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Abstract: In this study, a series of ethers (Z5-Z8) were prepared by reacting 

the prepared azo dyes with sodium carbonate Na2CO3 and with alkyl halide, 

all these materials dissolved in DMF solvent. These prepared compounds 

were characterized by physical and spectroscopic methods such as melting 

point and proton nuclear magnetic resonance spectroscopy. The liquid 

crystalline phases of some prepared compounds were also examined using a 

polarized light microscope equipped with a POM electric heater. It was noted 

that the transitions obtained were monotropic during heating only and did 

not appear during the cooling phase. They also showed liquid crystalline 

characteristics with varying properties depending on the nature of the 

mesogenic units of each molecule. The effect of some of the prepared 

compounds on the growth of two types of bacterial isolates, namely 

Escherichia coli and Staphylococcus aureus, was also studied. Some of the 

prepared compounds showed good inhibitory activity against the types of 

bacteria used. 
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Introduction 

Liquid crystals have been described as a mesophase [1], as it is considered a fourth state of matter. They 

were initially called fluid crystals [2]. This state appears between the solid phase and the liquid phase 

[3]. In the solid phase, the movement of molecules is restricted in the three-dimensional network and 

has an integrated molecular organization in terms of location and orientation [4]. In the isotropic phase, 

the molecules move freely they are randomly arranged [5]. The liquid crystals are solid and may be 

linear, lamellar, or curved in shape [6,7]. Although the liquid crystals exhibit some properties common 

to the solid and liquid states, they possess special features that do not exist in the two states [8,9]. 

Studies have proven that there are many organic compounds that show more than one step when 

moving from the solid state to the liquid state, and that this step is in the range located between the 

state of highly organized three-dimensionality (crystalline state) and the state of disorder (liquid state) 

[10, 11]. Through X-ray studies of the compounds that show these intermediate phases, it was found 

that there is a discrepancy in the geometric shape [12], and this is explained by the unequal 

intermolecular forces in all directions due to the elongation of the molecules [13], and their parallel 
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arrangement [14]. From what was stated above, we can realize that the liquid crystalline phases are 

formed by moving the order of arrangement of molecular bonds to a less regular level than in the 

crystalline state [15], and this occurs in two cases [16]: The first case: When certain volumes of suitable 

polar solvents are added to specific quantities of organic compounds [17], these solvents work to 

rearrange the molecules to a less organized state [18], and give the liquid crystalline phases depending 

on the change in the concentration of the solvent and the attraction that occurs between the solute and 

the solvent [19]. The resulting crystals are called This case is called lyotropic liquid crystals [20]. The 

second state: It is formed due to the gradual increase in temperature, as it includes a rearrangement of 

the intermolecular forces of the crystalline state [21]. Accordingly, the quality of the intermediate phase 

formed depends on the amount of thermal energy necessary to change the system of parallel 

arrangement of molecules within the crystalline network [22], as one of the three dimensions of the 

crystalline network is destroyed [23]. It leads to the formation of the smectic phase, which is a two-

dimensional system [24]. Liquid crystals resulting from a change in temperature are called 

thermotropic liquid crystals [25]. 

Materials and Methods 

2. Experimental Part 

2.1. Preparation of ethers (Z5-Z8) 

Dissolve (0.002 mol) of one of the prepared dyes in 15 ml of DMF solvent and add to it (0.003 mol) of 

sodium carbonate Na2CO3. The mixture was heated at a temperature of 130°C in an oil bath for half an 

hour, then (0.003 mol) of alkyl halide was added to it and continued. Escalation lasts for 12-15 hours 

until the reaction ends (the course of the reaction was monitored using the TLC technique). After the 

reaction ended, the mixture was cooled, then poured over ice grits and water, then filtered using 

Whatman 42 filter paper. The precipitate was washed after filtration with a small amount of petroleum 

ether (40-60) °C, then dried using a drying oven at a temperature of (40°C), and it was recrystallized 

from absolute ethanol [26, 27]. Table (1) shows the physical properties and structural formulas of the 

resulting compounds. 

 

2.2. Diagnosis of liquid crystalline phases of prepared compounds using a polarized optical 

microscope (POM) 

The liquid crystalline phases of the prepared compounds were examined and characterized using a 

polarized optical microscope (POM), by taking a small amount of the material to be examined, placing 

it on a glass slide and heating it over an electric heater at a heating rate of (5°C/min) [28, 29]. 

 

2.3. The bacterial biological activity 

The biological activity of the prepared compounds was studied on two types of bacteria: the gram-

positive bacteria Staphylococcus aureus and the gram-negative bacteria Escherichia coli. The food 

medium was free of blank bacteria, as was the DMSO solution used for dissolution [30]. The biological 

activity was measured using the Agar-well diffusion method, whereby the bacterial inoculum was 

prepared at a concentration of (1.5 x 108) bacterial cells per ml [31]. And spread the bacterial inoculum 

over the entire culture medium, Mueller Hinton agar [32]. Then drill wells in the middle of the agar 

using a sterile drill with a diameter of 6 mm for the purpose of loading the chemical solution. The 

solutions whose effectiveness was to be measured were loaded into the holes with a volume of 100 

microliters in each hole on one plate in which one bacterial model was grown. This step was repeated 

for all bacterial species and the experiment was repeated to ensure the accuracy of the results [33]. After 

planting and loading the solutions into the pits, the models were incubated at a temperature of 35-37 

degrees Celsius in the laboratory incubator for 24 hours, and after the end of the incubation period, the 

effectiveness was read by observing the diameter of inhibition around the pits loaded with solutions 

and measuring it in mm using a transparent ruler [34]. As for the solutions that did not appear 
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Surrounding them was an inhibition halo that made the solutions ineffective against the selected 

bacteria under study [35]. Please provide concise but complete information about the materials and the 

analytical and statistical procedures used. This part should be as clear as possible to enable other 

scientists to repeat the research presented. Brand names and company locations should be supplied for 

all mentioned equipment, instruments, chemicals etc. All the ethical permission associated in the 

research work must be specified. Indicate the statistical methods used and identify statistical 

significance using superscripts (* and **) following the data (*P<0.05, **P<0.01). 

Results 

3.1. Mechanism of preparation of ethers (Z5-Z8) 

Azo compounds were prepared by pairing the diazonium salt with the phenoxide ion, which was 

prepared by adding one of the phenol compounds with 10% sodium hydroxide according to the 

following equations: 

 

The proposed mechanism for this reaction includes preparing the phenoxide ion by reacting one of the 

phenolic azo dyes with sodium carbonate, followed by attacking the prepared nucleophile on the SN2 

alkyl halide and forming the ether compound [36] as in the scheme (1). 

 

Scheme (1): Mechanism of preparing ethers (Z5-Z8). 

 

3.2. Characterization of ethers (Z5-Z8) 

The proton nuclear magnetic resonance (1H-NMR) spectrum of the compound (Z5) was studied using 

a solvent (DMSO-d6). It was observed that multiple signals appeared at the chemical shift (0.84-2.97) 

ppm attributed to the protons of the aliphatic groups (CH3, CH2). The appearance of a multiple signal 

in the range (6.93-7.82) ppm is attributed to the protons of the aromatic rings, and the appearance of a 

signal at the chemical displacement (2.50) ppm is attributed to the protons of the solvent (DMSO-d6) 

[37, 38], as in Figure (1).  

The proton nuclear magnetic resonance (1H-NMR) spectrum of the compound (Z7) was studied using 

a solvent (DMSO-d6). It was observed that multiple signals appeared at the chemical shift (0.86-4.08) 

ppm attributed to the protons of the aliphatic groups (CH3, CH2). The appearance of a multiple signal 

in the range (6.87-7.91) ppm is attributed to the protons of the aromatic rings, and the appearance of a 

signal at the chemical displacement (2.50) ppm is attributed to the protons of the solvent (DMSO-d6) 

[39, 40], as in Figure (2). 

 

3.3. Diagnose and discuss liquid crystal behavior 

In view of the important chemical and physical properties of liquid crystalline systems, the appearance 

of the liquid crystalline characteristics of the prepared compounds was studied using a polarized light 

microscope equipped with an electric heater (POM) [41], by taking a small amount of the material to be 

studied on a glass slide and transferring it to the electric heater [42], and following the thermal transfers 

of the liquid crystalline phases that occur during the process [43]. The process of heating and cooling, 

then determining the nature of these transitions and the thermal stability of each phase. To studying 
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the nature of the transitions occurring and the thermal stability of the identified liquid crystalline 

phases, some general concepts specific to the liquid crystals of the prepared compounds must be 

considered [44]. 

1- New organic compounds have been prepared that have a longitudinal structure that matches the 

shape of the longitudinal liquid crystalline phases (Rod-like), which is one of the forms of mesogenic 

units that exhibit liquid crystalline characteristics [45]. 

2- Mesogenic units were prepared that have a molecular core (core) consisting of more than two 

aromatic rings, between which there are bonds that increase the electronic sequence along the axis of 

the molecule, which increases the possibility of the emergence of liquid crystalline characteristics and 

increases the thermal stability of the identified liquid crystalline phases [46]. 

The liquid crystal characteristics were studied, the nature of the transitions was diagnosed, and the 

thermal stability of the identified phases was determined using a polarized light microscope (POM) 

[47], by taking an amount of the substance to be measured (0.05-0.1) g and following the thermal 

transitions by heating the sample in a POM device at a heating rate of (5-8) °C/min [48]. Also, a 

differential scanning calorimeter (DSC) device was used by taking about (10-20) mg of dry matter and 

heating it in an inert atmosphere of nitrogen gas [49]. It was noted that there was agreement between 

the degrees of heat transfer measured by the (POM) device and the values. Obtained with a DSC device 

[51]. It was noted that most of the crystalline compounds that were studied showed liquid crystalline 

characteristics with varying properties depending on the nature of the mesogenic units of each 

molecule and in both cases [52, 53]. 

The structure of the mesogenic unit, which determines the general shape of the molecule, is one of the 

most important factors that favor the appearance of liquid crystalline phases for rod-like (calamitic) 

molecules, as the appearance of liquid crystalline phases depends mainly on the ratio of the length of 

the particle to its average diameter, which is in the order of (L). /d ≥ 4.0-6.4) L=length of particle, 

d=average diameter of particle [54]. In addition to the presence of peripheral attractive forces, which 

favor the emergence and stability of the nematic phase, in addition to lateral bonding forces, which 

favor the emergence and stability of the smectic phases. These forces are represented by the Van der 

Waals forces, or what is known as the London Dispersion Forces, and hydrogen bonds, in addition to 

the dipole-dipole forces [55]. 

The results of the thermal examination of the compounds prepared using a differential scanning 

calorimeter (DSC) device showed that the thermal transfers are of the endothermic type in the case of 

heating, while they are exothermic in the case of cooling, meaning that the process of breaking the force 

between the molecules requires a certain energy, and since the molecules In the crystalline state, it is 

restricted by a three-dimensional network, so breaking one dimension of that force requires a certain 

energy that is absorbed from the surroundings [56]. Therefore, the process of breaking bonds is 

endothermic, and this is what was observed when studying the thermal energy diagram of compounds 

prepared using the DSC technique [57]. On the contrary, the transition from the random state (the 

azeotropic phase) to the regular state (crystalline) leads to the release of energy, and this is what was 

observed in the cooling process [58]. 

The reason for the appearance of liquid crystalline phases for most of the prepared compounds is 

attributed to the presence of more than two aromatic rings, which increase the hardness of the molecule 

[59], in addition to the presence of bonding groups represented by the azo group (N=N), which 

increases the electronic sequence along the axis of the molecule and thus maintains the tropicality of 

the molecules [60]. The presence of polarized peripheral groups represented by groups (Cl, Br,) 

increases the peripheral and lateral forces of attraction, in addition to the presence of aliphatic groups 

at the second end of the molecule, represented by alkoxy groups [61], which increase the flexibility of 

the molecule, as the lateral forces favor the appearance and stability of the smectic crystalline phases. 

Peripheral forces favor the appearance and stability of the nematic phase [62].  

When examining the polarized light microscope (POM), the examination results showed smectic phases 

of the type of SA and SC, the appearance of which depends on the angle of arrangement of the molecule 
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with the perpendicular on the axis of the molecule and the extent of the arrangement of the molecules 

with respect to each other, which depends mainly on the order parameter of the molecules [63]. It was 

observed that the thermal stability of the smectic crystalline phases and the identified nematic phases 

is greatly affected by the peripheral and lateral attractive forces when comparing the results of the heat 

transfer values for the liquid crystalline phases of the prepared compounds, as increasing the lateral 

attractive forces increases the thermal stability of the smectic crystalline phases, while increasing the 

lateral attractive forces increases the Thermal stability of the nematic phase depends mainly on the 

polarized end groups and the aliphatic groups [64]. This is what Aaron, Byron, and Gray confirmed 

that the structural structure of any molecule containing a terminal group X gives a more stable nematic 

phase than if X = H. When studying the microscopic examination of the prepared compounds [65], it 

was observed that smectic phases appear with little thermal stability, since the lateral attractive force is 

weak and that this force is responsible for the appearance and thermal stability of the phase [66]. On 

the contrary, the thermal stability of the nematic phase is high due to the peripheral bond force [67]. In 

addition, the thermal stability of the nematic phase decreases with the increase in aliphatic groups and 

increases with the increase in the peripheral polarization strength [68]. It was also noted that the 

prepared compounds showed two-phase liquid crystalline phases (Enantiotropic), that is, through the 

process of heating and cooling [69]. 

3.4. Evaluation of the bacterial biological activity of some prepared compounds 

The biological effectiveness of some of the prepared compounds was evaluated in this thesis on two 

types of bacteria, namely Escherichia coli and Staphylococcus aureus. These bacteria were chosen due 

to their medical importance, as they cause many diseases [70,71]. In addition, they differ in their 

resistance to antibiotics [72,73]. The biological effectiveness of some of the prepared compounds was 

evaluated using the etching method and measuring the level of inhibition (Inhibition zone) [74,75]. The 

results indicate that the compounds preparation could inhibit the growth of bacteria used in both types, 

positive and negative for the gram stain, in varying proportions [76- 78], as in Table (3) and Figure (10). 

Table (1): The physical properties and structural formulas and antibacterial activity of (Z4-Z8) 

Comp. 

No. 
Comp. 

M.wt 

gm./mole 
Color Yield % 

E. Coil C. Albicans 

25 50 100 25 50 100 

Z5 
 

344 
Light 

brown 
81 

0 2 4 0 2 3 

Z6 
 

372 Yellow  83 1 2 2 1 2 4 

Z7 
 

388 
Light 

yellow 
76 

0 0 1 1 1 1 

Z8 
 

417 Orange  78 1 2 4 2 3 4 

 

Table (2): Degrees of thermal transfers and liquid crystalline phases of the prepared ether series 

Comp.   Cr SA SC N ΔSA ΔSC ΔN 

Z5 

POM 
Heat 87   104   17 

Cool 53  82 100  29 18 

DSC 
Heat 85   103   18 

Cool 51  81 98  30 17 

Z6 
POM 

Heat 92   101   9 

Cool 66   92   26 

DSC  90   98   8 
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 63   89   26 

Z7 

POM 
Heat 90   98   8 

Cool 65   90   25 

DSC 
 87   93   6 

 59   87   28 

Z8 POM 
Heat 102 119 129 138 17 10 9 

Cool        

 

Figure (1): 1H-NMR spectrum of compound (Z5) 

Figure (2): 1H-NMR spectrum of compound (Z7) 
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Figure (3): DSC measurement of compound (Z5) 

Figure (4): DSC measurement of compound (Z6) 

Figure (5): DSC measurement of compound (Z7) 

   

Figure (6): The nematic phase of the compound (Z5), and the smectic phase SC of the compound 

(Z5) 
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Figure (7): The nematic phase of the compound (Z6), and the nematic phase of the compound (Z6) 

 

 

Figure (8): The nematic phase of the compound (Z7), and the nematic phase of the compound (Z7) 
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Figure (9): The nematic phase of compound (Z8) (heating) 

 

 

Figure (10): The antibacterial and antifungal activity of the prepared compounds (inhibition zone 

in mm) 

Conclusion 

Physical and spectroscopic analyses validated the accuracy of the structural characterization of the 

synthesized nanocomposites. Among these compounds, certain ones exhibited liquid crystalline 

properties. The biological evaluation revealed that many of the synthesized compounds possess 

antibacterial activity, demonstrating the capability to inhibit bacterial growth. Notably, some of these 

compounds displayed greater biological efficacy than the antibiotics used as reference standards. 

Recommendations 

The synthesis of novel azo-amide compounds and the investigation of their liquid crystalline 

properties. The preparation of aliphatic chains of varying lengths featuring an ester linkage in place of 

an ether, with a focus on evaluating the impact of chain length on the thermal stability of liquid 

crystalline phases. The development of nanocomposites through the integration of organic 

nanomaterials with liquid crystalline organic compounds, followed by an examination of their liquid 

crystalline properties. The exploration of specific applications for the synthesized compounds, such as 

their use in the adsorption of heavy metals or phenolic compounds from industrial wastewater, or the 

removal of sulfur compounds from petroleum derivatives. The analysis of the effects of blending 

different liquid crystalline materials on the properties of the resulting mixtures. 

References 

1. Stephen, M. J., & Straley, J. P. (1974). Physics of liquid crystals. Reviews of Modern Physics, 46(4), 

617. 



 29 

American Journal of Bioscience and Clinical Integrity    Volume: 1 | Number: 8 (2024) August 
 

 

2. Aftan, M. M., Toma, M. A., Dalaf, A. H., Abdullah, E. Q., & Salih, H. K. (2021). Synthesis and 

characterization of new azo dyes based on thiazole and assess the biological and laser efficacy 

for them and study their dyeing application. Egyptian Journal of Chemistry, 64(6), 2903-2911. 

3. Frank, F. C. (1958). I. Liquid crystals. On the theory of liquid crystals. Discussions of the Faraday 

Society, 25, 19-28. 

4. Aftan, M. M., Jabbar, M. Q., Dalaf, A. H., & Salih, H. K. (2021). Application of biological activity 

of oxazepine and 2-azetidinone compounds and study of their liquid crystalline 

behavior. Materials Today: Proceedings, 43, 2040-2050. 

5. Binnemans, K. (2005). Ionic liquid crystals. Chemical Reviews, 105(11), 4148-4204. 

6. Aftan, M. M., Talloh, A. A., Dalaf, A. H., & Salih, H. K. (2021). Impact para position on rho 

value and rate constant and study of liquid crystalline behavior of azo compounds. Materials 

Today: Proceedings, 45, 5529-5534. 

7. Oseen, C. W. (1933). The theory of liquid crystals. Transactions of the Faraday Society, 29(140), 

883-899. 

8. Collings, P. J., & Goodby, J. W. (2019). Introduction to liquid crystals: chemistry and physics. Crc 

Press. 

9. Aftan, M. M. (2018). Impact of Intermediate and Terminal Groups on the Thermal Stability of 

Bent-Core Liquid Crystals. Tikrit Journal of Pure Science, 23(1), 83-91. 

10. Priestly, E. (2012). Introduction to liquid crystals. Springer Science & Business Media. 

11. Singh, S. (2000). Phase transitions in liquid crystals. Physics Reports, 324(2-4), 107-269. 

12. Andrienko, D. (2018). Introduction to liquid crystals. Journal of Molecular Liquids, 267, 520-541. 

13. Bisoyi, H. K., & Li, Q. (2021). Liquid crystals: versatile self-organized smart soft 

materials. Chemical reviews, 122(5), 4887-4926. 

14. Yass, I. A., Aftan, M. M., Dalaf, A. H., & Jumaa, F. H. (2020, November). Synthesis and 

identification of new derivatives of bis-1, 3-oxazepene and 1, 3-diazepine and assess the 

biological and laser efficacy for them. In The Second International & The Fourth Scientific 

Conference of College of Science–Tikrit University.(P4) (pp. 77-87). 

15. Toma, M. A., Ibrahim, D. A., Dalaf, A. H., Abdullah, S. Q., Aftan, M. M., & Abdullah, E. Q. 

(2022, November). Study the adsorption of cyclopentanone on to natural polymers. In AIP 

Conference Proceedings (Vol. 2394, No. 1). AIP Publishing. 

16. Aftan, M. M., Salih, H. K., & Talloh, A. A. (2021). Synthesis of new mesogenic Schiff bases ether 

with polar halogen Substituent and study their liquid crystalline properties. Journal of Education 

and Scientific Studies, 5(17). 

17. Khairallah, B. A., Muhammad, F. M., Saleh, J. N., & Saleh, M. J. (2024). Preparation, 

Characterization, Biological Activity Evaluation, and Liquid Crystallography Study of New 

Diazepine Derivatives. World of Medicine: Journal of Biomedical Sciences, 1(7), 65-76. 

18. Mohammed Jwher Saleh, Jamil Nadhem Saleh, Khalid Al-Badrany, Adil Hussein Dalaf, Reem 

Suhail Najm, & Abdul Wahed Abdul Sattar Talluh. (2024). Preparation And Evaluation Of The 

Biological Activity Of A 2- Amino Pyran Ring Using A Solid Base Catalyst. Central Asian Journal 

of Medical and Natural Science, 5(4), 130 - 138. 

19. Talluh, A. W. A. S., Saleh, M. J., & Saleh, J. N. (2024). Preparation, Characterisation and Study 

of the Molecular Docking of Some Derivatives of the Tetrazole Ring and Evaluation of their 

Biological Activity. World of Medicine: Journal of Biomedical Sciences, 1(7), 15-23. 

20. Dalaf, A. H., Saleh, M. J., & Saleh, J. N. (2024). Green Synthesis, Characterization, And 

Multifaceted Evaluation Of Thiazolidinone Derivatives: A Study On Biological And Laser 

Efficacy. European Journal of Modern Medicine and Practice, 4(7), 155-168. 



 30 

American Journal of Bioscience and Clinical Integrity    Volume: 1 | Number: 8 (2024) August 
 

 

21. Saleh, M. J., Saleh, J. N., & Al-Badrany, K. (2024). Preparation, Characterization, and Evaluation 

of the Biological Activity of Pyrazoline Derivatives Prepared Using a Solid Base 

Catalyst. European Journal of Modern Medicine and Practice, 4(7), 25-32. 

22. Talluh, A. W. A. S., Saleh, J. N., & Saleh, M. J. (2024). Preparation, Characterization and 

Evaluation of Biological Activity and Study of Molecular Docking of Some New Thiazoli-dine 

Derivatives. 

23. Saleh, J. N., & Khalid, A. (2023). Synthesis, characterization and biological activity evaluation 

of some new pyrimidine derivatives by solid base catalyst AL2O3-OBa. Central Asian Journal of 

Medical and Natural Science, 4(4), 231-239. 

24. Muhammad, F. M., Khairallah, B. A., Saleh, M. J., & Saleh, J. N. (2024). Preparation and 

Characterization of New Rings of Oxazine Derivatives and Studying Their Biological and Laser 

Effectiveness and Molecular Docking. Central Asian Journal of Theoretical and Applied 

Science, 5(4), 190-201. 

25. Talluh, A. W. A. S., Saleh, M. J., Saleh, J. N., Al-Badrany, K., & mohammed saleh Al-Jubori, H. 

(2024). Preparation, characterization, and evaluation of the biological activity of new 2, 3-

dihydroquinazoline-4-one derivatives. EUROPEAN JOURNAL OF MODERN MEDICINE AND 

PRACTICE, 4(4), 326-332. 

26. Saleh, M. J., & Al-Badrany, K. A. (2023). Preparation, characterization of new 2-oxo pyran 

derivatives by AL2O3-OK solid base catalyst and biological activity evaluation. Central Asian 

Journal of Medical and Natural Science, 4(4), 222-230. 

27. Sattar Talluh, A. W. A., Saleh, J. N., Saleh, M. J., & Saleh Al-Jubori, H. M. (2024). Preparation 

and Characterization of New Imidazole Derivatives Derived From Hydrazones and Study of 

their Biological and Laser Efficacy. Central Asian Journal of Theoretical and Applied Science, 5(4), 

202-211. 

28. Mahmoud Mehdi Saleh, Jamil Nadhem Saleh, Fahad Farhan Rokan, & Mohammed Jwher 

Saleh. (2024). Synthesis,Charactarizit and evaluation of bacterial efficacy and study of 

molecular substrates of cobalt (II) complex[Co (2-(benzo[d]thiazol-2-yloxy) acetohydrazide) 

(H2O) (Cl2)]. Central Asian Journal of Medical and Natural Science, 5(4), 198 -. 

29. Talluh, A. W. A. S., Saleh, M. J., Saleh, J. N., & Al-Jubori, H. M. S. (2024). Synthesis and 

Characterization of Some New Imine Graphene Derivatives and Evaluation of Their Biological 

Activity. Central Asian Journal of Medical and Natural Science, 5(4), 272-290. 

30. Al-Shawi, A. A., Hameed, M. F., Ali, N. H., & Hussein, K. A. (2020). Investigations of 

phytoconstituents, antioxidant and anti-liver cancer activities of Saueda monoica Forssk 

extracted by microwave-assisted extraction. Asian Pacific Journal of Cancer Prevention: 

APJCP, 21(8), 2349. 

31. Hammood, Z. A., Ali, I. R., Ali, N. H., & Jawad, S. K. (2021). Liquid ion exchange methodology 

for extraction Cr (VI) using azo derivative compound. Materials Today: Proceedings, 43, 2156-

2161. 

32. Dawood, N. H., & Ali, N. H. (2022). Spectrophotometric determination of captopril in 

pharmaceutical formulations based on ion-pair reaction with the red congo. Journal of 

Pharmaceutical Negative Results, 36-42. 

33. Dawood, N. H., & Ali, N. H. (2022). Synthesis and characterization of some new Indazolone 

and Carbohydrazide derivatives from azachalcones. Journal of Pharmaceutical Negative Results, 

3178-3190. 

34. Abdulrahman, M. T., Rashid, I. M., & Ali, N. H. (2020). Spectrophotometric determination of 

azithromycin using oxidative coupling reaction. IJDDT, 10(3), 390. 

35. Abdulrahman, M. T., Salih, M. M., Ali, N. H., & Hameed, A. T. (2021). Development and 

evaluation of a new spectrophotometric method for determination of Amlodipine in its pure 



 31 

American Journal of Bioscience and Clinical Integrity    Volume: 1 | Number: 8 (2024) August 
 

 

and pharmaceutical forms using zinc oxide nanoparticles. Nveo-Natural Volatiles & Essential Oils 

Journal| NVEO, 15341-15352. 

36. Dalaf, A. H. (2018). Synthesis and Characterization of Some Quartet and Quinary Hetero cyclic 

Rings Compounds by Traditional Method and Microwave Routes Method and Evaluation of 

Their Biological Activity. M.Sc. Thesis, Tikrit University, Tikrit, Iraq: 1-94 pp. 

37. HAli, N. A. S. H. W. A. N., TAbdulrahman, M. A. A. D. H., & DAbdul, O. M. A. R. 

Determination and Evaluation of Cadmium, Nickel, and Zinc in Agricultural Soils of Diyala. 

38. Dalaf, A. H., & Jumaa, F. H. (2018). Synthesis, Characterization of some 1,3-Oxazepane -4,7-

Dione by Traditional and Microwave routes method and evaluation of their biological activity. 

Al-utroha for Pure Science. (8): 93-108. 

39. Ali, N. H., Khalaf, A. A., Imran, N. A., Sattar, O. D. A., Ismail, M. K., & Ibrahim, A. T. (2020). 

Determination of Loperamide HCL in Pharmaceutical Preparations using Modified Ion 

Selective Electrode. Systematic Reviews in Pharmacy, 11(3). 

40. Dalaf, A. H., Jumaa, F. H., & Jabbar, S. A. S. (2018). Synthesis and Characterization of some 2, 

3-dihydroquinozoline and evaluation of their biological activity. Tikrit Journal of Pure 

Science, 23(8): 66-67. 

41. Salwa, A. J., Ali, L. H., Adil, H. D., Hossam, S. A. (2020). Synthesis and Characterization of 

Azetidine and Oxazepine Compounds Using Ethyl-4-((4-Bromo Benzylidene) Amino) 

Benzoate as Precursor and Evalution of Their Biological Activity. Journal of Education and 

Scientific Studies, ISSN: 24134732. 16(5): 39-52. 

42. Abd, I. Q., Ibrahim, H. I., Jirjes, H. M., & Dalaf, A. H. (2020). Synthesis and Identification of new 

compounds have Antioxidant activity Beta-carotene, from Natural Auxin Phenyl Acetic 

Acid. Research Journal of Pharmacy and Technology, 13(1): 40-46. 

43. Abduljabbar, A. T., & Ali, N. H. (2022). Spectrophotometric Determination Of Carvedilol In 

Some Pharmaceuticals Via An Oxidative Coupling Reaction. Journal of Pharmaceutical Negative 

Results, 2951-2962. 

44. Dalaf, A. H., & Jumaa, F. H. (2020). Synthesis, Identification and Assess the Biological and Laser 

Efficacy of New Compounds of Azetidine Derived from Benzidine. Muthanna Journal of Pure 

Science (MJPS), 7(2):12-25. 

45. Saleh, R. H., Rashid, W. M., Dalaf, A. H., Al-Badrany, K. A., & Mohammed, O. A. (2020). 

Synthesis of Some New Thiazolidinone Compounds Derived from Schiff Bases Compounds 

and Evaluation of Their Laser and Biological Efficacy. Ann Trop & Public Health, 23(7): 1012-

1031. 

46. Yass, I. A., Aftan, M. M., Dalaf, A. H., & Jumaa, F. H. (Nov. 2020). Synthesis and Identification 

of New Derivatives of Bis-1,3-Oxazepene and 1,3-Diazepine and Assess the Biological and 

Laser Efficacy for Them. The Second International & The Fourth Scientific Conference of College of 

Science – Tikrit University. (P4): 77-87. 

47. Salih, B. D., Dalaf, A. H., Alheety, M. A., Rashed, W. M., & Abdullah, I. Q. (2021). Biological 

activity and laser efficacy of new Co (II), Ni (II), Cu (II), Mn (II) and Zn (II) complexes with 

phthalic anhydride. Materials Today: Proceedings, 43, 869-874. 

48. Aftan, M. M., Jabbar, M. Q., Dalaf, A. H., & Salih, H. K. (2021). Application of biological activity 

of oxazepine and 2-azetidinone compounds and study of their liquid crystalline behavior. 

Materials Today: Proceedings, 43, 2040-2050. 

49. Hassan, O. S., & Ali, N. H. (2020). Determination of Metoclopramide in Pharmaceutical 

Commercial using Flow Injection Chemiluminescence Technique. Systematic Reviews in 

Pharmacy, 11(3). 

https://www.iasj.net/iasj?func=search&query=au:%22Salwa%20A.%20Jabar%20%D8%B3%D9%84%D9%88%D9%89%20%D8%B9%D8%A8%D8%AF%20%D8%A7%D9%84%D8%B3%D8%AA%D8%A7%D8%B1%20%D8%AC%D8%A8%D8%A7%D8%B1%22&uiLanguage=ar
https://www.iasj.net/iasj?func=search&query=au:%22Ali%20L.%20Hussein%20%D8%B9%D9%84%D9%8A%20%D9%84%D8%B7%D9%8A%D9%81%20%D8%AD%D8%B3%D9%8A%D9%86%22&uiLanguage=ar
https://www.iasj.net/iasj?func=search&query=au:%22Adil%20H.%20Dalaf%20%D8%B9%D8%A7%D8%AF%D9%84%20%D8%AD%D8%B3%D9%8A%D9%86%20%D8%AF%D9%84%D9%81%22&uiLanguage=ar
https://www.iasj.net/iasj?func=search&query=au:%22Hossam%20S.%20Aboud%20%D8%AD%D8%B3%D8%A7%D9%85%20%D8%B3%D8%B9%D8%AF%D9%8A%20%D8%B9%D8%A8%D9%88%D8%AF%22&uiLanguage=ar


 32 

American Journal of Bioscience and Clinical Integrity    Volume: 1 | Number: 8 (2024) August 
 

 

50. Aftan, M. M., Talloh, A. A., Dalaf, A. H., & Salih, H. K. (2021). Impact para position on rho 

value and rate constant and study of liquid crystalline behavior of azo compounds. Materials 

Today: Proceedings, 45, 5529-5534. 

51. Muhammad, S. S., Samarrai, E. D. A., & Ali, N. H. (2024, May). Spectrophotometric 

determination of mesalazine using diazo coupling method. In AIP Conference Proceedings (Vol. 

3097, No. 1). AIP Publishing. 

52. Aftan, M. M., Toma, M. A., Dalaf, A. H., Abdullah, E. Q., & Salih, H. K. (2021). Synthesis and 

Characterization of New Azo Dyes Based on Thiazole and Assess the Biological and Laser 

Efficacy for Them and Study their Dyeing Application. Egyptian Journal of Chemistry, 64(6), 

2903-2911. 

53. Khalaf, S. D., Ahmed, N. A. A. S., & Dalaf, A. H. (2021). Synthesis, characterization and 

biological evaluation (antifungal and antibacterial) of new derivatives of indole, benzotriazole 

and thioacetyl chloride. Materials Today: Proceedings.47 (17), 6201-6210.  

54. Dalaf, A. H., Jumaa, F. H., & Salih, H. K. (2021). Preparation, Characterization, Biological 

Evaluation and Assess Laser Efficacy for New Derivatives of Imidazolidin-4-one. International 

Research Journal of Multidisciplinary Technovation, 3(4), 41-51. 

55. Dalaf, A. H., Jumaa, F. H., Aftana, M. M., Salih, H. K., & Abd, I. Q. (2022). Synthesis, 

Characterization, Biological Evaluation, and Assessment Laser Efficacy for New Derivatives of 

Tetrazole. In Key Engineering Materials (Vol. 911, pp. 33-39). Trans Tech Publications Ltd. 

56. Alasadi, Y. Kh., Jumaa, F. H., Dalaf, A. H., Shawkat, S. M., & Mukhlif, M. Gh. (2022). Synthesis, 

Characterization, and Molecular Docking of New Tetrazole Derivatives as Promising 

Anticancer Agents. Journal of Pharmaceutical Negative Results. 13(3): 513-522. 

57. Dalaf, A. H., Jumaa, F. H., & Yass, I. A. (2022, November). Synthesis, characterization, biological 

evaluation, molecular docking, assess laser efficacy, thermal performance and optical stability 

study for new derivatives of bis-1, 3-oxazepene and 1, 3-diazepine. In AIP Conference 

Proceedings (Vol. 2394, No. 1, p. 040037). AIP Publishing LLC. 

58. Alasadi, Y. K., Jumaa, F. H., & Dalaf, A. H. (2022, November). Synthesis, identification, 

antibacterial activity and laser effect of new derivatives of bis-1, 3-oxazepene-4, 7-dione and 1, 

3-diazepine-4, 7-dione. In AIP Conference Proceedings (Vol. 2394, No. 1, p. 040019). AIP 

Publishing LLC. 

59. Toma, M. A., Ibrahim, D. A., Dalaf, A. H., Abdullah, S. Q., Aftan, M. M., & Abdullah, E. Q. 

(2022, November). Study the adsorption of cyclopentanone on to natural polymers. In AIP 

Conference Proceedings (Vol. 2394, No. 1, p. 040007). AIP Publishing LLC. 

60. Hamad, A. M., Atiyea, Q. M., Hameed, D. N. A., & Dalaf, A. H. (2023). Green synthesis of 

copper nanoparticles using strawberry leaves and study of properties, anti-cancer action, and 

activity against bacteria isolated from Covid-19 patients. Karbala International Journal of Modern 

Science, 9(1), 12. 

61. Jassim, A. S., Dalaf, A. H., and Abdullah. T. F. (2022). Studying the Biological Activity and 

Properties of Copper Nanoparticles Prepared by Pulsed Laser Ablation in Liquid. The Third 

International and The Fifth Scientific Conference for College of Science –Tikrit University, 1(25), 213-

221. 

62. Hamad, A. M., Atiyea, Q. M., Jwair, W. A., Dalaf, A. H., Jasim, A. S., El-Saigher S. M., Saad, Z. 

H., Mohammed. L. J. (2022). In vitro Comparison of the Effect of Zinc Oxide Nanoparticles and 

Hibiscus sabdariffa Extract on Streptococcus mutans Isolated from Human Dental Caries. The 

Third International and The Fifth Scientific Conference for College of Science –Tikrit University, 2(02), 

213-221. 

63. Abdulkareem, S. M., Alsaffar, R. M., Razzaq, G. H. A., Mohammed, J. H., Awad, T. M., Alheety, 

M. A., & Ghotekar, S. (2024). Effect of direct and indirect in-situ sonochemical synthesis 



 33 

American Journal of Bioscience and Clinical Integrity    Volume: 1 | Number: 8 (2024) August 
 

 

methods of MWCNTs–CoNiFerrite on the hydrogen storage. Journal of Sol-Gel Science and 

Technology, 1-10. 

64. Dalaf, A. H. (2024). 3-Phenylimidazolidin-4-one: Characterization, Green Synthesis, Evaluation 

of Biological and Laser Performance. European Journal of Modern Medicine and Practice, 4(7), 417-

427. 

65. Saleh, M. J., Saleh, J. N., Al-Badrany, K., Dalaf, A. H., Najm, R. S., & Talluh, A. W. A. S. (2024). 

Preparation And Evaluation Of The Biological Activity Of A 2-Amino Pyran Ring Using A 

Solid Base Catalyst. Central Asian Journal of Medical and Natural Science, 5(4), 130-138. 

66. Talluh, A. W. A. S. (2024). Preparation, Characterization, Evaluation of Biological Activity, and 

Study of Molecular Docking of Azetidine Derivatives. Central Asian Journal of Medical and 

Natural Science, 5(1), 608-616. 

67. Dalaf, A. H., Saleh, M. J., & Saleh, J. N. (2024). Green Synthesis, Characterization, and 

Multifaceted Evaluation of Thiazolidinone Derivatives: a Study on Biological and Laser 

Efficacy. European Journal of Modern Medicine and Practice, 4(7), 155-168. 

68. Uchida, J., Soberats, B., Gupta, M., & Kato, T. (2022). Advanced functional liquid 

crystals. Advanced Materials, 34(23), 2109063. 

69. Dalaf, A. H., Jumaa, F. H., & Salih, H. K. (2021). MULTIDISCIPLINARY TECHNOVATION. Red, 

15 (A2), C44H36N10O8. 

70. Wang, Y., Liu, J., & Yang, S. (2022). Multi-functional liquid crystal elastomer 

composites. Applied Physics Reviews, 9(1). 

71. Hamad, A. M., Atiyea, Q. M., Hameed, D. N. A., & Dalaf, A. H. (2023). Green synthesis of 

copper nanoparticles using strawberry leaves and study of properties, anti-cancer action, and 

activity against bacteria isolated from Covid-19 patients. Karbala International Journal of Modern 

Science, 9(1), 12. 

72. Najm, R. S., Shannak, Q. A., & Dalaf, A. H. (2023). Synthesis and Decoration of Aromatic 

Derivatives Nano Platelets by the Electric Method. Azerbaijan Pharmaceutical and 

Pharmacotherapy Journal, 22(2), 92-97. 

73. Dalaf, A. H. (2024). 3-Phenylimidazolidin-4-One: Characterization, Green Synthesis, 

Evaluation of Biological and Laser Performance. European Journal Of Modern Medicine And 

Practice, 4(7), 417-427. 

74. Abdulkareem, S. M., Alsaffar, R. M., Razzaq, G. H. A., Mohammed, J. H., Awad, T. M., Alheety, 

M. A., & Ghotekar, S. (2024). Effect of direct and indirect in-situ sonochemical synthesis 

methods of MWCNTs–CoNiFerrite on the hydrogen storage. Journal of Sol-Gel Science and 

Technology, 1-10. 

75. Talluh, A. W. A. S., Najm, R. S., Saleh, M. J., & Saleh, J. N. (2024). Synthesis, Characterization, 

and Evaluation of the Biological Activity of Novel Oxazepine Compounds Derived From 

Indole-5-Carboxylic Acid. American Journal of Bioscience and Clinical Integrity, 1(8), 10–19.  

76. Owed, A.I., Al – Jubouri, A.A., & Al-Samarrai, S.Y. (2024). A nano-sensor for copper oxide was 

manufactured and developed using a new organic precipitant via green chemistry methods. 

Sensors and Machine Learning Applications. 

77. Mahmood Mahdy Saleh, Amenah l. Al-Nassiry, Jamil Nadhem Saleh, & Mohammed Jwher 

Saleh. (2024). Preparation and Diagnosis of New Complexes for Hg (II) With 4-Amino 

Acetanilide And (Dppp) As A Ligand And Study Of The Bacterial Efficacy And Molecular 

Docking Of The Prepared Complexes. Central Asian Journal of Theoretical and Applied 

Science, 5(4), 364-373. 

78. Abdul Wahed, A. S. T. (2024). Preparation and Evaluation of Bacterial Activity and Study of 

the Crystalline Properties of Some 1, 3-Oxazepine-4, 7-Dione Derivatives. Central Asian Journal 

of Theoretical and Applied Sciences, 5(2), 15-26. 


