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PREFACE

~

This manual is meant to assist, in several ways, a school which is planning or
already offering a chemical technology progré'ﬁi.

The superintendent who is investigating the advantages and disadvantages
associated with such a program will find the introduction, the student description, the
teacher description, and the section deahng with equipment and facilities to be
informative sections. Each of these sections coiitains information he will wish to consider.

The chemical technology teacher will find the entire document to be useful for a
variety of purposes. He will already be familiar with most of the content, but the
availability of the material in printed form will be useful’in planning, as documentary
information 'to support requests, and as materlal to help orient students to their
occupation. '

“The student will be interested in Chapters 1 and 2. This material will be useful to-

hiin ‘as guidance information. It can also be used in pre-selection guidance procedures.
Chapter 7, the occupational competency examination, as rudlmentary as it is, will

join the limited store of validated performance examinations. Present societal pressures

must surely lead to the acceptance of performance examinations, and the rejection of
evaluation based upon written examinations.

—
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INTRODUCTION

After reviewing the information obtained from testing a cross-section of

~ technicians, it became evident that an open-ended summary, directed to both the school

and the industry, was needed. Personal reactions gleaned from supervisors, personnel men,
and the technicians themselves added much to the detailed features of a problem,
Thomas Edison is credited as the first to hire scientific technicians in the United
tes. Few other employers followed Edison’s lead in the differentiated use of staff until
World War II, when a sudden growth of the scientific industry in this country required
unavailable professional manpower. Then industry adopted the use of technicians to meet
the emergency. Edison seems to have had a desire to use any skill that came his way. The
war- time industry just . needed hands that could speed up scientific development.
Scientific technicians were defined as semi-professionals who assisted the professional
staff. The label, general duties, and most hiring and promotion practices have stuck, but
in the ensuing years the laboratory has changed completely. Now what is a checmical
technician? There is no definite accepted answer because of the apparent variability of
the problem, except as a semi-professional who assists the professional scientist. The
technician title may cover anyone from a test-tube washer to a semi-professional who
routinely uses equipment employing principles practically unknown in 1940 and math
which requires a computer to get an answer in one lifetime. The initiative involved
ranges from rote repetition to re-designing of the procedure for each trial. All, mind you,
at a semi-professional level,

As the writer had long suspected, testing indicated that most scientific technicians
presently perform relatively uniform and relatively basic duties. These duties have to do
with measurement skills and manipulative skills. The duties also commonly require a
knowledge of certain basic instruments by all, and of specialized instruments by a few.
“Good” technicians also exhibited pride in workmanship along with a rugged sense of
integrity in relation to their work.

Technicians were easily divded into three groups upon the basis of the test scores:
a small group of inexperienced and untrained technicians who exhibited few of the
needed skills; a large group of technicians who showed moderate skill, but little initiative
or knowledge of special instruments; and another small group of elite technicians who
could perform all skills on the test and much more. Yet technicians from each group
were actually working at all pay levels, Most of the high-school trained technicians were
working at the top levels, but a few were at the very lowest level. The pay levels of
technicians in the other two groups showed little correlation with performance ability.
The technicians did not show any score difference due to different kinds of assignments,
including biological assignments. '
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This description does not fit the image stated by the supervisors and personnel
men. These people usually stated requirements of much greater- specialty and skill. They
also- thought in terms of four or five levels of skill. They select and promote technicians
on thebasis of college credits because they believe this attracts competent technicians.g
The testing would indicate that this was not the case. The personnel men were also
puzzled by a big turnover and the limited number of people seeking technician ‘jobs.
Finally, industry noted that good technicians are promoted to supervisory status in six to
eight years. This is significant to a school because it implies the need to prepare the

student for degree admission.

The juxtaposition of realities must be noted by the school if not by the industry.
Putting it bluntly, this failure to watch realities is dynamite to the school. The industry
requests two years of training for fully qualified technicians, but will only assign them to
duties which can. be acquired in sixty to ninety days of serious instruction,Once the
fully qualified technician is hired, he is encouraged to continue his education.\'ln a few
months he is bored.by his work and by the time he makes it to top-technician duties, he
is also over-qualified for and bored by them.

If the school is to succeed it must have a working relationship with industry.
Such an arrangement allows the school to plan its graduation with companies who will
quickly promote their graduates to the highest technician level that they can handle. The
school must also prapare the student for college entrance,because under present practice
the student will be foreced to get a degree to avoid a dead-end job.

Industry has a much bigger problem. It must recognize that technical work has
evolved rapidly and that it is continuing to do so. There must be a choice. The choice is
either to hire unqualified technicians and give them a limited degree of training, or to
hire fully qualified technicians and expand the job descriptions. For companies which
require only rudimentary control and quality control procedures, the first choice would
be adequate and less expensive. For research and pharmaceutical laboratories the latter
alternative must at least be considered. Somehow the chemical technician slot must be
converted to an end in itself, rather than a stepping stone to better things. This will
require an evaluation of the concept of chemical technician, but it must be that or
watch the chemical industry invest more in profes;sional manpower to do
semi-professional work. Surely now professional and semi-professional job descriptions
can expand with the progress of the industry for greater profit and to help to make men
happy at their work.
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CHEMICAL-LABORATORY TECHNICIAN **
(profess. & kin.) 022.281

Conducts chemical and physical laboratory tests and makesgqualitative and
quantitative analyses of materials' for purposes such as development of new products,
materials, and processing methods, and for maintenance of health and safety standards,
working under direction of BIOCHEMIST, CHEMICAL-LABORATORY CHIEF;
CHEMIST, ANALYTICAL; CHEMIST, INORGANIC; CHEMIST ORGANIC; or
CHEMIST, PHYSICAL: Sets up laboratory equipment and instruments, such as ovens,
leaching drums, gas cylinders, kilns, vacuum chambers, autoclaves, pyrometers, and gas
analyzers. Analyzes products, such as food, drugs, plastics, dyes, and paints, to determine
strength, purity, and other characteristics of chemical content. Tests ores, mmerals, gases,
and other materials for presence and percentage of elements and substances, such as
carbon, tungsten, nitrogen, iron, gold or nickel. Prepares chemical solutions for use in
processing materials, such as textiles, detergents, paper, felt, and fertilizers, following
standard formulas.
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CHAPTER 1

. w

INTRODUCTION TO CHEMICAL TECHNOLOGY

L

s ;

i

WHAT DOES THE CHEMICAL TECHNICIAN DO? 4
The specific daily duties of chemical technicians are almost unbelievably variable. %

-*At some point it its manufacture or growth, nearly every product on the market requires ‘§
the services of a chemical laboratory, and these are supplied by chemical technicians. It is B

B

the very product range that insures variety in a chemical technician’s duties. These duties a
may vary to include a complex determination of the atomic arrangement of the molecule

of a compound on one extreme, and on the same day this same technician may
hand-wrap hundreds of samples of a product just to see how people react to the
product’s appearance in that wrap. Every product requires several tests,and at least one

of these tests is likely to be unique to that product.

In some cases the chemical tec’ﬁ@ician must have a second training to perform his
duties. The testing of food products may require the ability to cook. The testing of
fabrics may require the skills of a tailor. The testing of electronics products may require
a second skill in electronics. Subjective testing may even require skill in public relations
duties.

Within all of this job variety there is a certain amount of order and uniformity
which shows as 2 form of standard classification. Production companies will usually fit
their chemical technicians into one of three categories: control-laboratory technician,
pilot-plant technician,. or-quality-control technician. Research laboratories are more likely
to categorize their chemical technicians into a combination of specialization fields and
major product areas. The choices available in research work will be detailed in the job

)
K
B
Iy

choice section. ' o

The control laboratory is used to control the manufacturing process. To
accomplish this, samples are submitted to the laboratory for analysis at various critical or
progressive stages of manufacture. The .xesults are used as a basis fur continuing or
altering the manufacturing process. The same laboratory may control a number of

products simultaneously. ,

The nature of the control laboratory demands a chemical technician who can
cbtain reasonably rapid and reasonably accurate results with a variety of tests. Either
delayed or wrong results could cost the employer thousands of dollars in wages and
materials. This type of performance is facilitated by making the tests standard and
routine. All tests are carefully worked out in a research laboratory and written up in a
standard procedure. When the sample arrives for analysis, the control technician can read
the standard procedure and if he knows how to operate the instruments, he will know
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how to do the test quickly. Such procedures are also' checked to be sure that when
followed, the procedure followed will yield results which are accurate enough for the
control decisions to be made.

A pilot-plant technician also makes use of procedures worked out in a rescarch
laboratory, but the similarity in jobs ends there. The purpose of the pilot plant is to take
the research laboratory’s newest product idea and try to produce it on a pilot scale.
Many ideas which work well in a test tube cannot be put into production. Therefore,
each new research product is “scaled up” from the test tube to semi-production by the
pilot plant. The chemical technicians and the chemical engineer routinely solve new sets
of problems to make a commercial product possible. If the problems cannot be solved,
the potentially valuable product must be dropped. When a potential product makes it
through the pilot plant, the plant continues to make enough product for market research
and development. If the market is favorable, a multi-million dollar plant will be built to
produce the product. - :

The pilot-plant technician, like the control technician, runs chemlcal tests, but he
is also instrumental in working out the procedures for those tests. The pilot plant
technician must also be mechanically inclined, as much of his work involves the
rearranging of equipment and controls, frequently under trying conditions. This
technician should have a “feel” for the potential of the equipment he operates. Ideally,
when-a process fails because of equipment limitations, he knows why and can suggest an
alternate for the engineer to work out. Thus, in pilot-plant operation, the satisfaction of
accomplishing the routine well is replaced with the adventure of the constantly new

situation.

The quality control operation is somewhat different, for here rests the company’s
reputation. Finished batches are sampled and then await quality control approval before
they are shipped. The quality control technician carefully employs standard procedures to
be sure the company’s product meets the company’s established product 'standards. When
a batch is approved by quality control, the only judge remaining is the consumer.

The quality control technician must always employ a standard testing procedure
without variation. The prec’sion of his work is very important, but there is no rush. If he
bas any doubts about a result he can run another sample, for seldom will any harm be
done by another hour of delay in the results.

The research laboratory does not really provide a great variety of duties. All
chemical technicians do pretty much the same work, that is, take measurements and
manipulate laboratory equipment. Of course, the natures of various types of measurements
are su different as to obscure the point that the principles of accurate measurement do
not change from test to test. The natural phenomena used in the various instruments do

vary considerably and research work frequently requires a degree of expertise with a

given instrument which comes only with much usage. This is the prime reason for
organizing research laboratories by testing categorics. A good research chemical technician
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is usually able to find a way to conduct some difficult test a chemist needs — if the test
is at all possible. Research laboratories are also product oriented for the same reason.
Familiarity with a product may lead to a use which no one who wasn’t highly famlllar
with the product could anticipate. :

'THE CHEMICAL TECHNICIAN’S WORKING CONDITIONS .

The chenical technician’s working conditions, like his duties, will vary to some
extent with the produc}; his company makes. If the processing of the product is smelly or
dirty, then the laboratory will likewise .be smelly or dirty. This is a factor to consider
before employment. A technician looking for employment should always request a tour
of the area where he will be working. There are many jobs that are not smelly and dirty.
" The potential chemical technician will do well to remember that he is considering
indoor work. A chemical technician usually works in a moderately crowded,
air-conditioned laboratory. There are few non-air-conditioned laboratories today because
of the types of electronic equipment in use which demand air-conditioning. But the
laboratory is indoors and the background oders are usually chemicals and not the scent
of pine trees or the odors of constriction work.

The appearances of laboratories tend to vary. A modern research laboratory is
likely to be a place of beauty and comfort. Since everyone likes the atmosphere, the
employer can usually hire help at a slightly lower wage. A pilot plant resembles the boiler
rooni of a factory or ship, Everything in the pilot plant is built for easy changing,and
much of the work requires tanks of up to 500 gallons capacity. Many pilot plants use
hazardous solvents and must be made explosion-proof. Control laboratories are seldom
fancy, unless they are used for visitor tours. The control laboratory is built in one or
more rooms somewhere in the manufacturing building. The technician usually has to walk
through the manufacturing area to get to his job and he frequeritly has to go out on the
floor to pick up samples. Thus, the appearance of the laboratory structure is again
determined by the product, but in most cases the laboratory itself is quite clean.

The chemical technician enjoys moderately indirect supervision. A typical patternis
one in which the technician is assigned a series of tests and then remains unsupervised

until he submits the results. In a control laboratory, where the process dictates the

workload, and shiftwork is common, the techmc1an may not receive any direct
supervision for days at a time. ,

Most companies provide their technicians with white or pastel colored uniforms.
The uniform colors frequently serve as a cue to the plant supervisors in keeping
unauthorized people out of certain areas. Since the laboratory technician usually has to
get into all areas, the color white is commonly used. The benefit enjoyed by the
technician is the saving of personal clothing. The productlon technician need not buy




work clothing. The research laboratory usually provides only a white coat which goes
over the technician’s own clothing.

Most beginning chemical technicians will have to work shift work. This may be a
fixed shift or a rotating shift. A rotating shift is used when the process is continued over
the weekend. As chemical processing equipment is quite expensive, the company cannot
afford to let it sit idle sixteen hours a day. In some cases the process itself takes one or
two days to complete and an interruption might ruin the product. Control laboratory and
pilot plant technicians are usually organized in at least two and sometimes three or four
shifts. If a laboratory needs three technicians to handle the work load and it works
around the clock, seven days a week, the company has to hire twelve technicians just to
staff that laboratory. That is why most beginning technicians have to work Shlf; work —
the greatest number of techmcxans are needed for shift work.

JOB CHOICES AND ADVANCEMENT
The key word in this introduction has been variety, and the potential job choices
" are no exception. The variety is in so many directions that it will be necessary to make

some basic decisions before job hunting. For the student starting his preparatlon such

considerations now may allow more choice later.

The first choice will be one of intentions. If chemical technology is only to be a
“stepping-stone,” the choices will be different from ‘lifetime” career decisions.” Many
girls enter the field as a nice occupation until marriage and motherhood. A young man
who cannot afford college may enter the field for the paid college benefits offered by

a temporary occupation.

As a general rule, “short termers” will probably be better off to look for a
research job. The young girl will appreciate the atmosphere and the opportunity to meet
eligible young men with similar interests. The part-time college student will not be able
to work swing_shifts or second shifts, so the research laboratory is a prime choice. If the
girl cannot get a research job, her next choice should probably be a pharmaceutical or
other “ethical” industry. She will probably still be looking for a pleasant atmosphere and
a chance to wear nice clothing. She definitely is not interested in second shift work,as
that eliminates dating. The part-time college student who misses the research job would
do well to look for a company which does not work weekends. If he cannot find a day
shift job, he may be able to find a third shift job. If he can sleep days he is better off
than the day worker, for he has access to day and evening classes.

, The life-long career technician must decide whether he is good enough to make
the top category in a limited number of years. If he thinks he is, he should definitely
consider a control laboratory or a pilot plant. If he thinks not, he should look for ajob
that he really likes because he is not likely to move often

4
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The control laboratory, or in some cases the pilot plant, has several advantages for
the career technician who hopes to “make it to the top.” Shift work offers good
differential pay to attract workers to the undesired shifts. Working a holiday weekend
once a Year brings in an extra week’s pay. More important, however, is the abundant
opportunity. There is an opportunity to get experience on many different instruments
much sooner than would be possible on the day shift. There is the opportunity to get to
know the supervisors and for them to get to know you. This is a big advantage when new
openings occur because they then know more of what you can do, even if you have not
had a similar assignment in the past. The opportunity to show your real ability is much
greater in all areas, because the other technicians with experience and seniority tend to
prefer the day shift. The last opportunity is indirect, but just as important. As a control
technician you get to know the entire operation. Wheén you are ready for the
responsibility you have a good chance of getting a supervisory position because of your
knowledge of the jobs to be supervised.

The good technician who wishes to move up must be alert to his promotion
potential. He must move up even if this mieans changing jobs. The first promotion should
take pldce no later than one year on the job. If the promotion does not come, he must
find opportunities elsewhere. The second promotion should also come with no more than
two and one half years of experience. The promotions must come by then because after
this period of time the technician should look for a permanent day or third shift job.

After no more than three years of experience the technician must get back to
school. It will take a college degree to reap the full benefits of the experience and
training already gained. A college degree and supervisory status will take at least six and
probably eight years to earn going to school part-time. By then you will be ready to fill
the position, probably making the step from senior technician at about age thirty.

If a technician’s ambitions are not quite so high, the shift work route is still
probably best. That work will allow the technician to find which instruments he likes
best. He will also get the experience he will need to change over to research work and be
respected for his expertise. '

The career technician will not look for better working conditions until he has
something outstanding to offer the prospective employer. Then he can compete and have
an edge in a crowded job market-place.

THE FUTURE OF CHEMICAL TECHNOLOGY

The chemical industry is so very central to today’s life that the industry must
continue with an expanding future to fit our population growth. Most chemicals do not

show on the retail markets. We are aware only of the medicines, agricultural chemicals .

and a few other chemicals such as food additives. The largest portion of chemicals is
consumed as necessary incidentals and ingredients in other manufacturing processes. An
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example is the metals industry, which cannot function without acids, paints, and alloying
additives. Another example is the building industry, with about forty per cent of all
materials coming out of a chemical factory. v _

It is difficult to predict which portions of the industry will grow or recede over a .
period of years. The push on environmental pollution could well upset traditional !
approaches to such estimates. If pressed, there is more likelihood an industry will alter its l;
manufacturing process than there is of the industry’s discontinuing the product. Thus, j
because more chemical te-hnicians are needed to develop the changes, the number of ':

chemical technicians needed is likely to increase throughout the next twenty-five years.
?
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CHAPTER II

WHO SHOULD STUDY CHEMICAL TECHNOLOGY

The chemical technician works in a world of science and technology, where his
assignment is to accomplish a part of the technological work. There is a great difference
between science and technology and the technician should understand the difference.

The word science comes from the latin word scio, meaning “I know.” Knowledge
for the sake of knowledge is the domain of ssience. The pure scientist is primarily
interested in learning why things are what they are. He has little interest in practical
applications. The pure scientist is usually a “thinker” who requires someone else to make
his thoughts functional. There is also the applied or developmental scientist who possesses
a different realm of knowledge. His realm of knowledge includes an extensive knowledge
of how things happen, as well as the abstract theory. The how combined with the why is
the technology. Note, however, this second kind of scientist specializes in the knowledge-
of technology and not in the performance of technological duties. An example of such a
scientist would be an automotive engineer. He is perfectly capable of designing an engine,

~ but does not normally ascemble or service an engine and might not even be able to do so.
Science deals with abstracticns and ideas.

Technology is the application of science. Technology combines the"ideas of
science, matter, and a knowledge of how to form things that are useful and functional.
'As you have seen, technology employs scientists to develop the plans for the “things” of
technology. These scientists work in conjunction with technicians to turn the plans into
the actual operational “things.” .

The creation of useful “things” is only a small part of technology.The larger part

of technology involves the operation of the useful things. The operation is done by "~ *

“hands-on” workers. These workers are technicians and operators.

Technicians are used in situation which require a degree of knowledge as to why
and how the job is being done. If the job can be reduced to following a set of
instructions without regard for what is happening, it can be relegated to an operator.

The reader can see that the technician’s role involves both science and technology
‘with the emphasis on technology. The chemical technician has to know just enough
science to appreciate what his scientist supervisor is trying to accomplish and to
understand the basic principles of his equipment and tests. On the-other hand he must
function in the field of technology to a very high degree. This function is difficult to
describe in exact words because much of the function borders upon being an art. In fact,
if the supervisor could reduce the technician’s duties to a standard description, he could
turn the work over to an operator. The chemical technician is a “hands-on” worker who
understands what he is doing to the point that he knows when a reaction or test is going
well; when, and how to make changes; and when to report malfunctions because
correction is undesirable or beyond the capabilities of the equipment.
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The technician is also likely to be unable to specify his future life goals because,
in fact, he enjoys any and all types of technological challenge. He is comfortable with the
challenge of the uncertain because he “knows” he will somehow make the situation
work.

NEEDED PERSONAL CHARACTERISTICS .

Before all else, the chemical technician must feel comfortable when working with
equipment and machinery. If he feels nervous instead of confident in such an
environment, he will never do well as a technician.

Going a step further, a potential chemical technician should be a person who
looks forward to an opportunity to work with any equipment which is new to him. The
successful technician has a built-in desire to master almost any kind of mechanical device

! he encounters. With such a desire, mastery and rapport quickly develop between the
equipment and the technician. The term rapport is appropriate here even though the
: equipment is inanimate. An experienced technician can and must use his equipment with
( ~ as much agility as most people use their own fingers.

; - The chemical technician need not be a mathematician, but should be reasonably
.' - good at general mathematics and simple algebraic equations. Nearly all actual calculations
will be done with calculators, so there is little need for computational ability, but almost
all of a technician’s work involves measurement and thus numbers. The successful
technician must also develop a sense of precision which is based upon a facility with
numbers. _ ,

A third characteristic important to success in chemical technology is everyday
mechanical aptitude. Chemical technicians frequently assemble, adjust, and operate:
glassware, motors, pumps, shafts, grinders, etc. Much time is spent doing tasks which
require everyday mechanical aptitude.

A fourth trait necessary for a successful chemical technician is persistence. Young
men and women spend much time discussing the variety in a potential job, but the fact is
all jobs are highly- repetitive. A good chemical technician must obtain the same precision
on a given test whether it is the first, the one hundred first, or the ore thousand first
sample. Research projects can run for months or years, and without uniformity in testing,
; ~all the effort and cost is wasted. Remember, it is the technician who must turn the
scientist’s ideas into fact. Unless the “fact is persistent it does not meet the needs of

technology.

A i e 8 2 e At e e e #em

At least average intelligence is also needed for success in this occupation. . The
many technical facts to be learned in the program require at least average intelligence to
master. There is an adequate range of jobs in the occupation to allow for a broad range
of intellect, though individuals of average intelligence can do very well if they apply
themselves. | |




PERSONAL INTERESTS .

The potential chemical technician should understand that chis is indoor work. The
chemical technician does not get to enjoy rwch sunlight while he is working. There is a
definite feeling of being cut off from the out-of-doors.. This is very much like school,
without the long vacation.

The work is relatively clean. The individual can go for days without really getting
his clothing or hands dirty. Upon occasion, some assignments, such-as pilot plant work,
may be somewhat dirty, but this is a small part of the total career for most individuals.

‘The working atmosphere is usually relaxed and in most ways quite similar to high
school laboratories. If a student likes those courses he will probably like working as a
chemical technician. | @

A potential technician should understand that he will have to develop orderly
work habits. If there is an aversion to the idea of keeping everything neat, this may be a
negative factor in consideration of this career. A positive feeling toward orderliness is, of
course, helpful.

Along the same line, a . chemical technician candidate should realize that at times
he will have to work quite closely with his supervisor and/or other technicians. A “hot
head”” will not last at such work. On the other hand, if a technician can hold his temper
during the few trying times, he will find that the greatest portion of his work is done
without direct supervision. As a result, he should also be capable of working without
~omeone to check on him. | '_

Last but far from least,.the chemical technician gets to share a feeling of
dlscovery as part of his career. Seldom does a week go by without some kind of
discovery, even in production work. Production work also offers the chance to
accomplish something each and every day.
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- CHAPTER III
DESCRIPTION OF A CHEMICAL TECHNOLOGY: INSTRUCTOR

The educational truism which says the teacher is the most important part of the
educational process is even more true in vocatlonal-techmcal education. If the right
teacher is selected, and given reasonable administrative support, the program will rapidly
develop strength. Conversely, if the wrdng teacher is selected, no amount of
administrative support will make the program viable. What is the description of the
“right” Chem:cal Technology teacher?

EXPERIENCE AND TECHNICAL TRAINING

The first consideration is related industrial ex perience and technical training, The
technical training and industrial experience should be considered together. College
education cannot be a substitute for practical experience, because the college education
does not include many knowledges needed to run a successful chemical technology
'program Practical experience can be a substitute for formal training, but must be
examined carefully, as described below. o

When considering an applicant’s experience, examine the application for length of
experience, balance, and variety. It is not possible to say that an applicant needs a fixed
number of years of experience, because the quality of the experience can be quite
variable. An applicant should have at least one year of experience where he knew that he
had to do this work to earn a living. Certification rules will usually allow a summation of
summer experiences, but a summer experience is not the same as full time experience.
The summer worker is not under the same pressure to hold his job; therefore, he does
not experience many of the subtleties of the occupatlon and cannot advise or prepare his

students for these matters.

Variety of experience is critical. Ideally, an applicant should have at least a few
months experience on each of the major instruments and on the wet chemistry bench. If
the candidate had experience in each major type of work, that is, production work, pilot
plant work, and research work, this would also be helpful. However, if the ideal applicant
does not apply, the candidate chosen should have -experience on at least three different
kinds of assignments which involve different major instruments. A teachér who has a
lesser -variety of experience will have difficulty overcoming this handicap. Such an
applicant will probably have a total of at least three or four years of experience.

_If an applicant does not have a great variety of experience, the balance becomes
important. What types of duties did the experience include? Did the applicant have to




supervise others, or have to plan his own work, or did he just follow the instructions of -

someone else? Did he have to order supplies and equipment and be responsible for the
condition of his laboraiory? Did his limited sphere of experience include precise work, or
was it all rough and ready work? All of these factors must be balanced against the
amount of experience.

The ideal technical training would be that of a high school science teacher with a
major in Chemistry. This training should include 8 to 12 semester hours of Physics; 8 to
12 semester hours of Biology, including elementary Microbiology; and 30 semester hours
of Chemistry. If the applicant has' another 18 or more semester hours of education
courses, it will save him extra certification effort during the first few years of teaching.

Again, as with the experience, alternatives are acceptable. Many chemical
technicians have an Associate Degree in"Chemical Technology which usually includes at
least half the science courses suggested above. A well-balanced experience record should
provide -the additional knowledge of science needed to teach in this field. It is also
possible for a research technician with little formal education beyond high school to be
highly competent in the area of science because of his dally association with top
scientists. His exposure could be even better than that which any university could offer.
However, the total record must be examined to make sure the teacher applicant is
technically competent. Remember that your program will rest on this competence and

that your school is not equipped to help the teacher enrich his technical shortcomings.

PERSONAL QUALIFICATIONS

Conducting a vocational-technical shop course tends to be more strenuous and
exasperating than conducing a regular classroom situation. A vocational program requires
many extra services and a variety of special equipment. There is much more opportunity
for things to “go wrong” and they will. This extra burden requires an extra commitment
on the part of the teacher. Fortunately, if you are alert to the difference, many

. applicants will be seen to have this commitment.

The tip-off is in the reason why the applicant wishes to become a teacher. If he
has been successful in his technical career, the applicant is likely to be sincere in his
desite to teach — sincere enough to change ocecupations despite the temptations of
success in his present technical occupation. An applicant ‘with limited success as a
chemical technician, or a supervisor who is frustrated because of his own personality is
likely to be looking for an easier path to success. Such a candidate is unlikely to be
happy with the demanding teaching load required for a successful chemical technology
- program,

A vocational-technical teacher should be interested in teachmg the student, not
the subject. This sounds like a trite old statement, but it is really an essential
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characteristic for successful vocational-technical teaching, Whether we like to admit it or
not, the studen: who is willing to study for the sake of knowledge or conformity is in
the college preparatory track.

The student who is most suited to study in a high school technical program
usually enters as an underachiever. The vocational-technical teacher must organize this
program to break the underachieving pattern. This is usually done by organizing
individual instruction and using projects in place of talk to pass on the subject matter.
The teacher has to get to know each student well enough to know when the student
needs to build his confidence and when the- student is overconfident. The teacher has to
be willing to discover each student’s learning style and cater to it unti the style can be
improved. All of this calls for a great deal of empathy for the student and a wﬂlmgness
, : to put the student’s personal development ahead of the need to master a body of
‘ ' knowledge. A teacher who places knowledge and a formal classroom atmosphere first will

never get a technical program off the ground. You are looking for a teacher who has

encugh faith in people to know that they will rise above their shortcomings if given

'. adequate opportunity and encouragement and that they will master the required subject

-

matter.

* PROFESSIONAL PREPARATION

1if possible, hire a teacher who meets all the above requirements and is a fully

certified teacher. Do not be surprised, though, if a fully qualified applicant does not
apply. Most applicants who meet the technical and personal requirements will have little
or no preparation as professional educators. The great majority of vocational-technical
teachers start with emergency certificates and must complete up to 42 semester hours of
general and professional education before they can be certified.

This problen: is alleviated in most states by the presence of college programs
designed to facilitate the certification of vocational-technical teachers. These programs
usually include supervised teaching and basic methods courses early in the program.

The school should anticipate the need for close supervision for the first two years.
‘The new teacher frequently requires some assistance in learning to organize long range
instruction and to execute daily lesson techniques. Fortumtely, your school is probably
prepared to offer such assistance.




CHAPTER IV
CHEMICAL TECHNICIAN JOB ANALYSIS

The job analysis included here is a combined job analysis produced by a
committee of three consultants and the writer. The committee was carefully selected to
be representative of all C}{emlcal Technician employers

- Consideration was given both to type of laboratory and type of operatlon Three
major companies were chosen because, combined, they conducted every major type of
work performed by chemical technicians. In each case a company official was asked to
select the person he considered to be the most experienced and capable chemical
technician on his staff. Since the people named were experienced they also had some
experience gained from previous employers. The reader may be surprised to learn that
two of the consultants so named were women. Women have done as well as men in this

~field.
Eich committee member was first asked‘ to perform a chemical technician job :
~ analysis without any assistance from the other members. They were encouraged tgwseae‘k” 7
assistance from their colleagues at work. ' , _ 3

When all individual analyses were submitted, the members met 3 a committee. E
The analyses were then compared and,combined. It was immediately evident that most
duties were universal for all the companies with just a few special tasks in each case.

The initial task listings were quite specific because of their tie-in with product
lines. The committee quickly agreed on changing the specifics to equivalent general terms.
When this was done the universal nature of the work evidenced itself. ,

Some readers may question the generalizations about the operation of a variety of .
electrical appliances. After some discussion, the committee was of the opinion that the
same basic knowledges and skills were used in each case, despite a wide variety of
seciningly unrelated applications.

Each of the consultants contributed a few tasks which were not present at
another consultant’s company: In each case the other consultants recognized the tasks
and usually had performed a similar task, but rarely or at another job years before.
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COMBINED JOB ANALYSIS

The following list of complex tasks are those identified by the three consultants

j as tasks which highly competent Chemical Technicians should be capable of performing.
‘\‘\ There are many other specialty tasks which are required only of Chemical Technicians
‘ A working with certain products. However, those spec1alty tasks require only break-in

r practice, not new basic abilities or behaviors. P
1. Select, assemble and operate standard and automatic burettes for titrations. |

2. Use a variety of pH meters to determine the hydrogen ion concentration (pH
‘reading) to the appropriate number of decimal places.

‘ 3. Keep an accurate laboratory notebook with day-to-day log of observations.

1 4. Synthesize and purify organic and inorganic. compounds using a chemist’s general
instructions.

5. Use a refractometer to obtain the index of refraction of liquids, dissolved solids, and
“some solid materials.

6. Assemble, adjust, and supervise the operatlon of motors and stirrers and other
related types of equipment.

7. Select, assemble, and operate filtration apparatus.

8. Connect, adjust, and read electrical controllers.

9. Connect and read ammeters and voltmeters in various current and voltage
applications.

10. Operate all types of balances in fashion that yields results with precision approprlate
to the balance, without excess wear and tear. 4

11. Select, install, and care for thermometers.

12. Assemble, select, and recogniie the nomenclature of standard glass apparatus.

13. Install, read, and adjust gas, vacuum, and pressure gages, regulators, and me ters.
14. Use hydrometers or density columns to determine densities of materials.

15. Load and operate centrifuges.

16. Use microscopes to view magnified samples

17. Use the various instruments which measure transmittance and absorbance values in
the visible, ultra-violet, and infra-red ra This use includes taking readings for
gaseous, liquid, and solid samples as wel]geas flame photometry for ie analysis of
metallic so?unons :

14
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18,

19.

20.

21.

22,

23.

.

[

Use colummn, paper, or gas chromatography to separate, and/or identify mixtures,

compounds, or elements.

Assemble and operate fractionating apparatus including cclumns, heads, and

receivers,

Operate and obtain viscosities from four viscosimeters (Saybolt, Fenske, Brookfield,

and Bubble Tube).

Assemble and operate melting point apparatus to determine a range of melting

pciints from near room temperature up to 400°C.
Cénnect, adjust, and read the charts of various recorders.

Always record all readings and determinations in‘a systematic. fashion.
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CHAPTER V

BEHAVIORAL ANALYSIS — CHEMICAL TECHMCIAN

The behavioral analysis, sometimes called a structural inalysis, is a process which
breaks the job analysis into a learning blueprint. This blueprint can be just as useful when
building an educational program as a building blueprint is in building a school structure.
As with the structure, we can get along without the blueprmt if we are willing to accept
a chance product. :

Each performance ability described in the job analysis is subdivided in terms of
immediate prerequisite abilities needed to accomplish the described ability. Each of the
prerequisite abilities is then divided, in turn, into its immediate prerequisite abilities. The
subdivision process is repeated until the prerequisite abilities are those assumed to be
present in an untrained person, or a begmnmg chemical technology student. The resulting
product is a series of chams emanating from each performance ability described in the
job analysis.

As stated, the structural analysis is a blueprint, not a teaching outline. This
blueprint can be used in many ways to build an effective educational program. In each
case where a question arises, the analysis becomes the specification which must be met or
exceeded. The tasks can become examination items to be used for any type of
evaluation, After the program is put into operation, such examination can even be used
to evaluate the validity of the assumed learning sequence itself through the keeping of
records of accomplishment at each level. The teaching outline is of primary importance in
any educational endeavor, and the analysis permits construction of a clean-cut outline
which follows the learning sequence. This analysis also provides a framework to assess
adequacy of teaching materials and equipment.

The following behavioral analysis was derived from the job analysis presented in

- Chapter IV. This analysis has not been experimentally validated. A school may wish to

conduct such an evaluation. Some resequencing of items may be indicated by such a
validation. All materials developed will still be valid when used in the newsequence. The
difference will be revealed as increased student accomplishment with no increase in
teaching effort.
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1A Selects, assembles and operatos standard

1B3 Uses an accurately standardized

titrant and titrates to an end

t

poin
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and automatic burettes for titrations

1B1 Selects and assembles a clean bur-

ette which holds enough titrant

to complete the run

automatic burette where many ti-

1B2 Selects, assembles, and fills an

trations are made with the same

titrants
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[3B3 Records all readings in a log book

ions iIn a

when it is provided

Records all readings and determinat

systematic fashion

3B2 Records all readings in a systematic
fashion until the results are complete
if a log book is not provided

e oo o . oo e e

3A

3B1 Records automatic instrument read-
ings and calculations on a log sheet
provided and writes log numbers on

the corresponding trace

2B4 Takes meter reading estimating last .
decimal place R - :

283 Rinses electrodes in distilled water | | i
before and after each use :

Is able to use pH meters to determine the pH

readillgLof samples

——rra -

2B2 Uses buffer solution to calibrate the
meter before first use of the day and
as instructed during the day

2B1 Turns on meter and allows it to warm

2A

until there is no needle drift




487 Avoids mixing strong acids and alkalis
) in concentrated form

E

\ —14C6 Pours slowly while mixing . |
. 4B6 Pours more dense liquids into less
dense liquids when diluting or mixing
chemicals _ »
===14C5 Allows any heat buildup to dissipate |
age
£8 £
E.é E 4CA Washes down any splashes that do
sTp f——— 1 4B5 Avoids splashing corrosive materials  }—d - accur
T8g | | o
a8 .
56 4C3 Uses a mild neutralizing agent when
5% appropriate
s
E8E |
'E _
- g’m 4B4 Wears safety goggles when handling
g = corrosive materials
§S°E
g B
23§
© _E_"g
g .o
X8
E = 3
§m-5 4B3 Does not mix materials without in-
5cS '8 structions unless the results are known
= to be safe
g
<
4B2 Works in hood when using or generat-
ing poisonous, choking or odiferous
gases ' '
. ——1 4C2 Avoids sparks and cpen flames ]
4B1 Uses extreme care in the use of

flammable or explosive gases

4C1 Maintains ventilation to prevent a
dangerous buildup of gas
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6A Assembles, adjusts, and supervises the operation

683

Disassembles, cleans, and replaces
equipment in the case of routine
stoppages

Can tell by observation when adjust-

of motors, stirrers and related equipment

682

Adjusts motor speeds and other re-
lated equipment, as instructed, to
maintain desired conditions

681

Assembies stands and associated
equipment for stirrers, mixers, rota-
ters, etc. ‘ '

8C3
ments are needed

6C2 Gan éonnrt instructioci into opérat-
ing conditions — speed, timy, etc. —
and maintain them '

6C1 13 familiar and at sass with mechani-

oMl adjustment and simple tools

BA Uses a refractometer to obtain the index of

refraction of liquids and some solid materials,
also to determine total dissolved solids

584

Takes instrument readings and records
themasa 5 digit four-decimal number

583

Adjusts instrument for the sharpest
reading and best light _

582

Converts index of refraction readings
with the use of tables or conversion

. factors

581

Cleans and dries the optical surfaces
with distilled water and lens tissue
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and completes the filtration
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7B2 For special filtration selects and

apparatus, both from standard instructions and
on own initiative to perform work from more

7A Selects, assembles, and operates filtration
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Reads meter with correct precision _J—

9C4 Looks straight at needle to avoid

parallax

Connects the ammeter in series with
the circuit

<

Selects an ammeter with a mid scale
range at the desired current for the
application

Adjusts the controller to fulfill in-
structions .

series with the controlled motor or

Connects the electrical controller in |
other application

£ 1.
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10C111s able to read any balance including
estimation of the final decimal

final
decimal and records the correct read-

ing -

10C10Converts reading to a decimal number
when'recording readings

10B3 Protects the knife edges from impact
shock

10C9 Does not place more than .01g on the
analytic balance with the pans down
-.001g for some

p—

10B4 Reads the balance scale to the

balance beam

mal

10D6 Operates weight levers or dials to load

10C8 Loads balance with the pan supports
up

10D5 Converts scale position to third deci-]

| 10D4 Reads vernier for fourth decimal

te precision and without excess wear

appropria

10C7 Cleans a dusty balance and places load
on a tare sheet or container

Is able to operate a wide range of balances with

and tear, including the selection of an appropri-

ate balance for the job

10C6 Places lead on the balance without
dropping it

10A

10C5 Avoids banging and rattling of bal-
ances ' .

S ——

necessary banging and vibration and

10B2 Operates the balance without un-
keeps it clean

10C4 Uses pan balances for rough weighing
to the nearest gram

10C3 Uses torsion balances to weight loads
between 100-500g with second deci-
mal precision

adjusts if needed -

10D2 Checks zero after cleaning and re-

r 10D1 Uses tare sheet when weighing
| 10D3 Removes dust with a fine brush

iOC2 Uses a general analytical balance for
0-100g with four decimal place pre-
cision

and the maximum load of a variety of

. balances

10B1 Recognizes the degree of precision

10C1 Uses special analytical balances for f'
great precision :
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11B4 Cleans and returns thermometer to
case or drawer immediately after each
use

11A Selects, installs, reads and cares for thermometers

11B3 Installs the thermometer in the cor-
rect position for the application

11C8 Inserts the thermometer to the cor-
rect depth if the temperature of a
liquid is to be determined

[ 11C7 inserts the bulb in the center of the

gas flow if the temperature of a gas
flow is being monitered

11B2 Selects a thermometer with the de-
sired scale marking for the accuracy
{precision} requirement of the appli-
cation

| 11C6 Uses a conductor block if the temper-

ature of a solid is to be determined

11C5 Checks instructions to find the degree

of precision needed

11C4 Selects a scale range which has the
precision needed by estimating the
last decimal

A ™ g et e et =

11C3 Checks the length of the thermometer
so that the desired portion of the

scale is not covered or blocked

11B1 Selects a thermometer with the de-

sired temperature scale and range

11C2 Reads the abbreviation to select be-
tween Farenheit, Centigrade and
Kelvin scales

T

11C1 Selects a terﬁperature range that
places the anticipated reading mid-
scale :
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apparatus when instructed by standard

nomenclature

12A Selects and assembles standard glass

1282 Constructs 8 neat, functional apparatus

from _glass, or glass-connected components
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of gage

between tops of columns
13C6 Selects flow meter with correct range |

13C5 _Installs flow meter with flow upward |

T3C7 Reads manometers as inches of liquid
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near mid-scale or at least on scale
pressure or high vacuum readings
ping threads but with no leaks

pressure reducer meters

13C4 Selects a gage with desired pressure
13C2 Selects correct gage thread for gas |
13C1 Installs gage without crossing or strip-

13C3 Selects a manometer for accurate low
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columns or other means to determine

14A Selects and uses hydrometer, densi
densities

Fills a container of known volumej)
and uses weight to determine

densities of powders

14B3

I

Uses a density column to determine

specific gravity of solids of

indeterminate volume

Selects hydrometers for

1481

liquids aﬂ 1482

determines the specific gravity

14C10 Fills a container of known volume
with powder

14C9  Weighs sample and subtracts tare of
container

14C8 Calculates weight per unit volume to
find density

14C7  Prepares the column according to
instructions — including temperature

. control

14C6  Inserts calibration beads

14C5  Prepares a calibration chart from the
bead readings .

14C4  Drops individual samples in column
and takes readings when they come
to rest

14C3  Uses a wide-range hydrometer to get
the approximate density

14C2  Selects a narrow-range hydrometer-if
more precise readings are desired

i— 14C1  Reads scale at surface of liquid

27
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16C9 In absence of instructions prepares sample
in a slice thin enough to transmit light, if
possible

{1608 Prepares samples as directed J

16C7 Places sample on a glass slide with a cover
glass, if possible

16B3 Prepares samples for viewing

16C8 Centers sample in field with [owest power
objective ’

16C5 Adjusts focus with low power
objective

16C4 Switches to other objective as
needed

magnified samples not easily seen with the
the sample

naked eye

16B2 Selects the correct objective for viewing

16A Uses microscopes to view a variety of

L

16C3 Shines light through transparent samples |

] 16C2 Reflects light from opaque samples J

16C1 Shines light from below }‘fmgl structures
for outlines Fak{

i
?

J

P

Arranges light source according to

materials to be viewed

16B1
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ings for any sample by getting read-
ings for a range of wavelengths or
for specific wavelengths if so

transmittance or absorbance read-
instructed

17B3 Prepares a standardization graph for
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quently used compounds. Operates instru-
photometer to analyze metallic solutions

ments in the visible, ultra-violet, and infra-
red ranges including the use of the flame

mittance or absorbance and identifies fre-

17A  Uses spectrophotometers to measure trans-

procedure

17B1 Prepares sample as outlined in a

known materials by taking transmit-
tance or absorbance readings from a

17B2 Determines the concentration of

meter or chart with the instrument

17E6 Rinses the tare container and neck
of flask three times

17E2 Adds solvent (diluent) after the ali-

quot

17E1 Fills volumetric flask to the maTlﬂ

——{17E4 Does not blow out TD pipette |
~—{17E3 Fills pipette to the mark |

——{17E5 Blows out etched (TH) pipette |

__ﬁ 7E7 Uses a tare paper of pan|
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to separate and/or identify components

of mixtures

18A Uses four methods of chomatography
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Assembles and operates fractionating

apparatus
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inserts sample and operates the

instrument

Selects and operatts an appropriate

apparatus to detarmine melting points
between room tempsrature :and 400°C
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Submits charts and readings to
supervisor

- Records readings or converts them
to concentrations as instructed

Takes readings from the trace

Records all settings, sample num-
bers, etc. on chart

Prepares calibration curve as per
17B3

Assures correct input range and
setting

Sets chart drive speed as instructed
or for best resuits when not
instructed

- Checks and services pen to assure

a clear trace

Makes sure of correct reading if-a
continuous recorder is being used

Checks and adjusts zero of instru-
ment to calibrate zero setting

Inserts chart, engaging drive teeth,
and orients chart if necessary

Determines the length of recording
to be sure the chart paper will
record the entire sequenc?

Determines the type of recording
to be used, linear, fog, or polar
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Recognizes the type of recording

from the trace pattern

22D

22D2 Applies standard procedures to

measure the trace
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23A Records all readings and determin-

23B2 Keeps a log book for each instru-

ment and major piece of apparatus
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ations in a systematic fashion

23B1 Keeps a separate notebook for each

project

303foad
03 Bune)jas uonewlIojul 1Y SPi033Y YIET
300qa30u u} SUOKENJ|eD (e $30(Q -£IEL

. In0 wayy
saulf Inq sayeIsiw astsa Jou $a0Q ZIET

palongsul
Se JO Mojjo} 03 Asea si UyoIym uolyse)

1082

183U B Ul %00Qalou ayl Sulejulep

A 636




EMng |

PAraiitex: provided by enic 1

CHAPTER VI
THE LABORATORY AND ITS EQUIPMENT

Reference to the subject matter outline will show that the major units of study
can be considered to be Introductory and Analytical Chemistry, Laboratory
Instrumentation, Technical Physics, and Organic Chemistry. This requires a total of at
least 120 student drawers with locks. Twenty drawers will hold common hardware
items, such as burners, that can be shared by all. In addition, many more spaces will
be needed for general storage and special set-ups. Because each student will be working
on his/her own, it is desirable to spread the general work area as far apart as possible.
The floor plan suggests a perimeter arrangement. Since the laboratory must be
air-conditioned, a dual purpose roof unit can be used. This almost doubles the bench
footage which can be put in the room because there will be no heating units to
interfere with perimeter use. '

The instrumentation equipment has been deliberately spread about in this plan, to
allow adequate access by 20 students. Certain types of equipment are sandwiched
among student perimeter tables. This should present no problem, as two students will
seldom need the same spot. Upon rare occasion the student with the lowest priority
requirements may need to show courtesy to the other student.

The floor plan shown here is a convenient arrangement which allows maximum
flexibility and quite adequate working space. If necessary the floor space could be
reduced up to thirty per cent and still permit operation of a full program. Local
conditions might also call for other table layouts. In all such cases consider the
working and movement pattern of twenty students.

The General and Analytical Chemistry equipment list provides typical equipment
for each student registered in this course. It is suggestedthat a fully equipped
two-drawer set-up be provided for each student. The traditional plan of sharing by two
students costs more in the long run because of increased breakage. In this plan,
inevitably the dominant student takes over and the submissive student gets
short-changed. Also, remember that a technician needs to learn self reliance and
technique in the laboratory more than he needs to learn subject matter. 4

Other equipment will be needed, but it can be carried in the stockroom and used
on a sign-out basis. A teacher with a special interest may wish to supplement the list
presented here to support that interest:




ALL WORK SURFACES APPROXIMATELY 30" HIGH, WITH 4 LOCKING DRAWERS o
APPROXIMATELY 20" WIDE. '

INSTRUMENT BENCHES ALL WITH ELECTRICITY AND STUBBED DRAINS; OTHER
UTILITIES STUBBED, TO BE INSTALLED AS NEEDED.

FULL AREA TO BE AIR CONDITIONED,

FUME-FREE ROOM TO BE HUMIDITY CONTROLLED.

= UCHEMICAL RACK WITH WATER, VACUUM, GAS, & ELECTRIC OVER 6" TROUGH

20" mr\ /—zo" SHELF

:.( 4 STUDENTS ol iy 4 STUDENTS e
g i " DEMONSTRATION - : !
® TABLE |
S : £ g 3 g |
: | |Is *
g é - g OMEN  AREA § E ‘
K S WITH  SEATING E )
b Lt a
, z ;

fa
BALANCES a
CALCULATOR
GAS
STATION
(PPED PR HELIUM)

4

'm -~ N
ALL UTILTIES ‘ CHEMMCAL WASTE~/. -
BURETTE AND v ’
CONDENSER RACK |

BLACKBOARD, |

: . 8 SCREEN KEY  RACK |
i | FF | N\
Lopua\_ S -

. \
DOUBLE FLOOR TO ‘ g INSTRUCTOR'S
g

STATION
STATION

FUME FREE CEILING STORAGE OFFICE

LIGHTING ALL AROUND

WORK  AREA

OPEN SHELVES

STATION
STATION

SINK FLOOR TO CELING RACK WITH LOCKED GLASS SLIDING DOORS
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GENERAL AND ANALYTICAL CHEMISTRY EQUIPMENT LIST

PER STUDENT
Glassware
Beakers , Watch Glass .
50 ml 4 ea. 65 mm 2 ea.
100 ml - 4 ea. 100 mm 2ea,
250'ml 4 ea,
400 ml 4 ::. Mortar w/pestle §ize 0 lea
Flasks, Erlenmeyer Pipette, Volumetric
50 ml Y 2 ea. 25 ml 1ea.
100 ml 2ea. 10 ml 2 ¢a.
250 ml C 2en ; :ﬂﬂ 2ea
400 ml 2 ea. - ea.
- 1ml 5 ea.
Flasks, Florence ‘
125 ml _ 2 ea. Test Tubes
250 ml 2ea. ' 10X 75 mm - 10ea.
500 ml 2 ea. 13X 100 mm 10ea
| d 20X 150 mm 2ea
Flasks, Filterin
s 250 m(l= & 2 ea. Condenser w/sealed tube 1 ea.
Flask, Volumetric"*- Pneumatic trough, plastic 1 ea.
100 ml w/stopper 2ea. Eyedropper 2 e,
- Funnels " li '
Short stem 65mm 2 ea. Policeman, Rubber 2 ea.
Long stem 65mm 2ea. Tubing, Rubber Assortment
Thistle Tube © 1lea.
Graduate Cylinder -
10 ml 1ea. Hardware
100 ml : 1ea. " Forceps, Chemical 1 ea.
Thermometer File, tnatigular i ea.
Tere e btuschnp - 1a
) .
10 w 2007 1ea. Test tube holder 1ea.
Bottles, 8 oz, Small Mouth Test tube clamp 2 ea.
w/screw cap 4 ea. Rubber tubi;? clamp 2 ea,
Spatula, me 1 ea.
Boitle, Wash Condenser clamp 2 ea,
8 oz. plastic 1ea. Triangle, porcelain 2 ea.
. . Wire gauze 2 ea.
Drying tube, plastic 2 ea. Marking pencil (grease) 1ea
Crucible w/cap No. 1 2 ea. Crucible tongs 1 ea.
B
Evaporating Dish Brushes,test tube 3 ea.
Size 00 No. 4 2ea.
Filter Paper 12.5 cm - 1 box o o
4, In Common Drawer For All Courses
. Filtering Cone 63 mm 1 ea. -
| oH P Hydrion Di 1 ea. Fisher burner 1 ea,
! pr Maper Hydrion Disp & Ring stand 1 ea.
| Microscope slides 4 ea. Funnel szand 1 ea.
239
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The Organic Chemistry equipment list duplicates much of the glassware used in the
previous list. However, much of this glassware is inexpensive or would be needed for
replacement anyway. The more expensive items require the care of the person running the
tests as part of the training, A realistic assessment of certain habits requires that the student
be the only person to use certain pieces of equipment. For these reasons the following lists
of equipment should be provided for each student in locked drawers which have sufficient

h’\ : space for safe storage. This list have to be modified to meet the needs of any special project

R S and

sited to provide skills needed by a local industry.

ORGANIC CHEMISTRY EQUIPMENT LIST

2 Adapters,bent § 24/40
3 Beakers, 100 ml |

3 Beakers, 250 ml

3 Beakers, 400 ml

3 Beakers, 600 ml

PER STUDENT

2 Flasks, distilling $ 125 or 250 ml
2 Flasks, distilling ¥ 500 or 1000 ml
4 Flasks, Erlermeyer, 250 m!

1 Flask, filtering, 250 ml

1 Flask, Florence 500 ml

3 Bottles, gas 1 Flask, round bottom 200 or 300 ml
3 Bottle§, _tﬁagem; 68 ml 1 Flask, Volumetric, 100 ml

6 Bottles, sample 1 Funnel,’ 65 mm

1 Bottle, wash

1 Brush, test tube
i1 Burner, Fisher
4 Clamps, condenser
4 Clamps, extension
1 Clamp, pinchcock
1 Clamp, screw
2 Clamps, test tube
1 Clamp, thermometer
8 Clamps, holder
2 Condensers ¥ 24/40
~ 1Cylinder, graduated 100 ml
1 Cylinder, graduated 10 ml
1 Dish, evaporating No. 00
1 Dish, evaporating No. 4

1 Funnel, Buchner, No. 0

1 Funnel, separatory, 60 ml

1 Funnel, sejaratory, 125 or 250 ml
2 Gauzes, wiie

2 Glass plates

1 pH paper Hydrion

2 Rings, extension

. 2 Rings, flask

2 Scoopulas

..1 Support, test tube

Pt

10 Test Tubes, soft, 6"

" 4 Test tubes, pyrex, 67

1 Test tube, pyrex, 8"

2 Thermometers, 100°C

2 Thermometers, 360°C

1Distilling column ¥ 24/40 1 Tongs, crucible -

2 Droppers, medicine 1 Tube, drying

1 File, round 1 Tube, “T*

1 File,triangular 8 Tubbings, rubber 3'

2 Flasks, distilling, § 50 ml 2 Tubings, vacuum
40
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The following list provides individual materials needed to run a modified physics
program. Since the teaching of a physics course requires many other items of specialized
equipment, the school may desire to teach this course in the regular physics room. In that
case, not all of this separate equipment would be needed.

STUDENT EQUIPMENT — PHYSICS

Physical Measurements and Mechanics
1 vernier caliper
1 micrometer ca]iper
“T"metric ruler
1 student pycnometer
3 dial-type spring balances
1 protracter
1 compass
3 clamps,meter stick, support and knife edge
1 simple form truss
2 pulleys single sheave
2 pulleys double sheave
1 pulley triple sheave
1 set wooden density rods (can be made by wood shop)
1 set friction blocks (can be made by wood shop)
1 thermometer -1¢°C to 110°C.

Light and Optics (per student)
1 lens convex 10 cm
1 lens convex 20 cm
1 lens concave 10 cm
1 screen approximately 5” by 5"
1 wire mesh approximately 5" by 5
4 holders to fasten above items on a meter stick
1 plastic diffraction grating
1 plane mirror

Electricity and Magnetism (Stockroom items which may-not be
available in physics room. These items could be made by the first
class if necessary)

8 multimeters

4 power-supply demonstrator kits
4 amplifier demonstrator kits

4 time-constant demonstrator kits -
4 photo-electric demonstrator kits

4
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INSTRUMENTATION — STUDENT SET-UPS

The instrumentation set-ups are best handled as a combination arrangement. Each
student should be assigned a single drawer for equipment arnd sample storage. The student
equipment to be kept in the drawer should be limited to a few beakers, some flasks, a
spatula, and half dozen test tubes of each commonly used size. A few other small itéms can
be taken from stock, as needed, during the first year of operation and then a permanent list
can be made to meet the local need. _

Each instrument will need one or more drawers of associated equipment available on a
daily operation basis. It is suggested that, as each instrument is procured, consideration be
given to the modes of operation desired for the instrument. Auxiliary equipment should
then be ordered to fulfill those needs. Since such equipment is frequently back-ordered it is
wise to order extras wherever possible. The extra equipment can then be kept in a separate
locked drawer near the equipment. Students should have access to the daily use drawers, but
only the instructor should transfer items from the stock (extras) drawers.

A list of basic instruments follows. This list gives a faitly representative sample of all
laboratory instrumentation in use. These are “batch” type instruments. Some of the basic
processes used in “on line” instruments are not available in this instrument selection.
However, it is usually considered impractical to use “on line” instruments as they require a
production unit before they can be operational. In addition, the local advisory committee
may suggest other special equipment. Such equipment is definitely needed if it is heavily
used in the manufacture of a specialty product produced iu the locality. For instance, a
school in Oklahoma would be justified in considering several instruments which are used
only in petroleum processing. - ' ,

A school may choose to price the equxpment in this list when it constructs its budget ;
and plans the purchase of other major instruments in successive years. Such a plan might ‘
also permit the actual purchase of equipment to be delayed until an instructor is hired, so he
can review the local needs. . |

T e S S b i, 5 it 4 489 e a1 st e s e e T

Balances— A selection of single-pan analytical balances and torsion balances is needed. A~
minimum of two analytical balances will do for the class if there is at least one torsion :
balance which is accurate to the second decimal place for every four students. If torsion ‘
balances are.not used, one analytical balance for every five students is recommended. If

possible each balance should be of a different brand or type.

. )
Centrifuges— Two or three centrifuges are needed. These should be a small model centrifuge
with rubber feet, a fixed angle head, a closable cover, and a speed regulator. :

Colorimeter— One colored-filter type photoelectric colorimeter with adequate filters to
cover the visible range. , )

5 |
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Spectrophotometers— One visible-range refracting type electronic spectrophotometer, such
as the Bausch and Lomb “Spectronic 20” or the “Coleman Junior.” One recording-type
spectrophotometer which covers both the visible and ultra-violet range. This should be one
of the standard,” major brand instruments. One ipfra-red spectrophotometer including a
selection of standards for each classification of organic compound to be tested.

Gas Chromatographer— One dual column, recording gas chromatographer with temperature
control. At least two different matched sets of columns are needed for this instrument. The
recorder for this instrument should include an integrator or have an integrator attachment.

Conductimetric Titrations— One conductimetric bridge with a conductivity cell. One
resistance bridge (low priced) with an electric eye for end-point determination. One
conductivity cell attachment for a pH meter.

pH Meter— One pH meter accurate to the second decimal with parameters for
, potentiometric and conductimetric titrations. This purchase should include appropriate
extra cells and buffers. '

Muffle Furnace— One muffle furnace with an approximately 4" by 4" by 8" chamber.

Melt Point Apparatus— One capillary tube melting-point apparatus. One alternate form of
melting-point apparatus. If the budget allows, this second type of apparatus might be a
combination melting-point, boiling-point apparatus.

Pipetting Machine— One automatic pipetting machine with a capacity of up to 10 ml per
aliquot. : '

Refractometer— One Abbe refractometer. Auxiliary to this instrument, but necessary to
its full operation, is a constant-temperature bath.and at least two different indexes of
refraction calibration standards.

Polarimeter— One half-shade tjpe polarimeter with some source of monochromatic light. If
the school determines that local industry makes heavy use of this instrument, a water bath
and jacketed sample tubes will be needed.

Polarograph— One recording polarograph inciuding a dropping electrode mercury cell and a
rotating electrode cell. The inexpensive “Heath” polarograph is quite adequate for student
work. It may be readily used with the “Heath” recorder or any standard recorder. The
“Heath” polarograph has the advantage of being convenient for use in several exercises when
teaching basic instrementation.
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Viscosimeter— One viscosity bath with temperature control. This viscosity bath should be
capable of holding several types of viscosity tubes including Saybolt and Cannon-Fenske. Up
to a half dozen of each type of tube should be purchased with the instrument. One shear
type viscosimeter with at least three rotating bobs of different ranges. A power dnven
instrument is. P:cferable

Other— A variety of scientific fractional horsepower motors, cont;’o]lers, shafts, etc., should
be purchased for use by students. The facility gained in using these devices is needed even
though the school lab could easily by-pass the need for such instruments to complete any
tests.

STOCKROOM SUPPLIES AND EQUIPMENT

It is very difficult to provide specific and useful information about the kinds of items
needed in the stockroom. In general, the stockroom will require the same kinds of chemicals
and glassware needed in a regular high school chemistry laboratory. In addition to this,
several special chemicals will be needed for the instrumentation phase of the _program. A
first duty of the new instructor will be to review the exercises planned for that work and
then order the needed chemicals. Increased student working time will require up to four
times the amount of chemicals usually consumed by a single student in high school
chemistry. The glassware items will also be similar but in many cases should be of greater
precision than usual. Many items will require B fittings instead of stopper fittings. A
number of special glassware items not normally found in a high school laboratory will be
needed, but can be added as the need is established.

A stock of individual student glassware items is needed to maintain the laboratory. A
standard stock of 25% should prove adequate. In many instances case lot prices will suggest
larger spare supplies of specific items to permit the school long-term savings.




v

CHAPTER VII

OCCUPATIONAL COMPETENCY PRE—PLACEMENT EXAMINATION
FOR CHEMICAL TECHNICIANS

TESTING MANUAL

Use Of The Examination
- The chemical technician occupational competency examination was primarily designed

as a selection and placement device. It can be useful to the employer as a screening and
placement device. Schools offering chemical technology programs may find the examination
of value as a pre-placement device. The examination may also be of value for teacher
selection and certification purposes.

If the examination is used for teacher selection or certification purposes,it is suggested
that successful candidates should score in the same range as the successful top-level
technicians. Such practice would assure that the teacher candidate has sufficient
c~cupational competence in his subject field.

When the examination is used by schools as a pre-placement device it is suggested that
the examination be administered just prior to. graduation. The student should not receive
any kind of special preparation for the examination. The examination should be
administered in a fashion that prohibits the other students from observing the examinees
while they work. Mo scores should be announced until all students have completed the
examination. The examiner should also avoid discussing any information on the rating
checklist. Following these precautions avoids invalidating the examination scores. Unless

scores have been announced, there is no danger in having students discuss the examination -

before they take it. The only way a student can improve his score is to improve his
competence. There is some likelihood of such improvement, since a discussion of the

judgments involved could lead a student to improve his judgment, especially if he has not

previously considered his work in terms of decision making.
The student scores could be made a past of the credentials offered to the prospective
“employer. If this is done, an insert containing the pertinent validation information should
also be included. Many employers would have to provide the validation information to the
United States Office of Economic Opportunity before they could accept the examination as

a selection device. . ,
When the examination is used by the employer as a selection and placement device, it

is suggested that the testing be done by the supervisor who will be supervising the selected
candidate. The supervisor does not need any special training. He will need to read this
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manual, the test, and the checklist before he administers the examination for the first time.
Should this suggestion be impractical for any given employer, a qualified personnel
department professional employee can administer the examination. If this is to be the
practice, it is further sﬁg%ested that the designated employee assist a laboratory supervisor in
the administration of the examination at least once and then have the laboratory supervisor
assist him at least once before he attempts to administer the examination on his own.

There are at least two advantages to the initial suggestion. Observation of the candldate
during the examination will give a good review of where the candidate has strengths and
weaknesses. This could be valuable information for in-service training of the selected
candidate. Possibly more important than the score is the candidate’s working personality.
Administration of the examination will probably take between 35 and 60 minutes. During
this time the supervisor can make a good evaluation of the candidate’s working personality.
Since the supervisor would usually wish to interview the candidate anyway, there is little
loss of time to gain this information. .

The personnel department should review the pay level schemes presented in this
manual and make policy decisions which are consistent with local needs. It should be noted,
however, that only the three-level scheme provides a seemingly natural break in scores that
give reasonable assurance of pay levels which fit individual competency.

Since the examination requires the use of many pieces of minor equipment and a few
pieces of common major equipment, it is suggested that the testing always take place in the
same laboratory. If a laboratory which has the large items is selected, the company need
only tie up one cabinet space and about 80 dollars' worth of equipment. Other activity can
take place in the laboratory during the examination unless the company wishes to retest the
other technicians for advancement purposes. A laboratory is suggested instead of an office
because running water, distilled water, and several electrical outlets are needed durmg the
examination. The laboratory environment also adds to the realism.

Administration Of The Examination

Administration of the examination requires approximately one hour. Less capable
candidates will usually require less time and some very capable candidates will require as
much as an hour and a quarter because they will need 15 to 20 minutes to interpret the
graphs which are part of the examination.

To prepare for the examination, gather the equipment and supplies listed on the
attached sheet. Assemble them in a laboratory which has running water and at least 20
square . feet of bench top. Five 110-volt outlets will also be needed. If the laboratory
already has an:analytical balance, a calculator, and a pH meter, the bench space can be
reduced. Organize the glassware as shown on the diagram (page 62), on the second
page of the equipment list. If the space is limited and a different arrangement is needed,
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make sure all the volumetric glassware is neat, together, and in plain sight. The pH meter
should have a probe which is assembled and in operating order, but if possible, the power
should be turned off. Other people may work in the laboratory during the examination,
but they should not talk to the candidate, or about the test, nor should they be allowed
to disturb the equipment.

When the candidate arrives, allow him to read the examination tasks he is to
perform. After he has read the tasks, take two to three minutes to show him the location
of everything he will need. A friendly, relaxed atmosphere is desirable, but do not discuss
the rating checklist or how to: perform any item. If the candidate asks how to do
something, tell him he is to use his best judgment.

The exact wording to be used follows: Mr. (or Miss) : The (Name of firm )
requires chemical technician candidates to take a performance test. This test will
probably take 30 to 60 minutes to complete. You may not be able to do some tasks. Do
not worry, just skip them. Give the candidate his examination sheet and allow him to
read it. Say: You are to perform all the tasks to the best of your ability and according to
your best judgment. Then point out the various pieces of equipment. Allow the candidate
to ask any questions he has and allow him to start.

To rate the candidate, watch his performance of the tasks and check those behaviors
he demonstrates. If the candidate performs the task somewhat differently, decide whether
or not he has performed the equivalent of what is described in the checklist and rate him
accordingly. If the candidate questions something, such as the dirty burette, remain
neutral and respond with some comment sych as — “Yes, I see it is somewhat dirty,” but
tell him to go ahead and work with it since it would take too long to clean it. The
appropriate items which are indicated by the questioning would, of course, be checked.

Validation Information

This is a brief summary of the pertinent validation information. More detailed
information is available from the examination publisher. '

Mean Score of the Standardization Sample 52.3

Number of Subjects in the Sample 61

Standard Deviation of Scores =.15.9

Range of Scores for the Standardization Sample A = 12 to 90
Split-Half Reliability Coefficient ' = .94
Inter-Rater Reliability Coefficient
Laboratory Supervisor = .98
= .98

Personnel Specialist
Score Interpretation

Since virtually all companies hiring chemical technicians follow a practice of saving )
the top technician pay level for employees of long and successful tenure, that pay level
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does not have to be considered for selective purposes. This leaves two selection
sequences. Those companies which recognize four pay levels have need for three selection
levels, while the companies with five pay levels have need for four selection levels.

The scores show a natural three-level breakdown. If the mean score for the total
standardization sample (52.3) is chosen as the midpoint for the second pay level score
range, we need only subtract one standard deviation to obtain the midpoint for the level
1 score range (36.4) and add one standard deviation to obtain the midpoint for the level
3 score range (68.2). Each of these midpoints lies very close to the corresponding
standardization group mean. Scores of 28 to 44 would be used to select pay-level-1
technicians. Scores of 45 to 60 would be used to select pay-level-2 technicians. Scores of
61 and above would be uszd to select pay-level-3 technicians.

The only difference between this proposed three-level score interpretation and
present practice is that it would be harder to become a level-3 technician. Present level
3’s do_not score as well as present level 4’s. However, in the suggested selection scheme,
level 3 and 4 technicians are assumed to have the same ability. The only way to fully
meet present practice is to use the same score range (45-60) for the selection of pay
levels 2 and 3. This matches present practice. The mean of pay level 3 of the
standardization sample was 1.6 score points more than the mean of pay level 2 of the
standardization sample.

Those companies which use. five pay levels need four selection ranges. They could
use a score range of 28 to 44 to select pay-level-1 technicians. A score range of 45—60
could be used to select technicians for pay levels 2 and 3. A score range of 61 and above
could be used to select pay levels 3 and 4. Such practice would parallel the competencies
obtained by present selection practices. v

If a company desires a higher competency at each pay level, the examination could
be used to assign such levels. By adding one- half standard deviation to the
standardization sample mean, a score of 60 is obtained. This could be the midpoint of
pay level 3. If the remaining midpoints are separated by three-fourths of ‘a standard
deviation the following midpoint values are obtained: pay level 1 = 36, pay level 2 = 48,
pay. level 3 = 60, and pay level 4 = 72. The score ranges for each level would be 30 to
42, 43 to 54, 55 to 66, and 67 or above respectively. :

Suggested Score .Ranges

Three Level Four Level
Level 1 Level 2 Level 3 . Level 1 Level 2 Level 3 Level 4
28to 44 45t0 60 60& up 30to 42 43to 54 55to 66 67 & up
48
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Starting Time

1. Weigh out approximatel
standardization solution.

CHEMICAL TECHNICIAN

OCCUPATIONAL COMPETENCY EXAMINATION

Rating Checksheet

Selects an analytical balance
accurate to at least four decimal
places.

Obtains a tare sheet (a small
piece of clean paper).

Takes the bottle of NaOH
pellets to the balance.

Turns on the balance and
checks the zero point before
weighing.

Estimates weight of tare sheet
(reads two to three decimals).

Keeps the pan support raised

except during readings,
especially when adding more
than a few grains of powder
(raised for pelﬁerts).

Operates weight dials to obtain

weight range.

Selects a 100 ml volumetric
flask (only practical instrument

-available with the correct degree

of precision).

Transfers
without touching them. (Correct
procedure is to make a funnel
with tare paper and pour them.)

Washes neck of flask with
water. ’

~ Fills flask to'a convenient level,

S 4

less than 3/4 full.

pellets to bottle’

Subject No.

y 1 gram of sodium hydroxide pellets to be used to make a

Immediately replaces bottle cap
after use, before “taking final
balance reading. (In this case, as
in_many, atmospheric moisture
will ruin the contents.)

Reads major scale accurately
(nearest division).

Reads vernier to *one division, or
rounds off last figure to nearest
whole division. . :

Transfers balance readin? to a
digited, decimal figure,
accurately.

Writes first full readiﬁés “on
paper. (Does not trust memory.)

Writes tare readings on paper
(after step 2).

Enters net weight on answer
sheet.

2. Dissolve the pellets of NaOH in 100.0 m! of distilled water.
~ Completely dissolves pellets by

swirling.

AFTER ALL PELLETS ARE
DISSOLVED, fills flask until
the bottom of the meniscus and
the graduation circle are sighted
as one.

Assures complete mixing by
ample agitation, using air
bubbles as mixer.




3. Use the calculator and determine the normality of the sodium hydroxide solution.
Use the equation printed immediately below. Insert the numbers in the spaces
provided.

4. Using the approximately .IN

Obtains correct answer from
calculator (between .200 and
.300).

Enters results on sheet to three
decimals. (The 4.00 was inserted
to test interpretation on errors
of significant figures and to
make four decimal place

~ weighing realistic.)

Does not have to start any part
of the calculation twice because
of any type of error. (Subject
may have been taught to run
entire problem twice to check.)

*If subject uses less accurate

number, ask why; if he refers to
hygroscopic nature of NaOH
-check both blanks as correct.

. . . o .
hydrochloric acid as a titrant and phenolthalein as an

indicator, determine the norma.{ity of the approximately .1N hydrochloric acid. Use
two 10.0 ml aliquots of the sodium hydroxide. Titrate duplicates and average the
results. Record the results in the blanks. Use the equation provided for your
calculations. Use the magnetic stirrer to mix the reactants.

Use a 10 ml pipet to obtain
aliquots. (The best of three
poor choices. Tell subject to
avoid getting this liquid in his
mouth, after he reaches for
pipet. This concentration is only
slightly harmful if not rinsed
with water.)

Fills pipet so that the bottom
of the meniscus and the
calibration mark are even.

Allows pipet to run empty.
(Does not blow out the last of
the liquid.)

Touches end of pipet to side of
flask to remove last drop.

Selects a small Erlenmeyer flask
as a titration container.

Takes and records initial buret
reading

Uses 1 to 3 drops of
phenolthalein.

Rounds buret reading to nearest

.05 ml

60

50

Adjusts magnetic stirrer for a
swirl,

Titrates, using a number of
approximately equal volumes
until the end-point is

~ approached.

Near end point, titrates at a rate
such that individual drops can
be counted.

Checks for cleanliness of buret. -

(Looks for clinging drops.)
Inserts plastic rﬁagnet.

Assembles buret-stand — upright

— and buret clamp so that the

buret tip is somewhat below the
mouth of the flask when the
flask is on the stirrer. .

Fills buret so that liquid is off
scale and somewhat above the

- Zero.

Slowly opens the valve and
allows the liquid to displace all

atr.
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Allows liquid to drop into a
spare containeér until meniscus is
on scale, or if necessary refills
buret.

Compares the volume of acid in
buret with result, to avoid
refilling buret during a titration.

Averages readings and does
other calculations as instructed.

Does not exceed end point by
more than two drops..

Takes and records final reading.

Enters difference in readings on
answer sheet.

Exhibits reasonable dexterity
during the above operations.

5. Combine the two titrated aliquots in a beaker and take pH reading.

Combines -the two aliquots in a
small beaker.'

Turns on pH meter.

Allows pH meter to warm until
there is no drifting of needle.

Accurately adjusts pH meter
with buffer as a standard.

Rinses meter probes.

Takes reading, rounding off the
last digit to a realistic extent
(depends upon meter scale).

Records the reading accurately.

Rinses the probes with distilled
water.

6. Mix about 20 ml each of solutions A and B. Centrifuge three tubes of the product.

Mixes the solutions.

Fills each centrifuge tube with
an equal amount.

Inserts the tubes in centrifuge
opposite each other.

Uses a fourth tube filled to
same level with water as a
counterbalance.

Measures solution with a
graduate cylinder.

Closes lid, if any, before
running centrifuge.

Allows centrifuge to run a few

minutes.

Turns off centrifuge and allows
it to coast to a stop (no sudden
jarring).

Checks separation of one tube,
to see if further centrifuging is
needed. »

-~

7. ldentify what instrument the chart for item 7 was run on. Assume that the standard

solution contains 120 grams per liter of a product. Find the’amount of the product

in each of the two samples. You are to use the two sheets of paper inserted ‘after
the chart, item 7, for your work. :

Identifies instrument as
auto-analyzer or.like equipment.

Attempts to Erepare a
standardization graph.

Plots concentration on one axis
and readings on the other.

Chooses and draws a straight
line that runs through the
anroximate center of the
plotted points.

TPV




Plots the points on the
standardization on the graph.

Gets a value between 64 and 70
grams per liter as a value for
sample No. 1.

-

L3

Gets a value between 49 and 54

grams per liter for sample No.
2.

Records values where instructed.

8. What type of instrument were the charts for item 8 run on? Give the formulas of
the two samples or whatever part of the formulas you can. Place your responses on

the sheet of paper inserted after the charts.

Identifies instrument as a
spectrophotometer (ignore any
model or brand information).
Two types of reading are:

absorption

transmittance.

Instrument is commonly used
without a chart by:

reading the meter at specified
wavelength.

9. What type of instrument were the charts for item 9 run on? Give the formulas of
the two samples or whatever part of the formulas you can. Give the amount of each
of the two samples. Approximate this figure within 10-15%. Place your responses on

the sheet of paper inserted after the charts.

Identifies the gas chromatogram.

Gives C,Hg as formula for
unknown No. 1.

Gives CsH; as formula for
unknown No. 2.

Gives between 4.3 and 5.8
microliters as a response to
unknown No. 1.

Gives between 6.8 and 9.2
microliters as a response¢ to
unknown No. 2.

Records responses as instructed.

10. Using the equiprhent provided, set up a reflux condenser. Assume that the reactants
. and a heating mantle will be added later, after the set-up is approved.

o Chooses a condenser.

Chooses a flask. |,

4

Chooses no other glassware. -

Inserts condenser intd flask and
clamps both upright with at
least 3 clamps. '

- . 52
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Fastens rubber tubing.
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11. Usmg the eciulpment provided, dilute the solution labeled C in dlsnlled water to
produce a solution containing 1 ml. in 125 ml, 1:125.

Places a little of C into a clean

beaker.
Takes exactly two ml with a
pipette.
Places 2 ml in a 250-ml

volumetric flask.

Finishing time

Fills flask to mark.

Agitates, using air bubble to
mix contents.

Working time

R :
y <
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AN OCCUPATIONAL COMPETENCY EXAMINATION
FOR
CHEMICAL TECHNICIANS

Weigh out approximately 1 gram of sodium hydroxide pellets to be used to make a
standardization solution.

Weight of NaOH grams

. Dissolve the pellets in 100.0 ml of distilled water.

. Use the calculator and determine the normality of the sodium hydroxide solution.
Use the equation immediately below. Insert the numbers in the spaces previded.

Calculations:

Wt in Grams = Normality of Sol. = -—46F—-g = N NaOH

4.00

. Using the approximately .1N hydrochloric acid as a titrant and phenolthalein as an
indicator, determine the normality of the approximately .IN hydrochloric acid. Use
two-10.0- ml aliquots of the sodium hydroxide. Titrate duplicates and average the
results. Record the résults in the blanks. Use the equation provided for your
calculations. Use the magnetic stirrer to mix the reactants. :

Aliquot No. 1 -' ml of HC1

Aliquot No. 2 L ml of HCl
Average ml of HC]
Calculations: S
Nof NIOHx 10 = Nof HCl ——NNaOHx10 _  \r
Avg. mlHCl : —mlHcl

~ The normality of the HCl is__ —

. Combine the»two titrated aliquots in a beaker and take pH reading.
pH—

. Mix about 20°ml each of solutions A and B. Centrifuge three tubes of the pfoduct.

54
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An Occupational Competency
Examination for Chemical Technicians (Continued)

O T SO

7. Identify what instrument the chart for item 7 was run on. Assume that the standard
solution contained 120 grams per liter of a product. Find the amount of the
product in each of the two samples. You are to use the two sheets of paper inserted
after the chart, item 7, for your work.

A

FROVC RN
20

8. What type of instrument was the chart for item 8 run on? What two types of
" readings can be taken with this instrument? Could you use the instrument without a
chart? How? Use the sheet of paper.inserted after the chart, item 8, for your
responses.

o 9. What type of instruments were the charts for item 9 run on? Give the formulas of
' the two samples or whatever part of the formulas you can. Give the amount of each
| of the two samples. Approximate this figure within 16-15%. Place your responses on
the sheet of paper inserted after the charts. -

: | 10. Using the equipment provided, set up a reflux condenser. Assume that the reactants
:' - and a heating mantle will be added later, after tae set-up is approved.

11. Using the equipment provided, dilute the solution labeled C in dlstllled water to
’{;? produce a solution containing 1 m] in 125 ml, 1:125.

565
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The following list includes all of the equipment used for the administration of the
examination. The equipment is listed in the most probable order of use. Items may be
listed at the end of a previous sequence when two sequences of items are needed to

EQUIPMENT USEDi’OR ADMINISTRATION OF THE EXAMINATION

perform the same task.

1.

2.

10.
11.

12.

13.

14.

Sodium Hydroxide Pellets(1 pound dry)

Spatula

. Glassine Tare Sheets -

Analytical Balance (to fourth deéirﬁal)
Calculator
Wash Bottle

Volumetric Flasks
50 ml

100 ml

150 ml

250 ml

. Burette - clean,1

Burette - slightly dirty, 1
Burette Clamp
Burette Stand

Flasks Erlenmeyer
4-125 ml ;-
4-250 ml

4.- 500 ml

Flasks Florence
2 - 150 ml
2-250 ml
2 - 500 ml

Magnetic Stirrer

15.
16.
17.
18.

19.

20.
21.
22,

23.

24.
25,
26.

27.

28.

29.

&

Fd,

Db
Bt

L Sy

&
4
Stirrer Magnets — 2
Distilled Water (on tap) ;
Phenolthalein Indicator Solution
Hydrochloric Acid Sol .1IN
Beakers
2-150 ml ;
4. 250 ml ;
2-500 ml
Sodium Chloride Sol A Approx. .1N
Silver Nitrate Sol B Approx. .IN
Centrifugc - 3
Centrifuge Tube’, — 6 j ’
pH Meter with 7.0 buffer b
i
Graduate Cylinder 100 ml ;
Copper Sulfate Sol C Approx. .IN
Pipette TD ' '4
1-1ml _
1-2ml 1
1-5 mil
1-10 ml : t
Ring Stand

Distilling Apparatus, Simple
1 flask any size g to fit
1 condenser tube '8 to fit
1 adapter Fto fit
1 receiver, right angle B to fit
2 pieces rubber tubing to fit.
"condenser




The following diagram is a s

ITEM ARRANGEMENT DIAGRAM

o

B

v

sted layout of equipment.This layout was used
for standardization study. Minor shifts of item positions may be needed to fit your

laboratory benches. Large items may be used where they now exist if they are in the
same room. The positions of items are indicated by the item numbers used ahi:éz.

19 13 12 25 7 27 18 26 21 20
14 P 8,9 10, 11 17 :
22,23 | 28, 29
4. 24 16
3.
A}
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CHAPTER VIII

TEACHING OUTLINE

w

When this outline is followed every student in the class who shows a'reasonable level
of mastery should accomplish two major objectives. He should possess all the basic skills
necessary to be a successful chemical technician and he should know enough basic
chemistry to continue with a college education. The second is considered to be a
prerequisite for top technicians. The class “Top Technicians” must be promotable. As has
been stated before, there is room for ‘the less successful, but we should recognize the
limited advancement potential of.that student and help him avoid getting in over his head
on the first job. .

The teacher will immediately note a sharp departure from the typical high school
chemisitty course. There is no attempt at a liberal education as such. Descriptive
chemistry and in-depth theoretical chemistry not essential to the present program are

discarded. Not because it is believed that these are inappropriate, but because no one .

course can successfully be all things to all people. The commitment here is to the shaping
of a chemical technician, not a chemist, nor a consumer. The empbhasis is on individual
participation and performance from the very beginning. It is assumed that this student
believes in doing, not just knowing. Supplementary reference materials of a general nature
might serve some of the more advanced students to good advantage. in learning traditional
chemistry. There is a question, however, if the teacher has a right to include this in the
evaluation. ' .

Some of the suggested teaching alternatives are “make work” in nature. This is done
because mastery of certain objectives is paramount to technician training, yet only a
production set-up provides the need to run repetitive samples through certain tests. In
such cases the outline unabashedly: suggests artificial tasks to accomplish the desired
objectives. : '
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