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Exam 1 * Chem 454 * February 9, 2018 

Name_________________________________________ 

 

1] The linear range of a glass pH electrode is pH =_____________ to pH =____________.1 

 

 

2] The potential of the Ag/AgCl electrode is 0.0.257 volts vs. S.H.E in the cell below.  

 

 
 

Given the standard reduction potential: AgCl(s) + e-  Ag(s) + Cl- E0 = 0.222 V 

 

Calculate the concentration of KCl in this electrode.2 

 

3) Sketch the configuration of a modern commercial pH/reference electrode configuration.3 

 

4] Which of the equations on the formula sheet would best describe precision? 4 

 

5] The Pb content of a clay was determined. The following results are reported in ppm. 

 

19.941 19.812 19.829 19.828 19.742 

19.797 19.937 19.847 19.885 19.804 

 

The mean is 19.842 ppm with s = 0.0627 ppm. 

Report the 95% confidence interval for that mean. 5 

  



6] Which of the following samples would be suitable for analysis by a calibration curve 

technique using a potentiometric device? Which would require a standard addition type of 

analysis in all likelihood? 6 

a) Ca2+ in milk  b) Cu2+ in distilled water  c) Cl- in blood  d) F- in tooth paste 

   

 

7] The response of a Cl- ISE electrode was a -455 mV in a solution of 4.33e-3 M KCl. An 

unknown solution gave a potential -474 mV. What is [Cl-] of this unknown? 7 

 

8] Fluoride concentration was determined with an ISE. A 5.00-mL aliquot of sample was diluted 

to 10.00-mL with doubly distilled water. The F- ISE response was measured as -255 mV. To 

another 5.00-mL aliquot of sample was added 5.00-mL of 1.66e-3 M NaF solution. Its ISE 

response was measured as -301 mV. What is the concentration of F- in the sample? 8 

 

9] Sketch the Gaussian curves that describe the limits of detection. Be sure to include enough 

information that makes clear the concept of LOD. What is the simple formula that allows you to 

calculate the LOD? 9 

 

Answers 

1 about pH = 2 to pH = 10 

 
2 E = 0.222 – 0.0592 log [Cl-] = 0.257  [Cl-] = 0.256 M 

 
3 

  

                                                 

 

 Ref-1  Ref-

2 

 

Voltmeter 

Glass Membrane Bulb 

– Very Fragile! 

Sample Solution with unknown pH 

Concentric glass tubes 

Porous Glass 

Frit/Salt Bridge 

0.1 M HCl(aq) 
 

Saturated 

KCl(aq) 



                                                                                                                                                             

 
4 Standard deviation, Equation 2 

 

5 
n

t
x




_

  u = 19.842 ± 2.262 (0.0627/√10) = 19.842 ± 0.0448 

 

There is a 95% chance that true mean lies between 19.797 and 19.887 

 
6 There can be several ways of answering this question. I will evaluate each based on what you 

write in your essay. Most likely a), c) and possibly d) will require standard addition type 

analyses. There is little likelihood of obtaining zero-concentration analyte samples of a) and c). It 

might be possible to obtain zero-concentration F- in toothpaste but difficult. Calibration curve is 

possible with b) and d). 

 
7  E = const – 0.0592 log [Cl-] 

-0.455 V = const – 0.0592 log [4.33e-3] 

Const = -0.595 

 

-0.474 = -0.595 – 0.0592 log [Cl-] 

[Cl-] = 9.04e-3 M 

 

 
8 E = const – 0.0592 log[F-] 

 

Let x = conc of F- in sample 

 

Conc of F- after dilution = (5.00/10.00)*1.66e-3 = 8.30e-4 M 

 

First response:   -0.255 = const – 0.0592 log (x) 

 Second:  -0.301 = const – 0.0592 log (x + 8.30e-4) 

  

Subtract the 2 equations: 

 

-0.255 = const – 0.0592 log (x) 

 -(-0.301 = const – 0.0592 log (x + 8.30e-4)) 

 

 

0.0460 = 0.0592 log (x + 8.30e-4)/x 

 x = 6.97e-5 M    sample = 2x = 3.33e-4 M 
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The LOD is where we are 99% confident that the signal we are measuring for a low concentration analyte (sample in 

the figure) is not the blank. This requires the mean signal values for the blank and the low concentration 

measurement is 3.1 standard deviations apart.  

 

LOD = 3s/m 


