Chem 454 — instrumental Analysis — Exam 1 - February 6, 2008

Name:

1] A glass electrode was immersed into a solution of pH 4.33 gave a response of 677.1 mV. This electrode was used to
measure a sample solution and gave a response of 544.7 mV. What is the pH of the sample? (15 points)

2] A silver electrode responds with a potential of 0.729 V when 25.00 mL of 0.0400 M KBr solution is mixed with 20.00
mL of 0.200 M AgNOs(aq). What is the standard reduction potential of Ag"? What is the half reaction for that
E®? (See Homework Problem 22-5¢) (15 points) AgBr K, = 5.0e-13

3] Polarographic analysis of Cd** yielded a diffusion current of 2.89 pA for a 10.0 mL sample. A spike of 1.00
mL of 0.112 mM added to that sample yielded a diffusion current of 4.32 ypA. What is the concentration of
Cd* in the sample? (15 points)

4] Essay Question: What are the diffusion (or faradaic) and the capacitive current s in voltammetry?
Emphasize the differences between them, a diagram may be helpful. Which is the signal, and which is the
background? (15 points)

5] What is the 90% confidence interval for the following measurements? (15 points)

10.22 11.03 10.71 10.47 10.83

Half Reaction E°

0, + 4H" + 4e ---> 2H,0 +1.23

Fe(CN)s> + e ---> Fe(CN)s" +0.36

2H" +2e --->H, 0.00

Pb*" +2e --->Pb -0.126

PbSO, + 2e” --> Pb + SO,” -0.355

Fe’ +2e > Fe -0.41

6] Which of the species above is the strongest oxidizing agent? (5 points)
7] Which of the above is the strongest reducing agent? (5 points)

8] From the data in the Table above calculate the K, of PbSO,. (15 points)
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Answers

1] A glass electrode was immersed into a solution of pH 4.33 gave a response of 677.1 mV. This electrode was used to
measure a sample solution and gave a response of 544.7 mV. What is the pH of the sample? (15 points)

E = const + 0.0592 log(H") or E = const — 0.0592 pH
0.6771 = const —0.0592 (4.33) const =0.9333
0.5447 =0.9333 -0.0592 pH pH =6.56

2] A silver electrode responds with a potential of 0.729 V when 25.00 mL of 0.0400 M KBr solution is mixed with 20.00
mL of 0.200 M AgNOs(aq). What is the standard reduction potential of Ag'? What is the half reaction for that E°? (See
Homework Problem 22-5c) (15 points)

AgBr K, = 5.0e-13
mmol Br added = 25.0 mL (0.0400 M) = 1.00
mmol Ag* added = 20.0 mL (0.200 M) = 4.00
mmol Ag” left after precipitation = 4.00 — 1.00 = 3.00
[Ag'] = 3.00 mmol/45.0 mL = 6.67e-2
E = E°-0.0592 log (Ag")
0.729 V = E®-0.0592 log 1/(6.67e-2) E°= 0.799V Ag'+e-=Ag E°=0.799V

3] Polarographic analysis of Cd** yielded a diffusion current of 2.89 pA for a 10.0 mL sample. A spike of 1.00 mL of 0.112
mM added to that sample yielded a diffusion current of 4.32 pA. What is the concentration of Cd*" in the sample? (15
points)

We know that i a C Therefore: i,/i, = C1/C,
let x = conc [Cd*"] 2.89/4.32 = x/((0.112/11) + (10*x/11))
x=1.74e-2 mM

4] Essay Question: What are the diffusion (or faradaic) and the capactive current s in voltammetry? Emphasize the
differences between them. Which is the signal, and which is the background? (15 points)

5] What is the 90% confidence interval for the following measurements? (15 points)
10.22 11.03 10.71 10.47 10.83
x-bar = 10.65
s ={[(10.22-10.65)? + (11.03-10.65)* + (10.71-10.65)* + (10.47-10.65)* + (10.83-10.65)?]/(5-1)}*/* =0.32

1 = x-bar + ts/n*/? = 10.65 + 2.132(0.32)/5? = 10.65 + 0.31
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Half Reaction E°

0, + 4H" + 4e” ---> 2H,0 +1.23
Fe(CN)g> + e -—-> Fe(CN)g" +0.36
2H" +2e --->H, 0.00
Pb** +2e ---> Pb -0.126
PbSO, + 2e > Pb + SO, -0.355
Fe®* +2e -—->Fe -0.41

6] Which of the species above is the strongest oxidizing agent?

0,

7] Which of the above is the strongest reducing agent? (5 points)

Fe
8] From the data in the Table above calculate the K, of PbSO,. (15 points)
Cathode: PbSO, + 2" ---> Pb + SO,”
Anode: Pb ---> Pb*" + 2¢”
Cell Rxn and Kqp: PbSO,4 --> Pb** + 50,”
E°=-0.355+0.126 =-0.229 V
AG =-nFE=-RTInK
E° = 0.0592/n log K

-0.229 = 0.0592/2 log Ks, Ko =1.8e-8

(5 points)



|"Table 4-1 | Ordinate and area for the normal (Gaussian) error curve,

o th
V2w L - February 6™, 2008
ey Area® | [z| y Area lz| Area
0.0 03989 0.0000 1.4 01497 04192 | 28 00079 04974
0.1 03970 00398 | 1.5 01295 04332 | 29 00060 0498 I (Table 4-6! Values of O for
02 03910 00793 1.6 0.1109 04452 3.0 0.004 4 0.498 650 e s s
03 03814 01179 | 1.7 00941 04554 | 3.1 00033  0.499 032 rejection of data
04 03683 0.1554 | 1.8 0.0790 04641 | 3.2 0.0024 0.499 313 0 Number of
05 03521 01915| 19 00656 04713 | 3.3 00017 0499517 (90% confidence)® observations
0.6 03332 02258 | 20 00540 04773 | 34 00012 0499663
0.7 03123 02580 | 21 00440 04821 | 3.5 00009 0.499767 0.76 4
0.8 02897 0.288 1 22 00355 04861 3.6 00006 0499 841 0.64 5
09 02661 03159 | 23 0.0283 04893 | 3.7 0.0004 0.499 904 0.56 6
10 02420 03413 | 24 00224 04918 | 3.8 00003 0.499 928 0.51 7
1. 02179 03643 | 25 00175 04938 | 39 0.0002 0.499952 0.47 8
1.2 0.1942 03849 | 26 0.0136 04953 | 40 0.000 ] 0.499 968 0.44 9
1.3 0.171 4 0.403 2 27 0.010 4 0.496 5 0.41 10
[ Table 4-2| Values of Student’s ¢
Confidence level (%)
Degrees of freedom 50 90 95 98 99 99.5 99.9
1 1.000 6314 12,706 31.821 63.657 127.32 636.619
2 0.816 2920 4.303 6.965 9.925 14.089  31.598
3 0.765 2.353 3.182 4.541 5.841 7.453 12.924
4 0741 2132 2.776 3.747  4.604 5,598 8.610
5 0727 2015 2.571 3.365 4.032 4773 6.869
6 0.718 1.943 2447 3143  3.707 4317 5.959
7 0.711 1.895 2365 2998  3.500 4.029 5.408
8 0.706 1.860 2.306 2.896  3.355 3.832 5.041
9 0.703 1.833 2262  2.821  3.250 3.690 4,781
10 0.700 1.812 2.228 2.764 3.169 3.581 4.587
15 0,691 1,753 2.131 2.602 2.947 3,252 4,073
20 0.687 1.725 2.086 2528  2.845 3.153 3.850
25 0.684 1.708 2.060 2.485 2.787 3.078 3.725
30 0.683 1.697 2042 2457 2750 3.030 3.646
40 0.681 1.684 2.021 2423 2.704 2971 3.551
60 0.679 1.671 2.000 2390 2.660 2.915 3.460
120 0.677 1.658 1.980 2.358 2.617 2.860 3.373
e 0.674 1.645 1.960 2326 2.576 2.807 3.291
Critical values of F = s}/s3 at 95% confidence level
Degrees of Degrees of freedom for s
freedom
fors, 2 3 4 5 6 7 8 9 10 12 15 20 30 ®
2 19.0 19.2 19.2 19.3 19.3 194 19.4 19.4 194 19.4 19.4 19.4 19.5 19.5
3 9.55 9.28 9.12 | 9.01 8.94 | 8.89 8.84 | 8.8l 879 | 874 | 870 | 8.66 | 8.62 | 853
4 694 | 6.59 6.39 | 6.26 6.16 6.09 6.04 6.00 5.96 591 5.86 580 | 5.75 5.63
5 579 | 5.4l 519 | 505 | 495 | 488 | 482 | 477 | 474 | 468 | 462 | 456 | 450 | 436
6 514 476 | 453 439 | 428 | 4.21 415 | 410 | 406 | 400 | 394 | 3.87 3.81 3.67
7 474 435 412 | 397 | 387 | 379| 373 | 3.68 | 364 | 358 | 351 | 344 | 338 | 3.23
8 446 | 4.07 3.84 | 3.69| 3.58 350 344 | 339 3.35 3.28 322 | 3.15 3.08 2.93
9 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18 3.14 3.07 3.01 294 | 2.86 2.71
10 4.10 | 3.71 3.48 3.33 3.22 3.14 | 3.07 3.02 | 2.98 2.91 284 | 277 | 270 | 254
11 3.98 359 336 320 3.10| 3.01 2.95 290 | 2.85 279 | 272 | 2.65 2.57 2.40
12 3.88 349 326 | 3.11 3.00 | 291 2.85 280 | 275 269 | 262 | 254 | 247 2.30
13 3.81 3.41 3.18 302 | 292 2.83 2797 2.71 2.67 2.60 | 253 246 | 2.38 2.21
14 3.74 334 3.11 2.96 2.85 2.76 2.70 2.65 2.60 2.53 2.46 239 | 231 2.13
15 3.08 329 3.06| 290 | 279 | 271 264 | 259 | 254 248 | 240 | 2.33 2.25 2.07
16 3.63 3.24 | 3.01 2.85 274 | 266 | 259 | 254 | 249 | 242 | 235 228 | 2.19 | 2.01
17 359 320 296 | 28I 270 | 2.6l 2.55 249 | 245 238 | 231 223 2.15 1.96
18 356 | 3.16| 293 277 266 | 258 | 251 246 | 241 234 | 227 2.19 | 2.11 1.92
19 3.52 3.13 2.90 274 | 2.63 254 | 248 2.42 2.38 2.31 2.23 2.16 | 2.07 1.88
20 349 | 3.10| 2.87 2:71 2.60 | 251 2.45 239 | 235 228 | 220 212 | 2.04 1.84
30 332 292 269 253 242 233 227 221 216 209 201 1.93 1.84 1.62

oo 3.00 260 237 221 210 201 194 18 183 175 167 157 146 1.00
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You may keep these questions after the exam. Please record your name on the Scantron sheet and turn it in when you
are finished.

1] Raman Active stretches are a result of changes in:
a) Redox potential
b) Dipole Moment
c) Polarization
d) Intersystem Crossing
e) Overpotentials

2] Spectral absorbances in the near-IR region are a result of
a)Av=1
b) Av>1
c)Av<1
d)Av=0
e)Av=-1

Relative intensity

1\1/2 ")31___|

200 300 400 500 &00
Wavelength, nm

F = fluorescence; P = phosphorescence; E = excitation

3] In the diagram taken from your text (above) the three labeled regions represent
a) 1-F,2-P, 3-E
b) 1-P, 2-E, 3-F
¢) 1-E, 2-P,3-F
d) 1-P,2-F, 3-E
e) 1-E, 2-F,3-P
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Questions 4-8 regard the figure above

4] In the diagram above which of the following represent vibrational relaxations?
a)5s
b) 7
c1
d) 8
e)4d

5) Which of the following represent an absorbance?
a) 1
b)
c)
d)
e)

v A W N
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6] Which of following represents an emission?
a) 1
b)
c)
d)
e)

v A~ WN

7] Which of the following is an intersystem crossing?
a) 2
b)
c)
d)
e)

~ 010 -

8] Which of the following is a forbidden electronic state transition?
a) S,28S;
b) So=> S
c) $12%
d T:=2So
e) None of the above

Diaphragm

Source
Lens Sample

Computer
data system

© 2007 Thomson Higher Education
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9] The block diagram above is a representation of
a) FT-IR
b) photodiode array
c) CCD
d) scanning IR
e) potentiostat

10] Which of the following is a form of white noise?
a) shot noise
b) flicker noise
c) 60 Hz
d) Wlamp
e) rap & C+W music

11] Which of the following is a form of environmental noise?
a) shot noise
b) flicker noise
c) 60 Hz
d) W lamp
e) thermal noise

12] Why is spectrofluorometry potentially more sensitive than spectrophotometry?

a) the absorbance, A is not subject to shot noise

b) the absorbance, A is proportional to Py, whereas the analytical signal, F is proportional to the ratio Py/P
c) the analytical signal F is not subject to 60 Hz noise

d) the analytical signal, F is proportional to Py, whereas absorbance, A is proportional to the ratio Po/P

e) the absorbance, A is subject to 60 Hz noise

13] Which of the compounds above are expected to have greater fluorescent signal and why?
a) compound | because its longer lived triplet state
b) compound Il because of collisional deactivation
c) compound | because of great structural rigidity
d) compound Il because of great structural rigidity
e) compound | because of collisional deactivation
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Questions 14-17 are based on the diagram above. If needed ask the proctor to draw benzene and biphenyl on the chalk
board.

14] Which of spectra is most likely Na vapor?
a)
b)
c)
d)

15} Which is most likely biphenyl in hexane?
a)
b)
c)
d)
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16] Which is most likely benzene in hexane?
a)
b)
c)
d)

17] Which is most likely benzene vapor?

a)
b)
c)
d)
IR source
Interferometer
IR r_________i Movable
transducer : *T_FH— mirror
| |
i \_4
|

|
A\ ra_ Al R

|
: Beamsplitter

——— — (e ——]

Mirrors with

center hole
“““-—-—-—-.q________________h for laser beam
\ :::b—-ifﬁ7

Sample >
compartment

& 2007 Thomson Higher Education

18] The diagram above is a representation of
a) UV-vis absorbance spectrophotometer
b) Scanning IR
c) FT-IR
d) Fluorometer
e) monochrometer

| Laser

Laser
detector
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19] The diagram above is a representation of a
a) FT-IR
b) CCD spectrometer
c) PDA spectrometer
d) Scanning IR
e) Scanning UV-vis spectrophotometer

20] A Beer’s law measurement was made at 355 nm on a 9.00 mL sample with analyte X. Its absorbance A, was found to
be 0.200. A spike of 1.0 mL of 1.00 mM compound X was made on that sample and A was found to be 0.250. What is the
concentration of X in the sample?

a) 5.00 mM

b) 1.00 mM

c) 0.500 mM

d) 0.286 mM

e) 0.132 mM
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Exam 2 Answers
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0.200/0.250 = x/{(1/10)1.00 + (9/10)x}

X=0.286 mM



Name:

10 questions @10 points each

1] Describe chemical ionization in mass spectrometry. What type of information is it likely to give about
the analyte?

2] What is the electro-osmotic effect in capillary electrophoresis? Why do all species migrate to one
electrode? Do they migrate to the cathode or the anode? What is the general order of migration time
for cations, anions, and neutrals? Why are neutrals poorly resolved?

3] When considering the van Deemter equation, why does HPLC require small column packing particles?

4] What is gradient elution and how does this differ from an isocratic one? What advantage does
gradient elution have over isocratic separations? When using a C-18 stationary phase is it more
beneficial to increase or decrease m.p. eempeosition- polarity during elution?

5] What is meant by a bulk property detector? Give an example of an HPLC detector that is based on
bulk properties and one that is not.

6] Why do capillary columns predominate in analytical GC?
7] What is temperature programming in GC? How does it gain an advantage over single T separations?

8] What is the electron capture detector? Explain its basis for operation, why is N, necessary? What
types of species are detected with the ECD?

9] Generally, it is thought by many chromatography dilettantes that twice the column length
will give you twice the separation “power”. Comment on why this is false.

10] A GC-FID analysis was conducted on a soil sample containing pollutant X. The following
separations were conducted:

t/(minutes) peak area

Injection 1 21.1 ppm Toluene Internal Standard 10.11 36,242
33.4 ppm X 14.82 45,997
Injection 2 21.1 ppm Toluene Internal Standard 10.05 38,774
unknown concentration X 14.77 39,115

What is the concentration of X in the sample?

Chem 454 — Exam 3 — April 23, 2008 1



ANSWERS

1] Describe chemical ionization in mass spectrometry. What type of information is it likely to give about
the analyte?

See for example: http://en.wikipedia.org/wiki/Chemical ionization

2] What is the electro-osmotic effect in capillary electrophoresis? Why do all species migrate to one
electrode? Do they migrate to the cathode or the anode? What is the general order of migration time
for cations, anions, and neutrals? Why are neutrals poorly resolved?

http://en.wikipedia.org/wiki/Capillary electrophoresis

3]When considering the van Deemter equation, why does HPLC require small column packing particles?
H=A+B/u+Cu

In the v-D equation the MT effects predominate, i.e. Cu. Increasing the surface area/bulk ratio of
the s.p. is a way to great improve the MT between the two phases. This requires small diameter
supports for the s.p. The cost is the pressure required to squeeze the m.p. through the space
between the smaller diameter particles.

4] What is gradient elution and how does this differ from an isocratic one? What advantage does
gradient elution have over isocratic separations? When using a C-18 stationary phase is it more
beneficial to increase or decrease m.p. polarity during elution?

Gradient elutions vary the m.p. solvent composition and polarity during separation. This has an
advantage over isocratic separations where solvent compostions are kept constant. A gradient
elution will allow for the separation of a large variety of species with a broad spectrum of
polarities with a much shorter times than isocratic ones. Generally it’s best that polarity
decrease during separation when using a C-18 s.p. If a non-polar m.p. is used at the beginning of
the elution, there will be no retention between the solutes and the C-18 s.p.

5] What is meant by a bulk property detector? Give an example of an HPLC detector that is based on
bulk properties and one that is not.

See problem 28-7 h. Measure a physical property of the m.p. Example — UV-vis absorbance,
fluorescence techniques are examples of bulk property detectors. Electrochemical detectors are
not, since they are based on redox exchanges with solutes near the electrode surface.

6] Why do capillary columns predominate in analytical GC?

Again this gets back to the v-D eqgn. The B/u, longitudinal diffusion term contributes most to
band broadening in the gas phase. Capillary columns allow for the unobstructed and therefore
faster flow of the gaseous m.p. over their packed counterparts.

7] What is temperature programming in GC? How does it gain an advantage over single T separations?

Chem 454 — Exam 3 — April 23, 2008 2



By going from colder to warmer temperatures, it is possible to add another dimension
separation of solutes beyond the chromatographic ones. This is based on boiling point
differences. Generally the initial T is below that of the solutes species and slowly ramped up. See

also problem 27-3.

8] What is the electron capture detector? Explain its basis for operation, why is N, necessary? What

types of species are detected with the ECD?

See http://www.instrumentalchemistry.com/gasphase/pages/ecd.htm

Nickel-63 source emits energetic electrons collides with N, (introduced as make-up gas
or can be used as carrier gas) producing more electrons:

Ni-63 => e-

e-+N,=>2e-+ N,

The result is a constant current that is detected by the electron collector (anode).

FIGURE 18.10

Electron capture detec-
tor. (Courtesy of Varian
Associates.}
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Negative
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As an analyte flows through past the Ni-63 source electron capture is possible by
electron-withdrawing species:

A+e-=>A

Current decreases as a result of e- capture by analyte. This is one of the few instances in
which a signal is produced by a decrease in detectable phenomenon.

Sensitive to electron withdrawing groups especially towards organics containing —F, -Cl,
-Br, -l also, -CN, NO,

9] Generally, it is thought by many chromatography dilettantes that twice the column length
will give you twice the separation “power”. Comment on why this is false.

Remember that Rs a L2

. See chapter 26 pages 776-782. So 2x the column length
increase resolution by 1.4. Also remember that B/u effects increase with separation
time and 2x will increase t by 2x. Also, using a longer column uses more m.p. and

decreases experimental throughput.

10] A GC-FID analysis was conducted on a soil sample containing pollutant X. The following
separations were conducted:

t/(minutes) peak area

Injection 1 21.1 ppm Toluene Internal Standard 10.11 36,242
33.4 ppm X 14.82 45,997
Injection 2 21.1 ppm Toluene Internal Standard 10.05 38,774
unknown concentration X 14.77 39,115

What is the concentration of X in the sample?

39,115%(36,242/39,115)*(33.4ppm/45,997) = 26.3 ppm
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