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Pulse Current Efficiency in Coating Process of Gold Nanoparticles from Potassium 

Dicyanoaurate Solution 
 

P. Vahdatkhah                    S.K. Sadrnezhaad 
  

Abstract  
Comparison of the effects of two substrates and additives on pulse current electrodeposition of Au nanoparticles 
showed that using indium-tin oxide instead of Cu and cysteine instead of potassium iodide can improve morphology, 
current efficiency, photocatalytic effect and increase the number of nanocrystals. The examinations using  the field-
emission scanning-electron-microscope (FE-SEM) showed that Au nanoclusters appear on the Cu surface when pulse 
frequency increases from 50 to 142.8 Hz and potassium iodide additive is added, whereas both the coating thickness 
and the current efficiency increased with the  frequency of the pulse current. As current density decreased, the 
deposition thickness and the cathodic current efficiency decreased from 10 to 2.5 mA/cm2. 
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Ä»|¬»  

  Ä] Ô� cY�}Â¿Z¿   �/�vÀ» �YÂ/y ¶Ì·{  Ä/]  �Y {�/§ 

 ¶Ì^« dËY|Å ,Ê°Ë�f°·Yd�Ë�  Á É�Â¿ �Zf§� ,É�Z³�Z�

ºÌ�Àe Ê°Ì¿Á�f°·Y    Ä/] d/»ÁZ¬» ,É��Ì·ZeZ¯ d=Ì·Z § ,�Ë~a
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ÂÌ] ,Ê°Ì¿Á�f°·Y�u ZÅ�³   Ã{Z¨f/�Y {�Â» ÉZÅ{Á�f°·Y Á

ºf//�Ì� �{  d//�Y É�Á�Ì·Z//eZ¯ ÉZ//Å .�{ Êe�Â//�  Ä//¯

   �YÂ/y ,|¿Â/� Ã|¿Z�¿ É{ZÅ {YÂ» ÉÁ� Ô� cY�}Â¿Z¿

 É��Ì·Z//eZ¯Á�f°·YÄ//¿Z´Ë  �Y Ä//f§�³�] ÉY=Ì//�Â�y cZ

�//Ì¿ Á É�//¸§ cY�}Â¿Z//¿, Ä//ËÓ�Ë� Ä//] É{Z//Å É  d//�{

Ê» |¿�ÁM- Ä] É�Â�  Ä¯Ê» �u dyZ� �{ |À¿YÂe   ÉZ/Å�³

ÂÌ] ,Ê°Ì¿Á�f°·Y�u  Z/Å�³    É�Á�Ì·Z/eZ¯ ÉZ/Å{Á�f°·Y Á

Ä]  |¿Á� �Z¯[1,4-8] .¿Z¿ ��Âa ,ÄmÂe ¶]Z« µZj» cY�}Â

ºË|ÀËY |Ì�¯Y �] Ô�-  �/¸« )AuNPs-ITO (    Ä/¯ d/�Y

Ä] =Ì§Z¨� ¶Ì·{5[Ây Ê°Ë�f°·Y dËY|Å Á É�Â¿ d  |Ì�¯Y

ºË|ÀËY- �¸«    ÓZ/] ÊËZÌ¼Ì/� É�Y|/ËZa Z] ÃY�¼Å  Ä/] ,   �Â/�

 µZ¬f¿Y ®ÌfÀÌ� Ä] �Zy ¾´¼ÅZ¿ ®¼¯ ½Á�f°·Y Ã{�¯ Á

Y ÉZÅ{�]�Z¯Á�f°·Y Á ÊËZÌ¼Ì�Á�f°·  É��Ì·Z/eZ¯   Ê Ì/�Á

 d�Y Ã{�¯ ºÅY�§ Y�[1,2,5] .  ÉZ/Å{�]�Z¯ �Y Ä¿Â¼¿ |Àq

 e�Z^� Ã{Z//» ¾//ËY |//À �YÃ�Y|//¿Y   ÊËZÌ¼Ì//�Á�f°·Y É�//Ì³

9»ÂÌ]µÂ//°¸  Z//Å |//À¿Z»Y |Ì//�YÁ É�Â//¿ ÊËZ//�ZÀ� ,®//Ë�

 É�Z��Z°�M Á Ê�y�Ì£¦Ì�  É�Z´¿ |À¿Z»¦Ì�  É�Z´¿
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  ÃÂÌ� [Â�� ÉY�] Ê¨¸fz» ÉZÅ  Ô� cY�}Â¿Z¿ ÊÅ{ 

 ÉÁ��¯YÌ| YË|ÀËº-  �/¸«  �Y{ {Â/mÁ /¿| .ÃY�   �Z/¯  ,Ê/¸¯

É�Z//f¿Â»{Ây �//] 9» �Z//�YµÂ//°¸  Ã|//ÀÅ{|¿ÂÌa ÉZ//Å 

)Binder( d�Y ,  /=Ì·Z § Á dËY|/Å ,�Á� ¾ËY �{ Ê·Á d

 É��Ì·ZeZ¯9» �ÌiPe dve cY�}Â¿Z¿µÂ°¸   Ã|/ÀÅ{|¿ÂÌa ÉZÅ

Ê» �Y�« �Ì³¿ |[8] .   ¶°/�» ¾/ËY �/] Ä^¸£ ÉY�],   ½ÂÀ¯Z/e

�Ì//] �Y �//e  Ä//¿Y{ |//�� �Á� ÉY )Seed-mediated 

growth( �Ì] �Á� �ËZ� �Y �e  ZÅ d�Y Ã|� Äf§�³ Ã�Æ]

[5,8], =»Y½Z»� Á Ã|ÌrÌa É|u Ze �Á� ¾ËY Z d�Y �] . �Y

�Á�  ÉZ//Å § Z//] ½|¿Z//�¿ ÊËÂ//Ë{Y� �¿Z//¯�)Radio-

frequency Sputtering( [1], ÉÁ�¯Â¿Z//¿ Ê§Y�³Â//fÌ· Á 

)Nanospherical lithography( [9],    µZ/�eY ÉY�/] �Ì¿

 ÉÁ� Ô� cY�}Â¿Z¿ºË|ÀËY |Ì�¯Y- �¸« Ê» Ã{Z¨f�Y {Â� .

 0Y�ÌyY ºÅ[Â�� ÊÅ{    0Zf^/�¿ Ê/�Á� Ä¯ ÊËZÌ¼Ì�Á�f°·Y

 ,Ã{Z��Ë��, ÉY�Y{ [Zzf¿Y ½Á�¬» Á ÓZ] É�Ë~a Ä]  Ä§�/�  

Ä] ,d�Y  ½YÂÀ� Ê�Á�    cY�}Â¿Z/¿ �fÀ/� ÉY�/] [Â/¸�», 

Ä]  Äf§�³ �Z¯  d�Y Ã|�[2,8,10].  

  [Â�� ÉY�]  Ô� cY�}Â¿Z¿ ÊËZÌ¼Ì�Á�f°·Y ÊÅ{ �] 

ºË|ÀËY |Ì�¯Y- �¸«Äy�q É�f»Zf·Á �Y 0Ô^« , ÉY )Cyclic 

voltammetry( [2,8,11]Ê�ËZ¼Ìa ¶Ì�¿Zfa ,)Potential-

sweeping( ////6¸a Á¶Ì////�¿Zfa Ä )Potential-step( [7] 

d�Y Ã|� Ã{Z¨f�Y .[M �{      Ê/�·Za ½Z/Ë�m ,Ô/� É�Z/¯
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ÊÅ{�Z] [M �iY �{ É|eZ¯ ½ZË�m   Ê/�·Za ½ZË�m Z] É�Z¯

 Ã|ÅZ�»   d/�Y Ã|�]13[12, .[M �{     ½Z/Ë�m Z/] É�Z/¯
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Ä] ¾ÌeÔa t�� Ê» [Â�� Y�n» �Â�  |Å{[14] . /]Ä   ¾/ËY

\Ìe�e, [Â�� ÉÔ� cY�}Â¿Z¿ {Y| e Ã{Y{  �ËY�§Y Ã|�

 Ê/»   |/]ZË  Ä/¤Ìe ,¶°/� ÊfË�|//¿{ cY�} Á //¿ Á ÉY �YÂ¼ÅZ

Ê» ¶�Zu Â�¿ |[15] .�Ì� {ÂmÁ    ½Â/Ë Z/Ë ¾Ì/Xe   ÉZ/Å

9Ë[Â�� µÂ¸v» �{ |Ë|      �/ÌÌ¤e h/�Z] ,Ê/°Ë�f°·Y Ê/Å{
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Ä]  \Ìe�e Á|/v» �{ Ã�Y|/¿Y Ã{  É50   Z/e300   �{ �f»Â¿Z/¿

v¨�Ä  ÉZÅ)100 ( Á)110 ( Ã�Y|/¿Y Ã{Á|v» �{ Á  É10 

 Ze40 Äv¨� �{ �f»Â¿Z¿  É)111 (  Ä/�Ì� ¾]�/¯ ÉÁ�  ÉY

 Ê¸^« ¾Ì¬¬v» ��ÂeÃ|� ¶Ì°�e |¿Y [16].  

  e ,��Zu ªÌ¬ve �{PÄËÓ�Ë� �Ìi  ÉZÅºË|ÀËY |Ì�¯Y- 

 Á �¸«Ê¿{Á�§Y �Â¿ Á{ Á �»  �Ì� 9Ë Á ¾ÌXe |Ë| ºÌ�Zfa

9» �//] Á Êv�//� É�Â//·Â§�ÊÅ{�Z//]  �{ É|//eZ¯ ½Z//Ë�m

[Â��    µÂ/¸v» �Y Ô/� cY�}Â¿Z¿ Ê�·Za Ê°Ë�f°·Y ÊÅ{

É{ ] ºÌ�Zfa cY�Â¿ZÌ�Ä =¼¯ �Â�    º/Å Z/] Ä/�ËZ¬» �{ Á Ê

 Ê���]Ê»  Â/�¿| .  �/iY  ÉZ/Å�=Ì¤f» [Â/��   Ê/Å{  |/À¿Z» 

  9» �/] É|/eZ¯ ½ZË�m Ê·Z´q Á �·Za �¿Z¯�§  É�Â/·Â§�

   /Ë�m ÊÅ{�Z/] Á [Â/�� Êv��    º/Å Z/] Ê/°Ë�f°·Y ½Z

Ê» Ê§� » ÄÀÌÆ] �Ë{Z¬» Á Ä�ËZ¬»  |¿Â/� .  �/iY ­�{  ¾/ËY

» ZÅ�=Ì¤f»Ê     Ê/�y�Ì£ �YÂ/y {Â/^Æ] ÉY�] �Ôe |¿YÂe

    t�/� �/] Ô/� cY�}Â¿Z¿ ��Âa �{ �Z] µZ¬f¿Y Á É�Â¿

ÄËÓ�Ë�  ÉºË|ÀËY |Ì�¯Y-  �¸«  ̄  ¶ÌÆ/�e Y� �/» Á  |/À Á

 {Y|// e//] cÓÂ//�v»Ä d//�{  ÉZ//Å{�]�Z¯ ÉY�//] Ã|//»M

        Y� Â¿Z/¿ {Z/ ]Y Z/] Ô/� �/�Âa �Y Ã{Z¨f/�Y Z/] ½Â³Z¿Â³

|Å{ �ËY�§Y.  

 
�ËZ»�M ¹Zn¿Y �Á� Á {YÂ»  

  [M cZÌ¸¼� ¹Zn¿Y ÉY�]  É�Z/¯,   ½Z/�¿ µÂ/¸v» �Y 

Ã{Y{  µÁ|m �{ Ã|�)1(   |/� Ã{Z¨f/�Y .   Á Ô/� d/�¸£

Ê¿{Á�§Y �{ ZÅ µÂ¸v», Ä]  \Ìe�e5/0  Á05/0 Ê¸Ì»   �ÓÂ/»

{Â].  

µÁ|m 1 [Â�� �{ µÂ¸v» �ËY��  Ê�·Za Ê°Ë�f°·Y ÊÅ{  

Ô� cY�}Â¿Z¿  

\Ì¯�e ¹Z¿  
d�¸£ 

)�fÌ· �] ¹�³(  

pH   
)dÌ^je Z] Ã|� KOH( 

KAu(CN)2  
10/0 

5/8§  
K4P2O7  

50/1 

C4H6O4  
50/0 

C2H2O4  10/0 

  ªÌ¬ve ¾ËY �{,  ÉZÅ{Á�f°·Y �YºË|ÀËY |Ì�¯Y-  �¸«

[Â�� ÉY�] �» Á  Ô� cY�}Â¿Z¿ Ê�·Za Ê°Ë�f°·Y ÊÅ{

|� Ã{Z¨f�Y.  Ê�» {Á�f°·Y Á Y|f]Y  Ä/¸u�» �/Å �Y ¶^«  É

»�M½Â ,Ã{Z^À� Z]  É3000  |/� Ã{� Ã{Z^À�  �b/� Á,   Z/]

 cY�} �Y Ã{Z¨f//�Y //] Z//ÀÌ»Â·M �{Â//aÄ  �//�«3/0  Á05/0 

ÄÀËM t�� Ä] ½|Ì�� Ze �f»Á�°Ì» ÉY |� �Ì·Âa . �a �Y

 ,½M  Z/]|Ì//�Y  ®Ë�|//Ë�¸¯5   |/��{Ä//] =|//» c20  Ä//Ì¿Zi

 ÊËÂ�|Ì�Y  |/��{ Á  d/ËZÆ¿,   3Y Á �/�¬» [M Z/]  ½Âf/�

|� ®�y Á Â�f�� .{Á�f°·Y  ºË|ÀËY |Ì�¯Y-   �/¸«  �/Ì¿

Ä] µÂ¸v» �{ \Ìe�e [M ÉZÅ 3Y Á ��¬» [M ,½Â]Z� ½Âf�

Ä] =|» c10  kYÂ»Y dve Ä¬Ì«{©Â§  cÂ�  �Y�/«  d/§�³.

   µÁ|m �{)2( cY�ÌÌ¤e Á Ê·Z¼�Y �ËY�� ,  ÊÅ{�Z/]

[Â�� �{ ½ZË�m    Ô/� cY�}Â¿Z/¿ Ê�·Za Ê°Ë�f°·Y ÊÅ{

d�Y Ã|� Ã{�ÁM .=Ì·ÁY �ËY�� �ÅÁ�a ¾ËY �{ Ä)Ä¿Â¼¿ É  

®Ë(ÄÀÌÆ] �ËY�� �Z�Y �] , Ä] É d�{    ª/Ì¬ve �{ Ã|/»M

 Ê¸^«]13[, Y [Zzf¿ Ê���] Z] Á |�  ¦/¸fz» ÉZÅ�=Ì¤f»

 µÁ|m �{)2([Â�� ,   cY�}Â¿Z/¿ Ê�·Za Ê°Ë�f°·Y ÊÅ{

ÉÁ� Ô� Ë�ÄËÓ� |� ¹Zn¿Y ¦¸fz» ÉZÅ.  

  
µÁ|m 2  �{ Ê·Z¼�Y �ËY�� [Â��  Ê�·Za Ê°Ë�f°·Y ÊÅ{

Ô� cY�}Â¿Z¿ )[M ¶¯ ½Z»� É�Z¯ :1Äy�q ,Ä¬Ì«{ É�Z¯ É :30 

|��{Ô� d�¸£ , :mM 5/0(  

Ä¿Â¼¿  
½ZË�m Ê·Z´q  

)mA/cm2(  

 �¿Z¯�§

)Hz(  
Ê¿{Á�§Y  ÄËÓ�Ë�  

1 10 50  ¾ÌXf�Ì�  �»  

2 10 100  ¾ÌXf�Ì�  �»  

3 10  8/142  ¾ÌXf�Ì�  �»  

4 5 50  ¾ÌXf�Ì�  �»  

5 5/2 50  ¾ÌXf�Ì�  �»  

6 10 50  KI �»  

7 10 50  ¾ÌXf�Ì�  ITO  

     ¾Ì/Ì e ÉY�/]   É|/eZ¯ ½Z/Ë�m ÊÅ{�Z/],  d^//�¿ �Y

     É�Â/Xe d»Zz//� Ä/] Ê/]�ne d»Zz/� |//� Ã{Z¨f/�Y .

d»Zz� ÉZÅ  Ê]�ne Á É�ÂXe   �Y Ã{Z¨f/�Y Z/] Ä/·{Z »  É

 �Ë�Ê» Ä^�Zv» Â�¿ |[17]:  

.� ൌ ୵ൈଵ଴଴଴଴
ୢൈ୅  )1                                                     (  

 ,Ä�]Y� ¾ËY �{wÃ{Z» ½�Á [M É    Ã|/� É�Z/¯) ¹�/³( ,d 

 Ê·Z//´q) Êf¿Z//� �//] ¹�//³ \// °» �//f»( ,A duZ//�»



 ÊÅ{ ��...  

20  |��{

��Â  ÉZÅ

Ã|� Ã{Y{  

 Ä] d^�¿

  6  

3 -  150  

 �{ ½ZË�m Ê

  

  

 
 Ê¿Y|Ì» ¶Ì�

 50 ,)[ (

 Z] \Ìe�

|¿.  

�Âa |ÀËY�§ �{ Ê�·

 É|e �Y �Ì]0

Âa �ZfyZ��Ë� �

 ¶°�)1( ½Z�¿

¿ ZÅ{Á�f°·Y ½ZË�m 

µÁ  

4  5

 7/16 -  3/33

 - Á ¹YCE1 :ÊÅ{�Z]

�³ Ê�]Á� Ê¿Á�f°

�¿Z¯�§ �{ � ¦·Y(

Ã Ä�Ây Á ZÅ Ä] ZÅ �e

Ã|� Ã{Y{ ½Z�¿ ² Y

 ·Za ½ZË�m ÊÅ{�Z]

ÊÅ{ |eZ¯ ½ZË�m

 �] �¿Z¯�§ �iY

Ã{Y{ � �{ ,Ã|�

ÊÅ{�Z] �ËY�§Y |

Ä¿Â¼¿ ÁY É

2  3  

100  7/216 

Ä¿Â¼¿ �{ ½Z  Én-
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{�� Á Ê°�» É ²¿�

Ê» |]ZË , �]{�Z]

�§YÃ{Á Ê» Â�{.

[Â�� ÉÔ� {

d�Y .  
µÁ|m 3 |��{

Ä¿Â¼¿  

ሺ��୬ െ ��ଵሻ
��ଵ

ൈ ͳͲͲ 
CEn :ZË�m ÊÅ{�Z]
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d^/�¿

½Z//»� 
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É� ( �{

�fÆ] Ê�

ÉÔ/� 

|/�   Á

ÉZ//À^» 

Ô�,  �Y
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¹Y�³Âf�ÌÅ  ¾Ì´¿ZÌ» Á ÄÀÌ�Ì] ,ÄÀÌ¼¯ ,Ã�Y|¿Y É   cY�}Â¿Z/¿

Ä] Ô�  \Ìe�e20 ,300  Á75 d�Y �f»Â¿Z¿.  
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 É{Z//Ë� {Y|// e//6¸aÄ  Êv�//� É) |//Ì·Âe É{Y|// e//6¸a �Y Ä

v¨�Ä  ÉZÅÃ{��§ ( ¶»Z� Ä¯ Ê´f�ÂÌaZ¿(jog)   ,|Àf/�Å

 ¶Ì°//�eÊ//» //�Â{ . Ê]Z//ËZm \Ë�//� ,Êv�//� ¾Ì//Àq 

)Accommodation factor ( Y{ ÊËÓZ/] �ZÌ�] {�  |/�� Á

Ä] ½M Ê» ¹Zn¿Y Ê¿Z�M {Â� . º/eY ­�e ZË ¾f�ÂÌa Z]   �{ Z/Å

Ê´f�ÂÌaZ¿  ÉZÅ6¸a ¾ËY �{ {ÂmÂ»Ä 6¸a ¾ËY d¯�u ,ZÅÄ  Z/Å 

½Z°»Y �Â¸] t�� ÉÁ�  �Ë~aÊ» {Â� [25].  

  

ÄnÌf¿ É�Ì³  

1-  Ze �¿Z¯�§ �ËY�§Y Z]8/142  ,�e�Å  �ÅZ/¯  Ê·Z/´q

 Ze ½ZË�m5/2 Ê¸Ì»  �b»MÊf¿Z� �]  Ã{Z¨f�Y Á �]�» �f»

9Ë Ê¿{Á�§Y �Y ¶z¸ze ,ºÌ�Zfa |Ë|d§ZË �ÅZ¯.  

2- 9Ë ½{Á�§Y Á �¿Z¯�§ �ËY�§Y Z] d»Zz� ,ºÌ�Zfa |Ë|

 Á ��ÂaÊÅ{�Z]   f§ZË �ËY�/§Y É|/eZ¯ ½ZË�m |/À  Á

Ä�ÂyÂ¿Z¿  ÉZÅÉÁ� Ô� |� Ã|ÅZ�» �» t��|¿.  

3-   ÊÅ{�Z//] Á d»Zz//� ,½Z//Ë�m Ê·Z//´q �ÅZ//¯ Z//]

Ê°Ë�f°·Y a �ÅZ¯{�¯ Y|Ì.  

4-     Ä/] �/» �Y Ä/ËÓ�Ë� �ÌÌ¤e Z]  ºË|/ÀËY |Ì/�¯Y-  �/¸« ,

9»�d§ZË {Â^Æ] t�� É�Â·Â§ .{Â^Æ] ¾ËY,   �ËY�/§Y Z]

Ê·Z´q  Ä¿YÂm       ¶°/� Á Ã�Y|/¿Y ,{Y|/ e �Â/Àe Á Ê/¿�

 ÉZÅ�Â¸]|��    Ä/¯ {Â/] ÃY�¼Å ½Z»� d�~³ Z] Ã{�¯

  Ô/� cY�}Â¿Z¿ |Ì·Âe Ä] �nÀ»   Ã�Y|/¿Y ¾Ì´¿Z/Ì» Z/] É 

 cY�}75 |� �f»Â¿Z¿.  

 
Ê¿Y{�|« Á �°�e  

//]Ä  ¾//ËYÄ¸Ì//�Á, Ã|//¿��Y É�Z//°¼Å �Y  Ä//]�Á� ½Z//ËZ«M É

�ÁZÌ�  ¾ËY ¹Zn¿Y ÉY�] Ê]ÓÁ{ Êv·Z� ¾�v» Á �yR»

 �ÅÁ�a     Êf À/� ÃZ´/�¿Y{ Ê/�ÅÁ�a ½ÁZ/ » dËZ¼u Á

¦Ë��, Ê» Ê¿Y{�|« {Â�.  
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