CHEM 322 Name
Exam 3 Fall 2009

Due at the beginning of class Monday, October 16
NO LATE PAPERS ACCEPTED!

Complete these problems on separate paper and staple it to these sheets when you are
finished. Please put your name or initials on each sheet as well. Clearly mark your answers.
YOU MUST SHOW YOUR WORK TO RECEIVE CREDIT.

Instructions

e This is NOT an open-book, open-note take exam. You MAY NOT consult any human or
nonhuman resource besides Dr. Lamp as you complete the exam. This exam MUST be
completed INDIVIDUALLY and in your own words. Group work or plagiarism will result in a
zero for the exam.

¢ You will be allowed to ask Dr. Lamp a maximum of two (2) questions regarding the exam.
Additional questions may be asked at a 3-point penalty per question. If you are working on
the exam in the evening, you may try to reach Dr. Lamp on his cell phone at 660-341-0067
before 10:00 PM.

o Before opening the exam, prepare for it like you would for a traditional, in-class exam.
Review concepts and examples from the text, as well as those discussed in class. This
preparation will help to maximize your effort on the exam and allow you to complete it more
efficiently.

Time Restriction

You may spend no more than two (2) hours working on this exam. This must be in one
continuous block of time. You are on your honor to adhere to this restriction and record the time
spent in the chart below.

Date Time Began Time Finished Total Time

Total Time Spent on the Exam

Pledge

| pledge on my honor that | have completed the exam in accordance with the above instructions
and that | have not provided or received unethical assistance. | realize that failure to comply
with these instructions will result in a score of zero on the exam.

Signature Date




Complete these problems on separate paper and staple it to this sheet when you are finished.
Please initial each sheet as well. Clearly mark your answers. YOU MUST SHOW YOUR
WORK TO RECEIVE CREDIT.

Warm-up (2 points each)
1. A cascade of electrons between a series of inan
electron multiplier results in the high sensitivity of the device.

2. A fourier transform must be applied to deconvolute the mass spectrum from data obtained
from an mass analyzer..

Answer in a sentence or two, or with a calculation. Complete seven of the following.
Clearly indicate which problem is not to be graded. (14 points each)

3. Mass spectra from electron impact (El) sources are typically much more complicated than
those from chemical ionization (Cl), explain why this is the case. Why do typical MS
instruments designed for organic mass spectrometry often have both El and CI capabilities?

4. The overall resolving power of a mass spectrometer is the result of limitations from all
components of the MS. Describe how each of the following serves to limit resolution in a
MS experiment.

a. The ionization source (such as an El source)
b. The mass analyzer (such as a quadropole)
c. The detector (such as an electron multiplier)

5. Electrospray ionization (ESI) and MALDI are two relatively new approaches to ionizing large
molecules. Compare how ions are formed in each process and discuss the similarities and
differences in the spectra observed from the two sources.

6. Both inductively coupled plasma (ICP) and atmospheric pressure chemical ionization (APCI)
sources use similar approaches to interface the source to a mass analyzer. Sketch the
interface used and describe how the interface allows the two different pressure regimes to
work together.

7. Describe the phenomena that give rise to Raman scattering.

8. Generally, absorption bands in atomic spectra are much narrower than those in spectra of
molecules. Clearly explain why this is so, using orbital energy diagrams to illustrate your
points.

9. Currently, two of the most popular mass analyzers are the quadropole mass filter and the
time of flight mass analyzer. These two devices have very different principles of operation.
Clearly describe how each device serves to separate ions and the key benefits and
limitations of each device.

10. The mating of mass spectrometry and separations techniques has been and continues to be
an area of great interest. Why is this so? Select one separation technique and clearly
describe how mass spectrometry has been incorporated as a detection scheme for the
separation. Draw a diagram of the instrument and describe in detail how the separation and
mass analysis components are interfaced and how ions are formed.



Possibly Useful Information

hc }
E=—=hv c=3.00x 10° ms™
A
RT 5cm mv 2
h= N Fy = Bzev = =F
V2rd®N,P  mtorr M c
2.2
m B°ree
— = =F, Uge + Vac COS o t
Z 2V
PERIODIC CHART OF THE ELEMENTS NERT
IA A 1B IYB V¥B ¥YIB VYIIB ¥l IB 1B A I¥YA YA  YIA YIA GASES
1 1 Z
H H |He
1.00797 1.00797§4.0026
3 4 5 6 7 g g [ 10
Li B O
6.939 [a0122 10,811 (120112 (14 0067 |15.9994 | 15,9954 20,183
| 12 TS [ 14 | 15 [ 16 | 17 [ 18
a Mg Si S
229598243 2698150 25,086 |30.9738| 32.064 | 35453 | 39.9458
19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35 | 36
K |Ca|lSc|Ti |V |Cr MnlFe|Co |NiI |Cu|Zn |Ga|Ge|As|Se|Br |Kr
39.102 | 40.08 [44.9%6 | 47.90 | 50942 | 51.996 |54.9350 | 55.847 [58.9332 | 558.71 6354 | B5.37 [ 6972 | 72.59 PF4.9216) TE96 | 79.909 | &3.80
37 | 38 | 39 [ 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 [ S50 | 51 ]| 52 | 53 | 54
BRb|Sr | Y |Zr [INb|Mo|Tc¢ |Ru|RBh |Pd Aﬂg Cd|In [Sn|Sb|Te Xe
G547 | 87.62 [88.905 | 91.22 | 92906 | 95.94 [99) 101,07 (102905 1064 (107870 11240 | 114.52 | 11569 [121.75 P 127.60 |[126.904 4 131.530
55 | 56 |%57 | 72 | 13 | 74 | 75 | 76 | 77 | 78 | /9 | 80 | 81 | 82 | 83 | 84 | 85 [ 86
Ba Re |Os|Ir H Pb Po| At
1328905 13734 | 138.91 | 17849 |[1580.948 | 183,85 | 186.2 140.2 1822 | 195.08 (196 967 | 200. 204 37 [ 20719 [208.980( (210 [210] [222]
87 | 88 |89 | 104 | 105 [ 106 | 107 | 108 | 108 [ 110 [ 111 | 112
Fr |Ra |Ac |Rf Db Sg BhiHs Mt | ? |7 | %
rzz3) | (2260 | (zem | 26N | (2621 | (26 (2621 | 1265 | (2681 | (270 | (272 | (2TM
Numbers in parenthesis are mass % | apthanicde Series
o g o oble ormost 58 | 50 | 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 68 | 70 | 71
o weihts sommotes o Ce|Pr [INdPm|Sm|Eu|Gd|Tb |DyHo |Er [Tm|Yb|Lu
onforn oo 1ats vees ot the | 190.12 [140.907 | 194.24 | (1470 | 150.35 [ 151.96 | 157.25 [158.924 ] 162.50 |164.930| 167.26 |168.93¢ | 173.04 | 174.97
Commission on Atomic Weights. F Actinide Series
- g0 | 91 | 92 | 93 | 94 | 95 | 96 | 97 | 98 | 99 [{00 [ 101 | 102 [ 103
The group desighations used
b he f i
hers arethe fomer Chenics NP PulAm(Cm|Bk |Cf |[Es |Fm|Md|No
232,038 | (2310 |236.03 | (230 | (2420 | (2430 | (247 | (247 | (249 | (254) | (253 | (256) | (256] | (257)




