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SUMMARY OF PROJECT CONCLUSIONS

This project, similar to Experiment #2, was designed to calculate the equivalent conductance of a KNO3 electrolyte solution at infinite dilution within ± 0.5 S-cm2/mol of the infinite dilution literature value of 144.9 S-cm2/mol.  Method and technique of data collecting and calculations were refined to achieve the desired results.  Refined techniques included a statistical method of determining the linear range, careful selection of volumetric flasks and more accurate solution creation. Experimental data produced results that, when analyzed with a linear regression based on Kohlrausch’s Law, produced a value of 144.8 with an 95% confidence interval of ( 0.8 S-cm2/mol, satisfying initial goals.  Additionally, a questionable literature value for the equivalent conductance of a 0.01M KNO3 solution (132.8 S-cm2/mol) was investigated.  Statistical testing using the t-test of significant difference demonstrated that the experimental value of 135.6 ( 1.0 S-cm2/mol is significantly different from the literature value at this concentration.
Objectives

The equivalent conductance of KNO3 at infinite dilution was investigated in order to devise an experimental protocol that maximizes overall accuracy.  The fundamental principle involved in the experiment was the adherence of electrolyte solutions to Kohlrausch’s law.  Equivalent conductance of electrolytic solutions can be determined for finite concentrations.  The value at infinite dilution, however, must be found by performing a regression of the collected values of equivalent conductance to find the value at the y-intercept, in other words a concentration of 0 M.  Previous experimentation of the same electrolyte yielded results that were significantly different from the literature value with a large 95% confidence interval (( 9.01 S-cm2/mol corresponding to 6.35% of the determined value).  Therefore, it was necessary to make procedural modifications in order to achieve a higher level of accuracy.  Experimenters hypothesized that a value for equivalent conductance of 144.9 S-cm2/mol at infinite dilution within ( 0.5 S-cm2/mol of the stated literature value with a confidence interval of 1.0 S-cm2/mol could be obtained due to the uncertainty of the instruments used.  It was additionally noted that at a concentration of 0.1 M on the Kohlrausch plot of the literature values, there was an equivalent conductance that noticeably deviated from the line formed by the other values.  This suspicious point was expected to be a recurring misprint in the manual and was also investigated.  In order to achieve the highest level of accuracy and to achieve the two main goals, several procedural modifications were made and will be suggested to further improve the success of this experiment.  

Background for proposed project

In order to successfully complete this experiment, it was necessary to consult various sources for formulas, standard values, and background information.  The Handbook of Chemistry and Physics, a common source of trusted literature data, provided a table of electrolyte concentrations (M) and their respective equivalent conductance values (S-cm2/mol), including the values for the experimental solution, KNO3.  Within this data table, a possibly questionable literature value was found.  This data table was essential to the experiment for it provided a basis of comparison in determining the relative accuracy and precision of experimental data. For known concentrations of KCl, the referenced data also provided a ( (specific conductance, S/cm) that allowed experimenters to calibrate conductivity cells and find their cell constants, K (cm-1) using an equation from the lab manual. 

To convert raw data into meaningful results via calculations, many of the formulas in the lab manual were utilized.  To supplement these, Physical Chemistry, Third Edition, a comprehensive introduction to physical chemistry text, was consulted for further background on conductance of electrolyte solutions. 

In the early phases of the experiment, experimental data was found to produce unexpected and unpredictable results.  Method and technique were analyzed and initially refined, but the difficulty was eventually solved by the discovery of Bioelectrochemistry: A General Introduction.  This source highlighted the importance of leaving at least an hour in the constant temperature (25(C) water bath between the dissolving of solid and the testing of the solution to ensure the equalizing of the temperature and the accompanying concentration gradient throughout the solution.  This additional time in the water bath then ensures a more accurate resistance reading, and therefore a more accurate equivalent conductance.

Theory and Methods of Calculation
Due to the similarity between this project and Experiment 2, most of the necessary equations and methods of calculation implemented, are identical to those presented in the lab manual.  However, the units of the equations presented in the lab manual (R=K/( and (=(/Cq) are not compatible with the common units of other collected data when the equations are combined into (=K/RCq.   To match the common units of (, S-cm2/mol, with the units of C, mol/L, a conversion factor of 1000 between L to cm3 (1L = 1000 cm3) is used.  The resulting equation used throughout the determination of solution equivalent conductance is therefore:

(=1000K/Rq.

Materials,  Apparatus, Methods

The materials, methods and apparati described in the lab manual were used in experimentation.  However, there were several important changes and additions that should be noted.  First, the use of 1-L flasks (rather than 0.5 L or 0.1 L) for all preparation of solutions was crucial to the outcome of experiments.  While these larger flasks have a greater nominal volumetric uncertainty associated with them, they are superior to flasks that use smaller volumes because any loss of mass of the solid does not affect the concentration as greatly.  Also, small droplets of water adhering to the cell after rinsing would have a larger impact on smaller volumes.  The standard electrolyte used to determine the K value of the cell constants was KCl and the experimental electrolyte was KNO3.  The solutions were both prepared by taking the solid electrolyte and dissolving the specific mass into deionized water. The weighing paper used to measure out the solid mass was always rinsed into the solution with deionized water to carefully assure complete transfer.  Another addition was the design and utilization of an effective water bath.  Solutions for both calibration of cell constants and experimental determination of resistances were kept at a constant temperature for at least 1 hour prior to taking any measurements.  It was also important to carefully determine the concentration range and specific concentrations used prior to any lab work.  The Kohlrausch plot is on a square root scale of concentration and it was necessary to consider concentration changes in terms of C1/2.  Only the cell constant “K=1” was used in experiment because of its appropriate function over the range of concentrations used.  

Results
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In order to find the equivalent conductance of KNO3 solutions, the conductivity cells must be calibrated with a KCl solution of known conductance, 0.001408 S/cm.

Table 1 presents the measured values of resistance and the corresponding value for K, the cell constant for each 0.01 M solution of KCl.  The best value of 1.024 cm-1 and the 95% confidence interval of (0.0022 cm-1 about this value are also shown.
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With the value for K of 1.024 ( .0022 cm-1, the equivalent conductance of the KNO3 was measured to determine a hypothetical value of the equivalent conductance at infinite dilution. 
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Figure 1 presents the plot of (, equivalent conductance, versus C1/2, square root of concentration.  Literature values are also plotted for comparison.  The deviation at 0.1M1/2, or 0.01M, between the value provided in the Handbook of Chemistry and Physics and the trials performed should be noted and is the focus of Table 2. 
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Figure 2 presents the regression used to determine the equivalent conductance at infinite-dilution. (0 was found to be 144.7 S-cm2/mol with a 95% confidence interval of (0.8 S-cm2/mol.  
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Table 2 presents the measured ( values for the three tested solutions of 0.01M KNO3. The deviation between the best (average) value and the literature value will be investigated in the analysis section.

Discussion and Analysis of Results.  

The equivalent conductance for KNO3 solutions of six different concentrations, ranging from 0.0005 to 0.02 M, was plotted against the square root of concentration, to form a Kohlrausch plot.  

The Kohlrausch plot for the data showed linearity as expected.  The equivalent conductance at infinite dilution, the y-intercept of the Kohlrausch plot, was found to be 144.7 ( 0.8 (confidence interval) S-cm2/mol based on a linear regression analysis of the graph seen in Figure 2.  

A t-test of significance was used to compare the equivalent conductance at infinite dilution given in the literature against the experimental.  The two values were not significantly different at the 95% confidence interval.  Experimentation concludes that the equivalent conductance of KNO3 at infinite dilution is equal to 144.7 ( 0.8 S-cm2 with no significant difference with the value agreed upon in the literature.

It was hypothesized that a data point in the literature values was incorrect due to a transcribing error that has propagated for over 30 years, and that the experimental value would be significantly different at a concentration of 0.1 M.  In order to determine whether this hypothesis was correct, a t-test was performed on all of the experimental data point for which literature values were available.  Out of the three concentrations having literature values, the point that showed significant difference from the literature value at 95% confidence level was the value of (0 at 0.01M.




Conclusions 

1. The equivalent conductance of KNO3 at infinite dilution is 144.8 ( 0.8 S-cm2/mol.

2. This value was within ( 0.5 S-cm2/mol of the literature value, 144.9 S-cm2/mol, indicating the suggested improvements to the experimental procedure can produce accurate and precise results.

3. The experimental value of equivalent conductance for 0.01M KNO3 of 135.6 ( 1.0 (95% confidence interval) S-cm2/mol is significantly different from the literature value at this concentration, 132.8 S-cm2/mol.
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Table 3:- t-test of significance for three experimental data points having equivalent conductance values listed in the literature.  Only for C=0.01 M does the t-experimental exceed the t-allowable.  





Table 4:- data for C=0.01 M, found to be significantly different from the literature value for equivalent conductance. 





Table 1: Determination of cell constant with 0.01M solutions of KCl








Figure 2: Plot of regression line used to determine (0.





Table 2: Summary of Trials of Equivalent Conductance for 0.01M solution of KNO3








Figure 1: Kohlrausch Plot of Equivalent Conductance vs. Square Root of Concentration for KNO�3 Solutions.  (Error bars have been omitted for figure clarity since range of error cannot be displayed meaningfully using this scaling.)








