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Abstract:                  
     The Nd:YAG laser system has been mounted and the BDN-I dye was prepared  and 

dissolved  in different  pure organic solvents  such as   (  carbon-tetra-chloride ,   chloroform, 

Acetone, Dioxane , and pyridine ) and in a mixture of   carbon–tetra- chloride with another polar 

organic solvent at 1:1 and 2:1 mixing ratios. The dye solution was situated in a dye cell ,and 

modulated  inside the laser resonator . The  giant laser pulse  power , and the dye  solution 

transmittance (T) have been measured. The (T) values are utilized in calculation of the optical 

properties such as  (Reflectance (R ), Absorptance (A) and refractance ( r) ), some indices as 

optical   density (d) ,      refractive index (n), relative refractive index (nr).The effect of the 

variation Of  the BDN-I molar concentration dye  solution and mixing ratios  have been studied 

on  the optical properties firstly , the effect of the optical properties on each other secondly  ,and 

finally  , the effects of the BDN-I dye solutions optical properties  on the giant laser pulse 

characteristics. It can be concluded that the relative refractive index (nr ) has an important role 

in controlling the passive Q-switching process by specifying the optical properties  of the BDN-

I solution. The main conclusion that the mixing method of carbon-tetra-chloride with other 

organic solvent at different mixing ratios is the best way to improve the giant laser pulse 

characteristics, where it decreases the optical properties which  causes  the losses of  stimulated 

photons  energy, and  increases of  that  which  causes consolidations the saturation absorption 

process. 

 الخلاصة: 
, ٗأرٝثد فٜ عذج ٍزٝثاخ عض٘ٝح قطثٞةح ٍلةو ر ساتة   BDN-Iٝاك ثٌ حضشخ صثغح  –ّصثد ٍْظٍ٘ح ىٞزس اىْٞ٘دًَٝٞ٘     

فضة  عةِ اىثٞشٝةذِٝ  C4H8O2ٗ ثْةايٜ الأٗمضةنِٞ  C3H6O, الأصةٞرُ٘  CHCl3, اىني٘سٗفة٘سً  CCl4مي٘سٝذ اىنةاستُ٘ 

C5H5N ٍ ٜٗض  ٍحي٘ه اىصةثغح  1:1ٗ  1:1زٝج ٍِ سات  مي٘سٝذ اىناستُ٘ ٍٗزٝة عض٘ٛ قطثٜ آخش تْضة ٍزج ( ٗف .

( ىشةعا  اىيٞةزس . اصةرلَشخ Tفٜ خيٞح ٗضَْد داخو ٍشّاُ اىيٞزس . قٞضد قذسج اىْثضح اىيٞزسٝح اىعَ قح,ّٗفارٝةح اىصةثغح ر

( ٗتعة   rفضة  عةِ الأّنضةاسٝح  A, الاٍرصاصٞح  Rح ّرايج اىْفارٝح فٜ حضاب اىخ٘اص اىثصشٝح الأخشٙ ٍلو رالاّعناصٞ

(. دسس ذةثثٞش ذغٞةش  nrتالإضافح إىٚ ٍعاٍو الاّنضاس اىْضثٜ  n, ٍعاٍو الاّنضاس  dاىَعاٍ خ اىََٖح ٍلو ر اىنلافح اىثصشٝح 

ٝح تعضةٖا ( أٗلا , ٗع قح اىخة٘اص اىثصةشBDN-Iاىرشمٞز اىَ٘لاسٛ ّٗضة اىَزج عيٚ اىخ٘اص اىثصشٝح ىَحي٘ه صثغح ر

( عيٚ ٍ٘اصةفاخ اىْثضةح اىيٞزسٝةح اىعَ قةح . BDN-Iتاىثع  الأخش ثاّٞا , ٗأخٞشا ذثثٞش اىخ٘اص اىثصشٝح ىَحي٘ه صثغح ر

ىٔ اىةذٗس اىَٖةٌ فةٜ اىةرحنٌ تعَيٞةح ذح٘ٝةو عاٍةو اىْ٘عٞةح ٍةِ خة ه ذحذٝةذٓ  nrىقذ أٍنِ الاصرْراج تاُ ٍعاٍو الاّنضاس اىْضثٜ 

(  . إُ الاصةرْراج اىةشيٞش ٕة٘ إُ قشٝقةح ٍةزج ساتة  مي٘سٝةذ اىنةاستُ٘ ٍة  ٍةزٝة BDN-Iح رىيخ٘اص اىثصشٝح ىَحي٘ه صثغ

عض٘ٛ قطثٜ أخش ٗتْضة ٍزج ٍخريفةح ٕةٜ الأفضةو فةٜ ذحضةِٞ ٍ٘اصةفاخ اىْثضةح اىعَ قةح حٞةل أّٖةا ذقيةو ٍةِ اىخة٘اص 

 ٝز عَيٞح الاٍرصاص اىَشث  .  اىثصشٝح اىرٜ ذرضثة فٜ ضٞا  قاقح اىف٘ذّ٘اخ اىَحفزج ٗذزٝذ ٍِ ذيل اىرٜ ذرضثة فٜ ذعز

 

1-Introduction: 
          Nd:YAG laser is a four-level solid-state laser which consists of Nd

+3
 in a crystal of Y3Al5O12 

( the crystal being known as YAG) [1] , where 1.0% Nd
+3

 ions substitutes for Y
+3

 ions [2].The laser 

transition has (1.064 μm) wavelength (near-infrared) [1,2].The rise time of the near- infrared 

fluorescence intensity in YAG:Nd
+3

 at room temperature under the excitation by (10nsec) duration 
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pulses at (514.5 nm) has been measured by T.Kushida et al. [3]. The experimental and numerical 

study of the geometrical transfer efficiency of various cavities for Nd:YAG laser system are 

presented by I.Y.Milev et al. [4]. 

        The Q-switching technique has been implemented on Nd:YAG laser by the saturable absorbers 

to achieve giant laser pulses which are more useful than which are obtained in free-running 

operation . There are many materials have been used as a passive Q-switches for Nd:YAG laser . 

These materials may be solids as (Cr,Nd) saturable absorber in (YAG) gain medium which are 

demonstrated a compact , efficient, highly polarized , and highly stable Q-switched laser [5-7], 

Cr:YAG crystal has been performed as a saturable absorber for Nd:YAG laser [8-13],Cr
+4

:GSGG 

saturable absorber [14], V:YAG crystal [15-16], or gases such as narrow-band of (CS2) vapor 

saturable absorber [17]. The semiconductors could also be used as a Q-switches for Nd:YAG laser 

as InGaAs [18-19].Many dyes which are dissolved in different solvents , used as a liquid Q-

switches for Nd:YAG laser . 

        The nickel complex BDN-I is used as a saturable absorber for Q-switching neodymium lasers. 

It is particularly attractive for their good photochemical stability , the possibility of tailoring their 

ground-state recovery (GSR) time by the appropriate choice of solvent [20], where the optical 

properties of the BDN-I dye substantially differ depending on the host material [20],or the solvents 

which is dissolved in them [21-23]. 

               BDN-I dye has the chemical name of Bis(4-dimethylaminodithiobenzil)nickel , and the 

molecular formula C32H30N2NiS4  (629.55) molecular weight , melting point of (270-280)C
°
 [23]. 

   The BDN-I dye was homemade and used to Q-switch the Nd:YAG laser at 1997 [24]. The study 

of using PMMA foils doped with mixture of BDN-I in different solvents as a solid Q-switches for 

Nd:YAG laser has been implemented experimentally and theoretically in 2001 [25], and the 

measurement of the threshold energy damage of them are achieved in 2003 [26]. A method of 

preparing complexes based on BDN-I as a Q-switches for the solid-state lasers ,as, these complexes 

have resonance absorption bands near the emitted wavelength laser to produce saturable absorber 

dyes which are cover a wide range of resonance wavelengths, has been introduced in 2002[27].  

            In this research we
'
ll introduce a study of the optical properties of the BDN-I solution which 

consists of that dye dissolved in different pure organic solvents and in a mixture of the Carbon-tetra 

chloride with other solvent at 1:1 and 2:1 mixing ratios. The BDN-I solution is used as a passive Q-

switch for the Nd:YAG laser at 1.064μm wavelength. 
 

2-The optical properties of the laser passive Q-switch and the mechanism of the saturation 

absorption: 

         The saturable absorbers(S.A) are the materials (solids or liquids or gases ) which can reveals a 

bleaching case after they are  reach to the saturation absorption for incident photons on them. These 

materials are used as a passive Q-switches for the different kinds of lasers [28-30].The passive Q-

switching technique is an important way to generate a giant laser pulse which can be used in many 

applications [31-33]. This technique can be implemented by setting (S.A) inside the resonator , 

continuously pumping for an active medium , (S.A) molecules begin to absorb the incident photons 

energy and excited to higher excited states until the ground states become fully empty and the 

higher excited states completely filled with excited molecules , that means stopping the absorption , 

the (S.A) become fully transmitted to the stimulated photons incident on it , allowing to the 

accumulated population inversion to decay rapidly to the ground-state suddenly and generate a 

nanosecond duration , Megawatt power of the giant laser pulse [34-37]. 

    The optical properties of the (S.A) act an important role in a saturation absorption mechanism 

where the (S.A) absorptance (A) is the molecules ability to absorb the stimulated photons energy 

and excite to higher energy levels , this is consolidate the Q-switching , while the losses of the 

stimulated photons by; withdrawing photons to the air medium in reflection process, them refraction 

inside the (S.A) (bending the array because of difference in optical density of (S.A) and that for air 

and photons transmission without any deviation because of vertically incident on the surface 
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IA 

separates between (S.A),and the air [38-40]. The reflectance (R) , refractance ( r) , and 

transmittance (T) of the (S.A) are obstruct the saturation absorption process and then lowest laser 

pulse power may be generated . Therefore, laser workers used materials with lowest R,r and T for 

chosen  laser array and change many parameters in laser passive Q-switching system to moderate 

these properties with incident photons. These properties and the saturation absorption of the (S.A) 

are drawn in fig.(1 a,b,and c) . 
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Fig.1: 

(a)-The optical processes which are happened on the stimulated photons inside the (S.A).(b)-The 

gradually saturation absorption of the stimulated photons inside the (S.A).(c )- The occurring of the 

bleaching process in the (S.A).  where    

              Ii : incident intensity ,  IA : absorbed intensity     
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           Ir : refracted intensity ,  IR : reflected intensity 
n

'
: the air refractive index ,and  n : the (S.A) refractive index .  

 3- Theory:  
                       The refractive index of the BDN-I dye solution (n) which is related of   (T ), can be 

calculated as follow[41]: 

 

T = 2 n / ( n
2
 + 1 ) ……………….(1) 

 

Eq(1) is the second order equation , so we can solved it by constitution way . It has two solutions 

which is illustrated as follow : 

 

n = ( 2 + √ 4 – 4 T
2
  ) / 2 T   ………………. (2 – a ) 

 

n = ( 2 - √ 4 – 4 T
2
 ) /  2 T   ……………….. ( 2 – b ) 

          

     The reflectance ( R ) of the dye solution may be calculated as follow [41]: 

R = [  ( n – 1 ) /  ( n + 1 )  ]
2
      ………………………. ( 3 ) 

 

       The other optical property  is the refractance ( r ) of the ( S.A) can be calculated as below [42]: 

 

r  =  ( Ii – Ir  ) /  Ii   ……………..( 4 ) 

 

where Ir is the refracted beam intensity which is defined as below : 

Ir  =  n  Ii        ……………… (5) 

and Ii is the incident beam intensity on the dye solution .Absorptance is the one of important optical 

properties which is equal to [42]: 

A = 1 – log ( 1 / T )  ……………..   ( 6 ) 

    The optical density  ( d ) of the BDN-I dye solution can be calculated as follow [43 ]: 

d  = ε c ℓ    ………………… ( 7 ) 

where ( ε ) is the molar extinction coefficient of the ( S.A) which is calculated by utilizing from 

Beer-Lambert law as below [42]: 

ε = [ 1 / c ℓ ] log [ Pi / P ] ……………….. ( 8 ) 

 where ( C ) is the molar concentration of the BDN-I dye in solution , (ℓ ) is the cell thickness , ( Pi ) 

is the laser pulse power in free- running operation , and ( P ) is the Q-switched laser pulse power .  

       The relative refractive index ( nr) is the ratio of the refractive index of the dye solution ( n ) to 

that of air ( n
'
 ) at the same wavelength of beam which is incident on the dye solution . nr can be 

calculated as follow [44]: 

 

nr  =  n ( solution )  /  n
'
  ( air ) …………………….  ( 9 ) 

               

 4-  Experimental part: 
                             The system shown in fig.2 is used to measure the giant Nd:YAG laser pulse 

characteristics and the optical properties of the BDN-I dye solution which is used as a passive Q-

switch for Nd:YAG laser. It consists of Nd:YAG rod (1) of (5cm) long and (5mm) diameter as an 

active medium with (54%) reflected mirror (2) fixed optically to its one end while the other end 

faces retrareflected prism (3) as a total reflected element. 

                    The elliptical resonator of (12.6 cm ) long consists of two halves. The Nd:YAG rod is 

mounted on one focus points and the flash lamp filled with Kr (4) is fixed in the second focus points 

.Using a pulse forming network with an external triggering (5) the flash lamp has been operated 

.Careful alignment of the free running cavity has been carried out using the He-Ne laser. An ED-

200 genetic Joulmeter which was supplied by (EG&G) company, has been used to measure the laser 
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pulse energy . It has been connected to a fast oscilloscope (7) model(TDS 500) which was supplied 

by Tektronix company . The P-i-n detector (9) which was connected to oscilloscope is used to 

detect the transmitted  photons from the dye cell (8). The cell is filled by BDN-I dye dissolved in 

one of each (CCl4 , CHCl3 , Acetone , dioxane , and Pyridine ) pure solvent or in a mixture of 

(CCl4) with one of each other solvents at 1:1 and 2:1 mixing ratios . It was putted firstly , inside the 

resonator (8) to measure the Q-switch pulse intensity (I) and secondly outside it (8
'
 ) to measure the 

incident intensity ( Ii ) on it . 

       The beam splitter (expander) (10) is used to separate the photons array outside the resonator to 

two arrays in order to reduce the energy arrived to detector.    

   The incident intensity of the laser had been measured by removing the dye cell from the system, 

and we find that Ii of (59.36 X 10
-3

 photons/cm
2
.sec) intensity , but the transmitted intensity (IT ) is 

measured by putting the dye cell in (8
'
 ) position and making the calibration on the energy 

measurement appearing on the oscilloscope monitor. This procedure was repeated in each time of 

dissolving the BDN-I dye either in pure solvent or in a mixture of (CCl4) with other solvent at 1:1 

and 2:1 mixing ratios. 

                  The Q-switched laser pulse characteristics (energy , duration , and power ) were 

measured by system which is shown in fig.2 and putting the dye cell in (8) position .  

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2 : 

The system of the BDN-I dye solution optical properties measurement ,where: 

(1) Nd:YAG rod.    (2) 54%reflected mirror .     (3)  retrareflected prism.              (4)flash lamp.    

(5) flash lamp power supply and triggering system          .                            (6) ED-200 genetic 

Joulmeter.  (7) TDS 500 oscilloscope.                                

         (8) the dye cell inside the resonator. (8
'
) the dye cell outside the resonator  

         (9) P-i-n detector .     (10)      Beam expander. 

 

5- The calculation and results :  
                  The optical properties of the BDN-I dye solution at 1.064 μm Nd:YAG laser wavelength 

such as ( R , r , and A ) had been calculated by eqs.(3,4,and 6 ) , respectively. But the transmittance 

( T ) of the BDN-I dye has been measured by ED-200 genetic Joulmeter at different values of molar 

concentration . The optical properties of the BDN-I dye which are dissolved in pure , and in a 
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mixture of CCl4 with other solvent at 1:1 and 2:1 mixing ratios , are depicted in figs.(3,4 and 5) , 

respectively. 

          To interpret the optical properties of the BDN-I dye solution , we are calculated the optical 

density (d) by eq.(7) , and the refractive index (n) by using the solution in eq.(2-b) and neglecting 

the other because it shows unsuitable value for the relative index of this dye solution . The ( d ) and 

( n ) of the BDN-I dye dissolved in pure , or in a mixture of 1:1 and 2:1 mixing ratios , are depicted 

in fig.(6-a,b,c) and fig.(7-a,b,c,), respectively. 

   The Q-switched laser pulse power ( P ) using BDN-I dye solution which are measured by the 

system shown in fig.(2) , are listed in table ( 1-a,b,c). 

    The relative refractive index which is calculated according to eq.(9), is listed in table (2-a,b,c) for 

the BDN-I dye dissolved in pure , and in a mixture of 1:1 and 2:1 mixing ratios, respectively. 

                                                            

Table(1): 
The Q-switched Nd:YAG laser pulse power (P)

*
 using BDN-I dye which is dissolved in : (a)- pure 

solvent.   (b)- mixture of CCl4 with other at 1:1 mixing ratio .  (c)- mixture of CCl4 with other at 2:1 

mixing ratio . 
*
 PX10

5
 watt for all tables. 

 

-a- 

 

 

 

 

 

 

 

 

 

 

C4H8O2 

 

 

C3H6O 

 

 

C5H5N 

 

 

CHCl3 

 

 

CCl4 

 

                           solvents 

 

Cx10
-3

                       

mol/l                   

 

 

3433 3433 - 3433 3437 39433 

 

343 34.3 - 349 34.7 3943. 

34. 34.3 - 3433 34.. 39437 

343. 3433 - 343 34.7 39433 

3479 3473 - 3473 3499 .9433 

3433 343 - 343 3433 .9433 

- - .43 - - .3 

- - .4. - - .343 

- - .43 - - .3 

- - .433 - - ..4. 

- - .43 - -- .. 

- - .43 - - .743 

.433 3433 - 343 3433 949. 

- - .43 - - 94. 
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-b- 

 

 

 

CCl4 + C3H6O 

 

 

CCl4 + CHCl3 

 

 

CCl4 +  C5H5N 

 

 

CCl4 + C4H8O2 

 

                        Mixtures 

 

Cx10
-3

 

 mol/l 

 

 

3 3439 .433 349. 

 

3493 

343 34.7 .433 .433 34.7 

343 .439 .4.. .4.3 343. 

343 .433 .4.7 .477 3477 

347 .439 7433 .43. 3433 

.43 .433 743 .437 34.7 

.43 7433 7433 749. 3493 

 

-c- 

 

 

 

CCl4 + C4H8O2 

 

 

 

 

CCl4 + C3H6O 

 

 

 

CCl4 + CHCl3 

 

 

 

CCl4 + C5H5N 

 

                               Mixtures 

 

Cx10
-3

 

 mol/l 

 

 

3 .. .3 .7 

 

 

 

34. 

34. .7 .3 34. 343 

34. 34. ..4. 343 343 

34. 343 34. 3 347 

343 343 34. 34. 343 

343 343 343 .43 343 

.43 .43 .49 .43 343 

 

Table ( 2 ): 

The relative refractive index (nr ) of the BDN-I dye solution at 1.064 μm Nd:YAG laser wavelength 

, when this dye is dissolved in :  

       (a)- pure solvents.                                                                          

  (b)- mixture of CCl4 with other solvent at 1:1 mixing ratio .    

         (c)- mixture of CCl4 with other solvent at 2:1 mixing ratio . 
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-a- 

 

 

C4H8O2 

 

 

C3H6O 

 

 

C5H5N 

 

 

CHCl3 

 

 

CCl4 

 

solvents 

 

Cx10
-3   

 

 mol/l 

 

 

747979 747337 - 747333 74733 39433 

 

747933 747337 - 7473.3 74793 3943. 

747933 7473.. - 7473.3 74793 39437 

74..93 747393 - 747333 74.73 39433 

74...7 747973 - 747973 74... .9433 

74...3 74799. - 74.777 74..3 .9433 

- - 747333 - - .3 

- - 747333 - - .343 

- - 747397 - - .3 

- - 747373 - - ..4. 

- - 74733. - -- .. 

- - 747333 - - .743 

74..33 74.733 - 74...3. 74..9 949. 

- - 747333 - - 94. 

 

 

 

 

- b - 

 

 

 

CCl4 +  C4H8O2 

 

 

CCl4 +  C3H6O 

 

 

CCl4 + C5H5N 

 

 

CCl4 +CHCl3 

 

                           Mixtures 

 

Cx10
-3

 

 mol/l 

 

 

7473.3 747333 7473.9 747333 3493 

74733. 74733. 7473.3 747337 34.7 

747393 747339 747339 747333 343. 

747373 747337 74733 747333 3477 

7473.9 74733. 747339 747333 3433 

747333 747393 747333 747333 34.7 

747333 747373 74733. 747333 3493 
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- c-   

 

 

 

CCl4 +  C4H8O2 

 

 

CCl4 +  C3H6O 

 

 

CCl4 + C5H5N 

 

 

CCl4 +CHCl3 

 

                           Mixtures 

 

Cx10
-3

 

 mol/l 

 

 

747333 74733. 747377 7473.9    34. 

747339 74733. 747333 747333 343 

7473.9 747333 74733. 74733. 343 

747333 747339 7473.9 747373 347 

747333 747333 747333 7473.. 343 

747333 747399 74733. 747339 343 

7473.. 74733. 747333 747333 343 

 

Discussion: 
    Figures(3-5 a,b,c,d ) show the optical properties of the BDN-I dye solutions as ( transmittance (T) 

, reflectance (R) , refrectance ( r ) , and absorptance (A)) as a functions of the dye molar 

concentration (C) .The study of (C ) variation effects on T , R , r , and A for BDN-I dye which        

is dissolved in pure organic solvent such as (  CCl4 ,  CHCl3 ,   C3H6O ,  C4H8O2 , and C5H5N ) , and 

in mixtures of ( CCl4 ) with another organic solvent at 1:1 and 2:1 mixing  ratios , are shown in  

figures (3-5 a,b,c,d), respectively. We observed all optical properties of pyridine solution are drawn 

alone in single figure as shown in fig.( 3, e ) because of the large difference in (C )values which 

were appear the Q-switching phenomena .  All these figures are explained ; the decreasing of (T) 

and (A),increasing     of ( R ) and ( r ) at the same increasing values of molar concentration (C) .The 

increasing of ( C ) makes the dye molecules are crowded in ground-states , so the large amount of 

incident stimulated photons on the dye cell    is absorbed by the molecules ,   then they have been 

excited to the higher excited states, all that are interpreted the (A  decreasing with (C) increasing   , 

where :                 A = ( Ii – IA ) / Ii 

        The highest dye molecules density has the role in rebounding part of  the incident stimulated 

photons to the air ( medium which is coming from    it ) due to the increasing of its optical density ( 

d ) with increasing of ( C )   as shown in fig (6,a,b,c,d) , that is interpreted the increasing of ( R )  

with     ( C ) from one side , and from another side the high number of  molecules   in the ground –

state are contributed in stimulated photons deviation  from them  path inside the dye  solution that is  

( in other meaning )  increasing     ( r ) because of the refractive index increasing as lustrated in 

fig(7,a,b,c,d). 

             The largest ( T ) and ( A ) of ( 0.644) and (0.378) , respectively are obtained when BDN-I 

dye dissolved in (CCl4) solvent at (9.92 x 10
-3

 mol/l). The values of (T) and (A) graduals to less 

values from above when BDN-I dissolved in solvents as dioxane , then chloroform , then  Acetone , 

lately pyridine at the same value of ( C ). We observed the decreasing of (T ) and   ( A ) when dye 

dissolving in a mixture of ( CCl4 ) with  another  solvent at  1:1 mixing ratio , and less values to 

mixture of  2:1 from  the  values  to a  pure solvents . They refers to dilution ratios increasing by ( 

CCl4 )  causes decreasing  of  (T ) and ( A ) for BDN-I dye  solution  at  Nd:YAG    laser 

wavelength . That is attributed to the solvent which has highest   polarity , contribute  in  making   

the  BDN-I  dye solution  more  transmitted  and    absorbed than from less polarity solvent , as 

shown in appendix ( 1 ) .  Except of pyridine which show less transmittance from Acetone , in spite 

of it
'
s  has more polarity than Acetone because of the effective atom in pyridine molecule ( N ) 
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which has electro negativity of ( 3.5) less than for Oxigine (O)atom of (3) electro negativity which 

is the effective atom in Acetone molecule .  

     The giant laser pulse generation with highest power has been specified by firstly , less 

absorptance which is nearly equal to zero , that is near all incident photons are fully absorbed by 

dye molecules  , ( A ) may be reached to a negative values that is exactly indicator for found of 

other photons in the laboratory , which is contributes in dye absorption . Secondly, too low ( T ) 

values which means that the large amount of incident photons are transmitted without any deviation 

at the end of the saturation absorption process . All the power values for all the used solvents ( pure 

or mixture at 1:1 and 2:1 mixing ratio ) are listed in table ( 1 ) . 

   At the low molar concentration ( C ) value , the BDN-I dye solution has less reflectance ( R ) and 

refractance ( r ) , and caused less power of the Q-switched laser pulse ; because of the highest 

refractive index ( n ) of the dye solution at low ( C ) . The ( r ) values may be nearly equal to zero or 

has low values , that refers to approach the refractive index of the dye solution ( n ) to that for air ( 

n
'
 ) . In other wards , the relative refractive index ( nr ) nearly equal to ( 1 ) at lowest BDN-I dye 

molar concentration ( C ) .Table (2,a,b,c,) show all the relative refractive index of the dye solutions 

at different ( C ) .  

 

Conclusion: 
          When we want to design a passive laser Q-switching system by liquid dye , we must choose a 

solution which has more ( R ) and ( r ) , and less ( T ) and ( A ) in order to ensure the best giant laser 

pulse . We can depend on the dye molar concentration increasing in realization these optical 

properties ( R , r , T , and A ) , the relative refractive index ( nr ) of the BDN-I dye solution also has 

the effective rule in generation of the best Q-switched laser pulse characteristics by its controlling 

on refractance ( r ) and reflectance ( R ) in two different cases , first , when ( nr ) was in lowest 

value , ( r ), ( R ) and pulse power have the highest value . Second , when ( nr ) approach to ( 1 ) , (r) 

, ( R ) and ( P ) decay gradually . The polarity of the solvent specifies the transmittance and 

absorptance of the BDN-I dye solution . It can be concluded that the pyridine solvent contributes in 

generation of high power giant laser pulse when it used to dissolve the BDN-I dye , either pure or a 

mixture of 1:1 and 2:1 mixing ratios, because of its hasing highest optical properties with lowest 

molar concentration of the dye . We can consider that the mixing method of the solvents is the best 

way to generate high power Q-switched laser pulse . 

  

Appendix (1): 

The polarity of the solvents which are used to Q-switch the Nd:YAG laser [45]. 

 

Polarity X10
-24

 (cm
3
) Temperature(C

ο
) solvents 

..4.  ,.743  .3 CCl4 

.7 .3 C4H8O2 

943 .3 CHCl3 

343 7 C5H5N 

3433 ,34363439  .3 C3H6O 

 

Appendix (2): 

The electro negativity of the effective atoms in the solvents molecules which are used to dissolve 

the BDN-I dye as a liquid passive Q-switch for Nd:YAG laser [46] . 
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(b) 
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( d)    
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(e)                                                                                    
 

Fig (3) 

The effects of  the molar concentration variations for BDN-I dye dissolved in pure organic 

solvents on its optical properties toward Nd:YAG laser array  where: 

    (a)- The relation of Transmittance with molar concentration for four different solvents. 

     (b)- The relation of Reflectance with molar concentration for four different solvents. 

    (c )- The relation of Refrectance with molar concentration for four different solvents. 

   (d)- The relation of Absorptance with molar concentration for four different solvents. 

        (e )- The relations of all optical properties with molar concentration for Pyridine solvent only. 
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Fig ( 4) 

The effects of  the molar concentration variations for BDN-I dye dissolved in a mixtures of 

carbon-tetra chloride with other organic solvent in 1:1 ratio on its optical properties toward 

Nd:YAG laser array  where: 

      (a)- The relation of Transmittance with molar concentration for four different mixtures. 

     (b)- The relation of Reflectance with molar concentration for four different mixtures. 

    (c )- The relation of Refrectance with molar concentration for four different mixtures. 

  (d)- The relation of Absorptance with molar concentration for four different mixtures. 
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Fig(5) 

The effects of  the molar concentration variations for BDN-I dye dissolved in a mixtures of 

carbon-tetra chloride with other organic solvent in 2:1 ratio on its optical properties toward 

Nd:YAG laser array  where: 

(a)- The relation of Transmittance with molar concentration for four different mixtures. 

(b)- The relation of Reflectance with molar concentration for four different mixtures. 

(c )- The relation of Refrectance with molar concentration for four different mixtures. 

(d)- The relation of Absorptance with molar concentration for four different  

mixtures. 
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Fig(6) 

The effects of  the molar concentration variations for BDN-I dye on its optical density toward 

Nd:YAG laser array when it dissolved in : 

 

(a)- four different organic solvents               .                                                          

(b)- a mixtures of Carbon –tetra chloride with other organic solvents in 1:1 ratio. 

(c)- a mixtures of Carbon –tetra chloride with other organic solvents in 2:1 ratio. 

( d)- a Pyridine solvent only.                                                                  
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Fig (7) 

 

The effects of  the molar concentration variations for BDN-I dye on its refractive index 

toward Nd:YAG laser array when it dissolved in  

 

(a)- four different organic solvents                                                                .                                                          

(b)- a mixtures of Carbon –tetra chloride with other organic solvents in 1:1 ratio. 

(c )-a mixtures of Carbon –tetra chloride with other organic solvents in 2:1 ratio. 

( d)- a Pyridine solvent only. 

 

References: 
[1]-O.Svelto,Trans.by D.C.Hanna,"Principles of laser",plenum                              

press,NewYork,(67-231),1976. 

[2]-W.J.Firth and R.G.Harrisou,"Laser physics,systems and techniques",Anato advanced study 

institute,(1-20),1982.  

[3]- T.Kushida,S.Kinoshita,T.Ohtsuki and T.Yamada," Multiphonon relaxation rate from pumped 

level to upper laser level in YAG:Nd",solid state communications,44(9),(1363-1365),1982. 

[4]-I.Y.Milev,S.S.Dimov,S.Z.Kurtev,O.E.Denchev,and I.P.Angelov,"Optimization of the pumping 

conditions for Nd:YAG  lasers",Appl.optics.29(6),(772-776),1990. 

[5]- S.Zhou,K.K.Lee,Y.C.Chen, and S.Li , "Monolithic self-Q-switched  Cr,Nd:YAG laser", Optics 

letters ,18(7),(511-512),1993. 

[6]- H.Liu,O.Hornia,Y.C.Chen, and S.H.Zhou,"Single-frequency Q-switched Cr,Nd:YAG laser 

operating at 946-nm wavelength ",IEEE J.of Quantum        Electronics ,3(1),(26-28),1997. 

[7]- J.J.Zayhowski,and A.L.Wilson,"Pump-induced bleaching of the                     saturable absorber 

in short-pulse Nd:YAG / Cr / sup 4+ /:YAG switched microchip lasers",IEEE J.of Quantum 

Electronics,39(12), (1588-1593),2003. 

[8]- S.Spiekermann,M.Bode,C.Fallnich,H.Welling,and I.Freitag," Actively Q-switched miniature 

Nd:YAG ring laser in single-frequency operation",IEEE J.of Electronics letters,34(23),(2246-

2247),1998. 

[9]- T.M.Jeong,K.S.Kim,C.J.Kim, and C.H.Nam," Generation of a passively        Q-switched Mode-

Locked pulse from a laser Diode pumped Nd:YAG  laser", J.of Korean physical society 

,35(3),(290-293),1999.                   

[10]- J.Song,C.Lie,N.S.Kim,and K.i.Veda," Passively Q-switched Diode-               pumped 

continuous-wave Nd:YAG Cr 4:YAG laser with high peak power and high pulse 

energy",Appl.Optics,39(27),(4954-4958),2000. 



of Kerbala University , Vol. 6 No.1 Scientific .March. 2008 lJourna 

 

 33 

[11]- Y.F.Chen,and Y.P.Lan," Diode-pumped passively Q-switched Nd:YAG laser at 1123 nm", 

Appl. Physics(B),79(1),(29-31),2004. 

[12]-Y.Feng,J.Lu,K.Takaichi,K.i.Veda,H.Yagi,T.Yanagitani and A.A.Kaminskii,"Passively Q-

switched ceramic Nd
3+

:YAG/Cr
4+

:YAG lasers", Appl.optics,34(14),(2944-2947),2004. 

[13]- Y.Qi,Q.Lou,Y.Liu,Y.Zhang,H.Ma,J.Dong and Y.Wei,"Experimental study of Ti:Sapphire 

laser end-pumped Nd:YAG ceramic laser Q- switched by Cr
4+

:YAG saturable absorber",J.of optics 

A: pure and  applied optics ,8,(550-554),2006. 

[14]-U.Bader,J.P.Meyn,J.Bartschke,T.Weber,A.Borsutzky,R.G.Batchko,M.M.Fejer,and R.L.Byer," 

Nanosecond periodically poled lithium niobate optical parametric generator pumped at 532 nm            

by a single-frequency passively Q-switched Nd:YAG laser", Optics letters,24(22),(1608-

1610),1999. 

 [15]- J.Sulc,H.Jelinkova,M.Nemec,K.Nejezchleb,and V.Skoda," V:YAG saturable absorber for 

flash-lamp and diode pumped solid state lasers",           solid state lasers and amplifiers,spie 

5460,(292-302),2004. 

[16]- J.Sulc,H.Jelinkova,K.Nejezchleb,and V.Skoda," Nd:YAG/V:YAG  microchip laser operating 

at 1338 nm", laser physics letters,1(1), (1-6),2005. 

[17]- A.A.Mak,E.A.Viktorov,O.A.Orlov,and V.I.Ustyugov," Dynamics of a   cw single-mode 

Nd:YAG laser with a Cs2 narrow –band saturable  absorber ",J.of Radiophysics and Quantum 

Electronics  ,47(10,11),(743-746),2004.  

[18]- T.Erneux,P.Peterson,and A.Gavielides," The pulse shape of a passively Q-switched microchip 

laser",The European physical   Journal(D),10,(423-431),1999.       

[19]- J.Y.Huang,H.C.Liang,K.W.Su,H.C.Lai,Y.F.Chen,and K.F.Huang," InGaAs quantum-well 

saturable absorbers for a diode-pumped passively Q-switched Nd:YAG laser at 

1123nm",Appl.Optics,46(2),  (239-242),2007.    

[20]- M.Lenner,and C.Spielmann," Femtosecond time-resolved saturation  dynamics of BDN-doped 

Polycarbonate",Optics Express,14(5),  (1850-1855),2006. 

[21]-H.Li,and K.Ogusu," Optical Nonlinearities of Bis(4-                                       

dimethylaminodithio benzyl)-nickel solution in the Nanosecond regime          

",Jpn,J.Appl.Phys.37(10),(5572-5577),1998.            

[22]- S.Sanghi,N.Dodain,Meenakshi,and A.Agarwal," Black YAG crystal             and BDN dye as 

passive Q-switched laser modulators", Indian Journal           of pure & Applied physics,42,(89-

92),2004.      

[23]-R.Greenhow,and A.Street," Mode locking the Nd:Glass laser with                 

BDN:Measurements of dye recovery times and lengths",IEEE J.of Quantum Electronics,11(1),(59-

60),2006. 

[24]-A.K.AL-Kamil," Passive Q-switching using BDN-I for Nd:YAG                   

laser",Ph.D,Thesis,Baghdad University,1997.                       

[25]- M.A.AL-Nesearawi," Coupling Coefficients Measurement of passively          Q-switched solid 

state lasers systems", MSC.,Thesis,Baghdad  University,2001. 

[26]- S.A.AL-Shiqaqi," Energy Threshold Measurement of Home made Q-switches ", 

MSC.Thesis,AL-Mustansiriyah University,2003. 

[27]- A.A.AL-Obaidy," Synthesis of some transition metal complexes and  their use as a group of 

saturable absorber dyes to work as Q-switch in laser systems ",MSC.Thesis,Baghdad 

University,2002. 

[28]- A.Szabo, and R.A.Stein," Theory of laser giant pulsing by a saturable absorber",J.of 

Appl.Physics,36(5),(1562-1566),1965. 

[29]- V.S.Zapasskii, and G.G.Kozlov," Saturable absorber coherent  population oscillations ,and 

'slow light' ", Valilov state optical   institute,(1-10),2005. 

[30]- A.C.Selden ," Saturable absorption versus 'slow light' " MP 167 Mount  pleasant Harare 

Zimbabwe,22
nd

 ,(1-3),2006. 



of Kerbala University , Vol. 6 No.1 Scientific .March. 2008 lJourna 

 

 33 

[31]- F.P.Gagliano,R.M.Lumley , andL.Watkins," Lasers industrial manufacturing applications , 

discussing processing operations and measurement and inspection techniques ",Proc.IEEE ,57,                                

(114-147),1969. 

[32]-C.A.Puliafito, and R.F.Steinert," Short-pulsed Nd:YAG laser microsurgery of the 

eye:biological consideration",IEEE J-  Quant.Elect.,QE-20,(1442-1448),1984. 

[33]-P.W.Atkins," Physical chemistry",Oxford University                                    

press,section(12,14,15, and 17),1994.                 

[34]- T.Ikonen,"Q-switching of lasers", Material physicsII(5),(1-9),2005. 

[35]- C.Roychoudhuri,D.Lee, and P.Poulos," IF EM fields do not operate on          each other ,how 

do we generate and manipulate laser pulses                           ?",Spie(6290)2,(1-2),2006.    

[36]- D.S.Moore , T.Vo-Dinh,N.H.Velthorst and B.Schrader," Laser-based            molecular 

spectroscopy for chemical analysis:laser fundamentals",Pure and Appl.Chem.67(11),(1913-

1928),1995. 

[37]- " Chap.5 laser components and accessories ",2006.http://me.kaist.ac.kr/upload/course/MAE 

592/chap.5-2006.pdf. 

[38]- L.Berggren," Optical absorption and electrical conductivity in Lithium Intercalated 

amorphous tungsten Oxide films", comprehensive summaries of Uppsala Dissertations from the 

faculty of science and  technology,(16-23),2006.        

[39]- M.Nicholas," Electromagnetic spectrum : Transmittance,Absorptance, and Reflectance ", RST 

technical and historical perspectives of remote  sensing,(1-5),2007.     

[40]- "Topic 2-The wave Nature of light ",(1-3),2007.http://www.antonie-

education.co.uk/physics_AS/Module_1/Topic_2/topic_2.htm 

[41]- Crystan Ltd.,"  Infrared and ultraviolet optics", 2007.http://www.crystan.co.uk/login.asp 

[42]- Iupac org.," Terms and symbols used in photochemistry and in light scattering ",chapter 

(11),section(2-63),2000. http://www.iupac.org/publications/analytical_compendium/cha11sec2.pdf 

[43]- Y.K.Kuo,and Y.A.Chang," Numerical study of passive Q switching of a Tm:YAG laser with a 

HO:YLF solid-state saturable absorber ",Appl.opt., 42(9),2003. 

[44]- M.Alonso,and E.J.Finn," Fundamental university physics", Quantum and statistical 

physicsIII,11
th

 printing ,Addison Wesley, 1980. 

 [45]- R.C.Weast,M.J.Astle,W.H.Beyer,"CRC Handbook of chemistry and physics", CRC press 

Inc.,Florida,1987-1988.   

[46]- W.F.Sheehan," Physical chemistry ", 2
nd

 Ed.,Allyn&Bacon Inc.,Boston,USA,(783-790),1970. 

                                                                                                                                                                

                  

 

http://me.kaist.ac.kr/upload/course/MAE%20592/chap.5-2006.pdf
http://me.kaist.ac.kr/upload/course/MAE%20592/chap.5-2006.pdf
http://www.antonie-education.co.uk/physics_AS/Module_1/Topic_2/topic_2.htm
http://www.antonie-education.co.uk/physics_AS/Module_1/Topic_2/topic_2.htm
http://www.crystan.co.uk/login.asp
http://www.iupac.org/publications/analytical_compendium/cha11sec2.pdf

