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Nonlinear Regression Analysis of Acid-Base Titration System

Chung-Oh Park and Jae-Jin Hong
Department of Biomedical Laboratory Science, Eulji university, Seongnams 461-713, Korea

In classical titrimetric analyses, the maor concern is the concentration of titrant, usualy the agueous
solution of hydrochloric acid or sodium hydroxide, that could be changed as time goes by and it is
accompanied with the inaccuracy of the resulting data. And the statistical approach, the nonlinear regression
analysis, which is a well-known statistica method, was introduced to determine the accurate concentration
of the titrant and the exact vaue of parameters, K, 1, C, Cp, for 0.01 M aqueous solutions of analytes,
sodium pyruvate, sodium acetate, sodium bicarbonate, ammonium hydroxide, ammonium chloride and acetic
acid at 25C. We used Gauss-Newton method for the linearlization of the nonlinear titration system and the
two-parameter fitting showed appreciable convergent data for the parameters of the analytes set with the
various range of Ka value.
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1. A& 3 2AM(linear regression analysis. : Mont—
gomery &, 2001)
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Fig. 1. A geometrical interpretation of least squares.
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P A G EA L o] ARATEALY] ol Tw T sddfof stuR olmHE FAHOoR % andytes}
S ARSI titrant®] A&st v=E5 7 F AATh

kel Kagkel A= vE 971 sodium pyruvate, LS 59% ARG 39124 3T E 27 AR
sodium acetate, sodium bicarbonate, anmonium hydroxide 3= oW E T A8 AutE A8 42 A pKagk
b #4719 Kpkel A= thE ammonium chlorides} of e} ”(9)«] Bo* 7} A YU &9 @s A
acetic acid= 717} oF 001 M s=2 A Fxske]  7Fakel o2 sodium acetateo]] tisle] vk A|gHA o2 A}E-5H3l T
HCI3} 79719 NaOHZ 25°Col A 243ttt

o] & titrant== 0.01 M 5 =& A %3}9] phenolphthaein
AN ok AHEste] FAM O R FAslth w3k &9 1. & s
o] 2M|71E AAA A7) YA 01 M~3 M2 NaCl
&HE ARGl 1. &M 2 curve-fitting

ool 7= 70w<>i st A9 240 ofs g
AE G 9t Co= A= 3}al Gauss-Newton iterationd < Anayte(sodium pyruvate: #486)9] 55%=(0.01 M)<}
o]gato] o4 3] FEA(two-parameter  regresson  titrant®] HCI(0.0087 M)9] FEWHS 4har gl AbEjoll A
andys9)E sto] Koot s S5 oA gk & Koot 1o ks #7] Slal ol¥g 84S it
o Feo]l A, T Ko ne s AR 8kal ¢ (Table 1, 1st estimation). 52 E’E. o7 =A% analyte2}
&} C.5 parameter= dto] 3|34 kGlS wlo] Atet titrant®] &3t w25 47] A Koo r& AR F

Table 1. Result of initid estimation of the four parameters with
two-parameter regression analysis of sodium pyruvate at various
concentration of salt.

NaCl concentration

Parameters

No salt 1M st  3M st
1st estimation
Ka 351E-03  7.17E-03  4.71E-03
r 1.36 2.027 2.264
(o 0.01 0.01 0.01
Ca 0.0087 0.0087 0.0087
SSE 0.0058 0.0257 0.019
2nd estimation
Ka 351E-03  7.17E-03  4.71E-03
r 1.36 2.027 2.264
Cy 9.81E-03  9.62E-03  9.63E-03
Ca 0.00862 0.00859 0.00857
SSE 0.005748 0.02559 0.01885
3rd estimation
Ka 344E-03  6.89E-03  4.54E-03
r 1.386 2.0742 2.29
cy 0.00981 0.00962 0.00963
Ca 0.00862 0.00859 0.00857
SSE 0.00577 0.0256 0.0189
er in Ko(%) -2.0349 -4.0639 -3.7445
er in r(%) 1.8759 2.2756 2.4454
er in G, (%) -1.9368 -3.9501 -3.8422
e in Cy%) -0.9281 -1.2806 -1.5169

22

3 s)FRAstel A9E C'ok CE & ASitK(Table
1, 2nd estimation). 3]71%-418ke] A& Co9} Gk ¢
2 Fa A K& r 18 27 7)oigkel] tigk Ko r,
Gy, G2 2AHE 78 4= USiti(Table 1, 3rd estimation).
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Fig. 2. Titration curve of sodium pyruvate for various salt
concentration and curvefitting.
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Table 2. Result of initid estimation of the four parameters with
two-parameter regression analysis of sodium acetate at various
concentration of salt.

NaCl concentration

6.5
6.0 4
5.5

5.0

pH
a
1

3.5
3.0
2.5 4

2.0

Sodium acetate

B no=ak
fitting
1M sak
fitting
3 =alt
fitting

T
o 10 20
HEIgml)

Parameters
No sat 1M st 3 M st
3rd estimation
Ka 1.97E-05 2.51E-05 2.53E-05
r 1.3824 127 1.953
Cy 0.0102 0.00904 0.00899
Ca 0.0089 0.0086 0.0087
SSE 0.01698 0.0757 0.0112
ar in Ka (%) 152284264  -1.19521912 0
arinr (%) -1.70717593  0.31496063 0
ar in G (%) 0.980392157 -1.4380531  1.001112347
ar in Cy (%) 1123595506  -1.1627907 0

Table 3. Result of initid estimation of the four parameters with
two-parameter regression andysis of sodium bicarbonate at
various concentration of salt

NaCl concentration

Parameters
01 M st 1M st 3 M st
3rd estimation
Ka 2.35E-07 4.40E-07 5.34E-07
r 1.256 1.281 2.0195
(o 0.0105 0.0105 1.07E-02
Ca 0.0087 0.0087 0.00869
SSE 0.0385 0.222 0.169
er in Ka (%) 0 0 -0.1873
er inr (%) 0 -1.4052 0.7081
ar in G (%) 0 -0.3810 0
err in Ca (%) 0 -0.1151 -0.1151
2. g sk2of 2%t
7323t parameter?] dataZ D71 A%t A< H7bel 3l
O1N L FEE pKagtel we A4 AR wolA) %
v JoRNE g% T 2 BAARY oy )3t
34 1;—: Aol wpebA] Wsh= Ao = el tTable 1, 2, 3,
, 6). 12t} Kq gho] 1x10™°9] rangee] 91+ ammonium

Fig. 3. Titration curve of sodium acetate for various sat con-
centration and curve-fitting.

no zalt
fitting
0.1h =ak
fitting

1l =3k
fitting

M sak
fitting

Sodium bicarbonate u

pH

o 10 20 30 i
HECImI

Fig. 4. Titration curve of sodium bicarbonate for various salt
concentration and curvefitting.

hydroxide®} acetic acid®] 74-$-ol= 2% dAke] o &
Ho| T Q& ow(Table 2, 4), ammonium hydroxide?]
Beolle @ &HE ARG o 3HRA grel =
7] 59 o 057} Hi= o] S HITTable 4).
ol @ &o] 2 gl sodium pyruvate®] 73--oF &
25 B tH(Table 1, 4).
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Table 4. Result of initid estimation of the four parameters with
two-parameter regression analysis of ammonium hydroxide at
various concentration of sat.

NaCl concentration

Parameters
1M st 3 M st
3rd estimation

Ka 6.32E-10 2.81E-10

r 0.875 1.548

Cy’ 0.0109 0.0115

Ca 0.0087 0.00868

SSE 1127 1.906

er in Ka (%) 0 -2.1352
er inr (%) -0.0114 1.6150
er in Gy (%) 0.1835 -2.6087
er in Cs (%) 0 -2.5346

Table 5. Result of initial estimation of the four parameters with
two-parameter regression andysis of ammonium chloride at
various concentration of salt

NaCl concentration

Parameters

No salt 1M st 3 M st
3rd estimation
Kb 185E-05  4.13E-05  5.85E-05
r 1.2765 0.676 0.656
cad 0.0106 0.0102 0.00921
Cb 0.00962 0.00956 0.00949
SSE 0.02579 0.00597 0.00637
er in Ky (%) -7.0270 0.4843 0
er in r (%) -0.9792 0.2959 -0.1524
er in CL (%) -0.1887 0.9804 0.1086
er in Cy, (%) 0.2079 0.6276 -0.1054
V. 11 Sy
H A 3784 o wE 48H4 mlo] o] 22491 7%
A2& SegoaA, AT ofriee] R Qs
of o st £471719] A ApssA ~Ee] A3t
i gl o] =g g Aoks e EE, AR
A7 S Jidete] o Adeetal o] oA,

24

Ammonium hydroxide B nos=alt
fitting
11 4 &AM =alt
= fitting
2 =alt
fitting

pH

T % T ¥ T
20 a i

HEI(ml)

Fig. 5. Titration curve of ammonium hydroxide for various sat
concentration and curvefitting.
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110 4
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T
20
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Fig. 6. Titration curve of ammonium chloride for various sat
concentration and curvefitting.

Zk= sodium pyruvate,
sodium acetate, sodium bicarbonate, ammonium hydroxide
59 917]¢} ammonium chloride, acetic acid 5 9]4HS
HCIZ NaOH=Z A A3t datas Gauss-Newton WS

H=
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Table 6. Result of initial estimation of the four parameters with
two-parameter regression anadysis of acetic acid at various
concentration of salt

NaCl concentration

No st 1M st 3 M st
3rd estimation

Kb 6.00E-10 5.31E-10 4.20E-10

r 0.878 0.597 0.5233

ct 0.0089%6 0.00887 0.00927

Cp 0.00941 0.0094 0.00964

SSE 0.185 0.176 0.445

er in Ky (%) 0.1667 0 0.7143
er inr (%) -0.1139 0 0.2484
er in C (%) 0.1116 0 0.53%4
er in Cy, (%) 0.1063 0 0.4149

ol gate] FAEAL FUTh FAAWFRE Ko G, Ca
(Ko, Ca’ G, Tow)oll thate] Cy'sh A& C2 B2
317438al 2 parameter regressons 0|83 K9t riks
ZA3laL o] F o] gale] WAARY G'E AXtET o]
ot 3, o] 2A71E LA sb7] feiA 01~3
M o] NaCl& o]-&8t3ld vl o3t 22 2345 A3k
1. Gauss-Newton®oll 2]t n|Ad 3] 7%
slo] thoket ranged] K.ike zHe Ak
sodium pyruvate, sodium acetate,
bonate, ammonium hydroxide, ammonium chloride,
acetic acideo] ©islo] K, r, G, G # 59
parameterE -3t = U
2. 449 datas A7) fleliA = Almekd 7] gE
2o o gdo] "o, ammonium hyd-
771 Agdle o gg AHga

FEA ko] AA datak vt} 50% 7+

25

Aceticacid

pH

MaOH(ml)

Fig. 7. Titration curve of acetic acid for various sdt con-
centration and curve-fitting.
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o] ARl 7| 2AAE W BA 9 A Fofo] 3o
A wEs] Ao AAE AnE JEgsiA dojule A
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