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Figure 1. The procedure of bisection method.
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B7:=10"-A7-10" (A7T-14)

C7:=10" ($A7-C$5)

D7:=C7%10" ($A7-D$5)

i B G D E F ( H I
1 BB NaOH
? v oftal Vol
3 100 0
4 PEa P P Ceaf M oM
b 2.90 4.34 566 0.00% 0.1
B pH gmo | Ku/H] EWHT Ko/HT g g waoms Ot
7 initialvalues<: -5 100000 1.259E-08 5754E-18 1.259E-28 6.295E-11 0.1 10000000
8 19 -100000 1.259E+16 S 754E+30 1.259E+44 0.015 0.1 -10000002
g 7 0 12589.254 5754399.4 125892541 0.0147305 0.1 -1.478051
10 5 100000 1.259E-08 5754E-18 1 259E-28 6 295E-11 0.1 10000000
11 7 0 12589254 57543994 125892541 0.0147305 0.1 -1.478051
12 1 0.1 0.0125893 5.754E-06 1.259E-10 6.222E-05 0.1 9.993778
13 1 0.1 00125893 5754E-06 1.259E-10 6.222E-05 0.1 9993778
14 7 0 12589.254 5754399.4 125892541 0.0147305 0.1 -1.478051
15 4 1E-04 12.589254 5.75439%4 0.1258925 0.0062356 0.1 -0.618564
154 2.69867433188284E+00 0.0020014 0.6250343 0.0143664 1.57E-05 0.0020014 0.1 1.962E-14
155 2.69867433188288E+00 0.0020014 0.6250343 0.0143664 1.57E-05 0.0020014 0.1 -1.28E-14
156 2.69367433188286E+00 0.0020014 0.6290343 0.0143664 1.57E-05 0.0020014 0.1 3.331E-15
157 2.69867433188286E+00 0.0020014 0.6250343 0.0143664 1.57E-05 0.0020014 0.1 3.331E-15
158 2.69867433188288E+00 0.0020014 0.6250343 0.0143664 1.57E-05 0.0020014 0.1 -1.28E-14
159 2.69367433188287E+00 0.0020014 0.6290343 0.0143664 1.57E-05 0.0020014 0.1 -4.64E-15
180 2.69867433188286E+00 0.0020014 0.6250343 0.0143664 1.57E-05 0.0020014 0.1 3.331E-15
181 2.69867433188287E+00 0.0020014 0.62590343 0.0143664 1.57E-05 0.0020014 0.1 4. 64E-15
162 2.69367433188287E+00 0.0020014 0.6290343 0.0143664 1.57E-05 0.0020014 0.1 -5.83E-16

E7:=D7%10" ($A7T-E$5)

F7:=(C7T+2xDT+3%E7) / (1+CT+D7T+ET) *$F$5
A9:=(AT+A8) /2 A10:=IF(19<0, A7, A9)

H7:=§H$5
AL1:=1F (A9=A10, A8, A9)

17:=B7# (§C$3+$HE3) + (=F7) *$C$3+ (HT) +$H$3

Figure 2. The worksheet for calculating pH by bisection method, an example of citric acid - NaOH titration at 0 ml
titration volume. The pH values can be calculated by substituting given titration volumes for H3 cell.
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Figure 3. Usage of "table” in Excel. (1) selecting input and output data
area, (2) setting of dialog box, (3) output data.
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Figure 4. Simulated titration curves.
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=== normal distribution with # =0 and ¢ = 2.5.

friquency plots of 65536 times trials data generated

by "Norminv(Rand(), 0, 2.5)" function.
Figure 5. Comparison between normal distribution and
generated data.
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Figure 6. Citric acid - NaOH titration curve with and
without carbonic acid contamination.
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Table 1. Estimated pK 5 and concentrarion of citric acid.

no contamination

CO; contgamination

CO, contamination and round-off error

and error
pKa  C/mM pKa C/mM pKa D s c/mMD sdd
2.92 5.01 2.92 5.03 291  0.047 5.00 0.0202
citricacid  4.35 4.98 4.35 5.02 436 00129 507 0.0556
5.64 5.00 5.66 5.17 567 00142 514 0.0955
6.47 0.360 6.49 0117 0352  0.0890
10.33 0.581 10.38 0.0406  0.604  0.0299
14.00 12.86 1244 164 1.80 2.46

*1) average value of 5 timestrials. *2) standard deviation

ooooooooooboooooooboooobooo
gbobooooboooooobboooooooaoo
OoO0OpHODOOOODDOOODOOODOODODO
pHOOOOOOOOOOOOOOOoODOooood
goooooOoOOooOobooOO0odpHOOOOOODO
goooood

Figue6O0 D OO0OOO0OOOOOOOOOOOO
ooboooboooboooobobobooooooo
ooboobooOooOoobbbOobooooobooo
gobboooobooboboooboooboooooboaon
gboooooooooboobooboboooobooo
ooooobooooooobobobooooooog
boooooboooboboooooobooooog
gboboooooooooooooo

gooooooOoOooboooobobooooooboo
obooooobooooboobobooooooooboon
OO0 TeblelOD MOOOOOOOOOOOO 300
O0OO00000000000000000O0OpKaO0
OO0OO0D0O pkaOOOOooOoOo5SmMOOOO
go000oOo0o0ooDoOpKOOoooooobooooo
goboobooobooooboobooooobooaoo
gbobooooobooobooooooooobooo
ooooooooooboooooooooooooo
0000000000000 0O00000OO0O Teblel
gobooobooooooooobbooboooon
O00OpKa647000 10330 0000000000
OO00OO00ODO0O pKabee0 000 pKa647000
goobobooooooboooobooboooooono
2000000000000020 pKaOOOO oo
000000 000o0oDo00oO0OdOpKa 40000
oobooboooobooboooooboooboooon

http://www.sccj.net/publications/ JICCY

00000000000 1.00x 10tMOOO00O
oboboooooooboooooobobooobooo
goboooooDbOo0ooooooooOoooopdHD
ooobooboooooobooooooooooog
oobooooooobobooooooooooooan
00000000 b0Opka 400000000000
0000000000000 O0O0OTaplel0 OO OO
ooooooooooooboDbbO pHOOOOOODOO
gbooooooooboboooboboooooboobon
gbobooooooooooooboooboooooboon
goooobobobooooboboooooooooo
OO000000o0O000ooD pKaOOooooooo
oboooOoooooooooboboooboooooon
g000o00D0OO0DO00000O0OpKa1400000
boooooobooboooooooooooogo
gobooobooooooobooobooboboooobo
gobooooooobooooooboooooooo
gooboboobooooobooooooooooooo
gooooboooboboooobooooobao
oobobooboooooooooboooboooooonog
goboooooooobooboobooooboooooon
bhboooooooobooooooboboobooo
gboooooooo

6 00OO0

Microsoft Excel 0 D OO0 000000 VBADODO
gboooboooooboooobobobobooooboao
oobOoooobobooboooboboboooon
ooboooobOoooboooboboobboooooog

35



oobooooobOoooooobooboobooooo
000000 0oO0O0O0O00OOOkRgue2000000O
0000000 FRoue3DOOOO0OOOODOOO
gboooooooooobobooooooooon
oobOoooooobbooobboboobbooooog
dbooboooooboooboooooboboooog
ODO0000000D000OpKasOOOoooooo
ooobobooooooboboooboooboobooooon
goboooooooooobooooboooobbbooo
O0pKaO-10000000000000000000
gooooooano
oobooooooboboboooobobooboooooo
obooboooboooooobooboooboboooboooog
Excd 0000000 OO0OOOOOOOOOOOO
bbooooooboobobooooboobobooobooon
gooboooooobobooooooobobobooooog
ooooooOo pPCOOOOOOOOOOOPCOOO
gboboboooooooooobooooooooooo
gboooboooooboooooboboooooogoan
gboooooooooooooboooboooboon
gooooooobooooos oobooooooro
gobobooooobooobooboobobooooooo
OOrrR"O00000000O00DOODDOODODOO
gobooooooobboobbobooooobooon
gooooooooooboooOopHOODOOODOO
ooo00o000ooO0o00D QueOOoooooo
ooooooboooooboooooooooobogoo
oooooooobooobooooobooocooon
gboooboooooooooboooooooooooo
gobobooooooboooboboooobobooon
gooboooboooooooooooobooon

36

ooooooboooboooboboooooboog
goboooooOooobobooobobOOooooDbo
0000000000 exelDOOQOODOOOOO
go0OpPCOOOOOOOOOOOOOOOOOOO
oooooobooooobooobooood

Jodd

[1] ODO,0000000000,
http://www.tuat.ac.jp/~mt2459/members/yosimural
TCAS/index.html

[21 D000 OOooOoOooO,0000ooooaog
gooooooooao.
http://www.i-t-c.co.jp/eigyo/product/tekitei/

[3] Takuya JavaForest >0 000000,
http://clustera.skr.jp/javaltcurve.html

[4 0000,0000,000,000000000
0BOOOOOOOO,30,51(1986).

[5] DO0,00000,00 JAPC, 12, 403 (1990).

[6] L. S. Reich and S. H. Patel, Am. Lab., 27(8), 36
(1995).

[7] L.S. Reich, Am. Lab., 29(24), 29 (1997).

[6] D00O0O0,0000000 1,00 40,00
(1993).

[ DOOO,0000,0000, J.Comput. Chem.
Jpn., 2, 49 (2003).

J. Comput. Chem. Jpn., Vol. 5, No. 1 (2006)



Simulation of Acid-Base Titration Curve by Using
Table-Function in Microsoft Excel

Norio YOSHIMURA

Graduate School of Bio-Applications and Systems Engineering, Tokyo University of Agriculture and Technology,
2-24-16 Nakacho Koganei, Tokyo 184-8588, Japan
e-mail: yosimura@cc.tuat.ac.jp

A simulation method for acid — base titration was devel oped by using not VBA programming but funda-
mental functions of Microsoft Excel. For calculating apH value corresponding to a given titration volume, an
approximation is need. In this study, the approximation was computed on a worksheet of Excel. Moreover,
for simulating atitration curve, the pH value must be calculated for every dropping of titrant. The simulations
were performed by using “table” which is one of the fundamental functions of Excel.

Using this method, not only weak acid (base) — strong base (acid) titrations such as citric acid — sodium
hydroxide and ammonium hydroxide — hydrochloric acid, but also weak acid — weak base titrations such
as citric acid — ammonium hydroxide were simulated. The effect of errors, which arise from carbonic acid
contamination and the round-off operations of titration volumes and pH values, on titration curves were
discussed.

Keywords: Excel, Table, Titration curve, Simulation, Bisection method
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