
n

x

x i

i
=

−

 
1

2
_

−









−

=


n

xx

s i

i

 
n

t
x




_

=   G = 
|𝑣𝑎𝑙𝑢𝑒− 𝑥̅|

𝑠
 

 

 
 

2

2

2

1

s

s
F =   

21

2121

nn

nn

s

xx
t

pooled

calculated
+

−
=   𝑠𝑝𝑜𝑜𝑙𝑒𝑑 = √

𝑠1
2(𝑛1−1)+𝑠2

2(𝑛2−1)

𝑛1+𝑛2−2
 d.f. = n1 + n2 – 2 

 

2

2

2

1

2

1

21

n

s

n

s

xx
tcalculated

+

−
=   d.f. = 

( ) ( )
2

1

/

1

/

2

2

2

2

2

1

2

1

2

1

2

2

2

2

1

2

1

−





















+
+

+









+

n

ns

n

ns

n

s

n

s

  

 

][

][Re
ln0

Ox

d

nF

RT
EE cellcell −=  E = E0 – (0.0592/n) log [red]/[ox] 

 



  



Exam 1 * Chem 454 * February 6, 2019 

Name_________________________________________ 

80 points total – 10 points each. 

 

1) A LOD was measured for a lead analysis method. Below left are nine measurements for a 

blank and low Pb concentration signals. Their averages and standard deviations are show in 

each respective column. A calibration curve is on the right with a least squares best fit line 

shown. What is the LOD for this method? 1 

 

 

 
 

2)  Sketch and label a diagram that illustrates the concepts of  2 

 

a) linear range 

b) sensitivity 

c) dynamic range 

d) background  

 

3) What is the 95% confidence limit for the following set of data?  3 

Sample Signal 

1 21.56 mA 

2 27.25 mA 

3 25.53 mA 

4 24.99 mA 

5 24.43 mA 

Average 24.75 mA 

s  2.07   

  

y = 0.0724x - 3E-05
R² = 0.9973

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0 0.2 0.4 0.6 0.8 1

signal

Concentration, ppm 

 blank low conc 

 0.0006 0.0045 

 0.0012 0.0052 

 0.0022 0.0062 

 0.0005 0.0061 

 0.0016 0.0047 

 0.0008 0.0056 

 0.0017 0.0053 

 0.001 0.0041 

 0.0011 0.0052 

std dev 0.000556 0.000701 

avg 0.001189 0.005211 

 



 

4) Which if any of the following measurements can be excluded with 95% confidence? 4 

 

0.5980, 0.5993, 0.5995, 0.5997, 0.6010, 0.6400 

Average = 0.6062 s = 0.0166 

 

5) Arsenic in blood was measured by atomic absorption spectroscopy (AAS) and an 

electrochemical sensor (ES). The results are reported below with the standard deviations. 

 

AAS    ES 

As  0.069±0.005 ppb (n = 7) 0.063±0.008 ppb (n = 5)  

 

Are the standard deviations significantly different at the 95% confidence interval? Show your 

work.  5 

 

6) For  Fe3+ + e- → Fe2+ E0 = -0.441 V 

 

What is the single electrode potential if [Fe3+] = 0.0013 M and [Fe2+] = 0.015 M? 6 

 

7) What is E0
cell for the reaction below?  7 

 Hg2SO4(s) + 2e- = 2Hg(l) + SO4
2- 

 Given: 

 Hg2
2+ + 2e- = 2Hg(l)   E0

red = 0.796 V 

 Hg2SO4(s) = Hg2
2+ + SO4

2-  Ksp = 7.4e-7 

 

8)  In the following series which is the     8 

a. Strongest reducing agent? ______________________ 

b. Strongest oxidizing agent?______________________ 

c. Is NAD+ a strong reducing agent than NADH? _______ 



 
 

 

 

  



Answers 

1 LOD = 3s/m = 3*0.000701/7.24e-2 = 0.029 ppm 

 

 
2  

 
 

 
3 µ = x-bar ± (ts/√n)   C.L. = ±(2.776)*(2.07/√5) = 2.56   

 

There’s a 95% chance that the true mean lies in the interval 24.75 ± 2.56 

 
4  Use Grubbs Test for this,   G-calc = (0.6400 – 0.6062) / 0.0166 = 2.04  

 Locate G-Table for n = 6  G-table = 0.1822 

 

 G-calc > G-table  we may discard 0.6400 with 95% confidence  

 

 
5 Use F-test for this question.   

 

 F-calc = (0.008/0.005)2 = 2.6 

 

 F-table = 4.53  4 d.f. & 6 d.f.  F-calc < F-table  

 

 The s are not significantly different. 

 

 
6 Use the Nernst Equation:   E = E0 – (0.0592/n) log [red]/[ox] 

 

    E = -0.441 -0.0592 log [0.015]/[0.0013] = -0.504 V 
7 E = 0.796 – 0.0592/2 log 1/[Hg2

2+] 

 Ksp = 7.4e-7 = [Hg2
2+][SO4

2-] 

                                                 

Signal

Concentration

Limit of Detection

Linear Range

Dynamic Range

slope = sensitivity

Background



                                                                                                                                                             

 [Hg2
2+] = 7.4e-7/[SO4

2-] 

 E = 0.796 – 0.0592/2 log [SO4
2-]/7.4e-7 = 0.615 V 

 
8  

 

a. Strongest reducing agent? _______S2O4
2-________ 

b. Strongest oxidizing agent?_________O2_________ 

c. Is NAD+ a strong reducing agent than NADH? ___No____ 

NADH is the reducing agent. 
 


