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 �A�:��� 3A���� � �GA!
 FRr Q�A�> 
�1W� Q ( 	!�� ��$��� �WR� ¤&�
� ¾��A$� −h �A$��i> Q$ �' 0.471Α = 

� �
A���� V�8 6.w: 

3

23

23

2

2

3

0.473

12.00

12.00

[ ] [ ]

[ ] [ ]

[ ] [ ]

[ ] [ ]

(12.00 )(1.00 10 )

(24.00

milliliters of Fe milliliters

milliliters of SCN milliliters

CFe Fe FeSCN

Fe CFe FeSCN

CSCN SCN FeCN

SCN CSCN FeCN

milliliters
CFe

Milil

+

−

++

++

− +

− +

−

Α=

=

=

= +

= −

= +

= −

× Μ
= 45.00 10

)iters

−= × Μ
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G/ 9�1 �2�� ?ASCN − : 
3

4(12.00 )(1.00 10 )
5.00 10

(24.00 )

milliters
CSCN

milliliters

−
−× Μ

= = × Μ 
 <$5�=�� 	( �M
�2[ ]FeSCN +  ?N9$��� J$p  $ ��( <$5�=���kd$�� J$pQ$�Q��  

.ex extrapolated Aex=�WR�� ¤&�
]� Q ( J�Q�
]�> ' V$!E�� ¿ <5�=�� ?� A�
]� d�5�8 ?A!� P��2 <5�=��� ?�d8[ ]FeSCN��1
 z Q�Qg� ?A�� d�5=� CFe> 

2

2

2

2

2

2 2

2 23

[ ]

[ ]

[ ]

[ ]

[ ]

4.29

0.473

0.718

[ ] [ ]

[ ][ ] ( [ ])( [

ex

ex

ex

ex

FeSCN CFe

Aex b FeSCN ex bCFe

A observed absorbance

A b FeSCN

A b FeSCN

A bCFe
A

FeSCN CFe
A

From Figure

A

A

FeSCN FeSCN
kf

Fe SCN CFe Fe SCN CSCN FeSCN

+

+

+

+

+

+ +

++

=

=∈ =∈

=

=∈

∉
=

∉

=

=

=

= =
− −

4 4

4

])

( )( )

(1 )( )

0.473

0.718
0.473 0.473

(1 ) 5.00 10 ( )(5.00 10 )
0.718 0.718

1.13 10

ex

ex ex

ex

ex ex

A
CFe

A
A A

C C CSCN CFe Fe Fe
A A

A
CFe

A
A A

C CSCN CFe Fe
A A

+

− −

−

=
−

=
− −

=
 − × − ×  

= ×
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3−IM�� �9
W> C�4M1� [M: 

d���W�T�  ��G
� 1950  ,9)��:�� Y6� �T� R�(�> �� 	
 �4!�� ���� Q�� 9^� 
S����
 L( �a���R�Q$���� K�2 > ?Q$��� ?� [=$E � hMi, <$�\�� hL i R($E8

 <5�=�� �:���Mm LnA� �� L( ���� : 

mM nL Mm Ln+ ��⇀
↽�� 

 ?� [=EGL،M
 �§ m�  �&E,f?A��� ��Q( mR5� , <$5�=�� 	!�� Mm Ln 
 Q��D&�
� FQWz>�  f��8/n m  ?A!� f��W�
 L(> 

-�52: <�:G  9�1�� �O�A�� K�2 9:��A2«T��Q�� 	
 �� �r 9���)G� *+ Q$W�� �$5 
	
 9��5L 5�'9, H2r d�5=�� ?� Q;G-�./ PT�T� 	
 >  n+$8� 	$
 9$��5M d$�5=� 

PT�T� �5 � <5�=��,~��2�  <$5�=��� ?�d$8]� d$�5�8 ��$� MmLnPT�T$� �$5 � , 
 ��� d�5=�� ��� �5 ���2�� Cm،mPT�T� �!�  #�: 

/MmLn CM m= 
 Q ( 3A�U �!� ¤&�
]� ��)2�maxλ �<5�=� 

[ ], /b MmLn b CM mΑ =∈ =∈ 
 �2)
 ¤&�
]� ��T V�M f( �rCM  >� �!^�� ��Gh30 i��� ��� � � �� ��
�} 

h���)�� �����:i  1 1m b ∈  
 
 

 
 

 �!sh29 i#�1 �� ���� 9)��:� ��T 

A 

CM 
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.
b

CM
m

b
A CM

m

b
S lop

C mM

∈
Α =

∈
=

Α ∈
=

△

△

 

 u��G #� 9:) �� Y6�92�;��� �� 9�w1�� C&G> 
V�M Q�2 	$
 9$��5 «T�J �$5 � *+$G �r -�.� 9�WG 	
 92�;��� k���� 3��G Μ >

=��� 	
 d�5Μ�2r �A!�� z, <�\�� 	
 9��5 *+G �r L ,�2 �r � <$5�=�� f�G V�M Q
«T�J �5> «T�J �5 � d�5=�� .CL L> 

[ ] /mLn CL nΜ =  

Q ( 3A�U �!� ¤&�
]� _EG �r maxx<5�=���  
[ ] /b MmLn CL n bΑ =∈ = ∈ 

 �2)
 ¤&�
]� ���G �rCL> � �!^�� ��Gh30i,Y��Q)8 ��� � � �� ��
� , ?A!�� 
 )���
2 ��)�, ,b n∈  

b
CL

n

b

C nL

b
Slope

C nL

∈
Α =

∈Α =

Α ∈
= =
△

△

 

�� L( mQW� �1)� V�M Q�2 �r 92�;��� 	
 �.�� C& �� A� Y6��. 
 
 
 
 
 

 �!sh30 i -�.� 9)��t��)�#�1 �� ����  

A 

C 
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=/

/

n Cb m

m Cb n
= 

 S5��5 �:( ��$ ��� J$X]� f$���� 9$�4
� PQ( ��G
� �T� 	
, � «T@/� A$�� ]
620 maxλ=V�Q$�Qg� <5�=� =�
A88 > 1 ,2 	�d$ 2 _5�TQ$�� #O$ r > 3 ,5 #O$ r 

?AE��> 3�Q�� � }8G�2� h11 i �!^�� ��G�h31−32>i 
CTm 

�5�=
 ?A!�� ?����� �(E8�z �«T@> JX]� ?AG� ?A!� S2T  �� ���QW�� −QW�A� > 
3Fe Trn FeTrn++ ��⇀

↽�� 
-�.� �O�� 9:��A2 ?�d8]� H2r f��8 	!���: 

 
 

 

 ����1 
 ����2 

� : �� 

 *�\�G5 HCMIM"− C�4M1� 
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 �!sh31 i�1 �� , � � 
 #A �2)
 CFe△   

  

 
 �!sh32i ��T A  �2)
 CTm ��r *
 CFe  

�!^�� 	
�  � � 
h1 i � � 
�h2 iNGQ��� S5 f���� JpY)2� z 	!�� ��Jp: 
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5

5

(1)

(2)

0.156

10 10 0.989 1
0.161

10 10

slopen
m slope

n
m

−

−

=

×= = =

×

 

��L
"�Ka��6د���א�#�M� �

 u���JQ(
 &�� 	�a£� ��z �d$
��� �!^$�� �6$� 6$.78 ?� 	!��� ,9E��a HIn 
?A8��2 vG
 K£, In

-
 ?A�/� K�2   vG
R�� �� PQ()�2 n���� �� ���?A8��2> 

[ ][ ]In
n n ka

−+
+ Η

ΗΙ Η +Ι =��⇀
↽�� 

�Q(� ?A� �.j �!s   ?A� }� [£/� QW�        ��!s 
[ ]

[ ] [ ]

ka In

In

−

+
=

Η Η
 

� 9��1 �� 9��)�� Y6�[ ]

[ ]

In

n

−

ΗΙ
 9��)�� 	
 �Jp� 	!��+Η>  

 9+E\ 
 9��� Q ([ ]+Η  ،In In〉ΗPQ()�� A� QO1�� ?A!�> h�Q$()�� �!^$�� ��i> 
 	
 9��( 9��� Q (� [ ]+Η¨
g� �!^�� ?A!� QO1�� A� , L$( 9$W�% 3Q$� $
 �6�� 

9���8^�� PQ(�>R!s Q�A�  ��  ���Q�� ?,In In− Η ?A��� E��¥ mR5�, Q$�A8 	$!�� 
�5 ?A!� 9): 
  ���2� ,	��1�
 S� 
 9�Q()�� 9��1��� 9): �� V�8  ( )isabasic>  *
�

8�� ΡΗ$�� 9$��Q5 ¤&�
R� 9��)�� 9�WR
� ��� ΡΗ> 3�Q$�� �$�G� h12 i �!^$���
h33i,  �6��� � � �� f�����8ΡΗ¤&�
]� *
> 
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 3�Q�h12iJ��2 �G�2 

 
 �!sh33 iJ��2 �G�2 ��T> <5�� 3A1��5 A
��2> 

 �!^�� 	
�h33 i H2r 9���kaΡ  �Q��6.3<5����  
 Q �'1.0Α =  >?� Q;G: ka ،ka ، In In+ −Ρ = ΡΗ = Η Η =  
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3� 4" : 
1− �� �$�5�
 *
 �� �� <5�=�$! #$)�g� ?1$�5��2 n�$�8 #$���� ?�@�TQ$��� ,# 

���2A5d ?hCuprizone i'A Q$ ( ¤&�
]� Q�A�max 606λ = =�
AG$G,  #$����
� H;�G9������ �O� �� Y6� > 

Α 
0�553  
0�699  
0�860  
0�998 

/ 25gCa mLΜ 
44�0  
56�0  
68�0  
85�0 

a− _$EG � -�$.� 9��TJ 
� @��� _E � IA��� 3A$:��

<$$$$$�A�� > ?� Q$$$$$���
�3A$$���� �6$$� ¤&$$�
]: 

0>75  > d$$$�5�8 A$$$� S$$$'
�� ��? 

1�160  95�0  b− #$$� $$
 � 9�D&$$�
]
 Q ( 9�T]A��606 $GG =�
A

$$a=E
z 1 �$$� �� 3A$$

<5�=
 3A
 QW�� �!�> 

2−  f��d� ; �� Q ( 525 GG=�
A, 9$��)�� D&$�
� �$:(� Q�� 0�585 d$�5=�� 10−4 
��� 9��b T]A
> *a� �r 0�5��1� 9 �( 	
 I��� ! d$� ; �� 	$
 9( )Mn, H$�AW� 

 ~� 9 ����4Mno −/2 PQ15>� !��  ¤&$�
]� ?5� 9)21�� n����� _EG �6.� 
0.4,�;�� 9 ���� � d� ; ��� 9�G@A�� 9�1 �� <1W� 9�A> 

3−  N� 9:��A2 �� �� f�� S2T�J�,�� S5 �G����� : 

CorrectedA Mielelter  

At625nm  Y
4
soln  

0.080 2.00 

0.160  4.00  

0.240  6.00  

0.320  8.00  

0.400  10.00  

0.420  12.00  

0.420  14.00  

0.420  16.00  
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 �!'���� JQ( �;A�� �
� � PJA�200=���
 > 
4−  f(pka 0�1��� ����2 ���Q�� Α �2)
 ΡΗ 

Α ΡΗ  Α  ΡΗ  
0�48  6�90  0�80  1�60  

0�37  7�20  0�77  4�20  

0�28  7�50  0�74  5�95  

0�16  8�50  0�70  6�40  

0�15  11�20  0�58  6�353  
� 

5− ��2 A1$$��5 Q$$ ( f$$�� �$$./� 3615$$G G =�
A0�481  =Abasic. H$$G5� 
���ΡΗ���� A� �� L( ¤&�
]��: 

4.18,4.48,4.62,5.10, . :0.115,0.187,0.234,0.287,360.A absnbancesΡΗ = 
36�: 

1- �−]�� z �� �� d�5�8 f��8 * +": 
 

 =                                                    × 
 

=310 1.76− × I���  =� 
310 1.76

63.53

− ×
=  

310 2.77− × = 3A
  =� 
�� ��  d�5�8 ?5 � 
�: 

52.77,3.52,4.28,5.35,5.98 10 . 0.553,0.699,0.860,0.998,1.160.VersusA−× −

 

�� �� I��� 
=��� 

44.0 × 10
-6I��� 

25=���
  

1000=���
 
=� QW�� 
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 ���2�A  �2)
Cu> 
 A� d�5=�� ?� Q��53.9 10−× Μ 

 
 �!^�� ��G�h34 i ��TA�� �� d�5=�� �2)
  

2−�2 ?AG� 	
 � 
Au=0.400 A= ∈bC 

Cu=? u bCuΑ =∈  

0.585kΑ =  k bCkΑ =∈  
41.0 10Ck −= ×   

54

,

0.4
(1.0 10 ) 6.84 10

0.585

u bCu u
Cu Ck

k bCk k

Cu m Mnou−−

Α ∈ Α
= =

Α ∈ Α

= × = × Μ

 

�M�z :9!��1�� � d� ; ��� 9�G@A�� 9�1 �� JpN: 
 

 9�1Gd� ; �� =                      ×100=  
d� ; �� �
��� JQ( 

 

9!��1�� �
��� JQ( 
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]A
 JQ( � d� ; �� = �
��� JQ(h�]A�� i9!��1�� �> 
 � ; 
u�� � �]A�� JQ( =1(10 5)Cu− ×=�  

1 510 5 3.42 (10 5)(10 6.84)− −− × = × ×T]A
 
=510 3.42− ×d� ; ��� 3A
  

 d� ; �� �
��� JQ( =3 510 1.88 54.94 10 3.42− −× = × ×I��� 
 d� ; �� 9�1G9 ���� �                                  = 37% 100= ×     

� �!^�� ��Gh35i 

 
 �!sh35 i �� �� 9�T�(Cu

2+  

 �WRG �!^�� 	
 3J���� 9:)G ?�10.50 ��JN� 	
 =���
 4y − >9$:) �� V�8 Q ( : 
 � �� �� 3A
50 =���
  =N� 3A
��J> 

h =10�5 × 10−33)h i1×       10−1           i =10�5×310 −3A
   
 

M�z�: � �� �� 3A
 250=���
  =3 310 5.250 10 10.5 5− −× = × ×3A
 

1.88×10
-3 

5×10
-1

 

3A
 
=� 
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�� �� I��;��
 =3333.6 (1000)(63.54)(10 5.25)−= ×�� �� I��;��
> 
4−�!^$$$�� �A���$$$2 h36 i �$$$WR�?�( 0.8)Α = ΡΗ,  �Q$$$()�� 0$$$�A�� ?��

( 0.15) 11.2Α = ΡΗ = ,9$$$): �� �� 9�:$$$�A�� ( 0.15 0.8)،Α = 9�:$$$�A�� 9$$$:) ���
6.9)In In،Η = ΡΗ =~�( 0.47 7.0A ،= 9:) �� Y6� Q (� 

[ ][ ]

[ ]

[ ] [ ]

[ ]

ka

In
ka

n

In n

ka

pka

+ −

−

+

ΡΗ = Ρ

Η
=

ΗΙ

= ΗΙ

= Η

= ΡΗ

 

 
 �!sh36 i ��TA �2)
 4�323A��r «T@/ =�
AGG  
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5− ��1�� 	
 <5�=� ?�H�2A!�� �A�4�� *
 � �G� #$:���$GAz$���2 «T@� z H$G5� , 
���� A� �� L( 9E��\�� d�5�=�� �D&�
]�: 

Α ,Co ppm  �'4 56�7�6303������  �869.:  
0�10  3�0  :−  ; 5%�(�<��=> �? ��100  � 

��@AB.?  
0�21  6�0  D− ; 5(��!). <��=> �? �� E'�#). 4�0 

 �?  
0�32  9�0  
0�42  12�0  

F− E'�#). ; G .=A�(� 5(��!). <��=> �? ��  
4�0 ? �  

 :− -�:-�:-�:-�:HH HH:::: � IJ=A  ��L� Cco   !P). ; �37��  
Q�+,�-.E� A B.)�@AE  =0�25  , <��3).Cco��@AB.  =71S��(B. ; T<U��   

D−')� ,V�WX,). S���7 =�Y  

1 1 2 2

2 3

1 1

1

2 1

, ?

7.1 4 1

CV C V

C V
C C

V

C V m

=

= =

= =

 

M�z�: 
22

7.1 100
1.8 10

4.0
C m

×
= = × ΡΡ 

m= ΡΡ?A���� � kd� 

 
 �!sh37 iA �2)
 Cco 
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�−�� I��;���� JQ( !A2 H� = 
2310 4 1.8 10− × × × =� 7.2 =A5 I��;��
 2H�> 
6−�5�=
 #:�� @�Q�Qg� ?A�� z f���4G �'Ar2 *
 «��2 }GA� hDaphi 

 
 
 

2Fe Baphm
+ 

#�A
 3At Q ( 543 =�
AGG, 3A�� 9)��t�  J$X]� f$���� 9
Q\�1$�� #$� #�1$ ��
 �!� <5�=��� �� ���100�
 , n+� 610 4.6− × 3A
 Q$�Qg� 	$
 ( )u �$��5� ,

<�\�� 	
 9E��¥Baph 2 d�5=310 2.5− ×«T�J �5 ~� 9'+�� 3A
, Q$ ( ��)�� ���� 
543=�
AGG >���� A� �� L( ���( 3A&g� �8 #��� �O� �� HG5� : 

3)  �  
Α  3)  �  

Α  
0�00  0�00  7�0  1�00  

1�00  0�185  8�0  1�00  

2�00  0�375  9�0  1�00  

3�00  0�555  10�0  1�00  

4�0  0�74      

5�0  −−      

6�0  1�00    
??A!��� <5�=��� 9�T]A�� 9�1 �� #� S' 

�g�: 
 ���2 A �!s =���
 �2)
 h38i>]�� z:  ?� `�W� 
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n
m

=  

 
 �!sh38 i f���� #�1 �� 3A��n

m
 *
 @�Q�Qg� <5�=�BaPh 

 
=                                                                                       1�35 ×10

-53A
 
 

M�z �5

6

10 1.35
3

10 4.5
n
m

−

−

×
= =

×
 

  A� �� L( �(E��� ?A!������: 
2

33Fe aph FeBaph ++ Β ��⇀
↽�� 

7−  �Q�Qg� A��  +BQ−�8- hydroxy quinoline�>2�M� 	
� �<5�=�� 9, ©��� 
 Q (645��
AGG >���5 �O� �� HG5� : 

«�=.]� 9:)G Q ( <�\�� �]A
 
@� Q�Qg� 3A
 

h5.4 × 10
-3=�i h2.5 ×10

-3 3A
  =�i 
1.35×10

-5 
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 ���2�A 

xFe Α kFe Α 
0.1 0.058 0.6 0.163 
0.2 0.111 0.7 0.141 
0.3 0.143 0.8 0.106 
0.4 0.163 0.9 0.058 
0.5 0.169 −− −− 

 ���2A�2)
 XFe ,*t)��� 9:)G 	
�, �!^�� ��G� h39i 

 �!sh39 i f��8Kf f�A15�TQ���� Q�Q���  
0.500

1 1.0 0.3 0.5

0.5
1.0

0.5

HFe

XHce Xfe

n
m

=

= − = − =

= =

 

3MF nQ FemQ n+ −∴ + Η��⇀
↽�� 

2
3Fe Q Fe Q

+−++ ��⇀
↽�� 

�− �M� 88 ���	�A!��� H2r n��¶ f?9$�J���� #$)�)g� 	�A$!��� H$2r ~� �$�G� : 
3 2MF ce FeQ−+ ++ ��⇀

↽�� 
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[ ]Q2A�:
 9 Q ( 1.92 = ΡΗ, �� [�$E� ���� Q�A� ]? 	$
 <$5�=� ¿ �6$�� �$5 
 <$$$$$$$�\��QΗJA$$$$$$$�A
 u$$$$$$$��� z� �!^$$$$$$$�� L$$$$$$$( Q

−	!�$$$$$$$�� : 
2

2[ ] [ ] [ ] [ ]CQ H Q HQ Q FeQ− ++= + + +  , 	
 �(E��� ��� �!�� �A�;�� ?A!��Q 
 A�[ ]yM� z�: 

2

2

[ ] [ ] [ ]

[ ]

y H Q HQ Q

CHQ y FeQ

−+

+

= + +

= +
 

 Jp�� Kf: 
2

3

[ ]

[ ][ ]

FeQ
Kf

y Fe

+

+
= 

  ��– Kf ' Q ( A� 	�A!��� H2r n��¶ 1.92 = ΡΗ �!^�� � ��1�2 ���( T^��� 
 9��)��، exΑ Α  

23

33

2

3

0.169 ; [ ] [ ]

[ ] [ ]

[ ]

[ ]

Cfe Fe FeQ

Fe CFe FeQ

CQ Y FeQ

Y CQ FeQ

++

++

+

+

Α = = +

= −

= +

= −

 

M�z�:  
310 1.19)(0.05) CF− × =3A
410 5.95 (− × = 3A
  
310 1.19)(0.05) CQ− × =3A
410 5.95 (− × = 3A
  

 
*      *     * 




