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Lessons

Trainee will be able to apply his knowledge of wet chemical
and/or instrumental analysis in employment of current
methodologies for evaluating the typical work environment.

Trainee will be able to perform and evaluate quantitative
analytical determinations for four classes (types) of hazardous
substances using a correspondingly different method for each
class or type.

Given the analytical results obtained through proper measure-
ment procedures, the trainee will be able to define the data
in terms of actual environmental concentration levels and to
interpret the results in light of existing exposure standards.

18 lessons are presented in this course:

Introduction to Course

Introductory Topics

Direct Reading Instruments

Air Flow Calibration and Sampling

Ion Selective Electrode Laboratory

Introduction to Spectrophotometry

Instrumentation and Application of Spectrophotometry
Colorimetric Determination of Free Silica (Quartz) La,bo'ratory
Introduction to Spectroscopy

Atomic Absorption Spectrometry

Atomic Absorption Spectrometry Laboratory
Introduction to Chromatography

Insturmentation and Application of Chromatography
Gas Chromatography of Organic Solvents Laboratory
Titrametric Determination of SO, Laboratory
Colorimetric Determination of SO Laboratory
Biological Monitoring

Related Topics
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Liectures

Each lesson that is to be presented as a lecture is documented
in a standardized format.

A,

Lecture Cover Sheet

A cover sheet for each lecture presents the following
information: '

5 Lesson title

. Lesson number and length

. Behavioral objective

. Scope of the lesson

. List of visuals

. List of exhibits

. List of equipment needed for the lesson
References

After the cover sheet, there is a list of references. These
references are keyed to the paragraphs within each lesson.
The number in parenthesis following each paragraph is the
reference number., These references are included so that
the instructor, if he wishes, may further research specific
instructional subject matter.

Additional Readings

Following the reference list, in most lessons, is another
listing called ""Additional Reading.' This bibliography con-
tains books and articles which are generally pertinent to

the subject area covered in this lesson. These are considered
as important secondary reference sources.,

Expanded Outline (left-hand page)

On the left-hand page, beginning after the Additional Readings
section, is an expanded outline. This outline indicates the
information that should be emphasized and covered during the
lecture. The sequence of the outline should be followed during






G. Self Tests

Self tests are included after most lessons. The Instructor
Manual contains the correct answers, whereas the Student
Manual does not. The students should first answer the
questions, and then the instructor should review the answers,
explaining fully the reasons for the correct answers. The self
tests are not scored by the instructor and no records are kept
of the individual student's performance. The instructor should
use the information from the discussion of self tests to remove
student misunderstandings or lack of understanding.

H., Copies of Visuals

Copies of visuals that are to be shown in a lecture are included
at the end of that lesson documentation. These can be useful
in preparing for the lecture presentation.

L Homework

No specific homework assignments are included within the
lesson documentation., However, there is a great quantity

of information for the students to absorb during this one-week
course. Therefore, students should be urged to review nightly
all lessons covered during the day and all lessons to be pre-
sented on the following day. In particular, they should become
familiar with the laboratory procedures for the following day.
There is much to be accomplished in every laboratory and
little time to do it, If the students are familiar with the pro-
cedure, the laboratory experiments will progress much more
smoothly.

Laboratories

Each lesson that is to be presented as a laboratory is documented
in standardized format consisting of four elements.

A. Laboratory Cover Sheet

A cover sheet for each laboratory presents the following
information:
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. Lesson title

. Lesson number and length

. Behavioral objective

. Scope of the lesson

. List of equipment, apparatus and forms

Special Preparation Section

This section will follow the laboratory cover sheet, and in-
cludes specific directions that must be followed prior to
actual class time. These instructions are concerned with
the preparation of apparatus, facilities, chemicals and
materials that are necessary for the laboratory session.

Laboratory Procedures

The procedures for performing each laboratory are fully
documented on the left-hand page. The elapsed and pro-
jected times are indicated for some lessons with the elapsed
times appearing in parentheses. The right-hand page is a
blank page for notes on specifics of the laboratory to aid the
individual instructor in giving an efficient lesson.

Figures and Forms

Equipment figures and student forms are included after the
procedures. The figures are presented to aid the instructor
in setting up the experimental equipment. The forms are to
be used by the students during the laboratory to assist them
in recording, calculating and analyzing data.
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LESSON TITLE

Introduction to Spectroscopy

LESSON
NUMBER

LESSON
LENGTH

2:15

BEHAVIORAL OBJECTIVE

and flame emission analysis.

The student will be able to list the uses, conditions, sampling constraints
and applications for x-ray diffraction, x-ray fluorescence, optical emission,

SCOPE

Definition and description

Origins of atomic spectra
Spectral dispersion and resolution
X-ray diffraction

X-ray fluorescence

Optical emission

VISUALS

9-1 through 9-14

EXHIBITS

Exhibit
Exercise

9-1
9.1

EQUIPMENT

Overhead projector
35 mm projector
Screen

Blackboard

Chalk
















Times
NOTES (elapsed)
projected

LESSON OUTLINE

(===)

A. Definition and Description

1. Atomic spectroscopy--measurement between
atoms and radiation

2. Spectroscopy creates wavelengths--x-ray

absorption, emission and fluorescence

3. History--Newton, Wollaston, Fraunhofer,
Kirchoff, Rowland, Balmer







Times

NOTES (elapsed) LESSON OUTLINE
projected
Write equations on the 4, Planck's equation:

blackboard as you are

discussing them. E -

D -

hv
1
A
o

E = (he)v







Times
NOTES (elapsed)

projected

LESSON OUTLINE

(0: 10)
(Transition A. -B.)
From a general
discussion of spectro-
scopy to the details
of atomic spectra.

0:20

Write equations on
blackboard. Cover
all equations quickly.
It is not important

for students to
memorize them. It
is important for them-
to understand the
basic concepts.

5. Planck's constant is universal, electron volts

B. Origins of Atomic Spectra

1. Balmer equation:
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Times
NOTES (elapsed)

LESSON OUTLINE

projected
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Exhibit 9-1 3. First three series of hydrogen







Times
NOTES (elapsed)
projected

LESSON OUTLINE

40 v = R(Z-G )ZK







Times

NOTES (elapsed) LESSON OUTLINE
projected

6. Quantum numbers

7. Pauli's exclusion principle







Times

NOTES (elapsed) LESSON OUTLINE
projected
8. Total angular momentum--effect of spin
quantum energyv level
Visual 9-1 9. Resonance lines--alkali elements
10. Ion spectra = spectra of next lower atom
11. Production of atomic spectra, release analyte

to ground then to photon energy







Times
NOTES (elapsed)
projected

LESSON OUTLINE

Visual 9-2

(---)
(Transition B. -C.)
From a general
theoretical discussion
of atomic spectra to

the basis for spectral

dispersion and resol-
ution used in
spectroscopy.

0:30

12. Production of x-ray fluroescence

13, X-ray fluorescence and samples used

C. Spectral Dispersion and Resolution

1. Dispersion and resolution--related through
optics but independent functions







Times
NOTES (elapsed)

projected

LESSON OUTLINE

Exercise 9-1

Spend about 15
minutes total on this
exercise.

Visual 9-3

2. Diffraction by crystals and gratings

3. Bragg reflection

4. Derive equation

5. Interferences due to overlapping orders of
nA '




EXERCISE 9 - 1 Page 1 of 2

LESSON TITLE LESSON NUMBER

Introduction to Spectroscopy 9

A parallel beam of wavelength Ais incident upon a crystal of d spacing in
the lattice. The reflected beam angle equals the incident beam angle and

the reflected beam is a maximum because it is reinforced. Derive Bragg's
Law for diffraction. '
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EXERCISE

9-1

Page 2 of 2

LESSON TITLE

Introduction to Spectroscopy

LESSON NUMBER

9

Solution:

2. DB

1]

d

i 8 AB=BC=d (sing)

4., AB + BC

5. Therefore: nA=2 (d) (sing)

by Construct the right triangles DAB and DBC

difference in the pathlengths of Path 1 and Path 2 = n A

d = lattice spacing in nm.

0 = incident and reflection angle

Path 1
A A
Path
2
d
H 0 I I L _—

when: n = diffraction order
A = wavelength in nm.,







Times
NOTES (elapsed)
projected

LESSON OUTLINE

6. General expression for grating:

nA=d (sini+ sin 0)

T A = n
A A d cos 0
8. A =(1) (number of total grooves)

A A







Times
NOTES (elapsed)

LESSON OUTLINE

projected
9. Prism--refractive index, dispersion,
resolution
10. X-ray index of refraction = 0. 99999
(1:00)

(Transition C. -D.)
From basis of
spectroscopy to the
specifics of x-ray
diffraction.

0:15

D. X-Ray Diffraction

1. Determination of crystal's interatomic spacing

2. Crystal-- definition







Times
NOTES (elapsed)
projected

LESSON OUTLINE

Mention only
briefly

Visual 9-4

Fe

4.

X-ray diffraction--applications

Techniques of x-ray diffraction
Polychromatic Lane
Monochromatic Weissenberg
Vibrating crystal

. Bulk
Debye-Scherrer
Para-focussing
Monochromé.tor pinhole

X—-ray diffraction spectrometer:

Source and mode target







Times
NOTES (elapsed)
projected

LESSON OUTLINE

: Kcr monochromatic line

. Soller slit

Gonimeter

Ionizing radiation detector

. Signal displayed on recorder

. Further sensitivity by removal of K,B
- filter and fixed detector arm

Vertical or horizontal spectrometer







Times
NOTES (elapsed)
projected

LESSON OUTLINE

6. Method of qualitative and quantitative analysis

Te Determination of free silica captured on
filters by x-ray diffraction







Times
NOTES (elapsed)
projected

LESSON OUTLINE

{1:15)
Fromm one application
of spectroscopy,
x-ray diffraction,
to another, x-ray
fluorescence.

0:20

Describe any
personal experience
with these types of
analyses.

8. Sample preparation -- thin film or larger

9. Deboye-Scherrer camera technique

E. X-Ray Fluorescence

1. X-ray diffracted from crystal of known
2 d spacing

2. Applications:

< Metals and alloys

; Geochemical samples
. Solutions for plating
‘ Plating composition and thickness







NOTES

Times
(elapsed)
projected

LESSON OUTLINE

. Catalysts

. Nuclear fuels and materials
. Petroleum products

. Plastics

. Industrial ceramics

Glass and insulation material

3. X-ray fluorescence--advantages and
disadvantages

4, General method of analysis







Times
NOTES (elapsed)

LESSON OUTLINE

projected
Visual 9-5 5. Flat crystal x-ray spectrometer
Visual 9-6 6. Curved crystal x-ray spectrometer

7. Proportional counter as detector in x-ray
analysis :

8. Scintillation detectors in x-ray analysis







Times
NOTES (elapsed)

LESSON OUTLINE

projected
9. Sample preparation for x-ray fluorescence
Visual 9-7 10, Infinite thickness in thin film analysis
11, Supports for thin film samples
12. Study comparing x-ray fluorescence with
AA
Visual 9-8 13, Ewvaluative uses of x-ray fluorescence

9-43







Times
NOTES (elapsed)
projected

LESSON OUTLINE

14, Energy dispersion not adequate

15, Determination of arsenic in urine

16. Concentration methods

17. Additional sample preparation







Times

NOTES (elapsed)
projected

.LESSON OUTLINE

{1:35)
(Transition E. -F.)
From the method of
x-ray fluorescence
to optical emission.
0:30

Relate experience
relevant to this
issue.

Visual 9-9

F. Optical Emission

1. Capabilities and uses in genéral

2. Instrument selection depends upon major elements
in sample and source

3. Paschen-Runge mounting spectograph







Times
NOTES (elapsed)
projected

LESSON OUTLINE

Visual 9-10

4, Direct reading spectrometer

5. Ebert-Fastic mounting spectrograph

6. Echelle spectrometers







Times
NOTES (elapsed)

LESSON OUTLINE

projected
Visual 9-12 7. Eschellogram
Visual 9-13 8. Graphite electrodes for direct solution analysis.

9.  Direct reading spectrometer using hollow
graphite electrodes

9-51







Times

NOTES (elapsed) LESSON OUTLINE
projected
10. Low voltage direct current analysis
Visual 9-14 11. Four graphite electrodes for direct current
analysis
12. Examples of unexi)ected reaction in direct

current electrodes--with U308 and tungsten
oxide







NOTES

Times
(elapsed)
projected

LESSON OUTLINE

13,

14.

Determination of trace elements in atmospheric
particulates

Inductively coupled plasma-~-process,
application, sensitivity and comparison with AA







Times
NOTES (elapsed)
projected

LESSON OUTLINE

15. Precision of emission spectroscopy

16. Internal standardization in emission
spectroscopy

17. With filters and internal standards air
particulate samples can be analyzed with
emission spectroscopy







NOTES

Times
(elapsed)
projected

LESSON OUTLINE

18. Advantages and caution of analyzing air
particulates

19. Direct reading emission procedure with
13 trace metals







Times
NOTES (elapsed)

LESSON OUTLINE

projected
20. Other examples of use of optical
emission--Be, As, Sb
(2:05)
Self Test G. Self Test
0:10

(2:15)

1. Instruction and review




SELF TEST ' Page 1 of 2

LESSON TITLE LESSON NUMBER
Introduction to Spectroscopy 9

1. Which of the following are correct statements? (Circle True or False)

@ F a. The application of spectroscopy to the quantitative chemical
analysis of matter is dependent upon the physical aspects of
the discrete absorption of energy by electrons and the
subsequent emission of energy in discrete quanta.

@ F b. The wavelengths of the quanta, mentioned above, are the
difference in the energy levels of the electrons.

2. Describe the essence of Bragg's Law:

- 9-62



SELF TEST Page2 of 2

LESSON TITLE LESSON NUMBER

Introduction to Spactroscopy ¥

3. What is the difference between x-ray diffraction and x-ray fluorescence?

see Section D and E

4

4. The principle of internal standardization for quantitative
analysis originated with emission spectroscopy. With this, the
concentration of the analyte is measured against the ratio of the analyte
line intensity to the intensity of a line of another element.




ViSUALS » TABLES, FIGURES AND EXHIBITS
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[ONIZATION

ELEMENT LB )ﬂ_ POTENTIAL (ev)
Cs 852,110 894,356 3,87

L 780,023 794,760 4,16
K 766,491 769,898 4,32
A 588,995 589,592 5,12

L1 670,784 5,36

RESONANCE LINE WAVELENGTHS FOR THE ALKALI ELEMENTS

Visual 9 - 1
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STATE

N =3
M
h N = 2

& L
A

N = 1 K

K @& & [53[3]
THE MOST INTENSE LINES OF THE
K AND L SPECTRA
K, L AND M X-RAY ENERGY LEVEL DIAGRAN

Visual 9 - 2

9-67



ELEMENT TIME A N N A

Cu Ko 1542 s 1542
Zr Ky 0786 2. 1572
ZR Kar 0791 2 1582
In Ko 0512 3 1536
I Ka 0517 3 1551

INTERFERENCES DUE TO OVERLAPPING ORDERS OF N

Visual 9 - 3

7-68



GONIOMETER DETECTOR

3
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SCHEMATIC OF X-RAY DIFFRACTION SPECTROMETER
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GONIOPETER
SAMPLE — ——— __DETECTOR
—

ANALYZING
CRYSTAL

FLAT CRYSTAL X-RAY SPECTROMETER

Visual 9 - 5

9-70



GONIOMETER ,
SAHPLE DETECTOR

ANALYZING
CRYSTAL

CURVED CRYSTAL X-RAY SPECTROMETER

q-1)

Visual 9 - 6



INTENSITY

THICKHESS Too

INFINITE THICKNESS IN THIN FILM ANALYSIS

Visual 9 - 7

g-72
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35 MM. FILM

CAM

SOURCE

PASCHEN-RUIGE MOUNTING SPECTROGRAPH

Visual 9 - 9



SPHERICAL
MIRROR

GRATING =

|
| ' : CAMERA S—

r SLIT 5
ELEVATED PLAHE FOCAL PLAVE

EBERT-FASTIE FOUNTING SPECTOGRAPH

Visual 9 - 10

q-15
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POROUS ROTATING VACUUN

CUP DISK CUP
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GRAPHITE ELECTRODES FOR DIRECT
SOLUTION ANALYSIS

Visual 9 - 13
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