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Experiment3 pH of Salt Solutions

Saltis a class of ionic compounds. Either soluble or slightly soluble, the amount that dissolves in
water completely ionizes into cation and anion, which are hydrated and dispersed in water. Water
molecules themselves interact with each other; one loses proton and the other gains proton,

H0 + H20 —> HsO%aq) + OH+(aq)

The concentrations of hydronium ions and hydroxide ions from ionization of water are equal;
pure water is considered as neutral. Cation in water will lose proton to water molecule which
then forms hydronium ion. The excess amount of hydronium ions thus produced cause the
solution acidic, for example,

ZnH206**(aq) + H20 ——  Zn(H20)3(0H)*(aq) + H30%aq)

Anion in water will gain prqton from water molecule which then remains as hydroxide ion. The
excess amount of hydroxide ions thus produced cause the solution basic, for example,

NOr(aq) + H2O0 —> HNOx(aq) + OH-(aq)

Spectator cations and anions which do not interact with watermolecule have no effect on the
water acidity or basicity. Some anions of polyprotic acids are amphoteric, for example,

H2PO4(aq) + H20 ——> HPOs?(aq) + H30%(aq)' K. =6.2x10"%
HoPOs(aq) + HaO ——> HiPOs(aq) + OH<(aq) Kp=14x10"12

The degree of ionization increases with the value of ionization constant. Since K. >K,, more
hydronium ions are produced than hydroxide ions. Dihydrogen phosphate ions make the solution
acidic.

The pH of an aqueous solution can be determined by color acid-base indicators orpH meter.
Acid-base indicators are weak acid or weak base which partially ionizes in water. Take, for
example,ionization of a weak acid indicator InH*, -

InH*aq) + H20 — In(aq) + HiO%aq)
pH = pKmm + . log {[In}/[InH*}}

where Ky, is the jonization constant of indicator. The acid form, InH*, and the base form, In,
appear in distinct colors. Theratio of these two color species depends on the hydronium ion
concentration. The ability of our naked eyeshas a limit to distinguish the shade of color in the
color ratio between 1/10and 10/1, or within pKy, +1. Beyond this color fransitionrange we see

either purely acid color or purely base color. An indicator can only shows a wide pH range of a
- solution. Tonarrow down the determination of pHrange, usually two or three indicators are
needed.

pH meter is a voltaic cell with a hydrogen ion-combination electrode that translates the cell
voltage into a pH reading. The pH thus determined is a point within the instrumental error,
usually within 0.1 pHunit with a student pHmeter. You will learn to determine the pHof0.10
M aqueous salt solutions by color indicators and by pH meter.

Procedure
A. Colors of Acid-Base Indicators

The acid-base indicators used are thymol blue, methyl orange, methyl red, and bromthymol
blue. Obtaintwo 4x3 well-plates and combine into a 4x6 well array. Add 10 drops each of
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1.0 M HCl (pH = 0) and buffers 1, 2,

and 3 separately to the four wells in the pH of Buffer
firstrow and then 1 drop of thymol blue Solutions

to each well. In the same manner, add
buffers 2,3, 4, and 5 and methyl orange @ @
to wells in the second row; buffers 4, 5,
6, and 7 and methyl red in the third row,
buffers 5,6, 7, and 8 and bromthymol
blue in the fourth row; and buffers §, 9,
10, and 11 and thymol blue in the fifth
row. A setof theseindicators colors in

ONO,
ONO,
various pH ranges is now displayed. | (5) (§)
®
O O

Thymol blue

Methy! orange

Methyl red

Referring to this color display, fill in the
report the acid color, base color, and
transition color of each indicator. Keep
the color display for Part B.

Thymolblue

®
®
@
Bromthymol blue
©
O

OGO

. Determination of pH by Acid-Base
Indicators
Obtain another two 4x3 well-plates
and make a 4x6 array. To each of four Indicator
wells in the firstrow, add 10 drops of . TB MO MR BB
0.10 M NaHSO,. In the same manner, N
add AICl;, NH,CI, NaCl, CH; COONa, :
and NaHCO,, to the second, third, O O O O
fourth, five, and six rows, respectively.
To each of six wells in the first O
column, add 1 drop of thymol blue O
O

NaHSOs

AlCh

(TB). In the same way, add methyl NELC

orange (MO), methyl red (MR), and [
bromthymol blue (BB), respectively, in
the second, third, and fourth columns.
Observe the colors shownin the first

row. Bstimate the pH range of O
NaHSO., by referring to the set of O

NaCl

CH3COONa

L . : NaHCO
indicator colors obtained in Part A. In :

the same manner, estimate the pH of
the other 0.10 M solutions.

. Measurement by pH Meter

Obtain six 50-mL beakers. Place about 25 mL of the 0.10 M solutions separately into each
beaker. Ask your instructor howto op erate pH meter. Based onthe result obtained with the
color indicators, select an appropriate buffer solution of pH4.00,7.00,0r 10.00 to calibrate
pH meter and determine the pH of each solution.

On the basis of the pH value obtained, write an ionization equatlon to show the acidic,
basic, or neutral property of each solution.

Chemicals

0.10 M solutions: NaHSOs, AlCls, NH4CL NaCL CH3COONa, NaHCO; (35 mL each).

0.05% Indicators: thymolblue, methyl orange, methylred, bromthymolblue (all in drop bottles).
1.00 M HCL, buffersof pH 1 — 11.
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Apparatus
pH meterwith combination electrodes; buffers of pH 4.00,7.00,2and 10.00; 50-mL beakers (6).
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Exp3 Report Name:

PH of Salt Solutions

A. Colors of Acid-Base Indicators
—Indicator Transition pH Acid Color Base Color Transition Color
thymolblue 165 | 12-18 | PinK — Peachh cols
methylorange 3.46 1 3.1 -44 Lf‘j h4 Pra KJ - L\'qh'\"ofa"@
methylred 5.00 42 - 63 | Poa 'k T oYanAC
bromthymolblue | 7.10 60 - 76 |\9h* Yeflow | Ligh*arcen Ligh+ ayecon
thymolblue 8.0 -9.0

0.10 M Solution

methylred

bromthymol
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NaHSO4

Light yellow
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C. pHbypH Meter
0.10 M Solution

Tonization Equation

NaHSO: 1273

AICI; [ 203

NH.CI SHA |
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Question '
1. An aqueous solution shows yellow with thymol blue, meth
pH range of the solution.

ylred, and bromthymol blue. Estimate the

2. Whatis the accuracy in pH measurement of color indicators? Of pH meter?
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