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(titrimetry)l| A= =24 (equivalence poing A<t §-
2| Aeke] A (HAH ] A)e] Wsl= FE (end point)
< 73 =, 223k A-¢ vlebH4 (blank titration)
S 3o 24 AR e X(titration errore- 3 A~F)she}
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7h AT 477} 2, o] o) vle] AR o} A rfol
9| T} ol F 7t} H A A kS AMEE
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o]} 514 (reproducibilityp] ol Seatel] gle}.
FEAAAAM WA 5= 9t o)9) 2 FAAES
SE37] Slel AAEAM Y AFEE Fel gekeA of
Foi A3 g}, A de] AREERAL ol AEAA LA
(autotitratorE~2 A $]1 %P (potentiometry), 5 51 (am-

perometry), A 7] - (coulometry), 28] 37 A X=X
(conductometryyss} & #17] 28hs A 7135
Aol SAE Fof AzE AEele ! A7) b £
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44 (absorption spectromets), T34 <]
A& A2 8] Ag-sel A48 4 v A3

vl-g-o 2 Azte] 7b5slar ARG o] 7 ¥ ot
FA W FAelef| Ao Wi 2ge] A2 AFHALAAE
AL g gl G e AS A A o] dubA
ol FrgEAM e e =shs A B (light
source¥t % #1%7](light detectogj} 44 (titrand)]
71 4718 Abolof| 73 Mz ulri A wdsA H o
e AL FAA S0 vk}, A, 2K A A o A

o} o] Ao AT A YAE] FAHE AT
of| = YA}Eel| &3t 9o Alak(scatteringysell <& F
FEIEA Y Ayt A4 5 gl T oA, AA
Ho] InpRelel| o] LA Ag-Eo] A A F
FEBBEAAH L 43 AAEA L] AEF| E o2
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Yol @9lo 2 2483k o= qlo}. 1elvt 7189 FrEd
3 2] BT F S 2 3R Sl
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27} g e Alstell E)Evbd A4 A
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2] 34 o] Ao 9.0l 0 =W} 2R ElR| = kS Ao
2 AR = gle}, HT WRBEEEA el #al A
FEeol oJsle ZpAE odo o] YES Ao AMgE
T HRREEA o 4] A] 280l 2] 5129 HEALE (degree
of reflectancejle]oll= A 12l @A 7} A gho] oed
Ae}.50 sk, MRAREEEA ] 71 & Ag-ske] Alxtsk
BahA vl A AR = A A o] A Eek A o] )
ato] el A9 744, Absh-gH1 94, 12) T EDTA
AAe] T B oole), AAe| 2YHE Tt AHA
Hof| Al A YAE] A AR T4 o
A AEA R EF 5 Qg dEze
o] Aol M AANE Hi= §7]2 F FHAE
(optical path lengti} 1cngl 5 F3hd A4S =3
3]_04 Holo} AAAE o= 42 35 e ALeF
4= lebd wlo| AL 22 Akl 4715 A= A
°ﬂ vl vhiat 2R AAES 7H 5 gld A, A
AR A FRIF 2A FAF 5 Y] A &
3 3lel] 7]of3k = gleh Aolut. F WA 2 oAl
AAEA AN AR BE SAEEAY, A7 1
232 AxeF)e] kg HAF 2Y 5 Uk AL E
g glet. ubdel FgaAelA #F FRArElE A
Aoz Fan ke A2 & F e Fhae| vlE
slo] FAEI} A Ao ER Ao R i
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o] Aok} Bk o wlas) Aeke A olwlah,
A% FAA FREREAIES ALY BA A
AN E AR 2o B mAE AEokE
s Agle] H% o oleisl A Qe AT

il

gleh 2eh} E4e] A7 A% uh2e, AR 2y
71 FHEFEATE vls ol W el
A gele] Frst] F)olah A AHstE W

o o AR AT 5 glae] g mebd
o] AelXe & F3A M-S AMER WA
A7 L3 FEH ARAAE Atsle] 44%
9] st AN ] Apte] el Ab-A 7144, Ak
sh-ghd A4, 18T EDTARARA S #A o] 213y
B ARGl TAIAE 345 Ada4el

9] Ag s Al F e Bk

sty BIESEY AR S| ME. Fg. 1(aj ©] 4T
oA A=al BehA uiAlE A AR o] Al FEE He
T3 3iek. o] ARef M= wlA] o] 0.02miIgl 5mL
T (A ARSI T, Tl 27 A7k & HA el
Aukd o 2 718)57] $)iA] peristaltic pump(B, Gilson
Minipuls3, Model M312, Gilson, Franeg)AL&-3}3e}.
A7pd o] F4H = &2t pump] S$EA7F A
A3t =719 pump tubing: AMESle] A S, A
7t 2] wlAF=8)S 918 pump tubingt AAE HIEE
F(PTFE tubing)(C}| & %ol FAM= (hypodermic
needle)(D, 29 gaug®) A3 EFARIEE 3l 5
A== A7) Fu)i= oF 0.01 mL). Peristalltic pump
+= Ax}24 2 7)% (electronic control circuit board)(E)
o] A== relay switch(F} 9251 9132, relay switch

2] #-gmodel] w2t pump] g0 AAE A A=
HE=E slgvl A7l S T 4709 F5F B A

(G, polystyrene disposable standard cell, optical path
length: 1cm, total volume: ~4.2 mg) =LA wHt7|
(magnetic stirrer)(H)lell 24 A x]=]9 (cell housing)
(08 &= AdE Y dEd Al HA-e] AAAE

ot A7t} HAJole] Mz 1&gl Aol =% YUFS
A4 (J, teflon coated cell bar, diameter: 0.9 cm height:
~0.7 cm, volume: ~0.3 mig *ao|| ol Algsleic}. 4

% (radiation sourc&)}Z= N 13| x WPrfo]| o &
(high luminescence blue light emitting diode<LED>)(K)
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92 LEDEE 7 ZAE 4= =S v
5|27l HX)% LEDE-2 7= A¢] Eekag
(light guiding tube)(NF-2 Z )7 : ~1.1 cm,
731 ~1.4 cm)7: ~1.8 cmZe]: ~12 cmyl
2o qhew AlSlsled LEDERYE WEd
He] ye Frow fralg). Fig. (b= 34
4 F AEZ77F AW F o] AR Bed 2
o]F}. LED(AYE2 ¥ F2 5] viFl Al
oh ey F-2e] Bl dd A5 €43 #=
- 3 Z(window)(B) AA|EE F, el de] v & x4 9
— — e | % 74%7)(radiation detectot) Al2|Z & o] Q.=
. (silicone photodiode)(C, HPI-2C Kodenshi, Jagadj-
(a) Falgdet. o714 F tlo] 9 =2] SHro] F2) e ¥
ol $29A) slo] F vhol 9=0] Flhulo] LEDER
S8 EE el AAE =EHA] dEF s
=:5l /_’D' B ol 957 IR FRE FIR AAE B9
B D T 8 2719 A2 A 2FRES E W74 ~0.5em,
1 Y & 97 ~1.8cmZel: ~3cmi dAsid A
= &) THE AR ol i vhe) ek A, T
Fig. 1. Schematic Diagram of an Optical Semi-Automatic Teo] FL B ola) B eI F vho]| 9T} A

Titrator. (a) A: buret, B: peristaltic pump, C: teflon tube, D: _ - _
% © 10 = q o ReR= = ul
needle, E: relay, F: standard optical cell, G: magnetic stirrer,z] t e Eske] A sERle] =REb) A

H: cell housing, cell bar, J: light emitting diode(LED), K: Aol A&3t Z7|(A1F°] ~0.5cmp} ek 7t
power supply for the LED, L: circuit board for LED, M:  =]7] o}, &4, LEDSE5¥] vl&EE= Wile] H2

Iigh.t guiging tube, N: photodiode, O: power supply fo'r thg Az TEDS Eael & o)BE mEEs Ao T
peristaltic pump, P: power supply for the control circuit = gho] Wo] o & bAl ARS8 Ak B
board, (b) A: LED, B: window, C: photodiode, D: black rub- o] el sl whARe o] 1k <= e el -

ber light guiding tube. 2 3 ool e =9 7 Edale] B ool e =9

vlekAl % (blank signalE o)A "o}, opabr] o) g} 7
So AL(L)e] 92T Far|de(cicuit board)(M) - WA A71S Haslsly] Qe A2 ) TRBS
o] M= QAR FAAF e Feh= sl 527 A3},

ol =

o S o

37 ol 32 uE
o rfo 2
o IR
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Bo] A LEDS-S Bash A% ok ()]l BEA URSHEERS HSWAl. Fg. 2= A7
Vs Ve
Vin > Vour
—> A B C » D
Vi Vsw

Fig. 2. Schematic Diagram of the Electronic Control Circyjt Voltage output from the photodiode, A: operational amplifier
IC(741) Vs: voltage output from the op-amp IC, B: voltage comparator IC(741)}h¥ reference voltage,c\VWoltage output
from the comparator IC, C: flip-flop IC (4013) voltage input from the push-button switch, Wltage output from flip-flop
IC, D: relay.
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2] 7414 )8 A& peristalic pumg] ‘ON/OFF’
2 3 A s 2] Al gxolut. o 74 BE
%14 3)Z (integrated circuit, I®)] 2H5-& 8= 12V
DC regulated dual power sup@yA-&-alsie}. Azl
A3 2] 2)&f peristaltic pump] ‘ON/OFF 2}5-& &
Azle] puret] T3] 4-4S AAN | A7l vF 2wt
s 2], & kA uRE A AR o AL o
=3 7o] AAEA ] F3el| viet ekl

Case |.EZ0| SLHN ==HtHEHM 2ZET|0 &
AtelE HEARZS] M7|17t EA5HH Zasis HERE.
F 7AE71el =3 vhAlgel] of & whsls Alsedst,
Vi) 415558 34312 (op-amp IC)(A, 74BIA
ZZdrc}. Op-amp l6] o] FFHe] 2P A%
(Voye= Asha] 3-8 %)= 3] 2 (voltage comparator IC)(B,
74171 4FHHA o2 gl 71 (Ve)] 27
o} vlargle}, oA e Z1EAY (V)2 ARl AA & 5
3 glelz AdAshe, FWA ) mdsly] el 7153
gfo] FFE Al 5ol uls) o] 2k FhE 7FRA (V> Ve)
T =3 o Foll 7]F el vl AR 4 9l=
F(Vs<Ve) Ve s AA s 3= Aeluh. AA o] A2t
7] Aol 715F4ste] 5% F 7E719 E-
R} o] ke v & (V>Ve) voltage comparator [E4-E]<]
ZH9A 5 (Vo) LOWAE(OV Ael)7F HH, o] Al%
+= flip-flop IC(C, 4013y 4= v} Flip-flop IC=
voltage comparator [&5-E]9] &% ‘LOWAe]" 9
A%Vt push-button switch(B) 21 3. (Ven)E A2
Bk}, Push-button switch &2 41 % (Vsw)= switch
2 2E37] Aol Veok 22 LOWAE 7 9, a}
2 flip-flo 1ICS] ZZAE (Vour) G4 ‘LOWALEN 7}
Ho}, 22 push-button switch 85w 2 571
Vewr= ‘HIGHA ' (12V A 2 WA H3 2 25
flip-flop 1C2] Z2AE (Vou)® ‘HIGHAE' = A3k
o] relay(D)E ‘ONAFE] 2 2H5-A)71c}. Relay} ‘ONAH
el’7} Hw peristaltic pumpl 255 o] (ONAHE]) £
Ho| A7l=7] Alatgleh. AAe] AYFe] FFF F
HAZ719 Az (Veyt 71558 (Ve)ell ¥13l] o] 2elr]=
(Vs<Vg) A& 6| ==Hsp3, voltage comparator ¥ &
215 (Vo= ‘HIGHAE 2 w3k # flip-flop ICE
25}, o] @ push-button switch4-E] flip-flop ICE
A= A Z(Vaw)t= ol7] ‘LOWAE"Z =] 9l
= e o]t vhe}A| flip-flop ICZA-E12] 2H41Z(Vour)
£ ‘LOWANEN "7} Fo] relayes ‘OFFAE] 7} H3 o] £=

B

7} peristaltic pumi A A HHA (OFFdHE]") 42
A7V A=

Case II. HH0| SUE0| =ESIHAM ZHE7(00
AtEl= HIARZC] MIZ17t 2okl S7t6ls HERE.
ko] 7$-¢l= g2 voltage comparator [& 38 ==
ABE(Vs2h Ve)o] YHYAE 2] F ohg, ofn]
AAE B8 AA L 270 V<Vy o ARl FAd e
=EhaA] VoVe el 22 A7) o] Fol A 4 Gl
AAT Veghd gbol 71Edge . g4 e Fob A4
o] A)2kE)7] A (Vs<Vr)ell:= voltage comparator fE5
Ble] 943 (V7h LOWAEN 2 flip-flop IC(C)el
dE=e] push-button switch(BL5F-E19] A& (Vsw)2}
vl o e &, Vol LOWAE 2 43 == F<F push-
button switc E8 Vews 7P 22 HIGHA 2
THEo} S flip-flop ICEYE]2] E=A1E (Vourye= ‘HIGH
A 71 = el relay} 2Hs-(ONAYe] ") 3132 peristaltic pump
7} 25 (ONAEN )3l goe] H7hrt Alaksl o), 5%
o] ARHHA VVe'el A3 Ao =dshd
voltage comparator 1§ ZHAE(Vo)y:= ‘HIGHA ]
2 sl flip-flop ICE &=} o] # push-button
switchZHE] Flip-flop 1G] Y& H= A& (Vew)= A
Aol Al=HE 5 GhA] LOW e 2 FHlE ] Qi A
glo] =2 flip-flop ICEH-E]2] EHAE(Vour)e ‘LOW
A7) ok, el relay] 252 Waa1(OFFE])
peristaltic pumpl A 2] (OFFde] )= o] Bel o] A7l=
A H et

a3 ug

ATIME. 2 eke 2 slEEke] (phenolphthalein)
o] 7}szl HCH-Hol] NaOHE-H-& A7lal= A7
AL ARgslsiEt. o7 HANME Fdd 44
o] Aol A FgA o= Wapr] Al FalM A A
A7L o 30zt 3L FAhe A S FERHoR
Wolso|al glom 2 F3he A S| FYoRE 2
54 I3 LEDE ARSIt &, o] AR e =
2 ol el A A o] A g A E et
o] 12700l =ehe WARRE 1 o] wANE |
FAE ApA A o] B o= WapuA ut
Fe A7l FA AasA e webs eldt
A7 A 9] 7S el M A T 7 ARREE

Z= case 4] 3)=3h}. Table 12 0.0200 M HCI# 5%
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Tablel. The end points obtained from the multiple titrations of s}s] &

AYAFTE HelFe}. o] ol m2wl Al

o
the acid-base titration and the redox titration using the opticalﬂ_ IR AN T ko] Wo] ATA T o]
1 170 - LN ha )

semi-automatic titrator utilizing the technique of the reflectance
spectrometry with the use of a standard optical cell for the

titrand
Acid-base titratiof? Redox titratiof?
) main 0.46+£0.01 mL 0.44+0.01 mL
End points
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 FeSMH.,),SO,-6H0 vs. 0.10 M
KMnO,

<% 2,00 mlel] %14]¢k(0.050¢] phenolphthalei 50 mL
9] ethanof] =41 ¥ EZ 3}43sle] 100 mLZ ¥1E- 4
oA }& 2 HAup 19-8-(0.06 mLE 718 ¥ ~0.10 M
NaOH&H & A7}l o2 Abdale] Q2 A A7 E W
of 3L glet. o] el sy # FHr st A
Aobzl (1 cm) 5 F3HA A& AMEs 7ol = it
ARESEEA 7S 88t 33 AR = A9
AA o] TG AFAHoE A 5 S-S B
Foh. o] 7o FAL dubHoR AHNE Y= )
oA e} k2 f7lel| uls] F FHAVt B3] F>
F5 FIA G AMEE A AR S
L3k B3hA AR | e Lol Zlolsivh
w3}, on] FAle] dFAn e 2shH WAREGEA Y
& AG3 e AR AA ] A Fele vt

[e

7k gl whebA o) Aol ME HHA Fae) A A
oS54 A4 HA olgt A ATES] W)

2pe)2 aalA] ekshe}

Met-etl ™A, A FeSQ(NH.),SO, - 6H,0&H o
KMnO &g A7l ez 7lali= Absk-3Hd A4 & A}
43kggv}. o] 7% KMnOA Al 2] 4] ¢k(self indicator)
2 P53b, HA N2 Tl =] Aol 4
& eI e Egslma of 29 KMnO
ol 234E WA "} webA o] A% A case |
I & F3 o] HA o] mE A7 A A o M e} ke ul
Aoz oA MRS AL E AFAIA AHsk e
o3t Absl-ghl A o] A4 FLA & A Fole] Yol
Ale] Ab-9718A4 ] 79} frakek A sks Jep =

o =
T UETE & 5 e
HEHEY. o7]M= NaCi-oo] AgNOsg-<i-S A
7Fsh= Mohrl A& A-8kodwt. Mohr 4A42] 7
- AAAEFL AN AN defpe W sk v
ek, AN HA o] AJzkE7] Aol A =% A
(1A ko= ARgRE CrOF-gofe] A)e| gt gofo]
o} HA A o] Al el vzt HAY Ankel] AA
A e AgCRIAFEe] ¥A4% L s k2 At
F7he. ey BRPES Ak oo ® sl
Agrel2Ee] A eke] ]l Cra o] 23 uhg-sled
F2 A AQ.CrO, A4S A HI AN 25
A ARl AR, L A S A 0= e}
EQlet. ojeiet FAAA ] g 4] A-G71HA o
Absh-gRl A A= ge] A o] 2aE WA - 212
o =eshs Wb A|717h §48 $7HE Heloprt
FEEE AN o] F43] A2 53R 5 9
o} ] dell i zelEt A S Ekleigl e
(Fig. 3(a)), 2218t 3ol 7 ste] F3hs A47
25 case 3 L2 WA 02 2HEAIF F, b HA
& kel AZVIERNE AB (Ve 71EH
Hll] zhopx] = A1 (Ve<Vr)ell 33l Ve(Fig. 3(ap
A AAzrg e 2 A8 gl ZhE Adeislem,
1 AN AR FEAHS AR BHER 5 9
At zevt o] ATl Mts TR 7 o 7]
g G3P AR wlelF] Al 23 B3 S

Lol

o

Signal
Strength

1 (a) (b) (c)

time

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.

2 35 A A4S A43 AR AAFAE A4
o] 7F53 Ao o3 4= glv}. Table1:> 0.0200 M
Fe'®54<8 2.00 mle] ~1.0 M HSOEH 0.18 mI=
7Vste] Ao 2 "WEE F ~0.10 M KMnQ&<8-&- A7}
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A 7S B AR AR 2R o
22 WS om, 1 o R B AR wASE
A7} Fig. (bR} RE BHE Hol7] WRel Ao

BT -1\ =
TFEERE #5 P A8 AMSE 75 Fig. 3(a)
9} 7k 2H-e-= A gjal Fig. 3(bpl 22 FAle] 2e]x)
ol vt 3t o] AollA AlEtal #3hA A
AAAA AN E 2 F T (L omE 7 25
BobA Mol| A NS T2 F 1 o] K o 7
doREle] yite] FAHES slglom, 12 N-F
WA WARRE SRS Hojqlot. 49 AA
AA M HANE T 4712 50 mLE[oJAE AL
fatdom, 2 A F AE7)H E=EE WAk v
o)A el AN Frlol| A LR AL o] F
o1 glgiet. mhebAl Fig. 3(aph 22 7H-8-F4le] o]
A 4RI 1 AH AAFH AR ] APE AN
o}, ey 3 F32)7F 1ol 25 B3P 2] A
+ 3 FHAE7 =g ARl ZeEe ® e
/o] whAEHA Hlo} Hed ez o] YAk 1 WAk
o] A& =gsls o] A WA W3 L8 A8 F
Aol M & |8 Faete] o F-2 mAuziv}, o] 3}
A4 o] - A el A WALE 2hslaL vk
ARE G2 F A% =23 5 A Hedl, 22 %
344 M3} Zho| F F 7L o A Aol 7
WA WelA SRS Ak FAEA] 23 Ao
A7 Yebd = QA 2R Ag+gele] 27}
E AlFEP] Al Aol Al 7R AAEOE o] Foizl
WAbEe = Qlsle] #F AE7]eM YT =71 A
she] A Ag-gele] A7E ARtakE AR
A 2] AgCRIAFE] 3AH T 1 YRSl 27
WAL A 517wl 3 FE7 el el uhAbg
= 2 AZI7F AAF Frkeledof ghvt aevh AR
wAbge] A717F Ahassed] L ol AA kARl
Z1olahe A0 F A Hell &3k 93] Az} AR
7] wigelet. vhA] sl A 27 dA M Y

B

- AAe] AR AYE7] A o]l # HAE7]9
Agh(Ve)el elul-gAS Falel AA3 Vegh(Fig. 3(b)
oA Atz o2 FAIE of e e Al 2hebA A
A=A 2] AFo] FHEE Hlelv}. o9} A2 AR
o] F oHA W kel 2N Ho| ZE §-3)e]
a5 A A A Ao F3hA AAAR] 7 Al
2 2gEs Aoz #Fqlghemy 1 epgAde] d5d
T et 2k o] gk mo| qbel] A2 A
o] ZF F-Asl & 18] vk ElR] X3t upebA
FF FIA S 2R AREshEAME dAle] 444
27F A2 253 flsiME o WS Al sljof
apr, 17l vlkR el e 2 Rele] Wake] A7 Z4
AT Zelvt. 1L o] WAake] M|717L Fhaehe 7
3 e =EEhe AA AR M7= A
ZHAsA|gE ] T A Wl 9|3t 7]of7) 3143 7}
48 g o] Wi, F A&7 AEFAle BE
o] Fig. 3(apt #-> ez HLsr| diolvt. AAl=
Ao AR} 5 F3PA AL T2 AREEEA
F419l LEDS| 27|18 Aanzlems R4 e £
A AeH R EF 5 3lsit. Table 2= 0.0200 M
NaCl-¢-<4 (0.0200 M NaCig&-<% 50 mLe}] 1 ] NaHCQ
F FoIF £9) 2.00 mlel K,.Cro, A1 A2 (K.Cro, 5 g
£ Eol o 100 mE-H 2= A £) 3F %-&(0.06 mL)
7¥ate] WIS A 18] 0.10 M AgNQ-L-H-&
7hH oz AR A AA | Ao AAAAE AL
S3o] A& TS HoJal 9l

EDTAME. o] A A& NHS/NH: 3-84S
AMgsted pHE 104 =2 24 % Mg §e] EDTAS
NG A7leig]om, Ao R calmagitedh--S Al
Lageh. TR FEol 2 XA fAte]o] HE(o]
714 M@?-EBT)o] viehili= 3k H-24 0] A|AoF
2he] Ak Ao Wl A e|w. Fig. 3(ck=
28t EDTARA A 254 LEDS g0 Ags)

T N[O

Z

4

AgCIIAFE2] Aol 71leke WAkl A71571e
H]al] o] 7 A Wl A A 5= ubALge] Ao
7118k W] Al713kart o 2 veh] dit
ojet. 12t A el A F-E3F %] AgCRIAE] ¥

Table2. 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

A4H 3 WAl g3k ] A wef L7t 7]ef7} Precipitation titratiof? ~ EDTA titration®
P8 AHHRAFE = ulFe] A7) 48] 2 End points 0.46+0.02 mL 0.440.01 mL

7FslAl e}, o] F wkAlge] M)71M s Fig. 3(bgt 2
o}, ukalage] A)7)7} Fig. 3(bgl -2 el Wl A

(a) 2.00 mL of 0.0200 M NaCl vs. 0.10 M AghlO
(b) 2.00 mL of 0.0200 M Mg(N¢-6H,0 vs. 0.10 M KMnQ
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