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Abstract

The analytical methods of qualitative and quantitative determination of ions in solutions are very
flexible to automation. In this research by using a computer simulation a potentiometric titration
of bromide and chloride ions by nitrate solution of some monovalent cations with pH glass
electrode has been done. A proper reagent called mediator is added to the medium that in end
point of the reaction will develop an intense change in pH. So, pH electrode indirectly becomes
sensitive to the changes of cations concentration (titrant). The results show that, the added
reagent to the medium should be a weak acid so that its conjugate base creates a less soluble
precipitate with titrant cation by approaching to the end point of the reaction.

Keywords: Precipitation titration, computer simulation, mathéizel modeling pH, electrode.

INTRODUCTION

The process of titration is a recurrent processdha be watched by permanent measurement of
a simple property such as mass, current intenhgion, volume [1-5] or a complex property
such as adsorption, heat of reaction [6-7], whig®edh a complex evaluation. Most of the
biological tests include the determination of glseourea, proteins, sodium, calcium, HCO
/H,CO;, uric acid and pH that can measure with titraf®a.0].

The first step in design of an analytical proceswiestablish the objective to follow.

Only by clear identification of proposed scope ahdmagined logic way that lead to correct
solving of the problem [11,12]. A big responsilyiliior the analyst is to choose an analytical

242

www.scholarsresearchlibrary.com



A Nezhadali et al Der Pharma Chemica, 2010, 2 (3): 242-250

method that is leading to best solving of follovamdpe. If more than one similarly probe exists,
such as quality control, the automation becomesiples[13].

One of the ways to make an analytical method f@antjtative determinations is precipitation. In
order to recognize the final point of a precipdattitration, Volhard , Mohr and Fajans methods
are common. In such methods, the end point isngigished, when the titrate finished and the
reagent reacts with titrant and a colored compheake up, so the chemist can see the color less
solution becomes colorful.

In the present work, a weak acid named mediatoraslded to the medium so that just as titrate
finished, the titrant reacts with mediator (conjiggbase of weak acid ) releases a great numbers

of H™ ions, that can be easily detect by pH meter, wiiéhmore precise method.

Reaction M odeling

In this section, the titration of sodium chloridétwsilver nitrate was considered as a model in
the presence of sodium bisulphate as a mediatqs(E4). Silver ion participates in (1) and (4)

and develop#&gCl(s) andAg,SOs(s) less soluble salts, respectively. Consideringhpdrolysis
of HSO3™ based as well as water ionization we will have. Bognd 5, respectively:

Ag® +Cl"—» AgCI(S)

Ky =[Ag"][Cl7] (1)
H*1[SO2
LR ey 2)
[HSO;]
HSO, =H* +S0%
, =[HSO:IIOH] )
[HSO; ]
02 +2Ag" —» Ag,S0,(S) HSO; +H,0 =H,S0, +OH -
Ke =[Ag"1[SO: ] (4)
Kw=[H"]J[OH ] (5)
H,O0=H"*+OH"

Here Kis the solubility product of less soluble s&§,S0, and in K, =i—w, K,is

1
dissociation constant of first step of$0; in the first phase of acid sulfur.

Charge balance
We can consider the charge balance Eg. as follawing
(6)

[Na']+[Ag"]+[H "] =[CI"] +[NO;]+[HSO;]+[OH ] +2[SO; ]
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Proton balance
The proton balance Eq. is as follow: (7)

' - Kw
[H ]:CNaHS%—[H$3]—[H23)3]+(m—[H2$3])
Using Egs 1-7 and rearrangement of them (8) anaive.

KLAG'T? = (K[ AG'T*) Cpgro, ~[Na']+ [ﬁW] —[H™]) - K KGAG'] - K4, (2K, +[H]) =0 (8)

and :
= 2K [H TP =K [H TP (KS + K, [AG?) + K K[ AGTTP[H IC g, + KK, KWAGT]? =0 (9)

By solving (8) and (9) through numerical methodeBison in terms of two variables [Agand
[H™]could be obtain at equilibrium state.

Program Projecting and I mplementation

Once you have an operating system installed, thlé step is to choose a proper programming
language for software developing.

The home made SEPEHR could be run under MATLABv&i. MATLAB program is a
applicable and powerful software in mathematicgjiregering and statistics. Over the course of
time much more capabilities have been added to dbfsvare so that at the present time
MATLAB has been become a powerful tool for drawiofy data, programming and doing
engineering computations and research. This progasibeen written in three basic parts:

v Mainl: it draws the curve of dpH/dv in titrant millilite

v Main2: it shows the curve of pH in titrant milliliter dhe screen.

v Main3: it can draw the curve of dpH based on reagemt'&entration in mmol.
In Fig. 1, the main window of Mainl program is otveel.

& Editor - C:\Documents and Settings\Administrator\Desktop\Project1imain.m

File Edt Text &o Cell Tools Debug Desktop  Window Help A ox
O | & B o | & dh b £ | £ x| B8 W E IS8 | stack| | HDOHS O

2 (8B i —[ro [+ | £[11 ]x [ | @

B R
FOWO-Jonbeslg

ssssss L 14 =

Figurel. Main window of Main 1.
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The data A to J are variables that the user cauidhie program easily according to his selected
titration by entering of the values. These varialaee:

Reagent concentration

Titrant concentration

Titrate concentration

The solubility product constant for precipitateditt and titrate (Ksp)
The solubility product constant for titrant and teagent (K'sp).
Water dissociation constant

The first step constant of reagent

The second step constant of reagent

Starting volume of titrate

Steps of titrant increase

“STIOMmMODO®>

View Data
SEPEHR titration program designed to show Figsmfrpoint to point calculations for the
review, during on the each step of titrant incregsi

J: MATLAB 7.3.0 (R2006b)

File Edit Debug Desktop Window Help
O & R oo | W ﬂ 2] @ Current D\rectory:‘C:\Documents and SettingslAdministrator\DeskiopPraject1 "‘E
Shorteuts [7] How to Add  [#] What's Hew
Current Directory - ...ministrator\Desktop\Project! # x | KSGOUNENGRUSNEELY X
4 ~
s @B - :
All Files « File Type Size Las
) Babylon (Multi to M... Folder Jul A Step q dpH doH / dv
) moghayese Folder Jul
) problem? Falder Jul
) problem2 Falder Jul
-qtﬂmseb " EUEE’ j”: 6.8000 11.1499  0.0170  0.0849
f'i:J;gth ahare Fg\dz: JE‘ 7.0000  11.1330 0.0178  0.0895
=t Folder o 7.2000 11.1151 0.0180 0.0943
N 7.4000  11.0961 0.0202 0.1010
51132B5~1 (Repaired... DOCX File 2381 KB Jul
_113285”] oG DOc File 3104 KB Sey 7.6000 11.0759 0.0z1¢ 0.1082
] Docl docx DOCX File 17 KB Jan 7.8000  11.0543 0.0233 0.1167
[ find20.m Wifile 1 KB Det §.0000 11.0308  0.0254  0.1268
ﬁmdQDQ m -file 1 KB Jan &.2000 11.0056 0.0z79 0.1393
= find3. asw Editor Autosa... 1KB Janw §.4000  10.8777 0.030% 0.1547
< | > §.6000 10.946G 0.0342 0.1744
5.8000 10.9119 0.0401 0.2004
Current Directory | Workspace
9.0000  10.8718 0.0472 0.2361
Command History 2 X 9.2000  10.G6246 0.0576 0.z881
cok-= 7/3/09 10:57 PE --% 9.4000  10.7670 0.0740 0.3701
ben__ 7/3/00 11:52 PE —-% 9.6000  10.6930 0.1034 0.5171
- /709 6:38 PN --3% 9.58000 10.5696 0.1688 0.5440
- 7/13/08 6:58 PN --% 10.0000 10. 4208 0.36354 1.8170
peto— T/13/08 7:20 P % 0.2 10.0574 Z
E%-- 7/26/09 5:54 PN --% 10.4000 9.5459 0.3132 1.5860
N 10. 6000 9.2327 0.2109 1.0545
Leso— 8/10/09 10:16 PH —-% 10.8000 9.0216 0.1614 0.8071
11.0000 5.5604 0.1320 0.8601
11.2000 8.7254 0.1122 0.5608
11.4000 G.6162 0.0976 0.4880
11.6000 5.5186 0.0863 0.4317
11.8000 §.4323 0.0773 0.3865
1z.0000 §.3550 0.0638 0.3432
1z.z000 §.2851 0.0836 0.3178
12.4000 §.2216 0.0582 0.z910
1z.6000 §.1634 0.0536 0.2678 =
< > 1z .5000 5.1098 0.04385 0.2476 v
4\ start

Figure 2. Theview data and calculations have derived from SEPEHR software.
As Fig. 2 shows, the user can see the result ih si@p of increasing the titrant. The results of
Figs. 3 and 4 show that, the user can easily assesditions and review results after
precipitation.
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Figure 3. Smulation of 10ml of 0.1M NaBr titration with AgNOsin the presence of
NaHCOj3; as mediator

RESULTSAND DISCUSSION

In this section by using SEPEHR titration progrdma optimal values of the reagent (mediator)
are reached that the most changes of pH is seén kigs. 4 and 5 show optimal values of
sodium hydrogen sulphite and sodium hydrogen cateoreagent, respectively in titration of 10
ml sodium bromide 0.1M with silver nitrate asdiit. Also, by entering the data this program
can draw the curve of dpH/dv in ml of titrant aslivas pH in ml of titrant.
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MaBr 010, AgNOZ 010, NaHE03

dpH(maz) = 1.6435
ol reagent = 0.020

dpH

mmol of reagent

Figure4. The optimal value of NaHSO3in precipitation titration of 10ml NaBr 0.1M with

AgNO; 0.1M.

NaBr 0.1M, AghO3 0.1M, NaHCO3

dpH(max)=1.048
88 minal reagent=0.005
dpH

T TE 3
mimol of reagent

Figure5. The optimal value of NaHCOSin precipitation titration of 10ml NaBr 0.1M with

AgNO3 0.1M.
As it is seen in Figs. 3 and 4, the optimal valfithe reagent in this titratioNaHSOsis equal
to 0.02 mmol and for weak aciblIaHCOSis equal to 0.005 mmol. By comparing of dpH/dv

these two curves it is concluded that the reageésbdium bisulphite has a better sensitivity to
bicarbonate sodium. The selected reagent shoul@ lia® appropriate conditions. So that
regarding the related equations for NaHS&hd NaHCQ produce the salts A§Os(s) or
Ag,COs(s) that their solubility is a little more than Bgs. If the solubility of silver salts with
the reagents would be much more than AgBr(s) im ¢hse the identification of equivalent point
would delay and in measuring of bromide ion it wiilvelop a positive error. If solubility of the
mentioned cases is less than solubility of AgBtf®) final point would be reached sooner and
we will have a negative error.

With regard to what mentioned above, apparenhﬂgHCOsis in better conditions t(NaHSO3

respecting the solubility, but from acidic powerrgpective NaHSO,, is in better conditions

3
to NaHCOB. Being low of acid dissociation constant willsa the reduction of acid resolution
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and the changes dfl “'would not be significant in final point of the amti Being high of acid
constant will have reversal result and the curgeslient will be more

Effect of Concentration

Figs. 6 and 7 show the titration of NaBr with AghCboth titrate and titrant at two different 0.1
and .05M concentrations) using NaH{®aHSQ, NaHGO, and NaHCrQ as reagents. As, it
was expected from the K values of the weak acidssatubility products of them with Agon
NaHSQ reagent has the biggest dpH/dv value in the ptesmditions.

mmol of reagent

B05
o1pa

.

NaHTTO4 : '
St A gas N
NaHCrO4 -
NaHSO3  Titrate and Titrant

concentration

Figure 6. Comparison of four mediator mmoles (NaHCO3, NaHSO3, NaHC,0,4 and

NaHCrQ,) in the

titration of NaBr with silver nitrate for both 0.@hd 0.1M of titrate and titrant

z0

18
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1z
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dpHidv
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N

=

HaHC204 WaHCO3 MO MaHEOs Re Agents

Figure 7. Comparison of dpH/dv values of using four (NaHCO3, NaH SO3, NaHC,0, and
NaHCrO,4) mediatorsat optimal conditionsin the titration of NaBr with silver nitratefor

both 0.05 and 0.1M concentrations.
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Figs. 8 and 9 show, the results of precipitatitration using different titrant ( AgN©and
CuNGs ) for the measuring of NaBr solution. As it is seenFig. 8 and 9, clear different
variation in concentration of 'Hon in the end point will found. Hear, the amowofit NaHCQ
as mediator for the both simulation was the sariéis differences for the dpH/dv values ,
depends to the Ksp, K'sp,.iand K value of the salts and mediators.

NaBr 0.1M, AgNO3 0.1M, NaHCO3

dpHl/dv

8 10
ml of titrant

Figure 8. Comparison of different amounts of sodium hydrogen carbonate reagent in NaBr
titration with AgNO3, 0.1M

NaBr 0.1M, CuNO3 0.1M, NaHCO3

1.0e-2 mmol

15

dpH/dv

8 10
ml of titrant

Figure 9. Comparison of different amounts of sodium hydrogen carbonate reagent NaBr
titration with CuNOg3, 0.1M

www.scholarsresearchlibrary.com 24c¢



A Nezhadali et al Der Pharma Chemica, 2010, 2 (3): 242-250

REFERENCES

[1] T. Kee Hong , Hyang — Zoon Cza , M. H. Kim , f98CS National , Meeting , Boston ,
April 22-27 ,1990.

[2] N. Horea , J. Lorentz, H. Teodor, C. Claudia, Cb@&da , Some Application of Statistics in
Analytical Chemistry, Reviews in Analytical ChenmnistFreud Publishing Hous&999.

[3] C.C. Rundle, A Beginners Guide to lon Selective cEtele Measurement, Allured
Publishing Co. NewY or2000.

[4] M. Martin Todd, B.Gupta Ram, C. B Robeliisdus. & Eng. Chem. Res., 2000, 39, 185.

[5] M. Lelia, P.Miguel, L.Carlos, R. M Félix., S. U.&s] Chem. & Eng.Data, 2000,45, 86.

[6] E. Dunstan Dave, J. Stokédacromol., 2000, 33,193.

[7] F.Cedefio, M.Prieto Maria, J. XiberfaChemi. & Eng. Data, 2000, 45, 64.

[8] D. Wenbin, K. Kazuo, O. Kenji. Chem. & Eng. Data, 2000, 45, 6.

[9] C. Debashis, C. Vadapalli, B. Manish, K. RalphHerbert,Inorg. Chem., 2000, 39, 23.

[L0] M. Gabelnick, T. Aaron., A. Capitano, M.Kane SehrGland JohnJ. Am. Chem. Soc.,
2000, 1, 143.

[11] C. Séarbu, L. Jantschi, E. Validar&®v. Chimie, Bucuresti, 1998,49,19.

[12] H. Nascu, L.Jantschi, T.Hogan, C. Claudia, G. Gabrielanal. Chem.1999, 4009.

[13] L. Jantschi, International Scientific Conferencab@vo, Bulgaria2002.

www.scholarsresearchlibrary.com 25C



