal corresponding to the protons at the pyrazolyl 

ring 4-position shows a small downfield shift. Figure 49 presents the 
1
H NMR  

spectrum of {[3,5-(CF3)2Pz]}2 Ag2bpa. The sharp peaks at δ = 7.50, 7.80, 8.55 and 
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9.00 are assigned to bpa. 

 

 

Fig. 49: 
1
H NMR (400 MHz) spectrum of {[3,5-(CF3)2Pz]}2 Ag2bpa in Acetonitrile 

d3 

The product {[3,5-(CF3)2Pz]}2 Ag2bpa has this formula structure: (C22 H12 

Ag2 F12 N6: MW: 804.12 g/mol). Ag2 weight %= (107.86*2/804.12)x100= 

26.82%. Theoretically, there is 26.82% of silver in 804.12g/mol. The TGA (Q50 

V6.7) analysis in Figure 50 shows 89.58% weight loss of the organic ligands in  

 A 
 B 

 D 

 

 C 
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{[3,5-(CF3)2Pz]}2 Ag2bpa. This indicates that the product sublimes at 350°
 
C. The 

remaining 7.1% percentage at 1000° C is probably due to impurities in the sample 

(powder). 

The IR spectra for {[3,5-(CF3)2Pz]}2 Ag2bpa shown in Figure 51 confirm 

the presence of the ligands (Pz, bpa) in the product. 

 

       Fig. 50: TGA (Q50 V6.7) analysis of {[3,5-(CF3)2Pz]}2 Ag2bpa. 
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Fig. 51:  The FT-IR spectrum of {[3,5-(CF3)2Pz]}2 Ag2bpa. 

 
3.3.2. {[3,5- {(CF3)2Pz]}2 Ag2 (1,10-Phenanthroline)2. 

3.3.2.1. The X-ray crystallographic data 

In this section, the x-ray crystallographic data will be discussed in detail. 

Table 8 (A) shows that {[3,5-{(CF3)2Pz]}2Ag2 (1,10-Phenanthroline)2 was 

crystallized in the p-1 space group with a = 11. 0702(9)Å, b = 13.3532(11)Å, c = 

13.5269(11)Å ,  = 80.2040(10)°,  = 69.5880(10)°, and  = 67.0310(10)°. {[3,5-

{(CF3)2Pz]}2Ag2 (1,10-Phenanthroline)2  crystallizes in a monoclinic system as 

dimers and with one molecule in the asymmetric unit (for a Z value of 2). Figure 52 

show that silver (I) coordinates to two nitrogen atoms from different pyrazolate 

ligands and tow nitrogen atoms from the pyridyl group in the 1,10-Phenanthroline 

ligand to form a dimer with four coordinates. The backing structures in Figure 52 

reveal on extended chains with small porosity. The hydrogen atoms were placed at 

calculated positions and refined using a riding model. The final full-matrix least-

squares refinement on F2 gave R1: 3.43 % and wR2: 6.78 % for all data.  The 

goodness-of-fit was 1.070. Table 8 (B) shows selected bond distances (Å) and 

angles (°) for {[3,5-{(CF3)2Pz]}2Ag2 (1,10-Phenanthroline)2  
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Table 8: 

(A) X-ray Crystallographic Data for {[3,5-{(CF3)2Pz]}2Ag2 (1,10-Phenanthroline)2, 

(B) Selected bond distances(Å) and angles(°) for{[3,5-{(CF3)2Pz]}2Ag2(1,10-

Phenanthroline)2. 

Empirical formula  C34 H18 Ag2 F12 N8 
Formula weight  982.30 
Temperature  200(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  p-1 
Unit cell dimensions A = 11.0702(9) Å    = 80.2040(10)°, 

B = 13.3532(11) Å       = 69.5880(10)°, 

C = 21.9619(12) Å     = 67.0310(10)° 

Volume 1724.1 (2) Å3 
Z 2 
Density (calculated) 1.892 Mg/m3 
Absorption coefficient 1.241 mm-1 
F(000) 960 
Crystal size 0.26 x 0.14 x 0.11mm3 

Theta range for data collection 1.61 to 27.07°. 

Index ranges -14<=h<=14, -16<=k<=17, -17<=l<=17 

Reflections collected 16914 

Independent reflections 7384 [R(int) = 0.0301] 

Completeness to theta = 27.13° 97.4 % 

Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.8725 and 0.7385 

Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 7384 / 3 / 515 

Goodness-of-fit on F2 1.020 

Final R indices [I>2sigma(I)] R1 = 0.0267, wR2 = 0.0644 

R indices (all data) 
R1 = 0.0343, wR2 = 0.0678 

Largest diff. peak and hole 0.438 and -0.463 e.Å-3 

(A) 

BOND 

Ag(1)-N(1) 

Ag(1)-N(5) 

Ag(1)-N(8) 

Ag(1)-N(7)    

Ag(2)-N(3) 

Bond Lengths Å 

2.271(2) 

2.281(2) 

2.344(2) 

2.366(2)  

2.214(4) 

BOND 

N(1)-Ag(1)-N(5) 

N(1)-Ag(1)-N(8) 

N(5)-Ag(1)-N(8) 

N(1)-Ag(1)-N(7) 

N(5)-Ag(1)-N(7) 

Bond Lengths Å 

105.14(7) 

120.74(8) 

129.24(8) 

117.57(7) 

107.24(8) 

(B)  
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Fig. 52: Molecular structure and packing diagrams from the crystal structure of 

{[3,5-{(CF3)2Pz]}2Ag2 (1,10-Phenanthroline)2  showing the extended polymeric 

porous phase 
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3.3.2.2. Absorption spectra  

Figure 53 shows intense absorption spectra for {[3,5-{(CF3)2Pz]}2Ag2 (1,10-

Phenanthroline)2   in the UV and visible regions due to the ligand charge and the π-

π* transition. 

Fig. 53: The absorption spectrum of {[3,5-{(CF3)2Pz]}2Ag2 (1,10-Phenanthroline)2   

in acetonitrile at RT. 

3.3.2.3. Characterization using 1HNMR, TGA, FT-IR spectra 

1
H NMR measurements of {[3,5-{(CF3)2Pz]}2Ag2(1,10-Phenanthroline)2  

were done using (d3) deuterated acetonitrile. Here we illustrate the 
1
H NMR spectra 

of {[3,5- {(CF3)2Pz]}n Agn (1,10-Phenanthroline)n. As expected, the proton NMR 

spectra of the fluorinated silver pyrazolates lack the broad peak corresponding to 

the C-H proton of the pyrazoles at around δ = 7.0 
(13)

. However, the 
1
H NMR signal 

corresponding to the protons at the pyrazolyl ring 4-position shows a small 

downfield shift. Figure 54 represents the 
1
H NMR spectrum of  
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{[3,5-{(CF3)2Pz]}2Ag2 (1,10-Phenanthroline)2  . The sharp peaks at δ = 7.85, 7.95, 

8.38 and 9.00 are assigned to 1,10-Phenanthroline.  

Fig. 54: 
1
H NMR (400 MHz) spectrum of  

{[3,5-{(CF3)2Pz]}2Ag2 (1,10-Phenanthroline)2    in Acetonitrile d3 

The product {[3,5-{(CF3)2Pz]}2Ag2 (1,10-Phenanthroline)2   has this formula 

structure: (C34 H18 Ag2 F12 N8: MW: 982.30 g/mol) Ag2 weight % = 

(107.86*2/982.30)x100= 21.96%. Theoretically, there is 21.96% of silver in 

982.30g/mol. However, TGA (Q50 V6.7) analysis in Figure 55 shows 88.48 % 

weight loss of the organic ligands in {[3,5-{(CF3)2Pz]}2Ag2 (1,10-Phenanthroline)2. 

This indicates that the product sublimes at 350° C. The remaining 11.52% 

percentage at 1000° C is probably due to impurities in the sample (powder). The IR 

spectra for {[3,5-{(CF3)2Pz]}2Ag2 (1,10-Phenanthroline)2 shown in Figure 56 

confirm the presence of the ligands (Pz, 1,10-Phenanthroline) in the product. 
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Fig. 55: TGA 

(Q50 V6.7) analysis of {[3,5-{(CF3)2Pz]}2Ag2 (1,10-Phenanthroline)2 . 
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Fig. 56:  The FT-IR spectrum of {[3,5-{(CF3)2Pz]}2Ag2 (1,10-Phenanthroline)2 . 

3.4 Results and discussion for the mixed metal complexes 

The mixed metal complexes {[3,5-(CF3)2Pz]AgCu}n4,4’-Dipyridyl, and 

{[3,5-(CF3)2Pz]AgCu}AZO2 were prepared by means of a treatment of mixing 

trinuclear copper (I) and silver (I) complexes with excess corresponding linear 

bridging diimine ligands in benzene. Mixed metal complexes are air sensitive 

crystalline solids. It was possible to obtain a crystal structure from {[3,5-

(CF3)2Pz]AgCu}nAZOn, but not from {[3,5-(CF3)2Pz]AgCu}n4,4’-Dipyridyl. In this 

section, the photoluminescence spectra and the absorption properties of the mixed 

metal complexes are presented, along with their 
1
HNMR spectra, TGA, and FT-IR 

analyses.  
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3.4.1. {[3,5-(CF3)2Pz]AgCu}n4,4’-Dipyridyl 

3.4.1.1. Absorption spectra 

The intense absorption spectra shown in Figure 57 for {[3,5-(CF3)2Pz]AgCu}n4,4’-

Dipyridyl in the UV and visible regions are due to the ligand charge transfer and 

the π-π* transition. 

 

Fig. 57: The absorption spectrum for {[3,5-(CF3)2Pz]AgCu}n4,4’-Dipyridyl in 

acetonitrile. 

3.4.1.2. Characterization using 
1
HNMR, TGA, FT-IR spectra 

1
H NMR measurements of {[3,5-(CF3)2Pz]AgCu}n4,4’-Dipyridyl  were done using  

(d3) deuterated acetonitrile. Here we illustrate the 
1
H NMR spectra of {[3,5-

(CF3)2Pz]AgCu}n4,4’-Dipyridyl. As expected, the proton NMR spectra of the 

fluorinated cooper pyrazolates lack the broad peak corresponding to the C-H proton 
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of the pyrazoles at around δ = 7.0 
(13)

. However, the 
1
H NMR signal corresponding 

to the protons at the pyrazolyl ring shows a small downfield shift. Figure 58 

presents the 
1
H NMR spectrum of {[3,5-(CF3)2Pz]AgCu}n4,4’-Dipyridyl. The sharp 

peaks at δ = 7.95 and 8.77 are assigned to 4,4’-Dipyridyl.  

Fig. 58: 
1
H NMR (400 MHz) spectrum of {[3,5-(CF3)2Pz]AgCu}n4,4’-Dipyridyl in 

Acetonitrile d3. 

The expected percentage of the mixed metal Ag and Cu in {[3,5-

(CF3)2Pz]AgCu}n4,4’-Dipyridyl is around 20%. The TGA (Q50 V6.7) analysis in 

Figure 59 shows 52.57% weight loss of the organic ligands in {[3,5-

(CF3)2Pz]AgCu}n4,4’-Dipyridyl. This indicates that the Ag/Cu mixed-metal 

composition is left from the remaining percentage of 47.43%.  
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IR spectra for {[3,5-(CF3)2Pz]AgCu}n4,4’-Dipyridyl, shown in Figure 60, 

confirm the presence of the ligands (Pz, 4,4’-Dipyridyl) in the product. 

 

 Fig. 59: TGA (Q50 V6.7) analysis of {[3,5-(CF3)2Pz]AgCu}n4,4’-Dipyridyl. 

Fig. 60:  The FT-IR spectrum of {[3,5-(CF3)2Pz]AgCu}n4,4’-Dipyridyl. 
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3.5 Conclusion 

I n this study, we managed to synthesize different copper (1) as well as 

silver (1) complexes expediently from trinuclear Cu (I) and Ag (I) pyrazolate 

complexes with numerous bridging diimines ligands. Additionally, we succeeded in 

characterizing them by the use of X-ray crystallography, UV/VIS spectrometry, and 

1
HNMR, IR, TGA and photoluminescence. 

 

Fig. 61: Chematic representation and illustration of synthetic routes and 

coordination of copper (I) and silver (I) to different ligands. 
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On the basis of all of the crystal structures that we obtained, {[3,5-

(CF3)2Pz]Ag}6pyrazine2,{[3,5-(CF3)2Pz]Ag}22,2’-Dipyridyl,{[3,5-

(CF3)2Pz]Ag}2bpa, {[3,5-(CF3)2Pz] }n Cun Pyrazine n , {[3,5-(CF3)2Pz] Cu}2 2,2’-

Dipyridyl2,  and {[3,5-(CF3)2Pz]AgCu}AZO2,  we observed that the cyclic trinuclear 

unit could be broken down by the addition of pyridine-based diimine, forming three 

or four coordinate dinuclear units, except with pyrazine, where on the polymorph 

for copper we obtained sustained  trinuclear structure while coordination to the 

pyrazine. Because the chosen ligands are pyridine-based diimine linkers, the bridge 

connecting the pyridyl groups has a considerable role in the general size of the 

ligand, the geometry, and the intermetallic distances that are formed by the general 

complex together with the photophysical complexes features. 

When comparison of the silver complexes was done, it was discovered that 

porosity size inside the packed structures was enlarged due to the increasing of the 

bridge length connecting the pridyl groups. Thus, {[3,5-(CF3)2Pz]Ag}6(pyrazine)2, 

having a conjugated linker (demonstrated in Figure 28), has lesser porosity as 

compared to {[3,5-(CF3)2Pz]Ag}2bpa (demonstrated in Figure 47). It is possible to 

functionalize porosity for metal organic frameworks (MOFs) to be utilized in 

storage of gases such as hydrogen. Hence, by comparing copper complexes, we can 

claim that when conjugation is increased and the bridge length connecting the 

pyridyl groups is decreased, it usually increases the copper complexes’ stability. 

For instance, {[3,5-(CF3)2Pz]Ag}2 2,2’-Dipyridyl and {[3,5-

(CF3)2Pz]AgCu}n4,4’-Dipyridyl are less stable than {[3,5-(CF3)2Pz]}nCun 

Pyrazinen. 
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By comparing the reaction of trinuclear Cu (I) and Ag (I) pyrazolate with 

pyrazine, we found that the pyrazine has a stronger affinity to copper trimer than to 

silver trimer.  {[3,5-(CF3)2Pz] }n Cun Pyrazinen reacts very strongly and quickly 

specially in solid state, whereas {[3,5-(CF3)2Pz]Ag}6 pyrazine2  reacts but goes to 

completion only in the surface. On the other hand, in liquid state, the copper trimer 

replaces the silver trimer from the pyrazine complexes. Various synthetic routes of 

{[3,5-(CF3)2Pz] }n Cun Pyrazinen   result in various colors (dark orange, light orange  

and yellow). The deep color formation trends are on the basis of 2 factors, the first 

of which is the metal effect. Thus, state energy levels that are excited are lower for 

Cu, resulting in red-shifted electronic transitions. The second factor is the ligand 

effect, whereby countless conjugations of unsaturated ligand functionalities (C=N; 

C=C; N=N) with M centers result in radical red shifts in absorption color. 

Concerning the photophysical features, synchronization of monovalent silver (1) to 

a bridging ligand pyrazine leads to a compound with exciting tunable photophysical 

features. The RT photoluminescence (PL) of the complex displayed blue 

luminescence, with red emission being shifted as the temperature reduced because 

of a lessening the band gap, whereas a raising in the intensity resulted from non-

radiative relaxation. 

Figures 29 and 30 demonstrate the tunable 77K and RT emission at 500 mm 

and 483 mm respectively. Studying this synchronization suggests that the emission 

may be accredited mainly to the Ag…Ag relations.  
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