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Abstract: 

     A deep eutectic solvent type four was created by combining 1:4 lithium chloride and 1,2 

propanediol. The physical characteristics of pure DES and NiCl2.6H2O in DES with various 

additions such as H2O, Triton X100, Boric acid, and Nicotinic acid were examined. The results 

reveal that H2O and Triton X100 have a good improvement in increased conductivity and 

density, which is highly essential in electrodeposition applications. The UV-Vis spectra of 0.2 M 

NiCl2.6H2O solutions in DES in the presence and absence of additives were measured. In the 

absence of additives, we observed peaks at (402, 284, and 219) nm. When we added additives, 

we saw a blue shift. The results showed a blue shift when additives were added. Also the 

physical characteristics of CuCl2.2H2Oin DESs and  with various additions such as  Triton X100, 

Triton X114, Twien20 and Twien80. The results reveal that Twien80 and Triton X100 have a 

good improvement in increased conductivity and density, Too the UV-Vis spectra of 0.2 M 

CuCl2.2H2O solutions in DES in the presence and absence of additives were measured. Show 

that some of additives does not effect in UV-Vis spectrum such as twin 20 rather than other 

additives.                                                                                                             
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Introduction 

Deep eutectic solvents (DESs), which are made up of two or more hydrogen bond donating and 

receiving molecules, are a hot topic right now[1-
 
4] . Following their distinctive (thermo) 

physical features and capacity to be "designed," many industrial uses have been proposed for 

such combinations [5,6]. Applications have already been suggested as green solvents with low 

solvent loss due to their low vapor pressure [1,7], extraction agents [8,9], catalysis [8,10], 

separation and synthesis of organic compounds[6], biodiesel purification [11], medication 

solubility [12], electrical conductivity applications [13], and surface metal deposition [14] have 

all been suggested. When a hydrogen bond donor (HBD) and a hydrogen bond acceptor (HBA) 

are mixed, the outcome is a combination with a lower freezing point than the original pure 
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ingredients. The drop in freezing point might be as much as 200 degrees celsius in extreme 

circumstances.  

  Since DESs have the toxicological characteristics of both components, selecting benign starting 

materials can result in low-toxicity compounds. The majority of these substances are both 

inexpensive and biodegradable[6].  Choline chloride (ChCl), one of the most popular ammonium 

salts, is one of the most often used substances. It is a pro-vitamin, which means that it is widely 

utilized in a range of products, such as animal feed. It may therefore be produced from biomass, 

is affordable, biodegradable, and low-toxic. When choline chloride is combined with an HBD 

like urea, glucose, or oxalic acid, it forms a eutectic mixture.              

Choline chloride, carboxylic acid, and tetra-butyl ammonium fluoride salts were used to create 

the first DESs [1].  

The most important physical properties that have been studied for the DES are density and 

conductivity, Specifically, Mjalli and associates[15] proposed a technique for calculating the 

density of DESs at various temperatures. The average absolute relative percentage error (ARPE) 

for all of the tested DESs was determined to be 1.9 percent when the observed and anticipated 

densities were compared. Additionally, it was looked at how ARPE will be affected by the salt to 

HBD molar ratio in expected DES densities. The same team investigated DESs manufactured 

from salts based on phosphonium with various hydrogen bond donors. At various temperatures, 

melting temperature, density,  and conductivity were all determined. Researchers found that the 

qualities under study were significantly influenced by the mole ratio of both compounds, as well 

as by the salt and HBD [8] . Compared to the majority of ionic liquids and molecular solvents, 

DESs have a lower conductivity.  The effective polarity of choline chloride in the presence of 

four HBDs, 1,2-ethanediol, glycerol, urea, and malonic acid, was shown to be similarly dipolar 

in all four liquids[16].  

The purpose of studying the physical properties of DES is to aid in our understanding of the 

electrical properties of DES , such as electroplating  of Nickel and Copper elementes that are 

used in different industries. 
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Experimental  

   (DES) was prepared by combining LiCl with 1,2-Propandiol at a ratio of 1:4 each. The liquid 

was then put on a hotplate set to 50°C with stirring until a colorless, homogeneous electrolyte 

was produced. As shown in figure1.   

 

 

 

 

 

 

 

 

 

 

 

Figure 1: The Deep Eutectic Solvent used in this Thesis 1:4  

(LiCl: 1,2-Prop) 

 

Then the 0.2M nickel chloride solution was prepared by added 2.37g from nickel chloride 

(NiCl2.6H2O) (Aldrich99.5%) to (DES) which has been prepared. Then it is added  other 

materials such as ( 10% H2O), (0.16M Nicotinic acid)  (Aldrich 98%) , (0,4M Boric 

acid)(Aldrich99.8%), and (0.02M Triton X100) (Sigma Aldrich, ≥ 99.5%).  Also the 0.2M 

copper chloride solution was prepared by added 1,704g from copper chloride (CuCl2.6H2O) 

(Aldrich99. %) to (DES)  which has been prepared. Then it is added other materials such as  

(0.01M Twien20)  (Sigma Aldrich 98%) , (0.025Twien80)(Aldrich99%), (0.02M Triton X114) 

(Sigma Aldrich, ≥ 99%) and (0.02M Triton X100) (Sigma Aldrich, ≥ 99.5%).   The conductivity 

of the liquids was measured using different temperature using a Digital Conductivity 

SeriesIno.Lab.720 conductivity meter fitted with an inherent temperature probe (cell constant = 

1.01 cm-1 ). As shown in figure2.  
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Figure2. Device of conductivity meter   

  

Also examinations of the samples of nickel and copper solutions with and without additions were 

conducted using a (Spectro UV-VIS Double Beam PC Scanning Spectrophotometer UVD-2950) 

UV-visible spectrophotometer equipment. As shown in figure3.  

 

 

 

 Figure3. Device of  UV-Visible Spectroscopy. 

 



Journal of Kufa for Chemical Sciences Vol. (2)No.(10) ………………..……….……….Jun 2023  
 

 35 

 

Results and Discussion 

Density 

Density of Nickel Solutions 

It is important to study the density of the coating electrolyte because it has a substantial impact 

on coating qualities when metals are electrodeposited from ionic liquids. The density data for the  

DES pure are shown in figure 4 with increasing temperature the density decreases. Also  we 

observed increase in density when adding NiCl2.6H2O to DES. Too when increasing temperature 

the density of the nickel chloride solution additives solutions  decreases as shown in figure4. 

 

 

Figure 4. The Density of 0.2 M NiCl2.6H2O in DES as a Function of Temperatures and Different 

Additive. 

 

Density of copper Solutions 

In figure 5 we observed when increasing temperature the density of the copper chloride solution 

additives solutions  decreases and the reason is with increasing temperature , viscosity decreases 

and the free volume increases. 
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Figure 5. The Density of 0.2 M CuCl2.6H2O in DES as a Function of Temperatures and 

Different Additive. 

 

Conductivity 

1. Conductivity of Nickel Solutions 

It is crucial to research the conductivity of the coating electrolyte because it has a substantial 

impact on coating qualities when metals are electrodeposited from ionic liquids. Using a 

conductivity meter, the conductivities of the DESs used in this study were measured as follows: 

the probe of the conductivity meter was submerged in a liquid at temperatures ranging from 

25°C to 80°C, the conductivity of each sample was measured at least three times at each 

temperature, and the average was calculated. We observed in DES an decrease in viscosity with 

increasing temperature , which leads to increase in conductivity. such (BA , NA) it causes 

decrease in conductivity while some additives cause a decrease in viscosity such (H2O , 

Tritonx100) which leads to  increase in conductivity[17]. as is clear from figure6.     
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Figure 6. The Conductivity of 0.2 M NiCl2.6H2O in DES as a Function of Temperatures and 

Different Additive. 

 

2. Conductivity of copper 

Likewise, the conductivity of the copper solution and its additives was measured in the same 

way. In both the presence and absence of additives, Figure 7 depicts the conductivity of 

CuCl2.2H2O in DES as a function of temperature[18]. We observed an increase in conductivity 

with  increasing temperature and that because decrease in viscosity of solutions with  increasing 

temperature. As the viscosity of the Cu solution was increased with some the additives such 

(Twien20, Tritonx114) it causes decrease in conductivity while some additives cause a decrease 

in viscosity such  (Twien80 , Tritonx100) which leads to increase in conductivity. as is clear 

from figur7.     
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Figure 7. The Conductivity of 0.2 M CuCl2.6H2O in DES as a Function of Temperatures and 

Different Additive. 

 

UV – Vis measurement 

1.UV-Vis of Nickel Solutions 

The ability to learn how much an addition influences the metal speciation is provided by UV-Vis 

studies. The spectra for NiCl2 solution in DES are compared in Figure 8 to solutions with 

additions such (NA), (H2O), (Tritonx100), and (BA). The peak locations of bands 1 and 2 are 

constant at room temperature, indicating that Ni speciation in the presence of these additions is 

unaffected despite their relatively high concentration[19]. Indicating that Ni
2+

 is the structure 

pertaining to this peak, the peak in band 1 is still present for all additions and appears at a 

comparable intensity and peak location for the solutions including H2O and BA. However, the 

peak location has changed for those solutions containing NA and Tritonx100, shifting to a 

somewhat lower wavelength/higher energy as well as having a greater intensity. The peak's 

continued roughly constant location and intensity indicate that it still results from an octahedral 

complex's 
3
A2g (F)→ 

3
T1g (P) transition. 
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Figure 8: UV-Vis spectra of 0.02 M NiCl2 in DES in the Absence and Presence of additives at 

λ=(200-600)nm 

2.UV-Vis of Copper 

CuCl2.2H2O species in DES have been identified using UV-Vis spectroscopy in both the absence 

and addition of additives. Figure 9 displays the CuCl2.2H2O absorption spectra in DES with 

Tritonx100, Tritonx114, Twien20, and Twien80. Figure 9 shows three absorption bands at 406, 

291 and 225nm[18]. Additionally, Figure 6 shows that some of additives does not effect in UV-

Vis spectrum such as twin 20 rather than other additives.                                                                 
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Figure 9: UV-Vis spectra of 0.02 M CuCl2 in DES in the Absence and Presence of additives at 

λ=(200-600)nm 

 

Conclusions                                                                                                  

The purpose of this study was prepare a new deep eutectic solvent and studying its physical 

properties. Examined were the physical properties of pure DES and NiCl2.6H2O in DES with 

several additives, including water, Triton X100, boric acid, and nicotinic acid. The findings show 

that the conductivity and density of H2O and Triton X100 have significantly improved, which is 

very important for electrodeposition applications. In both the presence and absence of additives, 

the UV-Vis spectra  were measured. Peaks at (402, 284, and 219) nm were seen in the absence of 

additives. We saw a change to blue as we added chemicals. When additives were introduced, the 

results displayed a blue shift. Additionally, the physical properties of CuCl2.2H2Oin DESs and 

with different additives as Triton X100, Triton X114, Twien20, and Twien80 According to the 

findings, Twien80 and Triton X100 have significantly improved conductivity and density. UV-

Vis spectra  were also examined in both the presence and absence of additives. demonstrate that 

some additives, such as twin 20, have no influence on the UV-Vis spectrum when compared to 

other additives.  
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 Results of this fundamental study will be useful for studies electrical properties of DES such as 

electrodeposition.  

 

 

References: 

[1] A. P. Abbott, D. Boothby, G. Capper, D. L. Davies, and R. K. Rasheed, “Deep Eutectic 

Solvents formed between choline chloride and carboxylic acids: Versatile alternatives to 

ionic liquids,” J. Am. Chem. Soc., vol. 126, no. 29, pp. 9142–9147, 2004, doi: 

10.1021/ja048266j. 

[2] O. S. Hammond et al., “Nanostructure of the deep eutectic solvent/platinum electrode 

interface as a function of potential and water content,” Nanoscale Horizons, vol. 4, no. 1, 

pp. 158–168, 2019, doi: 10.1039/c8nh00272j. 

[3] H. F. Alesary et al., “Effects of additives on the electrodeposition of Zn–Sn alloys from 

choline chloride/ethylene glycol-based deep eutectic solvent,” J. Electroanal. Chem., vol. 

874, p. 114517, 2020, doi: 10.1016/j.jelechem.2020.114517. 

[4] H. F. Alesary et al., “Influence of different concentrations of nicotinic acid on the 

electrochemical fabrication of copper film from an ionic liquid based on the complexation 

of choline chloride-ethylene glycol,” J. Electroanal. Chem., vol. 897, no. July, p. 115581, 

2021, doi: 10.1016/j.jelechem.2021.115581. 

[5] Y. Dai, J. Van Spronsen, G. J. Witkamp, R. Verpoorte, and Y. H. Choi, “Ionic liquids and 

deep eutectic solvents in natural products research: Mixtures of solids as extraction 

solvents,” J. Nat. Prod., vol. 76, no. 11, pp. 2162–2173, 2013, doi: 10.1021/np400051w. 

[6] A. Y. M. Al-Murshedi, H. F. Alesary, and R. Al-Hadrawi, “Thermophysical properties in 

deep eutectic solvents with/without water,” J. Phys. Conf. Ser., vol. 1294, no. 5, 2019, doi: 

10.1088/1742-6596/1294/5/052041. 

[7] C. D’Agostino et al., “Molecular and ionic diffusion in aqueous-deep eutectic solvent 

mixtures: Probing inter-molecular interactions using PFG NMR,” Phys. Chem. Chem. 

Phys., vol. 17, no. 23, pp. 15297–15304, 2015, doi: 10.1039/c5cp01493j. 

[8] E. L. Smith, A. P. Abbott, and K. S. Ryder, “Deep Eutectic Solvents (DESs) and Their 



Journal of Kufa for Chemical Sciences Vol. (2)No.(10) ………………..……….……….Jun 2023  
 

 42 

 

Applications,” Chem. Rev., vol. 114, no. 21, pp. 11060–11082, 2014, doi: 

10.1021/cr300162p. 

[9] S. E. E. Warrag, C. J. Peters, and M. C. Kroon, “Deep eutectic solvents for highly 

efficient separations in oil and gas industries,” Curr. Opin. Green Sustain. Chem., vol. 5, 

pp. 55–60, 2017, doi: 10.1016/j.cogsc.2017.03.013. 

[10] H. Zhao and G. A. Baker, “Ionic liquids and deep eutectic solvents for biodiesel synthesis: 

A review,” J. Chem. Technol. Biotechnol., vol. 88, no. 1, pp. 3–12, 2013, doi: 

10.1002/jctb.3935. 

[11] K. Shahbaz, F. S. Mjalli, M. A. Hashim, and I. M. AlNashef, “Using deep eutectic 

solvents based on methyl triphenyl phosphunium bromide for the removal of glycerol 

from palm-oil-based biodiesel,” Energy and Fuels, vol. 25, no. 6, pp. 2671–2678, 2011, 

doi: 10.1021/ef2004943. 

[12] Q. Zhang, K. De Oliveira Vigier, S. Royer, and F. Jérôme, “Deep eutectic solvents: 

Syntheses, properties and applications,” Chem. Soc. Rev., vol. 41, no. 21, pp. 7108–7146, 

2012, doi: 10.1039/c2cs35178a. 

[13] A. Hammadi, “Electrical conductance, density, and viscosity in mixtures of alkali-metal 

halides and glycerol,” Int. J. Thermophys., vol. 25, no. 1, pp. 89–111, 2004, doi: 

10.1023/B:IJOT.0000022329.43157.e8. 

[14] C. A. Nkuku and R. J. LeSuer, “Electrochemistry in deep eutectic solvents,” J. Phys. 

Chem. B, vol. 111, no. 46, pp. 13271–13277, 2007, doi: 10.1021/jp075794j. 

[15] K. Shahbaz, S. Baroutian, F. S. Mjalli, M. A. Hashim, and I. M. Alnashef, “Densities of 

ammonium and phosphonium based deep eutectic solvents: Prediction using artificial 

intelligence and group contribution techniques,” Thermochim. Acta, vol. 527, pp. 59–66, 

2012, doi: 10.1016/j.tca.2011.10.010. 

[16] A. Pandey, R. Rai, M. Pal, and S. Pandey, “How polar are choline chloride-based deep 

eutectic solvents?,” Phys. Chem. Chem. Phys., vol. 16, no. 4, pp. 1559–1568, 2014, doi: 

10.1039/c3cp53456a. 

[17] A. P. Abbott, A. Ballantyne, R. C. Harris, J. A. Juma, and K. S. Ryder, “Bright metal 

coatings from sustainable electrolytes: The effect of molecular additives on 

electrodeposition of nickel from a deep eutectic solvent,” Phys. Chem. Chem. Phys., vol. 



Journal of Kufa for Chemical Sciences Vol. (2)No.(10) ………………..……….……….Jun 2023  
 

 43 

 

19, no. 4, pp. 3219–3231, 2017, doi: 10.1039/c6cp08720e. 

[18] H. Al-Esary, “Influence of Additives on Electrodeposition of Metals from Deep Eutectic 

Solvents,” vol. PhD, no. November, 2017, [Online]. Available: 

http://hdl.handle.net/2381/40869 

[19] J. Juma, “Electrodeposition of Magnetic SmCo Films from Deep Eutectic Solvents,” ECS 

Trans., vol. 75, no. 2, pp. 31–35, 2016, doi: 10.1149/07502.0031ecst. 

 


