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  Abstract 
        

The present research has presented an easy, fast and one-step method for 

the production of metal oxides (Compound material) nanoparticles (NPs) 

by laser ablation in liquid environment with a high concentration, long 

period of stability and less aggregation. 

Several inspections were used to analysis the optical, surface 

morphology, chemical composition and natural configuration 

characteristics of these NPs. 

Much of the work is devoted towards creating new nanomaterials 

by controlling factors such as laser fluence and laser energy, as well as 

choosing solvents with specific properties. It consisted of three main 

parts, the first part consisted of the production Titanium Oxide (TiO2) 

NPs using femtosecond laser, the second part consisted of the production 

Zirconia (ZrO2) NPs using nanosecond laser and the last part consisted of 

the production Alumina (Al2O3) NPs using femtosecond laser. 

First Part : The synthesis of TiO2 NPs was performed in two steps 

: the first step includes the production of TiO2 nanoparticles by pulsed 

laser ablation of a titanium target immersed in Sodium Dodecyl Sulfate 

(SDS) solution using an ultrashort pulse Titanium Sapphire (Ti:Sapphire) 

laser with wavelength (λ=800 nm). 

In the second step the solution containing titanium oxide 

nanoparticles were re-irradiated with the second harmonic (400 nm) 

wavelengths of the Ti:Sapphire laser beam at  different  laser energies 

(60,120, 180 µJ) in order to fragment relatively large pieces to  obtain 

smaller ones with much more stable nanoparticles smaller particle size 

and size distribution range. Re-irradiation process at average value of 180 

µJ decreased average particle size from 185 nm to 110 nm and the mean 

size distribution width of these particles decreased from 94 to 47 nm.  



A simulation program was built to simulate the nucleation process 

of TiO2 NPs .The simulation is based on Two Temperature Model (TTM) 

and Classical Nucleation Theory (CNT). The comparison of the 

experimental and simulation results of fragmentation process of TiO2 NPs 

showed the approximately coincide between them in the behavior only.  

Second Part: The synthesis of (ZrO2) nanoparticles performed by 

using Neodymium Yttrium Aluminum Garnet (Nd:YAG) nanosecond 

(ns) laser pulsed (λ=1064 nm) ablation of solid zirconium target 

immersed in a group of aqueous environments in order to study the effect 

of different surfactants on the optical properties and structure of ZrO2 

nanoparticles. 

The solutions which used for this purpose are sodium dodecyl 

sulfate (SDS), cetyl trimethyl ammonium bromide (CTAB) and distilled 

water (D.W.). It was found that the use of surfactant solution leads to 

significantly higher ablation efficiency accomplished with finer spherical 

nanoparticles sizes less than 10 nm. The values of Zeta-Potential test in 

the range of (-41.3) mV to (+56.1) mV indicate for stability of NPs with 

low agglomeration solution. 

Third part: The synthesis of Al2O3 NPs have studied in two 

manners: one of them includes the effect of fluences on the size and size 

distribution of NPs in D.W.as well as in ethanol. The other one includes 

the effect of different liquid media (distilled water and alcohol) on the 

size and size distribution of Al2O3 NPs at the same laser fluence using an 

ultrashort pulse (Ti: Sapphire) laser (λ=800 nm).  It was found that the 

ablation at lower fluence led to the creation of smaller nanoparticles, 

smaller aggregates of nanoparticles, and a lower concentration of 

nanoparticles and an increase in fluence leads to shift in the size 

distribution to larger sizes. Also it is found that the absorption spectrum 

of samples produced in ethanol is lower than that produced in water. Thus 



it implies that the ablation efficiency in ethanol is lower, but in the same 

time it ensures that its oxides are not formed in ethanol due to prohibition 

of ethanol surrounding media form oxidation. 
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 ملخص البحث
 

بخط٘ة ٗاحذة  ّبّ٘ٝتدقبئق امبعٞذ ٍؼبدُ  ىخحؼٞش ٗعشٝؼتعٖيت  ؽشٝقت اىبحذ إز ٝقذً

ػبىٞت ٗبخشامٞض ٕبیػو ٍغٞطشٗبحضٌ ٗخظبئض بطشٝقت  اىخزسٝت ببىيٞضس فٜ ٍحٞؾ عبئو    ,  

.بذُٗ حنخو ٗاعخقشاسٝٔ ىفخشة صٍْٞت ؽ٘ٝيت ٗ  

 صخظبئ, ٍ٘سف٘ىٞضٞت اىغطح, ػذة فح٘طبث اعخخذٍج  ىخحيٞو اىخظبئض اىبظشٝت

بٞؼت ٕزٓ اىَ٘ادحشمٞبٞت ٗاىخظبئض اىخٜ حظف ؽ . 

ٍؼظٌ اىؼَو حضغذ ببحضبٓ حنِ٘ٝ ٍ٘اد ّبّ٘ٝت ب٘اعطت اىخحنٌ بؼ٘اٍو ػذة ٍزو مزبفت اىقذسة 

ٕزا اىؼَو رلاد اصضاء  ُٗٝخؼٌ. ٗؽبقت اىيٞضس ببلإػبفت اىٚ اخخٞبس ٍزٝببث بخ٘اص ٍحذدة

ٗاىضضء , اىفَٞخ٘  ببعخخذاً ىٞضس ةاىضضء الاٗه ٝخؼَِ اّخبس ٍ٘اد اٗمغٞذ اىخٞخبًّٞ٘ اىْبّ٘ٛ,ٍَٖت 

ببعخخذاً ىٞضس اىْبّ٘ ٗاىضضء الاخٞش ٝخؼَِ اّخبس   اىزبّٜ ٝخؼَِ اّخبس اٗمغٞذ اىضسمًّ٘ٞ٘ اىْبّ٘

.  اٗمغٞذ الاىًَْٞ٘ اىْبّ٘ٛ  ببعخخذاً ىٞضس اىفَٞخ٘  

اىخط٘ة الاٗىٚ :حٌ حظْٞغ  دقبئق اٗمغٞذ اىخٞخبًّٞ٘ اىْبّ٘ٝت بخط٘حِٞ : الجزء الاول

ئق  اٗمغٞذ اىخٞخبًّٞ٘ اىْبّ٘ٝت ب٘اعطت اىخزسٝت ببىيٞضس ىَؼذُ اىخٞخبًّٞ٘ فٜ حؼَْج اّخبس  دقب

SDS ٍحي٘ه  )ببعخخذاً ىٞضس اىفَٞخ٘  Ti-Sapphire  ) ٜةّبٍّ٘خش ٗبؼذ ػَيٜ 800بط٘ه ٍ٘ص 

الاّخبس حبذا اىخط٘ة اىزبّٞت ٗاىخٜ حؼَْج حؼشٝغ اىَحي٘ه اىحبٗٛ ػيٚ دقبئق اٗمغٞذ اىخٞخبًّٞ٘ 

ػبع اىيٞضسٛ ٍشة ربّٞت بيٞضس اىْبّ٘ٝت ىلإػ Ti-Sapphire   ) ّٜبٍّ٘خش  400ىط٘ه ٍ٘ص

)ٗىطبقبث ٍخخيفت  (180,120, 60 µJ    ىغشع حنغش ّغبٜ ىيذقبئق اىنبٞشة ىيحظ٘ه ػيٚ دقبئق

ػَيٞت اػبدة الاشؼبع ببىيٞضس ػْذ , حضَٜ أقو عاخشٙ  اطغش حضَب ٍغ اعخقشاسٝٔ امزش ٗح٘صٛ

ّبٍّ٘خش اىٚ احضبً أطغش بنزٞش ٗقو ػشع اىخ٘صٝغ  185حقيو حضٌ اىذقٞقت ٍِ   µJ 180ؽبقت 

nm 94.11اىحضَٜ ىٖزٓ اىذقبئق ٍِ  اىٚ  47 nm  . ٗحٌ بْبء بشّبٍش حبع٘بٜ ىَحبمبة ػَيٞت

اىَحبمبة ٍبْٞت ػيٚ اعبط ٍ٘دٝو دسصت اىحشاسحِٞ ٗ ػيٚ اعبط . اىخْ٘ٝٔ  لأٗمغٞذ اىخٞخبًّٞ٘ 

ٍقبسّت ّخبئش اىضضء اىؼَيٜ ّٗخبئش اىبشّبٍش اىحبع٘بٜ اظٖشث  حْ٘ٝٔ ٍٗغاىْظشٝت اىنلاعٞنٞت ىو

.حقبسبب  ٗاػحب ٍِ حٞذ اىغي٘ك   

ٝبك -حٌ حظْٞغ اٗمغٞذ اىضسمًّ٘ٞ٘ اىْبّ٘ٛ ببعخخذاً ىٞضساىْٞ٘دًَٝٞ٘:  الجزء الثاني

ّبٍّ٘خش ٗرىل بخزسٝت ٍؼذُ اىضسمًّ٘ٞ٘ فٜ ػذة ع٘ائو  1064اىْبؼٜ رٗ اىط٘ه اىَ٘صٜ 

اعت حأرٞش ٕزٓ اىغ٘ائو ػيٚ اىخظبئض اىبظشٝت ٗاىخشمٞبٞت ىَبدة اٗمغٞذ  اىضسمًّ٘ٞ٘ ىذس

اىخٜ اعخخذٍج ٕٜ هاىغ٘ائ, اىْبّ٘ٝت   ( SDS,CTAB and D.W   ( ٗقذ ٗصذ اُ اعخخذاً ٕزٓ  

 10اىغ٘ائو ٝؤدٛ اىٚ صٝبدة  مفبءة  ػَيٞت اىخزسٝت ٗاىحظ٘ه ػيٚ ٍ٘اد ّبّ٘ٝت بقطش اقو 



اس قٌٞ اخخب, ّبٍّ٘خش Z-Potential ) ٍب بِٞ   ٍيٜ ف٘ىج ٝشٞش اىٚ اعخقشاسٝٔ  56.1)   - 41.3

 .ٕزٓ اىَ٘اد اىْبّ٘ٝت ٍغ حنخو قيٞو

حظْٞغ اٗمغٞذ الاىًَْٞ٘ قذ دسط بضبّبِٞ  اٗىٖب حؼَِ حأرٞش مزبفت اىطبقت : الجزء الثالث

ػيٚ حضٌ اىَ٘اد اىْبّ٘ٝت اىَظْؼت فٜ اىَبء ٗالاٝزبّ٘ه ٗاىضبّب الاخش حؼَِ دساعت حأرٞش 

, اىَبء ٗالاٝزبّ٘ه ىْفظ مزبفت اىطبقت ػيٚ خظبئض اىَ٘اد اىْبّ٘ٝت )اٗعبؽ ٍبئٞت ٍخخيفت 

 800دً بظْبػت  دقبئق اٗمغٞذ الاىًَْٞ٘  اىْبّ٘ٝت ٕٜ ؽ٘ه ٍ٘صٜ خظبئض اىيٞضس اىَغخخ

fs 130ّبٍّ٘خش ٗاٍذ ّبؼت  ٍٗؼذه حنشاس    1kHz,  ٗقذ ٗصذ اُ ػَيٞت اىخزسٝت ػْذ مزبفت ؽبقبث

قيٞيت  حؤدٛ اىٚ حنِ٘ٝ ٍ٘اد ّبّ٘ٝت طغٞشة بخنخلاث طغٞشة ٗحشامٞض طغٞشة اٍب صٝبدة مزبفت 

ح٘صٝغ حضَٜ مبٞش مزىل ٗصذ اُ ؽٞف اٍخظبص ىيؼْٞبث اىَْخضت  اىطبقت حؤدٛ ّح٘ الاصاحت اىٚ

اىقٌٞ اى٘اؽئت حشٞش اىٚ قيت ٗفشة اىذقبئق  ٕٓز, ببلإٝزبّ٘ه ٝنُ٘ رٗ قَٞت أٗؽأ ٍَب ٕ٘ ػيٞٔ فٜ اىَبء

حأمغذ اىَ٘اد ػذً فٜ اىَحي٘ه ىزىل فبُ مزبفت اىخزسٝت ببلإٝزبّ٘ه حنُ٘ اٗؽأ ىنِ فٜ ّفظ اى٘قج 

فٜ ٕزا اى٘عؾ ٝؼ٘د اىٚ قذسحٔ ػيٚ ٍْغ حذٗد ػَيٞت الامغذة ىيذقبئق اىْبّ٘ٝت  اىْبّ٘ٝت اىَْخضت

.اىَْخضت فٞٔ  

                       

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


