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Abstract: Acid-base titration experiments were carried out using the same sample to obtain a direct comparison
of analysis results between a new titrator and conventional Spectrator (SPT) titrators. This allowed the
confirmation of an endpoint both by spectroscopic detection and by conventional titrators (automatic burette
(ABT) and autotitrator (ATT)). Statistical analysis was performed on the measured values (endpoints) obtained
using different titrators, to assess their differences by comparison of straightness, equivalence, ANOVA, F-test,
and r-test results. The coefficients of determination, confirmed by straightness, were all >0.999. Thus, the null
hypothesis that there was no statistical difference could not be rejected. The Bland-Altman analysis method
was used to confirm agreement with the new experimental method. No discrepancy was found in the measured

values obtained using different titrators used in this study.
2 ok FFH A& o3 TLHS gRlstke 4471 (Spectrator; SPT)@} 71 474 7] (automatic burette;
ABT, autotitrator; ATT)E AH-3F 4] 23S BlaLsty] flsto] A g A8l e A-97] 278 2d&
frﬁﬂé‘}‘x’ﬂr 7171 B8 HGRAE ARgste] Aol SAREER)S] A3, $54, ANOVA, FEH&
E, tHI2E 5 Fsot Aolids SA% 245 s en, A0 2d AGAFE BF
0.999 o)’FolaL A oZ FEAE Aol oJsted ZAgk Aol7t flvke A7 S A AT A=
< @RI8l= Bland-Altman 245 S8t & A7ollM AR 27 R] oA

mlo r”

Key words: automatic burette, autotitrator, spectrator, statistic analysis, bland-altman plot

% Corresponding author
Phone : +82-(0)31-539-1844 Fax : +82-(0)31-539-1805
E-mail : wschae@daejin.ac.kr

This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

-267-



268 Jiwon Shin, Yeajin Kim, Hyoseong Lee, Jisun Shin, Hyein Yoo, and Won-Seok Chae

.M 8

L A9l A A (titration) MIAA B FEE
AR 7] 9she] AleE= kAol slehEA why o
2 17 2582 nFstE A F A A, titrant)©]
Z o3ty mAAIR £93 53 (burette), ‘1&3—4 4

k8- ksl wkg- 59 &5
we} theket Haa ko] ALEEH, MR A AR
EE ORP-AZo] 714 o

WA 0 2 AMEE™ FFH SR Nemnst 2]& 483t
nA] A g0 sEE ATt

A AjoFe] WHE-EA Belg o g AME-E u <l
o3k MRS SlstHA FA9 stopcocks X2

9
ﬂﬂ%ﬂ@@Mpmm%éﬁﬂbﬁﬁﬁﬂﬁ“WV
(o) [e)

1:
ol Aokl WA A3 AAl

Af1Ake] W7t Fd e Aol o
wolH, Cﬂli"/ﬂ Az S Ak
k7
__}:

0 L
ﬂﬂ #olu Eidﬂﬂ]%ﬂiﬁé%QE%
0.03 mLZ A|qts}
Alefol ol g A
wol olyl WAy
g

Aol = A4 P mLe B5F= FE 7
2l (automatic burette; ABT)3} A} 2 % 7] (autotitrator;
ATT) B SPTE A3t 42H-7] AA o] A¥FA4E
Aglom, 7+ AHEol oz Aojzl Ao thgk 4
SHAC 54 2 A RS 71718 2
F3=2 vlglo g A=sturc)

2.

>
ok

21. 7|%

& burette(ABT)> Ao =2 0 mLE %5

fr

borosillicate 2] A & 2] QUALICOLOR™ automatic
burette (needle-valve stopcock PTFE)S- AF&-3}H 3L, &
e 10 mL, 52 0.02 mL, 318 2%H= +0.020 mLO]
t}. AHs A 7)(ATT)= MetrohmA}2] 785 DMP Titrino
o], 20 mL & 3F<2] 4 7t (resolution; 10,000 steps per
buret cylinder)?} pH = (Metrohm 6.0233.100)= A&
sttt Aol deld wtetu]El= DETo| L 7|84
A dEeA FastAnt £38d dE717 iR
HAG71(SPT)= & A731e] Ao A=y 3
AR o] Al E o] QlT}

22. A%

Al F7e] 2787 )
3lo] 734kel 94H0.5 M DAEJUNG)# g 7]el &
2 E F(0.5 M DAEJUNG)2 A}ﬁo}ai =
)GZ%/\Elﬁoﬂ‘— Eo] 01_7.” -f])ﬁﬁ:”_] 0.1 M
o] A&t ABTS} SPTA /\}3 HA 2]

)

oI 97 APAEL 9

k-2 phenolphthalein (SAMCHUN)S &9 A=
0l whek Alzste] ARE-EFl o, ATT A elA
B o] AA|FS AME-3EA] okt 8o B|Aof A}
¥ &9 = HPLCE E(DAEJUNG)°|T}.

g

é

oo rlr o > o

=t
=

w
[N
Ac|
%
!

27 A AES APsr] Asked 0.1 M NaOH
2 HCIE A E8HOo 7 A}L3)
Atk AEEN 9] TSl gt TUHE HEs]

f18ke] 0.1 M HCIE M7l ™S 1,2, 3,4, 5 mL

A gy guiS A9 10 mLE 3k ch ABTS}F SPT 4

AolXe= 44 Aol AlzzgddQl 23828 Walor,

ATT AA A E Hr o A ke ALL-31A] &t

ABTOl| A Ji%-%%] 002 mLOIUE EFARel T'I’]

= Sl-otl =ge e ddlom &gy F A

A7 F-9E %@6}0:1 TERE AR st
ATT®} SPTo| ]3] foixl HA M7} wE3aS

Fig. 1(a), (0%} (¢), (d)ell Z-2H eRH ATk ATTOlA

SINCR x%;gl}ﬂ ° A3 J_q o] 7&—2‘\1—_701—?_;7] x%;g:u%g]

PefolH, 2HF 9] pHIF B71H 02 F4% H3kE

ERH QLT SPTE o]&ate] 42 AHFH A Al

2 A FA o] AR gHoa o] B BErrua Al

B (y-=; Signal(a.u))©] 2 32 YeEE S

A dlsrgyle] Pade] F Tﬂ o] 7+

ste] AE71¢] AlEgho] ol = = FHZE do

FTh ATTS} SPTollA o] Ebde X# A3Ae] 12} v

R

Analytical Science & Technology



Validation of acid-base titration equivalence between spectroscopic titrator (SPT) and conventional titrators 269

E -./.'/ B /'/ -----
] H (a)
o
I P
! !
! I
o
4 (1) (b)
3_- (;l) ( )
= iv) :
E R
T 2+ A - A i
z )" I 1l "
] ! l‘ it
1 ||I I! H
i L‘Il‘ ' \ \
0 T =, 'I ~ T }"-'l T \.I-—“

Volume of 0.1 M NaOH (mL)

0 1 2 3 4 5 6 7

Table 1. Summary of data measured by three titration methods
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Fig. 1. Titration curves of 0.1 M HCI with 0. M NaOH when the volume of 0.1 M HCl is (i) 1 mL, (ii) 2 mL, (iii) 3 mL,
(iv) 4 mL, and (v) 5 mL. (a)~(b) and (c)-(d) are obtained by ATT and SPT, respectively.

Automatic burette (ABT)

Autotitrator (ATT)

Spectrator (SPT)

Helm ol Mese o) N Nonn e
1 110 1.08  1.09 1.09£0.01 1.07 109 105 1.07£0.02 112 1.08 108 1.09+0.02
2 214 215 216 215001 217 218 210 2.15£0.04 213 214 213  2.13+0.01
3 325 320 322 3224003 324 332 3.7 324008 320 326 3.18 3.21x0.04
4 427 430 424 4273003 431 420 424 425:0.06 426 428 426 427+0.01
5 534 534 532 533001 525 536 529 530006 536 534 531  5.34+0.03
Slope 1.061:£0.002 1.056+0.009 1.06140.003
Intercept 0.031£0.007 0.03+0.03 0.02+0.01
Pearson’s R 1.00 1.00 1.00
R? 1.00 1.00 1.00
A0 HHATT) £ HSPT) ftoll et 73 <N &0d 5 Ao w2 JU=2 S44 37)9 4
2 AAstdon, ABTAA 95 &+ de T2 3 AN BE TS skt Fig 29 2ol
el fraseatel dAIA717] fleted ] AlsAte] ABT9} ATT®] A ARE vty e Hoz
oA Rkt FUT FEEAE A st A4 ABT®} SPT®| AHE MW oM, A kS A3}
71¢] 55748 A5S TR o FUHL I3 AP F(ABTSPT) AlolollA &
Table 191 3712 ARG ZHE A& 42--47] HH S0 tha 2 Ao g RlFUT

£ 719} AW, A A S (Pearson’s R L RHZ Tuble 1
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Fig. 2. Comparison between ABT and ATT (square-dashed)
and between ABT and SPT (star-dotted).
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Fig. 3. Q-Q plots (a) and ANOVA bar charts (b) of measured
data by three titration equipment.
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Table 2. ANOVA results of measured data by three titration equipment

Group Count Sum Mean Variance
ABT 1.09 2.15 322 427 5.33 5 16.07 3.21 2.81
ATT 1.07 2.15 3.24 425 5.30 5 16.01 3.20 2.79
SPT 1.09 2.13 3.21 427 5.34 5 16.04 3.21 2.83
Source of Variation Sum of  Degree of  Mean F Statistic  p-value F critical
square freedom square
Between Groups 0.000253 2 0.000127 4.51x107° 1.00 3.89
Within Groups 33.7 12 2.81
Total 33.7 14
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Table 3. F-test results of measurements for variance

Two-measurements

. ABT vs. ATT SPT vs. ABT SPT vs. ATT
for variance
Mean 3.21 3.20 3.21 3.21 3.21 3.20
Variance 2.81 2.79 2.82 2.81 2.82 2.79
Observations 5 5 5 5 5 5
Degree of Freedom 4 4 4 4 4 4
F Statistic 1.01 1.00 1.01
p-value one-tail 0.497 0.499 0.496
F Critical one-tail 6.39 6.39 6.39
Table 4. t-test results of measured data by three titration equipment
Two-measurements ABT vs. ATT ABT vs. SPT SPT vs. ATT
for variance
Mean 3.21 3.20 3.21 3.21 3.21 3.20
Variance 2.81 2.79 2.81 2.82 2.82 2.79
Observations 5 5 5 5 5 5
Pooled variance 2.80 2.82 2.80
Degree of Freedom 8 8 8
¢ Statistic 0.0101 0.00440 0.00567
p-value two-tail 0.992 0.997 0.996
t Critical two-tail 2.31 2.31 2.31
e 4% aste] Ihe AEARE AT F 9 P2 ol fate] Y FWHeIE B2 Ho7} gl
Ao 7+ ¥l ABT ws. ATT, SPT vs. ABT, SPT 5 & S Utk P E p-5AT 0499 SPTS}

vs. ATTOlA Qoj F5A=S 212+ 1.01, 1.00, 1.01
Z F71ZA9) 6398t Aong gike] k= A7
THEE 717 gled, 7P A2 P AR (.00
zhe Adbe A Aok AREShe SPTSF ABT 44 %
Tl doART p-SAF (LS HA ) 0.497, 0.499,
0.496°]™ o] &2 AFFE 95% A 0.0255 T 2
Fpo|m R FAke] ks AN S 71748 F gle
Ao SRl ol2)gh A= TE 3719 A=

Aozt 7t 24 A7 SRS
o2l & F3sle] Table 491 A3 A
=% 93 U= ABT vs. ATT, ABT vs. SPT, SPT
vs. ATTO|2L AT -ZA %2 712} 0.0101, 0.00440,
0.00567= ¢-712x] 231Kt} 2}7] wfszol] ¥ o dol
ztol 7t glths AR/ S 712448 &= glow, 7 =)
2 £ EAF 0.004402 A A FE ALE-ELo] FH AT
ABTS} SPTOA Aot p-BAIH(EE HA)2

L

n

¢

Table 5. Paired t-test results of measured data by three titration equipment

Two-measurements

. ABT vs. ATT ABT vs. SPT SPT vs. ATT
for variance

Mean 321 3.20 3.21 3.21 321 3.20
Variance 2.81 2.79 2.81 2.82 2.82 2.79
Observations 5 5 5 5 5 5
Pearson’s R 1.00 1.00 1.00
Degree of Freedom 4 4 4
¢ Statistic 1.14 1.20 0.477
p-value two-tail 0.317 0.296 0.658
t Critical two-tail 2.78 2.78 2.78
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0.992, 0.997, 0.9962.2 EQ1=] o] 95% A1 2ol A St &R +HSE A= Table 59 UeRR Tt
0.055.t} F7] wj&ol| FAHo= Zhzhe] vlwod 4 A¥ 2Hzko] 3k v]ie ABT vs. ATT, ABT vs. SPT,
Aol 2pol7t fltke AF7HES 7148 + §l SPT vs. ATTS] A5 A3 vttt zh v 2ol A
o, 7} Z p-BAEF 0997 ABTSF SPTE AF 783k &Fole] Ha(d)oll that zholgk(d;—d )2] Ao
&3 AT R 2RE g 2pole] FEHAKs)E T3k £EATFS

Y A5 g oE A gk xolE A ARFSIAL 712FX| 9 v aLste] 7S HEstint.
Table 6. Statistical data treatments for Bland-Altman analysis
ABT and ATT ABT and SPT ATT and SPT

Averages of Differences of
two measurements two measurements

Averages of

Differences of
two measurements two measurements

Averages of Differences of
two measurements two measurements

1.08 0.02 1.09 0.00 1.08 -0.02
2.15 0.00 2.14 0.02 2.14 0.02
3.23 -0.02 3.22 0.01 3.23 0.03
4.26 0.02 4.27 0.00 4.26 -0.02
5.32 0.03 5.34 -0.01 5.32 -0.04
Mean of differences 0.01 Mean of differences 0.00 Mean of differences 0.00
St. Dev. of differences 0.02 St. Dev. of differences 0.01 St. Dev. of differences 0.03
Upper LOA 0.05 Upper LOA 0.02 Upper LOA 0.06
Lower LOA -0.03 Lower LOA -0.02 Lower LOA -0.06
Range of LOA 0.08 Range of LOA 0.04 Range of LOA 0.12
0.20 0.20
o] @ [ReTandATT ]
<4 o
2 010 2 04104
3 Upper LOA =001 + 1.96 x 0.02 = 0.05 3 e
g 0.05 E 0.054 Upper LOA = 0.00 + 1.96 x 0.01 = 0.02
E ] Mean of difference = 0.01 [ ] - E
£ 0,00 = g 000 - - . | "
[0 L) (3]
% -0.05+ Lower LOA = 0.01 - 1.96 x 0.02 = -0.03 £ 0051 Mean of difierence =000~
0] @ Lower LOA = 0.00 - 1.96 x 0.01 = -0.02
S -0.104 8 010
o o
£ 015 £ 015
a fa}
-0.20 T T T T T -0.20 T T T T
1 2 3 4 5 6 1 2 3 4 5 6
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Fig. 4. Bland-Altman plots for analyzing the agreement (a) between ABT and ATT, (b) between ABT and SPT, and (c) between

ATT and SPT.
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