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 ABSTRACT  

Femtosecond laser ablation of gold in water is studied numerically. Laser 

light absorption by a target is simulated using Single-Temperature  Model 

(STM) in addition to the use of  Two-Temperature Model (TTM) in order 

to compare the results of both models. Influences of laser parameters, 

target and liquid properties are considered in the study.  Classical 

Nucleation Theory is used to calculate the free energy of critical particles 

production and size distribution of nanoparticles as functions of solution 

temperature, concentration and delay times during plume expanding. 

Finally the best conditions, which make the modeling of ultrashort laser 

absorption by using (STM)  gives nanoparticles with desirable size 

distribution and dispersion are deduced. The obtained results 

demonstrated that the ablated species have higher temperature in case of 

STM. That leads to formation of larger NPs sizes but in higher 

populations although the high cooling rates and small critical particles 

sizes. That can be explained by continuing the aggregation processes for 

longer time. But considering shorter times for expanding plasma plume 

(less than 0.01μs), we obtained better results. The best results in case of 

using (STM) may be obtained if the temperature is lower and enough for 

getting high cooling rates and small critical particles sizes, while the 

growth of large clusters will be limited.  The study of the influence of 



gold atoms concentration showed that the increasing of the solution 

concentration at the beginning of the aggregation stage affects only the 

total number of formed nanoparticles, whereas the mean diameter stays 

almost unchanged. We found that the free energy required to formation of 

critical partials at early nucleation stage is smaller at larger solution 

temperatures, i.e. at larger solution temperatures, the sizes of critical 

partials are smaller. 
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  خلاص   

    ًه  ط ي   .  نً ِ      نفً   كُ   نذ ب  ه  ِ  َ  و       ع  ي  لإ  ئص ل   

 (TTM)  لاض     ن  ًَ ذج       ن      ٍ STM))ًَ ذج       ن    ة  ن  ح ة 

. نًُذ    ي ص ص ض    نه    يٍ   م  ن    ن  ض  نً   َ    ٍ َ  ئج  ن  ي   ٍ

    ًه  .    ي  يلا   نه      ن      نس ئم      خذ  ُظ   لاع             ث  

َظ ي   ن ُ ي   ن  ه  ي  ن س ب  ن      ن  ة لاَ  ج  نجس ى  ن  ج  ن س ب  ن  زيع 

 ن جً  نهجس ً    نُ َ ي     ن  ن     ح   ة  نً ه ل         نً  ة  نًس  صه     

َ جُ    ضم  نض     خ       .  نً ه ل   زي ٌ  ن  خ   خلال    ع عً    ن لازي 

.  ن   يٍ خلان   َ صم عه   نجس ً    نُ َ ي   نً غ      حج و ص   ة   ف يق  ه م 

 نُ  ئج  نًس  صه   ظ     ٌ  نجس ً    نًس  صه  ن        ح   ة         ح ن  

    ق ًَ ذج       ن    ة  ن  ح ة يً  يؤ ي  ن   َ  ج  س ً   َ َ ي    حج و      

ل  َ  ج      عه   ن غى يٍ ي  لا   ن   ي   نك   ة   حج و  نجس ً   نكٍ  ً  

  س    هك  نُ  ج      ً     جًع  نجس ً    نُ َ ي  يع   ض   .  ن      نص   ة 

حصهُ  عه    ضم  0.01µs))نكٍ لازي ٌ  ص  ة. عه   كم عُ     لازي ٌ  ط ل

 نُ  ئج يًكٍ  ٌ  س  صم    ح ن   ٌ   ضم .  نُ  ئج لاحج و  س ً   َ َ ي  ص   ة

 ذ    َ        نً ه ل ص   ة  شكم      , ( (STM   خ  و ًَ ذج  ن      ن  ح ة

نه ص ل عه  ي  ل    ي         حج و  س ً   ح    ص   ة   ُفس  ن    يُ     

  ُ          ث         ذ     نذ ب  ٌ . ن  و    ً    عًه    جًع  ن ُ      نك   ة

ي  ة        نً ه ل عُ     ي  ي حه   ن جًع   ث    ط عه   ن     نكه  نهجس ً   ز

   َ   يض    ٌ  ن      ن  ة .  نُ َ ي   نً شكه    ًُ  ي     ن جى  شكم ع و غ   ي  ث  

 نلازي  ن شك م  نجس ً    ن     عُ  ي حه   ن ُ ي   نً ك ة  ك ٌ  ص   عُ        

 ي  ٌ حج و  نجس ً    ن      ك ٌ  ص   عُ  زي  ة , ع  ح  ة  نً ه ل  نً  ف

 .     ح   ة  نً ه ل

 


