
The use of computers allows chemists to test large quantities of
chemical compounds with desired properties.

Chemists and Materials Scientists
(0*NET 19-2031.00, 19-2032.00)

Significant Points

● A bachelor’s degree in chemistry or a related discipline
is the minimum educational requirement; however,
many research jobs require a Ph.D.

● Job growth will be concentrated in pharmaceutical and
medicine manufacturing companies and in scientific
research and development services firms.

● Graduates with a master’s degree, and particularly
those with a Ph.D., will enjoy better opportunities than
those with a bachelor’s degree.

Nature of the Work
Everything in the environment, whether naturally occurring or
of human design, is composed of chemicals.  Chemists and ma-
terials scientists search for and use new knowledge about chemi-
cals. Chemical research has led to the discovery and develop-
ment of new and improved synthetic fibers, paints, adhesives,
drugs, cosmetics, electronic components, lubricants, and thou-
sands of other products. Chemists and materials scientists also
develop processes that save energy and reduce pollution, such
as improved oil refining and petrochemical processing meth-
ods.  Research on the chemistry of living things spurs advances
in medicine, agriculture, food processing, and other fields.

Materials scientists research and study the structures and
chemical properties of various materials to develop new prod-
ucts or enhance existing ones.  They also determine ways to
strengthen or combine materials or develop new materials for
use in a variety of products.  Materials science encompasses the
natural and synthetic materials used in a wide range of products
and structures, from airplanes, cars, and bridges to clothing and
household goods.  Companies whose products are made of met-
als, ceramics, and rubber employ most materials scientists.  Other
applications of materials science include studies of supercon-
ducting materials, graphite materials, integrated-circuit chips,
and fuel cells.  Materials scientists, applying chemistry and phys-
ics, study all aspects of these materials.  Chemistry plays an
increasingly dominant role in materials science, because it pro-
vides information about the structure and composition of mate-
rials.  Materials scientists often specialize in specific areas such
as ceramics or metals.

Many chemists and materials scientists work in research and
development (R&D).  In basic research, they investigate proper-
ties, composition, and structure of matter and the laws that gov-
ern the combination of elements and reactions of substances.  In
applied R&D, they create new products and processes or im-
prove existing ones, often using knowledge gained from basic
research. For example, synthetic rubber and plastics resulted
from research on small molecules uniting to form large ones, a
process called polymerization.  R&D chemists and materials
scientists use computers and a wide variety of sophisticated
laboratory instrumentation for modeling and simulation in their
work.

The use of computers to analyze complex data has had the
dramatic impact of allowing chemists and materials scientists to
practice combinatorial chemistry.  This technique makes and
tests large quantities of chemical compounds simultaneously in
order to find compounds with certain desired properties.  As an

integral part of drug and materials discovery, combinatorial
chemistry speeds up materials design and R&D, permitting use-
ful compounds to be developed more quickly and inexpen-
sively than was formerly possible.  Combinatorial chemistry
has allowed chemists to produce thousands of compounds each
year and to assist in the completion of the sequencing of human
genes. Today, chemists are working with life scientists to trans-
late this knowledge into viable new drugs.

Chemists also work in production and quality control in
chemical manufacturing plants.  They prepare instructions for
plant workers that specify ingredients, mixing times, and tem-
peratures for each stage in the process.  They also monitor auto-
mated processes to ensure proper product yield, and test samples
of raw materials or finished products to make certain that they
meet industry and government standards, including the regula-
tions governing pollution.  Chemists report and document test
results and analyze those results in hopes of further improving
existing theories or developing new test methods.

Chemists often specialize.  Analytical chemists determine
the structure, composition, and nature of substances by examin-
ing and identifying the various elements or compounds that
make up a substance.  These chemists are absolutely crucial to
the pharmaceutical industry because pharmaceutical compa-
nies need to know the identity of compounds that they hope to
turn into drugs.  Furthermore, they study the relations and inter-
actions of the parts of compounds and develop analytical tech-
niques.  They also identify the presence and concentration of
chemical pollutants in air, water, and soil.  Organic chemists
study the chemistry of the vast number of carbon compounds
that make up all living things.  Organic chemists who synthe-
size elements or simple compounds to create new compounds or
substances that have different properties and applications have
developed many commercial products, such as drugs, plastics,
and elastomers (elastic substances similar to rubber).  Inorganic
chemists study compounds consisting mainly of elements other
than carbon, such as those in electronic components.  Physical
and theoretical chemists study the physical characteristics of
atoms and molecules and the theoretical properties of matter,
and investigate how chemical reactions work.  Their research
may result in new and better energy sources.  Macromolecular
chemists study the behavior of atoms and molecules.  Medicinal
chemists study the structural properties of compounds intended
for applications to human medicine.  Materials chemists study
and develop new materials to improve existing products or make



new ones.  In fact, virtually all chemists are involved in this
quest in one way or another.  Developments in the field of chem-
istry that involve life sciences will expand, resulting in more
interaction among biologists, engineers, and chemists.  (Bio-
chemists, whose work encompasses both biology and chemis-
try, are discussed in the Handbook s tatement on biological
scientists.)

Working Conditions
Chemists and materials scientists usually work regular hours in
offices and laboratories.  R&D chemists and materials scientists
spend much time in laboratories, but also work in offices when
they do theoretical research or plan, record, and report on their
lab research.  Although some laboratories are small, others are
large enough to incorporate prototype chemical manufacturing
facilities as well as advanced equipment for chemists.  In addi-
tion to working in a laboratory, materials scientists also work
with engineers and processing specialists in industrial manu-
facturing facilities. After a material is sold, materials scientists
often help customers tailor the material to suit their needs.  Chem-
ists do some of their work in a chemical plant or outdoors—
while gathering water samples to test for pollutants, for example.
Some chemists are exposed to health or safety hazards when
handling certain chemicals, but there is little risk if proper pro-
cedures are followed.

Employment
Chemists and materials scientists held about 91,000 jobs in
2002. About 44 percent of all chemists and material scientists
are employed in manufacturing firms—mostly in the chemical
manufacturing industry, which includes firms that produce plas-
tics and synthetic materials, drugs, soaps and cleaners, pesti-
cides and fertilizers, paint, industrial organic chemicals, and
other chemical products. About 15 percent of chemists and ma-
terial scientists work in scientific research and development
services; another 13 percent work in architectural, engineering,
and related services.  In addition, thousands of persons with a
background in chemistry and materials science hold teaching
positions in high schools and in colleges and universities.  (See
the statements on teachers—postsecondary, and teachers—pre-
school, kindergarten, elementary, middle, and secondary else-
where in the Handbook.)

Chemists and materials scientists are employed in all parts of
the country, but they are mainly concentrated in large industrial
areas.

Training, Other Qualifications, and Advancement
A bachelor’s degree in chemistry or a related discipline usually
is the minimum educational requirement for entry-level chem-
ist jobs. However, many research jobs require a master’s degree,
or more often a Ph.D.  While some materials scientists hold a
degree in materials science, a bachelor’s degree in chemistry,
physics, or electric engineering also is accepted.  Similar to
chemists, many R&D jobs require a Ph.D. in materials science or
a related science.

Many colleges and universities offer a bachelor’s degree pro-
gram in chemistry; about 620 are approved by the American
Chemical Society (ACS).  The number of colleges that offer a
degree program in materials science is small, but gradually in-
creasing.  Several hundred colleges and universities also offer
advanced degree programs in chemistry; around 320 master’s
programs and about 190 doctoral programs are ACS-approved.

Students planning careers as chemists and materials scien-
tists should take courses in science and mathematics, should
like working with their hands building scientific apparatus and
performing laboratory experiments, and should like computer
modeling.  Perseverance, curiosity, and the ability to concen-
trate on detail and to work independently are essential.  Interac-
tion among specialists in this field is increasing, especially for
chemists in drug development.  One type of chemist often relies
on the findings of another type of chemist.  For example, an
organic chemist must understand findings on the identity of
compounds prepared by an analytical chemist.

In addition to required courses in analytical, inorganic, or-
ganic, and physical chemistry, undergraduate chemistry majors
usually study biological sciences, mathematics, and physics.
Those interested in the environmental field also should take
courses in environmental studies and become familiar with cur-
rent legislation and regulations.  Computer courses are essen-
tial, because employers prefer job applicants who are able to
apply computer skills to modeling and simulation tasks and
operate computerized laboratory equipment.  This is increas-
ingly important as combinatorial chemistry techniques are more
widely applied. Additionally, courses in statistics are useful be-
cause both chemists and materials scientists need the ability to
apply basic statistical techniques.

Because R&D chemists and materials scientists are increas-
ingly expected to work on interdisciplinary teams, some under-
standing of other disciplines, including business and marketing
or economics, is desirable, along with leadership ability and
good oral and written communication skills.  Experience, either
in academic laboratories or through internships, fellowships, or
work-study programs in industry, also is useful.  Some employ-
ers of research chemists, particularly in the pharmaceutical in-
dustry, prefer to hire individuals with several years of
postdoctoral experience.

Graduate students typically specialize in a subfield of chem-
istry, such as analytical chemistry or polymer chemistry, de-
pending on their interests and the kind of work they wish to do.
For example, those interested in doing drug research in the phar-
maceutical industry usually develop a strong background in
synthetic organic chemistry.  However, students normally need
not specialize at the undergraduate level.  In fact, undergradu-
ates who are broadly trained have more flexibility when job
hunting or changing jobs than if they had narrowly defined
their interests. Most employers provide new graduates addi-
tional training or education.

In government or industry, beginning chemists with a
bachelor’s degree work in quality control, perform analytical
testing, or assist senior chemists in R&D laboratories.  Many
employers prefer chemists and materials scientists with a Ph.D.,
or at least a master’s degree, to lead basic and applied research.
Nonetheless, relevant work experience is an asset.  Chemists
who hold a Ph.D. and have previous industrial experience may
be particularly attractive to employers because such people are
more likely to understand the complex regulations that apply to
the pharmaceutical industry.  Within materials science, a broad
background in various sciences is preferred.  This broad base
may be obtained through degrees in physics, engineering, or
chemistry. While many companies prefer hiring Ph.D.s, many
materials scientists have bachelor’s and master’s degrees.

Job Outlook
Employment of chemists is expected to grow about as fast as the
average for all occupations through 2012.  Job growth will be



concentrated in pharmaceutical and medicine manufacturing
and in scientific research and development services firms.  The
chemical industry, the major employer of chemists, should face
continued demand for goods such as new and better pharmaceu-
ticals and personal care products, as well as for more specialty
chemicals designed to address specific problems or applica-
tions.  To meet these demands, some chemical firms will con-
tinue to devote money to research and development—through
in-house teams or outside contractors—spurring employment
growth of chemists.  Those with at least a master’s degree, and
particularly those with a Ph.D., will enjoy better opportunities
than those with just a bachelor’s degree for most research and
upper management positions.  Opportunities for individuals with
a bachelor’s degree are expected to be more competitive.  The
number of science-related jobs in sales, marketing, and middle
management, for which bachelor’s and master’s degree holders
may qualify, are expected to be fewer as companies continue to
streamline their operations.  Some bachelor’s and master’s de-
gree holders become chemical technicians or technologists or
high school chemistry teachers.

Within the chemical industry, job opportunities are expected
to be most plentiful in pharmaceutical and biotechnology firms.
Biotechnological research, including studies of human genes,
continues to offer possibilities for the development of new drugs
and products to combat illnesses and diseases that have previ-
ously been unresponsive to treatments derived by traditional
chemical processes.  Stronger competition among drug compa-
nies and an aging population are contributing to the need for
innovative and improved drugs discovered through scientific
research.

Employment in the remaining segments of the chemical in-
dustry is expected to decline as companies downsize and turn to
outside contractors to provide specialized services.  As a result,
scientific research and development services firms will experi-
ence healthy growth.  To control costs, some chemical compa-
nies, including drug manufacturers, are increasingly turning to
these firms to perform specialized research and other work for-
merly done by in-house chemists.  Despite downsizing, some
job openings will result from the need to replace chemists who
retire or otherwise leave the labor force.  Quality control will
continue to be an important issue in chemical manufacturing
and other industries that use chemicals in their manufacturing
processes. Chemists also will be needed to develop and im-
prove the technologies and processes used to produce chemi-
cals for all purposes, and to monitor and measure air and water
pollutants to ensure compliance with local, State, and Federal
environmental regulations.  Environmental research will offer
many new opportunities for chemists and materials scientists.
To satisfy public concerns and to comply with government regu-
lations, the chemical industry will continue to invest billions of
dollars each year in technology that reduces pollution and cleans
up existing wastesites.  Chemists also are needed to find ways to
use less energy and to discover new sources of energy.

During periods of economic recession, layoffs of chemists
may occur—especially in the industrial chemicals industry.  This
industry provides many of the raw materials to the auto manu-
facturing and construction industries, both of which are vulner-
able to temporary slowdowns during recessions.

Earnings
Median annual earnings of chemists in 2002 were $52,890.  The
middle 50 percent earned between $39,410 and $71,710.  The
lowest 10 percent earned less than $30,980, and the highest 10

percent earned more than $92,170.  Median annual earnings of
materials scientists in 2002 were $64,590.  The middle 50 per-
cent earned between $46,280 and $86,240.  The lowest 10 per-
cent earned less than $33,480, and the highest 10 percent earned
more than $107,400.  Median annual earnings in the industries
employing the largest numbers of chemists in 2002 were:

Federal government .................................................................. $72,010
Scientific research and development services .......................... 60,400
Pharmaceutical and medicine manufacturing .......................... 53,070
Architectural, engineering, and related services ...................... 38,780

The American Chemical Society reports that the median sal-
ary of all of its members with a bachelor’s degree was $32,800 a
year in 2002; for those with a master’s degree, it was $50,000;
and for those with a Ph.D., it was $68,000.  Median salaries were
highest for those working in private industry; those in academia
earned the least.  According to an ACS survey of recent gradu-
ates, inexperienced chemistry graduates with a bachelor’s de-
gree earned a median starting salary of $31,000 in 2002; those
with a master’s degree earned a median salary of $45,000; and
those with a Ph.D. made median earnings of $67,500.  Among
bachelor’s degree graduates, those who had completed intern-
ships or had other work experience while in school commanded
the highest starting salaries.

In 2003, chemists in nonsupervisory, supervisory, and mana-
gerial positions in the Federal Government averaged $76,857 a
year.

Related Occupations
The research and analysis conducted by chemists and materials
scientists is closely related to work done by agricultural and
food scientists, biological scientists, medical scientists, chemi-
cal engineers, materials engineers, physicists, and science tech-
nicians.

Sources of Additional Information
General information on career opportunities and earnings for
chemists is available from:
➤American Chemical Society, Education Division, 1155 16th St. NW.,
Washington, DC 20036.  Internet: http://www.acs.org

For general information on materials science, contact:
➤Materials Research Society (MRS), 506 Keystone Dr., Warrendale, PA
15086-7573.  Internet: http://www.mrs.org

Information on obtaining a position as a chemist with the
Federal Government is available from the Office of Personnel
Management (OPM) through a telephone-based system. Con-
sult your telephone directory under U.S. Government for a local
number or call (703) 724-1850; Federal Relay Service: (800)
877-8339.  The first number is not tollfree, and charges may
result.  Information also is available from the OPM Internet site:
http://www.usajobs.opm.gov.


