CH306/406
Name: 


Instrumental Analysis

Spring 2003

Exam #1

Directions:

•
There are 100 points possible on the exam.

•
It is the students’ responsibility to understand the questions. The instructor should be asked about any confusing or ambiguous questions.

•
Ambiguous or multiple answers will be marked incorrect.

Part I:
Fill in the blank(s) with the most appropriate word(s). Spelling counts.  (2 pts. for each blank)  

1.







 are criteria used to compare different instrumental methods to determine which would be best for a particular analysis.

2.





  describes the correctness of an experimental result (i.e. how close a measured value is to the known or accepted value).

3.
A(n) 




 is the component in a sample that the experimenter is attempting to measure either quantitatively or qualitatively.

4.







 is the range for an analytical method, which extends from the limit of quantitation to the limit of linearity on the calibration curve.

5.
The 



     method is used to determine the concentration of an analyte in a sample that is a complex matrix. This method is often referred to as “spiking”.

6.
Both 




 and 




       noise are frequency dependent and tend to increase at lower frequencies.
7.
A(n) 




 analog filter will remove high frequency noise from an analytical signal.

8.
According to Dr. Weisenseel, the minimum acceptable value of the correlation coefficient (r) for the fit of calibration data to a straight line is ________ .

9.





 is a mathematical process used in digital filtering to convert time domain data to frequency domain data, and vice versa.

Part II:
Multiple Choice. Indicate the most appropriate answer in the space provided. (3 pts. each)

1.


All of the following are figures of merit for measuring precision of data EXCEPT

A.
coefficient of variation

B.
standard deviation

C.
relative error

D.
relative standard deviation

E.
none of the above

2.


Consider two spectra of the same compound. The first spectrum was the result of ensemble averaging of sixteen individual spectra. The second spectrum was the result of the ensemble averaging of one thousand twenty-four spectra. When looking at the first spectrum and then the second spectrum, the signal-to-noise ratio would be expected to 

A.
increase by a factor of four

B.
increase by a factor of eight

C.
increase by a factor of sixteen

D.
increase by a factor of sixty-four

E.
none of the above

3.


Which of the following is considered a classical method of analyte separation?

A.
gel electrophoresis

B.
high performance liquid chromatography

C.
gas chromatography

D.
fractional distillation

E.
none of the above

4.


Which of the following types of noise can be reduced by narrowing the bandwidth of the instrument?

A.
Flicker Noise

B.
Shot Noise

C.
Chemical Noise

D.
Environmental Noise

E.
None of the above

5.


When boxcar averaging is used to enhance the signal-to-noise ratio

A.
the S/N will be enhanced by a factor of the square root of the number of averaged values.

B.
a narrow band filter is used. 

C.
only thermal noise will be removed.

D.
detail will be lost.

E.
none of the above

Part III.
Short Answers.

1.
List three performance characteristics commonly used when selecting an instrumental method. (6 pts.)

2.
List three characteristic properties that can be exploited by instrumental methods to obtain qualitative or quantitative information from an analyte. (6 pts.)

3.
Estimate the signal-to-noise ratio for the following data. (6 pts.)
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4.
What is the source of Johnson noise and how can it be reduced. (6 pts.)

5.
Differentiate between systematic error and random error. (4 pts.)

Part IV.
Problems. Show all your work for partial credit. Use the correct number of significant figures in your answers and circle your final answers.

1.
The following data were obtained for a voltage measurement, in mV, on a noisy system:

1.37, 1.88, 1.35, 1.47, 1.15, 1.64, 1.08

A.
Calculate the signal-to-noise ratio for the voltage data.  (6 pts.)

B.
How many pH measurements are required to obtain a signal-to-noise ratio of 15? (4 pts.)

2.
A ground water sample was analyzed for toluene by the standard additions method. Five 4.00-mL aliquots of the sample were placed in five separate 50.0-mL volumetric flasks. The first flask was set aside and exactly 2.00 mL, 4.00 mL, 6.00 mL, and 8.00 mL of a 10.25 ppm toluene standard was added to each of the other flasks, respectively. All flasks were diluted to volume with distilled water. The absorbance of each solution was measured by UV-Vis spectroscopy and a graph of absorbance vs. standard volume was plotted. Linear regression of the data resulted in a best-fit line with a slope of 0.254 absorbance units per mL and an intercept of 0.1021 absorbance units. Calculate the concentration of toluene in the ground water sample. (5 pts.)

3.
A calibration curve was established for the determination of thiocyanate ions in urine.  Twenty-five replicate determinations of the blank yielded a standard deviation of 1.85 response units. The slope of the calibration curve was 18.67 response unit per M thiocyanate.

A)
 What is the minimum detectable concentration (cm) of thiocyanate for this method?  (4 pts.)

B)
What is the limit of quantitation for thiocyanate by this method? (4 pts.)

3.
An aqueous sample containing lead was determined by atomic absorption spectroscopy. A set of Pb standards were prepared and analyzed resulting in the following calibration data:

	Pb Concentration (ppb)
	Corrected Absorbance
	xi2
	yi2
	xiyi

	0.00
	0.000
	0.000
	0.0000
	0.0000

	6.01
	0.088
	36.120
	0.0077
	0.5289

	21.40
	0.474
	457.960
	0.2247
	10.1436

	43.50
	0.992
	1892.250
	0.9841
	43.1520

	63.50
	1.485
	4032.250
	2.2052
	94.2975


A.
Determine the values of m, b, and r from the linear regression of the data. (10 pts.)

B.
The corrected absorbance of Pb in the sample was 0.636. Calculate the concentration of Pb in the sample. 
(4 pts.)
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