
Journal of the Korean Chemical Society
2002, Vol. 46, No. 5
Printed in the Republic of  Korea

�471�

� �

�� ��� �	 
������� ��� ��� 
����� ��	 ��

� �

����� ������ 	��

(2002. 2. 22
�)

The Construction and Application of an Optical Titrator
Employing the Technique of the Reflectance Spectrometry

and the Standard Optical cell

Hoon Hwang
Department of Chemistry, Kangwon National University, Chunchon 200-701, Korea

(Received February 22, 2002)

���: �� ���, �������

Keywords: Optical  Titration, Reflectance Spectrometry

� �

���� ���(indicator)� ���� ���

(titrimetry) !� "#$(equivalence point)� �% &

���' ((�)' ()* +�� ,-$(end point)

� .�/ 01, 234 56 78�(blank titration)

� �9:��; �<=(titration error)> ?@	4A.

BCD ���' (* +�� �$' EF� � �9

�' GH I 'JKL �� �M�(manual titration)

 !� ���� �9�� �N* @O�� ( +	

  �4 EFP' =*  QR�S TU � V� <=

W XYU @�W ZA. *[ \]^ �)*D W)

' _`W ab cd 56[ ?' ���� ��U �

V� 56 ![ e* ,-$ !' (' +	W fg

�� h4 � !� ,-$ EFij' �gk(accuracy)

*D lmk(reproducibility)* nao �p  VA.

�M� ! XYU � q� *[ ed rs$t�

uv�w xK ���' �M	ijt* Ay�/ *

z^�{ qA. ml |} ���{ q� �M���

(autotitrator)td ~x=�(potentiometry), ~��(am-

perometry), ~w#�(coulometry), B}{ ~``�

(conductometry) �� ed ~w 	� ��w�t'

�}  QR> �^ si� �t*A.1 ~w 	� �

�w�  QR> � ���t' 56 � ����

��U 23W V��� ���' ( +	  ��� ^

��* VA� �$� W�A. �4, �)' ��i

j  'K ��0� �)' @��* m�*D �~

��  '4 {���' �k �  '�S F ���

�� �w �r  R' �� O�' ���  ���

� qA� �$* qA. BCD *t ���td D

���' �$t� � �{ qA. ¡�;, ��~u

(indicator electrode)� w¢~u(reference electrode)�

���� ~x=� �M���(potentiometric autotitrator)

' 56 ����k�  £¤ ¥4 ��~u� ¦F

�� ��KL 4A� $, ~ut' O� § �}'

¨R��, B}{ ©ª�� �d ~uW«  £¬ 5s

 ®¯ �� t � qA.

���' �M	ij ! {�U � q� � A¬

w��� ��� ���(spectrometry)> t � qA.

* 56 6¦�� {�U � q� w�* °����
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��(absorption spectrometry)*1, °������'

�}> �ij' �M	  �U � qA± ©ª4

²��� si* W³�{ ���* ´µU ¶ a·¤

O� § �} !' ¨R��* d �M���>

¸� � qA �¹A.2-4 BCD �M���  ��

 °������' �}> `��� 56 ��(light

source)� � º»w(light detector)W �)(titrand)*

¯¼ �w> �*  �{ !� ½b¾/ ¿À�/ 0^

AÁ� ed rs$t* XY4A. ÂÃ, �~� !

[ e* �' ��MH {���t* �k0� 56

 � ��t  '4 Ä' ÅÆ(scattering) �  'K °

������' �}W �� � VA. � ¨Ã, �

)' ��ij  'K XY�� @��* m� Ç� °

������� È�4 ���' �M	  � A¬

�É3�� i�U � qA. BCD wJ' °���

���� Ê} ��� � º»wW �� ed Ë  ¿

À0� �������(reflectance spectrometry)' �

}W �M���' si  `��A± �' ��

MH �) ! XY�� @��* m�*D {��

�' �k �* �É3��I i���� �� ��

� YÌU � qA. ?Q ������  �4 �.Í

�t  '�± W�� �Ç' Ät� ���� ���

� ������ ! �Î�)' _`[ ��`(degree

of reflectance)�* � Ï¦ �ÐW kÑ:* Ò�

ÓA.5,6 �4, ������' w�� È��S si4

�� ��M���� �' ��MH �)' (

I* +�� Å-Ôw�, Å	-Õ��, B}{ EDTA

�' ,-$ ¶ a·¤, �* �90� MH �

) ! {���t* �k0� �~�' ,-$ Ç

� kÖ�� EFU � qÁ* Ò�ÓA.7

* �. !� �)� ¯� �w� � ×�R}

(optical path length)W 1 cm Ø¢ �� Ù� `�

�S ¾ÚA. �)� ¯� �w� Ø¢ Ù� ��U

� qA± ²*Û[ ed �� �w> ���� �

  ²K AÁ� ed �$t� Wo � qA. ÂÃ, 

���' ~� Ü�W Ý/ Þ^t � q^ ��' @

�	  wSU � qA� $*A. � ¨Ã�� b^�

��� ! ���� �� �)t(�), W) B

}{ ���)' y� m«ß Þ� � qA� $� t

� qA. �±  °����� ! � ×�R}> �à

�� á@�âA� �d � ×�R}' á@  ²ã

�S °�`W Ç� á@:��; Í��� ,-$

 !' (+	W ¾A \ äåK �A� �� 'ä4A.

Íæ ç� °�����w�� È�4 �� 

���> ��4A± B[ ed äå4 (+	> á�

�� ij* \è \ ^�é o � qÁ� ¡�U �

qA. BCD ,~' �.Í�6  £ê±, ������

w�d °�����w�  ²K ab nd _`�Ç

 ! �)' _`+	  w�� äå4 (+	> ¾

A \ kÖ�� á�U � qÁ* ëìÓA. £¤!

* �. !� Ø¢ �� Ù� ���{ �����

�w�� È�4 �� ���> si�S ��

�' ��MH �)' (I* +�� Å-Ôw�, Å

	-Õ��, B}{ EDTA���� �* �90

� MH �) ! {���W �k0� �~� 

' � W³k� �íK ¾ÚA.

� �

��� ��	�
�� ��. Fig. 1(a)� * �.

 ! si4 �� ��M���' Ðç`> ¾S

b{ qA. * �� !� äå îï* 0.02 mL 5 mL

ðñ(A)� ���ò{, ðñ  ¯¼ W)� �) 

�#�� WKbw xK! peristaltic pump(B, Gilson

Minipuls3, Model M312, Gilson, France)> ���òA.

W)* b�0� ó`� pump' ó`ô¥w³� 

¥4 Ýw' pump tubing� ���S ô��ò{, 

W)' äåb�� xK pump tubing� �Í� õö÷

�(PTFE tubing)(C)' ø ®�  b�7ù(hypodermic

needle)(D, 29 gauge)� �Í�òA(b�7ù� çK b

�0� W)' ®T� � 0.01 mL). Peristalltic pump

� ~�ô¥ú�wE(electronic control circuit board)(E)

  û�� relay switch(F)[ �Í0^ q{, relay switch

' iMmode  £¤ pump' iM* �i0RD ��

0`ü �òA. W)� ¯� �w Ø¢ �� Ù

(G, polystyrene disposable standard cell, optical path

length: 1 cm, total volume: ~4.2 mL)d �� ��w

(magnetic stirrer)(H)x  {�� ý ���(cell housing)

(I)' �®� þ�0RD »0ÿA. �' ~��M

H W)� �)* !� ���/ �*`ü �ç�

��(J, teflon coated cell bar, diameter: 0.9 cm height:

~0.7 cm, volume: ~0.3 mL)� Ù  �^ ���òA. �

�(radiation source)��� 3�' {�` X�A*<�

(high luminescence blue light emitting diode<LED>)(K)
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t� ~�(L)* �Í� ú�wEôÌ(circuit board)(M)

  !� 
4 ��Ì�' ��� û��òA. ú�w

E  û�4 LEDtd 234 56 ��� 	�(()'

Ä� �� A¬ LEDt� 
/ ��U � q`ü It

ÿA. ú�wE  û�� LEDtd ºd (' ö¤��

� O`�(light guiding tube)(N, d Ë �5: ~1.1 cm,

�d Ë �5: ~1.4 cm �5: ~1.8 cm, �*: ~12 cm)'

d ®�' HË�� þ��S LEDt�®� �»�

Ä� �' �d ®��� O`�òA. Fig. 1(b)� ��

� � º»wW û�� � O`�' �å4 ��� ¾

S¢A. LED(A)td �' d ®�' �®  þ��

A. �' �d ®�' ø � M�4 ��' �� O}

�(window)(B)� û�4 &, O}�' 7� Ë Ø± x

  � º»w(radiation detector) �}� � A*<�

(silicone photodiode)(C, HPI-2C Kodenshi, Japan)> ®

��òA. Sw! � A*<�' �®�* O}�' Ø

±  ®�0/ �S � A*<�' á�±* LEDt�

®� �»� Ä  Ï
�� �»0� �`ü �òA.

� A*<�W {�� O}� � O}� ~�> ��

� q� Ýw' ºd ( {��(d Ë �5: ~0.5 cm,

�d Ë �5: ~1.8 cm, �*: ~3 cm)� �Í�òA. º

d ( {��� ®�4 *O� AÁ� eA. ÂÃ, {�

�' d ®�  'K � O`�� � A*<�W û

�� O}�� ç��S Ù' Ø±  `Ê�/ 0� Ä

�* ¥4 Ýw(��* ~0.5 cm)[ �y(��)� W

�/ �A. �Ã, LEDt�®� �»0� Ä�* O}

�� {��� ç�4 & �®� �»0� �� ! {

��' ��  'K ��0^ B ���d O}�  ®

�� � A*<�' á�±  `Ê�S � A*<�'

78 !(blank signal)> Z*/ �A. £¤! *[ e

d ���' åw> ?@	�w xK ºd ( {���

���òA.

��� ��	�
�� �	��. Fig. 2� W)

Fig. 1. Schematic Diagram of an Optical Semi-Automatic
Titrator. (a) A: buret, B: peristaltic pump, C: teflon tube, D:
needle, E: relay, F: standard optical cell, G: magnetic stirrer,
H: cell housing, cell bar, J: light emitting diode(LED), K:
power supply for the LED, L: circuit board for LED, M:
light guiding tube, N: photodiode, O: power supply for the
peristaltic pump, P: power supply for the control circuit
board, (b) A: LED, B: window, C: photodiode, D: black rub-
ber light guiding tube.

Fig. 2. Schematic Diagram of the Electronic Control Circuit VIN: voltage output from the photodiode, A: operational amplifier
IC(741) VS: voltage output from the op-amp IC, B: voltage comparator IC(741), VR: the reference voltage, VC: voltage output
from the comparator IC, C: flip-flop IC (4013) voltage input from the push-button switch, VOUT: voltage output from flip-flop
IC, D: relay.
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' b�� xK ��4 peristaltic pump' ‘ON/OFF’

iM� x4 ~�ô¥ú�' Ðç`*A. Sw! ��

"ú�(integrated circuit, IC)' iM� xK!� 12 V

DC regulated dual power supply> ���òA. ~�ô

¥ú�  'K peristaltic pump' ‘ON/OFF’ iM� ô

¥�S buret  ¯¼ �)� �)  W�RD =�

�� ij, # �� ��M���' iM�$d A

Á� e* ���' O�  £¤ Ê¤�A.

Case I. �
� ���� ����� ����� �

� ! ��� "�# $%�& '(�! �
)*.

� º»w  `Ê4 ���  'K XY��  !(~%,

VIN)�  !&à� "ú�(op-amp IC)(A, 741) !

&à�A. Op-amp IC  'K &à0^ »P0�  !

(VS)� ~%²�� "ú�(voltage comparator IC)(B,

741)  �P0±! ''� �K� w¢~%(VR)' Ýw

[ ²��A. A� -K w¢~%(VR)d ¡²�� ç

K ''� û��1, ,-$  `Ê�w ~ � w¢~

%* &à�  !  ²K \ id (� W��I(VS>VR)

,-$  `Ê4 *& � w¢~%* \ Ûo � q`

ü(VS<VR) VR' (� û�K b� �*A. �* �i

0w ~ � w¢~%* &à� � º»w' »P~%

¾A \ i���(VS>VR) voltage comparator IC�®�'

»P !(VC)� ‘LOW��’(‘0V��’)W 01, *  !

� flip-flop IC(C, 4013)  �P�A. Flip-flop IC�

voltage comparator IC�®�' »P� ‘LOW��’'

 !(VC)[ push-button switch(E)'  !(VSW)> !�

²�4A. Push-button switch' »P !(VSW)� switch

> iM�w ~ � VC[ ed ‘LOW��’W 01, £

¤! flip-flo IC' »P !(VOUT) Ç� ‘LOW��’W

�A. BCD push-button switch> )Cb± B *´

VSW� ‘HIGH��’(‘12V��’)� +�/ 0{ B Í�

flip-flop IC' »P !(VOUT)̀  ‘HIGH��’� ~Õ0

^ relay(D)> ‘ON��’� iM�âA. RelayW ‘ON�

�’W 0± peristaltic pumpW iM0^(‘ON��’) �

)* W0w �i�A. �* �90^ &à� �

º»w'  !(VS)W w¢~%(VR)  ²K \ ia��

(VS<VR) �$  `Ê�±, voltage comparator IC' »

P !(VC)� ‘HIGH��’� +4 & flip-flop IC� �

P�A. * � push-button switch�®� flip-flop IC�

�P0�  !(VSW)� *ä ‘LOW��’� Õ�0^ q

� ��*A. £¤! flip-flop IC�®�' »P !(VOUT)

� ‘LOW��’W 0^ relay� ‘OFF��’W 0{ * *

´ peristaltic pump̀  ��0±!(‘OFF��’) �)'

W� =��A.

Case II. �
� ���� ����� ����� �

� ! ��� "�# $%�& +#�! �
)*.

+' 56[� Ê} voltage comparator IC� �P0�

 !t(VS[ VR)' �Px�> ,7-^ ¢ AÁ, ¡²

�� çK �' �w � ‘V S<VR’*�I ,-$ 

`Ê�±! ‘V S>VR’[ ed �ÐW *z^o � q�

¥4 VR(� .a w¢~%�� û�K ¢A. �

* �i0w ~(VS<VR) � voltage comparator IC�®

�' »P !(VC)W ‘LOW��’� flip-flop IC(C) 

�P0^ push-button switch(E)�®�'  !(VSW)[

²��A. #, VCW ‘LOW��’� �P0� MH push-

button switch> )C VSW> *´�� ‘HIGH��’�

It̂  b± flip-flop IC�®�' »P !(VOUT)� ‘HIGH

��’W 0̂  relayW iM(‘ON��’) �{ peristaltic pump

W iM(‘ON��’)�S �)' WW �i�A. �

* �90±! ‘V S>VR’* kÑ�� �$  `Ê�±

voltage comparator IC' »P !(VC)� ‘HIGH��’

� +�S flip-flop IC� �P�A. * � push-button

switch�®� Flip-flop IC  �P0�  !(VSW)� 

�* �i� & A� ‘LOW��’� Õ�0^ q� �

�*�� flip-flop IC�®�' »P !(VOUT)� ‘LOW

��’W �A. £¤! relay' iMd /0{(‘OFF��’)

peristaltic pumpW ��(‘OFF��’)0^ �)' W�

���A.

�� 	 
�

,--��
. ����� 12345(phenolphthalein)

* WK� HCl�)  NaOH�)� W�� Å-Ôw

�� ���òA. *C4 � !� ç6� �)

* �( ! �7(�� +�w �i�±! �) ~

�W � 30�´ �7(� O��� �$� ,-$��

�at*{ q��� �� ���' ����� �

ü( {�` LED> ���òA. #, * � !� "

#$ *~' 56 �)* �( ×f4 ��> O��

S � º»w  `Ê�� ���d B y* 8�I "

#$� �D±! �)* �7(�� +�±! ��

�' åw� 9«�/ á@�/ �A. £¤! *C4

Å-Ôw�' 56 + ! :94 � W� �O�t

; case I  K"4A. Table 1d 0.0200 M HCl Ø¢�
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) 2.00 mL  ���(0.050 g' phenolphthalein� 50 mL

' ethanol  < & =� >��S 100 mL� I� �

))� Ì �½A 1�?(0.06 mL)@ W4 & ~0.10 M

NaOH�)� W)�� ���S ¸d �Í�> ¾

Sb{ qA. * Ø  '�± � ×�R}W m«�/

Aa�(1 cm) Ø¢ �� Ù� ���� 56 ` �

�����w�� È�4 �� ���� Å-Ôw

�' ,-$� kÖ�� á�K B � qÁ� ¾S

¢A. * �.' Cd ���� �)� ¯� ²

*Û[ ed �w  ²K � ×�R}W m«ß Ad

Ø¢ �� Ù� ���� 56 ������w��

È�4 �� ���' k³� Òa¾� �*ÿA.

�4, *ä ,~' �.Í�7  '�± ������w

�� È�4 �� ��� ��' k³d g� 7

W qA. £¤! * �. !� 4W� O�' ���

 ! �M�� m ���  '4 �Í�t' ²

�ijd �9�� �ÚA.

,.-/0�
. Åk FeSO4(NH4)2SO4 · 6H2O�) 

KMnO4�)� W)�� W�� Å	-Õ��� �

��òA. * 56 KMnO4� �� ���(self indicator)

� 9M�1, �)d ,-$  `Ê�w ~ � �(

� DD��I ,-$  `Ê�±! S�' KMnO4 

'K �7(� E/ �A. £¤! * 56` Ç� case I

� ed O�' �*�� Å-Ôw� ![ ed �

$�� �� ��M���> iM�F ���òA.

*C4 Å	-Õ��' 56 ,-$� ~&�S + 

!' Å-Ôw�' 56[ O�4 (+	> DD��

� Ø¢ �� Ù� È�4 ���' kÖ �

* W³U ��� ¡GU � qA. Table 1d 0.0200 M

Fe2+Ø¢�) 2.00 mL  ~1.0 M H2SO4�) 0.18 mL>

W�S Åk�� I� &, ~0.10 M KMnO4�)� W

�S ¸d �Í�t� ¾S¢A. * Ø  £ê± Å

	-Õ�� !` ,-$' EF* kÖ�� *z

^o � qÁ� Ò � qA.

12�
. Sw!� NaCl�)  AgNO3�)� 

W�� Mohr� �� ���òA. Mohr� �' 5

6 ���MH �) ! �^D� +	� AÁ�

eA. �)d �* �i0w ~ � �4 �Æ (

(����� ��4 CrO4
2−�)' ()' ×f4 �)*

A. ���* �9H  £¤ �) ~�  IJ K

( .���' AgCl��t* �k0{ B yd $=

&W4A. BCD "#$� �D±! S��� WK�

Ag+*Lt* ���' k� CrO4
2−*L� ���S

Md ( Ag2CrO4�~� �k�/ 0{ �)d �7

( ��.�* �k0�N, B �$� ,-$�� �a

tA. *C4 �~�' 56 +' Å-Ôw�*D

Å	-Õ���� Ê} �* �90±! � º»w

  `Ê�� ���' åwW 9«4 &W> ¾*AW

"#$� �D±! A� 9«ß á@:� ¡GU � q

A. ,~' �. !� BC4 5�k� g�ò�1

(Fig. 3(a))7, BC4 5�k  QR�S �� ��

�> case I� ed �$�� iM�OA. #, ¡²�

� ç�S � º»w�®�'  !(VS)W w¢~% 

²K ia�� �$(VS<VR)  K"�� VR(Fig. 3(a) 

! Ï�Ì��� Ø�� �Ç�' ()� ¦P�ò�1,

B Í� �~�' ,-$� kÖ�� EFU � q

ÿA. BCD * �. !� ������w�  QR

4 �� ���  ²*Û �  Ø¢ �� Ù�

Table 1. The end points obtained from the multiple titrations of
the acid-base titration and the redox titration using the optical
semi-automatic titrator utilizing the technique of the reflectance
spectrometry with the use of a standard optical cell for the
titrand

Acid-base titration(a) Redox titration(b)

End points
main 0.46±0.01 mL 0.44±0.01 mL

blank 0.02±0.01 mL N/A

(a) 2.00 mL of 0.0200 M HCl vs. 0.10 M NaOH 
(b) 2.00 mL of 0.0200 M FeSO4(NH4)2SO4·6H2O vs. 0.10 M
KMnO4 

Fig. 3. Titration curves obtained by direct connection of the
output signal of the photodiode to the recorder. (a): by the
precipitation titration using beaker (b): by the precipitation
titration using standard optical cell, (c): by the EDTA titra-
tion using beaker.
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���� 56 �� ���W s�� iM�� �

Á� XQ�ò�1, B *O� � º»w ! XY��

 !W Fig. 3(b)[ ed ��� ¾*w �r ���

Üf0ÿA. Ø¢ �� Ù� ���� 56 Fig. 3(a)

[ ed á�R¦ �  Fig. 3(b)[ ed R¦* ¸^�

� *O� AÁ� eA. * �. ! si4 �� 

��� !� Ad � ×�R}(1 cm)> W�� Ø¢

�� Ù  �)� ¯d & B Ù' 4Ë ±�� �

���®�' Ä�* b�0`ü �ò�1, B�®�

XY�� ���� G��`ü 0^qA. ,~' �

�� !� �)� ¯� �w� 50 mL ²*Û> �

��ò�1, B 56 � º»w  `Ê4 ���d ²

*Û' Ø±� �)' Ø± ! XY4 �t� *z

^S qÿA. £¤! Fig. 3(a)[ ed á�R¦* ¸^

o � qÿ{ B Í� kÖ �* �9� � qÿ

A. BCD � ×�R}W 1 cm Ø¢ �� Ù' 5

6 � º»w  `Ê�� ���  wS�� � A¬

k�* XY�/ �A. ����®�' Ä�d B Ä�

* TÁ `Ê�� Ù' Â ¨Ã ±� �)� ç�4 &

Ù' ��Ë ±� ç��S �®� USD´A. * �

� ! Ù' � ¨Ã ± !` ��W XY�{ B �

�� Ç� � º»w  ̀ ÊU � q/ 0�N, Ø¢ �

� Ù� e* � ×�R}W ab Ad 56 � �

¨Ã ± ! XY�� ���d ���� hU �`'

åw> DDB � q/�A. BC�� Ag+�)' W

> �i�w ~ � +' å W� k��� *z^�

����� �S � º»w !� ��4 Ýw' ~

%* G��A. Ag+�)' W> �i�± �) 

!� K(' AgCl��t* �k0{ B ��t  '4

��W XY�w �r  � º»w  `Ê�� ���

d B åwW $= &W�SL 4A. BCD �s��

���' åwW á@��N B *O� ~� ��� 

wS�� Ù' � ¨Ã ±  '4 ��* $= �¤�

w �r*A. A� -K �' �w�Ð !� K(

AgCl��t' �k  w�� ���' åw&W 

²K Ù' � ¨Ã ± ! XY�� ���* @VH 

w�� ���' åwá@W \ Ý/ DDDw �r

*A. BCD �) ! W�4 y' AgCl��t* �

k0{ ���  �4 Ù' � ¨Ã ±  '4 wSW

X~ß @V0±!®�� ���' åwW 9«ß &

W�/ �A. *& ���' åw+	� Fig. 3(b)[ e

A. ���' åwW Fig. 3(b)[ ed ��� +�� 5

6 �* s�� �90w YZ *~  � º»w'

~%(VS)* ¡²�� ç�S û�4 VR((Fig. 3(b)

 ! Ï�Ì��� Ø�� �Ç�' ()¾� iaS 

���' iM* ;�0� �*A. *[ ed Í÷d

Ù' � ¨Ã ±' HË  ºd( õ*3> ®��S

�9� �~� ! ml' �� ���W s�

� iM�� ��� g:��; B D"k* �&�

� qÿA. BCD Ù' 4Ë ±' HË  ºd ( õ

*3> ®��� �d B} 7NÏ�� h�A. £¤!

Ø¢ �� Ù� B�� ���±!` ml' ��

�W s�� iM�w xK!� A¬ ��� ¦PKL

�1, B�d 7� ����®�' Ä�' åw> á@

�[� �*A. B *O� Ä�' åwW á@�� 5

6 � º»w  `Ê�� ~s ���' åw` Ç�

á@��I Ù' � ¨Ã ±  '4 wSW m©ß á

@� � qw �r*1, � º»w' á�R¦' ��

* Fig. 3(a)[ ed ��� 
Q�w �r*A. �s�

ml' ���[ Ø¢ �� Ù� B�� ���±!

�� LED' ëw> á@�\��; �~�' ,-

$� kÖ�� EFU � qÿA. Table 2� 0.0200 M

NaCl �)(0.0200 M NaCl �) 50 mL  1 g' NaHCO3

> <S¢ �)) 2.00 mL[ K2CrO4 ���(K2CrO4 5 g

� =  <S 100 mL�)�� sô) 4 �?(0.06 mL)

� W�S I� �) B}{ 0.10 M AgNO3�)�

W)�� ��4 �~�  ml' ���> �

��S ¸d ,-$� ¾Sb{ qA.

EDTA�
. * � !� NH4
+ /NH3XW�)�

���S pHW 10�`� ô¥� Mg2+�)  EDTA�

)� W�ò�1, ������ calmagite�)� �

��òA. ,-$d ïó*L� ����*' �=(S

w!� Mg2+-EBT)* DD�� �4 Md(* ���

I' �4 ]¬(�� +�� �$*A. Fig. 3(c)� *

C4 EDTA� ! �ü( LED> ���� ���

Table 2. The end points obtained from the multiple titrations of
the precipitation titration and the EDTA titration using the
optical semi-automatic titrator utilizing the technique of the
reflectance spectrometry with the use of a standard optical cell
for the titrand

Precipitation titration(a) EDTA titration(b)

End points 0.46±0.02 mL 0.44±0.01 mL

(a) 2.00 mL of 0.0200 M NaCl vs. 0.10 M AgNO3 
(b) 2.00 mL of 0.0200 M Mg(NO3)·6H2O vs. 0.10 M KMnO4
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� 56 � º»w�®� XY��  !W �* �9

:  £¤ +	�� ��� ¾S¢A.7 *  £ê±

EDTA�' 56 Å-Ôw�, Å	-Õ��, B}{

�~��� Ê} �' �w  ²K ,-$*& �

º»w ! XY��  !W \ Û^� _ � qA. *

� EDTA�* + ! :94 case II[ ed O�'

� 'ä4A. £¤! �ü( LED> ���� ����

�� � �M���� case II[ ed �$�� i

M�FL 4A. BCD ��� Md( LED� 7-^

¢A± � º»w'  !(VS)W Fig. 3(c)[� ���'

���� +�/ � �*�� case I� ed �$��

�� ��M���> iM�` �W q/ �A. *

�í !� case II' �$�� �� ��M���

> iM�O�1, B *O� ml' ���W case II

[ ed iM�$��` ��� � qÁ� ¾*w xK

!òA. BaN Fig. 3(c)> ¾± EDTA�' 56 

� +' A¬ O�' �t�� Ê} ,-$� ~&4

 !+	W i{ !!ß DDb� Ò � qA. B *O

� calmagite> ����� ���� �� EDTA

� ! �)d �4 Md((�g�/� �4 Md

 `b () ! ¾¤(� Rc & �4 ]¬(�� +

�w �r*A. £¤! EDTA� !� �� �9

�� MH �®�®�' Ä� ?�4 =�K d��;

� º»w  `Ê�� Ät ; ���  '4 wS`>

&W�FÞ 23W qA. £¤! ,~' �. !�

EDTA� !� �® Ä =�� ��> û�4 & 

�� �9�òA.7 BCD * �. !� +' �~

� ![ e* LED' ëw> á@�Fd��; �®

Ä =�� ��> ���� e�> ¸� � qÁ� X

Q�òA. *� �������  �4 �w' �.Í

�5  QR4 ��� ���' åw+	W äå4 56

���' 78 (� á@�\��; B åw+	> g

��` � qw �r*A(� º»w  `Ê�� ���

d Ù' Ø± ! ��0^ �a<� Ä� �)' Ø±

 ! ��0^ �a<� Ä�� .k01 ��' ëw

W +�S` B .k²fd B�� O��A. BCD

��' ëwW á@0� 56 � ~� ���' åw

` Ç� á@�±! �)' Ø±  '4 ��� åw'

+	� g�0^ DDg � q/ �A). AÁ� ed ¡

> t^_ � qA. ��* ëd 56 � º»w  `

Ê�� ~� ���' åwW 100*A. * ; b^�

�)' Ø± ! XY�� ���' åwW 90*{ �

)' (+	  'K ���' åwW ‘1’Ih &W�S

91� +4A±, �)' Ø± ! XY�� ���' �

� åw+	� ‘(91-90)/100=0.01’* �A. I� �

�' ëwW 60% á@4A± ~� ���' åw` 60

�� á@4A. * 56 �w�)' Ø±  '4 ��

�' åw� 54W 0{ �)' +	  'K ���'

åwW ‘1’ Ih &W�S 55� +4A±, �)' Ø±

 ! XY�� ���' �� åw+	� ‘(55-54)/

60=0.02’W 0^ ��' ëwW ëd 56  ²K ��

�' �� +	 à* � 2¿ �`� g�� � q

� �*A. Table 2� 0.0200 M Mg(NO3) · 6H2O �)

2.00 mL  0.12 mL' NH3 XW�)(pH=10)� W�{

0.010 mL' calmagite�)(calmagite 0.5 g�  ij 

<S 100 mL�)� sô)� kW4 �)  0.10 M

EDTA�)� W�S ̧ ^� ,-$� ¾Sb{ qA.

� �

������w�� Ø¢ �� Ù� È�4 ��

 ��M���> si�S Å-Ôw�, Å	-Õ�

�, �~�, B}{ �	�� ed l W� �Ø

 O�' ��� ! ��' e�k� Òa¾ÚA.

������w�� È�4 �� ��M����

�)� ¯� �w� � ×�R}W m©ß Ad Ø¢

�� Ù� ���� 56 ` �)' (* +��

Å-Ôw�� Å	-Õ�� B}{ EDTA�' ,

-$t ¶ a·¤ �* �90� MH �) ! {

���t* �k0� �~�' ,-$ Ç� kÖ

�� EFU � qÿ{, �� O�' ��� ! Z

d lmk� ¾SbÿA. �4, Ø¢ �� Ù� ��

:��; b^� ��� ! ���� �� �)t

(�), W) B}{ ���)' y� m«ß Þ� �

qA� ��� \]^ ���' ~�Ü�W Ý/ Þ

^t � q^ ��' @�	  wSU � qA� ��

` gU � qÿA.
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