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Investigating Conductivity
instructor notes

1.
For best results, condition the electrode in a standard conductivity solution for 3–5 minutes prior to use. Common standard solutions are 1413 μS/cm potassium chloride solution or 150 μS/cm potassium chloride solution. 
2.
The stored calibration should be sufficient for this experiment. If you wish to calibrate, the instructions can be found in the user manual. 
3.
For Part II, the specific cation is not important as long as it is consistent. 

HAZARD ALERTS

The chemical safety signal words used in this experiment (DANGER and WARNING) are part of the Globally Harmonized System of Classification and labeling of Chemicals (GHS). Refer to the Safety Data Sheet (SDS) that came with the chemical for proper handling, storage, and disposal information. These can also be found online from the manufacturer. 

Acetic acid, 0.1 M, CH3OOH: This chemical is considered nonhazardous according to GHS classifications. Treat all laboratory chemicals with caution. Prudent laboratory practices should be observed.

Hydrochloric acid, 0.1 M, HCl: DANGER: Causes severe skin and eye damage. Do not breathe mist, vapors, or spray. May cause respiratory irritation. May be harmful if swallowed. Industrial exposure to vapors and mists is listed as a known human carcinogen by International Agency for Research on Cancer (IARC).

Lithium chloride, 0.1 M, LiCl: WARNING: Causes eye and mild skin irritation. 

Potassium chloride, 0.05 M, KCl: This chemical is considered nonhazardous according to GHS classifications. Treat all laboratory chemicals with caution. Prudent laboratory practices should be observed.

Potassium iodide, 0.1 M, KI: WARNING: Causes skin and eye irritation.

Sodium perchlorate, 0.1 M, NaClO4: DANGER: May cause fire or explosion—strong oxidizer. Keep away from heat, clothing, and combustible materials. Take any precaution to avoid mixing with combustibles. Wear protective gloves, fire/flame resistant/retardant clothing, and eye and face protection. In case of fire, use dry sand, dry chemical, or alcohol-resistant foam for extinction. Dispose of contents/container at an approved waste disposal plant.

Sample results

Part I  Effect of Concentration on Conductivity 

	Volume 0.1 M HCl added 
(mL)
	[HCl]
(M)
	Conductivity
(μS/cm)

	0.0
	0.000
	0

	1.0
	0.001
	348

	2.0
	0.002
	756

	3.0
	0.003
	1124

	4.0
	0.004
	1660

	5.0
	0.005
	2060


	Volume 1.0 M HC2H3O2 added 
(mL)
	[HCl]
(M)
	Conductivity
(μS/cm)

	0.0
	0.000
	0

	1.0
	0.020
	216

	2.0
	0.040
	300

	3.0
	0.060
	390

	4.0
	0.080
	446

	5.0
	0.100
	500


Part II  Effect of Anion Size and Mass

	Sample
	Conductivity (μS/cm)
Trial 1
	Conductivity (μS/cm)
Trial 2
	Conductivity (μS/cm)
Trial 3
	Conductivity (μS/cm)
Average of 3 trials

	0.01 M KCl (aq)
	1324
	1349
	1355
	1343

	0.01 M KBr (aq)
	1490
	1465
	1479
	1478

	0.01 M KI (aq)
	1579
	1542
	1568
	1563


Part III  Effect of Charge

	Sample
	Conductivity (μS/cm)

Trial 1
	Conductivity (μS/cm)

Trial 2
	Conductivity (μS/cm)

Trial 3
	Conductivity (μS/cm)

Average of 3 trials

	0.01 M NaClO4 (aq)
	1430
	1465
	1451
	1449

	0.01 M MgSO4 (aq)
	1690
	1684
	1662
	1679


Part IV  Effect of Solvent on Conductivity

	Sample
	Conductivity (μS/cm)

Trial 1
	Conductivity (μS/cm)

Trial 2
	Conductivity (μS/cm)

Trial 3
	Conductivity (μS/cm)

Average of 3 trials

	0.016 M LiCl (aq)
	1629
	1648
	1654
	1644

	0.016 M LiCl (acetone)
	350
	362
	375
	362


Part V  Effect of Temperature on Conductivity

See Figure 3.
Answers to DATA ANALYSIS Questions
1.
For HCl, the conductivity increases linearly with increasing concentration; therefore, the percent ionized is the same regardless of concentration. Considering HCl is a strong acid, we can conclude that it is 100% ionized. For acetic acid, there is more to consider. The values are much lower and the plot is curved; therefore, the percent ionized does not stay fixed. Since the plot curves downwards, the percent ionized decreases with increasing concentration. Acetic acid is a weak electrolyte. 
Theoretically, the molar conductivity of an electrolyte would be independent of concentration if the conductivity were proportional to the concentration of the electrolyte. In practice, however, the molar conductivity is found to vary with the concentration, as seen in this experiment. One reason for the variation is that the number of ions in the solution might not be proportional to the concentration of the electrolyte. For example, the concentration of ions in a solution of a weak acid depends on the concentration of the acid in a complicated way, and doubling the concentration of the acid does not double the number of ions. Another issue is that ions interact with each other and tend to slow each other down leading to reduced conductivity. 
For additional information, see P.W. Atkins and J. de Paula, Physical Chemistry (7th edition) (Oxford University Press, Oxford, UK, 2002).
2.
After doing three trials, we can conclude that there is a statistically significant increase in conductivity as the anion size increases. While it is commonly thought that conductivity decreases with increasing ion size, this is theory only. The conductivity of ions in any material depends on two separate parameters: the number of charge carriers and their mobilities. Mobilities of ions in aqueous solution can be very complicated. One might expect that the smaller ions would have larger mobility, because their smaller size should encounter less frictional drag when moving through the solvent. However, the greater charge density of the smaller anions attracts a larger solvation shell than occurs on the anions. The entity moving through the solution in response to the electric field is not the "bare" anion but the anion "dressed" with its solvation shell. The larger solvation shell on the smaller ions causes more frictional drag and lower mobility. 

For additional information, see P.W. Atkins and J. de Paula, Physical Chemistry (7th edition) (Oxford University Press, Oxford, UK, 2002).
3.
Results indicate that the higher the charge, the greater the conductivity. The movement of more highly charged ions carries greater current and therefore implies greater conductivity. Justification for this is found in the mobility of the ions, as described above. 
4.
The solvent does have a large effect on the conductivity for LiCl. When it is dissolved in water, LiCl is far more conductive than when it is dissolved in acetone. This could be due to inadequate dissolution, solvation effects, or reactions with the solvent itself. 
5.
As temperature increases, the speed of the ions in solutions increases. When the ions move under a voltage field they move more easily and at greater speed resulting in higher conductivity.
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 Sample graphS
Figure 1  Effect of concentration on conductivity of hydrochloric acid
[image: image2.png]Conductivity (uS/cm)

500

300

100

\ \
0.001 0.003
Concentration of Acid (mol/L)

|
0.005





Figure 2  Effect of concentration on conductivity of acetic acid
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Figure 3  Effect of temperature on conductivity of KCl
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