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ABSTRACT 

LAURA SCOGGINS 

FINE AND COARSE TUNING OF THE PHOTOPHYSICAL AND CHEMICAL 

PROPERTIES OF CUPROUS IODIDE COMPLEXES WITH VARIOUS IMINE 

BASED LIGANDS 

 

MAY 2018 

 

This thesis is a study of copper iodide complexes with various imine based ligands. It has 

150pp, 17 tables, 112 figures, and the references for the study of these CuI complexes. The 

one main project is discussed over four chapters unfolding the synthesis, structure, and 

spectroscopic studies of the copper iodide complexes. Chapter I introduces the background 

of copper halide complexes, physical and photophysical properties of these complexes, and 

their potential applications. Chapter II discusses the synthesis of each copper iodide 

complex. Chapter III covers the characterization of the synthesized compounds including 

x-ray crystallography, elemental analysis, photoluminescence, lifetime, 1HMNR, FT-IR, 

absorption spectroscopy, and thermogravimetric analysis. Chapter IV concludes and 

summarizes the results obtained in Chapters II and III and the expected applications. 
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CHAPTER I

INTRODUCTION OF THE CHEMISTRY OF CUPROUS IODIDE COMPLEXES 

This thesis covers a study of synthesis, characterization and spectroscopy of cuprous halide 

complexes.  

1.1 Cuprous Halide Complexes 

For the past four decades, there has been a continuous interest in the photophysical 

properties of mono and polynuclear Copper(I) complexes, particularly CuX (X=halide).1-9

Cuprous halide materials are bright, relatively long-lived emitters.1 Due to these interesting 

properties, this work focuses on copper iodide (CuI) complexes which exhibit remarkable 

luminescent properties when combined with an organic ligand, such as pyridine. There 

have been previous studies on CuCl and CuBr complexes – however, cuprous iodide 

clusters tend to exhibit higher stability than the chloro or bromo analogues.10 For this 

reason, CuI clusters have been the focus of the majority of photophysical studies in regards 

to cuprous halide clusters.10 The inorganic-organic hybrid compounds combine the 

advantages of both organic compounds, having quick response speed with a straight 

forward synthetic approach, and inorganic compounds, having chemical, thermal, and 

mechanical stabilities.4 It should be noted that other d10 group 11 coinage metal complexes, 

such as Ag(I) and Au(I), also demonstrate similar behavior. Copper(I) complexes are 

reliable and greener alternatives to phosphorescent noble-metal complexes, such as 

iridium(III) and platinum; copper(I) is abundant in nature and is low cost when compared 
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to the noble-metal compounds.9 Moreover, a new challenge is presented in constructing 

solid state coordination polymers which exhibit novel electronic, magnetic, catalytic, and 

optical properties.11 In addition to their brilliant luminescent properties, copper(I) halide 

clusters containing diverse organic ligands have been reported to display a wide range of 

emission and excitation wavelengths and have shown to be highly efficient emitters.9 There 

are various type of CuX complexes, which have been reported in the literature, that have 

been designed to form a) clusters, b) coordination polymers, and c) molecular organic 

frameworks (MOFs). The following sections will review the unique (CuX-L)n designs and 

how their structures influence their photophysical properties. 

 

1.1.1 Copper Halide Clusters 

There is a particular interest in transition metals which have the d10 electron configuration, 

among these the mono and polynuclear cluster of copper(I) that display strong 

photoluminescent properties. Tetranuclear copper(I) clusters have been a large interest for 

inorganic chemistry, exhibiting remarkably rich photophysical properties.1 Early studies 

have shown that emission and excitation of aromatic adducts of cuprous halide complexes 

are temperature-dependent for solids of stoichiometry CuXL (L=ligand). This phenomenon 

is called luminescence thermochromism.1,2,3,10 The solid-state emission dynamics resulting 

in the phenomenon of luminescence thermochromism is due to the presence of two 

emissions of different energy, a low-energy (LE) emission band, prevalent at room 

temperature, and a high-energy (HE) emission band, dominant at 77K.1,2,3,10. Spectroscopic 

studies have indicated an iodide-to-ligand charge transfer (XLCT) nature is responsible for 
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the HE emission band. Dissimilarly, the low-energy band is a result of the transition with 

both iodide-to-copper charge transfer (XMCT) and metal-centered 3d → 4s promotion 

within the copper iodide core cluster; this phenomenon is labeled a cluster-centered (CC) 

transition. 1,2,3,10 Cluster-centered (CC) can be described as a mixture of XMCT and metal 

centered d → sp transitions1,2,3,10. The large Stokes shift of the LE system, which causes 

luminescence thermochromism, is connected to the distortion of the CC excited states. 

1,2,3,10 In addition to a) temperature and b) charge transfer characteristics affecting 

luminescent properties of CuI complexes, the c) structure of the complex, which have 

emissive features, have shown to affect the photophysical properties.1,12 The polynuclear 

copper complexes, which have a stair-step type structure (Figure 1a, (2)) display HE 

emission. The copper complexes which have a cubane structure (Figure 1a, (3)) display LE 

emission. The HE emission of the stair-step complexes have a greater Cu-Cu distance than 

the cubane clusters which exhibit LE emission. An illustrative example of these structures 

is displayed in Figure 1a, 1b and 1c, which exhibit the same stair-step and cubane properties 

in agreement with Peter Ford’s previous assignments.1-4,12 These assignments suggest that 

the complexes emission wavelength originates from a metal-centered phenomenon that 

involves more than one metal center.1 Due to the interest of how the structure correlates 

with the shifting of energy transitions (HE and LE) which affect the photoluminescent 

properties of copper iodide complexes, the synthesis, structural and photophysical 

characterizations, as well as the theoretical study of copper iodide clusters have continued 

to be studied in recent years.1,2,3,10,12  
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Figure 1. Structures, luminescence of products, and temperature dependent spectra of 

products as a function of temperature.(12) 
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One particular study was performed by examining CuI interactions with a diphosphine 

ligand, an analogue of the imine ligand1-4, when the derived geometry is cubane (Figure 

1b, (3)) or open-chair (Figure 1b, (2)), and comparing these to the novel geometry or the 

original copper(I) iodide cluster which is “eared-cubane” (Figure 1b, (1)).12 The structural 

differences of the three clusters were analyzed and luminescence spectra were obtained as 

a function of temperature to display the reversible thermochromism of the cubane and 

eared-cubane cluster (Figure 1c and Figure 1d). This study highlighted that cuprophilic 

interactions impact the photophysical properties of the cluster. Additionally, the data 

demonstrated that luminescence can be influenced by the structure of the cluster and by 

temperature. 

 

1.1.2 Coordination Polymers 

Many studies have been done on copper(I) iodide coordination networks, in addition to 

tetranuclear Copper(I) clusters. Reactions of copper(I) iodide with a variety of bridging 

bidentate N-donor ligands has been reported.5-7,11,13-20 Some examples of N-donor (Lewis-

base) ligands are pyrazine, phenanthroline, or quinoxaline. These ligands confirm the 

construction of CuI∞ staircase ladders (HE emission), linked by bridging ligands form a 

two-dimensional sheet, due to the angle between the N-donors of the ligand. Studies of 

copper(I) coordination networks help to further understand factors that control the structure 

of a copper halide complex. It is apparent that both the metal ion (CuI) and ligand are 

primary factors which control the structure of any array. The placement of CuI∞ bands 

within two-dimensional sheets is controlled by the length and angle of the donor bridging 
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heterocyclic ligand. Below are crystal structures of the previously mentioned metal-ligand 

complexes displaying how length and angle of the N-donor ligand influence the 

structure.14-1 

1.  2. 3.    

Figure 2. Coordination polymers -  of [(CuI)2(4,7-phen)]∞, [(CuI)2(pyz)]∞, and 

[(CuI)2(quin)]∞ (13) 

 

It was also concluded that there are subtle effects from π-π interactions and from solvent; 

these two factors seem to play a role in network structure. By varying the length of the 

bridging ligand, the separation between adjacent CuI∞ bands can be controlled. Reaction 

conditions and reaction compounds slightly alter the π-π interactions leads to varying 

emission spectra results prompting studies of tunable luminescent compounds. 9,13,18,19,21,22 

 

http://www.sigmaaldrich.com/catalog/product/aldrich/301868?lang=en&region=US
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1.1.3 Copper Halide Metal Organic Frameworks (MOFs)

 

Figure 3.(1) DABCO ligand, (2) The Cu4I4 and Cu6I6 cluster and their connectivity, (3) 

The structures of the molecular organic framework.(20) 

 

Historically, enormous efforts have been made in synthesizing coordination polymers 

which have desirable structures and molecular properties. Advancements have been made 

in understanding how stoichiometry plays part in synthesizing new coordination 

polymers.5 Cuprous Iodide clusters can also be used to create metal organic frameworks.20 

Several studies have shown that by mixing CuI clusters and mixed linear ligands, a three-

dimensional CuI cluster-based organic framework could be constructed. The compound 

(Figure 3, (2)) displayed a 4-connected network base on Cu4I4 and Cu6I6 clusters; the 

geometry of these cluster played a major role in the construction of the organic framework. 

The 4-connected nodes were composed of tetrahedral and pseudosquare planar geometry. 

The Cu4I4 and Cu6I6 ligand was 1,4-diazabicyclo(2,2,2)octane (DABCO) (Figure 3, (1)). 
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The three dimensional structure formula is (Cu4I4)2(Cu6I6)(DABCO)6. Figure 3 displays 

the DABCO ligand, the crystal structure of a single cluster and their connectivity along 

with the three-dimensional representation of the organic framework.20 Utilization of mixed 

CuI clusters can construct three-dimensional metal organic frameworks. The results 

modeled that this strategy can serve as a useful tool to enhance structural characteristics of 

copper iodide organic frameworks.20  

 

Figure 4. Structure of [Cu2Br2(bpy)] and [CuBr(bpy)] displaying the correlation of 

stochiometric control and structural relations.(5) 

 

 

Additionally, stoichiometry has proven to play a vital role in affecting the formation, 

structure, and topology of copper halide complexes. When reacting CuBr to bpy = 4,4’-
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bipyridine in a 1:2 and 1:1 ratio, vastly different coordination polymers were synthesized 

(Figure 4).When reacting CuBr and bpy in a 1:1 ratio, a three-dimensional network 

stoichiometric motif, Cu2X2(bpy)2 was synthesized. When reacting CuBr to bpy in a 1:2 

ratio, a three-dimensional network comprised of four interlocking planar lattices was 

produced.5  

 

1.2 Factors Attributing to Tunability 

Cuprous Iodide complexes have shown that photophysical properties can have wide range 

of tunability of emission color through coarse tuning by use of various and diverse 

ligands.1-24 Fine and coarse tunability can be demonstrated by introducing similar ligands 

to copper iodide and by finely tuning the substituents of the ligand.9 The metal-to-ligand 

charge transfer and ligand-to-ligand charge-transfer of the excited state can affect the 

emission energy (wavelength) of the complex.9 A study occurred in which the synthesis of 

two dinuclear copper(I) halide complexes with diphosphine ligands demonstrated the 

control of wide color tuning of the emission wavelength of a complex by introduction of 

N-heteroaromatic rings as cross-linkers between two diphenylphosphine groups at 298 K 

in the solid state (Figure 5).9 Due to structural differences from the benzene, mono or di N-

heteroaromatic rings, there was a difference in Energy (E), which also affects the variation 

of emission wavelength. The structure of the ligand which binds to the CuX impacted the 

HOMO and LUMO energies (Figure 5).9 The structural difference of varying the number 

of nitrogen caused the LUMO state to stabilize, resulting in red shifting of the emission 

wavelength (Figure 5). The more energy that was required to go from the HOMO state to 
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the LUMO state, the higher the frequency would be. The structural difference caused a 

decrease on the HOMO LUMO gap resulting a red shift of the emission (Figure 5).9 

 
Figure 5. Top: represent (a) Cu-bz, (b) Cu-py, and (c) Cu-pz perspective drawings, 

physical and photophysical colors; Middle: MO diagrams and orbital shapes related to 

the DFT calculated transitions, Bottom: luminescence spectra of complexes.(9) 
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1.3 Thermochromism and Mechanochromism 

Luminescence mechanochromism occurs when the emission color changes when a 

compound is placed under stress in the solid state. This can occur by grinding or crushing 

the compound. CuI clusters can have stimuli-responsive luminescence; this type of 

response has gained interest for the development of various technological applications to 

be utilized as smart photoactive materials. Responsive changes to being crushed or ground 

intensifies their usefulness for applications such as optical recording and memory devices, 

pressure or notion sensing systems, and damage dectors.23 A recent study synthesized two 

crystalline copper iodide clusters in one reaction, by reacting CuI with the alkoxysilane 

phosphine ligand, DABCO. The physical color of the polymorphs is identical, while the 

luminescent properties of the polymorphs differs; Compound 1 (1G) displays 

mechanochromic luminescence from green to yellow (1C), while compound 2 (1Y) 

remains a yellow luminescence when ground. 1G and 1Y are composed of the same cluster 

formula [Cu4I4(PPh2(CH2)2(CH3)2SiOSi(CH3)2(CH2)2PPh2)2]; however the green 

luminescent polymorph (1G) crystallized in monoclinic C2/c while the yellow polymorph 

(1Y) crystallized in triclinic P-1 with chloroform solvent molecules included formula 

[Cu4I4(PPh2(CH2)2(CH3)2SiOSi(CH3)2(CH2)2PPh2)2]·(CHCl3)0.5).
23  
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Figure 6. Molecular structure of clusters 1G and 1Y and the mean of selected bond 

length. Hydrogen atoms omitted for clarity.(23) 

 

The exploration of the physical properties of these copper iodide clusters to determine the 

cause of mechanochromic and thermochromic differences between the polymorphs. In 

addition to displaying mechanochromic behavior, compounds 1G, and its polymorph 1C 

displayed thermochromism as well. The polymorphism and mechanochromism induced 

different thermochromic luminescence properties of the clusters. After observing the 

luminescence under UV light when the clusters were at room temperature and at 77K, 

luminescence emission spectra was obtained for 1G, 1C, 1Y, and 1S (Figure 7). The change 

in temperature resulted in thermoluminescence. This in turn influenced the emissive 

properties of 1G and 1C resulting in the change in color.23 



13 

 

 

Figure 7. (left) Photos of 1G, 1Y, 1C, and 1S cluster under ambient light and UV light at 

312 nm under room temperature and in liquid nitrogen, (right) temperature dependent 

luminescence spectra for 1G, 1Y, 1C, and 1S. (23) 

 

1.4 Vapochromism 

Vapochromism occurs when the physical color of a compound changes colors upon the 

exposure of solvent vapors. Luminescence vapochromism occurs when a compounds 

photophysical properties are altered in the presence of solvent vapors. The primary 

application for vapochromic compounds are as sensors for detecting small-organic-

molecules (SAM) vapors.25 SAM vapors are hazardous, carcinogenic, and highly regulated 

compounds, such as benzene.25 Platinum [Pt(II)-3] and Gold [Au(I)-4] materials are often 

used for molecular SAM sensors; however, studies were performed showing Silver Trimer, 

{[3,5-(CF3)2Pz]Ag}3, to exhibit vapochromic luminescent properties in the presence of 

benzene, toluene, and mesitylene.25 Silver trimer is strongly π acidic, providing optimal 

conditions for forming crystalline solvates with the previously mentioned SAM vapors 
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(Figure 8).25 The study was done by creating a non-luminescent thin films of (1) and 

recording the change in the photoluminescence over time as the thin film was exposed to 

SAM vapors (Figure 9).25  

 
Figure 8. Molecular structure of silver trimmer and two limiting packing motifs for its 

binary adducts with benzene (middle) and mesitylene (right).(25) 

 

 
Figure 9. Luminescence vapochromism of a dry film of 1 upon interaction with benzene 

(a), toluene (b), and mesitylene (c) vapors, and PL spectra at RT (d; dashed/solid = 

excitation/emission) for crystals of mesitylene and benzene solvates of 1.(25) 
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Immediately after the thin film was exposed to benzene and toluene vapors, the previously 

non-luminescent thin film exhibited brilliant green photoluminescence; when exposed to 

mesitylene the thin film displayed bright blue photoluminescence. The longer the thin film 

was exposed to the SAM vapors, the greater the intensity of the vapochromic luminescence 

became (Figure 9). The process was completely reversible; the longer the thin film was 

exposed to the vapors, the longer it took for the photoluminescence signal to completely 

disappear. The solvent vapors could be removed using air drying, vacuum drying, or heat 

drying. This vapochromic feature created an “on/off” type process and was able to be 

repeated multiple times with the same results.25 The photophysical data obtained through 

luminescence spectroscopy indicated a sensing mechanism which involves ground-state π-

acid/π-base charge transfer interactions between the SAM and the thin-film sensor prior to 

the exciton formation.25   

 
Figure 10. I = [CuI(4-pic)]4 and II = [CuI(4-pic)]∞ (left).(7) Emission spectral changes 

during toluene induced II→I transformation (middle) and emission spectral changes 

during pentane induced I→ II transformation (right).(7) 

 

Cuprous Halide complexes have been reported as being sensitive to exposure of various 

solvents, resulting in physical or photophysical color changes. Figure 10 displays the 

emission spectra of the exposure of polymeric solid [CuI(4-picoline)]∞ to liquid or vapor 
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toluene; this resulted in the disappearance of the blue emission at room temperature and 

the appearance of a yellow emission. This process was reversible when the latter was 

exposed to n-pentane which is displayed in Figure 10. Not all cuprous halide complexes 

are sensitive to solvents, as [CuI(3-picoline)]x was not affected by the exposure to solvent. 

In this context, changes in the emission behavior due to the exposure to solvent offer 

various possibilities for construction of volatile organic compound sensors.7 

 

1.5 Solventless Synthesis 

Few data have been reported on inorganic complexes being synthesized using solventless 

synthesis techniques, which would address the green chemistry issue. A solventless 

synthesis is capable of reducing environmental contamination, and have proven to be more 

convenient than their solvent-based synthesis counterparts.26 Moreover, extensive effort 

are being made to develop chemical technologies that reduce or eliminate organic solvents 

used in synthesis. Organic chemists have reported excellent yields of various organic 

reactions by simply grinding reactants together at room temperature without utilizing 

solvent. A comparative study for surveying a series of reaction conditions to produce 

oximes was performed. Interestingly enough, utilizing solventless synthesis required the 

least amount of time and produced the highest product yield. Utilizing this process proved 

to be extremely simple, suitable, fast, efficient, and novel for preparing the desired 

compound (Figure 11).27  



17 

 

 
Figure 11. Effect of reaction conditions in yields.(27) 

 
Figure 12. Solvent free synthesis of imine derivatives.(26) 
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Figure 13. Gas phase reaction.(28) 

 

Another organic study utilized the same solventless conditions by grinding aldehyde to 

diphenyldisulphides diamine and ground the mixture using a mortar and pestle at room 

temperature for 5 to 20 minutes. Again, the alternative method, which provided a green 

chemistry approach, led to the formation of the desired imines and eliminated the use of 

hazardous solvents.26 Furthermore, utilizing the solventless synthetic technique produced 

high yields of the imine derivatives (Figure 12). A common solvent-free synthetic route 

that is currently being utilized is mechanochemical methods. Mechanochemistry can be 

used to grind together metal salts and organic ligands; this route has shown to be efficient 

in producing discrete metal complexes and coordination ligands.28 Other solvent-free 

synthesis routes are based on gas phase sublimation-deposition procedures of the 

complimentary volatile donor and acceptor building blocks (Figure 13).28 Gas phase 

sublimation-deposition procedures exclude solvents from interacting, or coordinating, or 

causing chemical transformations of the metal-ligand complex.28 Methods such as these 
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minimize waste disposal problems and provide a simple yet efficient example of an 

unconventional, greener procedure which requires little time for reactions to occur. 

Additionally, solventless synthesis provides chemical, economical, and environmental 

advantages.26,27,28 

 

1.6 Imines Based Compounds 

Imine based compounds are commonly occurring in nature and are utilized for various 

purposes. Some examples of imine based ligands are cyanopyridine, pyrazine, and 

quinoxaline. 3-cyanopyridine is used in manufacturing pharmaceutical products, such as 

Vitamin B3, nicotinamide and picolinate micronutrients. 4-cyanopyridine has be used as 

an intermediate in the development of pharmaceutical substances which treat tuberculosis. 

2-cyanopyridine is a chemical intermediate for rimiterol hydrobromide which is used as a 

bronchodilator; additionally, 2-cyanopyridine is used as an intermediate for pharmaceutical 

dyes and pigments. Pyrazine and quinoxaline are commonly used as cross-linking or 

bridging ligands in the synthesis of inorganic compounds. Quinoxaline is of used in dyes, 

pharmaceutical, and antibiotics. Quinoxaline and pyrazine have also been explored for their 

potential antitumoral properties. 

 

1.7 Potential Applications 

Due to Copper Iodide clusters and coordination polymers displaying remarkably rich 

photoluminescent properties1, they are low cost and abundant in nature in comparison to 

their noble-metal counter parts9, these compounds are optimal for being used in 
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technological applications such as electrical power, cellular devices, televisions, monitors, 

and etc.4,11,12 Organic Light Emitting Diodes (OLEDs) have a higher display performance 

when compared to their fluorescent counterparts. Additionally, with many Copper Halides 

compounds having luminescence thermochromism, and luminescence mechanochromism, 

these complexes could be utilized as temperature and pressure sensors due to their 

responsiveness to temperature and pressure changes.1-3,9,12,23,25 Cuprous halide complexes 

can also be utilized as vapor sensors, as some cuprous halide complexes display 

vapochromism.7,25 Moreover, Copper Iodide based coordination polymers can be used as 

electrical conductors, due to their conjugated organic bridges.23  

This research focuses on the synthesis and characterization of new complexes of copper 

iodide with different imine ligands for potential applications, such as electronic devices 

and temperature sensors. 
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CHAPTER II

THE SYNTHESIS OF VARIOUS COPPER IODIDE COMPLEXES 

This chapter discusses the synthesis, characterization, and spectroscopy of various copper 

halide complexes. The synthesis includes direct coordination copper iodide with various 

imine based ligands. Section 2.1 covers a description of chemicals and materials used to 

synthesize different copper iodide complexes. It also describes different instruments used 

for the characterization. Section 2.2.1 through 2.2.6 considers a detailed synthetic method 

for copper iodide complexes with various imines.  

2.1 Materials and Methods 

All synthetic reactions were carried out utilizing solventless and solvent-mediated 

conditions. Pyrazine (pyz), quinoxaline (quin), 4-cyanopyridine (4CP), 3-cyanopyridine 

(3CP), 2-cyanopyridine (2CP), and 5-bromo-3-cyanopyridine (5Br3CP), shown in figure 

14, were purchased from Sigma Aldrich, and were used as received. Solvents used in all 

experiments were purchased from Fisher ACS grade. NMR solvents were purchased from 

Sigma Aldrich, and were used as received. NMR spectra were acquired at 25°C on Varian 

400 MHz VNMRS spectrometer. The proton chemical shift is reported in ppm versus TMS. 

Infrared spectra were recorded on a Nicolet 6700 FT-IR spectrometer. Melting points were 

determined on a Mel-Tem capillary melting point apparatus. Emission and excitation 
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spectra were recorded from 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 performed by using liquid nitrogen as a coolant. Lifetime measurements were 

acquired using a high speed pulsed xenon lamp source interfaced to the PTI instrument 

along with an auto-calibrated “Quadrascopic” monochromator 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 recorded on a TA Q50 TGA equipped with high sensitivity balance and 

Integrated Mass Flow Controllers. The products were weighed on the milligram scale, and 

burned at 1000oC.  The weight percent of each component was analyzed and then compared 

with the theoretical percent. X-ray single crystals studies were performed on a CCD Bruker 

SMART APEX diffractometer 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. 

Structure were solved using SHELXTL 5.1 software package provided by Bruker 

Analytical x-ray systems, Inc. Elemental analysis results were performed and obtained by 

Intertek and then compared to x-ray crystal structure. 
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Figure 14. A list of the ligands used as starting materials 

                  

4-Cyanopyridine (4CP)      3-Cyanopyridine (3CP)           2-Cyanopyridine (2CP)

 

5-Bromo-3-cyanopyrdine (5Br3CP) 

                   

                                     Pyrazine (pyz)       Quinoxaline (quin) 
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Figure 15. The proposed synthetic route of reacting copper iodide with various imine 

based ligands under solvent-mediated and solventless condition 
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2.2 Experimental section 

 

2.2.1 Copper Iodide and 4-Cyanopyridine Reactions 

The following section will cover two different CuI and 4-cyanopyridine reactions using (a) 

solventless, (b) solvent mediated synthesis, and (c) crystallization techniques.  

 

2.2.1.a Solventless synthesis of CuI(4CP)  

CuI + 4CP  →  [CuI(4CP)] 

CuI (0.1 g, 1mmol) and 4-cyanopyridine (4CP) (0.11 g, 4mmol) were placed together in a 

glass vial, where the compounds instantly began to react in the presence of one another, 

turning yellow. The compounds were mechanically ground together to ensure complete 

reaction. The product was washed with ether to remove any unreacted excess ligand. The 

yellow product obtained had a red luminescence (Mp 78-83oC). When obtaining the 

melting point, the product seemed to evaporate at 198-235 oC, and the remaining powdered 

product turned white at 250oC. This was likely due to there being excess ligand, even after 

washing the product, and the remaining ligand dissociating from the CuI. The product was 

soluble in acetonitrile, requiring sonication. In this case, crystals were unable to be 

synthesized using solventless synthetic routes. Thermogravimetric analysis (TGA) of 

copper (%wt):  6.66%. H-NMR using as reference acetonitrile d3 δ: 8.8 corresponds to 4CP 

(C-H1) and 7.6 corresponds to 4CP (C-H2).  IR: aromatic C-H stretch:  3029.32cm-1, C≡N 

stretch: 2236.02 cm-1, C=C bend: 1603.02 cm-1, C-N aromatic stretch: 1207.04cm-1. It 

essential to point out that the changing molar ratio of the ligand from ratio 1:4 to ratio of 
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1:2 and 1:1 1seemed to product similar products with similar colors and exhibited red 

luminescence. 

 

2.2.1.b Solvent-mediated synthesis in MeCN of CuI(4CP)  

CuI + 4CP  →  [CuI(4CP)] 

4-Cyanopyridine (4CP) (0.11g, 4mmol) was dissolved in 10mL of acetonitrile. CuI (0.1g, 

1mmol) was added to the solution.  An orange precipitate started to form instantly. The 

product was collected using double trap vacuum filtration, removing the solvent, and 

further dried under vacuuming for 1 hour. The orange product obtained had red 

luminescence. When attempting to obtained the Mp, the product changed colors, turning 

from yellow to white, at 240-250oC. This was likely due to the ligand dissociating from the 

CuI. The product was soluble in acetonitrile. Thermogravimetric analysis (TGA) of copper 

(%wt):  14.87%. H-NMR using as reference acetonitrile d3 δ: 8.8 corresponds to 4CP (C-

H1) and 7.6 corresponds to 4CP (C-H2).  IR: aromatic C-H stretch:  3029.40cm-1, C≡N 

stretch: 2234.08 cm-1, C=C bend: 1601.08 cm-1, and C-N aromatic stretch: 1205.05cm-1. It 

essential to point out that the changing molar ratio of the ligand from ratio 1:4 to ratio of 

1:2 and 1:1 seemed to product similar products with similar colors and exhibited red 

luminescence. 
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2.2.1.c Crystallization of CuI & 4-Cyanopyridine  

CuI + 4CP  →  [CuI(4CP)] 

Crystals were grown by dissolving the solvent mediate powder in acetonitrile by heat and 

sonication. Afterwards slow evaporation of the solution for 5 days at room temperature 

resulted in obtaining x-ray quality crystals When obtaining the Mp. of the crystals, the 

crystals turned dark orange at 198 oC, then lighter orange at 220 oC; at 240-250 oC the 

crystals turned from orange to white, likely due to the ligand dissociating from the CuI. 

Thermogravimetric analysis (TGA) of copper (%wt):  13.28%. H-NMR using as reference 

acetonitrile d3 δ: 8.8 corresponds to 4CP (C-H1) and 7.6 corresponds to 4CP (C-H2).  IR: 

aromatic C-H stretch:  3025cm-1, C≡N stretch: 2231 cm-1, C=C bend: 1599 cm-1, C-N 

aromatic stretch: 1210 cm-1. It essential to point out that the changing molar ratio of the 

ligand from ratio 1:4 to ratio of 1:2 and 1:1 resulted in the same crystal structure which 

exhibited red luminescence property. 

 

2.2.2 Copper Iodide and 3-Cyanopyridine Reactions 

The following section will cover two different CuI and 3-cyanopyridine reactions using (a) 

solventless, (b) solvent mediated synthesis, and (c) crystallization techniques. 

 

2.2.2.a Solventless synthesis of CuI(3CP)  

CuI + 3CP  →  [CuI(3CP)] 

CuI (0.05 g, 1mmol) and 3-cyanopyridine (3CP) (0. 055g, 2mmol) were placed together in 

a glass vial, were the compounds instantly began to react in the presence of one another, 
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turning pale yellow. The compounds were mechanically ground together to ensure 

complete reaction. The product was washed with ether to remove any unreacted excess 

ligand. The yellow product obtained had a green luminescence. When obtaining the Mp 

the product decomposed at 188oC turning black. The product was soluble in acetonitrile, 

requiring sonication. In this case, crystals were unable to be synthesized using solventless 

synthetic routes. Thermogravimetric analysis (TGA) of copper (%wt): 33.13%. H-NMR 

using as reference acetonitrile d3 δ: 8.9 corresponds to 3CP (C-H1), 8.8 corresponds to 3CP 

(C-H2), 8.1 corresponds to 3CP (C-H3), and 7.5 corresponds to 3CP (C-H4). IR: aromatic 

C-H stretch:  3060.22cm-1, C≡N stretch: 2235.65 cm-1, C=C bend: 1588.54 cm-1, C-N 

aromatic stretch: 1202.34cm-1. It essential to point out that the changing molar ratio of the 

ligand from ratio 1:2 to ratio of 1:1 seemed to product similar products with similar colors 

and exhibited green luminescence. 

 

2.2.2.b Solvent-mediated synthesis in MeCN of CuI(3CP)  

CuI + 3CP  →  [CuI(3CP)] 

3-Cyanopyridine (3CP) (0.055g, 2mmol) was dissolved in 10mL of acetonitrile. CuI 

(0.05g, 1mmol) was added to the solution.  A yellow solution formed instantly. The product 

was collected using double trap vacuum filtration, removing the solvent, and further dried 

under vacuuming for 1 hour. The yellow product obtained had yellow luminescence. When 

obtaining the Mp the product decomposed between 207-225oC, turning black. The product 

was soluble in acetonitrile. Thermogravimetric analysis (TGA) of copper (%wt): 9.65%. 

H-NMR using as reference acetonitrile d3 δ: 8.9 corresponds to 3CP (C-H1), 8.8 
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corresponds to 3CP (C-H2), 8.1 corresponds to 3CP (C-H3), and 7.5 corresponds to 3CP 

(C-H4). IR: aromatic C-H stretch:  3065.24cm-1, C≡N stretch: 2232.66 cm-1, C=C bend: 

1589.22 cm-1, C-N aromatic stretch: 1204.69cm-1. It essential to point out that the changing 

molar ratio of the ligand from ratio 1:2 to ratio of 1: seemed to product similar products 

with similar colors and exhibited yellow luminescence. 

 

2.2.2.c Crystallization of CuI & 3-Cyanopyridine  

CuI + 3CP  →  [CuI(3CP)n] 

Crystals were obtained by layering two solutions. Solution 1: Using sonication, CuI was 

dissolved in 7mL of acetonitrile. Solution 2: Using sonication, 3CP was dissolved in 5mL 

of dichloromethane (DCM). Solution 2 was then added to solution 1. Afterwards slow 

evaporation of the solution for 1 week at room temperature resulted in obtaining yellow x-

ray quality crystals. The vial was then capped, and left for another 3 weeks, resulting in 

obtaining green x-ray quality crystals. Crystals were easily separated, due to their distinct 

physical features. The Mp of the green crystals was 223-226 oC. When obtaining the Mp 

of the yellow crystals, the crystals decomposed at 177oC, turning black. The green and 

yellow crystals were soluble in acetonitrile. Thermogravimetric analysis (TGA) of copper 

(%wt): 7.87% for the green crystals and (%wt): 18.32% for the yellow crystals. H-NMR 

using as reference acetonitrile d3 δ: 8.9 corresponds to 3CP (C-H1), 8.8 corresponds to 3CP 

(C-H2), 8.1 corresponds to 3CP (C-H3), and 7.5 corresponds to 3CP (C-H4) for both the 

green and yellow crystals. Green crystals IR: aromatic C-H stretch:  3043cm-1, C≡N stretch: 

2236 cm-1, C=C bend: 1588 cm-1, C-N aromatic stretch: 1206cm-1. Yellow crystals IR: 
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aromatic C-H stretch:  3043cm-1, C≡N stretch: 2235 cm-1, C=C bend: 1589cm-1, C-N 

aromatic stretch: 1206cm-1. It essential to point out that the changing molar ratio of the 

ligand from ratio 1:2 to ratio of 1:1 resulted in the same products which exhibited a green 

and yellow luminescence. 

 

2.2.3 Copper Iodide and 5-Bromo-3-Cyanopyridine Reactions 

The following section will cover two different CuI and 5-bromo-3-cyanopyridine reactions 

using (a) solventless and (b) solvent mediated synthesis techniques. 

 

2.2.3.a Solventless synthesis of CuI(5Br3CP)  

CuI + 5Br3CP  →  [CuI(5Br3CP)] 

CuI (0.05 g, 1mmol) and 5-bromo-3-cyanopyridine (5Br3CP) (0. 047g, 1mmol) were 

placed together in a glass vial, were the compounds instantly began to react in the presence 

of one another, turning pale yellow. The compounds were mechanically ground together 

to ensure complete reaction. The product was washed with ether to remove any unreacted 

excess ligand. The yellow product obtained had a yellow luminescence (Mp 217oC). The 

product was soluble in acetonitrile, requiring sonication. In this case, crystals were unable 

to be synthesized using solventless synthetic routes. Thermogravimetric analysis (TGA) of 

copper (%wt): 13.54%. H-NMR using as reference acetonitrile d3 δ: 8.94 corresponds to 

5Br3CP (C-H1), 8.88 corresponds to 5Br3CP (C-H2), and 8.35 corresponds to 5Br3CP (C-

H3). IR: aromatic C-H stretch:  3063.68cm-1, C≡N stretch: 2233.84 cm-1, C=C bend: 

1541.74 cm-1, C-N aromatic stretch: 1317.08cm-1, C-Br stretch: 515.79cm-1. It essential to 
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point out that the changing molar ratio of the ligand from ratio 1:2 to ratio of 1:1 seemed 

to product similar products with similar colors and exhibited yellow luminescence. 

 

2.2.3.b Solvent-mediated synthesis in MeCN of CuI(5Br3CP)  

CuI + 5Br3CP  →  [CuI(5Br3CP)] 

5-Bromo-3-cyanopyridine (5Br3CP) (0.047g, 1mmol) was dissolved in 10mL of 

acetonitrile. CuI (0.05g, 1mmol) was added to the solution.  A yellow solution formed 

instantly. The product was collected using double trap vacuum filtration, removing the 

solvent and further dried under vacuuming for 1 hour. The yellow product obtained had 

red luminescence (Mp 237oC). The product was soluble in acetonitrile. Thermogravimetric 

analysis (TGA) of copper (%wt): 11.29%. H-NMR using as reference acetonitrile d3 δ: 8.94 

corresponds to 5Br3CP (C-H1), 8.87 corresponds to 5Br3CP (C-H2), and 8.35 corresponds 

to 5Br3CP (C-H3). IR: aromatic C-H stretch:  3040.96cm-1, C≡N stretch: 2237.27 cm-1, 

C=C bend: 1554.57 cm-1, C-N aromatic stretch: 1214.10 cm-1, C-Br stretch: 551.93 cm-1. 

It essential to point out that the changing molar ratio of the ligand from ratio 1:2 to ratio of 

1:1 seemed to product similar products with similar colors and exhibited red luminescence. 

 

2.2.4 Copper Iodide and 2-Cyanopyridine Reactions 

The following section will cover two different CuI and 2-cyanopyridine reactions using (a) 

solventless, (b) solvent mediated synthesis, and (c) crystallization techniques. 
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2.2.4.a Solventless synthesis of CuI(2CP)  

CuI + 2CP  →  [CuI(2CP)] 

CuI (0.05 g, 1mmol) and 2-cyanopyridine (2CP) (0. 055g, 2mmol) were placed together in 

a glass vial, were the compounds instantly began to react in the presence of one another, 

turning yellow. The compounds were mechanically ground together to ensure complete 

reaction. The product was washed with ether to remove any unreacted excess ligand. The 

yellow product obtained had a yellow luminescence. When obtaining the Mp the product 

decomposed at 188oC, turning black. The product was soluble in acetonitrile, requiring 

sonication. In this case, crystals were unable to be synthesized using solventless synthetic 

routes. Thermogravimetric analysis (TGA) of copper (%wt): 5.96%. H-NMR using as 

reference acetonitrile d3 δ: 8.72 corresponds to 2CP (C-H1), 7.96 corresponds to 2CP (C-

H2), 7.86 corresponds to 2CP (C-H3), and 7.64 corresponds to 2CP (C-H4). IR: aromatic 

C-H stretch:  3078.37cm-1, C≡N stretch: 2234.62 cm-1, C=C bend: 1585.89 cm-1, C-N 

aromatic stretch: 1291.76cm-1. It essential to point out that the changing molar ratio of the 

ligand from ratio 1:2 to ratio of 1:1 seemed to product similar products with similar colors 

and exhibited yellow luminescence. 

 

2.2.4.b Solvent-mediated synthesis in MeCN of CuI(2CP)  

CuI + 2CP  →  [CuI(2CP)] 

2-Cyanopyridine (2CP) (0.055g, 2mmol) was dissolved in 10mL of acetonitrile. CuI 

(0.05g, 1mmol) was added to the solution.  A yellow solution formed instantly. The product 

was collected using double trap vacuum filtration, removing the solvent, and further dried 
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under vacuuming for 1 hour. The yellow product obtained had green luminescence. When 

obtaining the Mp the product decomposed between 214-218oC, turning black. The product 

was soluble in acetonitrile. Thermogravimetric analysis (TGA) of copper (%wt): 12.58%. 

H-NMR using as reference acetonitrile d3 δ: 8.73 corresponds to 2CP (C-H1), 7.99 

corresponds to 2CP (C-H2), 7.85 corresponds to 2CP (C-H3), and 7.65 corresponds to 2CP 

(C-H4). IR: aromatic C-H stretch:  3068.45cm-1, C≡N stretch: 2234.25 cm-1, C=C bend: 

1580.39 cm-1, C-N aromatic stretch: 1285.96 cm-1. It essential to point out that the changing 

molar ratio of the ligand from ratio 1:2 to ratio of 1: seemed to product similar products 

with similar colors and exhibited yellow luminescence. 

 

2.2.4.c Crystallization of CuI & Picolinamide (pia)  

CuI + 2CP 
𝐷𝑀𝑆𝑂 & 𝐻2𝑂 /𝐴𝑐𝑁
→              [Cu(pia)2]·I3 

Crystals were obtained by layering two solutions. Solution 1: Using sonication, CuI was 

dissolved in 7mL of acetonitrile. Solution 2: Using sonication, 2CP was dissolved in 5mL 

of dimethylsulfoxide (DMSO). Solution 2 was then added to solution 1. Upon the solutions 

mixing together, the vial exhibited exothermic behaviors. The vial was then capped, and 

left for several weeks, resulting in obtaining black x-ray quality crystals (Mp 270-275 oC). 

When the x-ray crystal structure was obtained, catalysis had occurred, resulting in the C≡N 

group converting to R-CONH2 and the dissociation of iodide from the copper. Iodide 

became the counter ion in the outer sphere of the crystal. Literature shows that in the 

presence of H2O and heat, R-C≡N can react and form R-CONH2. To verify that this is what 

occurred, a validation reaction was made. Crystals were obtained by layering two new 
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solutions. Solution 1: Using sonication, CuI was dissolved in 7mL of acetonitrile. Solution 

2: Using sonication, 2CP was dissolved in 4mL of dimethylsulfoxide (DMSO) and 1mL of 

H2O. Solution 2 was then added to solution 1. Upon the solutions mixing together, the vial 

again exhibited exothermic behaviors. The vial was then capped, and left for several weeks, 

resulting in obtaining identical black x-ray quality crystals as the first reaction. 

Thermogravimetric analysis (TGA) of copper (%wt): 16.06%. IR: aromatic C-H stretch:  

3186.58cm-1, C=O amide stretch: 1633.33 cm-1, C=C bend: 1563.12 cm-1, C-N aromatic 

stretch: 1282.32cm-1, and N-H primary amine stretch 3502.26cm-1. 1H NMR was not 

obtained due to product being Cu(II). 

 

2.2.5 Copper Iodide and Quinoxaline Reactions 

The following section will cover two different CuI and Quinoxaline reactions using (a) 

crystallization, (b) solventless, and (c) solvent mediated synthesis techniques. 

 

2.2.5.a Solventless synthesis of CuI(quin)  

CuI + quin  →  [CuI(quin)]∞ 

CuI (0.1 g, 1mmol) and pyrazine (pyz) (0. 2734g, 4mmol) were placed together in a glass 

vial, were the compounds instantly began to react in the presence of one another, turning 

yellow. The compounds were mechanically ground together to ensure complete reaction. 

The product was washed with hexane to remove any unreacted excess ligand. The yellow 

product obtained had a yellow luminescence. When attempting to obtained the Mp, the 

product changed colors, turning from yellow to orange at 155-161oC and then orange to 
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white at 332oC. This was likely due to the ligand dissociating from the CuI. The product 

was partially soluble in acetonitrile, requiring sonication and heat for several hours. In this 

case, crystals were unable to be synthesized using solventless synthetic routes. 

Thermogravimetric analysis (TGA) of copper (%wt): 11.69%. H-NMR using as reference 

acetonitrile d3 δ: 8.95 corresponds to quin (C-H1), 8.1 corresponds to quin (C-H2) and 7.8 

corresponds to quin (C-H3).  IR: aromatic C-H stretch:  3036.51cm-1, C=C bend:  1575.40 

cm-1, C-N aromatic stretch: 1357.34cm-1. It essential to point out that the changing molar 

ratio of the ligand from ratio 1:4 to ratio of 1:2 and 1:1 seemed to product similar products 

with similar colors and exhibited yellow luminescence yellow luminescence. 

 

2.2.5.b Solvent-mediated synthesis in MeCN of CuI(quin) 

CuI + quin  →  [CuI(quin)]∞ 

Quinoxaline (quin) (0.2734g, 4mmol) was dissolved in 10mL of acetonitrile. CuI (0.1g, 

1mmol) was added to the solution.  A red precipitate started to formed instantly. The 

product was collected using vacuum filtration and further dried under vacuuming for 1 

hour. The red product obtained had red luminescence. When attempting to obtained the 

Mp, the product changed colors, turning from yellow to white at 332oC. This was likely 

due to the ligand dissociating from the CuI. The product was partially in acetonitrile, 

requiring sonication and heat for several hours Thermogravimetric analysis (TGA) of 

copper (%wt): 12.23%. H-NMR using as reference acetonitrile d3 δ: 8.95 corresponds to 

quin (C-H1), 8.1 corresponds to quin (C-H2) and 7.8 corresponds to quin (C-H3).  IR: 

aromatic C-H stretch:  3035.28cm-1, C=C bend:  1580.95 cm-1, C-N aromatic stretch: 
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1360.73 cm-1. It essential to point out that the changing molar ratio of the ligand from ratio 

1:4 to ratio of 1:2 and 1:1 seemed to produce similar products with similar colors and 

exhibited yellow luminescence red luminescence. 

 

2.2.5.c Crystallization of CuI & Quinoxaline 

CuI + quin  →  [CuI(quin)]∞ 

Crystals were grown by dissolving the solvent mediate powder in acetonitrile by heat and 

sonication. Afterwards, slow evaporation of the solution for 5-7 days at room temperature 

resulted in obtaining x-ray quality crystals. The crystals that were similar to previously 

published work.13 

2.2.6 Copper Iodide and Pyrazine Reactions 

The following section will cover three different CuI and Pyrazine reactions using (a) 

solventless, and (b & c) solvent mediated synthesis techniques.  

 

2.2.6.a Solventless synthesis of CuI(pyz)  

CuI + pyz  →  [CuI(pyz)]∞ 

CuI (0.1 g, 1mmol) and pyrazine (pyz) (0. 168g, 4mmol) were placed together in a glass 

vial, were the compounds instantly began to react in the presence of one another, turning 

orange-red. The compounds were mechanically ground together to ensure complete 

reaction. The product was washed with ether to remove any unreacted excess ligand. The 

red-orange product obtained had a red-orange luminescence. When obtaining the Mp the 

product decomposed between 155-161oC, turning black. The product was partially soluble 
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in acetonitrile, requiring sonication and heat for several hours. In this case, crystals were 

unable to be synthesized using solventless synthetic routes. Thermogravimetric analysis 

(TGA) of copper (%wt): 8.87%. H-NMR using as reference acetonitrile d3 δ: 8.7 

corresponds to pyz (C-H). IR: aromatic C-H stretch: 3050.27cm-1, C=C bend: 1474.63 cm-

1, C-N aromatic stretch: 1150.79cm-1. It essential to point out that the changing molar ratio 

of the ligand from ratio 1:4 to ratio of 1:2 and 1:1 seemed to product similar products with 

similar colors and exhibited red luminescence. 

 

2.2.6.b Solvent-mediated synthesis in MeCN of CuI(pyz)  

CuI + pyz  →  [CuI(pyz)]∞ 

Pyrazine (pyz) (0.168g, 4mmol) was dissolved in 10mL of acetonitrile. CuI (0.1g, 1mmol) 

was added to the solution.  A yellow precipitate started to formed instantly. The product 

was collected using vacuum filtration and further dried under vacuuming for 1 hour. The 

yellow product obtained had yellow luminescence. The Mp was unable to be obtained; 

there were no physical changes between 50-400oC. The product was partially soluble in 

acetonitrile, requiring sonication and heat for several hours. In this case, crystals were 

unable to be synthesized due to low solubility. Thermogravimetric analysis (TGA) of 

copper (%wt):  11.21%. H-NMR using as reference acetonitrile d3 δ: 8.7 corresponds to 

pyz (C-H).  IR: aromatic C-H stretch:  3050.22cm-1, C=C bend:  1474.29 cm-1, C-N 

aromatic stretch: 1151.18cm-1. It essential to point out that the changing molar ratio of the 

ligand from ratio 1:4 to ratio of 1:2 and 1: seemed to product similar products with similar 

colors and exhibited red-orange luminescence. 



38 

 

2.2.6.c Solvent-mediated synthesis in toluene of CuI(pyz)  

CuI + pyz  →  [CuI(pyz)]∞ 

Pyrazine (pyz) (0.168g, 4mmol) was dissolved in 10mL of toluene. CuI (0.1g, 1mmol) was 

added to the solution.  An orange precipitate started to formed instantly. The product was 

collected using vacuum filtration and further dried under vacuuming for 1 hour. The orange 

product obtained had red-orange luminescence. When obtaining the Mp the product 

decomposed between 154-160oC, turning black. The product was partially in acetonitrile, 

requiring sonication and heat for several hours. In this case, crystals were obtained in 

previously published works.13 Thermogravimetric analysis (TGA) of copper (%wt):  

13.34%. H-NMR using as reference acetonitrile d3 δ: 8.7 corresponds to pyz (C-H).  IR: 

aromatic C-H stretch:  3050.25cm-1, C=C bend:  1474.55 cm-1, C-N aromatic stretch: 

1149.46cm-1. It essential to point out that the changing molar ratio of the ligand from ratio 

1:4 to ratio of 1:2 and 1:1 resulted in the same product which exhibited an orange 

luminescence property. 
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CHAPTER III 

SPECTROSCOPY AND CHARACTERIZATION OF VARIOUS COPPER IODIDE 

COMPLEXES 

This chapter will cover the analytical results that were obtained from each synthesized 

compound. Sections 3.1 through 3.6 include the x-ray crystallographic data, the 

spectroscopic measurements, H NMR, TGA, and IR for all obtained copper iodide 

complexes. 

3.1 Results and Discussion for Copper Iodide and 4-Cyanopyridine Complexes 

All of the resulted copper iodide complexes are air stable, and only soluble in acetonitrile 

upon sonication and/or heat. All complexes exhibited photoluminescence. In this section, 

we will discuss the various photophysical and chemical properties including but not limited 

to x-ray crystallography, luminescence, lifetime, H NMR, TGA, and FT-IR.  

3.1.1 Solventless [(CuI)(4CP)] 

Photoluminescence 

The solventless complex exhibited red-orange photoluminescence (PL) in the solid state at 

room temperature (RT) and red-orange PL at 77K. However, it didn’t exhibit any PL in 

solution. All the steady state (emission and excitation) spectra at RT and 77K are shown in 

Figure 16. The photoluminescence excitation (PLE) band, with maximum at λexc= 476 

nm, and the emission band, with maximum at λem= 638 nm, were observed for the solid 
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(powder) at RT. Upon cooling to 77K, an excitation band, with maximum at λexc= 452 

nm, and an emission band, with maximum at λem= 615 nm, were observed. 

 
Figure 16. Photoluminescence excitation (left) and emission (right) spectra of solid 

solventless [(CuI)(4CP)] at 77K (red) vs room temperature (blue). 

 
1HNMR, TGA, FT-IR 

1H NMR measurements of the solid solventless [(CuI)(4CP)] were done by using 

deuterated acetonitrile. Here we are illustrating the 1H NMR spectra of the solventless 

[(CuI)(4CP)]; Figure 17 represents the 1H NMR spectrum of [(CuI)(4CP)]. The two peaks 

at δ=8.8 and δ=7.68 are assigned the organic ligand, 4-cyanopyridine.  
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Figure 17. 1H NMR (400MHz) spectrum of solventless [(CuI)(4CP)] in Acetonitrile d3. 

 

TGA (Q50 V6.7) analysis in Figure 18 shows that % weight loss of the organic ligand 

(72.15%) and iodide (21.19%). It indicates that of the complex, copper accounts for the 

remaining percentage of 6.66%. This is less than the x-ray crystal structure which is 

19.82% of copper, 39.58% of iodide, and 40.59% of ligand in 641.16 g/mole. The 

difference between the x-ray crystal structure percentage and the actual percentage is likely 

due to excess ligand, impurities and different molar ratios in the sample than what is 

predicted. The IR spectra for the solventless [CuI(4CP)], shown in Figure 19, confirms the 

presence of the ligand (4-cyanopyridine) in the product.  
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Figure 18. TGA (Q50 V6.7) analysis of solventless [(CuI)(4CP)] 

 

 
Figure 19. FT-IR spectrum of solventless [(CuI)(4CP)] 
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3.1.2 Solvent mediate in AcN - [(CuI)(4CP)] 

Photoluminescence 

The solvent-mediate complex exhibited red-orange photoluminescence (PL) in the solid 

state at room temperature (RT) and red-orange PL at 77K. However, it didn’t exhibit any 

PL in solution. All the steady state (emission and excitation) spectra at RT and 77K are 

shown in Figure 20. The photoluminescence excitation (PLE) band, with maximum at 

λexc= 484 nm, and the emission band, with maximum at λem= 636 nm, were observed for 

the solid (powder) at RT. Upon cooling to 77K, an excitation band, with maximum at λexc= 

446 nm, and an emission band, with maximum at λem= 622 nm, were observed. 

 
Figure 20. Photoluminescence excitation (left) and emission (right) spectra of solid 

solvent-mediate (Acetonitrile) [(CuI)(4CP)] at 77K (red) vs room temperature (blue). 
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1HNMR, TGA, FT-IR  

1H NMR measurements of the solid solvent-mediate [(CuI)(4CP)] were done by using 

deuterated acetonitrile. Here we are illustrating the 1H NMR spectra of the [(CuI)(4CP)] 

crystals; Figure 21 represents the 1H NMR spectrum of [(CuI)2(4CP)3]. The two peaks at 

δ=8.8 and δ=7.68 are assigned the organic ligand, 4-cyanopyridine.  

 
Figure 21. 1H NMR (400MHz) spectrum of solvent mediated [(CuI)(4CP)] in Acetonitrile 

d3. 

 

TGA (Q50 V6.7) analysis Figure 22 shows that % weight loss of the organic ligand 

(39.58%) and iodide (45.55%). It indicates that of the complex, copper accounts for the 

remaining percentage of 14.87%. This is less than the x-ray crystal structure which is 

19.82% of copper, 39.58% of iodide, and 40.59% of ligand in 641.16 g/mole. The 

difference between the x-ray crystal structure percentage and the actual percentage is likely 

due to impurities and different molar ratios in the sample than what is predicted. The IR 
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spectra for the solid solvent-mediated [(CuI)(4CP)]. shown in Figure 23 confirms the 

presence of the ligand (4-cyanopyridine) in the product.  

 
Figure 22. TGA (Q50 V6.7) analysis of solvent mediated in AcN [(CuI)(4CP)] 

 

 
Figure 23. FT-IR spectrum of solvent mediated in AcN [(CuI)(4CP)] 
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3.1.3 Orange Crystals -  [(CuI)2(4CP)3] 

X-ray Crystallography 

Figure 24 displays the crystallization results, which we obtained for [Cu2I2(4CP)3]. In this 

section, we will discuss in detail the x-ray crystallographic data. Table 1 shows that 

[Cu2I2(4CP)3]∞ was crystallized in the P 21/c space group with monoclinic system with a = 

10.1356(6) Å, b = 12.1462(7) Å, c = 15.0782(9) Å, = 90°, = 100.438(2)°, and  = 90°. 

Figure 24B shows that [Cu2I2(4CP)3]∞ adopts a stair-step ladder shape. It shows that each 

copper coordinates with the nitrogen on the pyridine ring. The final full-matrix least-

squares refinement on F2 gave R1:2.61% and wR2:7.74% for all data. The goodness-of-fit 

was 1.002. Table 2 shows selected bond distances (Å) and angles (°) for [Cu2I2(4CP)3]. 

Table 3 provides the elemental analysis of the compound in comparison to the obtained 

crystal structure. In the molecular structure [Cu2I2(4CP)3], one Cu is 4-coordinate, with 

two bridging iodides and two 4CP ligands, and one Cu is 3-coordinate, with two bridging 

iodides and one 4CP ligand (Figure 24A). π- π interactions are a factor in the formation of 

this crystal structure (Figure 24C). 
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Figure 24. Molecular structure (A) and packing (B and C) diagrams from the crystal 

structure of [Cu2I2(4CP)3] showing the stair-step ladder structure. 

  

                   

(A)                                                             (B) 

 

(C) 
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Table 1.  

Crystallographic Data of [(CuI)2(4CP)3]. 

Empirical formula  C15 H10 Cu2 I2 N5   

Formula weight  641.16   

Temperature  220(2) K   

Wavelength  0.71073 Å   

Crystal system  Monoclinic   

Space group  P 21/c   

Unit cell dimensions a = 10.1356(6) Å = 90°.

  
b = 12.1462(7) Å 

= 

100.438(2)°.

  c = 15.0782(9) Å  = 90°.

Volume 1825.54(19) Å3   

Z 4   

Density (calculated) 2.333 Mg/m3   

Absorption coefficient 5.718 mm-1   

F(000) 1196   

Crystal size 0.22 x 0.09 x 0.05 mm3   
Theta range for data 

collection 
2.04 to 30.03°. 

  

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

21<=l<=21   

Reflections collected 43223   

Independent reflections 5351 [R(int) = 0.0285]   
Completeness to theta = 

30.03° 
100.00% 

  

Absorption correction Semi-empirical from equivalents   
Max. and min. 

transmission 
0.7553 and 0.3594 

  

Refinement method Full-matrix least-squares on F2   
Data / restraints / 

parameters 
5351 / 17 / 286 

  

Goodness-of-fit on F2 1.002   
Final R indices 

[I>2sigma(I)] 
R1 = 0.0261, wR2 = 0.0774 

  

R indices (all data) R1 = 0.0299, wR2 = 0.0796   

Extinction coefficient 0.00071(12)   

Largest diff. peak & hole 0.839 and -0.614 e.Å-3   
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Table 2. 

Bond lengths [Å] and angles [°] for [(CuI)2(4CP)3]. 

Cu(1)-N(1)  2.074(3) C(16)-H(16A)  0.94 C(4)-C(3)-C(6) 121.0(4) 

Cu(1)-I(1)  2.6200(5) C(17)-H(17A)  0.94 C(5)-C(4)-C(3) 118.7(4) 

Cu(1)-I(2)  2.6504(5) N(1)-Cu(1)-I(1) 111.11(9) C(5)-C(4)-H(4) 117(3) 

Cu(1)-I(2)#1  2.6931(5) N(1)-Cu(1)-I(2) 106.00(8) C(3)-C(4)-H(4) 125(3) 

Cu(1)-Cu(2)  2.7183(6) I(1)-Cu(1)-I(2) 116.595(18) N(1)-C(5)-C(4) 123.5(4) 

Cu(1)-

Cu(1)#1  

2.8050(10) N(1)-Cu(1)-I(2)#1 101.07(8) N(1)-C(5)-H(5) 112(3) 

Cu(2)-N(6)#2  1.974(17) I(1)-Cu(1)-I(2)#1 104.360(17) C(4)-C(5)-H(5) 124(3) 

Cu(2)-N(3)  2.053(3) I(2)-Cu(1)-I(2)#1 116.678(18) N(2)-C(6)-C(3) 177.5(5) 

Cu(2)-N(5)  2.097(15) N(1)-Cu(1)-Cu(2) 132.58(9) C(11)-N(3)-C(7) 117.4(3) 

Cu(2)-I(1)  2.5984(5) I(1)-Cu(1)-Cu(2) 58.220(14) C(11)-N(3)-Cu(2) 120.7(2) 

Cu(2)-I(2)  2.6313(5) I(2)-Cu(1)-Cu(2) 58.682(14) C(7)-N(3)-Cu(2) 120.9(2) 

I(2)-Cu(1)#1  2.6932(5) I(2)#1-Cu(1)-Cu(2) 126.23(2) N(3)-C(7)-C(8) 123.4(3) 

N(1)-C(5)  1.328(5) N(1)-Cu(1)-Cu(1)#1 116.41(9) N(3)-C(7)-H(7) 118(3) 

N(1)-C(1)  1.338(5) I(1)-Cu(1)-Cu(1)#1 131.39(3) C(8)-C(7)-H(7) 118(3) 

N(2)-C(6)  1.136(6) I(2)-Cu(1)-Cu(1)#1 59.085(17) C(9)-C(8)-C(7) 118.2(3) 

C(1)-C(2)  1.384(6) I(2)#1-Cu(1)-

Cu(1)#1 

57.593(17) C(9)-C(8)-H(8) 121(4) 

C(1)-H(1)  0.98(5) Cu(2)-Cu(1)-

Cu(1)#1 

94.38(2) C(7)-C(8)-H(8) 121(4) 

C(2)-C(3)  1.376(6) N(6)#2-Cu(2)-N(3) 100.3(14) C(8)-C(9)-C(10) 119.3(3) 

C(2)-H(2)  1.04(5) N(6)#2-Cu(2)-N(5) 3.1(10) C(8)-C(9)-C(12) 120.1(3) 

C(3)-C(4)  1.384(6) N(3)-Cu(2)-N(5) 100.3(11) C(10)-C(9)-C(12) 120.6(3) 

C(3)-C(6)  1.437(5) N(6)#2-Cu(2)-I(1) 105.8(8) C(9)-C(10)-C(11) 118.4(3) 

C(4)-C(5)  1.379(6) N(3)-Cu(2)-I(1) 113.80(8) C(9)-C(10)-H(10) 115(3) 

C(4)-H(4)  0.96(6) N(5)-Cu(2)-I(1) 108.5(6) C(11)-C(10)-H(10) 126(3) 

C(5)-H(5)  0.99(5) N(6)#2-Cu(2)-I(2) 108.9(9) N(3)-C(11)-C(10) 123.3(3) 

N(3)-C(11)  1.330(4) N(3)-Cu(2)-I(2) 108.33(8) N(3)-C(11)-H(11) 117(4) 

N(3)-C(7)  1.337(4) N(5)-Cu(2)-I(2) 106.1(6) C(10)-C(11)-H(11) 119(4) 

N(4)-C(12)  1.133(5) I(1)-Cu(2)-I(2) 118.048(17) N(4)-C(12)-C(9) 178.5(5) 

C(7)-C(8)  1.380(5) N(6)#2-Cu(2)-Cu(1) 130.9(14) C(17)-N(5)-C(13) 118.4(11) 

C(7)-H(7)  0.92(5) N(3)-Cu(2)-Cu(1) 128.76(8) C(17)-N(5)-Cu(2) 122.6(10) 

C(8)-C(9)  1.377(5) N(5)-Cu(2)-Cu(1) 130.8(11) C(13)-N(5)-Cu(2) 118.7(11) 

C(8)-H(8)  0.89(6) I(1)-Cu(2)-Cu(1) 58.995(14) C(18)-N(6)-

Cu(2)#2 

178.6(19) 

C(9)-C(10)  1.379(5) I(2)-Cu(2)-Cu(1) 59.369(14) N(5)-C(13)-C(14) 122.9(9) 

C(9)-C(12)  1.450(5) Cu(2)-I(1)-Cu(1) 62.785(15) N(5)-C(13)-

H(13A) 

118.5 

C(10)-C(11)  1.381(5) Cu(2)-I(2)-Cu(1) 61.948(14) C(14)-C(13)-

H(13A) 

118.5 

C(10)-H(10)  0.95(4) Cu(2)-I(2)-Cu(1)#1 99.106(16) C(15)-C(14)-C(13) 117.1(9) 
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C(11)-H(11)  0.89(5) Cu(1)-I(2)-Cu(1)#1 63.322(18) C(15)-C(14)-

H(14A) 

121.5 

N(5)-C(17)  1.330(16) C(5)-N(1)-C(1) 117.0(3) C(13)-C(14)-

H(14A) 

121.5 

N(5)-C(13)  1.339(15) C(5)-N(1)-Cu(1) 120.5(3) C(14)-C(15)-C(16) 120.5(11) 

N(6)-C(18)  1.132(15) C(1)-N(1)-Cu(1) 122.3(3) C(14)-C(15)-C(18) 119.7(12) 

N(6)-Cu(2)#2  1.974(17) N(1)-C(1)-C(2) 123.6(4) C(16)-C(15)-C(18) 119.8(12) 

C(13)-C(14)  1.386(9) N(1)-C(1)-H(1) 116(3) C(17)-C(16)-C(15) 117.7(8) 

C(13)-

H(13A)  

0.94 C(2)-C(1)-H(1) 120(3) C(17)-C(16)-

H(16A) 

121.2 

C(14)-C(15)  1.385(16) C(3)-C(2)-C(1) 118.3(4) C(15)-C(16)-

H(16A) 

121.2 

C(14)-

H(14A)  

0.94 C(3)-C(2)-H(2) 122(3) N(5)-C(17)-C(16) 123.3(8) 

C(15)-C(16)  1.387(17) C(1)-C(2)-H(2) 119(3) N(5)-C(17)-

H(17A) 

118.4 

C(15)-C(18)  1.456(15) C(2)-C(3)-C(4) 118.7(3) C(16)-C(17)-

H(17A) 

118.4 

C(16)-C(17)  1.369(8) C(2)-C(3)-C(6) 120.3(4) N(6)-C(18)-C(15) 179(4) 

 

Theoretical crystal structure calculations: 

C15H10Cu2I2N5 MW = 641.16 
𝑔

𝑚𝑜𝑙
 

C15 = 
180.15 𝑔

641.16 𝑔
 𝑥 100% = 28.09% 

H10 = 
10.079 𝑔

641.16 𝑔
 𝑥 100% = 1.57% 

N5 = 
70.035 𝑔

641.16 𝑔
 𝑥 100% = 10.92% 

Table 3. 

Experimental elemental analysis comparison to obtained theoretical crystal structure. 

Element Experimental 

Elemental Analysis 

Theoretical 

Crystal Structure 

C 27.98% 28.09% 

H 1.50% 1.57% 

N 10.80% 10.92% 
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Photoluminescence 

The crystals exhibited red-orange photoluminescence (PL) in the solid state at room 

temperature (RT) and red-orange PL at 77K. Interestingly, the crystals experienced a 

physical color change from orange (RT) to yellow when exposed to 77K. However, they 

didn’t exhibit any PL in solution. All the steady state (emission and excitation) spectra at 

RT and 77K are shown in Figure 25. The photoluminescence excitation (PLE) band, with 

maximum at λexc= 525 nm, and the emission band, with maximum at λem= 636 nm, were 

observed for the solid (powder) at RT. Upon cooling to 77K, an excitation band, with 

maximum at 504 nm, and an emission band, with maximum at 626 nm, were observed. 

The RT emission lifetime is 5.822 μs, while the 77K emission lifetime is 9.164 μs, which 

suggests phosphorescence from a triplet excited state. 

 
Figure 25. Photoluminescence excitation (left) and emission (right) spectra of solid 

crystals [(CuI)2(4CP)3] at 77K (red) vs room temperature (blue). 
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1HNMR, TGA, FT-IR  

 
1H NMR measurements of the [(CuI)2(4CP)3] crystals were done by using deuterated 

acetonitrile. Here we are illustrating the 1H NMR spectra of the [(CuI)2(4CP)3] crystals; 

Figure 26 represents the 1H NMR spectrum of [(CuI)2(4CP)3]. The two peaks at δ=8.8 and 

δ=7.68 are assigned the organic ligand, 4-cyanopyridine.  

 
Figure 26. 1H NMR (400MHz) spectrum of [(CuI)2(4CP)3] crystals in Acetonitrile d3. 

 

TGA (Q50 V6.7) analysis Figure 27 shows that % weight loss of the organic ligand 

(40.02%) and iodide (46.70%). It indicates that of the complex, copper accounts for the 

remaining percentage of 13.28%. This is less than the x-ray crystal structure which is 

19.82% of copper, 39.58% of iodide, and 40.59% of ligand in 641.16 g/mole. The 

difference between the x-ray crystal structure percentage and the actual percentage is likely 

due to impurities in the sample. The IR spectra for the [(CuI)2(4CP)3] crystals. shown in 

Figure 28 confirms the presence of the ligand (4-cyanopyridine) in the product.  
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Figure 27. TGA (Q50 V6.7) analysis of [(CuI)2(4CP)3] crystals 

 

 
Figure 28. FT-IR spectrum of [(CuI)2(4CP)3] crystals 
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3.2 Results and Discussion for Copper Iodide and 3-Cyanopyridine Complexes 

All of the resulting copper iodide complexes are air stable, and only soluble in acetonitrile 

upon sonication and/or heat. All complexes exhibited photoluminescence. In this section, 

we will discuss the various photophysical and chemical properties including but not limited 

to x-ray crystallography, luminescence, lifetime, H NMR, TGA, and FT-IR.  

 

3.2.1 Solventless [(CuI)(3CP)] 

Photoluminescence 

The solventless product exhibited green photoluminescence (PL) in the solid state at room 

temperature (RT) and green PL at 77K. However, it didn’t exhibit any PL in solution. All 

the steady state (emission and excitation) spectra at RT and 77K are shown in Figure 29 

The photoluminescence excitation (PLE) band, with maximum at λexc= 425 nm, and the 

emission band, with maximum at λem= 530 nm, were observed for the solid (powder) at 

RT. Upon cooling to 77K, an excitation band, with maximum at λexc= 343 nm, and an 

emission band, with maximum at λem= 527 nm, were observed. 
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Figure 29. Photoluminescence excitation (left) and emission (right) spectra of solid 

solventless [(CuI)(3CP)] at 77K (red) vs room temperature (blue). 

 
 

1HNMR, TGA, FT-IR  

 
1H NMR measurements of the solventless [(CuI)(3CP)] complex was done by using 

deuterated acetonitrile. Here we are illustrating the 1H NMR spectra of the solventless 

[(CuI)2(3CP)4] complex; Figure 30 represents the 1H NMR spectrum of [(CuI)(3CP)]. The 

four peaks at δ=8.948, δ=8.858, δ=8.142 and δ=7.566 are assigned the organic ligand, 3-

cyanopyridine.  
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Figure 30. 1H NMR (400MHz) spectrum of solventless [(CuI)(3CP)] in Acetonitrile d3. 

 

TGA (Q50 V6.7) analysis in Figure 31 shows that % weight loss of the organic ligand 

(12.95%) and iodide (53.92%). It indicates that of the complex, copper accounts for the 

remaining percentage of 33.85%. This is more than the x-ray crystal (1:2) structure which 

is 15.94% of copper, 31.83% of iodide, and 52.23% of ligand in 797.33 g/mole. The 

difference between the x-ray crystal structure percentage and the actual percentage is likely 

due to excess CuI and impurities in the sample than what is predicted. The IR spectra for 

the solventless [(CuI)(3CP)], shown in Figure 32, confirms the presence of the ligand (3-

cyanopyridine) in the product.  
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Figure 31. TGA (Q50 V6.7) analysis of solventless [(CuI)(3CP)] 

 

  
Figure 32. FT-IR spectrum of solventless [(CuI)(3CP)] 
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3.2.2 Solvent-mediate in AcN [(CuI)(3CP)] 

Photoluminescence 

The solventless product exhibited yellow-green photoluminescence (PL) in the solid state 

at room temperature (RT) and yellow PL at 77K. However, it didn’t exhibit any PL in 

solution. All the steady state (emission and excitation) spectra at RT and 77K are shown in 

Figure 33. The photoluminescence excitation (PLE) band, with maximum at λexc= 314 

nm, and the emission band, with maximum at λem= 555 nm, were observed for the solid 

(powder) at RT. Upon cooling to 77K, an excitation band, with maximum at λexc= 315 

nm, and an emission band, with maximum at λem= 571 nm, were observed. Additionally, 

at room temperature the emission of 3-cyanopyridine was observed between λem= 325-

450 nm, with maximum at λexc= 314 nm, and an emission band, with maximum at λem= 

377 nm.  

 
Figure 33. Photoluminescence excitation (left) and emission (right) spectra of solid 

solvent-mediate (AcN) [(CuI)(3CP)] at 77K (red) vs room temperature (blue). 
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1HNMR, TGA, FT-IR  

 
1H NMR measurements of the solvent-mediate (AcN) [(CuI)(3CP)] complex was done by 

using deuterated acetonitrile. Here we are illustrating the 1H NMR spectra of the solvent-

mediated [(CuI)(3CP)] complex; Figure 34 represents the 1H NMR spectrum of 

[(CuI)2(3CP)2]. The four peaks at δ=8.924, δ=8.827, δ=8.127 and δ=7.542 are assigned the 

organic ligand, 3-cyanopyridine.  

 
Figure 34. 1H NMR (400MHz) spectrum of solvent-mediated (AcN) [(CuI)(3CP)] in 

Acetonitrile d3. 

 

TGA (Q50 V6.7) analysis in Figure 35 shows that % weight loss of the organic ligand 

(34.69%) and iodide (55.66%). It indicates that of the complex, copper accounts for the 

remaining percentage of 9.65%. This is less than the x-ray crystal (1:1) structure which is 

21.57% of copper, 43.08% of iodide, and 35.35% of ligand in 589.1 g/mole. The difference 

between the x-ray crystal structure percentage and the actual percentage is likely due to 

excess CuI and impurities in the sample than what is predicted. The IR spectra for the 
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solvent-mediate (AcN) [(CuI)(3CP)], shown in Figure 36 confirms the presence of the 

ligand (3-cyanopyridine) in the product.  

  
Figure 35. TGA (Q50 V6.7) analysis of solvent mediated [(CuI)(3CP)] 

 

 
Figure 36. FT-IR spectrum of solvent mediated [(CuI)(3CP)] 
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3.2.3 Green Crystals - [(CuI)2(3CP)4] 

X-ray Crystallography 

Figure 37 displays the crystallization results, which we obtained for [(CuI)2(3CP)4]. In this 

section, we will discuss in detail the x-ray crystallographic data. Table 4 shows that 

[(CuI)2(3CP)4] was crystallized in the P -1 space group with triclinic system with a = 

8.0806(6) Å, b = 8.8916(6) Å, c = 9.6248(7) Å, = 92.0400°, = 95.5300°, and  = 

108.7090°. Figure 37 shows [(CuI)2(3CP)4] adopts a copper cluster shape. It shows that 

each copper coordinates with the nitrogen on the pyridine ring. The final full-matrix least-

squares refinement on F2 gave R1:1.36% and wR2:3.62% for all data. The goodness-of-fit 

was 1.014. Table 5 shows selected bond distances (Å) and angles (°) for [(CuI)2(3CP)4]. 

Table 6 provides the elemental analysis of the compound in comparison to the obtained 

crystal structure. In the molecular structure [(CuI)2(3CP)4], each Cu is 4-coordinate, with 

two bridging iodides and two 3CP ligands (Figure 37A). π-π interactions are a factor in the 

formation of this crystal structure; the interactions are alternating in their packing, which 

is circled in red in Figure 37B. 
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Figure 37. Molecular structure (A) and packing (B) diagrams from the crystal structure 

of [(CuI)2(3CP)4] showing clustered structure. 

 

(A) 

 

(B) 
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Table 4. 

Crystallographic Data of [(CuI)2(3CP)4] 

Empirical formula  C24 H16 Cu2 I2 N8   

Formula weight  797.33   

Temperature  220(2) K   

Wavelength  0.71073 Å   

Crystal system  Triclinic   

Space group  P -1   

Unit cell dimensions a = 8.0806(6) Å = 92.0400(10)°.

  b = 8.8916(6) Å = 95.5300(10)°.

  c = 9.6248(7) Å 
 = 

108.7090(10)°.

Volume 650.32(8) Å3   

Z 1   

Density (calculated) 2.036 Mg/m3   

Absorption coefficient 4.038 mm-1   

F(000) 380   

Crystal size 0.12 x 0.10 x 0.06 mm3   

Theta range for data collection 2.13 to 26.99°.   

Index ranges 
-10<=h<=10, -11<=k<=11, -

12<=l<=12   

Reflections collected 8781   

Independent reflections 2848 [R(int) = 0.0184]   
Completeness to theta = 

26.99° 
99.90%   

Absorption correction Semi-empirical from equivalents   

Max. and min. transmission 0.7995 and 0.6472   

Refinement method Full-matrix least-squares on F2   

Data / restraints / parameters 2848 / 0 / 164   

Goodness-of-fit on F2 1.014   

Final R indices [I>2sigma(I)] R1 = 0.0136, wR2 = 0.0362   

R indices (all data) R1 = 0.0143, wR2 = 0.0366   

Extinction coefficient 0.0215(7)   

Largest diff. peak and hole 0.350 and -0.380 e.Å-3   
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Table 5. 

Bond lengths [Å] and angles [°] for [(CuI)2(3CP)4]. 

I(1)-Cu(1)  2.6439(3) C(9)-H(9A)  0.94 C(1)-C(2)-C(6) 119.29(15) 

I(1)-Cu(1)#1  2.6467(3) C(10)-C(11)  1.386(2) C(4)-C(3)-C(2) 118.00(15) 

Cu(1)-N(2)  2.0718(13) C(10)-H(10A)  0.94 C(4)-C(3)-H(3A) 121 

Cu(1)-N(1)  2.0758(13) C(11)-H(11A)  0.94 C(2)-C(3)-H(3A) 121 

Cu(1)-I(1)#1  2.6467(3) Cu(1)-I(1)-Cu(1)#1 60.173(8) C(3)-C(4)-C(5) 119.11(16) 

Cu(1)-

Cu(1)#1  
2.6522(4) N(2)-Cu(1)-N(1) 107.80(5) C(3)-C(4)-H(4A) 120.4 

N(1)-C(1)  1.336(2) N(2)-Cu(1)-I(1) 106.88(4) C(5)-C(4)-H(4A) 120.4 

N(1)-C(5)  1.343(2) N(1)-Cu(1)-I(1) 106.03(4) N(1)-C(5)-C(4) 123.33(16) 

C(1)-C(2)  1.391(2) N(2)-Cu(1)-I(1)#1 107.93(4) N(1)-C(5)-H(5A) 118.3 

C(1)-H(1A)  0.94 N(1)-Cu(1)-I(1)#1 107.86(4) C(4)-C(5)-H(5A) 118.3 

N(2)-C(7)  1.335(2) I(1)-Cu(1)-I(1)#1 119.827(9) N(3)-C(6)-C(2) 179.3(2) 

N(2)-C(11)  1.337(2) N(2)-Cu(1)-Cu(1)#1 126.63(4) N(2)-C(7)-C(8) 122.27(15) 

C(2)-C(3)  1.389(2) N(1)-Cu(1)-Cu(1)#1 125.54(4) N(2)-C(7)-H(7A) 118.9 

C(2)-C(6)  1.444(2) I(1)-Cu(1)-Cu(1)#1 59.967(9) C(8)-C(7)-H(7A) 118.9 

N(3)-C(6)  1.137(2) 
I(1)#1-Cu(1)-

Cu(1)#1 
59.861(8) C(7)-C(8)-C(9) 119.77(16) 

C(3)-C(4)  1.378(3) C(1)-N(1)-C(5) 117.57(14) C(7)-C(8)-C(12) 119.55(16) 

C(3)-H(3A)  0.94 C(1)-N(1)-Cu(1) 121.11(11) C(9)-C(8)-C(12) 120.67(16) 

C(4)-C(5)  1.385(2) C(5)-N(1)-Cu(1) 121.21(11) C(10)-C(9)-C(8) 117.94(16) 

C(4)-H(4A)  0.94 N(1)-C(1)-C(2) 122.42(15) C(10)-C(9)-H(9A) 121 

N(4)-C(12)  1.136(3) N(1)-C(1)-H(1A) 118.8 C(8)-C(9)-H(9A) 121 

C(5)-H(5A)  0.94 C(2)-C(1)-H(1A) 118.8 C(9)-C(10)-C(11) 118.82(16) 

C(7)-C(8)  1.388(2) C(7)-N(2)-C(11) 117.61(14) 
C(9)-C(10)-

H(10A) 
120.6 

C(7)-H(7A)  0.94 C(7)-N(2)-Cu(1) 121.11(11) 
C(11)-C(10)-

H(10A) 
120.6 

C(8)-C(9)  1.388(3) C(11)-N(2)-Cu(1) 121.27(11) N(2)-C(11)-C(10) 123.57(15) 

C(8)-C(12)  1.442(3) C(3)-C(2)-C(1) 119.56(15) 
N(2)-C(11)-

H(11A) 
118.2 

C(9)-C(10)  1.377(3) C(3)-C(2)-C(6) 121.11(15) 
C(10)-C(11)-

H(11A) 
118.2 

    N(4)-C(12)-C(8) 179.4(2) 
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Theoretical crystal structure calculations: 

C24H16Cu2I2N8 MW = 797.33 
𝑔

𝑚𝑜𝑙
 

C24 = 
288.24 𝑔

797.33 𝑔
 𝑥 100% = 36.15% 

H16 = 
16.1264 𝑔

797.33 𝑔
 𝑥 100% = 2.02% 

N8 = 
112.056 𝑔

797.33 𝑔
 𝑥 100% = 14.05% 

Table 6. 

Experimental elemental analysis comparison to obtained theoretical crystal structure. 

Element Experimental 

Elemental Analysis 

Theoretical 

Crystal Structure 

C 38.55% 36.15% 

H 1.79% 2.02% 

N 14.87% 14.05% 

 

Photoluminescence 

The crystals exhibited green photoluminescence (PL) in the solid state at room temperature 

(RT) and green PL at 77K. However, it didn’t exhibit any PL in solution. All the steady 

state (emission and excitation) spectra at RT and 77K are shown in Figure 38. The 

photoluminescence excitation (PLE) band, with maximum at λexc= 442 nm, and the 

emission band, with maximum at λem= 535 nm, were observed for the solid (powder) at 

RT. Upon cooling to 77K, an excitation band, with maximum at λexc= 424 nm, and an 

emission band, with maximum at λem= 521 nm, were observed. The RT emission lifetime 

is 12.5 μs, while the 77K emission lifetime is 19.1 μs, which are all suggesting 

phosphorescence from a triplet excited state. 
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Figure 38. Photoluminescence excitation (left) and emission (right) spectra of solid 

Crystals [(CuI)2(3CP)4]at 77K (red) vs room temperature (blue). 

 

1HNMR, TGA, FT-IR  

 
1H NMR measurements of the [(CuI)2(3CP)4] crystals were done by using deuterated 

acetonitrile. Here we are illustrating the 1H NMR spectra of the [(CuI)2(3CP)4] crystals; 

Figure 39 represents the 1H NMR spectrum of [(CuI)2(3CP)4]. The four peaks at δ=8.929, 

δ=8.833, δ=8.124 and δ=7.550 are assigned the organic ligand, 3-cyanopyridine.  
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Figure 39. 1H NMR (400MHz) spectrum of [(CuI)2(3CP)4] crystals in Acetonitrile d3. 

 

TGA (Q50 V6.7) analysis in Figure 40 shows that % weight loss of the organic ligand 

(48.98%) and iodide (37.15%). It indicates that of the complex, copper accounts for the 

remaining percentage of 13.87%. This is less than the x-ray crystal (1:2) structure which is 

15.94% of copper, 31.83% of iodide, and 52.23% of ligand in 797.33 g/mole. The 

difference between the x-ray crystal structure percentage and the actual percentage is likely 

due to impurities in the sample that are not accounted for. Additionally, at the beginning 

of the TGA there is 6.002% which we believe to be impurities, possibly from solvent not 

being completely removed. The IR spectra for the [(CuI)2(3CP)4] crystals. shown in Figure 

41 confirms the presence of the ligand (3-cyanopyridine) in the product.  
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Figure 40. TGA (Q50 V6.7) analysis of [(CuI)2(3CP)4] crystals 

 

 
Figure 41. FT-IR spectrum of [(CuI)2(3CP)4] crystals 
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3.2.4 Yellow Crystals - [(CuI)2(3CP)2] 

X-ray crystallography 

Figure 42 displays the crystallization results, which we obtained for [(CuI)2(3CP)2]. In this 

section, we will discuss in detail the x-ray crystallographic data. Table 7 shows that 

[(CuI)2(3CP)2] was crystallized in the P -1 space group with triclinic system with a = 

4.1354(10) Å, b = 7.5752(19) Å, c = 12.498(4) Å, = 96.678°, = 95.864°, and  = 97.913°. 

Figure 42 shows [(CuI)2(3CP)2] adopts a cluster structure. It shows that each copper 

coordinates with the nitrogen on the pyridine ring. The final full-matrix least-squares 

refinement on F2 gave R1: 1.98% and wR2: 4.86% for all data. The goodness-of-fit was 

1.011. Table 8 shows selected bond distances (Å) and angles (°) for [(CuI)2(3CP)2]. Table 

9 provides the elemental analysis of the compound in comparison to the obtained crystal 

structure. In the molecular structure [(CuI)2(3CP)2], each Cu is 3-coordinate, with two 

bridging iodides and one 3CP ligands (Figure 37A). π- π interactions are a factor in the 

formation of this crystal structure; the interactions create stacking effect, which is circled 

in red in Figure 37B. Additionally, a contributing factor to the crystal structure is how the 

C≡N groups alternate in positioning, resulting from a steric effect (circled in blue in Figure 

37B). Figure 37C and Figure 37D provide different views of the interactions.   
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(A) 

 

 

(B) 
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(C) 

 
Figure 42. Molecular structure (A) and packing (B, C, & D) diagrams from the crystal 

structure of [(CuI)2(3CP)2] showing clustered structure. 

 

 

(D) 
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Table 7. 

Crystallographic Data of [(CuI)2(3CP)2]. 

Identification code  p-1small   

Empirical formula  C12 H8 Cu2 I2 N4   

Formula weight  589.1   

Temperature  220(2) K   

Wavelength  0.71073 Å   

Crystal system  Triclinic   

Space group  P -1   

Unit cell dimensions a = 4.1354(10) Å 
= 

96.678(4)°.

  b = 7.5752(19) Å 
= 

95.864(4)°.

  c = 12.498(4) Å 
 = 

97.913(2)°.

Volume 382.37(18) Å3   

Z 1   

Density (calculated) 2.558 Mg/m3   

Absorption coefficient 6.811 mm-1   

F(000) 272   

Crystal size 0.08 x 0.06 x 0.03 mm3   

Theta range for data collection 2.74 to 27.00°.   

Index ranges 
-5<=h<=5, -9<=k<=9, -

15<=l<=15   

Reflections collected 3875   

Independent reflections 1669 [R(int) = 0.0151]   
Completeness to theta = 

27.00° 
99.20%   

Absorption correction Semi-empirical from equivalents   

Max. and min. transmission 0.8482 and 0.5985   

Refinement method Full-matrix least-squares on F2   

Data / restraints / parameters 1669 / 0 / 91   

Goodness-of-fit on F2 1.011   

Final R indices [I>2sigma(I)] R1 = 0.0198, wR2 = 0.0486   

R indices (all data) R1 = 0.0211, wR2 = 0.0491   

Largest diff. peak and hole 1.111 and -0.509 e.Å-3   
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Table 8. 

Bond lengths [Å] and angles [°] for [(CuI)2(3CP)2]. 

I(1)-Cu(1)#1  2.6124(6) Cu(1)#1-I(1)-Cu(1) 62.073(15) 
N(1)-C(1)-

H(1A) 
119.3 

I(1)-Cu(1)  2.6406(8) Cu(1)#1-I(1)-Cu(1)#2 103.31(2) 
C(2)-C(1)-

H(1A) 
119.3 

I(1)-Cu(1)#2  2.6604(6) Cu(1)-I(1)-Cu(1)#2 64.405(17) C(1)-N(1)-C(5) 118.4(3) 

Cu(1)-N(1)  2.066(3) N(1)-Cu(1)-I(1)#1 110.97(8) 
C(1)-N(1)-

Cu(1) 
122.5(2) 

Cu(1)-I(1)#1  2.6124(6) N(1)-Cu(1)-I(1) 105.40(7) 
C(5)-N(1)-

Cu(1) 
118.8(2) 

Cu(1)-I(1)#2  2.6604(6) I(1)#1-Cu(1)-I(1) 117.926(15) C(3)-C(2)-C(1) 119.9(3) 

Cu(1)-

Cu(1)#1  
2.7085(9) N(1)-Cu(1)-I(1)#2 102.71(7) C(3)-C(2)-C(6) 119.8(3) 

Cu(1)-

Cu(1)#2  
2.8250(9) I(1)#1-Cu(1)-I(1)#2 103.31(2) C(1)-C(2)-C(6) 120.4(3) 

C(1)-N(1)  1.341(4) I(1)-Cu(1)-I(1)#2 115.594(17) C(4)-C(3)-C(2) 118.1(3) 

C(1)-C(2)  1.392(4) N(1)-Cu(1)-Cu(1)#1 127.16(8) 
C(4)-C(3)-

H(3A) 
120.9 

C(1)-H(1A)  0.94 I(1)#1-Cu(1)-Cu(1)#1 59.47(2) 
C(2)-C(3)-

H(3A) 
120.9 

N(1)-C(5)  1.343(4) I(1)-Cu(1)-Cu(1)#1 58.452(18) C(3)-C(4)-C(5) 119.3(3) 

C(2)-C(3)  1.388(5) I(1)#2-Cu(1)-Cu(1)#1 130.03(3) 
C(3)-C(4)-

H(4A) 
120.4 

C(2)-C(6)  1.438(5) N(1)-Cu(1)-Cu(1)#2 117.10(8) 
C(5)-C(4)-

H(4A) 
120.4 

N(2)-C(6)  1.143(5) I(1)#1-Cu(1)-Cu(1)#2 130.88(3) N(1)-C(5)-C(4) 122.9(3) 

C(3)-C(4)  1.377(5) I(1)-Cu(1)-Cu(1)#2 58.138(15) 
N(1)-C(5)-

H(5A) 
118.5 

C(3)-H(3A)  0.94 I(1)#2-Cu(1)-Cu(1)#2 57.46(2) 
C(4)-C(5)-

H(5A) 
118.5 

C(4)-C(5)  1.377(4) 
Cu(1)#1-Cu(1)-

Cu(1)#2 
96.70(3) N(2)-C(6)-C(2) 176.6(4) 

C(4)-H(4A)  0.94 N(1)-C(1)-C(2) 121.4(3)     

C(5)-H(5A)  0.94         
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Theoretical crystal structure calculations: 

C12H8Cu2I2N4 MW = 589.10 
𝑔

𝑚𝑜𝑙
 

C12 = 
144.12 𝑔

589.10 𝑔
 𝑥 100% = 24.46% 

H8 = 
8.0632 𝑔

589.10 𝑔
 𝑥 100% = 1.37% 

N4 = 
56.02 𝑔

589.10 𝑔
 𝑥 100% = 9.51% 

Table 9. 

Experimental elemental analysis comparison to obtained theoretical crystal structure. 

Element Experimental 

Elemental Analysis 

Theoretical Crystal 

Structure 

C 25.43 % 24.46 % 

H 1.13 % 1.37 % 

N 9.51 % 9.51 % 

 

Photoluminescence 

The crystals exhibited green photoluminescence (PL) in the solid state at room temperature 

(RT) and yellow PL at 77K. However, they didn’t exhibit any PL in solution. All the steady 

state (emission and excitation) spectra at RT and 77K are shown in Figure 43. The 

photoluminescence excitation (PLE) band, with maximum at λexc= 416 nm, and the 

emission band, with maximum at λem= 545 nm, were observed for the solid (powder) at 

RT. Upon cooling to 77K, an excitation band, with maximum at λexc= 355 nm, and an 

emission band, with maximum at λem= 570 nm, were observed. The RT emission lifetime 

is 7.436 μs, while the 77K emission lifetime is 19.94 μs, which are all suggesting 

phosphorescence from a triplet excited state. 
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Figure 43. Photoluminescence excitation (left) and emission (right) spectra of solid 

Crystals [(CuI)2(3CP)2] at 77K (red) vs room temperature (blue). 

 

1HNMR, TGA, FT-IR  

 
1H NMR measurements of the [(CuI)2(3CP)2] crystals were done by using deuterated 

acetonitrile. Here we are illustrating the 1H NMR spectra of the [(CuI)2(3CP)2] crystals; 

Figure 44 represents the 1H NMR spectrum of [(CuI)2(3CP)2]. The four peaks at δ=8.948, 

δ=8.858, δ=8.142 and δ=7.566 are assigned the organic ligand, 3-cyanopyridine.  
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Figure 44. 1H NMR (400MHz) spectrum of [(CuI)2(3CP)2] crystals in Acetonitrile d3. 

 

TGA (Q50 V6.7) analysis in Figure 45 shows that % weight loss of the organic ligand 

(37.72%) and iodide (43.96%). It indicates that of the complex, copper accounts for the 

remaining percentage of 18.32%. This is less than the x-ray crystal (1:1) structure which is 

21.57% of copper, 43.08% of iodide, and 35.35% of ligand in 589.1 g/mole. The difference 

between the x-ray crystal structure percentage and the actual percentage is likely due to 

impurities or a mixture of molar ratios (1:1) and (1:2)  in the sample which were not 

accounted for in calculations. The IR spectra for the [(CuI)2(3CP)2] crystals. shown in 

Figure 46 confirms the presence of the ligand (3-cyanopyridine) in the product.  
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Figure 45. TGA (Q50 V6.7) analysis of [(CuI)2(3CP)2] crystals 

 

 
Figure 46. FT-IR spectrum of [(CuI)2(3CP)2] crystals 
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3.3 Results and Discussion for Copper Iodide and 5-Bromo-3-cyanopyridine 

Complexes 

All of the resulted copper iodide complexes are air stable, and only soluble in acetonitrile 

upon sonication and/or heat. All complexes exhibited photoluminescence. In this section, 

we will discuss the various photophysical and chemical properties including but not limited 

to luminescence, lifetime, H NMR, TGA, and FT-IR.  

 

3.3.1 Solventless CuI(5Br3CP) 

Photoluminescence 

The solventless product exhibited yellow photoluminescence (PL) in the solid state at room 

temperature (RT) and yellow PL at 77K. However, it didn’t exhibit any PL in solution. All 

the steady state (emission and excitation) spectra at 77K are shown in Figure 47. The 

photoluminescence excitation (PLE) band was unable to be obtained at RT for the complex 

due to it being weakly luminescence at RT. Upon cooling to 77K, an excitation band, with 

maximum at λexc= 325 nm, and an emission band, with maximum at λem= 575 nm, were 

observed. 
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Figure 47. Photoluminescence excitation (left) and emission (right) spectra of solid 

solventless [(CuI)(5Br3CP)] at 77K. 

 

1HNMR, TGA, FT-IR  

 
1H NMR measurements of the solventless CuI(5Br3CP) complex was done by using 

deuterated acetonitrile. Here we are illustrating the 1H NMR spectra of the solventless 

CuI(5Br3CP) complex; Figure 48 represents the 1H NMR spectrum of CuI(5Br3CP). The 

three peaks at δ=8.946, δ=8.882, and δ=8.354 are assigned the organic ligand, 5-bromo-3-

cyanopyridine.  
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Figure 48. 1H NMR (400MHz) spectrum of solventless CuI(5Br3CP) in Acetonitrile d3. 

 

TGA (Q50 V6.7) analysis in Figure 49 shows that % weight loss of the organic ligand 

(42.89%) and iodide (43.68%). It indicates that of the complex, copper accounts for the 

remaining percentage of 13.43%. This is less than the theoretical calculation (1:1 ratio, 

assuming a cluster of [(CuI)2(5Br3CP)2)] ) which is 16.97% of copper, 33.89% of iodide, 

and 49.14% of ligand in 748.93 g/mole. The difference between the theoretical (1:1) 

percentage and the actual percentage is likely due to impurities in the sample that are not 

accounted for or a different molar ratio of the compound. The IR spectra for the solventless 

CuI(5Br3CP), shown in Figure 50, confirms the presence of the ligand (5-bromo-3-

cyanopyridine) in the product.  
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Figure 49. TGA (Q50 V6.7) analysis of solventless CuI(5Br3CP) 

 

 
Figure 50. FT-IR spectrum of solventless CuI(5Br3CP) 
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3.3.2 Solvent-mediate in AcN CuI(5Br3CP) 

Photoluminescence 

The solventless product exhibited orange-red photoluminescence (PL) in the solid state at 

room temperature (RT) and red, near IR, PL at 77K. However, it didn’t exhibit any PL in 

solution. All the steady state (emission and excitation) spectra at RT and 77K are shown in 

Figure 51. The photoluminescence excitation (PLE) band, with maximum at λexc= 450 

nm, and the emission band, with maximum at λem= 624 nm, were observed for the solid 

(powder) at RT. Upon cooling to 77K, an excitation band, with maximum at λexc= 450 

nm, and an emission band, with maximum at λem= 640 nm, were observed. 

  
Figure 51. Photoluminescence excitation (left) and emission (right) spectra of solid 

solvent-mediate (AcN) CuI(5Br3CP) at 77K (blue) vs room temperature (magenta). 



83 

 

1HNMR, TGA, FT-IR  

 
1H NMR measurements of the solvent-mediate (AcN) CuI(5Br3CP) complex was done by 

using deuterated acetonitrile. Here we are illustrating the 1H NMR spectra of the solvent-

mediated CuI(5Br3CP) complex; Figure 52 represents the 1H NMR spectrum of 

CuI(5Br3CP). The three peaks at δ=8.935, δ=8.872, and δ=8.346 are assigned the organic 

ligand, 5-bromo-3-cyanopyridine.  

 
Figure 52. 1H NMR (400MHz) spectrum of solvent-mediated (AcN) CuI(5Br3CP) in 

Acetonitrile d3. 

 

TGA (Q50 V6.7) analysis in Figure 53 shows that % weight loss of the organic ligand 

(46.81%) and iodide (41.90%). It indicates that of the complex, copper accounts for the 

remaining percentage of 11.29%. This is less than the theoretical calculation (1:1 ratio, 

assuming a cluster of [(CuI)2(5Br3CP)2)] ) which is 16.97% of copper, 33.89% of iodide, 

and 49.14% of ligand in 748.93 g/mole. The difference between the theoretical (1:1) 

percentage and the actual percentage is likely due to impurities in the sample that are not 
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accounted for or a different molar ratio of the compound. The IR spectra for the solvent-

mediate (AcN) CuI(5Br3CP), shown in Figure 54 confirms the presence of the ligand (5-

bromo-3-cyanopyridine) in the product.  

 
Figure 53. TGA (Q50 V6.7) analysis of solvent mediated (AcN) CuI(5Br3CP) 

 

 
Figure 54. FT-IR spectrum of solvent mediated (AcN) CuI(5Br3CP) 
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3.4 Results and Discussion for Copper Iodide and 2-Cyanopyridine Complexes 

All of the resulted copper iodide complexes are air stable, and only soluble in acetonitrile 

upon sonication and/or heat. All complexes exhibited photoluminescence, except for the 

crystals that were synthesized. In this section, we will discuss the various photophysical 

and chemical properties including but not limited to x-ray crystallography, luminescence, 

lifetime, H NMR, TGA, and FT-IR.  

 

3.4.1 Solventless CuI(2CP)  

Photoluminescence 

The solventless complex exhibited yellow photoluminescence (PL) in the solid state at 

room temperature (RT) and orange PL at 77K. However, it didn’t exhibit any PL in 

solution. All the steady state (emission and excitation) spectra at RT and 77K are shown in 

Figure 55. The photoluminescence excitation (PLE) band, with maximum at λexc= 448 

nm, and the emission band, with maximum at λem= 585 nm, were observed for the solid 

(powder) at RT. Upon cooling to 77K, an excitation band, with maximum at λexc= 450 

nm, and an emission band, with maximum at λem= 612 nm, were observed. 
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Figure 55. Photoluminescence excitation (left) and emission (right) spectra of solid 

solventless CuI(2CP) at 77K (red) vs room temperature (blue). 

 

 
1HNMR, TGA, FT-IR 

1H NMR measurements of the solid solventless CuI(2CP) were done by using deuterated 

acetonitrile. Here we are illustrating the 1H NMR spectra of the solventless CuI(2CP); 

Figure 56  represents the 1H NMR spectrum CuI(2CP). The four peaks at δ=8.726, δ=7.968, 

δ=7.854, and δ=7.646 are assigned the organic ligand, 2-cyanopyridine.  
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Figure 56. 1H NMR (400MHz) spectrum of solventless CuI(2CP) in Acetonitrile d3. 

 

TGA (Q50 V6.7) analysis in Figure 57 shows that % weight loss of the organic ligand 

(30.96%) and iodide (63.08%). It indicates that of the complex, copper accounts for the 

remaining percentage of 5.96%. This is less than the theoretical calculation (1:2 ratio, 

assuming a cluster of [(CuI)2(2CP)4)] ) which is 15.94% of copper, 31.83% of iodide, and 

52.23% of ligand in 797.33 g/mole. The difference between the theoretical (1:2) percentage 

and the actual percentage is likely due to impurities in the sample that are not accounted 

for, excess CuI, or a different molar ratio of the compound. The IR spectra for the 

solventless CuI(2CP). shown in Figure 58 confirms the presence of the ligand (2-

cyanopyridine) in the product.  
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Figure 57. TGA (Q50 V6.7) analysis of solventless CuI(2CP) 

 

 
Figure 58. FT-IR spectrum of solventless CuI(2CP) 
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3.4.2 Solvent mediate in AcN - CuI(2CP) 

Photoluminescence 

The solvent mediated complex exhibited green photoluminescence (PL) in the solid state 

at room temperature (RT) and yellow PL at 77K. However, it didn’t exhibit any PL in 

solution. All the steady state (emission and excitation) spectra at RT and 77K are shown in 

Figure 59. The photoluminescence excitation (PLE) band, with maximum at λexc= 340 

nm, and the emission band, with maximum at λem= 520 nm, were observed for the solid 

(powder) at RT. Upon cooling to 77K, an excitation band, with maximum at λexc= 450 

nm, and an emission band, with maximum at λem= 555 nm, were observed. 

 
Figure 59. Photoluminescence excitation (left) and emission (right) spectra of solid 

solvent-mediate (Acetonitrile) CuI(2CP) at 77K (red) vs room temperature (blue). 
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1HNMR, TGA, FT-IR 

1H NMR measurements of the solid solvent mediated CuI(2CP) were done by using 

deuterated acetonitrile. Here we are illustrating the 1H NMR spectra of the solventless 

CuI(2CP); Figure 60 represents the 1H NMR spectrum CuI(2CP). The four peaks at 

δ=8.726, δ=7.985, δ=7.854, and δ=7.651 are assigned the organic ligand, 2-cyanopyridine.  

 
Figure 60. 1H NMR (400MHz) spectrum of solvent mediated CuI(2CP) in Acetonitrile d3. 

 

TGA (Q50 V6.7) analysis in Figure 61 shows that % weight loss of the organic ligand 

(14.41%) and iodide (73.01%). It indicates that of the complex, copper accounts for the 

remaining percentage of 12.58%. This is less than the theoretical calculation (1:2 ratio, 

assuming a cluster of [(CuI)2(2CP)4)] ) which is 15.94% of copper, 31.83% of iodide, and 

52.23% of ligand in 797.33 g/mole. The difference between the theoretical (1:2) percentage 

and the actual percentage is likely due to impurities in the sample that are not accounted 

for, excess CuI, or a different molar ratio of the compound. The IR spectra for the 
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solventless CuI(2CP). shown in Figure 62 confirms the presence of the ligand (2-

cyanopyridine) in the product.  

 
Figure 61. TGA (Q50 V6.7) analysis of solvent mediated CuI(2CP) 

 

 
Figure 62. FT-IR spectrum of solvent mediate CuI(2CP) 
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3.4.3 Crystals - [Cu(pia)2]·I3 

X-ray Crystallography 

Figure 63 displays the crystallization results, which we obtained from attempting to find 

the CuI(2CP) crystal structure. In this section, we will discuss in detail the x-ray 

crystallographic data. Table 10 shows that [Cu(pia)2]·I3 was crystallized in the P -1 space 

group with monoclinic system with a = 6.4240(13) Å, b = 9.8404(19) Å, c = 11.959(2) Å, 

= 84.697(2)°, = 84.392(2)°, and  = 82.577(2)°. Figure 63 shows that each copper 

coordinates with the nitrogen on the pyridine ring. The final full-matrix least-squares 

refinement on F2 gave R1:2.40 % and wR2:6.64% for all data. The goodness-of-fit was 

1.005. Table 11 shows selected bond distances (Å) and angles (°) for [Cu(pia)2]·I3. Table 

12 provides the elemental analysis of the compound in comparison to the obtained crystal 

structure. In the molecular structure [Cu(pia)2]·I3, each Cu is 4-coordinate (Figure 63AB). 

π- π interactions are a factor in the formation of this crystal structure; the interactions, result 

in a stacking effect, are circled in red in Figure 63CD The crystal structure obtained, 

[Cu(picolinamide)2]·I3, has a similar inner sphere ligand coordinated to Cu to that of 

previously published literature.29 The starting material used in the literature was 

picolinamide and copper(II) nitrate trihydrate in an aqueous solution of sodium cyanate. 

Then the reaction was placed in a Teflon-lined stainless-steel vessel and heat was applied 

for 5 hours at 110oC, resulting in violet crystals (compound: [Cu(pia)2]·H2O).29 The outer 

sphere of the compound contained H2O in the lattice.29 Although, both the literature and 

the obtain crystals have the same inner sphere ligand, they were obtained using vastly 

different synthetic routes, and had different outer sphere counter ions.. 
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(A) 

 

(B) 
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(C) 

 
Figure 63. Molecular structure (A) and packing (B, C, & D) diagrams from the crystal 

structure of [Cu(pia)2]·I3. 

 

 

(D) 
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Table 10. 

Crystallographic Data [Cu(pia)2]·I3 

Identification code  p-1   

Empirical formula  C12 H10 Cu I1.50 N4 O2   

Formula weight  496.13   

Temperature  220(2) K   

Wavelength  0.71073 Å   

Crystal system  Triclinic   

Space group  P -1   

Unit cell dimensions a = 6.4240(13) Å 
= 

84.697(2)°.

  b = 9.8404(19) Å 
= 

84.392(2)°.

  c = 11.959(2) Å 
 = 

82.577(2)°.

Volume 743.6(3) Å3   

Z 2   

Density (calculated) 2.216 Mg/m3   

Absorption coefficient 4.589 mm-1   

F(000) 469   

Crystal size 0.17 x 0.13 x 0.09 mm3   

Theta range for data collection 3.43 to 26.85°.   

Index ranges 
-8<=h<=8, -12<=k<=12, -

15<=l<=15   

Reflections collected 7756   

Independent reflections 3142 [R(int) = 0.0145]   
Completeness to theta = 

26.85° 
98.30%   

Absorption correction Semi-empirical from equivalents   

Max. and min. transmission 0.6855 and 0.5181   

Refinement method Full-matrix least-squares on F2   

Data / restraints / parameters 3142 / 0 / 187   

Goodness-of-fit on F2 1.005   

Final R indices [I>2sigma(I)] R1 = 0.0240, wR2 = 0.0664   

R indices (all data) R1 = 0.0276, wR2 = 0.0690   

Largest diff. peak and hole 0.808 and -0.688 e.Å-3   
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Table 11. 

Bond lengths [Å] and angles [°] for [Cu(pia)2]·I3 

Cu(1)-N(3)  1.917(2) C(8)-H(8A)  0.94 C(3)-C(4)-H(4A) 120.5 

Cu(1)-N(4)  1.919(2) C(9)-C(10)  1.375(4) C(5)-C(4)-H(4A) 120.5 

Cu(1)-N(1)  2.005(2) C(9)-H(9A)  0.94 C(12)-N(4)-Cu(1) 117.4(2) 

Cu(1)-N(2)  2.016(2) C(10)-H(10A)  0.94 C(12)-N(4)-H(4B) 121.3 

N(1)-C(5)  1.334(4) N(3)-Cu(1)-N(4) 177.53(10) Cu(1)-N(4)-H(4B) 121.3 

N(1)-C(1)  1.344(3) N(3)-Cu(1)-N(1) 82.48(10) N(1)-C(5)-C(4) 121.8(3) 

C(1)-C(2)  1.374(4) N(4)-Cu(1)-N(1) 95.22(10) N(1)-C(5)-H(5A) 119.1 

C(1)-C(11)  1.501(4) N(3)-Cu(1)-N(2) 100.44(10) C(4)-C(5)-H(5A) 119.1 

I(1)-I(2)  2.9247(5) N(4)-Cu(1)-N(2) 81.70(10) N(2)-C(6)-C(7) 121.4(3) 

I(1)-I(2)#1  2.9247(5) N(1)-Cu(1)-N(2) 170.67(10) N(2)-C(6)-C(12) 113.2(3) 

O(1)-C(11)  1.251(3) C(5)-N(1)-C(1) 119.1(2) C(7)-C(6)-C(12) 125.4(3) 

C(2)-C(3)  1.385(5) C(5)-N(1)-Cu(1) 128.5(2) C(8)-C(7)-C(6) 119.3(3) 

C(2)-H(2A)  0.94 C(1)-N(1)-Cu(1) 112.38(19) C(8)-C(7)-H(7A) 120.4 

N(2)-C(10)  1.334(4) N(1)-C(1)-C(2) 122.2(3) C(6)-C(7)-H(7A) 120.4 

N(2)-C(6)  1.354(3) N(1)-C(1)-C(11) 114.5(2) C(7)-C(8)-C(9) 119.6(3) 

O(2)-C(12)  1.284(4) C(2)-C(1)-C(11) 123.3(3) C(7)-C(8)-H(8A) 120.2 

C(3)-C(4)  1.373(5) I(2)-I(1)-I(2)#1 180 C(9)-C(8)-H(8A) 120.2 

C(3)-H(3A)  0.94 C(1)-C(2)-C(3) 118.3(3) C(10)-C(9)-C(8) 118.6(3) 

N(3)-C(11)  1.322(4) C(1)-C(2)-H(2A) 120.8 C(10)-C(9)-H(9A) 120.7 

N(3)-H(3B)  0.87 C(3)-C(2)-H(2A) 120.8 C(8)-C(9)-H(9A) 120.7 

C(4)-C(5)  1.379(5) C(10)-N(2)-C(6) 119.1(3) N(2)-C(10)-C(9) 122.0(3) 

C(4)-H(4A)  0.94 C(10)-N(2)-Cu(1) 128.45(19) 
N(2)-C(10)-

H(10A) 
119 

N(4)-C(12)  1.283(4) C(6)-N(2)-Cu(1) 112.4(2) 
C(9)-C(10)-

H(10A) 
119 

N(4)-H(4B)  0.87 C(4)-C(3)-C(2) 119.5(3) O(1)-C(11)-N(3) 127.8(3) 

C(5)-H(5A)  0.94 C(4)-C(3)-H(3A) 120.2 O(1)-C(11)-C(1) 118.8(2) 

C(6)-C(7)  1.371(4) C(2)-C(3)-H(3A) 120.2 N(3)-C(11)-C(1) 113.5(2) 

C(6)-C(12)  1.494(5) C(11)-N(3)-Cu(1) 116.80(19) O(2)-C(12)-N(4) 125.9(3) 

C(7)-C(8)  1.367(6) C(11)-N(3)-H(3B) 121.6 O(2)-C(12)-C(6) 118.9(3) 

C(7)-H(7A)  0.94 Cu(1)-N(3)-H(3B) 121.6 N(4)-C(12)-C(6) 115.2(2) 

C(8)-C(9)  1.387(5) C(3)-C(4)-C(5) 119.1(3)   
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Theoretical crystal structure calculations: 

C12H10CuI1.50N4O2 MW = 496.13 
𝑔

𝑚𝑜𝑙
 

 

C12 = 
144.12 𝑔

496.13 𝑔
 𝑥 100% = 29.05% 

H10 = 
10.08 𝑔

496.13 𝑔
 𝑥 100% = 2.03% 

N4 = 
56.024 𝑔

496.13 𝑔
 𝑥 100% = 11.29% 

Table 12. 

Elemental Analysis comparison to obtained crystal structure. 

Element 
Experimental 

Elemental Analysis 
Crystal Structure 

C 29.20% 29.05% 

H 2.09% 2.03% 

N 11.15% 11.29% 

 

UV-Vis 

Figure 64 shows intense absorption bands for [Cu(pia)2]·I3 in the UV region due to ligand 

charge π-π*. Additionally, the absorption is between 342-491; the corresponds with the 

absorption of the solution, which is yellow in color. The concentration of the solution is 

1.0e-4.  

 
Figure 64. The absorption spectrum of [Cu(pia)2]·I3 in dimethyl sulfoxide (DMSO) 
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TGA amd FT-IR  

 

TGA (Q50 V6.7) analysis in Figure 45 shows that % weight loss of the organic ligand 

(51.1%) and iodide (32.84%). It indicates that of the complex, copper accounts for the 

remaining percentage of 16.06%. This is more than the x-ray crystal structure which is 

12.81% of copper, 38.37% of iodide, and 48.82% of ligand in 496.13 g/mole. The 

difference between the x-ray crystal structure percentage and the actual percentage is likely 

due to impurities or excess ligand in the sample which were not accounted for in 

calculations. The IR spectra for the [Cu(pia)2]·I3 crystals. shown in Figure 66 confirms the 

presence of the ligand (picolinamide) in the product.  

 
Figure 65. TGA (Q50 V6.7) analysis of [Cu(pia)2]·I3 crystals 
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Figure 66. FT-IR spectrum of [Cu(pia)2]·I3 crystals 

 

3.5 Results and Discussion for Copper Iodide and Quinoxaline Complexes 

All of the resulted copper iodide complexes are air stable, and only soluble in acetonitrile 

upon sonication and/or heat. All complexes exhibited photoluminescence. In this section, 

we will discuss the various photophysical and chemical properties including but not limited 

to x-ray crystallography, luminescence, lifetime, H NMR, TGA, and FT-IR.  

 

3.5.1 Solventless - [CuI(quin)]  

Photoluminescence 

The solventless complex exhibited yellow photoluminescence (PL) in the solid state at 

77K. The PL was too weak to obtain at room temperature. Also, it did not exhibit any PL 

in solution. All the steady state (emission and excitation) spectra at 77K are shown in 
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Figure 67. Upon cooling to 77K, the photoluminescence excitation (PLE) band, with 

maximum at λexc= 454 nm, and the emission band, with maximum at λem= 596 nm, were 

observed for the solventless complex sold at 77K. 

 
Figure 67. Photoluminescence excitation (left) and emission (right) spectra of solventless 

[CuI(quin)] in solid state at 77K. 

 

1HNMR, TGA, FT-IR  

1H NMR measurements of solventless CuI(pyz) were done by using deuterated acetonitrile. 

Here we are illustrating the 1H NMR spectra of solventless CuI(pyz); Figure 68 represents 
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the 1H NMR spectrum of CuI(quin). The three peaks at δ=8.95, δ=8.11, and δ=7.87 are 

assigned the organic ligand, quinoxaline.  

 
Figure 68. 1H NMR (400MHz) spectrum of solventless CuI(quin) in Acetonitrile d3. 

 

TGA (Q50 V6.7) analysis in Figure 69 shows that % weight loss of the organic ligand 

(41.48%) and iodide (46.83%). It indicates that of the complex, copper accounts for the 

remaining percentage of 11.69%. This is less than the x-ray crystal structure which is 

24.87% of copper, 49.67% of iodide, and 25.46% of ligand in 511.03 g/mole. The 

difference between the x-ray crystal structure percentage and the actual percentage is likely 

due to excess ligand and impurities in the sample than what is predicted. The IR spectra 

for solventless CuI(quin) shown in Figure 70 confirms the presence of the ligand 

(quinoxaline) in the product.  
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Figure 69. TGA (Q50 V6.7) analysis of solventless CuI(quin) 

 

 
Figure 70. FT-IR spectrum of solventless CuI(quin) 
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3.5.2 Solvent mediated in Acetonitrile - [CuI(quin)]  

Photoluminescence 

The solvent mediated complex synthesized in acetonitrile exhibited red photoluminescence 

(PL) in the solid state at 77K. The PL was too weak to obtain at room temperature. Also, 

it did not exhibit any PL in solution. All the steady state (emission and excitation) spectra 

at 77K are shown in Figure 71. Upon cooling to 77K, the photoluminescence excitation 

(PLE) band, with maximum at λexc= 534 nm, and the emission band, with maximum at 

λem= 690 nm, were observed for the solvent mediated complex at 77K. 

 
Figure 71. Photoluminescence excitation (left) and emission (right) spectra of solvent 

mediated (acetonitrile) [CuI(quin)] in solid state at 77K 
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1HNMR, TGA, FT-IR 

1H NMR measurements of solvent-mediated, in acetonitrile (AcN), CuI(quin) were done 

by using deuterated acetonitrile. Here we are illustrating the 1H NMR spectra of solvent-

mediated (AcN) CuI(pyz); Figure 72 represents the 1H NMR spectrum of CuI(quin). The 

three peaks at δ=8.95, δ=8.11, and δ=7.87 are assigned the organic ligand, quinoxaline. 

 
Figure 72. 1H NMR (400MHz) spectrum of solvent-mediated (AcN) CuI(quin) in 

Acetonitrile d3. 

 

TGA (Q50 V6.7) analysis in Figure 73 shows that % weight loss of the organic ligand 

(25.00%) and iodide (62.77%). It indicates that of the complex, copper accounts for the 

remaining percentage of 12.23%. This is less than the x-ray crystal structure which is 

24.87% of copper, 49.67% of iodide, and 25.46% of ligand in 511.03 g/mole. The 

difference between the x-ray crystal structure percentage and the actual percentage is likely 

due to excess CuI and impurities in the sample than what is predicted. The IR spectra for 

solventless CuI(quin) shown in Figure 74 confirms the presence of the ligand (quinoxaline) 

in the product.  
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Figure 73. TGA (Q50 V6.7) analysis of solvent-mediated AcN CuI(quin) 

 

 
Figure 74. FT-IR spectrum of solvent-mediated AcN CuI(quin) 
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3.5.3 Crystals - [CuI(quin)]∞ 

X-ray crystallography 

The crystal structure of [Cu2I2(quin)]∞ was published in 1999 by Martin Schroder and 

company13. Figure 75 displays the crystallization results, which we obtained, that are 

similar to the structure in the 1999 publication of the product. In this section, we will 

discuss in detail the x-ray crystallographic data. Table 13 shows that [Cu2I2(quin)]∞ was 

crystallized in the P 21/n space group with monoclinic system with a = 4.3612(5) Å, b = 

17.6687(19) Å, c = 13.8069(15) Å, = 90°, = 93.016(2)°, and  = 90°. Figure 75CD shows 

that [Cu2I2(quin)]∞ adopts a infinite stair-step ladder shape. Figure 75AB shows that each 

copper coordinates with the one of the two nitrogen on the quinoxaline ligand to form the 

two dimensional sheet. The final full-matrix least-squares refinement on F2 gave R1:1.54% 

and wR2:3.51% for all data. The goodness-of-fit was 1.041. Table 14 shows selected bond 

distances (Å) and angles (°) for of [Cu2I2(quin)]∞. 
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(A)                                                            (B) 

 
Figure 75. Molecular structure (A) and packing (B, C, and D) diagrams from the crystal 

structure of [Cu2I2(quin)]∞ showing the infinite stair-step ladder structure. 

  

 

   (C)                                                             (D)  
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Table 13. 

Crystallographic Data of [Cu2I2(quin)]∞.(13) 

Empirical formula  C8 H6 Cu2 I2 N2   

Formula weight  511.03   

Temperature  220(2) K   

Wavelength  0.71073 Å   

Crystal system  Monoclinic   

Space group  P 21/n   

Unit cell dimensions a = 4.3612(5) Å = 90°.

  b = 17.6687(19) Å 
= 

93.016(2)°.

  c = 13.8069(15) Å  = 90°.

Volume 1062.4(2) Å3   

Z 4   

Density (calculated) 3.195 Mg/m3   

Absorption coefficient 9.772 mm-1   

F(000) 928   

Crystal size 0.21 x 0.07 x 0.02 mm3   
Theta range for data 

collection 
1.87 to 27.01°.   

Index ranges 
-5<=h<=5, -22<=k<=22, -

17<=l<=17   

Reflections collected 14186   

Independent reflections 2329 [R(int) = 0.0262]   
Completeness to theta = 

27.01° 
99.90%   

Absorption correction Semi-empirical from equivalents   

Max. and min. transmission 0.8361 and 0.2311   

Refinement method Full-matrix least-squares on F2   

Data / restraints / parameters 2329 / 0 / 127   

Goodness-of-fit on F2 1.041   

Final R indices [I>2sigma(I)] R1 = 0.0154, wR2 = 0.0351   

R indices (all data) R1 = 0.0170, wR2 = 0.0360   

Largest diff. peak and hole 0.326 and -0.639 e.Å-3   
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Table 14. 

Bond lengths [Å] and angles [°] for [Cu2I2(quin)]∞.(13) 

Cu(1)-N(1)  2.045(2) N(1)-Cu(1)-I(2) 112.19(6) N(1)-C(1)-H(1A) 118.7 

Cu(1)-I(2)  2.6230(4) N(1)-Cu(1)-I(1) 110.33(6) C(2)-C(1)-H(1A) 118.7 

Cu(1)-I(1)  2.6714(5) I(2)-Cu(1)-I(1) 118.651(14) C(2)-N(2)-C(3) 116.8(2) 

Cu(1)-I(2)#1  2.7536(4) N(1)-Cu(1)-I(2)#1 107.97(6) 
C(2)-N(2)-

Cu(2)#4 
121.95(18) 

Cu(1)-Cu(2)  2.7636(5) I(2)-Cu(1)-I(2)#1 108.392(16) 
C(3)-N(2)-

Cu(2)#4 
121.05(17) 

I(1)-Cu(2)#1  2.6535(4) I(1)-Cu(1)-I(2)#1 97.905(14) N(2)-C(2)-C(1) 122.5(2) 

I(1)-Cu(2)  2.6682(5) N(1)-Cu(1)-Cu(2) 133.61(6) N(2)-C(2)-H(2A) 118.7 

I(2)-Cu(2)  2.6922(5) I(2)-Cu(1)-Cu(2) 59.906(12) C(1)-C(2)-H(2A) 118.7 

I(2)-Cu(1)#2  2.7536(4) I(1)-Cu(1)-Cu(2) 58.774(12) N(2)-C(3)-C(4) 119.9(2) 

Cu(2)-N(2)#3  2.053(2) I(2)#1-Cu(1)-Cu(2) 117.948(15) N(2)-C(3)-C(8) 120.6(2) 

Cu(2)-I(1)#2  2.6535(4) Cu(2)#1-I(1)-Cu(2) 110.073(16) C(4)-C(3)-C(8) 119.5(2) 

N(1)-C(1)  1.313(3) Cu(2)#1-I(1)-Cu(1) 82.208(13) C(5)-C(4)-C(3) 120.4(2) 

N(1)-C(8)  1.373(3) Cu(2)-I(1)-Cu(1) 62.338(12) C(5)-C(4)-H(4A) 119.8 

C(1)-C(2)  1.410(4) Cu(1)-I(2)-Cu(2) 62.641(12) C(3)-C(4)-H(4A) 119.8 

C(1)-H(1A)  0.94 Cu(1)-I(2)-Cu(1)#2 108.391(16) C(4)-C(5)-C(6) 120.2(2) 

N(2)-C(2)  1.314(3) Cu(2)-I(2)-Cu(1)#2 79.998(13) C(4)-C(5)-H(5A) 119.9 

N(2)-C(3)  1.373(3) 
N(2)#3-Cu(2)-

I(1)#2 
107.41(6) C(6)-C(5)-H(5A) 119.9 

N(2)-Cu(2)#4  2.053(2) N(2)#3-Cu(2)-I(1) 101.74(6) C(7)-C(6)-C(5) 121.0(2) 

C(2)-H(2A)  0.94 I(1)#2-Cu(2)-I(1) 110.072(16) C(7)-C(6)-H(6A) 119.5 

C(3)-C(4)  1.407(4) N(2)#3-Cu(2)-I(2) 121.09(6) C(5)-C(6)-H(6A) 119.5 

C(3)-C(8)  1.419(4) I(1)#2-Cu(2)-I(2) 99.886(13) C(6)-C(7)-C(8) 120.2(2) 

C(4)-C(5)  1.366(4) I(1)-Cu(2)-I(2) 116.314(14) C(6)-C(7)-H(7A) 119.9 

C(4)-H(4A)  0.94 
N(2)#3-Cu(2)-

Cu(1) 
134.74(6) C(8)-C(7)-H(7A) 119.9 

C(5)-C(6)  1.405(4) I(1)#2-Cu(2)-Cu(1) 117.543(16) N(1)-C(8)-C(7) 120.3(2) 

C(5)-H(5A)  0.94 I(1)-Cu(2)-Cu(1) 58.888(12) N(1)-C(8)-C(3) 121.0(2) 

C(6)-C(7)  1.363(4) I(2)-Cu(2)-Cu(1) 57.453(12) C(7)-C(8)-C(3) 118.8(2) 

C(6)-H(6A)  0.94 C(1)-N(1)-C(8) 116.5(2)   
C(7)-C(8)  1.415(4) C(1)-N(1)-Cu(1) 120.71(18)   
C(7)-H(7A)  0.94 C(8)-N(1)-Cu(1) 122.67(17)   
    N(1)-C(1)-C(2) 122.6(2)   
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Photoluminescence  

The crystals exhibited red photoluminescence (PL) in the solid state at 77K. The PL was 

too weak to obtain at room temperature. Also, it did not exhibit any PL in solution. All the 

steady state (emission and excitation) spectra at 77K are shown in Figures 37. Upon cooling 

to 77K, the photoluminescence excitation (PLE) band, with maximum at λexc= 533 nm, 

and the emission band, with maximum at λem= 678 nm, were observed for the solid 

(crystal) at 77K. 

 
Figure 76. Photoluminescence excitation (left) and emission (right) spectra of the 

crystals [Cu2I2(quin)]∞ in solid state at 77K. 
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1HNMR, TGA, FT-IR  

TGA (Q50 V6.7) analysis in Figure 77 shows that % weight loss of the organic ligand 

(25.10%) and iodide (60.01%). It indicates that of the complex, copper accounts for the 

remaining percentage of 14.89%. This is less than the x-ray crystal structure which is 

24.87% of copper, 49.67% of iodide, and 25.46% of ligand in 511.03 g/mole. The 

difference between the x-ray crystal structure percentage and the actual percentage is likely 

due to excess CuI and impurities in the sample than what is predicted. The IR spectra and 

1H NMR for the crystals of [Cu2I2(quin)]∞ were not obtained, due to previous publication 

of the structure. 

 
Figure 77. TGA (Q50 V6.7) analysis of [Cu2I2(quin)]∞ crystals 
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3.6 Results and Discussion for Copper Iodide and Pyrazine Complexes 

 

All of the resulted copper iodide complexes are air stable, and only soluble in acetonitrile 

upon sonication and/or heat. All complexes exhibited photoluminescence. In this section, 

we will discuss the various photophysical and chemical properties including but not limited 

to x-ray crystallography, luminescence, lifetime, H NMR, TGA, and FT-IR.  

 

3.6.1 Solventless - [CuI(pyz)]  

Photoluminescence  

The solventless complex exhibited red photoluminescence (PL) in the solid state at room 

temperature (RT) and 77K. However, it didn’t exhibit any PL in solution. All the steady 

state (emission and excitation) spectra at RT and 77K are shown in Figure 78. The 

photoluminescence excitation (PLE) band, with maximum at λexc= 544 nm, and the 

emission band, with maximum at λem= 627 nm, were observed for the solid (powder) at 

RT. Upon cooling to 77K, an excitation band, with maximum at 506 nm, and an emission 

band, with maximum at 648 nm, were observed.  
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Figure 78. Photoluminescence excitation (left) and emission (right) spectra of solid 

solventless [CuI(pyz)] at 77K (red) vs room temperature (blue). 

 

When the solventless product is exposed to acetonitrile over a 3-hour period, the PL 

changes from red to yellow, this transition can be seen in  

Figure 79 and Figure 80. The start photoluminescence excitation (PLE) band was 

maximum at λexc= 527 nm, and the emission band, with maximum at λem= 633 nm. After 

3 hours, the end photoluminescence excitation (PLE) band was maximum at λexc= 510 

nm, and the emission band, with maximum at λem= 581 nm 
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Figure 79. Time lapse of solventless CuI(pyz) exposed to acetonitrile over 3 hours   

Time Excitation (nm) Emission (nm) 

No solvent  527 633 

0.0 hr 527 633 

0.5 hr 527 633 

1.0 hr 527 633 

1.5 hr 527 630 

2.15 hr 522 624 

2.5 hr 513 619 

2.75 hr 510 588 

3.0 hr 510 581 
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Figure 80. Initial (red) and Final (black) photoluminescence excitation (left) and 

emission (right) spectras of solventless CuI(pyz) exposed to acetonitrile. 

 

1HNMR, TGA, FT-IR 

1H NMR measurements of solventless CuI(pyz) were done by using deuterated acetonitrile. 

Here we are illustrating the 1H NMR spectra of solventless CuI(pyz); Figure 81 represents 

the 1H NMR spectrum of CuI(pyz). The single peak at δ=8.72 is assigned the organic 

ligand, pyrazine.  

 
Figure 81. 1H NMR (400MHz) spectrum of solventless CuI(pyz) in Acetonitrile d3 
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TGA (Q50 V6.7) analysis in Figure 82 shows that % weight loss of the organic ligand 

(12.22%) and iodide (78.91%). It indicates that of the complex, copper accounts for the 

remaining percentage of 8.87%. This is less than the x-ray crystal structure which is 

27.57% of copper, 55.06% of iodide, and 17.07% of ligand in 460.97 g/mole. The 

difference between the x-ray crystal structure percentage and the actual percentage is likely 

due to excess CuI and impurities in the sample than what is predicted. The IR spectra for 

solventless CuI(pyz) shown in Figure 83 confirms the presence of the ligand (pyrazine) in 

the product.  

 
Figure 82. TGA (Q50 V6.7) analysis of solventless CuI(pyz) 
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Figure 83. FT-IR spectrum of solventless CuI(pyz) 

 

3.6.2 Solvent mediated in Acetonitrile - [CuI(pyz)]  

Photoluminescence 

The solvent mediated complex synthesized in acetonitrile exhibited yellow 

photoluminescence (PL) in the solid state at room temperature (RT) and orange PL at 77K. 

However, it didn’t exhibit any PL in solution. All the steady state (emission and excitation) 

spectra at RT and 77K are shown in Figure 84. The photoluminescence excitation (PLE) 

band, with maximum at λexc= 503 nm, and the emission band, with maximum at λem= 

577 nm, were observed for the solid (powder) at RT. Upon cooling to 77K, an excitation 

band, with maximum at 477 nm, and an emission band, with maximum at 598 nm, were 

observed. 
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Figure 84. Photoluminescence excitation (left) and emission (right) spectra of solid 

solvent-mediated (acetonitrile) [CuI(pyz)] at 77K (red) vs room temperature (blue). 

 

1HNMR, TGA, FT-IR  

1H NMR measurements of solvent-mediated, in acetonitrile (AcN), CuI(pyz) were done by 

using deuterated acetonitrile. Here we are illustrating the 1H NMR spectra of solvent-

mediated (AcN) CuI(pyz); Figure 85 represents the 1H NMR spectrum of CuI(pyz). The 

single peak at δ=8.702 is assigned the organic ligand, pyrazine.  
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Figure 85. 1H NMR (400MHz) spectrum of solv.-med. (AcN) CuI(pyz) in Acetonitrile d3. 

 

TGA (Q50 V6.7) analysis in Figure 86 shows that % weight loss of the organic ligand 

(16.73%) and iodide (72.07%). It indicates that of the complex, copper accounts for the 

remaining percentage of 11.20%. This is less than the x-ray crystal structure which is 

27.57% of copper, 55.06% of iodide, and 17.07% of ligand in 460.97 g/mole. The 

difference between the x-ray crystal structure percentage and the actual percentage is likely 

due to excess CuI and impurities in the sample than what is predicted. The IR spectra for 

solventless CuI(pyz) shown in Figure 87 confirms the presence of the ligand (pyrazine) in 

the product.  
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Figure 86. TGA (Q50 V6.7) analysis of solvent-mediated AcN CuI(pyz) 

 

 
Figure 87. FT-IR spectrum of solvent-mediated AcN CuI(pyz) 
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3.6.3 Solvent mediated in Toluene - [CuI(pyz)]  

Photoluminescence 

The solvent mediated complex synthesized in toluene exhibited orange photoluminescence 

(PL) in the solid state at room temperature (RT) and orange PL at 77K. However, it didn’t 

exhibit any PL in solution. All the steady state (emission and excitation) spectra at RT and 

77K are shown in Figure 88. The photoluminescence excitation (PLE) band, with 

maximum at λexc= 512 nm, and the emission band, with maximum at λem= 614 nm, were 

observed for the solid (powder) at RT. Upon cooling to 77K, an excitation band, with 

maximum at 488 nm, and an emission band, with maximum at 597 nm, were observed. 

 
Figure 88. Photoluminescence excitation (left) and emission (right) spectra of solid 

solvent-mediated (toluene) [CuI(pyz)] at 77K (red) vs room temperature (blue). 
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1HNMR, TGA, FT-IR  

1H NMR measurements of solvent-mediated, in toluene, CuI(pyz) were done by using 

deuterated acetonitrile. Here we are illustrating the 1H NMR spectra of solvent-mediated 

(toleuene) CuI(pyz); Figure 89 represents the 1H NMR spectrum of CuI(pyz). The single 

peak at δ=8.714 is assigned the organic ligand, pyrazine.  

 
Figure 89. 1H NMR (400MHz) spectrum of solvent-mediated (toluene) CuI(pyz) in 

Acetonitrile d3. 

 

TGA (Q50 V6.7) analysis in Figure 90 shows that % weight loss of the organic ligand 

(18.09%) and iodide (68.58%). It indicates that of the complex, copper accounts for the 

remaining percentage of 13.33%. This is less than the x-ray crystal structure which is 

27.57% of copper, 55.06% of iodide, and 17.07% of ligand in 460.97 g/mole. The 

difference between the x-ray crystal structure percentage and the actual percentage is likely 

due to excess CuI and impurities in the sample than what is predicted. The IR spectra for 
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solventless CuI(pyz) shown in Figure 91 confirms the presence of the ligand (pyrazine) in 

the product.  

 
Figure 90. TGA (Q50 V6.7) analysis of solvent-mediated (toluene) CuI(pyz) 

 

 
Figure 91. FT-IR spectrum of solvent-mediated (toluene) CuI(pyz) 
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3.6.4 Copper Iodide and Pyrazine Crystals 

X-ray crystallography 

The crystal structure of [CuI(pyz)]∞ was published in 1999 by Martin Schroder and 

company13. Figure 92 and Table 15 displays the crystallization results from the 1999 

publication of the product.13 Photophysical and physical studies have been previously 

published.30 We were unable to obtain crystals for CuI(pyz). 

 
Figure 92. Crystallographic Data Summary and view of two-dimensional sheet of 

[(CuI)2(pyz)]∞.(13) 
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Table 15. 

Crystallographic Data of [(CuI)2(pyz)]∞.(13) 
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CHAPTER IV 

CONCLUSION 

In summary, we synthesized various copper iodine complexes utilizing solventless and 

solvent mediated synthetic routes. We were able to characterize each of them using 

photoluminescence, 1HNMR, IR, TGA, UV/VIS spectrometry, elemental analysis and x-

ray crystallography. When the solventless product, solvent-mediate product, and crystals 

of each ligand is compared, different polymorphs were obtained for each synthetic route. 

Copper iodide, when reacted with imine based ligands, has the tendency to produce several 

polymorphs; the formation of these polymorphs is influenced by synthetic route, molar 

ratio, type of solvent used, and temperature. Additionally, these CuI polymorphs exhibit 

different physical and photophysical properties, such as thermochromism, vapochromism, 

and the formation of clusters and coordination polymers. This is consistent with the 

pyridine based CuI complexes reported in previous literature.1-3,7,10 The CuI-pyrazine 

solventless complex underwent vapochromism both physically and photophysically when 

exposed to acetonitrile vapors (Figure 79 and Figure 80). Many of the complexes exhibited 

physical and photophysical thermochromism (Table 16 and Table 17). Structurally, both 

CuI cluster and coordination polymers were synthesized and we were able to obtain 

complexes utilizing mechanical grinding. Below  Table 16 and Table 17 outline the impact 

the environment played on the individual CuI-cyanopyridine and CuI-pyrazine based 

systems. Comparative PL spectra is displayed below to see the results the environment 
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plays on each system (Section 4.1 - Section 4.2). In addition, when minor changes are made 

to the position of the cyano substituent of the pyridine ligand (Section 4.3), or major 

changes such as adding an additional substituent, like a bromine group (Section 4.4) or a 

benzene ring (Section 4.5), The physical and photophysical properties of the products are 

dramatically impacted. The sections to follow will illustrate the impact of the above factors 

on the obtained CuI complexes.  
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4.1 Factors Influencing the Properties of CuI(n-CP) complexes 

 

Table 16. 

CuI-cyanopyridine based complexes outlining their excitation (physical color) and 

emission (luminescence) wavelength.  

 

 

 

Table 16 clearly shows the tremendous impact synthetic routes and temperature have on 

the physical and photophysical properties of each polymorph. Additionally, it compares 

the products  which have different ligands (4CP, 3CP, 2CP, 5Br3CP).

Crystals Solventless Solvent Crystals (1:2) Crystals (1:1) Solventless Solvent

Physical Color 525 nm 476 nm 484 nm 442 nm 416 nm 425 nm 314 nm

Luminescence 636 nm 638 nm 636 nm 535 nm 545 nm 530 nm 555 nm

Physical Color 504 nm 452 nm 446 nm 424 nm 355 nm 343 nm 315 nm

Luminescence 626 nm 615 nm 622 nm 521 nm 570 nm 527 nm 571 nm

Blue shift Blue Shift Blue Shift Blue Shift Blue Shift Blue Shift No shift

Blue shift Blue Shift Blue Shift Blue Shift Red Shift Blue Shift Red Shift

Physical Color at 77K based on synthetic route (red shift):

Lum. Color at 77K based on synthetic route (red shift):

Solvent < Solventless < Crystals Solvent < Solventless < Crystals (1:1) < Crystals (1:2)

Lum. Color at RT based on synthetic route (red shift): N/A Solventless < Crystals (1:2) < Crystals (1:1) < Solvent 

Room Temperature

77 K

Temperature Change Physical Color:

Temperature Change Lum. Color:

Physical Color at RT based on synthetic route (red shift):

CuI 4-Cyanopyridine CuI 3-Cyanopyridine

Solvent < Crystals (1:1) < Solventless < Crystals (1:2)Solventless < Solvent < Crystals

Solventless < Solvent < Crystals Crystals (1:2) < Solventless < Crystals (1:1) < Solvent

Solventless Solvent Solventless Solvent

Physical Color 448 nm 340 nm N/A 450 nm

Luminescence 585 nm 520 nm N/A 624 nm

Physical Color 450 nm 450 nm 325 nm 450 nm

Luminescence 612 nm 555 nm 575 nm 640 nm

No shift Red Shift N/A No shift

Red Shift Red Shift N/A Red Shift

Physical Color at 77K based on synthetic route (red shift):

Lum. Color at 77K based on synthetic route (red shift):

N/A

Lum. Color at RT based on synthetic route (red shift): Solvent < Solventless N/A

Room Temperature

77 K

Temperature Change Physical Color:

Temperature Change Lum. Color:

Physical Color at RT based on synthetic route (red shift):

CuI 2-Cyanopyridine CuI 5-Bromo-3-Cyanopyridine

Solvent < Solventless N/A

Solventless < Solvent

Solvent < Solventless Solventless < Solvent
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4.1.1 Conclusion of the effect of synthetic route and temperature on CuI-4CP 

Below, Figure 93 and Figure 94 display comparative PL spectra of the CuI(4CP) products, 

detailing the various polymorphs that were formed by utilizing different synthetic routes. 

It is noteworthy, that whether at RT or 77K, CuI(4CP) crystals physical color (em) is red 

shifted in comparison to solvent-mediated and solventless products. This could indicate 

that the dominate species of solvent-mediated and solventless are not the same as the 

crystal structure.  

 
Figure 93. CuI(4CP) solventless (orange), solvent mediated – acetonitrile (pink), and 

crystals (black) photoluminescence excitation (left) and emission (right) in solid state at 

RT. 
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Figure 94. CuI(4CP) solventless (orange), solvent mediated – acetonitrile (pink), and 

crystals (black) photoluminescence excitation (left) and emission (right) in solid state at 

77K. 

 

4.1.2 Conclusion of the effect of synthetic route and temperature on CuI-3CP  

Below, Figure 95 and Figure 96 display comparative PL spectra of the CuI(4CP) products, 

detailing the various polymorphs that were formed by utilizing different synthetic routes. 

Based on the peak shapes of the excitation spectra for solventless and solvent-mediated 

products, it seems that both products could have a mixture of polymorphs. However, the 

77K emission spectra is indicative of which polymorph is more dominate in each species; 

solventless is more dominate of the (1:2) green crystal polymorph and solvent-mediated is 

more dominate of the (1:1) yellow crystal polymorph.    
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Figure 95. CuI(3CP) solventless (orange), solvent mediated – acetonitrile (blue), green 

crystals (green), and yellow crystals (pink) photoluminescence excitation (left) and 

emission (right) in solid state at RT. 
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Figure 96. CuI(3CP) solventless (orange), solvent mediated – acetonitrile (blue), green 

crystals (green), and yellow crystals (pink)photoluminescence excitation (left) and 

emission (right) in solid state at 77K. 

4.1.3 Conclusion of the effect of synthetic route and temperature on CuI-2CP 

Below, Figure 97 and Figure 98 display comparative PL spectra of the CuI(2CP) products, 

detailing the various polymorphs that were formed by utilizing different synthetic routes. 

We were unable to obtain crystal structure for the CuI(2CP) reactions; however, based on 

excitation and emission spectra we clearly have at least two different polymorphs. The 

solvent-mediated polymorph undergoes dramatic changes, both physically and 

photophysically. Based on the excitation and emission of the solvent-mediated, it seems 

that there are two solvent-mediate polymorphs due to the two peaks in the emission spectra 

at 77K and the dramatic shift of the excitation spectra. 



133 

 

 
Figure 97. CuI(2CP) solventless (pink) and solvent mediated acetonitrile (blue) 

photoluminescence excitation (left) and emission (right) in solid state at RT. 

 

 
Figure 98. CuI(2CP) solventless (pink) and solvent mediated – acetonitrile (blue) 

photoluminescence excitation (left) and emission (right) in solid state at 77K. 
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4.1.4 Conclusion of the effect of synthetic route and temperature on CuI-2CP  

Below, Figure 99 display comparative PL spectra at 77K of the CuI(5Br3CP) products, 

detailing the various polymorphs that were formed by utilizing different synthetic routes. 

RT comparisons were unable to be obtained, as solventless CuI(5Br3CP) was unable to be 

obtained. Based on the excitation spectra of the solvent-mediated product encompassing 

the solventless spectra, we believe the solvent-mediated spectra may be a mixture of 

polymorphs. We believe there are at least two individual polymorphs within this system. 

 
Figure 99. CuI(5Br3CP)) solventless (blue) and solvent mediated – acetonitrile (red) 

photoluminescence excitation (left) and emission (right) in solid state at 77K 
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4.2 Factors Influencing the Properties of CuI(pyz) based complexes 

Table 17.  

CuI-pyrazine based complexes outlining their excitation (physical color) and emission 

(luminescence) wavelength.  

 

 

Table 17 clearly shows the tremendous impact synthetic routes and temperature have on 

the physical and photophysical properties of each polymorph. Additionally, it compares 

the products which have different ligands (pyrazine and quinoxaline). 

 

Solventless Solvent-Ac N Solvent-Tol Crystals Solventless Solvent

Physical Color 544 nm 503 nm 512 nm N/A N/A N/A

Luminescence 627 nm 577 nm 614 nm N/A N/A N/A

Physical Color 506 nm 477 nm 498 nm 533 nm 454 nm 534 nm

Luminescence 648 nm 598 nm 598 nm 678 nm 597 nm 690 nm

Blue Shift Blue Shift Blue Shift

Red Shift Red Shift Blue Shift

CuI-Pyrazine

Room Temperature

77 K

Temperature Change Physical Color:

Temperature Change Lum. Color:

Physical Color at RT based on synthetic route (red shift):

Physical Color at 77K based on synthetic route (red shift): Solvent-Ac N < Solvent-Tol < Solventless 

Lum. Color at 77K based on synthetic route (red shift): Solvent-Ac N = Solvent-Tol < Solventless 

Solvent-Ac N < Solvent-Tol < Solventless 

Lum. Color at RT based on synthetic route (red shift): Solvent-Ac N < Solvent-Tol < Solventless 

CuI-Quinoxaline

Solventless < Crystals < Solvent

Solventless < Crystals < Solvent
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4.2.1 Conclusion of the effect of synthetic route and temperature on CuI(pyz) 

Below, Figure 100 and Figure 101 display comparative PL spectra of the CuI(pyz) 

products, detailing the various polymorphs that were formed by utilizing different synthetic 

routes. Acetonitrile seems to act as a ligand and coordinate to the solvent-mediate (AcN) 

polymorph; this in indicative of the vapochromic study (Figure 79 and Figure 80). The 

physical and photophysical color change upon exposure to vapor or solvent are not 

reversible. Additionally, we have several polymorphs between the solventless and solvent 

mediate synthetic routes. Although we did not obtain the crystal structure of CuI(pyz), our 

polymorphs are even vastly different from the published crystal structure emission and 

excitation spectra.30 The photoluminescence excitation (PLE) band, with maximum at 

λexc= 450 nm, and the emission band, with maximum at λem= 639 nm, were observed for 

the crystal at RT. Upon cooling to 77K, an excitation band, , with maximum at λexc=450 

nm, and an emission band, with maximum at λem=663 nm, were observed.30  

 
Figure 100. CuI(pyz) solventless (black), solvent mediated – acetonitrile (green), and 

solvent mediated – toluene (red) photoluminescence excitation (left) and emission (right) 

in solid state at RT. 
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Figure 101. CuI(pyz) solventless (black), solvent mediated – acetonitrile (teal), and 

solvent mediated – toluene (pink) photoluminescence excitation (left) and emission (right) 

in solid state at 77K 
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4.2.2 Conclusion of the effect of synthetic route and temperature on CuI(quin) 

Below, Figure 102 displays comparative PL spectra of the CuI(quin) products, detailing 

the various polymorphs that were formed by utilizing different synthetic routes. The crystal 

structure and the solvent-mediated product seem to be similar; however, the solventless 

product is dramatically different in comparison to the crystals and solvent-mediated 

products. 

 
Figure 102. CuI(quin) solventless (black), solvent mediated – acetonitrile (red), and 

crystals – (purple) photoluminescence excitation (left) and emission (right) in solid state 

at 77K. 
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4.3 Effects of Fine Tuning of C≡N substituent on CuI-CP systems 

When comparing the CuI-cyanopyridine based products, finely tuning the position of a 

substituent, C≡N, dramatically impacts the photophysical properties (shown in Figure 103-

Figure 106 below). Similar to previous publications9, we believe the structural difference 

resulted in the stabilization of the LUMO state, causing a red shift of the emission 

wavelength of each system. The more energy that was required to go from the HOMO state 

to the LUMO state, the higher the frequency. The meta, ortho, and para positioning of the 

C≡N group resulted in various distances on the HOMO LUMO gap which resulted in the 

red shift of the emission of the photophysical properties. Below displays each CuI-

cyanopyridine complex that was similarly synthesized (solvent vs. solventless) and was in 

similar temperature environments (room temperature vs. 77K). In general, as we shift the 

cyano group from the 2 to the 4 position, there is a red shift of the emission spectra. 

 
Figure 103. Solvent Mediated CuI-CP (4CP, 3CP, 2CP) photoluminescence emission 

comparison at room temperature. 
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Figure 104. Solvent Mediated CuI-CP (4CP, 3CP, 2CP) photoluminescence emission 

comparison at 77K. 

 

 
Figure 105. Solventless CuI-CP (4CP, 3CP, 2CP) photoluminescence emission 

comparison at room temperature. 



141 

 

 
Figure 106. Solventless CuI-Ligand (4CP, 3CP, 2CP) photoluminescence emission 

comparison at room temperature 

 

4.4 Effects of Coarse tuning: Adding Br substituent on 3CP 

Furthermore, coarse tuning can create an effect on the complex, such as adding an 

additional substituent. A heavy atom effect resulted in a red-shift of the photophysical 

features when a bromine group was added to the 5th position on 3-cyanopyridine.Figure 

107-Figure 109 display the comparison of the emission of CuI-3CP and CuI-5Br3CP at 

room temperature and at 77K. Adding heavy atom effect decreases the HOMO LUMO gap, 

resulting in the red shift of the spectra.  
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Figure 107. Solvent mediated CuI-CP (3CP and 5Br3CP) photoluminescence emission 

comparison at 77K. 

 

 
Figure 108. Solvent mediated CuI-CP (3CP and 5Br3CP) photoluminescence emission 

comparison at 77K. 
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Figure 109. Solventless CuI-CP (3CP and 5Br3CP) photoluminescence emission 

comparison at 77K. 

 

4.5 Effects of Coarse tuning: Adding Benzene substituent on Pyrazine 

Added a benzene ring to pyrazine (quinoxaline), resulted in a red shift for the solvent 

mediated products and a blue shift for solventless products (Figure 110 and Figure 111 

below). Due to the CuI-quin complexes being weakly luminescent at room temperature, 

we were only able to compare CuI-pyz and CuI-quin at 77K. In general, the presence of 

quinoxaline resulted in the most dramatic red shift, lowering the energy of the 

luminescence.  
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Figure 110. Solvent mediated CuI-pyz and CuI-quin photoluminescence emission 

comparison at 77K 

. 

 
Figure 111. Solvent mediated CuI-pyz and CuI-quin photoluminescence emission 

comparison at 77K. 
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4.6 Final Summary 

 
Figure 112. Schematic representation and illustration of synthetic routes and 

coordination of CuI to different ligands.. 
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When attempting to crystallize the CuI-2CP complex, we discovered that CuI and 2CP are 

able to undergo changes from cyanopyridine to amide, which is normally done through 

catalysis. We obtained these results by using Acetonitrile, DMSO, and water as solvents. 

We can conclude that an exothermic reaction occurred (the reaction vial became warm 

when the synthesis was taking place), opposite to what is reported in literature. We made 

several attempts to crystallize the complexes, CuI-5Br3CP and CuI-2CP using different 

solvents and different techniques. However, we were not able to obtain the crystal 

structures for those complexes. Moreover, we attempted to crystallize all solventless and 

solvent mediated based complexes; due to the difference in physical and photophysical 

properties, TGA, and melting points, we concluded that polymorphs of these complexes 

were formed when trying to crystalize these products. Further attempts of trying to 

crystalize CuI complexes, while utilizing various synthetic routes, merits future 

consideration and will continue. Clearly the above systems have rich physical and 

photophysical properties, which make them good candidates for further study and potential 

use in various applications.
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