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UNIT 1
EDUCATION IN UKRAINE

Exercise 1. Learn the following words and word combinations:
well-known scientist - BIqOMU# BYEeHHIT
state figure - gep>kaBHUH HisTd
electrical engineering - enekTpoTexHika
material science - MaTepiaJo3HaBCTBO
computer science - iHpopMaTuKa
to take pride in smth - numarucs
graduate - BUITyCKHUK
to emerge - BUHUKATH, 3’ ABISTHCS
to make a considerable contribution to smth - poOuTn 3Ha4HUIT BHECOK
scientific and academic activities - HaykoBa Ta HaBYaJIbHA JTisSUIbHICT
power - eHepreTuka
the humanities - rymaHiTapHi JUCHUILTIHA
ecological safety - 3axucT qOBKiyUISA
extramural training - 3a04He HaBYaAHHA
subdivision - migpo3ain
preparatory department - ImiIrOTOBYE BiJTiJICHHS
research institute - HayKOBO-IOCTIIHIH iIHCTUTYT
training (educational) process - HaBYaIbHUHN MPOLIEC
state prize - Aep>kaBHa peMist
profound knowledge - rmiboki 3HaHHS
amateur art activities - Xy/10’)KHSI CAaMOISUTbHICTh
to be in favour - KopucTyBaTHCA yCIiXOM

Exercise 2. Make a “map” of your knowledge about The Open
International University of Human Development "Ukraine". Answer the
questions: What do I know about: 1) the history of the University, 2) the
number of students and teaching staff; 3) the institutes the University
includes, 4) modern facilities the University has, 5) the institute I study in.

Exercise 3. Read and translate the text.

The Open International University of Human Development
"Ukraine"

The Open International University of Human Development
"Ukraine" the only higher educational institution of an integrated type
which is open for young people of unequal level of preparation
differentiated social opportunities and different state of health. It
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consciously undertook the mission of teaching people with the special

needs. This is its uniqueness. The mission of the Open International

University of Human Development "Ukraine": high-quality accessible

higher education for people seeking full personal self-realization in the

public interest. The goal of the Open International University of Human

Development "Ukraine": the provision of higher education to all comers,

including young people with special needs, through the introduction of

advanced educational technologies. The goals of the Open International

University of Human Development "Ukraine": the creation and

organization of a system of training and retraining of specialists of various

skill levels in the field of market economy, the sphere of social and legal
support, financial and economic activities of enterprises and institutions,
primarily from the disabled and persons with limited opportunities,
especially those affected by the Chernobyl disaster, local conflicts, wars
and emergencies; The development in the learning process of rehabilitation
methods for the disabled; Adaptation of university graduates to specific
production conditions through the creation of an integrated institution

(training and production complex), on-going training, research, consulting

and mediation.

The main tasks of the Open International University of Human

Development "Ukraine" are:

— Mobilizing the capacities of state, municipal, private and departmental
institutions and educational institutions, production structures, public
organizations, foundations and individuals to form a scientific,
educational and rehabilitation base for training and production and
retraining of specialists, First of all - from among disabled people;

— Creation, selection and implementation of such teaching methods and
technologies that would ensure the combination of the educational
process with production activities, scientific research and activities to
adapt specialists to a full-fledged life, and study modern methods of
management and entrepreneurship;

— Assistance in retraining and constant improvement of the professional
level of the entire able-bodied population of Ukraine;

— The creation of a scientific and methodological information center for
coordinating the activities of regional and sectorial educational
institutions, as well as for research in the direction of cooperation and
adaptation of disabled people in the educational and production sphere;

— Introduction of distance learning technologies for the entire population
of Ukraine;



— Carrying out of fundamental and applied scientific researches on
humanitarian, natural, technical and other directions of science and
culture.

The Open International University of Human Development
"Ukraine" conducts research work, identifies areas of priority scientific
research, established scientific schools, operates the Center of High
Technologies, which includes 6 research institutes and departments. To
dramatically improve the quality of education, there are university-wide
scientific and methodological associations, a powerful publishing and
printing complex and an own audio and video studio that are engaged in the
production of educational and methodological support. Cooperation has
been established with Ukrainian, foreign and international institutions and
educational institutions.

Exercise 4. Answer the following questions.

1. When was the university founded? 2. What kind of specialists
has it been training since its foundation? 3. What powerful scientific
schools have been founded at the university? 4. Who is the present rector?
5. How many and what institutes train specialists at present? 6. What
faculties do they have? 7. What other educational institutions are
incorporated in the university? 8. How many students study at the
university now? 9. What is the university teaching staff known for? 10.
What facilities are used in the training process at the university?

Exercise 5. Translate into English.

1. Bararo cmemianicTiB, fKi NpamoOTh B YKpaiHi, MpOUIUIN
MiATOTOBKY y BiakpuToMy MiKHapOAHOMY YHIBEPCHUTETI PO3BUTKY
JoAnHYU «YKpaiHay. 2. barato BUMyCKHUKIB MPOJOBKYIOTH MIPALIOBATH B
piAHOMY YyHIBEpCHTETi, MIPUMHOXKYIOUM Horo ciaBy. 3. /lo HaB4aIbHOTO
Mpolecy B YHIBEPCHUTETI 3aIydaloTbcs MPOBiAHI (axiBLi MPOMHCIOBUX
miAnpueMcTB. 4. YHIBEpCUTET HaZa€ BEIUKOTO 3HAYCHHS POJIi XyAOKHBOT
CaMOJIiSUTBHOCTI B OpraHi3allii CTyIeHTChKOTO JTOBKIJIIS.

Exercise 6. Work in pairs and make up a dialogue on the topic: 1
am a student of the Open International University of Human Development
"Ukraine" using the following words and word combinations.

first-year student be expelled from the University

second-year student / freshman cheat



full-time student disrupt classes

part-time student swot

inaugural ceremony swotter

audience hall miss classes
student identity card skip/ go skiving
attend classes skiver

attendance is compulsory be late for classes
check students’ coming in time take exams

be given a good talking pass exams

Exercise 7. Imagine that you are a member of the international
educational organization. Your task is to advertize the Open International
University of Human Development "Ukraine" to the students from different
countries. Work in pairs and make a short concise presentation on the
topic.

Exercise 8. Put the paragraphs in the right order. Give the title to
the text. Add more information on the topic.

(A) Education in Ukraine is given a great attention by the
government and a large number of facilities and institutions exist for the
purpose of educating the population. The system of education in Ukraine
extends right from pre-school to higher education.

(B) Basic school also falls under the secondary education system
in Ukraine. This is the students' last level of formal basic education. This
level of education provides the link to continuous education systems. It is
compulsory to attend basic school for five years. Formal basic education is
completed between the ages of 14 and 16 years. On completion of basic
schooling the student will receive a certificate allowing them to continue
on to upper secondary school as well as certain higher education
institutions.

(C) Ukraine has a very well-developed higher education system.
Higher education is provided by higher education establishments, private
bodies and scientific and methodological facilities of the government. This
system also encompasses post-graduate programs and Ph.D's as well as
self-education. The levels of accreditation depend on the Higher Education
Institutes' status.

(D) Ukraine's educational legislation places great importance on
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preschool education. This early form of education is to be cared for by the
family or through a pre-school institution. A variety of institutions is
available for this level of education in Ukraine and includes day care
centers, kindergartens and special facilities for disabled children. Provision
is also made for orphans.

(E) Level one includes vocational schools that train junior
specialists. Level two are colleges and similar organizations that teach
bachelors. Level three is made up of universities, institutes, academies and
conservatories which provide education for bachelors and specialists.
Level four includes universities, conservatories, institutes and academies
which educate bachelors, specialists and masters.

(F) It is evident that the system of education in Ukraine has been
well-developed and opportunities exist for the entire population, even those
living in the rural areas.

(G) Elementary school education in Ukraine forms the foundation
of a child's schooling career. Ukraine's Law on Education states that
provision of elementary schools must be made wherever there are students.
Elementary or primary education acts to develop children's personalities,
talents, formation of morals, working education as well as knowledge of
the human body, nature, industry and society. This level of education is
compulsory in Ukraine and is available at various types of institutions.
Students begin secondary comprehensive schooling at the age of 6 or 7
years.

Exercise 9._Develop the ideas.
1. Elementary school education in Ukraine forms the foundation of a
child's schooling career.
2. Ukraine has a very well-developed higher education system.
3. Ukraine is one of the best platforms for education, business and tourism.
4. Intoday's world the urge to take admissions in Medical and Engineering
Universities and Colleges is getting high among the students.
5. Higher education within the Ukrainian community has always been
open to foreign students.
6. The National Academy of sciences, higher educational institutions of
Ukraine maintain broad international contacts.
7. Ukraine is distinguished by a high level scientific potential.
8. The Ukrainian educational system is organised into five levels:
preschool, primary, secondary, higher and postgraduate education



UNIT 2
EDUCATION IN GREAT BRITAIN AND THE USA

Exercise 1. Learn the following words and word combinations:
government - ypsn
to commit - CXHIISITHCS, MATH HaMip
trading nation - TopriBeabHa Halis
intense international cooperation - Hanpy»eHa Mi>KHapOJHa CIiBIpaL
needs of the economy - moTpedu eKOHOMIKH
emphasis - Harojoc
vocational course - npodeciiiHuid HarpsiM
virtually - gpakTrano
selective - BHOipKOBuUit
teacher education - nemarorigsa ocBita
method of instruction - MeTox HaBUYaHHS
school leaver - BumyckHux
typing - ApyKapcTBO
town planning - MicbKe rocroJapcTBO
to attend lecture - BiiBiTyBaTH JEKIIi0
to keep in touch - Oyt Ha 3B’s13Ky
tutor - HACTaBHUK, BUXOBATENb, KEPIBHUK
to place a high value - HamaBaTH BeTUKOI IHHOCTI
to maintain - yrpuMyBatu
to comprise - OXOILTIOBATH
to seek a bachelor's degree - 3m00yBatu cTyminp OakanaBpa
to transfer to - NepeBOJUTH JO
source of funding - mxepeno ¢inaHcyBaHHS
income - 10Xix
student tuition - TIaTa 3a HaBYaHHS
endowment - mokepTBa
public-tax money - rpouli MIaTHUKIB MOJATKIB
curriculum - mporpama
to complete assignment - BUKOHYBaTH 3aBJaHHS

Exercise 2. Read and translate the text and make a comparative

table of higher education in the UK and Ukraine.
Higher Education in the UK

The British Government is committed to improving education and
training for 16- to 19-year-olds and considers that a high level of
cooperation between the education system and business is necessary to
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maintain Britain's position as a leading industrial and trading nation. Rapid
technological change and intense international cooperation mean that
education must be closely matched to the needs of the economy. More
emphasis is being given to science, engineering, technology and vocational
courses.

Higher education in England has several branches: colleges of
education that mostly prepare students to be teachers, polytechnics that
usually prepare students for some kind of career and universities. Virtually
all higher education is selective, usually depending on how well a student
does in GCE, "A" level (the General Certificate of Education, "Advanced"
level). However, good exam results alone are not enough. Universities
choose their students after interviews. For all British citizens a place at a
university brings with it a grant from their local education authority.

The academic year in Britain's universities, Polytechnics, Colleges
of Education is divided into three terms, which usually run from the
beginning of October to the middle of December, from the middle of
January to the end of March, and from the middle of April to the end of
June or the beginning of July.

After three years of study, university graduates will leave with the
Degree of Bachelor of Arts, Science, Engineering, Medicine etc. Later they
may continue to take a Master's Degree and then a Doctor's Degree.
Research is an important feature of university work. The Polytechnics like
the universities offer first and higher degrees. Colleges of Education
provide two-year courses in teacher education or sometimes three years if
the graduate specializes in some particular subject.

There are 46 universities in Britain. The oldest and best-known
universities are located in Oxford, Cambridge, London, Leeds,
Manchester, Liverpool, Edinburgh, Southampton, Cardiff, Bristol, and
Birmingham. English universities greatly differ from each other. They
differ in dates of foundation, size, history, traditions, general organization,
methods of instruction, and students’ way of life.

Some school leavers choose to go to a further education college
where they can follow a course in typing, engineering, town planning,
cooking or hairdressing, full-time or part-time. Further education colleges
have strong ties with commerce and industry. There is an interesting form
studies, which is called the Open University. It is intended for people study
in their own free time and who attend "lectures" by watching, television
and listening to the radio. They keep in touch by phone or letter with the
tutors and attend summer schools.
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Exercise 3. Answer the following questions to the text.

1. Why is the British Government committed to imp education? 2.
What branches does higher education in England 3. What careers are
students trained for? 4. What is implied by- education in Britain is
selective"? 5. What is the academic year universities like? 6. What degree
will a university graduate leave after three years of study? 7. What is the
duration of the teacher-t provided at Colleges of Education? 8. What is the
Open University?

Exercise 4. Give Ukrainian equivalents:

To be committed to; to maintain position; to give emphasis
commercial application; to do well in; to take a Master's Degree; to offer
first and higher degrees; to provide two-year courses in; to specialize in
some particular subject; to go to a further education college; to folio course
in typing or engineering full-time or part-time; to attend "lectures"
watching television; to keep in touch by phone.

Exercise 5. Read the text and put 7 special questions to the text.
The Universities of Oxford and Cambridge

The oldest universities of Oxford and Cambridge were founded the
two towns towards the end of the twelfth century. The story of I University
in Cambridge begins in 1209 when several hundred students a scholars
arrived in the little town of Cambridge. These students were churchmen
and had been studying in Oxford, at the city of well-kno« schools.

There were many quarrels with the townsfolk, for the Univers
wanted to be independent of the Town. Side by side with the fight freedom
from Town rule and another for liberty from Church rule University
became its own master at last in 1500. Now at Oxford a Cambridge the
colleges are self-governing institutions.

In those early days student life was very different from what it now.
Students were of all ages and came from everywhere. The stude were
armed; some robbed the people of the countryside.

Students were forbidden to play games, to sing (except religious
hymns), to hunt or fish, or even to dance. All the lessons were in the Latin
language which students had to speak even among themselves.

Many great men studied at Cambridge and Oxford, among them
Bacon the philosopher, Milton the poet, Newton the scientist, and John
Galsworthy the writer.

The universities have their own traditions, which they preserve
carefully. A student must wear a cap and gown - it is a custom from the
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time when students were clergymen. If a student disobeys this regulation
he must pay a fine. Students correctly dressed have their meals in the
College dining room and mustn't be late for dinner. Sporting activities are
very numerous and popular there.

Exercise 6. Match the entries of the left-hand column with their
Ukrainian equivalents in the right-hand column:

place a high value MOJKJTUBOCTI JJIs1 TOCIIi[’KCHb
seek a degree JOCTYH 10 KOMIT IoTepa
transfer to a university Jep>KaBHI YCTaHOBH

source of funding BHCOKO LIHyBaTH

clear distinction MEPEBECTUCH JI0 YHIBEPCUTETY
student tuition 3100yBaTH CTYIIiHb
endowment IoKepeno GpiHaHCYBaHHS
benefactor MPUBATHI HABYAJIBHI 3aKIaI1
public institutions MIPUMHATTS, BHECEHHS 10 CIIUCKY
private institutions BKJIAJI, TOKEPTBA

access to a computer YiTKa BiJIMiHHICTh

complete assignments IaTa 3a HaB4aHHA
enrollment BUKOHYBATH 3aBAAHHS
research facilities N0OpOYHMHEIb, OJaroIiiHUK

Exercise 7. Translate the sentences into English.

1. YV BenukoOpuTanii iCHYIOTb JiepaBHi MKOIX (O€3KOITOBHI) i
npuBaTHI (MJ1aTHI), B AKUX HaB4aeThes 10 10% yunis. 2. IIpoBinHi Micis B
CHCTEMi OCBITH 3aiiMalOTh NPHUBATHI HIKOJIH, SIKi BIIPI3HAIOTHCS OLIBII
AKICHOIO MiAroToBKo0. 3. B AHIMIT IIMPOKOi MOMyNISpHOCTI HaOYIH
LIKOJIM- TIAHCIOHM, 1€ CTYAEHTH KUBYTb 1 HABYAIOThCS. 4. PeTHHIY mIKi,
SIK IPaBUIIO, BU3HAYAIOTHCA Pe3yIbTaTaMH €K3aMEeHIB BUITYCKHUKIB, Ha AKi
3BEpTalOTh yBary miag wac BuOopy mkomu. 5. IlpeBaroro ocBiTH
BenukoOpuraHii € BUCOKMH BUKIAAaNbKuid piBeHb. 6. CyBopa atmMocdepa
NPUBAaTHUX INKIJI Ta IIKUI-MAHCIOHIB HE BIIBOJIKAE CTYNEHTIB Bix
BUBYCHHS MPEIMETIB, a JIMIIE COpusie Oa’kaHHIO AOCITaTH BUCOKUX IIiIEH.
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Exercise 8. Read and translate the following text.
Higher Education in the United States

The United States leads all industrial nations in the proportion
young men and women who receive higher education. Americans place
high value on higher education. This attitude goes back to the country’s
oldest political traditions. People in the United States have always believed
that education is necessary for maintaining a democratic government
Besides, for some careers - law, medicine, education, and engineering:
college education is a necessary first step.

The system of higher education in the United States is complex,
comprises four categories of institutions: (1) the university which mi
contain several colleges for undergraduate students seeking a bachelor’s
(four-year) degree and one or more graduate schools for those seeking
master's or a doctoral degree; (2) the four-year undergraduate institution -
the college - most of which are not part of a university; (3) the technical
training institution providing courses from six months to four years in
duration an training students in a variety of skills, from hair styling through
business accounting to computer programming; (4) and the two-year or
community college from which students may enter many professions or
may transfer to four-year colleges or universities.

Depending on the source of its funding any of these institutions mi
be either public or private, there being no clear distinction in terms of
quality of education offered. However this is not to say that all institutions
enjoy equal prestige or that there are no material differences among them.
Both public and private colleges depend on three sources of income:
student tuitions, endowments (gifts made by wealthy benefactors) and
government funding. Some endowments are very large: Harvard,
Princeton, Yale Universities have more than a thousand million dollars
each. Public institutions receive a larger portion of public-tax money than
do private schools.

In an American university, each college and graduate school has
own curriculum. At the undergraduate level there may be some courses that
a student has to take (e.g. classes in world history, math, writing or
research). But students do select their "major" (the field in which they want
their degree), plus a number of "electives"(courses that are not required but
that students may choose). Typically, an undergraduate student has to earn
certain number of "credits" (about 120) in order to receive a degree at end
of four years of college. Credits are earned by attending lectures (or lab
classes) and by successfully completing assignments and examinations.
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Exercise 9. Answer the following questions to the text.

1) Why do Americans place high value on higher education? 2)
Why do they try to learn in advance about entrance requirements and the
degrees offered? 3) What does the system of obligatory, major and elective
courses mean? 4) Why are they interested if a college or a university is a
public institution or a private one? 5) Why do they try to get information
about how large the school is? 6) Why do students seek the most respected
universities?

Exercise 10. Complete the sentences.

1. The United States leads .... 2. Americans place a high value
on ... . 3. People in the United States have always believed that ... .4. The
system of higher education in the United States is ... . 5. The system of
higher education comprises ... .6. Depending on the source of funding . . ..
7. Each college and graduate school has its own ... . 8. Typically, an
undergraduate student has to earn a ... 9. The system of higher education ...

Exercise 11. Compose your own sentences with the following
word combinations.

to place a high value Benefactor

to seek a degree public institutions

to transfer to a university private institutions
source of funding access to a computer
student tuition to complete assignments
endowment research facilities

Exercise 12. Comment upon the statements.
3. 1. No man is born wise or learned. 2. If a thing is worth doing at all it is
worth doing well. 3. Some read to think - these are rare; some to unite -
these are common; and some to talk, - and these form the great majority. 4.
Science is organized knowledge. 5. By doing nothing we learn to do ill. 6.
Learning without thought is labour lost, thought without learning is
perilous (dangerous).

Exercise 13. Match the beginnings of the sentences with their
endings.
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1. There is no national A) by the adaptation of two traditions:
system of English and Continental.

2. These institutions may be | B)as small as 15 or 20 students.

3. American higher C) nine months duration, or two
education developed its semesters of four and a half months
own pattern

4. The methods of D) the lecture method.

instruction in the
universities are

5. The academic year is E) higher education in the USA.
usually of

6. During one term or F) four or five different subjects.
semester, a student will

study

7. The students' progress is G) small or large, rural or urban,
often evaluated private or public, etc.

8. Much instruction is H) the lecture, discussion and work
provided by in | laboratory or seminary.

9. In some colleges, lecture | I) through quizzes, term papers, and a
groups might be final examination in each course.

Exercise 14. Distribute the following words according to the part
of speech into separate groups, define their suffixes where possible;
translate them.

Those, engineering, among, its, wealthy, and, contain, typically
from, oldest, this, benefactor, of, thousand, may, variety, enrollment, for
access, million, transfer, endowment, in, enjoy, equal, industrial, no, four
about, public, duration, source, be, institution, higher, successfully.

Exercise 15. Translate into English.

1. V Cnonyuenux IlltaTax HeMae €aMHOI AEpKAaBHOI CHCTEMHU
OCBITH 1 CYBOpUX CTaHAApTiB AJISl HaBUYAJbHUX 3akianiB. 2. KoxxeH mrar
BU3HAYAE CTPYKTYpy Ta oOcsr cuctemu ocBiTH. 3. Cucrtema ocitu |
AwMepuri moningeTbcs Ha KiJibKa PiBHIB: MMOYATKOBY, CEPENHIO, BUIIY B
JUIIIIOMHY .
9. Bci HaByanpHi 3aKkiaiM OiMATbCS Ha NpHUBaTHI 1 gepxaBHi. 5. 1
Jep>KaBHUX IIKOJIaX HaBYaHHS O€3KOILTOBHE, a B ACP)KaBHUX KoJeKax!
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yHiBepcuteTax € miuatHuM. 5. Kpim nepxasaux mkin B CIIA € Bennu
KUIBKICTh MPHUBATHUX MIKiJ, B SKUX HaB4YaeThcs Oinbuie 15% yuHiB 6.
[lpuBaTHI MmKOMM, SK MPaBUIO, YTPHUMYIOTBCS 32 PaxyHOK IUIaTH 3a
HaByaHHs. 7. HaB4aHHs B mpuBaTHUX MIKosax komrye Oimbine 2000 § Ha
PiK 1 J03BONUTH COOI MOXKYTD JIMILE 3aMOXKHI TpoMaisHd. 8. BimbimicTs
VUHIB TPUBaTHUX IIKIJT CTAlOTh JUIUIOMAaTaMd, YWUHOBHHKAMU Ta
kepiBHuKaM. 9. IlepeBaroto naBuanHs B CIIA € xopoma cydacHa
MaTepianbHa 06a3a i ;oOpe opraHizoBaHi HABYAIBHI Ta HAYKOBI POLIECH.

Exercise 16. Develop the ideas.
1. Education is the key to the future of any country.
2. Countries have lifted themselves out of poverty through education.
3. The educational system should teach kids to strive for perfection, not
congratulates them for getting mediocre marks.
4. A lot of kids look down and sneer upon those who are doing well in
school.
5. The creation of the world’s first system of universal public education
and of mass higher education is one of the great achievements.

Exercise 17. Compare the educational system in three countries:

Ukraine, Great Britain and the USA. Make the presentation and show your
results.
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UNIT 3
THE HISTORY OF CHEMISTRY

Exercise 1. Learn the following words and word combinations:
ancient civilization - [peBHS IUBiTI3aIlisA
branches of chemistry - ramysi ximii
to extract metal from ore - toGyBaTn MeTan i3 pyau
pottery and glaze - xepamika Ta riIsiHC
to dye cloth - papOyBaTu TkaHUHY
to tan leather - myOuTn mkipy
to render fat into soap - TOMUTH KHUP HA MUJIO
arguably - cynepeunnBo
mystical force - MicTu4Ha cuna
to light habitat - ocBiTiroBaTn ocento
to coincide with - 30iratucs, ciBmagaTu 3
purification of metals - ounteHHs MeTaiB
to seek (sought, sought) - mykartu, nparaytu
precious metal - TOpOTOLIHHNN MeTall
heyday - po3ksit
armor and weapon - JaTu Ta 30pos
significant progress - 3HaUHHI IPOTpE
philosopher's stone - pinocodcbkuii KaMiHb
protoscience - mepiua HayKa
bubonic plague - OyOoHHa yyma
eternal youth - BiuHa MOJIOIICTD
full-fledged science - po3BuHyTa HayKa
law of conservation of mass - 3aK0H 30epeKeHHs MacH

Exercise 2. Read, translate the text and make the plan of the text.
The Beginning of Chemistry

Who can now imagine one’s life without chemistry? It is
everywhere around us. However, when were the first attempts to study

chemic character of surrounding nature made?

By 1000 BC, ancient civilizations used technologies that would
eventually form the basis of the various branches of chemistry. Examples
included extracting metals from ores, making pottery and glazes,
fermenting beer and wine, making pigments for cosmetics and painting,
extracts chemicals from plants for medicine and perfume, making cheese,
dying cloth, tanning leather, rendering fat into soap, making glass, and

making alloys like bronze.
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Arguably, the first chemical reaction used in a controlled manna
was fire. However, for millennia fire was simply a mystical force that could
transform one substance into another (burning wood, or boiling water)
while producing heat and light. Fire affected many aspects of everyday life:
cooking, habitat lighting, pottery, bricks, melting of metals to make tools
etc.

Later there were made numerous attempts to identify a small
number of primary elements that make up all substances in nature.
Substances lilt air, water, and soil/earth, energy forms, such as fire and
light, and more abstract concepts such as ideas, ether, and heaven, were
common in ancient civilizations; for example Greek, Indian, Mayan, and
ancient Chine« philosophies considered air, water, earth and fire as
primary elements.

Even atomism can be traced back to ancient Greece and ancient
India. Greek atomism dates back to 440 BC, Democritus and Leucippus
declared that atoms were the indivisible part of matter. This coincided with
a similar declaration of Indian philosopher Kanada in his Vaisheshika
sutras around the same period.

It was fire that led to the discovery of glass and the purification of
metals, which in turn gave way to the rise of metallurgy. During the early
stages of metallurgy, methods of purification of metals were sought, and
gold, known in ancient Egypt as early as 2600 BC, became a precious
metal. The discovery of alloys heralded the Bronze Age. Countries in
Eurasia had their heyday when they made the superior alloys, which, in
turn, made better armor and better weapons. Significant progress in
metallurgy and alchemy was made in ancient India.

Many people were interested in finding a method that could
convert cheaper metals into gold. The material that would help them do this
was rumored to exist in what was called the philosopher's stone. This led to
the protoscience called alchemy. Alchemy was practiced by many cultures
throughout history.

Alchemy did not only tried to turn base metals into gold, but
especially in Europe rocked by bubonic plague, there was hope that
alchemy would lead to the development of medicines to improve people's
health, to find the elixir of life, which promised eternal youth. Neither the
elixir nor the philosopher's stone were ever found.

Early attempts to explain the nature of matter and its
transformations failed. Alchemy was also unsuccessful in explaining the
nature of matter. However, by performing experiments and recording the
results the alchemists set the stage for modem chemistry. This distinction
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began to emerge when Robert Boyle made clear differentiation between
chemistry and alchemy. Chemistry then became a full-fledged science
when Antoine Lavoisier developed his law of conservation of mass, which
demanded careful measurements and quantitative observations of chemical
phenomena. So, while both alchemy and chemistry were concerned with
the nature of matter and its transformations, it is only the chemists who
applied the scientific method.

Exercise 3. Answer the following questions.
1. What formed the basis of the various branches of chemistry?
1. What were the technologies used by ancient civilizations by 1000 BC?
2. What was the first chemical reaction used in a controlled manner?
3. What were the functions of fire for ancient civilizations?
4. What was believed to be the primary elements that make up all
substances in nature?
5. What does the Greek atomism date back to? Who were its
representatives?
6. What discovery gave way to the rise of metallurgy?
7. When did gold become a precious metal?
8. What abilities was the philosopher’s stone believed to possess?
9. When did chemistry become a full-fledged science?

Exercise 4. Provide the terms to the following definitions:
— A science studied in the Middle Ages, that involved trying to change
ordinary metals into gold;
— Uncontrolled flames, light, and heat that destroy and damage things;
— An imaginary substance that was thought in the past to have the power
to change any other metal into gold;
— The upper part of the sky;
— A disease that causes death and spreads quickly to a large number
people.

Exercise 5. Find in the text English equivalents to the follow
words and word-combinations. Make your own sentences with them.

CTBOpPHUTH OCHOBY JUISL PI3HUX Taily3ei XiMii, IPOTATOM CTOJNITS,
OponiHHA THBa Ta BUHA, CEKCTPaKLisd XiMIYHMX PEYOBUH 13 DPOCIHH,
BiAJaBaTH TEIUIO 1 CBITJIO, BIUIMBATH HA YHCIIEHHI aCHOEKTH IIOAECHHOI
KHTTS, TIEPBUHHI (ITOYATKOBi) €JIEMEHTH, HEMOAibHA YaCTHHA Matepii,
BIJIKPUTTSI CIUIABIB, MPOTOJIONIYBATH, MOJIMITYBATH 340POB’ Sl JIFOAUHH.
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Exercise 6. Match the beginnings of the sentences with their right

endings.

1. Physical chemistry is the branch
of chemistry

2. Much of solid state chemistry
deals with the synthesis

3. Alchemists not only wanted to
convert metals to gold

4. Enrico Fermi bombarded
elements with neutrons and
produced

5. Analytical chemistry has been
important since the early days of
chemistry

6. Wilhelm Roentgen accidentally
discovered x-rays

a) while researching the glow
produced b cathode rays.

b) of the next highest atomic
number.

¢) providing methods for

determining which elements and
chemicals are present in the world
around us.

d) but they also wanted to find a
chemic concoction that would enable
people to 1i' longer and cure all
ailments.

e) that applies physics to the study
chemistry.

f) and characterization of new solid
state materials.

Exercise 7. There are several branches of chemistry. Match the
branches of chemistry with an overview of what each branch of chemist
studies.

Analytical Chemistry, Organic Chemistry, Environmental Chemistry,

Agrochemistry, Geochemistry, Biochemistry, Astrochemistry

a) This branch of chemistry deals with the application of chemistry fi
agricultural production, food processing, and environmental remediation
because of agriculture;
b) It is the branch of chemistry involved with studying the properties of
materials or developing tools to analyze materials;
¢) Itisthe study of the composition and reactions of the chemical elements
and molecules found in the stars and in space and of the interactions
between this matter and radiation;
d) Itis the branch of chemistry concerned with the chemical reactions that
occur inside living organisms;
e) It is the chemistry associated with soil, air, and water and of human
impact on natural systems;
f) It is the study of chemical composition and chemical processes
associated with the Earth and other planets;
g) This branch of chemistry deals with the chemistry of carbon and living
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things.

Exercise 8. Translate into English the words in brackets. Make a
short annotation of the text.

Problems Encountered with Alchemy

There were several problems with alchemy. There was no (eguHoi
HOMEHKNaTypHoi cuctemu) for new compounds, and the language was
(e3oTepuuna i mpubau3Ha) to the point that the terminologies meant (pi3Hi
peui mns pisHux mrozaei). To a large degree, this language is
(ue3posyminom) to us today. Soon (HalOinbII mIaxpaiicbka cTopoHa) side
of alchemy, especially (BurotoBnenns Qanbmusoro 3om0ta) gold from
cheap substances, was exposed. In 1317 the Avignon Pope John XXII
ordered all alchemists to leave France (3a BUpPOOHHUITBO (anmbIIUBHX
rpomreii). A law was passed in England in 1403, which made the
"multiplication of metals" (3mounHOM, 10 KapaeThcs cMepTio). Despite
these and other apparently (kpaiini mipu), alchemy did not die. Royalty and
privileged classes still sought to (Bimkputu ¢izocodcrkuii kaminb) and
(emixcup xwutta) for themselves.

Many alchemists included in their methods (HecyrTeBy
iHpopmarito) such as the timing of the tides or (¢a3u micsist). The esoteric
nature and codified vocabulary of alchemy appeared to be more useful in
(mpuxoByBanHs Toro ¢akty) that they could not be sure of very much at all.
As early as the 14th century, cracks seemed to grow in the facade of
alchemy; and people became skeptical.

Exercise 9. Translate into English.

Ximis - 11e rany3b HayKH, SiIKa iCHY€ BXKe 10CUTh A0Bro. dakTudHo,
Ximig Oyna 3acHOBaHa A0 Hamoi eph. 3aBISKH TaKOMYy BEIHKOMY
4acoOBOMY MPOMDKKY XiMisl po3Iiniacs Ha YOTHPH 3arajibHi XpOHOJIOT14H1
KaTeropii: AOICTOpMYHUII mepiox - MOYaTOK Hamoi epu (4opHa Maris);
MOYaToK Hamoi epu - KiHenp 17-ro cromiTra (anximis); kiHeup 17-ro -
cepenuHa 19-ro cromitTs (TpanuiiiiHa XiMis); cepeanHa 19-ro cTomiTTs -
choroieHHs (cydacHa Ximis). TpaauniiiHa Ximis movanacst 3 pyiHHyBaHHS
Teopii ApUCTOTENS PO YOTHUPH MEPBUHHI €IEMEHTH Ta MEPEKOHAHHS 1110
Oe3rmy3aocTi igei npo ¢inocopchkuii KaMminb. BueHi nmepecranu BipuTu
MOJKJIUBICTh TEPETBOPEHHS JCUICBHX METANliB HA 30JI0TO Ta iCHYBaHHS
eNIIKCUPY MOJIOJOCTI, KOTPUI MIT BUITIKYBaTH BCl XBOPOOH.

Exercise 10. Revise your knowledge in chemistry. Match the time
periods with the famous discoveries in chemistry. Explain their meaning
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the development of science.

1700 BC a) Rutherford created an atomic model:
the atom contained extremely tiny,
dense positively charged nucleus (full
protons) surrounded by electrons.

430 BC b) William Crookes made headway in
modem atomic the when he used the
vacuum tube made by Heinrich Geissler
discover cathode rays.

300 BC ¢) Johann J. Beecher believed in a
substance call phlogiston. When a
substance is burned, phlogiston w
supposedly added from the air to the
flame of the burning object.

300 BC - | d) Aristotle declares the existence of

300 AD only four elements: air, water and earth.
¢) Known metals were recorded and
1700’s listed in conjunction heavenly bodies.
f) Democritus proclaims the atom to be
1803 the simplest unit matter. All matter was

composed of atoms.
g) The Advent of the Alchemists.

1879
h) John Dalton publishes his Atomic

1895 Theory, which states all matter is
composed of atoms, which are small
indivisible.

1911 i) Wilhelm  Roentgen  accidentally

discovered x-rays while researching the
glow produced by cathode rays.

Exercise 11. Find the discovery in the chemical science that
consider to be crucial to the further development of chemistry or any of
branches and make a short presentation paying attention to the follow
points: 1) the year of the discovery, 2) the scientist who did it; 3) the fur
development of the science basing on this discovery.

Exercise 12. Find the words that go together.
to form metals
to extract heat and light
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to make primary elements

to ferment one substance into another
to dye leather

to seek fat into soap

to tan cloth

to render beer and wine

to transform pottery and glazes

to produce metals from ores

to identify the basis of chemistry

to purify the philosopher’s stone

Exercise 13. Translate the verbs paying attention to their
meanings that depend on the preposition and words they go with. Find
their synonyms and antonyms.

to make for to give up to turn on to make up
to make into to give back to turn into to give away
to make out to give way to turn down to turn off

Syn.: to refuse, to return, to reveal, to create, to have success, to
depend, to stop, to lead to, to transform, to yield, to convert, to leave.

Ant. : to go backward, to destroy, to fail, to keep, to hide, to
continue, to borrow, to lead, to stick to, to remain, to except, to be free
from.

Exercise 14. Translate the sentences using the verbs from Ex. 13.

1. CywacHa XiMiyHa HaykKa IIIJTKOM BiIMOBWJIACh BiJ ifci
ApucToTens Ipo YOTUPY NEPBUHHI €JIeMEHTH MaTepii. 2. AJXIMIKH IUPO
BIpHJIM B iCHYyBaHHS (i10cOPCHKOTO KaMeHsl, 32 JOMOMOTOI0 SIKOTO MOXHa
JIETKO TIEPETBOPHUTU JEHIeBI MeTanu Ha 3010To. 3. Bipa B icHyBaHHS
¢him0copCHKOro KaMeHs MOCTYNMIacs MiCLEM aTOMICTUYHUAM TeopisiM. 4.
3pemTo0 anxiMiKK BiAMOBWIIMCH BiJl TOIIYKIB €JIKCUPY MOJOIOCTI. 5.
Bueni-aToMicTH MpHITyCcKajH, IO BCS MPUPOAA CKIAAAETHCA 3 aTOMIB -
HETMOAUTBHUX YacTHH. 6. BigkpuTTs 3akoHy mpo 30epekeHHs Macu
MPU3BEJIO 10 CTAHOBJICHHS Cy4acHO] XiMmii.

Exercise 15. Read and translate the text. Restore the questions to
the following text.
The Founders of Modern Chemistry
In the Arab World, the Muslims were translating the works of the
ancient Greeks and Egyptians into Arabic and were experimenting with
scientific ideas. The development of the modem scientific method was
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slow and arduous, but an early scientific method for chemistry began
emerging among early Muslim chemists, beginning with the 9th century
chemist Jabir ibn Hayyan (known as "Geber" in Europe), who is
"considered as the father of chemistry". He introduced a systematic and
experimental approach to scientific research based in the laboratory, in
contrast to the ancient Greek and Egyptian alchemists whose works were
largely allegorical and often unintelligible. He also invented and named the
alembic, chemically analyze many chemical substances, composed
lapidaries, distinguished between alkalis and acids, and manufactured
hundreds of drugs. He also refined the theory of five classical elements into
the theory of seven alchemical elements after identifying mercury and
sulfur as chemical elements.

Robert Boyle, one of the co-founders of modem chemistry
through his use of proper experimentation, which further separated
chemistry from alchemy. Robert Boyle (1627-1691) is considered to have
refined the modem scientific method for alchemy and to have separated
chemistry further from alchemy. Robert Boyle was an atomist, but favored
the word corpuscle over atoms. He commented that the finest division of
matter when the properties were retained was at the level of corpuscles.
Boyle was credited with the discovery of Boyle's Law. He was also
credited for his publication The Sceptical Chemist, where he attempted to
develop an atomic theory of matter, with no small degree of success. He
laid the foundations for the Chemical Revolution with his mechanical
corpuscular philosophy, which in turn relied on the alchemical corpuscular
theory and experimental method.

Despite all these advances, the person celebrated as the "father of
modem chemistry" is Antoine Lavoisier who developed his law of
conservation of mass in 1789, also called Lavoisier's Law. With this,
chemistry acquired a strict quantitative nature, allowing reliable prediction
to be made.

Exercise 17. Retell the history of chemistry, and its well-known
discoveries. Tell about the famous chemists with the following word
combinations.

- the first attempts to study chemical character of surrounding nature;
- the first chemical reaction used in a controlled manner;

- atomism of ancient Greeks and Indians;

- the discovery of glass and the metals purification;

- the philosopher's stone;

- clear differentiation between chemistry and alchemy.
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Exercise 16. Match the famous women with the discoveries they
made in modern chemistry.

Joan Berkowitz

Jacqueline Barton

Ruth Benerito

Ruth Erica Benesch

Carolyn Bertozzi

1. She has helped to design artificial bones that
are less likely to cause reactions or lead to
rejection than their predecessors. She has helped
create contact lenses that are better-tolerated by
the cornea of the eye.

2. She and her husband made a discovery that
helped explain how hemoglobin releases oxygen
in the body They learned that carbon dioxide
functions as an indicator molecule, causing
hemoglobin to release oxygen where carbon
dioxide concentrations are high.

3. She invented wash-and-wear cotton fabric.
Chemic; treatment of the cotton surface not only
reduced wrinkles, but could be used to make it
flame resistant and stain

4. She probed DNA with electrons. She used
custom-made molecules to locate genes and study
their arrangement. She has shown that some
damaged DNA molecules do not conduct
electricity.

5. She used her command of chemistry to help
solve problems with pollution and industrial
waste.
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UNIT 4
THE ATOMIC THEORY

Exercise 1. Learn the following words and word combinations:
discrete unit - abcTpakTHa OAMHHULIS
arbitrarily tiny quantities - yMOBHO KpHXIiTHi KiJIbKOCTi
to vary considerably - cyTTeBO KOIMBATHCS, BapilOBATUCS
spiritual element - 1yXOBHHI eTeMEHT
to date back to - natyBaTHcs
to coin the term - cTBOprOBaTH TEpMiH
uncuttable - HenoAiTEHMIA
theory of light - Teopis cBiTna
single, unique type - okpeMuii yHiKaTbHUN BU
modem atomic theory - cydacHa aTOMHa Teopis
additional line of reasoning - TOJaTKOBUI apryMeHT AJIsl OOTPYHTYBaHHS
dust grains floating in water - KpyITUHKH ATy, IO [U1aBalOTh Y BOAI
to move about erratically - TUBHO pyxatucs
Brownian motion - OpoyHiBCbKHI pyX
to have a positive charge - MaTi Mo3UTUBHUI 3apsin
raisins - poJ3UHKH
surface of a lump of pudding - moBepxHs mMaTKa My IUHTY
to bombard with alpha rays - onpomiHtoBatu ansga npoMeHIMHU
solar system - coHsAYHa crcTeMa
to identify building blocks - Bu3Ha4aTu ckinamoBi KOMIOHEHTH
nuclei of all elements - sirpa Bcix eneMeHTiB
to orbit at certain distances - Kpy>kJIATH 1o op0OiTi Ha MEBHiH BigcTaHi
to radiate energy - BUIPOMiHIOBAaTH €HEPTilO
to absorb energy - MOTJIMHATH €HEPTiI0
to boost — migHiMaTH

Exercise 2. Read and translate the text. Draw the pictures to
describe Thomson’s, Rutherford’s, and Bohr's atomic models.
Atomism

The concept that matter is composed of discrete units and cannot be
divided into arbitrarily tiny quantities has been around for millennia. The
nature of atoms in philosophy varied considerably over time and between
cultures and schools, and often had spiritual elements. References to the
concept of atoms date back to ancient Greece and India. In approximately
450 BC, Democritus coined the term atomos, which means "uncuttable" or
"the smallest indivisible particle of matter".
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In 1661, natural philosopher Robert Boyle argued that matter was
composed of various combinations of different atoms, rather than the
classical elements of air, earth, fire and water. During the 1670s the same
idea was used by Isaac Newton in his development of the theory of light.

In 1805, English instructor and natural philosopher John Dalton
proposed that each element consists of atoms of a single, unique type, and
that these atoms can join together to form chemical compounds. Dalton is
considered the originator of modern atomic theory.

An additional line of reasoning in support of particle theory began
in 1827 when botanist Robert Brown used a microscope to look at dust
grains floating in water and discovered that they moved about erratically - a
phenomenon that became known as "Brownian motion".

In 1897, English physicist J.J. Thomson discovered the electron
and proposed a model for the structure of the atom. Thomson knew that
electrons had a negative charge and thought that matter must have a
positive charge. His model looked like raisins stuck on the surface of a
lump of pudding.

In the beginning of the 20" century Ernest Rutherford bombarded
atoms with alpha rays to investigate the inside of the atom. The results of
the experiments came unexpected. Rutherford thought that the negative
electrons orbited a positive center in a manner like the solar system where
the planets orbit the sun. Rutherford finally identified the particles of the
nucleus as discrete positive charges of matter. He named them protons,
from the Greek for 'first', for they consisted of the first identified building
blocks of the nuclei of all elements. But there appeared something wrong
with Rutherford's model of the atom.

In 1912 a Danish physicist, Niels Bohr came up with a theory that
contained the rules for what happened in atom:

1) Electrons can orbit only at certain allowed distances from the nucleus;
2) Atoms radiate energy when an electron jumps from a higher-energy
orbit to a lower-energy orbit.

3) Atom absorbs energy when an electron gets boosted from a low-energy
orbit to a high-energy orbit;

4) Light (photons) emit whenever an electron jumps from one orbit to
another.

By the 1920s, further experiments showed that Bohr's model of the
atom had some troubles. Bohr's atom seemed too simple to describe the
heavier elements. In fact it only worked roughly in these cases. The
spectral lines did not appear correct when a strong magnetic field
influenced the atoms.
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Exercise 3. Answer the following questions to the text.

1. When did the discrete units of matter concept appear? 2. In what
countries did the scientists first suggest the concept of an atom? 3. Who
coined the term "atom"? 4. What does this term mean? 5. When did natural
philosopher Robert Boyle argue the composition of matter theory? 6. What
did English instructor and natural philosopher John Dalton propose in
18057 7. What phenomenon is known as "Brownian motion"? 8. What did
English physicist J.J. Thomson discover? 9. What does Ernest Rutherford’s
atomic model look like? 10. What rules are in Bohr's theory of the atom?

Exercise 4. Identify one underlined word that must be changed to
make the sentence correct.
1. The character of atoms in philosophy varied considerably over time. 2.
References to the concept of element date back to ancient Greece and India.
3. In approximately 450 BC, Democritus coined the notion atomos. which
means "uncuttable". 4. English instructor and natural philosopher John
Dalton proposed that each element consists of atoms of a same type. 5.
Dalton’s model looked like raisins stuck on the surface of a lump of
pudding. 6. In the beginning of the 19" century Ernest Rutherford
bombarded atoms with alpha rays to investigate the inside of the atom.

Exercise 5. Match the discoveries with the appropriate country.

Greece 1) energy orbit theory;

England 2) discovery of the electron and the model for the
structure of the atom;

India 3) discovery of protons;

England 4) a phenomenon known as "Brownian motion";

Denmark 5) the theory of light;

Ireland 6) origin of modem atomic theory;

England 7) theory about composition of matter as various
combinations of different atoms, rather than the classical

Scotland elements of air, earth, fire and water;

New Zealand | 8) concept that matter is composed of discrete units;
9) term atomos, which means "uncuttable".

Exercise 6. Restore the questions to the following statements.

1. In about 600 B.C. Thales of Miletus discovered that a piece
amber, after rubbing it with fur, attracts bits of hair and feathers and other
light objects. 2. Aristotle dismissed the atomic idea of Democritus
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worthless. 3. Rutherford used Radium as the source of the alpha particle
and shinned them onto the atoms in gold foil. 4. Rutherford thought that the
negative electrons orbited a positive center in a manner like the solar
system where the planets orbit the sun. 5. Atom absorbs energy when an
electric gets boosted from a low-energy orbit to a high-energy orbit.

Exercise 7. Open the brackets and write the correct form of the
verb.

Atom and its structure

The atom (to be) a basic unit of matter that (to consist) of a dense
central nucleus surrounded by a cloud of negatively charged electrons. The
atomic nucleus (to contain) a mix of positively charged protons an
electrically neutral neutrons (except in the case of hydrogen). The electron
of an atom (to bound) to the nucleus by the electromagnetic force.

The name atom (to come) from the Greek atomos, which (to mean)
uncuttable, or indivisible, something that cannot (to divide) further. The
concept of an atom as an indivisible component of matter first (to propose)
by early Indian and Greek philosophers. In the 17th and 18th centuries,
chemists (to provide) a physical basis for this idea by showing that certain
substances (can, not, to break down) further by chemical methods. During
the late 19th and early 20th centuries, physicists (to discover) subatomic
components and structure inside the atom, thereby demonstrating that the
'atom' (to be) divisible.

Exercise 8. Make up the sentences of your own with the given word
combinations.

The concept of matter, the concept of atoms, the smallest
indivisible particle of matter, to form chemical compounds, to look at dust
grains floating in water, to investigate the inside of the atom, to radiate
energy, to absorb energy, a dense central nucleus, a cloud of negatively
charged electrons.

Exercise 9. Match the beginnings of the sentences with their right
endings.
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1. Electrons are

2. Electrons are extremely
small

3. The mass of an electron
is

4. Because electrons move
so quickly,

5. Neutrons play a major
role in

a) the mass and radioactive properties
of atoms.

b) the particles on an atom that have a
neutral charge.

c) it is impossible to see where they
are at a specific moment in time.

d) clouds that surround the nucleus of
an atom.

e) almost 1,000 times smaller than
the mass of a proton.

6. Neutrons are

7. Electrons are found in

8. All of the electrons of an
atom

f) compared to all of the other parts of
the atom.

g) create a negative charge.

h) the negatively charged particles of
atoms.

Exercise 10. Read and translate the text paying special attention to

the role of the infinitive in the sentence.
Atoms around Us

To have a language an alphabet is needed. To build proteins amino
acids come in hand. Other examples in chemistry are not any different. 7o
build molecules elements are required. Each element is a little bit different
from the rest. Those elements are the alphabet to the language of
molecules.

To stretch the idea a bit, reading a book means reading a language.
Letters make up that language. But ink makes those letters possible. Ink is
needed to crate the letters. And for each letter, it is the same type of ink.

Transforming this into chemical terms, elements are like those
letters. They have something in common. That is where atoms come in. All
elements are made of atoms. While the atoms may have different weights
and organization, they are all built in the same way. Electrons, protons, and
neutrons make the universe go.

To broaden the idea, matter, the stuff around us, is used to create
atoms. Atoms are used to create the elements. Elements are used fo create
molecules. It just goes on. Everything is built by using something else.

Exercise 11. Translate the sentences into English using Infinitive
construction.
1. BaxJuBO 3HATH, 3 YOTO CKJIAIA€ThCS CBIT, IO HAC OTOUYE. 2.
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[[Io6 kpalie TOSCHUTH POJb MOJICKYJ, CIIEMEHTIB Ta aToMiB, CIiA
MOPIBHATH iX 31 BXKMBaHHAM MOBH, andaBiTy Ta yopHuna. 3. P. Bpayn
CKOPHCTAaBCSI MiKPOCKOIIOM UIS JOCTIIKCHHSI XaOTHYHOTO PyXy HHIY Y
BOJIi, 110 Mi3HIILIE CTAIO BiIOMUM SIK OpOYHIBCHKHIA pyX. 4. BueHuM serko
ysBUTH OyIOBY KOKHOTO aTOMa, OCKUIBKM aTOMH Pi3HOI Bard MaloTh
OJTHAKOBY CTPYKTYpY. 5. 3a Teopieto bopa, o0 aToM BUBIIBHUB €HEPTIO
EJIEKTPOHY NOTPiOHO NepeiiTu 3 BUILoi OpOiTH Ha HIOKYY. 6. [ moOynoBu
MOJIEKYJIH TIOTPiOHI €JIeMEHTH.

Exercise 12. Put the given notions in the order, starting with the
smallest.

Biospheres Macromolecules

Atoms Planetary Systems with Stars
Tissues Cell organelles

Organisms Systems

Ecosystems Organs

Elements Planets

Molecules Galaxies

Populations The Universe

Exercise 13. Provide the terms to the following definitions.
- A unit of matter, the smallest unit of an element, consisting of a dense,
central, positively charged nucleus surrounded by a system of electrons;
- The central part of an atom, made up of neutrons, protons and other
elementary particles;
- A very small piece of matter with a positive electrical charge;
- A part of an atom that has no electrical charge;
- A very small piece of matter with a negative electrical charge.

Exercise 14. Work in pairs and act out a dialogue concerning the
concept of atom between:

a) Democritus and Niels Bohr;

b) Robert Boyle and Ernest Rutherford,

¢) Isaac Newton and J.J. Thomson;

d) John Dalton and Robert Brown.

Exercise 15. A) Read the text, and put ten questions to the text.
Main Types of Bonds in Atoms
There are two main types of bonds that hold atoms together,
covalent and electrovalent/ionic bonds. Covalent compounds happen when
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the atoms share the electrons, and ionic compounds happen when electrons
are donated from one atom to another.

Bonds are built and broken down by chemical forces. Physical
forces usually cannot break down compounds. Chemical forces are forces
caused by other compounds or molecules that act on substances.

There are millions of different compounds. When elements join
and become compounds, they lose their individual traits. Sodium alone is
very reactive. But when sodium and chlorine combine, they form a
non-reactive substance called sodium chloride (Salt, NaCl). The compound
has none of the traits of the original elements. The new compound is not as
reactive as the original elements. It has a new life of its own.

Most compounds are made up of combinations of bonds. Sodium
chloride (NaCl) is held together by one ionic bond. In magnesium chloride
(MgCly) there are one magnesium (Mg) and two chlorine (Cl) atoms. There
are two ionic bonds. There's a compound called methane (CHy). It is made
up of one carbon (C) and four hydrogens (H). There are four bonds and
they are all covalent. Those examples are very simple compounds, but most
compounds are combinations of ionic and covalent bonds.

In sodium hydroxide (Na-OH) on the left is the sodium (Na) part
and the right has the oxygen/hydrogen (-OH) part. The bond that binds the
hydrogen (H) to the oxygen (O) is covalent. The sodium (Na) is bonded to
the hydroxide part of the compound with an ionic bond. This is a very good
example of how there can be different types of bonds within one
compound.

B) Give the example of other compounds with different types of
bonds in their atoms. Illustrate your answer.

Exercise 16. State, which of these statements are true from the
point of chemistry?

1. Atoms are minuscule objects with proportionately tiny masse 2.
Atoms can only be observed individually using special instruments such as
the scanning tunneling microscope. 3. Over 99.9% of an atom's mass is
concentrated in the nucleus, with protons and neutrons having roughly
equal mass. 4. Electrons that are bound to atoms possess a set of stable
energy levels, or orbitals, and can undergo transitions between them by
absorbing or emitting photons that match the energy differences between
the level. 5. The electrons determine the chemical properties of an element,
and strongly influence an atom's magnetic properties.

Exercise 17. Describe the molecule below. State its properties
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Jjudging by the structure.

Water molecule

Exercise 18. Read about a very special element and guess what
this element is.

One Special Element

All elements have atoms with neutrons except for one. Its normal
atom does not have any neutrons in its tiny nucleus. That tiny little atom
(the tiniest of all) has only one electron and one proton. You can take away
the electron and make an ion, but you can't take away any neutrons. That
special structure becomes very important when you learn how this element
interact with other elements in the periodic table.

Exercise 19. Insert the missing words and word combinations in
the text.
negatively, flow, negative charge, move, positive charge, jump, nucleus,
electrons, mass, currents of electricity, proton, stream, clouds, electronics,
nucleus, specific moment

Electrons are the charged particles of atoms. Together,
all of the electrons of an atom create a that balances the
of the protons in the atomic . Electrons are

extremely small compared to all of the other parts of the atom. The
of an electron is almost 1,000 times smaller than the mass of a
Electrons are found in
that surround the
of an atom. Because electrons move so quickly, it is impossible to see

where they are at a in time.
Electrons are very important in the world of . The very
small particles through wires and circuits creating

. The electrons move from negatively charged parts to
positively charged ones. The negatively charged pieces of any circuit have
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extra while the positively charged pieces want more
electrons. The electrons then from one area to
another. When the electrons , the current can

through the system.

Exercise 20. Tell about different concepts of atom, well-known
scientists who contributed to the modern atomic theory, and about an atom
and its structure, using the information from the texts in Exercises 2 and 7.

Exercise 21. Write a short article about the significant role of the
discovery of an atom in the development of the science.
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UNIT §
HISTORY OF THE PERIODIC TABLE

Exercise 1. Learn the following words and word combinations:
to establish the atomic theory of matter - 3amoyaTrkyBaTu aToMiCTHUHY
Teopiro MaTepii
relative weights of atoms - BiTHOCHa Bara aToMiB
to be periodic function - OyTH B nepioAn4Hil 3a1€KHOCTI
previous attempt - momnepenHs crpoda
vacant place - BakaHTHE MicIie
decade - gecaTUIITTA
great breakthrough - Benukuit npopus (BiAKpUTTS)
respectively - BiTmoBigHo
to be arranged according to atomic weight - OyTu po3MillleHUM BiAIOBiAHO
JI0 aTOMHOI Macu
gaps for elements - BiTbHI MiCIIs JJIs1 €JIEMEHTIB
to undergo - 3a3HaBaTH
principal elaboration - pUHIIUTIOBE BJOCKOHAICHHS
to extend the law - po3mmproBaTu 3aK0H
to suspect - miI03proBaTH
to comprise - OXOTIUTIOBATH
in terms of the theory - 3 Touku 30py
key to thé success - k1104 10 ycmixy
effort - 3ycnmns
realization - ycBiZOMIICHHS
improved version of the periodic table - ynockoHaneHa Bepcist nepioguuHoi
TaOIHUII

Exercise 2. Read and translate the text.
History of the Periodic Table

As a result of discoveries that firmly established the atomic theory
of matter in the first quarter of the 19th century, scientists could determine
the relative weights of atoms of the known elements. The chemical law that
the properties of all the elements are periodic functions of their atomic
weights was developed independently by two chemists, in 1869 by the
Russian Dmitry Mendeleev and in 1870 by the German Julius Lothar
Meyer. The key to the success of their efforts was the realization that
previous attempts had failed because a number of elements were as yet
undiscovered and that vacant places must be left for such elements in the
classification.
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For many decades, the list of known chemical elements had been
steadily increasing. A great breakthrough in making sense of this long list
was Dmitry Mendeleev's development of the periodic table, and
particularly Mendeleev's use of it to predict the existence and the properties
of germanium, gallium, and scandium, which he called ekasilicon,
ekaaluminium, and ekaboron respectively. Mendeleev made his prediction
in 1870. This table displays a periodicity in the elements' properties when
they are arranged according to atomic weight.

Working as a Professor of General Chemistry at the University of
St Petersburg and writing two-volume Principles of Chemistry Mendeleev
tried to classify the elements according to their chemical properties. In
1869 he published his first version of what became known as the periodic
table. In 1871 he published an improved version of the periodic table, in
which he left gaps for elements that were not yet known.

The periodic law has undergone two principal elaborations since
its original formulation by Mendeleev and Meyer. The first revision
involved extending the law to include a whole new family of elements, the
existence of which was completely unsuspected in the 19th century. This
group comprised the first three of the noble, or inert, gases argon, helium,
and neon, discovered in the atmosphere between 1894 and 1898 by the
British physicist John William Strutt, and the British chemist Sir William
Ramsay. The second development in the periodic law was the
interpretation of the cause of the periodicity of the elements in terms of the
Bohr Theory (1913) of the electronic structure of the atom.

Exercise 3. Answer the following questions.

1. Why could scientists determine the relative weights of atoms of
the known elements? 2. What does the periodic law state? 3. Who and
when developed the periodic law? 4. Why had the previous attempts to
classify the known elements failed? 5. Who made a great breakthrough in
making sense of the long list of elements? 6. What did Mendeleev predict?
7. What elements were first called ekasilicon, ekaaluminium, and
ekaboron? 8. What does the periodic table display? 9. Due to what events
did the periodic table undergo two principal elaborations?

Exercise 4. Say whether the given sentences are true or false.

1. The chemical law states the properties of all the elements are
periodic functions of their atomic weights. 2. The periodic table was
developed only in 1869 by the Russian Dmitry Mendeleev. 3. For many
decades, the list of known chemical elements had been steadily decreasing.
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4. Mendeleev used the periodic table to predict the existence and the
properties of germanium, gallium, and sodium. 5. Mendeleev tried to
classify the elements according to their chemical properties. 6. The first
development in the periodic law was the interpretation of the cause of the
periodicity of the elements in terms of the Bohr Theory.

Exercise 5. Match the terms with their definitions. Memorize them.

Period

Periodicity

Periodic law
Periodic  table of
elements

Elements in a horizontal row of the periodic table.

When the elements are arranged by atomic number,
their physical and chemical properties vary
periodically. The properties of the elements are
periodic functions of their atomic numbers.

An arrangement of elements in an order of
increasing atomic numbers that also emphasizes
periodicity.

With increasing atomic number, the electron
configuration of the atoms displays a periodic
variation.

Exercise 6. Fill the chart with the missing words.

Verb Noun Adjective Adverb
to determine
independently
success
increasing
to publish
elaboration

theory.

Exercise 7. Find the words that go together.

to establish to display
to determine to arrange
to leave to classify
to increase to undergo
to make to extend
to predict

The law, principal elaboration, the elements, according to atomic
weight, the existence of elements, periodicity, list of known chemical
elements, sense, vacant place, the relative weight of atom, the atomic
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Exercise 8. Match the beginnings of the sentences with their

ending

1) The horizontal form familiar to
us soon replaced

2) Radiation, first discovered in
1898 by Henri Becquerel, was

3) The blank spaces in
Mendeleev’s  original  vertical
periodic table were

4) The era of nuclear chemistry

began
5) All of the new -elements
predicted by Moseley

6) The “rare earth” elements are
today recognized to include

7) The 8th element after lithium is
8) In 1869, Mendeleev ordered the
63 then-known elements

a)according to increasing atomic
mass.

b)the original
table.

¢) sodium, and eight elements later
come potassium.

d) a by-product of naturally
occurring transmutations of
elements exchanging identities.

e) lanthanum, as well as the lighter
elements yttrium and scandium.

f) predictions of new elements such
gallium and germanium.

g)were found within the next 24
years.

h) in earnest in the late 1930s.

vertical periodic

Exercise 9. Translate the text into English;, add additional
information about Dmitry Mendeleev with is not reflected in the text.
Jmutpo Mennenee HapomuBcs y Cubipy, OyB OCTaHHIM 3

yortupHamatu gited. [licns cmeprti Oarbka ciMm's mepei3auth 10
[etepOypry, ne y kinmi 1860-x poxkis JI. MeHaeneeB movaB mpamroBaTH
HajJ CBOIM HaHOUIBIIMM JOCATHEHHSM - TIEPIOJUYHOI0 TaOIHIICO
exeMeHTiB. Po3micTuBmM 63 BigOoMI Ha TOM 4ac €JIEMEHTH 3a IXHBOIO
aTOMHOIO Baror, BUEHOMY BJANOCS 3TPYNyBaTH iX 3a MOAIOHMMH
BJIaCTUBOCTAMH. MeHeneeB nepeadaunB iCHYBaHHS HOBHX €JIEMEHTIB Y
TUX MicCIsIX Tabmuui, ne Oynu mopokHi kmituHH. Llumu enementamu
BUSBWIUCS Tamiii, ckaHmii Ta repmaniit. Came me 3abe3medyuiio
Oe33amepeyHe BU3HAHHA HOro MEpiOAUYHOI TaONWIi, SIK HapiKHOTO
KaMeHsI HayKH XiMil 1 Haloro po3yMiHHs BcecBiTy. BueHuii 3miHuB Harre
PO3YMiHHSI BJIaCTHBOCTEH aTOMIB 1 CTBOPHB TaONUIIO, sika MoOyBana y
LIKUTBHUX KJIacax XiMmil BCbOTO CBITY.

Exercise 10. Retell the text History of the Periodic Table paying
attention to the following key points:
- The discoveries that firmly established the atomic theory;
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- The chemical law of periodicity;

- The key to the success of Mendeleev’s and Meyer’s efforts;
- A great breakthrough in making sense of the elements list;
- Two principal elaborations of periodic law.

Exercise 11. Work in pairs and make the list of everything you
know about chemical element as a substance. Pay special attention to the
following points:

a) its structure;

b) its place in periodic table;

¢) element's atomic number;

d) all elements' arrangement in the periodic table.

Chemical Element

The concept of chemical element is related to chemical substance.
A chemical element is specifically a substance which is composed of a
single type of atom. A chemical element is characterized by a particular
number of protons in the nuclei of its atoms. This number is known as the
atomic number of the element. For example, all atoms with 6 protons in
their nuclei are atoms of the chemical element carbon, and all atoms with
92 protons in their nuclei are atoms of the element uranium. Ninety four
different chemical elements or types of atoms based on the number of
protons exist naturally. A further 18 have been recognised by [UPAC (the
International Union of Pure and Applied Chemistry) as existing artificially
only. Although all the nuclei of all atoms belonging to one element will
have the same number of protons, they may not necessarily have the same
number of neutrons; such atoms are termed isotopes. The most convenient
presentation of the chemical elements is in the periodic table of the
chemical elements, which groups elements by atomic number. Due to its
ingenious arrangement, groups, or columns, and periods, or rows, of
elements in the table either share several chemical! properties, or follow a
certain trend in characteristics such as atomic radius» electronegativity,
etc.

Exercise 12. Read the names of the chemical elements, find their
transcriptions, and memorize the spelling of each element.

Nomenclature of substances is a critical part in the language of
chemistry. Generally it refers to a system for naming chemical compounds,
j Earlier in the history of chemistry substances were given names by the'
discoverers, that often led to some confusion and difficulty. However,

39



today the IUPAC system of chemical nomenclature allows chemists to
specify by name specific compounds amongst the vast variety of possible
chemicals. The standard nomenclature of chemical substances is set by the
International Union of Pure and Applied Chemistry (IUPAC).
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0NN DN bk Wi

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21

22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

H - Hydrogen

. He - Helium

. Li - Lithium

. Be - Beryllium
. B - Boron

. C - Carbon

. N - Nitrogen

. O - Oxygen

. F - Fluorine

. Ne - Neon

Na - Sodium

Mg - Magnesium
Al - Aluminium
Si - Silicon

P - Phosphorus

S - Sulfur

Cl - Chlorine

Ar — Argon

K — Potassium
Ca — Calcium

. Sc — Scandium
Ti — Titanium

V — Vanadium
Cr — Chromium
Mn — Manganese
Fe —Iron

Co — Cobalt

Ni — Nickel

Cu — Copper

Zn — Zinc

Ga — Gallium

Ge — Germanium
As —Arsenic

Se — Selenium
Br — Bromine

Kr - Krypton

61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
&3.
&4.
85.
86.
&7.
88.
&9.
90.
91.
92.
93.
94.
95.
96.
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Pm — Promethium
Sm — Samarium
Eu — Europium
Gd — Gadolinium
Tb — Terbium

Dy — Dysprosium
Ho — Holmium
Er — Erbium

Tm — Thulium
YDb — Ytterbium
Lu — Lutetium

Hf — Hafhium
Ta — Tantalum
W — Tungsten

Re — Rhenium
Os — Osmium

Ir — Iridium
Pt — Platinum
Au - Gold
Hg — Mercury
T1 — Thallium
Pb — Lead

Bi — Bismuth

Po — Polonium
At — Astatine

Rn — Radon

Fr — Francium
Ra — Radium

Ac — Actinium
Th — Thorium

Pa — Protactinium
U — Uranium

Np — Neptunium
Pu - Plutonium
Am — Americium
Cm — Curium



37. Rb — Rubidium 97. Bk — Berkelium

38. Sr — Strontium 98. Cf — Californium
39.Y - Yttrium 99. Es — Einsteinium

40 Zr — Zirconium 100. Fm — Fermium

41. Nb — Niobium 101. Md — Mendelevium
42. Mo — Molybdenum 102. No — Nobélium

43. Tc — Technetium 103. Lr — Lawrencium
44. Ru —Ruthenium 104. Rf — Rutherfordium
45. Rh — Rhodium 105. Db — Dubnium

46. Pd — Palladium 106. Sg — Seaborgium
47. Ag — Silver 107. Bh — Bohrium

48. Cd — Cadmium 108. Hs — Hassium

49. In — Indium 109. Mt — Meitnerium
50. Sn — Tin 110. Ds — Darmstadtium
51. Sb — Antimony 111. Rg — Roentgenium
52. Te — Tellurium 112. Cn — Copemicium
53. 1 —Iodine 113. Uut — Ununtrium
54. Xe — Xenon 114. Uuq — Ununquadium
55. Cs — Cesium 115. Uup — Unnpentium
56. Ba — Barium 116. Uuh — Ununhexium
57. La — Lanthanum 117. Uus - Ununseptium
58. Ce — Cerium 118. Uuo - Ununoctium

59. Pr — Praseodymium
60. Nd — Neodymium

Exercise 13. Reade the following elements.
Si, P, Ar, K, Sc, Ti, Mn, Fe, Ni, N, O, F, Ne, Cu, Ge, As, Se, B.

Exercise 14. Match the elements with their names.

Am Cr La P
Sb Ga W Os
Cd Au Ta N
B He Na Ni
At H Ag Hg
C | Si Md
Es Fe Po Pb

Hydrogen, iodine, iron, lanthanum, lead, carbon, chromium,
einsteinium, gallium, gold, helium, phosphorus, polonium, mendelevium,
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mercury, nickel, nitrogen, osmium, americium, antimony, astatine, boron,
cadmium, silicon, silver, sodium, tantalum, tungsten.

Exercise 15. Write the chemical symbols of the following elements.

Hydrogen, Scandium, Nickel, Manganese, Arsenic, Zinc, Iron
Lithium, Vanadium, Sulfur, Chlorine, Argon, Aluminum, Silicon, Carbon,
Nitrogen, Fluorine.

Exercise 16. Translate the sentences into English.

1. ITepmri XiMiKu HamMarauucsi pO3MICTUTH €JI€MEHTH 3 TOUKHU 30pY
3pYYHOCTI Ta MPAKTUYHOTO BUKOPUCTaHHA. 2. CHOYaTKy XiMiK{ PO3IiNMIN
€JIEMEHTH Ha MeTau Ta HeMeTanu. 3. Konu KijgbKicTh BiIOMHX €JIEMEHTIB
3pocTania, i BYeHi OUTBINE Ji3HABAIKCS PO HUX, iX CIIAHTSIIMYCHHS TUTBKH
30inparyBasiocs. 4. Yac Bix 4acy mponoHyBalIKcsl BCE HOBI 1 HOBI criocoou
knacugikyBaru enemeHtd. 5. Ilepmni cuctemu knacudikarii elreMeHTIB
Oynu rpyOumu Ta Oa3yBaiucs Ha aTOMHHX Macax.

Exercise 17. Match the word combinations to make the
comparisons. Find the Ukrainian equivalents and explain which of them
have chemical background and why. Use them in the sentences of your
own.

As brave as a lead

As fat as a lion

As heavy as iron

As hard as a pancake
As flat as anew pin
As dry as a pig

As clean as a coal

As bright as a bee

As black as a button
As hairy as a bone
As clear as a gorilla
As busy as crystal

Exercise 18. Work in pairs and act out a dialogue between:

a) Dmitry Mendeleev and Julius Lothar Meyer;,

b) Hydrogen and Nitrogen (a funny one);

¢) Dmitry Mendeleev and a student of the University of Ukraine
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UNIT 6
THE PERIODIC TABLE

Exercise 1. Learn the following words and word combinations:
to recur in a systematic manner - CHCTEMaTHYHO TIOBTOPIOBATUCS
to approximate - HaOIKaTHCS, TPUOJIIN3HO AOPiIBHIOBATH
precursor - MonepeaHuK, MPOBICHUK
at regular intervals — 4epe3 peryJsipHi IPOMiKKH
a tabular display - TabamuHuii Bupas, 300paxkeHHs
rectangular in general outline - npsMoKyTHHI 32 POPMOIO
horizontal row - ropu30HTaJIBHUH PSIA
vertical column - BepTHKanbHA KOTOHKA
alkali metals - my>xHi MeTanm
alkali earths - my»xHO0-3eMenbHI MeTaIN
noble gases - OnaropoHi razu
halogens - ranorean
application - 3acTocyBaHHs
diverse fields — pizHOMaHiTHI
ramy3i boiling and melons pones - TOUKH KUITIHHS T2 TAHSHHS
outside electron shell - 30BHiIIH: eNeKTPOHHA 000TOHKA
conductor of beat — TemnonpoBiank
dull appearance - TEMSHUI BUTIISIA
brittle - kprxkwuit
to tend - nparHyTH
semi-metals — HamiBMeTaIH

Exercise 2. Read and translate the text.

The Periodic Table
Periodic Law states that many of the physical and chemical
properties of the elements tend to recur in a systematic manner with
increasing atomic number. Progressing from the lightest to the heaviest atoms,
certain properties of the elements approximate those of precursors at regular
intervals of 2, 8, 18 and 32. For example, the 2nd element (helium) is similar
in its chemical behavior to the 10th (neon), as well as to the 18th (argon), the

36th (krypton), 54th (xenon), and the 86th (radon).
The periodic tabic of chermical elements is a tabular display of the
118 known chemical elements organized by selected properties of their
atomic structures. Elements are presented by increasing atomic number,
the number of protons in an atom's atomic nucleus. While rectangular in
general outline, gaps are included in the horizontal rows (known as
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periods) as needed to keep elements with similar properties together in
vertical columns (known as groups), e.g. alkali metals, alkali earths,
halogens, noble gases.

Since the periodic table accurately predicts the abilities of various
elements to combine into chemical compounds, it has found many
applications not only in chemistry and physics, but also in such diverse
fields as geology, biology, materials science, engineering, agriculture,
medicine, nutrition, environmental health, and astronomy. Its principles are
especially important in chemical engineering.

There is the group of noble gases, or inert gases, in periodic table
that have the following properties: a) for the most part, they do not make
chemical combinations with any elements; b) there are certainly no natural
compounds with this group; c) they are all gases at room temperature, have
very low boiling and melting points.

Metals make the largest category of elements on the Periodic
Chart. Metal elements usually have the following properties: a) they have
one, two, or three electrons on the outside electron shell; b) metals are good
conductors of electricity; c) they have high melting and boiling points,
almost all metals are solids at room temperature; d) metals are usually good
conductors of heat; e) active metals react with acids, some very active
metals react with water.

The properties of non-metals are not as universal to them as the
metals. Non-metals have the following properties: a) non-metals usually
have four, five, six, or seven electrons in the outer shell; b) elemental non-
metals often have a dull appearance; they are more likely to be brittle, or
shatter when struck; c) although not a constant rule, non- metals tend to
have lower melting and boiling points than metals and the solids tend to be
less dense; d) non-metals are not usually good conductors of heat or
electricity; e) many non-metals form diatomic or polyatomic molecules
with other atoms of the same element.

There isn’t a sharp dividing line between the metals and
non-metals. The staircase-shaped line between metals and non-metals has
several elements that have properties somewhere between the two
categories. Having three electrons in the outside shell, boron is not a metal
element. Aluminum is definitely a metal in most of its traits, but it reacts
with both acids and bases. Silicon, germanium, arsenic, antimony, and
tellurium are on the line between metals and non-metals and exhibit some
of the qualities of both. These elements do not really comprise a clear-cut
category, but, due to the mix of properties they show, they are often called
semi-metals.
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Hydrogen is not included in any of the categories. Hydrogen just
does not match anything else. More than ninety-nine-point-nine percent of
hydrogen is just one proton and one electron.

Exercise 3. Answer the following question.

1. What does the Periodic Law state? 2. At what intervals do
certain properties of the elements approximate the properties of their
precursors? 3. What is the periodic table of the chemical elements? 4. How
are elements presented in the periodic table? 5. What fields has the periodic
table found many applications? 6. What properties does the group of noble
gases have? 7. What is the largest category of elements on the Periodic
Chart? 8. What properties do metal elements usually have? 9. What
elements form diatomic or polyatomic molecules with other atoms of the
same elements? 10. What element is not included in any of the categories?

Exercise 4. Put all types of questions to the given sentences.

1. Losing electrons the metal makes positive ions. 2. The ions of
metals are usually plus one, plus two, or plus three in charge. 3. The smooth
surface of the metal reflects electromagnetic waves in an organized
manner. 4. At one time US half dollar coins were made of ninety percent
silver. 5. Non-metals can share electrons in a covalent bond or gain
electrons to become a negative ion.

Exercise 5. Find the translations in collumn B to the word
combinations in column A. Make your own sentences with these phrases.

1) physical and chemical | a) giTka po3mMexKyBaJibHA JMiHis

properties

2) to progress from the lightest to
the heaviest

3) to select properties

4) the abilities of various elements
5) applications in chemistry and
physics

6) to make chemical combinations
7) to have high melting and
boiling points

8) to react with diatomic or
polyatomic molecules

9) to form diatomic or polyatomic
molecules

b) i3uuHi Ta XiMiYHI BIACTHBOCTI

C) pearyBarTH sIK i 3 KHCJIOTaMH, TakK 13
COJISIMU

d) yTBOpIrOBaTH XiMiuHi CIIOTyKH

€) IpOCYBATHUCS BiJ HAWJIETIIOTO A0
HalBaXkuoro

f) oOuparu BracTuBOCTI

g) YTBOPIOBaTH JBOATOMHI
MOJIIaTOMHI MOJIEKYJIH

h) pearyBatu 3 KUCIOTaMH Ta BOJIOIO
1) BIACTUBOCTI Pi3HUX €JIEMEHTIB

j) 3acTocyBaHHs B XiMil Ta Qi3umi

k) matu BHCOKY TOUKYy TaHEHHS Ta
KHITiHHS

Ta
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10) a sharp dividing line
11) to reacts with both acids and
bases

Exercise 6. Insert the right prepositions in the gaps.
in, in, with, from, within, to, to, in, to, from
1: Elements in a vertical column tend have similar
properties. 2. Progressing the left the right elements
in a horizontal row show a decrease in metallic properties. 3. All of the
halogen elements are almost similar their chemical behavior
each other: they are poisonous and corrosive. 4. Mendeleev’s
table was constructed seven elements each of the first
two rows and seventeen each of the next two rows. 5. The
atoms of oxygen differ the atoms of every other element. 6. As the
atomic number a family increases, the ionization energy
decreases.

Exercise 7. Match the elements with the scientists who discovered

Phosphorus 1950 University of California at Berkeley researchers
Glenn Seaborg, Albert Ghiorso, Kenneth Street, Jr., and
Platinum Stanley G. Thompson

Hydrogen 1898 French physicists Marie and Pierre Curie
Nitrogen 1808 English chemist Sir Humphry Davy

1774 English chemist Joseph Priestley and Swedish
Oxygen chemist

Barium Carl Wilhelm Scheele

Polonium 1772 Scottish physician and chemist Daniel Rutherford
Californium 1766 English chemist and physicist Henry Cavendish
1748 Spanish military Leader Don Antonio de Ulloa
1669 German physician Hennig Brand

Exercise 8. Translate the text into English.

HacnpaBni, He Oyno BiAKpUTO eNeMEHTy, SIKMH BBakaBcs O
nepmuM B ictopii sronctBa. [lepBicHuUM nroasiM Oynu Biomi JeB’SITh
eneMeHTiB. Lle 3010710, cpi0I0, MiJTb, 32J1i30, CBUHEIh, OJIOBO, PTYTh, CipKa
Ta Byrieusp. Lle eneMeHTH, sKi iCHyIOTb Y UUCTOMY CTaHi a00 MOXYTb OyTH
OUUIIICHI, 3 BUKOPUCTAHHSM BiTHOCHO TpocTHX 3aco0iB. Taka Mama
KIJIBKICTh €JIEMEHTIB MOSCHIOETHCS THM, 10 OUIBIIICTH 13 HUX 3B'sA3aHi B
CIOJIYKH 200 iCHYIOTh y CyMilllax 3 iHIIMMU efeMeHTaMu. Hanpukian, Mu
JIUXaEMO KHUCHEM KOXXHOTO IHsI, allé caM €JIEMEHT Yy YUCTOMY CTaHi

46




M00AYNUTH HE MOKEMO.

Exercise 9. Match the element and its description.

SODIUM

CARBON

OXYGEN

LITHIUM

HYDROGEN

L.

1. It is the 1st element in the periodic table and the
most basic of all elements in the universe. Over 90%
of all the atoms in the universe are its atoms and
they are the lightest of all elements. Its name comes
from the Latin word which means water.

It is the third element of the periodic table and was
discovered in 1817 by a chemist Arfvedson. This is
the first metal encountered in the periodic table and
it is a silvery colored solid when purified. One thing
to remember is that it is never found alone in nature.
It is always bonded to other elements.

People need it to survive? as do all other living
organisms. It makes 20% of the Earth’s atmosphere.
It is very reactive. It is the 8" element of the periodic
table and found in the 2" row. Alone, it is a
colorless and odorless compound that is a gas at
room temperature. A chemist Priestly isolated it in
1774.

This is the magic element for everything on it. It is
in nearly every biological compound that makes up
our bodies. Located between B and N, it is a very
stable element. It can be found in many naturally
occuring compounds by itself. Its three states are
diamond, amorphous, and graphite. It was never
really discovered. Ancient people knew of the black
soot left over after a fire.

Being in the 1* column of the 3" period, it is a
member of the alkali metal family with K and Li. Its
big claim to fame is as one two elements in your
table salt. Even though humans have been using it
for thousands of years, it was not isolated until 1807
by Davy. It is one of the few metals that will float
when it is placed in water. Its atomic mass is less
that water’s atomic mass.
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Exercise 10. Insert the missing words and word combinations into
the text Sulfur.
in the periodic table, brimstone, available, volcanoes, temperatures, bad
smell, bright yellow, crystal, non-reactive, hot springs, bible, on the ground

Sulfur

Sulfur is one of those elements you can never forget. It is

in color and it has a really (like rotten eggs). Beyond the
obvious physical traits of sulfur, man has been using this element for
thousands years, because sulfur is often found near and .
When men found pure elements that were readily , they put them
to use. Sulfur is even mentioned in the where it is called

It is important to know that something sulfur is also spelled
“Sulphur” (English and Australia).

Sulfur is an element that is easy to find and even easier
to find . It's just under oxygen at position sixteen. Naturally
occuring sulfur is a yellowish color and often found as a . At
normal , sulfur 1s

Exercise 11. Decide what statements belong to what element.

IRON, COPPER, NITROGEN, PHOSPHORUS
1) Itis a key element in the creation of bronze;
2) It is another one of those elements that can never be found free in
nature;
3) This transition metal is well known for the two colors that are reddish
when pure and a turquoise when oxidized;
4) When isolated and pure, it is clear and almost transparent;
5) There is a whole period of time named after this element;
6) There are four common forms used today: white, black, red, and violet;
7) Itis a clear gas that has no smell when it is in its pure form;
8) It has been in use for so long because it is found by itself as a pure
element;
9) When purified, it is a grayish, shiny metal;
10)Almost eighty percent of Earth's atmosphere is made of its gas;
11)Though it is known as a magnetic metal, not all forms of iron are
magnetic;
12)It is the seventh element of the periodic table located between carbon
and oxygen.
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Exercise 12. Match the beginnings of the sentences with their
endings.

1)Iron is found a) other elements including
2) There is iron in hydrogen.

3) Iron oxidizes easily and the | b)the variety of places copper is
resulting compound used in nature.

4) Just digging in a mine people | ¢) essential in most of the
came across compounds that allow life to exist.
5) The thing under discovering is d) pure copper in a variety of forms.
6) Along with carbon and oxygen, | e)is known as rust.

nitrogen is f) computers, desks, and even
7) Nitrogen can create very | human body.

reactive g)all over the Earth and the
compounds when combined with Universe.

Exercise 13. Translate the following text. In pairs, ask and
answered questions about the halogen group and its chemical properties.
Halogens

In chemistry halogens is a group of five closely related chemically
active elements: fluorine, chlorine, iodine, and astatine. The name halogen
came from the Greek hals meaning “salt” and genes meaning “born”.

Iodine is a blue-black solid at room temperature. It was first
isolated from seaweed residues in 1811 by Bernard Courtois. It sublimes
when heated, giving off a violet vapor with a stinging odor like that of
chlorine. The element, in pure form, is poisonous. Like all halogens, it is
chemically active. It is only slightly soluble in water, but it is soluble in
alcohol, chloroform, and other organic reagents. lodine is a relatively rare
element, ranking about 62™ in abundance on earth, but its compounds are
widespread in seawater, soil, and rocks. lodine is medicinally very
important because it is an essential trace element, and is involved in
growth-controlling and other metabolic functions. In medicine,
iodine-alcohol solutions and iodine complexes have been used as
antiseptics and disinfectants. More broadly, various iodine compounds find
use in photography and making of dyes.

Chlorine, the atomic number 17, was first isolated in 1774 by the
Swedish chemist Carl Wilhelm Scheele. At ordinary temperatures, chlorine
is a greenish-yellow gas that can readily be liquefied under pressure. The
gas has an irritating odor and in large concentration is dangerous; it was the
first substance used as a poison gas in World War 1. Free chlorine does not
occur in nature, but its compounds are common minerals. Chlorine is an
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active element, reacting with water, organic compounds, and many metals.
Chlorine and hydrogen can be kept together in the dark, but react
explosively in the presence of light. Chlorine solutions in water are familiar
in the home as bleaching agents.

Astatine is the heaviest of the halogens. It is the halogen that
behaves most like a metal and that has only radioactive isotopes. It is
highly carcinogenic.

Bromine, poisonous element that at room temperature is dark,
reddish-brown liquid. Bromine is widely distributed in nature. At room
temperature, bromine is an extremely volatile liquid, giving off a
poisonous, suffocating, reddish vapor composed of diatomic molecules. if
the liquid comes in contact with the skin, it causes sores that heal very
slowly. Bromine is slightly soluble in water, but it is very soluble in a wide
variety of organic solvents, such as alcohol, ether, chloroform, and carbon
disulfide.

Bromine does not occur in nature as a free element. It is used in
photographic compounds and in natural gas and oil production.

Fluorine is chemically reactive, poisonous gaseous element. The
element was first isolated in 1886 by the French chemist Henri Moissan. It
is a pale, greenish-yellow gas, slightly heavier than air, poisonous,
corrosive, and of penetrating and disagreeable odor. It is the most
chemically active of the nonmetallic elements. It combines directly with
most elements and indirectly with nitrogen, chlorine, and oxygen. Nearly
all compounds are decomposed by fluorine to form fluorides that are
among the most stable of all chemical compounds. It is the 17th element in
order of abundance in the crust of the earth. The chlorofluorocarbons,
odorless and nonpoisonous liquids or gases such as Freon, are used as a
dispersing agent in aerosol sprays and as a refrigerant.

Exercise 14. Find the Ukrainian equivalents to the following word
combinations from the text.

Closely related chemically active elements; a stinging odor;
slightly soluble in water; a relatively rare element; widespread in seawater,
soil, and rocks; an essential trace element; to be liquefied under pressure;
an irritating odor; to react explosively in the presence of light; bleaching
agent; widely distributed in nature; contact with the skin; slightly heavier
than air; penetrating and disagreeable odor.

Exercise 15. Describe the properties of one element from the list:
a) lodine; b) Chlorine; c) Astatine; d) Bromine, e) Fluorine.
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Exercise 16. Read and memorize the information about chemical
nomenclature and the basic rules of reading chemical compounds.

Chemical nomenclature is done according to the rules
recommended by International Union of Pure and Applied Chemistry
(IUPAC). The names of chemical elements originated from the Latin stems
because of an old tradition to use this language in science and in chemistry.
Traditional names are also encountered in the English language. For
instance, alkaline metals with Latin names kalium and natrium are usually
called «potassium» and «sodium». The noble metals and some other
elements have traditional English names also. For instance, Au ("gold" and
"aurum"); Ag ("silver" and "argentum"); Cu ("copper" and "cuprum"); Fe
("iron" and "ferrum") etc. The symbols of the chemical elements in use
today were introduced into science by J. Berzelius in 1813. He proposed to
designate the elements by the initial letters of their Latin names. When the
names of several elements begin with the same letter, one of the following
letters is added to the first one.

Systems of chemical nomenclature

There are about several millions chemical compounds discovered
by chemists today. That is why systems of naming were devised to prevent
total confusion. The most serious thing is with binary compounds.

A binary compound is a compound that consists of a combination
of two elements. Compounds that end in ide indicate that they contain only
two elements. The first element should be named at first, while the second
element consists of the stem plus the suffix ide that are placed in the second
part of the binary compound's name. The stems of the most commonly used
elements are:

Oxygen - ox, Chlorine - chlor, Carbon - curb, Nitrogen - nitr, Phosphorus
- phosph, Fluorine -fluor, Sulfur - sulf.

Examples: HCI - hydrogen chloride; AIN - aluminum nitride; K>S
- potassium sulfide; KCN - potassium cyanide; BeCl, - beryllium chloride,
etc.

To denote one through ten atoms in a formula of a compound the
following Greek names of the prefixes are used: / (mono-), 2 (di-), 3 (tri-),
4 |(tetra-), 5 (penta-), 6 (hexa-), 7 (hepta-), 8 (octa~), 9 (nona-), 10
(deca-).

The prefix for one (mono-) is omitted except when its presence is
necessary to avoid confusion.

Examples:
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N»04 dinitrogen tetroxide;

CO carbon monoxide;

PCI; phosphorus trichloride;

CO; carbon dioxide;

P40, tetraphosphorus decaoxide;

CaO calcium oxide;

XeF4 xenon tetrafluoride.

A number of well-established nonsystematic names that continue to

used simply need to be memorized. These include:
H,0 water; NoHy hydrasine; NH3 ammonia; PH; phosphine; AsH; arsine.

Exercise 17. Write chemical formula as requested.

lead, sodium chloride, copper (I) sulfide, uranium hexafluoride,
calcium hydroxide, aluminum oxide, magnesium bromide, calcium
chloride, etic acid, sulfurous acid, iron (II) chloride, hydrogen gas,
ammonia, chlorine, tungsten (V) iodide.

Exercise 18. Make a table of the main rules of reading chemical
elements and compounds. Add your own examples to complete the table.

Exercise 19. Write a short summary of the importance of the

modern periodic table of elements and explain how the elements are
arranged there and what the properties of each family are.
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UNIT 7
THE ESSENCE OF MATTER

Exercise 1. Learn the following words and word combinations:
original thinker - BU3HaYHMI MHCIHTENH
logical basis - oriuHa mijgcTaBa
whims of gods and goddesses - mpumxu OoriB Ta OOTHHB
conceive - 30arHyTH, 3p03yMIiTH, YABJISTH COOi
essence of all matter - cyTHICTB yciei matepii
solar eclipse - coHIYHE 3aTeMHEHHS
naval battle - 6GutBa Ha Mopi
to make a prediction - poOutn nependaueHHs, nepeadadaTu
successor - MOCHiIOBHUK, HACTYITHHK
primordial element - mepBicHU# eTeMEeHT
enunciate - MporoJIoNIyBaTH, (OPMYIIOBATH (IIPO TEOPIiI0)
coherent atomic cosmology - 4iTka aTOMICTHYHA KOCMOJIOTis
smooth - rageHbkui, piBHAN
slippery - cnmu3bkwii
jagged with hooks - 3a3y0nenuit
contrary qualities - MPOTHJIEXKHI SIKOCTI
opposite edges - mpoTHIIeKHI Kpai
extent and movement - CIoKii Ta pyx
ridiculous - 6e3rmy3auit

Exercise 2. Make a “map” of your knowledge about the changes
in scientific understanding of the essence of matter. Answer the following
questions: What do I know about: 1) scientists who dealt with the problem
of matter; 2) the development of notion about the matter, 3) the theory
about four primordial elements of matter.

Exercise 3. Read and translate the text on essence of matter. Check

whether your knowledge is true.
The Essence of Matter; Four Elements

The ancient Greek philosophers were not scientists. They were,
however, original thinkers who attempted to explain nature on a logical
basis rather than by the whims of gods and goddesses. The father of this
movement is considered to be Thales of Miletus, and during the sixth ntury
B.C., he conceived of water as the essence of all matter. Thales is putted to
have predicted the total solar eclipse of 585 B.C., said to have ocurred
during a naval battle—although there is no basis for him having the
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knowledge to make such a prediction.

One of his successors in the Milesian School was Empedocles of
Agrigentum (ca. 490-430 B.C.). Empedocles is said to be the first to
propose at all matter is composed of four primordial elements of equal
importance, though similar ideas appear to have formed in Egypt, India,
and China five elements) around 1500 B.C.

Only during the fifth century B.C. two philosophers of the Milesian
School enunciated a coherent atomic cosmology. For these scholars there
re two realities in nature: Atoms (atoms, meaning not cuttable) and Void
(derived from vacuous, meaning empty). Void was considered to be as real
Atoms. Atoms of water were thought to be smooth and slippery; those of
iron were jagged with hooks.

Aristotle proposed a kind of primordial, heavenly element, “ether,”
to each of the four earthly elements attributed two pairs of opposite or
contrary “qualities” (wet versus dry; hot versus cold). The relationships
between the elements and their qualities are depicted in a square that nicely
ces contrary qualities on opposite edges. The square is one of the
fundamental symbols that often appeared in alchemical manuscripts and
books even as late as the eighteenth century.

Aristotle was an anti-Atomist, in part, because he did not believe
space could be empty. The great mathematician and philosopher Rene
Descartes (1596-1650) who envisioned only two principles in matter
(extent movement) and rejected the four Aristotelian qualities adopted this
view, idea of extent led him to reject the idea of finite atoms and the
concept void he considered ridiculous.

Exercise 4. Answer the following questions.

1. How did the first philosophers try to explain the nature? 2. Who
is considered to be the father of the logical basis of nature movement? 3.
What was the essence of all matter according to Thales of Miletus? 4. What
prediction did he make? 5. Who was the first to propose the four-element
composition of matter theory? 6. Name those elements. 7. What did the
Milesian School philosophers enunciate? 8. What were the two realities in
nature? 8. What did Aristotle propose? 9. Who rejected the Aristotelian
theory?

Exercise 5. Write out verb forms except the verb to be and define

their tense and voice forms, give the Infinitive.
Example: was given - Past Simple, Passive Voice - to be given.
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Exercise 6. Give Ukrainian equivalents to the following
expressions. Find them in the text and compose your own sentences with
these expressions.

Ancient Greek philosophers, attempted to explain nature, whims
of gods and goddesses, the father of this movement, to be of equal
importance, similar ideas, to be as real as, heavenly element, versus,
fundamental symbols, alchemical manuscripts.

Exercise 7. State whether the following sentences are true or false.
Correct the false ones.

1. The ancient Greek philosophers were not scholars. 2. The father
of the movement about logical basis of nature is considered to be Aristotle.
3. Thales is believed to have predicted the partial solar eclipse of 585 B.C.,
said to have occurred during a naval battle. 4. Empedocles is said to be the
first to propose that all matter is composed of fourteen primordial elements
of equal importance. 5. Although similar ideas appear to have formed in
Egypt, Asia, and China (five elements) around 1500 B.C. 6. Void was
considered to be as real as Atoms. 6. The square is the only fundamental
symbol that often appears in alchemical manuscripts and books. 7.
Aristotle was an anti-Atomist, in part, because he did not believe that space
could be empty.

Exercise 8. Make up sentences putting the words in the correct
order.
1. and eighteenth centuries/ In the seventeenth/ conflict between the
Cartesians (school of Descartes)/ there was intellectual/ and the
Corpuscular school/ Robert Boyle and/which included/ Isaac Newton.
2. cold and wet/ A liquid/ while its vapor/ (rich in water)/ is /(rich in air)/
is hot and wet.
3. of the square/ simply add heat — /To vaporize a liquid/ the cold edge/
move from / to the hot edge.
4. add hot/ To dissolve / (rich in earth) / a solid, add wet/ to bum the solid.
5. propounded by Lavoisier/ Fire / liquid /or gas/of internal energy-/
related to the eighteenth-century/

but a form / concept of “caloric”/ was not solid.

6. and water/ Moat prominent/ whose activities/ are/ symbolize earth/ the
four abbots/ fire/ air.
7. of the seventeenth century/ Although/ date to/ the earliest writings/ the
beginning.
8. the true founder/ Some/ the early sixteenth-century/ consider/
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Paracelsus/ physician and alchemist/
to be.

Exercise 9. Match the verbs and the prepositions they are used

with:

to derive about
to combine on

to conceive of

to compose with

to place of

to think from
to believe n

Exercise 10. Fill in the gaps with the following words and word
combinations.
triangles and squares, Material Body, female, exalted mercury, earlier
view of matter, Renaissance, triangle, Spirit, characterized, exalted sulfur,
were, challenged
During the , the classical Greek views of nature
finally by the likes of Paracelsus. He extended an that
held that it was a union between an of the philosophers ("Sophie
Sulfur” - often as male) and an of the philosophers
("Sophie Mercury” - characterized often as ). These are not
related to the chemical elements now recognized as sulfur and mercury. To
these Paracelsus added Salt as the third Principle. So Mercury is ,
Sulfur is Soul, and Salt is . The relationship is depicted as a
, the other great metaphor found in alchemical manuscripts
through the 18" century. All matter is composed of these three principles in
various proportions. They make a symbolic triangles - the bottom triangle
presents Life, Spirit, Body (or Fire, Air, Water or Animal, Vegetable,
Mineral). Symbols of abound in alchemy.

Exercise 11. Make up as many questions to the following
sentences as possible.

1. The electrons are considered to be fundamental particles of
infinite lifetime. 2. Protons and neutrons are not fundamental and are two
of a very complex class of subatomic particles called hadrons. 3. Outside of
the nucleus, a free neutron has a half-life of only 17 minutes and decays
into a proton. 4. An atom is divisible. 5. The positive nucleus and the
negative electrons are our modern “contraries.”
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Exercise 12. Translate into English paying special attention to the
italicized words.

1. HaBHporpenpki ¢inocopu Oymu NEPIIUMH, XTO HaMarabcCs
JIOT1YHO TOSICHUTH MPHUPOY Ta i1 KOMIIOHEHTH. 2. 3aCHOBHUKOM PyXy IpO
JIOTIYHMHA TOYAaTOK MpUPOAM BBaxkaerbcs Timid 3 Minery. 3. IloBHe
COHSIYHE 3aTeMHEHHs 585 PoKy 10 H.e. MiJ 4ac MOpPChKOi OuTBH Oyio
nependadeHe 3aBASKH BUKOPUCTAHHIO JIOTIYHOTO MiAXOMy y Haymi. 4.
Emmigokn OyB mepmmM, XTO 3alpONOHYBaB KOHLEIIIO IEPBICHUX
eneMeHntiB  Marepii. 5. ®inocodamu  Mineupkoi mkoam  Oyio
3allPONIOHOBAHO YiTKY aTOMICTHYHY KOCMOJIOTIIO y II'ITOMY CTOJITTi JIO
H.e. 6. BBaxkanocs, 1o Bojia Ma€ INIaJAeHbKI Ta CIM3bKi aTOMH, Y TOH 4ac,
K aTOMH 3alli3a € 3a3yONeHUMH. 7. ApUCTOTeNnb OyB MEpIIMM, XTO Ha
JoAady A0 YOTUPHbOX HEPBICHUX €JIEMEHTIB 3alpoloHYyBaB II'STUH -
HEOCCHUH eIeMEHT - edip.

Exercise 13._Complete the definitions:
Original thinker - a person, who ...
Nature - everything in the physical world that ...
Matter — a material that...
Solar eclipse - a natural phenomenon when ...
Prediction - a saying that ...
Primordial elements - the first elements that are ...
Atomic cosmology - a theory that is ...
Heavenly element - an element that...
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UNIT 8
CLASSIFICATION OF MATTER

Exercise 1. Learn the following words and word combinations:
mass - Maca
volume — 06’em
inertia — iHepis
solids — TBepai Tina
liquids - pinuan
hierarchy — iepapxis
substance — peuoBHHa
mixture — cyMmimn
constant composition — He3MiHHUH CKJIa]
to break down — po3manaTucsi, po3kiagaTucs
homogeneous — ogHOPITHUIT (TOMOTEHHUI)
heterogeneous — pi3HOPiIHMIA (TETEPOTCHHUIA)
uniform — oMHOMAHITHUMN, TOCTIMHMHI, CTAIIHI
metal alloys — crutaBu metanis
solute — po3unHEeHa peuOBHHA
solvent — po3urHHHUK
to be well blended — OyTu noOpe 3Mimanum

Exercise 2. Read, translate the text and fill the chart below
according to the text.

Anything that has mass and volume is matter. Matter is also
defined as anything with the property of inertia. All of the solid, liquids and
gases in daily life can be classified as some type of matter. One useful way of
organizing our understanding of matter is to think of a hierarchy that
extends down from the most general and complex to the simplest and most
fundamental. All matter is accepted to classify into substances and
mixtures. Substance is a material with a constant composition. This means
that the substance is the same no matter where it is found. NaCl, H,O, Ne,
CO,, and O are all substances, because their composition will be the same
no matter where you find them. All elements and all compositions are
defined as substances.

Elements are substances that are made up of only one type of atom.
At this time, there are 113 known elements, most of which are metals. The
symbols shown on the periodic table represent the known elements. Gold,
silver, carbon, oxygen and hydrogen are the examples of elements.
However, atoms consist of smaller particles, but they are not broken down
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by ordinary chemical means. Compounds are substances that are made up
of more than one type of atom. Water, for example, is made up of hydrogen
and oxygen atoms. Carbon dioxide is made up of carbon and oxygen
atoms. Table salt is made up of sodium and chlorine. Unlike elements,
compounds can be decomposed, or broken down by simple chemical
reactions.

Compounds differ from mixtures because they are chemically
combined, unlike mixtures - two or more substances that are physically
combined. Some mixtures are so well blended that they are considered
homogeneous, being made up of only one phase (salt water, pure air, metal
alloys, seltzer water). Other mixtures, containing more than one phase, are
called heterogeneous (sand, soil, chicken soup, pizza, chocolate chip
cookies).

Any material that contains only one phase would be considered
homogeneous. Elements like hydrogen, compounds like sugar, and
solutions like salt water, are all considered homogeneous because they are
uniform. Each region of a sample is identical to all other regions of the
same sample. Solutions are a special type of homogeneous material,
because unlike compounds, the parts of a solution are physically, not
chemically, combined. When you mix a glass of salt water, the salt does not
chemically react with the water. The two parts just mix so well that the
resultant solution is said to be uniform. Ice tea, coffee, metal alloys, and the
air we breathe are some examples of solutions. Solutions are made up of
two parts: the solute, which gets dissolved, and the solvent, which does the
dissolving. In the case of salt water, salt is the solute and water is the
solvent.

Heterogeneous mixtures are made up of more than one phase and
they can be separated physically. The chocolate chip cookie, a tossed salad,
sand, and a bowl of raisin bran cereal are all examples of obvious
heterogeneous mixtures.

Matter

Substance
Element Heterogeneous
Ex.: water Ex.: salt water

Exercise 3. Match the terms with their definitions:
Matter
Compound
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Substance

Heterogeneous Mixture

Mixture

Homogeneous Mixture

Element

Also called solutions. Mixtures that are made up of only one phase;
Matter with variable composition;

Two or more elements that are chemically combined;
Mixtures that are made up of more than one phase;
Matter with constant composition;

Anything with mass and volume;

Substance made up of only one type of atom.

Exercise 4. Answer the following questions.

1. What is matter? Give an example of matter. 2. What two classes
can all matter be classified? 3. What class do elements and mixtures belong
to? 4. What do we understand under the term element? 5. Yow many
elements are discovered at present? 6. What is the difference between
elements and compounds? 7. What can not be broken down by ordinary
chemical means? 8. What consists of more than one type of atoms? 9. What
is mixture? 10. What types of mixtures do you know? 11. What matter can
be considered homogeneous and why?

Exercise 5. Divide given matter into four groups: elements;
compounds, heterogeneous and homogeneous mixtures.

Silicon, water, alcohol, radon, oil, carbon dioxide, yttrium,
hydrogen oxide, silicon dioxide, tin, methane, zinc, air, soil, smoke, boron,
salt water, hydrogen peroxide, gold, acetic acid, iodine, sugar, gasoline.

Exercise 6. 4) Write out English equivalents of the following word
combinations.

3MilyBaTH, CyMill, IUIaBUTH, BUIIAPOBYBATUCS,  CIUIAB,
BU3HAYATH, CIOIYyYaTUCS, IEPETBOPIOBATHCS, pearyBaT, KIacu(iKyBaTH,
BigKpUBaTH (POOUTH BiIKPUTTS), BUMIPSTH, 3a3HABATH 3MiH, IPU3BOAUTH,

pO3KIIaaTUCA,  BiJOKPEMJIIOBaTH,  KOHJCHCYBAaTUCS,  TBEPIHYTH,
OXOJIOJIKYBAaTHUCH, TUCTUITIOBATHCA, HarpiBaruy, BUMIpIOBaTH
TEMIIEPaTypy.

B) Describe the experiment of water distillation using words given
above.
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Exercise 7._Find from the list the words with nearly the same or
opposite meanings to the initial ones.
Liquid, characteristic, matter, pure, simple, change, break down, constant,
general
Fluid, mere, variable, compose, property, solid, impure, stability,
clean, special, material, emptiness, decompose, commonness, uniform,
ordinary, complex, transformation.

Exercise 8._Translate the words in brackets into English. Give the
title to the text.

(3a HOpMaspHOTO THCKY), pure water (kumutb) at 100°C. As
boiling continues, the (Temnepatypa 3anumaerscst) at 100° until all of the
liquid has been changed to a gas. Pure water (He Moxke OyTu
BiJJOKpeMJieHa) into separate parts (PpismuHoro 3miHOI0). Water from the
ocean (salt water) is different. Not only does it boil (mpu Bumii
Temneparypi), but the boiling temperature (moctiiiHo 3poctae) as the
boiling proceeds. If boiled long enough, the water (Bukunae) as a gas and
the salt is left behind (y Burssni TBepmoi peuoBunnm). The properties of pure
water and ocean water (UTIOCTPYIOTh Pi3HHLIIO) between pure substance and
a mixture. A pure substance is a single chemical, one kind of matter. It has
its (BmacHui HaOip ¢i3MYHUX 1 XIMIYHUX BIaCTHBOCTEH), not exactly the
same as the properties of any other pure substance. These properties may
be used to (mis BusHaueHHs pedoBuHH). The word mixture has already
been used to (ms onmcy yactuHM pedoBuHM) that consists of two or more
different chemicals. (BnactuBocTti cymimeii 3anexats Bin) the substances
in it. These properties (xonuBaroThkcs) as the relative amounts of the
different parts (3miHrotoThcs). The pure substances in a mixture may be
separated by physical changes, as salt and water are separated by boiling
off the water.

Exercise 9._Translate into English.

1. BnactuBocTi po3umHy 3aiexarhb BiJl BITHOCHOI KUJIBKOCTI HOTO
KOMITIOHEHTIB. 2. Bynb-1110, 110 Mae Macy i 00’eM, € Matepieto. 3. 3a ii
OyZ0BOIO MaTepiro KIACH(IKYIOTh Ha YOTHUPH TPYIH: €IEMEHTH, CIIONYKH,
PO3UMHM Ta TeTeporeHHi cymimi. 4. Bci enemMeHTH Ta CHOJIYKH €
pedoBuHamMH. 5. MaTtepist yTBOpIo€e cBIiT HaBKoio Hac. 6. Kmacudikaris
MaTepii Ha peYOBUHU Ta CYMIllli, 3aCHOBaHA Ha CTaOLILHOCTI CTPYKTYPH, €
OUTBII KOPUCHOIO [T XiMiKiB. 7. EmeMeHTOM € 4ucra pedoBHHa, siKa HE
MOKe OyTH TMOALJIEHa Ha MPOCTI PEYOBHUHH IUIAXOM 3BHYAMHUX XIMiUHUX
3MiH. 8. BinmpmicTs MaTepii icHye y BUTJISAL CHONYK - MOEAHAHHI aTOMIB
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a00 MPOTHIICIKHO 3apsAIKEHUX 10HIB JBOX UM OiJIbIIE PI3HUX €JIEMEHTIB. 9.
Cymimni BimoOpaxaloTh BIACTUBOCTI, 10 KOJMBAIOTHCS 3 3aJISKHOCTI BiJ
3MiHU MPONOPLIi KOMIIOHEHTIB ¥ 1X CKJIai.

Exercise 10. Apart from direct meaning in chemistry, the following
words element and matter have indirect one.

A) Read the sentences and the explanations to them and insert the
underlined words to give them a proper sense;

1. Tom came off the field, surrounded by reporters and shaking
hands with team-mates — he was in his . (to be in your means
to be in a situation that you are familiar with and are good at dealing with).

2. A large company should supply the customers with all
information as the of course. (as a of course means to be
normally done that way).

3. Officials offered free tickets to fans in Orlando who braved the

s. (to brave the s means to go out when the weather is bad).

4. News about the last experiment is no laughing for
the hundreds of scientists who protested against it. (to be no laughing

is used in order to say that a situation is serious).

B) Compose the sentences of your own with the given idioms.

Exercise 11. Match the beginnings of the sentences with their right

endings.
1. There are two kinds a) of pure substances.
2. Among chemical | b) set of physical and chemical

properties of silver is that

3.Like all pure substances,
silver has its own unique

4. This identifies silver

5. Nature provides us with

6. Most of the earth’s crust is
made up of compounds

7.Water represents the
second

8.Unlike silver, water can
be

9.Any pure substance that
can be decomposed by

10.  Nitrogen, oxygen
and argon

properties.

c) it cannot be decomposed or
separated into other stable pure
substances, either chemically or
physically

d) as an element.

e) kind of pure substance.

f) decomposed into other
substance.

g) a chemical change into two or
more other pure substances is a
compound.

h) at least 88 elements.

i) containing a relatively
number of these elements.

pure

small
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11. Copper, sulfur, | j) are among the few well-known
silver and gold solid elements that occur
uncombined in nature.
k) make up about 98% of air at the
surface of the earth.

Exercise 12. Make the plan of the text Classification of Matter and
retell the text.

Exercise 13. Read and translate the text. Put the paragraphs in the
right order to correspond to the plan: a) The abundance of solutions in
nature; b) Different water solutions and their characteristics;, c) A
solutions as a homogeneous mixture; d) the determination of physical
properties by the composition, e) Three stages of solution existence.

The Characteristics of the Solution

(1) Even what we call “fresh” water is a solution, although the
concentrations are so low we tend to think of the water we drink as “pure”.
“Hard” water may be pure enough for human consumption, but there are
enough calcium and magnesium salts present to form solid deposits in hot
water pipes and boilers. Even rainwater is a solution; it contains dissolved
gases. Oxygen is not very soluble in water, but what little there is in
solution is mighty important to fish, who cannot survive without it.

(2) A solution may exist in any of the three states, gas, liquid, or
solid. Air is a gas solution, made up of nitrogen, oxygen, argon, and other
gases in small amounts. In addition to oxygen in water, dissolved carbone
dioxide in carbonated beverages is a familiar liquids and the oceans are
liquid solutions of solids. Solid state solutions are common in the form of
metal alloys.

(3) A solution of ammonia in water, for example, may contains 1%
ammonia by weight, or 2%, 5%, 20,3% ... up to 29% solution called
“concentrated ammonia.” This leads to variable physical properties, which
are determined by the composition of a mixture.

(4) Solutions abound in nature. We are surrounded by the gaseous
solution known as air. The oceans are aqueous (water) solutions of sodium
chloride and other substances. Some of these substances are present in
sufficient concentrations to make it commercially profitable to extract
them. Magnesium is a notable example.

(5) Solution is characterized by the uniform distribution of solution
components, so that a sample taken from any part of the solution will have
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the same composition. Two solutions made up of the same substances,
however, may have different compositions.

Exercise 14. Find in the text words and word combinations with
the following meanings:

Psacuimu (6ymu nowupenum), eazosi pozuuru, 600HI pO34HUHU, 8
00CMamHill KOHYeHmpayii, ACKpaeull NpuKiad, NUMHA 6004, 8AdICKA 8004,
07151 I0OCbKO20 CROJICUBAHHS, YMEOPIO8AmMuU meepoi NOKAAOU, PO3UUHEHT
2a3u, po3uUHHUL Y 800i, PIGHOMIPHUL PO3NOO0IN, Y MAIUX KLTbKOCHSX.

Exercise 15. Describe different solutions using suggested words
and word combinations.

“Fresh” Solution, concentration, pure, “hard” water, for human

water consumption, calcium and magnesium salts, to form solid
deposits

Rainwater Solution, contain, dissolved gases, Oxygen, soluble,

mighty important to fish, survive

Ocean water Liquid solution, many solids, solution components,
aqueous, sodium chloride, to be present in sufficient
concentrations, commercially profitable, to extract,
magnesium

Air Solution, concentration, pure, contain, Oxygen, survive,
gaseous, nitrogen, argon, in small amounts

Exercise 16. Match the terms with their definitions:

Solid solution A strong solution that contains a large amount of
solute.
Solute A solution that cannot hold any more solute at a
definite temperature.
Solution Any liquid that dissolves another solute and first
solvent and in which the solute is more soluble.
Concentrated Any stabilizing interaction of a solute with the
solution solvent, or a similar interaction of solvent with
groups of an insoluble material (i.e., the ionic
Salvation groups of an ion-exchange resin).
Any liquid mixture of two or more substances that is
Solvent homogeneous.
Any dissolved substance in a solution.
Saturated solution A homogeneous mixture of two or more
components;, a main component and (normally) a
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Dilute solution small amount of another component exist within the
crystal structure of the main component.
A weak solution that contains little solute.

Exercise 17. Insert the words into the text according to their

meanings.
Solute and Solvent

When solids or gases are dissolved in liquids, the solid or gas is

said to be the and the liquid the . More generally, the

is taken to be the substance present in a relatively small amount.

The medium in which the is dissolved is the . The

distinction is not precise, however. Water is capable of dissolving more

than its own weight of some solids, but the water continues to be called the

. In alcohol-water solutions, either liquid may be the more

abundant and, in a given context, either might be called the or

Concentrated and Dilute
A solution has a relatively large quantity of a specific
solute per unit amount of solution, and a solution has a relatively
small quantity of the same solute per unit amount of solution. The terms
compare concentrations of two solutions of the same solute and solvent.
They carry no other quantitative meaning.

Solubility, Saturated, Unsaturated and Supersaturated

is a measure of how much solute will dissolve in a given

amount of solvent at a given temperature. It is sometimes expressed by

giving the number of grams of solute that will dissolve in 100 grams of

solvent. A solution that can exist in equilibrium with undissolved solute is a

solution: A solution whose concentration corresponds to the

limit is therefore . If the concentration of a solute is less

than the limit, it is . Under carefully controlled conditions, a

solution can be produced in which the concentration of solute is greater

than the normal limit. Such a solution is said to be A

solution of sodium acetate, for example, may be prepared by

dissolving 80 g of the salt in 100 g of water at about 50°C. If the solution is

then cooled to 20°C without stirring, shaking, or other disturbance, all 80 g
of solute will remain in solution.
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Exercise 18. Translate the text into English paying special
attention to the active vocabulary of the lesson.

Marepieto BBaXKaroThb yce Te, 10 Mae Macy Ta 00’eM. Bueni
MOJUISAIOTH BCIO MaTepilo HAa YOTHPH BENUKi IPYNHU: €IEMEHTH i CIIONYKH,
110 HaJISXKAaTh 0 KJIacy PEUYOBHH, Ta TE€TEPOTeHH] i TOMOTEHHI CyMIIlli, 110 €
npeAcTaBHUKaMKU Kiacy cymimed. Ha BimMmiHy Big eneMeHTiB, siKi
CKJIafaloThCsl JIMIIE 3 OXHOIO THUIy aTOMIB, CHOJYKM MICTSTh Oifblue
OJHOTO BHUJY aTOMiB, a TOMY IX JIETKO PO3IUIMTH MPOCTHMHU XiMiYHHUMH

peaxitisamu.
@Di3UYHO MOE€THAHI PEYOBHHU YTBOPIOIOTH CyMilli, A0 SKHX 1
HaJIe)KaTh PO3YMHH - OCOONMBHH BHJI TOMOTCHHHX CyMillleH, IO

XapaKTePU3YEThCS OAHOPIAHAM PO3MIMICHHSIM CKJIaJOBUX KOMITOHEHTIB.
Po3unHM ckmagaroTbess 3 ABOX YACTHH: PO3YMHEHOI PIIUHHM Ta
PO3YMHHUKA, PO3YMHHHKOM HAa3WBAalOTh CEPENOBHIIE, B  SIKOMY
PO3UMHSAETHCA IEBHA KIiCTh iHIIOI PEYOBMHU — PO3YMHEHOI PEUOBHHHU.
3anexHO BiJl KUIBKOCTI PO3YMHEHOI PEYOBHHHU PO3YMHHU MOAUISIOTH Ha
KOHIIEHTPOBaHi 1 po30aBieHi.

Exercise 19. Insert the appropriate name of the element or solution
get the right meaning of the proverbs. Translate the proverbs and use in
situation of your own.

Gold, steel, air, diamond, salt, iron, silver,
marble, diamond, coal, water
To de as true as :

There has been much eaten since that time;
Strike the while it is hot;
Blood is sicker than ;
Every cloud has a lining;
cut ;
To be as cold as ;
To carry to Newcastle;
To beat the ;
All is not that glitters.
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UNIT 9
PROPERTIES AND STATES OF MATTER

Exercise 1. Learn the following words and word combinations:
to undergo various changes - 3a3HaBaTH pi3HUX 3MiH
to identify - Bu3HauaTH
to associate with - 3’eHyBaTHCDH, CIIOMyYaTHCS
charcoal - nepeBHe Byrims
bread dough - Ticto Ha X110
to substitute - 3aMiHATH
to distinguish - BigpizHsaTHCS
to measure - BUMipIOBaTu
to boil (boiling point) - kumiTH (TOYKa KUITIHHS)
to melt (melting point) - TaHyTH (TOYKa TaHESHHS)
versus - IpoTH (y MOPiBHSIHHI)
density - rycTuna
to alter the physical form - 3miHtOBaTH ¢iznuny hopmy
to refreeze - 3aMOpOXKyBaTH MOBTOPHO
to recover - MOBepTaTH Ha3a/l, BiIHOBIIIOBATH
to detect - BCTAaHOBIIOBATH, BU3HAYATU
to react violently with — my>ke cunbHO pearyBaT 3
to dissolve in liquid - po3unHsTHCS B piAnHi
to model the substance - ysaBnsaTu (4iTko HopMyBaTH) pEHOBHHY
to behave under various conditions - MOBOAUTHUCS 32 PI3HUX YMOB

Exercise 2. Read, translate the text and fill the chart below
according to the text.

Physical and Chemical Properties of Matter

Chemistry is partly the study of the transformations that matter can
undergo. Any substance is known to undergo various changes of
composition. All substances have properties that we can use to identify
them. For example, we can identify a person by their face, their voice,
height, finger prints, DNA etc. The more of these properties we can
identify, the better we know the person. In a similar way matter has
properties.

There are two basic types of properties that we can associate with
matter. These properties are called physical properties and chemical
properties. Physical properties do not change the chemical nature of matter.

Describing a bit of matter, it is more convenient to list its physical
properties. Charcoal is black, sulfur is yellow. Glass is hard, bread dough is
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soft, and concentrated sulfuric acid hurts. Taste is definitely not
recommended for describing laboratory chemicals, but for food chemists
there is no substitute for distinguishing between things that are salty or
sweet. Other physical properties are measured in the laboratory. For
example, the temperature at which a substance boils or melts, called the
boiling point or melting point. The relative "heaviness" of two substances,
like lead versus aluminum, compares their densities.

Changes that alter the physical form of matter without changing its
chemical identity are called physical changes. The melting of ice is a
physical change, as is the freezing of liquid water. The substance is water
both after the melt and after it is refrozen. Dissolving sugar in water is
another physical change. The sugar seems to disappear, but if you taste the
water, you'll know the sugar is there. The dissolved sugar can be recovered
by evaporating the water, another physical change.

A chemical change occurs when the chemical identity of a
substance is destroyed and a new substance is formed. A chemical change
is also called a chemical reaction. Chemical changes can usually be
detected by one or more of the five physical senses. A change of color
almost always indicates chemical change, as in toasting bread. One can feel
the heat and see the light given off as a match burns. One can smell milk
that becomes sour. Explosions usually give off sound. So, chemical
properties usually refer to changes in composition that a substance can
undergo.

For example, there are some of the most distinctive physical and
chemical properties of sodium:
physical properties (25°C) - appearance: a soft, shiny metal, density: 0.97 g
cm’, melting point: 97.5°C, boiling point: 960°C;

chemical properties - forms an oxide Na,0 and a hydride NaH, burns
in air to form sodium peroxide Na,0., reacts violently with water to release
hydrogen gas, dissolves in liquid ammonia to form a deep blue solution.

The more properties a scientist can identify for a substance, the better
he knows the nature of that substance. These properties can then help
model the substance and thus understand how this substance will behave
under various conditions.

Exercise 3. Answer the questions to the text.

1. What is a subject of chemical studying? 2. How can we identify
a substance? 3. What are two basic properties associated with matter? 4.
What properties do we usually use to describe a matter? 5. What physical
properties can be measured in the laboratory? 6. What are physical
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changes? Give an example of a physical change. 7. When does a chemical
change occur? 8. What is other name of a chemical change? 9. How can a
chemical change be detected? Give an example of a chemical change. 10.
State the most distinctive physical and chemical properties of sodium. 11.
What helps a scientist to identify a substance?

Exercise 4. Make the plan of the text and state what paragraph
(may be more than one) the following key words can belong to:

Dissolving sugar; the transformations that matter can undergo; not
change the chemical nature of matter; distinguishing between things;
melting point; changing chemical identity; chemical reaction; changes in
composition; behave under various conditions; to release hydrogen gas;
one more of the five physical senses; density; boiling point; to list physical
properties; to undergo various changes of composition.

Exercise 5. Match the verb in A to a noun in B.

A B

to undergo under various

to behave conditions

to identify sound

to give off the nature of matter

to change hydrogen gas

to release physical properties

to list violently with water

to react the form of matter

to alter in liquid

to dissolve a chemical change

to detect a deep blue solution

to model by physical senses

to indicate the substance

to form various changes
Properties

Exercise 6. Choose physical and chemical properties from the list
below and complete the chart.

Physical property Chemical property
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Color, boiling point, attraction (paramagnetic) or repulsion

(diamagnetic) to magnets, density, electromotive force, freezing point,
infrared spectrum, viscosity, reactivity with water, smell, melting point,
opacity, heat of combustion, PH.

Exercise 7. A)_Classify each of the statements as a physical or

chemical property, and explain the basis for your answer;

refer to.

1. Chlorine is a greenish-yellow gas at room temperature.
Liquid oxygen is attracted by a magnet.

Gold is highly resistant to corrosion.

Hydrogen cyanide is an extremely poisonous gas.
Sugar is a high-energy food.

nhk N

B) Read the explanations and check your answers.

a) This is another way of stating that the boiling point (a physical
property) is below 20°C.

b) Even under the influence of the magnet, the oxygen is still the
same substance, 02, so the effect is purely a physical property.

¢) Corrosion involves the reaction of a metal with oxygen and
water, so corrosion (and by extension, resistance to corrosion)
is definitely a chemical property.

d) Most poisonous substances act by combining chemically with
substances that interfere with some aspect of cellular
biochemistry, so we can consider this to be a chemical property
of HCN.

e) The chemical energy contained in a food or fuel can be released
only through a chemical reaction leading to lower-energy
products. The “high-energy” part might be considered a
physical property, since this depends on the quantity of energy
obtainable from a given mass of the substance.

Exercise 8. Read the definitions and find the terms in the text they

— A complete change in someone or something;

— The way in which something is made up of different parts,
things or members;

— A qualities or power that a substance has;

— The qualities or features that something has;

— A thing that you use instead of the one that you usually
have, because the usual one is not available.
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Exercise 9. Read the physical properties of matter and find their
explanations.

Color Conductivity Density
Odor Hardness Mass
Luster Melting / Weight
Malleability (Freezing Point) Volume
Ductility Boiling Point Length

A measurement of the amount of space a substance occupies;

A measurement of the gravitational force of attraction of the_earth
acting on an object;

A measurement of the amount of matter in an object (grams);

The temperature at which the vapor pressure of a liquid is equal to

the pressure on the liquid (generally atmospheric pressure)

The mass of a substance divided by its volume;

How easily a substance can be scratched;

The temperature at which the solid and liquid phases of a

substance are in equilibrium at atmospheric pressure,

The ability of a substance to allow the flow of energy or electricity;

The ability of a substance to be beaten into thin sheets;

The ability of a substance to be drawn into thin wires;

How shiny a substance is;

The appearance of something as a result of the way it reflects light;

A smell;

A measurement of how long something is from one end to the other.

Exercise 10. Insert the missing words and word combinations into
the text.
yields, mass, reflect, grams/milliliter, cubic centimeters, units, heavier,
mass per unit volume, physical property, volume, low, expressed, grams
per cubic centimeter, measured, of the same size,
relative "heaviness", substance
Density

Density is an example of the combination of base units to define a
of a pure . The formal definition of density is . We
can think of density as a measure of the of a substance, in the
sense that a block of iron is than a block of aluminum . The
definition of density establishes its . Mass is commonly in
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grams (g); volume is measured in (cm®). Therefore, according to

the "mass per unit volume" definition, the units of density are ,

g/cm’. Liquid densities are often given in , g/mL. There are, of

course, other units in which density can be , but they all must
the definition in terms of

mass/volume. Examples are grams/liter, usually used for gases because

their densities are so , and the English pounds/cubic foot.

In order to find the density of a substance, it is necessary to know
both the and of a sample of the substance. Dividing mass
by volume density.

Exercise 11. Translate into English.

Bes matepiss Moxe 3a3HaBaTH (i3MYHMX Ta XIMIYHAX 3MiH.
Pesynprarom ¢i3ndHuX 3MiH HE € YTBOPEHHS HOBOI pedoBHHH. Lli 3MiHM
o6opotHi. ToOT0, hi3nyHMMHU 3MiHAMU MOXXHA Ha3BaTH BCi 3MiHH CTaHy
PEUOBHMHM, HANpHUKIA, 3aMep3aHHs BOIM, 3MIilIyBaHHS pPEYOBHUH,
pO3pHBaHHS Ha IIMaTKH Tomo. Ha mportuBary ¢ismuHuM, XiMmiyHi
YTBOPIOIOTH 3MiHM TpUpOAHM ado CKiagy pedoBUHH. Pesynpratom
XIMIYHMX 3MiH 3aBXIH € YTBOPEHHS PEUYOBHH 3 HOBHMH XIMIYHUMH
BJIACTUBOCTSIMHM, HANPHKJIAJA, TOPiHHS TBEPAOrO NaluBa, 110 NPU3BOIUTH
10 yTBOPEHHS ra3y IOIOKCHHY KapOoHy. Bci pedoBumHH MOXYTh OyTH
BH3HAYEHI Ha OCHOBI iX (I3MYHMX 1 XIMIYHHX BiacTUBOCTeH. Posmip,
KOJIip, CMakK, 3amax, CTaH, 3JaTHICTh NPOBOAMTH EHEPTil0, THYYKICTb,
KPHUXKICTh € (PI3SMYHUMHU BIACTUBOCTSAMH. J[0 XIMIYHHX K€ MH MOXKEMO
BiJJTHECTH 3JIaTHICTh JI0 3TOPSIHHS, P>KaBiHHs, BUOYXOBa CHJIa TOILIO.

Exercise 12. Work in pairs and act out a situation at your choice.
You are a well-known scientist who is now working on the problem of
physical and chemical properties of:

a) silver, b) sulfur; c) oxygen; d) water; e) syrup; f) iron.
Give an interview to a local newspaper revealing the results of your work.

Exercise 13. Read the text and insert the phrases to connect the

text.
Secondly, however, firstly, such as, for instance, similarly,
to sum up, in particular, simply, on the other hand

If you release an object held above the floor, it falls to the floor.
This is the result of gravity, (1), an invisible attractive forces between the
object and the earth. There are two other invisible forces, both capable of
repulsion as well as attraction, (2) magnetic and electrostatic forces. The
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region in space where one of these forces is effective is called a force field,
or (3) a field, as the gravitational field of the earth.

Electrostatic forces exist between objects that carry an electrical
charge. (4) a hard rubber rod that is rubbed with fur acquires a “positive”
charge. (5), if a glass rod is rubbed with silk, the rod gains a “negative”
charge. These charges are like those you develop if you scrape your feet
across a rug on a dry day. You can “discharge” yourself by touching
another person, each receiving a mild shock in the process.

If a pith ball, a small spongy ball made of plant fiber, is touched
with a positively charged rod, the pith ball itself becomes positively
charged. When two pith balls that are positively charged are suspended
close to each other, they repel each other. (6), two pith balls that have
negative charges repel each other. (7), if a positively charged pith ball is
placed near a negatively charged pith ball, each one attracts the other.
These experiments show that: (8), two objects having the same charge,
both positive or both negative, repel each other; (9), two objects having
unlike charges, one positive and one negative, attract each other.

(10), electrostatic forces show that matter has electrical properties.
These forces are responsible for the energy absorbed or released in
chemical changes.

Exercise 14._Complete the sentences in an appropriate way.

1. All substances have properties that’s why ... 2. Despite the fact
that physical properties do not change the chemical nature of matter ... 3.
Other physical properties are measured in the laboratory, for instance, ... 4.
The melting of ice is a physical change, however, ... 5. A chemical change
occurs when the chemical identity of a substance is destroyed and a new
substance is formed in contrast to ... 6. Chemical changes can usually be
detected by one or more of the five physical senses, in particular, ... 7. To
sum up, the more properties a scientist can identify for a substance ...

Exercise 15. A) Look at the phrases-linkers and decide which of
them are used to do the following:

1) list / add points,

2) introduce examples;

3) show contrast;

4) introduce a conclusion.

however in addition
although for example
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firstly

such as

secondly

for instance
thirdly

on the one hand
on the other hand

despite the fact that
in particular

in contrast

to sum up

on balance

simply

similarly

B) Retell the text using the list of connecting phrases.
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UNIT 10
PHYSICAL CLASSIFICATION OF MATTER

Exercise 1. Learn the following words and word combinations:
solids - TBepai peuoBUHU
liquids - pinuan
gases - razu
to vibrate - BiOpyBatu
stable, definite shape - crana, Bu3HaueHna gopma
volume - 06’em
three dimensions — Tpu Bumipu
crystalline solid — kpucraniuyae TBepze Tijlo
to distinguish — po3pizHsTu
amorphous solid — amopdne TBepae Tiso
long-range order — mocTiiHUIA TOPSAOK
from a structural standpoint — 3 TOYKH 30py CTPYKTYpH
elasticity — enacTU4HICTB
to be subjected to stress — migmaBaTHCA THCKY
to be not rigidly fixed — He OyTH >kOpCTKO PiKCOBaHUM
the process of sublimation — npouec cyOmimanii
incompressible fluid — HecTucnuBa pianna
attractive and repulsive forces — cunu npuTsSTraHHs Ta BiAIITOBXYBAaHHS
to be inversely related to — 6yt 0GepHEHO TPONOPLIHHUM A0
intermolecular attractions — Mi>kMOJIEKyJISIpHE TSKIHHS
to be liquefied by compression — nmepeTBOpIOBaTUCS B PiAMHY LUISIXOM
CTHCHEHHS
to exist in equilibrium — icHyBaTu B piBHOBa3i

Exercise 2. Read, translate the text
Physical Classification of Matter

Based on its physical characteristics, matter is divided into solids,

liquids and gases.
Solid

The particles (ions, atoms or molecules) are packed closely
together. The forces between particles are strong enough so that the
particles cannot move freely but can only vibrate. As a result, a solid has a
stable, definite shape, and a definite volume. Solids can only change their
shape by force, as when broken or cut.

A solid whose particles are arranged in geometric pattern that
repeats itself over and over in three dimensions is a crystalline solid. Each
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particle occupies a fixed position in the crystal. It can vibrate about that site
but cannot move past its neighbors. In ordinary table salt small cubic
crystals of sodium chloride can be distinguished. Large, beautifully formed
crystals of such minerals as quartz and fluorite are found in nature.

In an amorphous solid such as glass, rubber, or plastic, there is no
long-range order. The pattern does not repeat itself throughout the solid.
From a structural standpoint, an amorphous solid is intermediate between
the crystalline and the liquid states. In many amorphous solids the particles
have some freedom to move with respect to one another. The elasticity of
rubber and the tendency of glass to flow when subjected to stress over a
long time suggest that the particles in these materials are not rigidly fixed in
position.

Solids can be transformed into liquids by melting, and liquids can
be transformed into solids by freezing. Solids can also change directly into
gases through the process of sublimation.

Liquid

A liquid is a nearly incompressible fluid, which is able to conform
to the shape of its container but retains a (nearly) constant volume
independent of pressure. The volume is definite if the temperature and
pressure are constant. When a solid is heated above its melting point, it
becomes liquid, given that the pressure is higher than the triple point of the
substance. Intermolecular (or interatomic or interionic) forces are still
important, but the molecules have enough energy to move relative to each
other and the structure is mobile. This means that the shape of a liquid is
not definite but is determined by its container. The volume is usually
greater than that of the corresponding solid, the most well-known
exception being water, H,0. The highest temperature at which a given
liquid can exist is its critical temperature.

The properties of liquids are easily observed and described.
Attractive and repulsive forces between the particles are electrostatic in
character. These forces are inversely related to the distance between the
molecules; the closer the molecules, the stronger the forces. Consequently,
the intermolecular attractions in a liquid are strong enough to effect its
physical properties.

The properties of liquids are:

1) Liquids cannot be compressed — liquid molecules are “touching close” to
each other. There is no space between them, so they cannot be pushed
closer;

2) Liquids do not expand — the strong attractions between liquid molecules
hold them together at the bottom of a container;
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3) Liquids have relatively high densities — the molecules of a liquid are
close together, a given number of liquid molecules will occupy a quite
small volume;
4) Liquids cannot be mixed in a fixed volume — there is no space between
molecules of liquid, so combining liquids must increase volume.

Gas

A gas is a compressible fluid. Not only will a gas conform to the
shape of its container but it will also expand to fill the container. In a gas,
the molecules have enough kinetic energy so that the affect of
intermolecular forces is small (or zero for an ideal gas), and the typical
distance between neighboring molecules is much greater than the
molecular size. A gas has no definite shape or volume, but occupies the
entire container in which it is confined. A liquid may be converted to a gas
by heating at constant pressure to the boiling point, or else by reducing the
pressure at constant temperature.

At temperatures below its critical temperature, a gas is also called a
vapor, and can be liquefied be compression alone without cooling. A vapor
can exist in equilibrium with liquid (or solid), in which case the gas
pressure equals the vapor pressure of the liquid (or solid).

Some of the familiar characteristics of all gases are the following:
1) Gases may be compressed. A fixed quantity of air may be made to
occupy a smaller volume by applying pressure;

2) Gases expand to fill their containers uniformly;

3) All gases have low density. The density of air is 0.0013 g/cm’®. The
density of water is 770 times greater than the density of air; and iron is
6000 times denser than air;

4) Gases may be mixed. “There’s always room for move” is a phrase that
may be applied to gases. You may add the same or different gas to that gas
already occupying a rigid container of fixed volume provided there is no
chemical reaction between them;

5) A confined gas exerts constant pressure on the walls of its container
uniformly in all directions. This pressure is a unique property of a gas,
independent of external factors such as gravitational forces.

The three states of matter are inter-convertible. This is achieved by
heating and cooling, which affect the kinetic energy of the particles.
Heating increases the kinetic energy of matter: as a result, solids when
heated become liquids and liquids become gas, when heated.

Exercise 3._Answer the questions.
1. What states is matter divided into according to its physical
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characteristics? 2. Are solid particles strong enough so that they can neither
move freely nor vibrate? 3. What solid has geometrically arranged
particles’ pattern that repeats itself over and over in three dimensions? 4.
What solid can be called amorphous? Give the examples.5. What solid is
considered to be intermediate between the crystalline and the liquid states?
6. How can solids be transformed into liquids and gases? 7. What state of
matter is characterized by definite volume under constant temperature and
pressure? 8. What molecules have enough energy to move relative to each
other? 9. The properties of gases are easily observed and described, aren’t
they?

Exercise 4. Say whether the following sentences are true or false.

1. A solid has a stable, definite shape, but not definite volume. 2.
Glass, rubber, or plastic are intermediate between the crystalline and the
liquid states. 3. Solids can be transformed into liquids by freezing, and
liquids can be transformed into solids by melting. 4. Sublimation is a
process of direct changing gases into liquids. 5. The volume of gases is
definite if the temperature and pressure are constant. 6. The shape of a
liquid is determined by its temperature. 7. The highest temperature at
which a given liquid can exist is its limiting temperature.

Exercise 3. Fill the chart below according to the text.
Property Solids Liquids Gases
Shape and volume
Compressibility and
hardness

Arrangement of particles
Diffusion

Exercise 6. Choose the right endings to the following sentences.
1. Because of strong inter-particle forces, solids ...

2. Because of slightly weaker inter-particle forces, liquids ...
3. In the absence of any significant inter-molecular forces, ...
4. Due to closed-packed structure ...

5. Due to more empty space ...

6. Because of large empty space between particles ...

a) solids are generally hard and incompressible;

b) gases are the most compressible;

¢) do not have definite shape but possess definite volume;

d) liquids are more compressible than solids;
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e) there is neither a definite shapes or volume in gases;
f) have definite shape and volume.

Exercise 7. Insert the missing words and word combinations into
the text.

Strong inter-particle attraction, loosely, rigid and geometrical, the
whole volume, definite, non-existent, loosely packed, separated, those of
solids, container, not definite, mobile

The particles are closely packed and bound by , which
makes solids . This gives them shape and volume, for e.g.,
rock, wood, steel girders etc. Liquid particles are and are bound to
each other with forces weaker than . This gives them definite
volume but shape. Thus liquids are and take the shape of
the in which they are placed. Gas particles are by much
greater distances, almost 10 to 100 times the size of the particles. The
operating forces of attraction are virtually in gases, resulting in

packed particles, which are free to move in any direction. Thus
gases possess neither definite volume nor shape and occupy of the
vessel in which they are placed e.g., air in ballons, oxygen in cylinders.

Exercise 8. Put the words in the right order to make a sentence.
1) consist / particles / at any given / Gases / instant / moving / in straight
lines / of molecular.
2) Molecules / with each other / with the container / without / and / loss of
energy / collide / walls.
3) molecules / as independent / behave / particles / because / between_them
/ attractive forces / are negligible / Gas.
4) Gas / are / very widely / molecules / spaced.
5) volume / is negligible / of molecules / compared / The actual / to the
space / occupy / they.

Exercise 9. Match the common symbols and abbreviations with
their meaning.

V. e.g. No viz. &
Le. # etc. = <
+ & —> do

The same, against (versus), namely, number, and the other things,
and, in addition to (plus), greater (more than, better than), smaller (less
than), for example, this leads to (causes), is the same as (equals), that is
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(this means), is not equal to (opposite), relatively (approximately).

Exercise 10. Rewrite the sentences using symbols and
abbreviations.

1. Liquids are similar to solids in that the particles touch. 2. Since
particles are able to touch, the densities of liquid will be close to that of a
solid. 3. An amorphous solid is a solid in which there is no long-range order
of the positions of the atoms unlike those in crystalline solids. 4. An
example of an amorphous solid is window glass. 5. Since the liquid
molecules can move, they will take the shape of their container.

Exercise 11. Read the text and make short notes using the symbols
and abbreviations from Exercise 9.

Everything on Earth can be explained in terms of 4 states (phases)
of matter, namely, solid, liquid, gas, and plasma. A substance in a solid
phase is relatively rigid, has a definite volume and shape. It is caused by the
fact that the atoms or molecules are packed close together and are not
compressible. Because all solids have some thermal energy, its atoms do
vibrate. However, this movement is very small and very rapid, this means it
cannot be observed under ordinary conditions.

There are four types of crystalline solids. Ionic solids have a
definite melting point and contain ionic bonds. An example would be
sodium chloride (NaCl). Covalent solids appear as a single giant molecule
made up of an almost endless number of covalent bonds. An example
would be graphite. Molecular solids are represented as repeating units
made up of molecules. An example would be ice. Metallic solids are
repeating units made up of metal atoms. The valence electrons in metals are
able to jump from atom to atom.
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Exercise 12._Fill in the chart using knowledge you've got from
chemistry classes.
There are gases all around us

Air is a mixture of
gases, can you name
any of them?

Ny,
>

What gas do we
breathe out more than
we breathe in?

\ 4

Which gas do we need
to breathe in to live?

\ 4

v

Can you name any
other gases?

Exercise 13. Translate the sentences into English and put them in

the right order to make an instruction to separate two types of solids or a

solid and a liquid.

a) 3poO0iThb CBOE BIacHE CHTO, MPOOMBLIM OTBOpU y [IHI OyIb-sKOi
KOHCEPBHO1 OJIAIIaHKH.

b) Axmio 6 Bu Oyu XOpOIINM CaJiBHUKOM 41 (hepMepoM, U 3aX0TiH O B
YCYHYTH KaMiHHS 3 TPYHTY?

¢) CripoOy¥iTe BiJJIUTUTH 1i PEYOBHHU 3a JOMOMOTOI0 3BUYAIHOTO CHTA.

d) Iaxonm TBepmi Tina 3MIMIYIOTbCA 3 piAMHAMH TaKUM YHHOM, IO iX
BXXKO BIITUTMTH 3a JIONIOMOTOIO CHUTa, HAPUKIaI, Opy. y BOII.

e) AO0O0 SKIIO0 BH MEPEMENIOETE MUICHUIIO, 00 OTpUMAaTh 3€pHO, BaM
NoTpiOHO BIAMINNTH TYLIMMHHAS Bifl CAMOi MYKHU.

f) Toni B Haroxi cTane 3BUYaiiHUN QiNbTp, ManepoBuii a0o 3 TKAHUHU.

g) OTBopu TOBHHHI OyTH JOCTaTHHO BEIMKHUMH, 100 J[O3BOJUTH
HaliMeHIil TBepIii peuOBHHI MPOCUIIATUCS Yepe3 HUX, ajie JOCTATHBO
MaJIuMH, 1100 3aTpUMaTH OIBLI YACTHHKH.

Exercise 14. Describe different matter using suggested words and
word combinations.

The wood block Solid, a certain, size and shape, not to change,
examples, computer, the desk, and the floor, by
sawing or burning.
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Milk Liquid, a size or volume, to take up space, a definite
shape, container, to flow, to be poured, to go
everywhere, to wipe it up, the shape of the floor,
expansive limitless boundary.

Jello, peanut butter | To spread on bread, not to flow, not a liquid, at room
temperature, to heat up, a liquid, to put it in
refrigerator, to become a solid, yummy forms of
matter, with properties of a liquid and a solid.

Oxygen To live, to hold the breath, can’t see, invisible, a gas,
to have no shape or size of its own, no color, all
around you, to feel, the wind blow, moving air, to
mix together.

Exercise 15. Read the text and compare two additional states of
matter. The points for comparison can be:

a) atoms and molecules;

b) sphere of existence;

¢) examples;

d) inter-particle collision.

What are the Fourth and the Fifth States of Matter?

The fourth state of matter is plasma. Plasma is an ionized gas, a gas
into which sufficient energy is provided to free electrons from atoms or
molecules and to allow both species, ions and electrons, to coexist. In effect
a plasma is a cloud of protons, neutrons and electrons where all the
electrons have come loose from their respective molecules and atoms,
giving the plasma the ability to act as a whole rather than as a bunch of
atoms. Plasmas are the most common state of matter in the universe
comprising more than 99% of our visible universe and most of that not
visible.

Plasma occurs naturally and makes up the stuff of our sun, the core
of stars and occurs in quasars, x-ray beam emitting pulsars, and
supernovas. On earth, plasma is naturally occurring in flames, lightning
and the auroras. Most space plasmas have a very low density, for example
the Solar Wind which averages only 10 particles per cubic-cm.
Inter-particle collisions are unlikely - hence these plasmas are termed
collisionless.

The collapse of the atoms into a single quantum state is known as
Bose condensation or Bose-Einstein condensation is now considered a 5th
state of matter.
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Recently, scientists have discovered the Bose-Einstein
condensate, which can be thought of as the opposite of plasma. It occurs at
ultra-low temperature, close to the point that the atoms are not moving at
all. A Bose- Einstein condensate is a gaseous superfluid phase formed by
atoms cooled to temperatures very near to absolute zero. The first such
condensate was produced by Eric Cornell and Carl Wieman in 1995 at the
University of Colorado at Boulder, using a gas of rubidium atoms cooled to
170 nanokelvins (nK). Under such conditions, a large fraction of the atoms
collapse into the lowest quantum state, producing a superfluid. This
phenomenon was predicted in the 1920s by Satyendra Nath Bose and
Albert Einstein, based on Bose's work on the statistical mechanics of
photons, which was then formalized and generalized by Einstein.

Exercise 16. Find a partner and make a list of different physical
states of matter and their properties. Work with another team and read the
chosen properties in any order you like for them to guess what states of
matter you are describing.

e.g. 1) It has a definite volume, but is able to change its shape by
flowing. 2) Its particles are able to move around and take the shape of their
container. (We are talking about a liquid).

Exercise 17. Translate the text into English in written form.
AmopdHi TBepai Tisia

AmopdHi TBepAi Tijla HE MalOTh BU3HAYEHOI TOUYKH TaHCHHS YU
peryJsipHO TOBTOPIOBAHUX OJUHULEL. AMOp(QHE TBeple Tilo — Le TBepe
TiJIO, B IKOMY HE iCHY€ HOBIOTPHBAJIOTO MOPAIKY MO3ULIN aTOMIB, SIKHA
NpUTaMaHHUH KPUCTAIIYHUM TBepAuM Tinam. [lpukiagom amopdHOro
TBEPIOrO Tijla MOke OyTH BikoHHe ckio. Kpim Toro Oarato momiMepis
TaKuX AK TOJICTEpUH, € amMopQHUMH. AMOP(QHI TBEpAi Tila MOXYTb
iCHYBaTH y JBOX YiTKO BU3HAYCHUX CTaHAX, «TYMOBOMY» Ta «CKIISTHOMY»
craHax. TemmepaTypa, NMpH SKili BOHM TNEPEXOAATH BiJl CKISHOTO IO
TYMOBOTO CTaHy, Ha3UBA€ThCs iX Temmeparyporo nepexony ckia (Tg).

Exercise 18. Before text reading make a little map of your
knowledge about such liquid as water. Then read the text and check
whether you are right. E.g.:
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Definite \ ?
| 1

Aliquid [ Water | > ?
[ P — 4

? ?

“Unusual” Compound

Sometimes a substance does not behave it is expected to, but the
most substances fit into regular patterns. Water does not fit. Water is so
common, so much a part of our daily lives, that it is hard to think of it as
being unusual.

A close examination of the water molecule gives some clues to
explain this unique behavior. Aside from fluorine, oxygen is the most
electronegative element there is. Therefore, the electrons forming each
bond between hydrogen and oxygen are drawn strongly toward the oxygen
atom, resulting in two very polar bonds - more polar than the bonds in other
hydrides in the group. Finally, hydrogen bonding is probably most
important contributor to strong intermolecular attractions in water.

Among molecules of comparable size, water has several other
unusual properties. Exceptionally high surface tension and heats of
vaporization and fusion are among them. Its vapor pressure is particularly
low, even compared to larger molecules whose vapor pressures are
expected to be low.

Water is viscous when compared to substances with similar
structures. Water dissolves wider variety gaseous, liquid, and solid
substances than most solvents. Finally, the mere fact that water is a liquid at
room conditions unusual. Water is one of a very small number of inorganic
compounds that exist as liquids at normal temperatures and pressures.

Water's most visible unusual property is that its solid form, ice,
floats on its liquid form. Almost all substances expand - become less dense
- when heated; and they contract - become denser - when cooled. Water
also becomes denser as it is cooled - until it reaches 4°C. Below 4°C, it
turns around and becomes less dense. When water freezes, there is about a
9% increase in volume as the molecules arrange themselves into an "open"
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crystal structure compared to the closer packing they have as a liquid. This
expansion exerts enough force to break water pipes if the liquid is
permitted to freeze in them.

Water is a most unusual compound. Much of life on earth could
not exist but for molecular structure and the unique properties it produces.

Exercise 19. Work in pairs and make up dialogues discussing five
types of matter. The conversation may be:

a) between a teacher and a student;

b) between two students after a lecture;

¢) between Albert Einstein and a modem time traveler;

d) between a housewife and a well-known researcher;

€) your own variant.

Exercise 20. Match the specific properties of liquid with their
explanations.

Viscosity, Surface Tension, Vapor Pressure, Boiling Point
— The pressure that a solid or liquid exerts when it is in equilibrium with
its vapor at a given temperature;
— When vapor pressure is equal to atmospheric pressure;
— The result of attraction between molecules of a liquid which causes the
surface of the liquid to act as a thin elastic film under tension. It causes
water to form spherical drops;
—The resistance of a liquid to flow.

Exercise 21. Check your understanding of the material of the
lesson.

1. When ice melts, ...
a) aphase change occurs from a solid phase to liquid phase
b) an endothermic process occurs which requires energy
¢) the water changes from a crystalline solid to a liquid
d) all of the above

2. When water freezes, ...
a) aphase change occurs from a liquid phase to a solid phase
b) an exothermic process occurs where energy is lost from ice to the
surroundings
c¢) the liquid water changes from a random structure to a crystalline solid
d) all of the above

3. The Bose-Einstein phase of matter occurs closest to what
temperature?
a) boiling point of water
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b) freezing point of water
¢) absolute zero
d) 10,000 degrees F.
4. Which statement is not true.
a) to change from a solid to a liquid requires energy
b) depending upon the temperature, water can exist in solid, liquid or
states
c) solids and liquids have similar densities because particles of solids
liquids both touch
d) 1in a solid the molecules have no motion, and no energy.
5. Lightning is best classified as:

a) plasma
b) liquid
c) gas
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UNIT 11
CHEMICAL REACTIONS AND EQUATIONS

Exercise 1. Learn the following words and word combinations:
to interact - B3a€MOIISTH
to occur - TpanjaATUCA
to come in close contact with - B3aeMOIisITH, KOHTAaKTYBaTH
to be exposed to - mixgaBaTé (4OMYCh)
constituents of the reaction - cknanoBi peakuii
to involve the making or breaking of chemical bonds - cpuunasTi
YTBOpEHHS a00 pyHHYBaHHS XiMIYHHUX 3B’ SI3KiB
oxidation - OKHCHEHHS
reduction - BITHOBJIEHHS
dissociation - po3nazn
acid-base neutralization - KHCIOTHO-JTy>KHa HEHTpasi3alis
molecular rearrangement - 3aMireHHs
to combine with - cronyyarucs
to be symbolically depicted - OyTi cuMBOIIYHO 300paKeHUM
the sequence of steps - mOCITiOBHICTb KPOKIB (eTariB)
reactant (starting material) - peareHT (HO4aTKOBHIA MaTepiai)
product (resulting substance) - mpoAyKT (BUXiIHA PEUYOBHHA)
to balance a chemical equation - 3piBHOBa)XyBaTH PiBHSHHS
to establish the relationship - BctanoBmOBaTH B3a€MO3B’SI3KH
to put an arrow - po3MilaTH CTPIIKY
to place coefficient - po3cTaBnsaTu KoedinieHTH
to add subscripts - foxaBaTH iHAEKCH
to indicate the states of matter - BkasyBaTu cran marepii
rate of the reaction - mBUAKICTH peakirii
pressure - TUCK
to be accompanied by a change - cynpoBomxyBaTHCS 3MiHOIO
invariably - He3MiHHO, cTaIO
exothermic reaction - eK30TepMiyHa peakLis
endothermic reaction - eHAOTEpMiUHa peaKLis
to absorb heat - nornunatu Temo
to release heat - BUgiaaTu Termio
to undergo a transformation - 3a3HaBaTH NEPETBOPEHHS

Exercise 2. Read and translate the text. Make short notes about the
nature of the chemical reactions, their types, factors they depend on,
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chemical equations and the steps to balance them.
Chemical Reactions

Chemical reactions are part of our daily lives from cooking in the
kitchen, to driving a car. Reaction happens when two or more molecules
interact and a chemical change occurs. When a chemical substance is
transformed as a result of its interaction with another or energy, a chemical
reaction is said to have occurred. Chemical reaction takes place when a
substance comes in close contact with another substance, a mixture, a
solution, or is exposed to some form of energy. It results in some energy
exchange between the constituents of the reaction. Chemical reactions
usually involve the making or breaking of chemical bonds. Oxidation,
reduction, dissociation, acid-base neutralization and molecular
rearrangement are some of the commonly used kinds of chemical reactions.

For example, a steel garbage can rusting is a chemical reaction.
The rusting happens because the iron (Fe) in the metal combines with
oxygen (O-) in the atmosphere.

A chemical reaction can be symbolically depicted through a
chemical equation. The sequence of steps taking place in the course of a
chemical reaction is called its mechanism. Many physical chemists
specialize in exploring and proposing the mechanisms of various chemical
reactions.

A chemical equation describes what happens in a chemical
reaction. The equation identifies the reactants (starting materials) and
products (resulting substance), the formulas of the participants, the phases
of the participants (solid, liquid, gas), and the amount of each substance.
Balancing a chemical equation refers to establishing the mathematical
relationship between the quantity of reactants and products. There are
essentially three steps to the process:

1) write the chemical formulas of reactants on the left side of the equation
and products - on the right;

2) put an arrow between them to show the direction of the reaction;

3) balance chemical formulas by placing coefficients in front of them, do
not add subscripts, because this will change the formulas;

4) indicate the states of matter of the reactants and products. Use (g) for
gaseous substances, (s) for solids, (1) for liquids, (aq) for species in solution
in water.

The speed at which a reaction happens is called the rate of the
reaction. If a reaction has a low rate, that means the molecules combine at a
slower speed than a reaction with a high rate. The rate of reaction depends
on the type of molecules, concentration of substance, temperature at which
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the reaction takes place. Pressure can also affect the rate of reaction. The
lower pressure decreases the rate of reaction.

Since a chemical transformation is accompanied by a change in
structure, it is invariably accompanied by an increase or decrease of energy
of the substances (in the form of heat or light). A reaction is said to be
exothermic if the reaction releases heat to the surroundings; in the case of
endothermic reactions, the reaction absorbs heat from the surroundings.

The term chemical energy is often used to indicate the potential
of a chemical substance to undergo a transformation through a chemical
reaction or to transform other chemical substances.

Exercise 3. Answer the following questions to the text.

1. When does a chemical reaction happen? 2. What happens

when a substance comes in close contact with another substance? 3. What
does chemical reaction result in? 4. What kinds of chemical reactions are
commonly used? 5. How would you symbolically depict chemical
reaction?
6. What is called a reaction mechanism? 7. What does the equation
identify? 8. What steps are essential to transform chemical reaction into
chemical equation? 9. What is called the rate of the reaction? 10. What
does the rate of reaction depend on? 11. What reaction is considered to be
exothermic? 12. What reaction is called endothermic reaction?

Exercise 4. Write out from the text all the verbs which play the role
of predicates and complete the chart.

Verbs in Active Form  [Verbs in Passive Form |Initial Form

1. are - to be
2. - 1s transformed to be transformed

Exercise 5. Identify one underlined word that must be changed to
make the sentence correct.

1. When a chemical substance is transformed, a chemical equation
is said to have occurred. 2. Chemical reactions usually involve the
destroying or breaking of chemical bonds. 3. The consequence of steps
taking place in the course of a chemical reaction is called its mechanism. 4.
A chemical equation describes what happens in a chemical mechanism. 5.
To balance chemical reactions one should place coefficients behind them
and do not add subscripts. 6. A reaction is said to be endothermic if the
reaction releases heat to the surroundings.
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Exercise 6. Match the chemical laws with their explanations.
Translate them into Ukrainian.

A chemical reaction is a transformation of some substances into
one or more other substances. Chemical reaction can be symbolically
depicted through a chemical equation. The number of atoms on the left and
the right in the equation for a chemical transformation is most often equal.
The nature of chemical reactions and the energy changes that may
accompany it are defined by certain basic rules, known as chemical laws,
which have become fundamental concepts in chemistry.

Chemical laws:
Henry's law;
Law of conservation of mass;
Law of mass action;
Law of multiple proportions;
Mendeleev's law, periodic law;
Law of definite proportions;
Law of equivalent proportions, law of reciprocal proportions.

Nk wh =

Meanings:
a) it is actually energy that is conserved, and that energy and mass are
related; a concept which becomes important in nuclear chemistry.
b) law stating that when two elements can combine to form more than one
compound the amounts of one of them that combines with a fixed amount
of the other will exhibit a simple multiple relation.
c) the law that states the following principle: the rate of a chemical
reaction is directly proportional to the molecular concentrations of the
reacting substances.
d) the principle that chemical properties of the elements are periodic
functions of their atomic numbers.
e) law stating that the proportions in which two elements separately
combine with a third element are also the proportions in which they
combine together.
f) law stating that every pure substance always contains the same
elements combined in the same proportions by weight.
g) law formulated by the English chemist William Henry; the amount of a
gas that will be absorbed by water increases as the gas pressure increases.
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Exercise 7. Find the definitions to the following terms. Memorize

the definitions.
atomic mass (atomic weight), molecular weight, negativity, valence

a) the tendency of an atom or radical to attract electrons in the formation
of an ionic bond;
b) the mass of an atom of a chemical element expressed in atomic mass
units;
¢) the sum of the relative atomic masses of the constituent atoms of a
molecule;
d) a property of atoms or radicals; their combining power given in terms
of the number of hydrogen atoms (or the equivalent).

Exercise 8. Divide given chemical terms into the following themes:
chemical reaction, atomic theory, periodic law. State what terms can be
applied to more than one theme.

Acid, alkali, alkali metal, alkaline earth metal, atom, atomic mass,
atomic number, base, chain reaction, combustion, compound,
concentrated, condensation, dilute, distillation, electron, element,
equation, evaporation, fatty acid, formula, halogen, lanthanide or
rare-earth element, metal, mole, molecule, neutron, noble gas or inert gas,
nonmetal, nucleus, periodic table, proton, reagent.

Exercise 9. Read the rules of formulas and equations reading and

memorize them.
Rules of the Formulas and Equations Reading

The letters of the Latin alphabet meaning titles of elements are
read as the English titles of letters of the alphabet: C [si:], Ca [si: ei], Ag
[ei: dzi:]. A digit before a label of an element specifies number of
molecules and is read as follows: 2H,0 [tu: 'molikju:lz av 'eitch 'tu: 'ou],
4HCI1 [fo: 'molikju:lz av 'eitch 'si 'el], CHy [si: eitch fo:].

The signs of equations of chemical reactions can be read as

follows:
N Give, pass over to, lead to, forms, is formed from
= Give or form
+ Plus, together with

Example: 4HC1 + 0, =2C1, + 2H,0
[To: 'molikjulz av 'eitch 'si 'el plus ou tu: giv tu: 'molikju:lz av 'si 'el tu: end
tu: 'molikju:lz ev 'eitch 'tu: 'oul].

The sign — means "yields" and shows the direction of the action.
A small delta (D) above the arrow shows that heat has been added. A
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double arrow <> shows that the reaction is reversible and can go in both
directions.

Exercise 10. Read the following reactions.
NaOH +HC1 = NaCl + H,0;
BaCl, + Na;S04 = BaS04 + 2NaCl,
NaCl + AgN0; — NaNO0; + AgCl;
CioHg + 120, ->10CO; + 4H,0.

Exercise 11. Transform the verbal descriptions of the following
reactions with the help of chemical equations.

1. Potassium Chlorate is a compound containing potassium,
chlorine and oxygen. It is often used as a disinfectant and in fireworks and
explosives. When potassium chlorate is heated to melting point, any item
added to it will cause a rapid disintegration in the form of an explosion.
The gas coming off the potassium chlorate is oxygen. It is often used in
airplanes, space stations, submarines as a source of oxygen.

2. Sodium is a highly combustible element and the addition of
water can make it explode. A drop of water added to a small piece of
sodium in a flask filled with chlorine gas. The distinctive yellow color of
the light emitted is often used in street lighting. This experiment produces a
great deal of heat. When you combine sodium and chlorine, you get
sodium chloride - common salt.

Exercise 12. Read and translate the questions, each of them
contain a mistake. Correct the mistakes and answer the questions.

1. What are a chemical reaction? 2. What types can all chemical
reactions classified into? 3. What is reaction called exothermic? 4. How is
a chemical change? 5. What reaction we call endothermic? 6. How we
usually describe the rate of a reaction? 7. Where did the energy come
from?

Exercise 13. Open the brackets and translate the words and word

combinations into English.
Temperature

Usually, an (migBumenHs) in temperature (CynpoBOAXYETbCs) by
an increase in the (mBuaKocTi peakuii). Temperature is a (Mipa KiHETHYHOT
eneprii) of a system, so higher temperature (mpu3Boguth m0) higher
average kinetic energy of molecules and (0i1b11101 KiTBKOCTI 3ITKHEHB) per
unit time. A (3araneHe mpaBwio) of thumb for most (not all) chemical
reactions is that the (mBuakicte) at which the reaction proceeds
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(mpubmu3Ha noasoitees) for each 10°C increase in temperature. Once the
temperature (gocsirae meBHOi ToukH), some of the chemical species may
(Oytun 3mineHi) (e.g., denaturing of proteins) and the chemical reaction
(YnoBinbHUTBCS 200 3yMUHUTHCS).

Exercise 14. Match the names of the reactions with their

descriptions.
Photochemical, Equilibrium, Double Replacement, Decomposition,
Combustion, Combination

1) It begins with two or more substances and when the reaction is
complete form a single product substance;
2) This reaction produces light and heat as energy products in addition to
new chemical substances;
3) It begins with a single substance and forms two or more new product
substances;
4) They are reactions in which the elements or ions of both reactants
change partners to form two new products;
5) It is a chemical reaction in which all reactants and products are present
simultaneously;
6) Itrelies on light energy for chemical transformations to occur.

Exercise 15. Make up sentences putting the words in the correct
order.
1) In order to write/ we must balance/ a correct chemical equation,/ on the
left side/ of the reaction/ all of the atoms/ with the atoms/ on the right side.
2) ofmatter/ The law of conservation/ states that/ lost nor gained/ matter is
neither/ reactions/ in traditional chemical.
3) at equilibrium/ not static/ A system of/ even though having/ chemical
substances/ an unchanging composition/ is often.
4) are not/ present in/ Chemicals/ biological systems/ at equilibrium.
5) Because the mole/ a standard number/ refers to/ of atoms/ the term/
substituted into/ can simply be/ chemical equations.

Exercise 16. Translate the text into English.

XiMiuHi 3MiHU TaKOXK Ha3UBAIOTh XIMIYHUMH PEeakKIlissMu. XiMiuHi
peakuii BKIIOYAIOTh MOEAHAHHA PI3HUX PEYOBHH. Y pe3yNbTaTi peaxiii
BUHUKA€ HOBa PpEYOBHMHA 3 PI3HUMH (QI3UUYHUMH 1 XIMIYHUMH
BJIACTUBOCTAMH. Matepisi He 3’SBISE€ThCS 1 HE pYHHYETbCA B Ipoleci
XIMIYHOT peaKIlii: YaCTHHKY OJIHI€T PEYOBUHHU JIHIIIE IEPEMIIIAIOTHCS, 00
YTBOPUTH HOBY peuoBuHY. [IpoTe Taka cama ixX KiTbKiCTb, sIKa iCHyBaJIa J10
peakuii, mpoJOBXKye icHyBaTH 1 micis XiMiyHOI peakuii. [Hma o3Haka
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XIMIYHOT peakuii - 1e eHepris, Mo BHUAUIIETHCS ad0 MOTJIMHAETHCS HEIO.
Bararo peuoBHH MOTMMHAIOTE HEPTIIO AJSL TOro, MO0 3a3HATH XiMIYHOT
3MiHH, HAPUKJIJI, BUIIIKaHHS XJ1i0a TOomIO.

Exercise 17. Check whether you are a real scientist.
A) Are these sentences true or false?
1. Reactions start with products and create reactants.

a) True; b) False.

2. All elements can bond with all other elements.
a) True; b) False.

3. During reactions both the molecules and states of matter can change.
a) True; b) False.

4. Reactions always require energy to occur.
a) True; b) False.

5. All chemical reactions happen at the same speed.
a) True; b) False.

6. Reaction rate can be changed.
a) True; b) False.

B) Complete the sentences with the following options.
1. Chemical reactions create and break down ...

a) proton orbitals;

b) chemical bonds;

¢) atomic nuclei.
2. Reaction rates can be changed by changes in ...

a) concentration;

b) temperature;

C) pressure.
3. Catalysts ... reaction.

a) speed up;
b) slow down;
c) neither speed up nor slow down.
4. Reaction rate can be defined as ...
a) change in concentration over a period of time;
b) change in equilibrium over a period of time;
c) The speed at which the reaction happens.
5. The reaction rate at equilibrium would be ...
a) ZEer0;
b) minus one;
c) plus one.
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UNIT 12
RADIATION AND NUCLEAR CHEMISTRY

Exercise 1. Learn the following words and word combinations:
nuclear process - aTOMHHI TIPOLIEC
to associate with - ctocyBaTHcs, MaTH BiIHOLICHHS
equipment - oO6JagHaHHS
absorption of radiation - mornuHaHHS pajiarii
radioactive source - JpKepeno pasiarii
medical application - MeU4YHE 3aCTOCYBaHHS
tracer - Mi4€HHI aTOM
environment - HABKOJIUIIIHE CEPETOBUILE
to modify material - BuI103MiHIOBaTH PEUOBHUHY
atomic nucleus - aToMHE PO
to bind - 3B’s13yBaTH, CTBOPIOBATH
source of energy - mxepeno eHeprii
fusion - cuHTE3, 3MUTTA
to split - po3iieroBaTy, po3naiaTics
fission - po3enyieHHs, po3mnaj
to supply energy - moctayaTH €HEprio
to consume - CIIOKMBaTH
break-up - po3nazg
chain reaction - JaHIOTOBA PEAKITis
nuclear weapon - aToMHa 30post
to convert - IepeTBOPIOBATH
devastating effect - pyliHiBHHI edeKT
unlimited amounts of electricity - HeoOMekeHa KiIbKICTh eNeKTPOeHEPTil
supply of fossil fuel - 3amacu BukomHOTO ManMBa
green house effect - mapuukoBuii edexrt
capital investment - KamiTaJTOBKIIaJCHHS
nuclear power station - aTOMHa €I€KTPOCTaHLIis
accidental leak of radiation - BumagxoBuii BUTIK pajiamii
disposal of radiation waste - JiKBifaIist paji0aKTUBHUX BiJXO/IiB

Exercise 2. Read and translate the text. Make short notes about the
nature of the nuclear reactions, their types and factors they depend on.
Radiation and Nuclear Chemistry
Nuclear chemistry is the subfield of chemistry dealing with
radioactivity, nuclear processes and nuclear properties. It is the chemistry
of radioactive elements together with the chemistry associated with
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equipment designed to perform nuclear processes. It includes the study of
the chemical effects resulting from the absorption of radiation within living
animals, plants, and other materials; the study of the production and use of
radioactive sources; radiotherapy in medical applications; the use of
radioactive tracers within industry, science and the environment; and the
use of radiation to modify materials such as polymers, etc.

The protons and the neutrons in atomic nuclei are bound together
with forces that are much greater than the forces that bind atoms together to
form molecules. In fact, the energies associated with nuclear processes are
more than a million times those associated with chemical reactions. This
potentially makes the nucleus a very attractive source of energy. There are
two types of nuclear process that produce energy: 1) combining two light
nuclei to form a heavier nucleus (fusion); 2) splitting a heavy nucleus into
two nuclei with smaller mass numbers (fission). These processes can
supply amazing quantities of energy with relatively small masses of
materials consumed.

Nuclear fission was discovered in the late 1930 when U-nuclides
bombarded with neutrons were observed to split into two lighter elements.
Neutrons released from the break-up of one nucleus bombard other nuclei,
causing a chain reaction which leads to sudden, explosive release of
energy. This is the basis of both nuclear weapons and nuclear power, in
which energy of nuclear fission is converted to electricity. During World
War 11, the United States carried out an intense research effort called the
Manbhattan Project to build a bomb on the principles of nuclear fission.
This program produced the fission bomb, which was used with devastating
effect on the cities of Hiroshima and Nagasaki in 1945.

The process of combining two light nuclei, called nuclear fusion,
produces even more energy per mole then does nuclear fission. In fact,
stars produce their energy through nuclear fusion. Our sun, which
presently consists of 73% hydrogen, 26% helium and 1% other elements,
gives off vast quantities of energy from the fusion of protons to form
helium. In nuclear fusion, two nuclei join together: the protons and the
neutrons combine to form a larger nucleus, some protons, neutrons and
other particles escape, and energy is released. Because of the tremendous
energy involved, fission has been developed as an energy source to
produce electricity in reactors where controlled fission can occur.

Only few decades ago nuclear energy was thought to be a clean,
modem and efficient way to generate almost unlimited amounts of
electricity. There are several arguments for using nuclear power: the
supply of fossil fuels is limited; burning fossil fuels is harmful to the
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environment adding to the green house effect; the earth contains a large
supply of natural uranium; nuclear power comes to the consumer as
electricity, which is a clear and convenient form of energy; although the
capital investment is high, the cost of generating electricity from
established nuclear power station is relatively low.

However, there are many serious reasons against using nuclear
power. First, there is the danger of nuclear war. The wide spread use of
nuclear energy and the development of new technology increase the risk of
nuclear weapons. Plutonium is one of the most dangerous substances that
man uses. A society based on nuclear energy is facing the problems of
terrorist activity and pollution. Even 'peaceful' nuclear power is a danger to
health. Nuclear power stations are a potential source of harmful radiation.
Accidental leaks of radiation occur. But even if all goes well, power
stations have to deal with the disposal of radiation wastes from nuclear
reactors. The potential threats of cancer and genetic mutations make these
materials especially frightening.

Exercise 3. Answer the following questions to the text.

1. What is a nuclear chemistry? 2. How do the forces that hold an
atomic nucleus together compare in strength with forces between atoms in
amolecule? 3. How do the energies released by nuclear processes compare
in magnitude with the energies of ordinary chemical processes? 4. What
makes the nucleus a very attractive source of energy? 5. What are two
types of nuclear processes that produce energy? 6. Which process results
the production of a heavier nucleus? 7. Which process results in the
production of smaller nuclei? 8. What is needed for a chain reaction to take
place? 9. What principle does a nuclear reactor depend on for its operation?
10. What type of nuclear reaction takes place in stars? 11. What threats are
caused by the radioactive waste?

Exercise 4. In the paragraph indicated by the number in
parenthesis, find the word or phrase that best fits the meaning given.
1. connected with (1)
to divide into (2)
absorbed (2)
results in (3)
lead to (3)
transformed (3)
a sudden violent burst of energy (3)
produces (energy) (4)

N kW
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8. take place (4)

9. central or most important part of anything (4)

10. discussion, disagreement over the matters of public (5)
11. something that is no longer of use or cannot be used (6)
12. anything that may harm you (6)

Exercise 5. Give a definition, synonym or description of each of
the words or phrases below. Compose your own sentences with them.

In fact, amazing quantities, self-sustained process, on the average,
fissionable material, fusion, vast, malfunction, safety systems, to question
the wisdom, efficiency, handling, harmful radiation, genetic mutations,
accidental leaks, especially frightening, to be sealed in concrete or glass
blocks, weathering.

Exercise 6. Select or write the sentences that best express the
main idea of each paragraph of the text. Make the plan of the text.

Exercise 7. Find the definitions to the following terms. Memorize
the definitions.

nucleus, fusion, fission, neutron, explosion, malfunction, nuclear waste,
radiation

A) Radioactive waste material, for example from the use or reprocessing
of nuclear fuel,;
B) The emission of energy as electromagnetic waves or as moving
subatomic particles, especially high-energy particles which cause
ionization;
C) A failure to function normally;
D) A subatomic particle of about the same mass as a proton but without an
electric charge, present in all atomic nuclei except those of ordinary
hydrogen;
E) A violent shattering or blowing apart of something, as is caused by a
bomb;
F) Division or splitting into two or more parts;
G) The central and most important part of an object, movement, or group,
forming the basis for its activity and growth;
H) The process or result of joining two or more things together to form a
single entity.
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Exercise 8. Select the statements that best expresses the main ideas
of the text.
1. Nuclear power may be produced in the course of a chain reaction.
2. There are two types of nuclear processes that produced energy: fission
and fusion.
3. The energies released by nuclear processes are more than a million
times those associated with chemical reactions.
4. A chain reaction, which leads to a release of energy, is the basis of both
nuclear weapons and nuclear power.
5. Nuclear fission is the process in which nuclides of certain heavy metals
can be split into lighter elements with a release of great amounts of energy:
nuclear weapons and nuclear power work on the principles of nuclear
fission.
6. Stars produce their energy through nuclear fission.
7. A thermonuclear bomb works on the principle of nuclear fusion.
8. Fission based power plants are used to heat water to produce steam that
runs turbine generators, in much the some way that a coal-burning power
generates energy.
9. A great deal of controversy now exists about the efficiency of the safety
systems in power plants.
10. There are different types of fission-based power plants provided with
the safety systems, but accidents occur, and much controversy surrounds
the use of nuclear energy to generate electricity.

Exercise 9. Choose one word from the box for each group of the
words. Use the words only once.
research event  intensity nuclear escalate
material  reaction critical systems  safety

1. chain... 2. incredible...
nuclear... low...
chemical... high...

3. ... mass 4. ... bomb
... question ... power
... State ... reactor

5. fissionable... 6. ... the process
man-made... ... the negative consequences
natural... ... the pollution

7. fission... 8. intense...
current... promising...
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historic... fundamental...
9. ... precautions 10. high-level...

... Systems background...

...zone ...pollution

Exercise 10. Place the appropriate word from the list in each of

the blanks below. Do not use word more than once.
generations, harmful, threat, fusion, fission,
break up, chain, fissionable, released

1. Uranium-235 undergoes ... by the absorption of slow neutrons. 2. There
are two types of nuclear reaction: fission and ... . 3. Natural radioactive
decay does not normally release much energy because the nuclei ... very
slowly, sometimes over hundreds of years. 4. A nuclear ... reaction can
result if neutrons from each fission cause more nuclei to split. 5. A critical
mass of a ... material is the amount needed to provide a high enough
internal neutrons flux to sustain the chain reaction. 6. Nuclear power
stations are a potential source of ... radiation. 7. The radiation ... when
atoms split causes cancer and birth defects. 8. Genetic damage is damage
to the genetic machinery of the organism, which will be manifested in
future ... . 9. The use of nuclear fuels could lead to pollution of the
environment or a dangerous terrorist....

Exercise 11..Complete the sentences using the knowledge of other
disciplines.

1. A major problem that the atomic energy authority has to deal
with is ... .2. There are two approaches to the nuclear waste .... 3. The
problems of handling and storing highly radioactive waste can ... . 4. Over
long period, materials such as glass or concrete may ... . 5. Some
low-activity waste is sealed in ... 6. The problem of the nuclear waste still
remains .... 7. The use of nuclear fuel could lead to pollution . ...

Exercise 12._Put the sentences in the right order to make the text.
(1) When Becquerel discovered that, with no external source of energy,
the uranium generated rays, which could blacken the photographic plate,
radioactivity was discovered.
(2) Marie Curie and her husband Pierre Curie isolated two new
radioactive elements from uranium ore.
(3) After the discovery of X-rays by Wilhelm Roéntgen, many scientists
began to work on ionizing radiation.
(4) They separated the uranium ore into each of the different chemical
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elements that were known at the time, and measured the radioactivity of
each fraction.

(5) One of these was Henri Becquerel, who investigated the relationship
between phosphorescence and the blackening of photographic plates.

(6) They used radiometric methods to identify which stream the
radioactivity was in after each chemical separation.

(7) They then attempted to separate these radioactive fractions further, to
isolate a smaller fraction with a higher specific activity.

(8) In this way, they isolated polonium and radium.

Exercise 13. Open the brackets and put the verbs into correct
grammar form.

Early History of Radiation

It (to notice) in about 1901 that high doses of radiation (can/ to
cause) an injury in humans. Henri Becquerel (to carry) a sample of radium
in his pocket and as a result he (to suffer) a high localized dose which (to
result) in a radiation bum. This injury (to result) in the biological properties
of radiation being investigated, which in time (to result) in the development
of medical treatments.

Ernest Rutherford, working in Canada and England, (to show) that
radioactivity decay (can/ to describe) by a simple equation, implying that a
given radioactive substance (to have) a characteristic "half-life". He also
(to coin) the terms alpha, beta and gamma rays, he (to convert) nitrogen
into oxygen, and most importantly he (to supervise) the students who (to
do) the Geiger-Marsden experiment which (to show) that the 'plum
pudding model' of the atom (to be) wrong. To Rutherford, the gold foil
experiment (to imply) that the positive charge (to confine) to a very small
nucleus leading first to the Rutherford model, and eventually to the Bohr
model of the atom, where the positive nucleus (to surround) by the negative
electrons.

Exercise 14. Translate the text into English.

Paniariiina ximis - po3in XiMii BHCOKHX €HEPrii, 10 y CBOIO
4yepry € posaiiom ¢izmunoi ximii. Tepmin Brepine BBegenuit B 1945 poui
M. DbBeprom. Pagiamiiina Ximis omucye XiMiYHI TIpOIECH, IO
BUKJIMKAIOTBCS  10HI3YIOYMM  BUIPOMIHIOBAaHHAM Ha  PEUYOBHHY.
BunpominioBanHs, 1m0 6epe y4acTh y peakiisix Mae eHepriio 30yIKeHHs
Yd KIHETHYHY EHEprilo, MI0 YacTO MEPEeBHIIYI0 HE TUIBKH TEIUIOBY
SHEeprilo, ajie i eHeprilo XIMIYHOTO 3B'SI3Ky. ATOMHA €HEpris - e eHeprid,
oJepxyBaHa 3 aroMa. KoxHHIt aTOM CKi1agaeThesl 13 4acTOYOK eHeprii. Ls
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SHEepris MOEJHYE BC1 YACTKH aToMa pa3oM. ToMy B aTOMHIH eHepril sapo
aToma € JpKepenioM eHeprii. Llst eHeprisi BUIINSETbCS MPHU PO3LICIUICHH]
atroma. IcHye aBa cmocoOu onepxanHsi eHeprii 3 aroma. [lepmmii - me
peakuis cuHTe3y, APYruil - peakuis poznoniny. [lpu peakuii cuaTe3y nBa
aTOMH 3JIUBAIOTHCA Pa3oM 1 yTBOPATH enquHUN aTtoM. Ilpu cromyni atoMis
BUAIUISETHCS BENMUE3HA €Hepris y BUTIsAl Temia. Jpyruit cmoci6 - me
peaxiiisi posnoniny, abo posmiericHHs. Po3miersieHHs Bii0OyBa€eThCs MpU
PO3MO/IiTI OTHOTO aTOMa Ha JIBa.

Exercise 15. Read and translate the text. Put] special questions to
the text. Check whether your knowledge is enough to protect yourself
during radiation emergency.

Basic Steps to Protect Yourself and Your Family
in a Radiation Emergency

If a radiation emergency occurs, people can take actions to protect
themselves, their loved ones, and their pets. Emergency workers and local
officials are trained to respond to disaster situations and will provide
specific actions to help keep people safe.

If a radiation emergency happens near where people live or work,
you can take immediate action to protect yourself, your loved ones, and
others around you. This kind of emergency could be a dirty bomb or
nuclear explosion, a nuclear power plant accident, or a transportation
accident. These actions will protect people in a radiation emergency:

Get inside and stay inside an undamaged building.

If possible, shower and change into clean clothes.

Stay tuned to television or radio for updates and instructions.

Emergency workers and local officials are trained to respond to
different types of situations and will give you specific instructions to keep
you safe.

The term “population monitoring” is a process of immediate
monitoring after an incident and long-term monitoring for health effects
from the event.

Within the first hours and days after a radiological incident, people
should be monitored with special equipment that is designed to detect
radiation. Public health officials will use the information from the
monitoring equipment to find out whether people are contaminated, either
inside their bodies (internal) or outside their bodies (external), with
radioactive materials from the incident or attack. Public health officials
also will estimate the amount of radiation to which people were exposed,
also known as the dose, through a process called dose assessment.
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In addition, the health of people who were involved in the incident
will be monitored over many years to see whether people are having health
effects from the emergency. These health effects could include effects
related to radiation exposure or effects associated with the stress of being
involved in an incident. This is known as a health registry.

Exercise 16. Complete the list of instructions that will protect
people in a radiation emergency:

1) Get inside and stay inside an undamaged building;

2) If possible, shower and change into clean clothes;

3) Stay tuned to television or radio for updates and instructions;

4) ..

5) ..

Exercise 17. Work in small groups and discuss the following
questions.
- What are the advantages and disadvantages of nuclear power?
- Why do some countries remain nuclear-free?
- Is it true that nuclear reactors supply about 15% of all electricity
generated in the world?
- What accident has led many people to question the wisdom of
continuing to build and make use of nuclear power plants?
- What do you know about consequences of Chernobyl accident in 19867
- What tragedy happened in Japan in 2011?
- What lesson, if any, has been extracted from the tragic event?
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UNIT 13
OIL AND ITS ORIGIN

Exercise 1. Learn the following words and word combinations:
hydrocarbons - ByrneBoni
greasy burning liquid - MacisiHUCTa roproya piuHa
dilutable - po3unHHMHA
molecular mass - MosekysipHa Maca
rigid and gaseous hydrocarbons - TBepi Ta ra30moiOHI ByTIeBOIHI
to alternate - 3MiHIOBaTHUCS, YepPTyBaTUCS
individual substance - okpema pedoBrHa
wide interval of temperatures - MpoOKuUil iHTEpBaI TEMIIEPATYP
to outrun - meperaHATH, MiAJaBaTy IEPETOHII
moderate heating - momipHe HarpiBaHHs
fossil fuel - BuKomHe manuBo
silt - My, ocan Ha qHI
mud - 6pyn
energy source - IPKEpeno eHeprii
oil producing region - paiion BunoOyBaHHS HahTH
crude oil - cupa, HeouneHa HadTa
arguably - cynepeunnBo
the second most influential - apyruii 3a BIIIMBOM (BaXXJTUBICTIO)
oil well - HadyTOoBa CBepANIOBHUHA
exponentially - ekcrioHaHITIATBHO, 32 TOKA3HUKAMU
natural seepage - MpUPOAHI NOKJIAI1, BUTOKH
subsurface oil - noBepxHeBa HadTa
limited availability - oOMexeHa TOCTYNHICTbD
petroleum - HadTa (iHKOIH OCH3UH)
sufficient quantity - focTaTHS KiJbKIiCTh
larger-scale processing system - MacirabHa nepepoOHa cucremMa
alkanes - ankann
cyclo-alkanes - nukII0-amkaHu
aroma hydrocarbons - apomaTuyHi ByTriieBOgHI
pitch — cmomna, nporots
fraction - ¢paxmis
fellow-traveled gas - cynyTHiii ra3
via outrunning - OUITXOM MEPErOHKH
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Exercise 2. Read and translate the text.
Oil and its Origin

Oil is one of the important natural sources of hydrocarbons. Oil is a
greasy burning liquid that has dark-brown or almost black color with
characteristic smell. It is lighter than water, practically not dilutable in it.
Due to the structure oil is the mixture of hydrocarbons of different
molecular mass, mainly liquid, in which the rigid and gaseous
hydrocarbons are diluted. While heating it in special devices, it is possible
to notice, that oil alternates not due to the definite temperature, that is
characteristic to the individual substances, but in wide interval of
temperatures. Firstly, the substances with small molecular mass that have
low temperature of boiling, are outrun due to the moderate heating, then
due to the higher temperature the substances with more molecular mass
begin to outrun.

Oil and coal are classified as a fossil fuel. Fossil fuels are formed
when sea plants and animals die, and the remains become buried under
several thousand feet of silt, sand or mud. Fossil fuels take millions of years
to form and therefore oil is also considered to be an energy source.

There are several major oil producing regions around the globe. The
Kuwait and Saudi Arabia's crude oil fields are the largest, although Middle
East oil from other countries in the region such as Iran and Iraq also make
up a significant part of world production figures. The North Sea crude oil
fields are still fairly full, and are arguably the second most influential oil
field in economic terms. Texas, once the world's major oil region, is now
almost completely dry. In 1859 Edwin Drake sank the first known oil well,
this was in Pennsylvania. Since this time oil and petroleum production
figure grew exponentially. Prior to that time, petroleum was available only
in very small quantities from natural seepage of subsurface oil in various
areas throughout the world. However, such limited availability restricted
the uses for petroleum to medicinal and special purposes. With the
discovery of “rock oil” in north-western Pennsylvania, crude oil became
available in sufficient quantity to inspire the development of larger-scale
processing systems.

The oil structure of different deposits is not similar. But usually all
of them contain such hydrocarbon types - refined and non-refined alkanes,
cyclo-alkanes, aroma hydrocarbons, correlation of which varies in wide
borders. The oil deposits in Kazakhstan contain more members of cyclo-
alkanes with rings of five and six members. The oil from western Ukraine
consists of more concentrated hydrocarbons, and from Ural - of aroma
hydrocarbons. Except hydrocarbons, oil contains oxygen, sulfur and
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nitrogen. Highly molecular compounds in appearance of pitch and
asphaltic substances are also presented in it. Oil contains hundreds of
different substances. Because oil is the mixture of hydrocarbons of
different molecular mass that have different temperatures of boiling, it is
divided into separate fractions (distillates), previously separating
fellow-traveled gases via outrunning it in oil refinery.

Exercise 3. Answer the following questions.

1. What is one of the important natural sources of hydrocarbons?

2. What are physical characteristics of 0il? 3. What is a structural
characteristic of 0il? 4. Due to what does oil alternate while heating it in
special devices? 5. How are fossil fuels formed? 6. What crude oil fields
are considered to be the largest? 7. What crude oil fields are arguably the
second most influential oil field in economic terms? 8. When and where
was the first known oil well sank? 9. What main hydrocarbon types does
the oil contain? 10. How can Ukrainian oil be characterized?

Exercise 4. Say whether the given sentences are true or false.

1. Oil is the second important natural source of hydrocarbons. 2.
Oil is a greasy burning liquid that has light-brown or almost black color
with no smell. 3. Due to the structure oil is the mixture of hydrocarbons of
different molecular mass, mainly liquid, in which the rigid and gaseous
hydrocarbons are diluted. 4. While heating, oil alternates not due to the
definite temperature, but in wide interval of temperatures. 5. Fossil fuels
are formed when sea animals die, and the remains become buried under
several thousand feet of silt, sand or mud. 6. The Ukrainian crude oil fields
are the largest. 7. The North Sea crude oil fields are arguably the second
most influential oil field in economic terms. 8. In 1959 Edwin Drake sank
the first known oil well in Pennsylvania. 9. Since 1859 petroleum has
become available only in very small quantities.

Exercise 5. Match the terms with their definitions. Memorize them.

Oil A) a natural fuel such as coal or gas, formed in the
geological past from the remains of living organisms;

Fossil fuel B) a layer or mass of accumulated matter;

Coal C) a combustible black or dark brown rock consisting

chiefly of carbonized plant matter, found mainly in
underground seams and used as fuel;

Deposit D) a compound of hydrogen and carbon, such as any of
those which are the chief components of petroleum and
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natural gas;
Hydrocarbon

Petroleum

E) a liquid mixture of hydrocarbons which is present in
suitable rock strata and can be extracted and refined to
produce fuels including petrol, paraffin, and diesel oil;

F) a greasy burning liquid that has dark-brown or almost
black color with characteristic smell.

Exercise 6. Fill the chart with the missing words if possible.

Noun Verb Adjective Adverb
Oil
To alternate
Smelly
Natural
Development
To limit

Exercise 7. Find words that go together.

Fossil
Moderate
Low
Gaseous
Molecular
Characteristic
Dark-brown
Greasy
Natural
Limited
Crude oil
Significant

source
liquid

color

smell

mass
hydrocarbons
temperature
heating

fuel

part

field
availability

Exercise 8. Complete the sentences.
1. Oil is a greasy burning liquid that has ... . 2. Due to the structure
oil is the mixture ... . 3. While heating it in the device, oil alternates ... . 4.

The oil structure of different deposits is ...

. 5. The oil deposits in

Kazakhstan contain ... . 6. Except hydrocarbons, oil contains ... .
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Exercise 9. Match the beginnings of the sentences with their
endings.

1. Crude oil originates from A) the oil to migrate to favourable
locations.

2. Mineral oils are B) the effect of temperature and
pressure.

3. Crude oil can be refined into | C) not be location of the initial debris
accumulation.

4. Coal was formed from D) land plant debris decaying under
mildly reducing atmospheres.

5. Oil migrates under E) a wide variety of component
hydrocarbons.

6. The location of the oil | F) more commonly used as machine

deposit is lubricants.
G) ancient fossilized organic

7. Temperature, pressure and | materials, such as zooplankton and

earth movement cause algae.

Exercise 10. Translate the text into English; give additional
information about the origin of oil and its deposits in Ukraine.

In the leading theory, dead organic material accumulates on the
bottom of oceans, riverbeds or swamps, mixing with mud and sand. Over
time, more sediment piles on top and the resulting heat and pressure
transforms the organic layer into a dark and waxy substance known as
kerogen. Left alone, the kerogen molecules eventually crack, breaking up
into shorter and lighter molecules composed almost solely of carbon and
hydrogen atoms. Depending on how liquid or gaseous this mixture is, it
will turn into either petroleum or natural gas. Scientists aren't really sure,
but they figure it probably takes hundreds of thousands of years. The
scientists are convinced that it's certainly not an instantaneous process, and
the rate at which petroleum is forming is not going to be the solution to the
problem of petroleum supplies.

The United States' latest reminder of its petroleum dependency
occurred when hurricanes Katrina and Rita struck the Gulf of Mexico,
where the majority of the country's oil platforms and refineries are located.
Many analysts predicted gas prices would surge to $4 and $5 per gallon,
but the fears turned out to be overblown. Many of the structures suffered
only glancing blows and were operating again soon afterwards.
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Exercise 11. Retell the text Oil and its Origin paying attention to
the following key points:

The discoveries that firmly established the oil industry;

The origin of oil;

Major oil producing regions around the globe;

The oil structure of different deposits;

Principal characteristics of oil.

Exercise 12. Work in pairs and make the list of everything you
know about oil as a substance. Pay special attention to the following
points:

a) its structure;

b) its origin;

¢) the most influential crude oil fields;

d) the economical value of oil.

Exercise 13. Work in pairs. You have some information about il
and its products, but you don’t have the same information as your partner.
Ask and answer the questions to complete the information.

Student A
Oil is ... (What kind of liquid ...?) liquid. It has dark-brown or black color
with characteristic smell.

Oil refinery complex of Ukraine consists of... (How many plants
...7) plants. They refine 60 - 62 min tons of oil in one year. The most
important fractional components of primary oil refinery are ... (What...?).
(What...?)... includes ether and extraction of benzene. Gas-mixture of
hydrocarbons is used as fuel for... (What... for?). Gas oil is used as dilutant
... (Where ...?).

Student B

Oil is a greasy burning liquid. It has ... (What color?) color with
characteristic smell.
... (What...?) consists of 6 plants. They refine ... (How many ...?) tons of oil
in one year. The most important fractional components of primary oil
refinery are hydrocarbon gas, benzene fraction, kerosene fraction, gas oil or
diesel fuel, lubricants and remainder. Petroleum fraction includes ... (What
... ... (What...?) is used as fuel for reactive tractor engines. Gas is used ...
(How ...?) in varnish painting industry.

Exercise 14. Translate the sentences into English.
1. Hapra - me macnsHa roproya piJHa YOPHOTO YM TEMHO-
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KOpUYHEBOTO Konbopy. 2. Hadra nerma 3a Boxgy. 3. Hadta - ne cymim
BYIJIEBOJHIO Pi3HOI MOneKyysipHOi MacH. 4. OKpiM BYIJIeBOAHIO, HaTa
BKIIIOYa€ KHUCEHb, cipy 1 a3or. 5. Hadra- roproua kopucHa KomaiuHa,
CKJaJiHa CyMilll BYIJICBOAHIB PI3HHUX KJIAaCiB 3 HEBEJIUKOIO KIJIBKICTIO
OpraHiYHUX KHCHEBHX, CIDYUCTHX 1 Q30THUX CIOJYK, IO CTAHOBHUTH COOOIO
TYCTY MAcJSIHUCTY PiIUHY, BiJ TEMHO-OypOro 10 YOpHOTO KONbOpy. 6. 3a
MOJIEKYJSIpHY Macy dYacTo OepyTh CepeJHI0 Macy MOJEKYNd, IO
YTBOPIOIOTH XiMiuHy crnomyky. 7. Ilokmaam Hadtu Ha Ypami MicTaTh
apoMaTH4Hi ByraeBoaHi. 8. [IpakTHYHO HEMOKIIMBO PO3UMHHUTH HADTY Y
Boxi. 9. HadroBa inmycrpis Gepe CBiil mo4aTok 3 YCHIIIHOTO BiJKPUTTS
nepuroi HahToBOI cBepIOBHHU B [leHCHIbBaHI].

Exercise 15. Put the verbs in brackets into correct grammar form.

1. The oil deposits in Ural ... (to contain) aroma hydrocarbons.
1. Ukraine ... (to consist) of more concentrated hydrocarbons. 3. The most
important fractional components of primary oil refinery ... (to use) as goods
products or as raw materials for next alternation. 4. Density, heat burning,
fractional structure, sulfur and pitch presence ... (to be) the main indicators
of fuel quality. 5. Hydrocarbons of different molecular mass ... (to have)
different temperatures of boiling. 6. The quality of benzene ... (to depend)
on its detonative firmness and sulfur presence.

Exercise 16. Work in pairs and act out a dialogue between:
a) Edwin Drake and a student of the National Aviation University;
b) Scientists from Kuwait and Saudi Arabia;
¢) Scientists from Iran and Ukraine.
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UNIT 14
PROPERTIES OF OIL

Exercise 1. Learn the following words and word combinations:
complex molecular structure - ckiagHa MOJIEKYJIsIpHa CTPYKTYpa
regardless - He 3Baxaroun Ha
by weight - 3a Baroro
viscous - B sI3KHI
bitumen - 6iTy™m, achanbT
paraffins - mapadinun
naphthenes - HadTeHH
aromatics - apoMaTH4YHi
endless proportions - 6e3KiHeUHa KUIbKICTh MPOMOPLIii
to comprise - MiCTUTH B c00i, BMIIIIaTH, OXOIUTFOBATH
saturated straight-chain series - HacuueHa Hepo3ragyeHa cepist
integer - 1isie YMCIO
major constituent of gasoline - oOCHOBHUI CK1aTIOBUI OCH3UHY
residue - 3aJIMIIOK
plastic and solid paraffin waxes - TulacTu4Hi Ta TBepai napadinu
saturated closed-ring series - HacCHYeHa [UKIIIYHA CEPist
asphalt - acansT
asphalt-base crude - acdanbTeHOBHH cupelb
abundant atomic constituent - momupeHa aTOMHa CKJI1aJ0Ba
polycyclic molecule - moui uKIiYHA MOJICKYJIa
specific gravity — nuroma Bara
excess sulphur - HagnHMIIKOBa CipKa
major pollutant - ocHoBHHMI 3a0pyAHUK
to generate - COpUUMHATH, BUKJIMKATH, TIOPOIXKYBATH
decay-resistant organic remain - OpraHiqfi 3aJHIIKH CTiiKi 10 po3namy
siliceous skeletal fragment - kpem'ssHICTI parMeHTH CKeneTa
resins - cMona
various remnants of former life - pi3sHOMaHITHI 3aJMILIKN KUTTS
closely related series - 6mu3bKi cepii
heavy solids - Baxxki TBepAi pe4OBUHH
kerosene - rac
gas oil - ra3oiinn
lubricating oil - 3mamyBaibpHa o1HBa
residual fuel oil - 3anumKoBe MivyHe MAIUBO
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Exercise 2. Read and translate the text. Make the lists of physical
and chemical properties of oil.

Properties of Oil
Chemical composition

Hydrocarbon content. Although oil consists of compounds of only
two elements, carbon and hydrogen, these elements form a large variety of
complex molecular structures. Regardless of physical or chemical
variations, however, almost all-crude oil ranges from 82 to 87% carbon by
weight and 12 to 15% hydrogen. More viscous bitumens generally vary
from 80 to 85% carbon and from 8 to 11% hydrogen.

Crude oil can be grouped into three basic chemical series: paraffins,
naphthenes, and aromatics. Most crude oils are mixtures of these three
series in various and seemingly endless proportions. No two crude oils
from different sources are completely identical.

The paraffin series of hydrocarbons, also called the methane series,
comprises the most common hydrocarbons in crude oil. It is a saturated
straight-chain series that has the general formula C,Han+2, in which C is
carbon, H is hydrogen, and z is an integer. The paraffins that are liquid at
normal temperatures but boil between 40° and 200°C are the major
constituents of gasoline. The residues obtained by refining lower-density
paraffins are both plastic and solid paraffin waxes.

The naphthene series has the general formula C,Hj, and is a
saturated closed-ring series. This series is an important part of all liquid
refinery products, but it also forms most of the complex residues from the
higher boiling-point ranges. For this reason, the series is generally heavier.
The residue of the refinery process is asphalt, and the crude oils in which
this series predominates are called asphalt-base crudes.

Nonhydrocarbon content. In addition to the practically infinite
mixtures of hydrocarbon compounds that form crude oil, sulfur, nitrogen,
and oxygen are usually present in small but often important quantities.
Sulfur is the third most abundant atomic constituent of crude oils. It is
present in the medium and heavy fractions of crude oils. In the low and
medium molecular ranges, sulfur is associated only with carbon and
hydrogen, while in the heavier fractions it is frequently incorporated in the
large polycyclic molecules that also contain nitrogen and oxygen. The total
sulfur in crude oil varies from below 0.05% (by weight), as in some
Pennsylvania oils, to about 2% for average Middle Eastern crudes and up to
5% or more in heavy Mexican or Mississippi oils. Generally, the higher the
specific gravity of the crude oil, the greater is its sulfur content. The excess
sulfur is removed from crude oil during refining, because sulfur oxides
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released into the atmosphere during the combustion of oil would constitute
a major pollutant.

The oxygen content of crude oil is usually less than 2% by weight
and is present as part of the heavier hydrocarbon compounds in most cases.
For this reason, the heavier oils contain the most oxygen. Nitrogen is
present in almost all crude oils, usually in quantities of less than 0.1%.
Sodium chloride also occurs in most crudes and is usually removed like
sulfur.

Many metallic elements are found in crude oils, including most of
those that occur in seawater. This is probably due to the close association
between seawater and the organic forms from which oil is generated.
Among the most common metallic elements in oil are vanadium and nickel,
which apparently occur in organic combinations as they do in living plants
and animals. Crude oil also may contain a small amount of decay-resistant
organic remains, such as siliceous skeletal fragments, wood, spores, resins,
coal, and various other remnants of former life.

Physical properties

Oil consists of a closely related series of complex hydrocarbon
compounds that range from gasoline to heavy solids. The various mixtures
that constitute crude oil can be separated by distillation under increasing
temperatures into such components as gasoline, kerosene, gas oil,
lubricating oil, residual fuel oil, bitumen, and paraffin.

Exercise 3. Answer the following questions.

1. What are the main two elements of 0il? 2. What is percentage
proportion of carbon and hydrogen in crude 0il? 3. What chemical series
can crude oil be grouped into? 4. What does the paraffin series of
hydrocarbon comprise? 5. What are the main constituents of gasoline? 6.
What can you tell about naphthene series? 7. What is the third most
abundant atomic constituent of crude 0il? 8. What does the sulfur content in
oil depend on? 9. What other elements can be found in crude oil? 10. What
are physical properties of 0il?

Exercise 4. Some words have different meanings. Circle the word
with the closest meaning to the underlined word.
1. The oxygen content of crude oil is usually less than 2% by weight.

a) meaning c) volume

b) proportion d) capacity
2. Oil consists of closely related series of complex hydrocarbon
compounds.
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a) complicated ¢) hard

b) difficult d) composite

3. The excess sulfur is removed from crude oil during refining.
a) 1is moved c) is departed
b) is eliminated d) is transferred

Exercise 5. Put the following sentences into Passive Voice.

1. They have grouped crude oil into three chemical series. 2. They
obtain the residues by refining lower-density paraffins. 3. They can remove
the excess sulfur from crude oil during refining. 4. They also call the
paraffin series of hydrocarbons the methane series.

Exercise 6. Put questions to the underlined words.

1. Crude oil is grouped into three basic chemical series. 2. The
paraffin series of hydrocarbons comprises the most common hydrocarbons
in crude oil. 3. Sodium chloride also occurs in most crudes. 4. Crude oil
may contain a small amount of decay-resistant organic remains.

Exercise 7. Look back into the text and find synonyms for the
following words.

1. asphalt; 2. prevalent; 3. to include; 4. component, element; 5.
combination, blend, mixing; 6. main.

Exercise 8. Read the text. Open the brackets and put the verbs into
correct grammar form, pay special attention to the use of the verb ‘to be’.
Give the title to the text.

Crude oil (to form) from organic material of the remains of plant
and animal organisms that (to live) millions of years ago. These remains (to
form) sediments at the bottom of seas, and (to become) buried under layers
of sedimentary rock. They (to decay) without air, under the action of heat
and pressure to form crude oil over millions of years.

The vast majority of compounds found in crude oil (to be)
hydrocarbons, that (to be) molecules made up of carbon atoms combined
with hydrogen atoms.

Alkanes (to be) a group of hydrocarbon molecules in which all the
carbon and hydrogen atoms (to join) only by single covalent bonds. The
principal source of alkane hydrocarbons (to be) crude oil. Alkanes (to
know) as saturated molecules because other atoms (can, not, to add) to
them. Their physical properties (to be): 1) The first four in the series (to be)
all colourless smelly highly flammable gases; 2) The much larger alkanes
(to be) colourless liquids and the biggest members of the series (to be)
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white waxy solids; 3) They (not to be) very reactive unless burned.

Exercise 9. Say what the following numbers are connected to.
a) from 82 to 87%; f) below 0.05% (by weight);
b) from 12 to 15% ; g) about 2%;
¢) from 80 to 85%; h) to 5% or more;
d) from 8 to 11 %; 1) less than 2%;
e) between 40° and 200°C; j) less than 0.1% by weight.

Exercise 10. Read the information about oil and gas industry and
memorize some other numbers connected with oil.

There are some very big numbers in the oil and gas industry.

The world uses about 85 million barrels of oil per day. A barrel is
159 litres. So that’s more than thirteen billion litres a day. Thirteen billion
litres a day is about 560 million litres per hour. So oil companies need to
produce a lot of oil and they need to produce it fast.

There are about 40.000 oil and gas fields in the world. Most of
them are small fields, but some are very big. The biggest is the Ghawar
field in Saudi Arabia. This very big field is 280 km long and 30 km wide.
The Saudi national oil company, Saudi Aramco, operates the field and
produces about five million barrel of oil a day. That’s a lot of oil! Five
million barrels is 790.000 cubic metres: 790.000 cubic metres every day.
Ghawar also produces about 57 million cubic metres of natural gas per day.

Exercise 11. Match the words that go together.

“A- -B-
Basic chemical Crudes
seemingly endless Residues
Completely Products
Paraffin Paraffin

the most common temperatures
saturated straight-chain Series
Normal hydrocarbons
plastic and solid Series

liquid refinery Identical
asphalt-base proportions
Complex Series
physical or chemical variations
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Exercise 12. Complete the sentences.

1. Regardless of physical or chemical variations ... 2. More viscous
bitumens generally vary from ... 3. Crude oil can be grouped into ... 4. The
paraffin series of hydrocarbons ... 5. The residues obtained by refining
lower-density paraffins are ... 6. The naphthene series has ... 7. The residue
of the refinery process is ... 8. Sulfur, nitrogen, and oxygen are usually ... .9.
The total sulfur in crude oil varies ... 10. The excess sulfur is removed ... 11.
The oxygen content of crude oil is ... 12. Nitrogen is present in ...

Exercise 13. Translate the sentences into English.

1. Hadra € Haa3BuyaifHO LIHHOIO 1 CKIAJAETHCS B OCHOBHOMY 3i
CIONYK MABOX €JEMEHTIB: BYIJIEHIO Ta BoAHIO. 2. Bueni 3a3Buuaif
kinacu(ikyloTh HeouuileHy HadTy Ha TpU OCHOBHI XiMiuHi cepii:
napa¢inu, HadTeHH Ta apoMaTWyHi. 3. Binpmiicte HeouuieHoi HapTH
CTaHOBHUTH COOOIO0 CyMIIll TPbOX OCHOBHHX Cepili B Pi3HIA Oe3KiHEUHiH
KUTbKOCTI mponopuiid. 4. MeTtaHoBa cepisi OXOIUIIOE HAOIbII MOITHPEHi
BYIJIeBOAHI HeoummieHoi HapTu. 5. Xoua mapadiHu € piguHAMH 3a
HOPMaJIbHUX TEMIIEPATYP, iX MEKi KUMIHHS CTaHOBIATH Bix 40° mo 200°C.
6. HadteHoBa cepis - € BaXIMBOK YaCTHHOK BCiX PIIKHX
HadTonpoaykTiB. 7. KpiM Byriemio Ta BOAHIO HEOYHIICHA HadTa TaKoX
MICTHTB CIpKy, a30T Ta KUCeHb. 8. Byayunm TpeTpor0 3a HOMIMPEHICTIO
aTOMHOIO CKJIaIOBOIO, CipKa HasBHA Yy CEpeOHIX Ta BAXKKUX (pakiisx
HeouniieHoi HadTH. 9. 3aranoM KiNbKiCTh CIpKM B HEOYMIIEHIH HadTi
Moxke koymBarucs Bix 0.05% mo 5%. 9. Oxcunu cipku, Mo HAAXOIATh Y
MOBITPSI MiJ] 4ac 3rOpSHHS NajiBa, CTAHOBIISATH OCHOBHHUH 3a0pyAHUK, 1110
BUKJIMKA€ 3aXBOPIOBAHHSI Ha PaK.

Exercise 14. Read the text and write out all prepositions used there.
Say what this text is about. In what form is it written?

You arrived by helicopter. But first, you receive safety training.
Every day visitors must have safety training. Offshore work is more
hazardous than onshore work, so workers must also have a medical test, do
a fire fighting, and escape course before they go.

You get out of the helicopter and hold on to your hat. You are now
standing on a production platform high above the water. It is as big as a
football field. The top of the derrick is higher than a twenty-storey building.

Drilling platforms are not as big as this because they only do
drilling. Production platforms are bigger because they do more things and
must accommodate more people.

A typical production platform has four main areas above the water.
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One is the accommodation area, where the workers eat and sleep. Another
is the well head or drilling area. That contains the derrick, well heads, and
drilling equipment. Crude oil comes up to the well heads with gas and
water in it. So it goes to the process area, which separates the oil from the
other things. All the areas need electricity and other utilities. The utilities
area provides these: a generator makes electricity, and there is equipment
for heating, ventilation, air conditioning, and water distribution.

Exercise 15. Complete these sentences with the prepositions you
have written out from the text in the Exercise 14.

1. Heavy equipment arrives _ boat. 2. The accommodation area
is as big a hotel. 3. Don’t get out the helicopter. 4. Hold

the rope. 5. The lifeboats are on two sides the platform. 5.
What are the cranes ? 6. They are lifting things
boats. 7. The derrick is the well head area.

Exercise 16. Explain the meaning of the words and word
combinations. Work in pairs and compose a dialogue using the given word
combinations.

Safety training, offshore work, onshore work, medical test,
fire-fighting, escape course, production platform, derrick, drilling
platform, accommodation area, well head, drilling equipment, process area,
utilities.

Exercise 17. Retell the text Properties of Oil. You may use the plan

of the text given below.
1. Chemical composition of oil:

1.1. Hydrocarbon content:
a) The amount of carbon and hydrogen;
b) The paraffin series of hydrocarbons;
¢) The naphthene series of hydrocarbons.

1.2. Nonhydrocarbon content:
a) The amount of sulfur, nitrogen, and oxygen in oil;
b) Metallic elements of oil.
2. Physical properties of oil.
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UNIT 15
CLASSIFICATION OF OIL

Exercise 1. Learn the following words and word combinations.:

interior of the earth - Hagpa 3emi

deep Antiquity - 1aBHS AHTHYHICT

sulphurous - cipuanunit

homologous series - TOMOJOTIYHUH PsifT

geographical source - reorpadiuHe moXomKeHHS

unique - YHiKaIbHUHA

light volatile fluid - neTka pinuna

general toxicity - 3arajibHa TOKCHYHICTh

weathering - morogni yMoBu

to spread - momMpIOBaTUCS

odor - 3amax

evaporation rate - IIBUAKICTh BUIAPOBYBAaHHS

flammable - roprouwmii, 3aiiMucTHi

waxy or oily feel — cxoxuit Ha BiCk YU MAaCISTHUCTUN Ha IOTUK
to penetrate - TpoOHUKATH

persistent - CTIHKHH, CTAIWH, MOCTIHHUN

tarry - TATYYHi, TATY4Ya pedOBUHA

to smother - qymmTH, 3aguxaTucs

to drown - TOHYTH, TOTIUTH

to contaminate - 3a0pyIHIOBaTH

to coat surface - MOKpUBaTH NOBEPXHIO

cleanup - ounieHHs

disputable — cynepeunuBmii

distribution - momupeHHs

animal and vegetation residuals - TBapuHHI Ta POCIWHHI PEIITKH
oil-and-gas production deposit - miciie HahTO-Ta30BOr0 BUI0OYTKY
to extract — toOyBaTu

Exercise 2. Read and translate the text. Make the lists of basic oil

components and their contents.

Classification of Oil

Oil is the main source of fuel, lubricant and technical liquid
production. Oil production from interior of the earth on its surface is known
from deep Antiquity: Herodot, Aristotel, and Hypocrat mentioned oil. But
the development of oil industry began much later - only since the 60s of the
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19th century.

The natural oil represents a dense oily liquid. 90% of petroleum
compose hydrocarbon of various compound and structure. Basic elements
included into compound of oil are carbon (84%-87%) and hydrogen (12-
15%). Along with carbon and hydrogen sulfur, oxygen and nitrogen are
present in all oils. Nitrogen is in very little amount in oil (0.001-0.3%). And
the contents of oxygen varies within the limits of 0.1... 1% and about. The
contents of sulfur in petroleum changes from 0.05% up to 5% and more. It
is accepted to classify petroleum according to the contents of sulfur: with
the low sulfur contents - 1-st class (0.1-0.5%), sulfurous - 2-nd class
(0.5-2%) and with the high sulfur contents - 3-rd class (2-10%). The most
typical representatives of oil hydrocarbon are placed on the following
homologous series: alkanes (paraffin) - chemical naphthenes, aromatic
hydrocarbon. The hydrocarbons containing from one up to four atoms of
carbon (methane, ethane, propane, butane) are gases in normal conditions.

The petroleum industry often characterizes crude oils according to
their geographical source, e.g., Alaska North Slope Crude. Oils from
different geographical areas have unique properties; they can vary in
consistency from a light volatile fluid to a semi-solid.

There is also classification scheme that is more useful because it
offers information about general toxicity, physical state, and changes that
occur with time and weathering.

Class A: Light, Volatile Oils. These oils are highly fluid, often
clear, spread rapidly on solid or water surfaces, have a strong odor, a high
evaporation rate, and are usually flammable. Class A oils may be highly
toxic to humans, fish, and other biota. Most refined products and many of
the highest quality light crudes can be included in this class.

Class B: Non-Sticky Oils. These oils have a waxy or oily feel.
Class B oils are less toxic. As temperatures rise, their tendency to penetrate
porous substrates increases and they can be persistent.

Class C: Heavy, Sticky Oils. Class C oils are characteristically
viscous, sticky or tarry, and brown or black. Flushing with water will not
readily remove this material from surfaces. The density of Class C oils may
be near that of water and they often sink. Weathering or evaporation of
volatiles may produce solid or tarry Class D oil. Toxicity is low, but
wildlife can be smothered or drowned when contaminated. This class
includes residual fuel oils and medium to heavy crudes.

Class D: Nonfluid Oils. Class D oils are relatively non-toxic, and
are usually black or dark brown in color. When heated, Class D oils may
melt and coat surfaces making cleanup very difficult. Residual oils, heavy
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crude oils, some high paraffin oils, and some weathered oils fall into this
class.

These classifications are dynamic for spilled oils; weather
conditions and water temperature greatly influence the behavior of oil and
refined petroleum products in the environment.

The origin of petroleum is still disputable for the scientists of the
entire world. Among the existing theories about the origin of petroleum and
gas, the organic theory of the mixed origin received the greatest
distribution. According to this theory the animal and vegetation residuals
participate in petroleum and gas formation.

Ukraine is one of the most ancient oil-and-gas production deposits
on the territory of Carpathians region, which began more than 120 years
ago. During this time 250 million tons of petroleum with gas condensate
and almost 1.2 tons of gas were extracted.

Exercise 3. Answer the following questions.

1. What is the main source of fuel, lubricant and technical liquid
production? 2. Why do we consider that oil production from interior of the
earth on its surface was known in Antiquity? 3. When did the development
of oil industry begin? 4. What is the natural 0il? 5. What are basic elements
included into compound of 0il? 6. What other elements, except carbon and
hydrogen, are present in the 0il? 7. How can we classify petroleum
according to the contents of sulfur? 8. What hydrocarbons are gases in
normal conditions? 9. What classification scheme is more useful? 10.
Describe Class A (Class B, Class C, Class D) oil. . 1 1. Why is the origin of
petroleum still disputable for the scientists? 12. What theory received the
greatest distribution?

Exercise 4. Find the corresponding translation for the following

terms.

1. lubricant a) BMiCT

2. origin b) Hazmpa

3. residual C) CTapoAaBHil
4. interior d) noxomKeHHs
5. ratio €) POCIUHHICTb
6. mixture f) 3anumox

7. ancient g) TIOKJIau

8. deposits h) mactuio
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9. vegetation 1) CIIiBBiAHOILICHHS

10. production j) BHOOOYTOK

11. distribution K)CyIepeuInBHN

12. disputable 1) mpencraBHUK

13. contents m) PO3NOBCIOIKEHHS

14. representative ~ n) cyMimr

Exercise 5. Fill in the gaps using the list of words and word
combinations below.
carbon chemical naphthenes liquid
source Homologous series production
nitrogen Lubricant hydrogen
deposits Contents interior

Oil is the main of fuel, and technical liquid production. Oil

from of the earth on its surface is known from deep
Antiquity. The natural oil represents a dense oily . Basic elements
of oil are and . is in very little amount of oil (0.001 -
0.3%). The of sulfur in petroleum changes from 0.05% up to 5%.
The most typical representatives of oil hydrocarbon are placed on the
following : alkanes - , aromatic hydrocarbon. Ukraine is one
of the most ancient oil-and-gas production

Exercise 6. Match these words with their definitions

1.Liquid a) a gas that is an element and is the main part of Earth’s
air.

2. Oxygen b) an amount or layer of a substance in a particular place.

3. Nitrogen ¢) asubstance which flows and is not solid or a gas.

4. Carbon d) the things that are inside something.

5. Origin e) ancient times.

6. Deposit f) a gas that is lighter than air, and that becomes water

when it combines with oxygen.

7.Lubricant | g) the situation or place from which something comes or
8. Antiquity | where it began to exist.

9. Ratio h) a chemical element found in coal and petrol.

10. Hydrogen | i) a gas in the air that all living things need.

j) a substance that is put on things that rub together,
11.Contents | making them move more smoothly.

k) a relationship between 2 amounts written as two
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numbers that show how much bigger one amount is than
the other.

Exercise 7. Decide whether the following statements are true (T) or
false (F) in relation to the information in the text. If you think a statement is
false, change it to make it true.

1. Oil is the main source of production of fuel, lubricant and
technical liquids. 2. Oil production from interior is known from the Middle
Ages, because the representatives of that time - Herodot, Aristotel,
Hypocrat - mentioned oil. 3. Basic element included into compound of oil
are sulfur and carbon. 4. Nitrogen is in very little amount in oil. 5.
Petroleum can be classified according to the contents of carbon: 1-st class,
2-nd class and 3-rd class. 6. The hydrocarbons containing 3 atoms of
carbon are gases in normal conditions. 7. The origin of petroleum is
disputable for the scientists. 8. The only theory of the origin of petroleum is
the organic theory of the mixed origin.

Exercise 8. Look back in the text and find words that have a similar
meaning to:

Petroleum, burnable, questionable, to take part, to include, together
with, residue, fluid, effect, polluted

Exercise 9. Put all types of questions to the following sentences.
1. Development of oil industry began much later.

2. The natural oil represents a dense oily liquid.

3. The origin of petroleum is still disputable for the scientists.

Exercise 10. Put special questions to the underlined words.

1. According to this theory the animal and vegetation residuals participate
in petroleum and gas formation.

2. 90% of petroleum compose hydrocarbons of various compound and
structure.

3. The organic theory of the mixed origin received the greatest
distribution.

4. Basic elements of oil are carbon and hydrogen.

Exercise 11. Put the verbs in brackets into correct grammar form.
1. The main source of fuel, lubricant and technical liquids
production ... (to be) oil. 2. Herodot, Aristotel, Hypocrat ... (to mention) oil
in Antiquity. 3. The development of oil industry ... (to begin) in the 19th
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century. 4. The natural oil ... (to represent) a dense oily liquid. 5. Oil ... (to
include) carbon, hydrogen, sulfur, oxygen, nitrogen, etc. 6. The contents of
sulfur in petroleum ... (to be) 0.05% - 5%. 7. The hydrocarbons containing
1- 4 atoms of carbon ... (to be) gases in normal conditions. 8. The scientists
still ... (to dispute) about the origin of petroleum. 9. Ukraine ... (to have)
deposits on the territory of Carpathians region.

Exercise 12. Form the nouns from the following verbs using
suffixes -tion, -ant, -ment, etc. If you have any difficulties look for these
nouns in the text.

To classify, to develop, to distribute, to form, to modify, to
lubricate, to produce.

Exercise 13. Make up plural form for the following nouns.

Oil, source, compound, representative, theory, residual, process,
substance, deposit, mixture, scientist, element, naphthene, condition,
mineral.

Exercise 14. Write out ail compound nouns from the text. Translate
them into Ukrainian.
Example: liquid production - eucomoenenns piounu
oil production - eunyuenus nagpmu

Exercise 15. Translate into English.

1. Hadrra - me ocHOBHE JKEpesio BUTOTOBJICHHS MaluBa, MACTHI,
Tomo. 2. Bumydenns HadTH 3 Hagp 3emii BiIOMO 3 aHTHUYHOCTI. 3.
Po3Butok HagTOBOi mpomucioBocTi po3mouascs B 60pp. XIX cr. 4.
[Tpupoxna Hadra - e rycra MacisiHa pigusa. 5. Jlo ckinany HadTH BXOISATh
BYTJIELb, BOJICHb, CipKa, KUCEHb Ta a30T. 6. BiAmoBinHO 1o BMicTy Cipkw,
HadTy KiacudikytoTs Ha HadTy 1-ro Kmacy (3 HU3BKUM BMICTOM CipKH),
2-ro knacy (cipuanumil) Ta 3 Kimacy (3 BEJTHMKHM BMICTOM Cipku). 7.
[MoxomxeHHs HadTH BCe IIe CyNepewsuBe A BYCHUX BCHOTO CBITY. 8.
Cepen icHyI04HX T€Opid HAMOIIBIIOTO PO3MNOBCIOKEHHS 3100yIIa Teopis
3MILIaHOTO TOXO/MKEeHHS. 9. BiAmoBiaHo 10 wi€l Teopii TBapUHH 1 pOCIUHI
0epyThb y4yacTb y opMyBaHHi rasy i HapTu. 10. Yci roprodi marepiany, sxi
0epyTh ydacTb y (hopMyBaHHI HAaQTH, HA3UBAIOTHCS KaycTOOI0IITaMU.

Exercise 16. Insert the words and word combinations into the text
according to its context.
Variations, qualities, one oil field, properties, structure, influence, odour,
crude oil, products, classified, quality of the products, in terms of, as
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'heavy', different geographical locations, an API gravity, sulfur content,
'intermediate’, acidic material, 'sour’

The different Types of Crude oil have in viscosity and
appearance from to another. The variations range in , color
and in the basic properties and . While all Types of are
basically hydrocarbons, there are differences in their , especially in
the variations in the molecular . The many variations may also
the suitability of the different types of crude oil for particular and the
resulting . The different Types of crude oil are based on the
American Petroleum Gravity (API) gravity and viscosity. The properties
may vary proportion of hydrocarbon elements, sulfur content etc. as
it is extracted from all over the world. If the API gravity of the crude
oil is of 20 degrees or less, it is graded , those with of 40.1
degrees or greater than that is known as 'light' and if the oil ranges between
20 and 40.1 degrees, it is graded as . Classifications are made based
on the as well. Crude oil with low content of sulfur means 'sweet'
and the presence of high content sulfur is known as . The purity of
crude oil increases or decreases based on the sulfur content as sulfur is an

Exercise 17. Put the sentences into wright order to make the text.
Then work in teams and add to the text given below more information about
classification of oil.
(1) The viscosity and relative weight of crude oil varies and it can exist in
either liquid or solid state.
(2) It can be light or heavy, sticky or non-sticky and for some types of
crude oil, heavy flushing is required to remove it from the surfaces.
(3) Crude oil otherwise known as petroleum is a composition of
hydrocarbons and other compounds which is usually yellow or black in
color.
(4) It is extracted from the earth, formed naturally from the fossil of
animals and plants.
(5) Saudi Arabia, Kuwait, Qatar are major crude oil producing countries.
(6) The physical properties play a significant role in simplifying the
refinement process for the conversion of crude oil into various end
products.
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UNIT 16
MAIN OIL REFINERY PROCESSES

Exercise 1. Learn the following words and word combinations:
to meet the business objectives - 3a10BONBHATH HiAMPUEMHULBKI L basic
processing unit - 0CHOBHI IepepoOHi YCTaHOBKH
separating - BiJOKpeMJICHHS, cenapariis
converting - NepeTBOPEHH:, KOHBEPIIis
purifying - ouniieHHs
fractional distillation - ¢pakuiiina neperonka
distiller - quctunsaTOp
subsequent processing - mojaikIina o6podka
reformer - yctaHoBKa a7 pruopMiHTy
alkylation - ankimyBaHHs
coker - ycTaHOBKa JUII KOKCYBaHHSI
to withdraw - 3a0upaTn, BUTATYBaTH
storage tank - 6ax 11 30epiraHs
to pump - Ka4aTu, BUKa4yBaTH
constant rate - TocTiiiHa MIBUIKICTb
heat exchanger - TemnooOMiHHHK
furnace - iy, Tonka
fractionating column - ¢pakuifina pekrudikamiiina KoioHa
fractionating tray - Tapijka pexTu}ikaniiHOi KOJIOHU
to pipe - myckaT Tpyoamu
slot - mrinuHa, OTBIp
sidestream - MOTiK, MPOMI>XKHUHN MPOAYKT
light straight-run naphtha - cBiTiHii PAMOTiHHUH JTIrpoiH
to adjust - mpucTocoByBaTH
bitumen - 6iTy™m, achanbT
feedstock - cupoBuHa
lubricant - MmacTuiIO
liquefied petroleum gas - 3pimkenuit HahToBUIt ra3
to maintain - miaTpuMyBaTH, 30epiratu
wax precipitant - BOCKOBHI ocaj
metal scraper - 3aii3Ha ckoba
yield - Buxizn, BuAoOyTOK
impurity - qomimka
antiknock additives - anTHIETOHAIIHHI TpUCANKH
exhaust-treatment system - cucTema JuIsi OYMCTKH Bijl BUXJIOITHHUX Ta3iB
Nnoxious emissions - MIKIJIABI BUAIJIECHHS
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Exercise 2. Read and translate the text. Make the lists of basic oil
refinery processes and their characteristic features.

Main Oil Refinery Processes

Each refinery is uniquely designed to process specific crude oils
into selected products. In order to meet the business objectives of the
refinery, the process designer selects from an array of basic processing
units. In general, these units perform one of three functions:

1) separating the many types of hydrocarbon present in crude oils into
fractions of more closely related properties,
2) chemically converting the separated hydrocarbons into more desirable
reaction products, and
3) purifying the products of unwanted elements and compounds.
Separation
Fractional distillation

The primary process for separating the hydrocarbon components of
crude oil is fractional distillation. Crude oil distillers separate crude oil into
fractions for subsequent processing in such units as catalytic reformers,
cracking units, alkylation units, or cokers.

Crude oil is withdrawn from storage tanks at ambient temperature
and pumped at a constant rate through a series of heat exchangers in order
to reach a temperature of about 120° C. A controlled amount of fresh water
is introduced, and the mixture is pumped into a desalting drum, where it
passes through an electrical field and a saltwater phase is separated. The
desalted crude oil passes in a furnace. There it is heated to a temperature
between 315° and 400° C, depending on the type of crude oil and the end
products desired. A mixture of vapour and unvaporized oil passes from the
furnace into the fractionating column, a vertical cylindrical tower
containing 20 to 40 fractionating trays spaced at regular intervals.

The oil vapours rise up through the column and are condensed to a
liquid in a water- or air-cooled condenser at the top of the tower. A small
amount of gas remains uncondensed and is piped into the refinery fuel-gas
system. Part of the condensed liquid is pumped back into the top of the
column and descends from tray to tray, contacting rising vapours as they
pass through the slots in the trays. The liquid progressively absorbs heavier
constituents from the vapour and gives up lighter constituents to the vapour
phase. Condensation and reevaporation takes place on each tray.

Intermediate products, or “sidestreams,” are withdrawn at several
points from the column. Typical boiling ranges for various streams are as
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follows: light straight-run naphtha (overhead), 20°-95° C ; heavy naphtha
(top sidestream), 90°-165° C; crude kerosene (second sidestream), 150°-
245° C; light gas oil (third sidestream), 215°-315° C.

Vacuum distillation

The principles of vacuum distillation resemble those of fractional
distillation, except that larger-diameter columns are used.

The primary advantage of vacuum distillation is that it allows
distilling heavier materials at lower temperatures, thus avoiding thermal
cracking of the components. Firing conditions in the furnace are adjusted
so that oil temperatures usually do not exceed 425° C. The residue
remaining after vacuum distillation, called bitumen, may be further
blended to produce road asphalt or residual fuel oil, or it may be used as a
feedstock for thermal cracking or coking units. Vacuum distillation units
are essential parts of the many processing schemes designed to produce
lubricants.

Absorption

Absorption processes are employed to recover valuable light
components such as propane and butane. These volatile gases are bubbled
through an absorption fluid, such as kerosene or heavy naphtha, in
equipment resembling a fractionating column. The light products dissolve
in the oil while the dry gases (hydrogen, methane, ethane, and ethylene)
pass through undissolved. The light product vapours are condensed for
recovery as liquefied petroleum gas (LPG).

Crystallization

The crystallization of wax from lubricating oil fractions is essential
to make oils suitable for use. A solvent is first added to the oil, and the
solution is chilled to about -20° C. The function of the benzene is to keep
the oil in solution and maintain its fluidity at low temperatures, whereas the
methyl ethyl ketone acts as a wax precipitant. Rotary filters deposit the wax
crystals on a special cloth stretched over a perforated cylindrical drum. A
vacuum is maintained within the drum to draw the oil through the
perforations. The wax crystals are removed from the cloth by metal
scrapers.

Conversion

The separation processes described above are based on differences
in physical properties of the components of crude oil. All petroleum
refineries throughout the world employ at least crude oil distillation units to
separate naturally occurring fractions for further use, but those which
employ distillation alone are limited in their yield of valuable
transportation fuels. By adding more complex conversion processes that
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chemically change the molecular structure of naturally occurring
components of crude oil, it is possible to increase the yield of valuable
hydrocarbon compounds.
Purification

Before petroleum products can be marketed, certain impurities
must be removed. The most common impurities are sulfur compounds.
Apart from their foul odour, sulfur compounds are technically undesirable.
In motor and aviation fuels they reduce the effectiveness of antiknock
additives and interfere with the operation of exhaust-treatment systems. In
diesel fuel they cause engine corrosion and complicate exhaust-treatment
systems. Most crude oils contain small amounts of hydrogen sulfide, but
these levels may be increased by the decomposition of heavier sulfur
compounds during refinery processing. In order to minimize noxious
emissions, most refinery fuel gases are desulfurized.

Other undesirable components include nitrogen compounds, which
poison catalyst systems, and oxygenated compounds, which can lead to
colour formation and product instability.

Exercise 3. Answer the following questions.

1. What is refinery designed for? 2. What are the main refinery
processes? 3. What do crude oil distillers separate? 4. Tell about the
processes after crude oil is withdrawn from storage tanks. 5. What happens
with a small amount of uncondensed gas? 6. What distinguishes fractional
distillation from simple distillation columns? 7. Where does unvaporized
oil entering the column flow? 8. What is the difference between vacuum
and fractional distillation? 9. How may bitumen be used? 10. What is the
purpose of absorption? 11. What is the purpose of crystallization?

Exercise 4. Match these words with their definitions.

1. Refinery a) a liquid that can change a solid substance into
2. Fractional liquid;
distillation b) plant, designed to process specific crude oils
3. Sidestreams into selected products;
4. Bitumen ¢) process employed to recover valuable light
5. Absorption components from the vapors that leave the top of
6. Solvent crude-oil or process-unit fractionating columns
within the refinery;
d) the primary process for separating the
hydrocarbon components;
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e) intermediate products;
f) the residue remaining after vacuum
distillation.

Exercise 5. Decide whether the following statements are true (T) or
false (F) in relation to the information in the text or the information is not
enough to make a decision (?). If you think a statement is false, change it to
make it true.

1. Fractional distillation units are much larger than modern crude oil
distillation units employed in chemical and other industries.

2. The liquid absorbs heavier constituents from the vapour and gives up
lighter constituents to the vapour phase.

3. In comparison with vacuum distillation fractional distillation allows for
distilling heavier materials at lower temperatures.

4. The separation processes are based on differences in physical properties
of the components of crude oil.

5. The crystallization of wax from lubricating oil fractions is essential to
make oils suitable for use.

Exercise 6. Restore the order of the sentences to give the meaning
to the text.

Refinery Operations
(1) Once the basic products are distilled and cracked, they still may not
have the ideal formulation.
(2) Reforming may be used to adjust their composition.
(3) Refinery operations fall into three categories: physical separation
(distillation, solvent extraction, desulphurisation), breaking down
(cracking, visbreaking, coking) and rebuilding processes (reforming).
(4) The first process is distillation.
(5) Every crude oil has very different characteristics.
(6) It certainly contains a complex mixture of many different chemicals
which must be separated and treated.
(7) The different components of the mixture are separated in a distillation
column by their boiling range.
(8) Then the heavy fuel oils are cracked into the lighter components.
(9) Cracking is the process of reducing the size of the molecules to form
lighter ones.
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Exercise 7. Fill in the gaps using the list of words and word

combinations below.
separation hydrocarbon Sulfur
conversion purification Absorption

Basic refinery processes include separation, conversion and ....
The function of the separation process is to separate many types of ...
present in crude oil into fractions. The main processes of separation are
distillation, ... and crystallization. ... processes are based on differences in
physical properties of the components of crude oil. ... processes chemically
change the molecular structure of the components of crude oil. In diesel
fuel ... compounds can cause engine corrosion and complicate
exhaust-treatment systems.

Exercise 8. Put the verbs in brackets into correct grammar form.

1. Basic refinery processes ... (to perform) three functions. 2. A
crude oil distiller ... (to separate) crude oil into fractions. 3. As demand for
automotive fuel rose, methods for continuous distillation of crude oil ... (to
develop). 4. Reflux ... (to pump) back into the top of the column and ... (to
descend) from tray to tray. 5. In order to reduce the partial pressure of the
hydrocarbons and assist in the separation steam ... (to inject) into the
bottom of the column.

Exercise 9. Change the sentences with Passive Voice into the
sentences with Active Voice. Add more information about the processes
with the help of which the following actions are possible to make the
sentences sound right.

1. The crude oil is vapourised and passed into a vertical column. 2.
When heavy petroleum is heated above its decomposition temperature, the
molecules are broken down and rearranged. 3. Gas and petroleum coke are
also formed. 4. The heavy oil is heated to a lower temperature under
pressure with a catalyst. 5. Naphthalenes are converted to the
corresponding alkanes and alkenes. 6. Care must be taken to minimize the
formation of excessive coke. 7. Conditions can be adjusted to either
produce gas oil or coke as the main product.

Exercise 10. Put all types of questions to the following sentences.

1. The earliest refineries employed simple distillation to separate
the various constituents of petroleum. 2. Naphtha was primarily applied as
a solvent. 3. Methods for continuous distillation of crude oil were
developed.
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Exercise 11. Translate the sentences into English.

1. KoxxeH nepepoOHMiA 3aBOA CIIPOSKTOBAHHI TAKUM YHHOM, 11100
nepepobisiTi HeoOpoOneHy HadTy Ha neBHI HadrompoaykTH. 2. OCHOBHI
nepepoOHi yCTAaHOBKM BUKOHYIOTH TPU OCHOBHI (DYHKIIi: BHOKPEMIICHHS
OKpEeMHX BUJIB BYIJICBOJHIB, iX MEPETBOPECHHS Ha MEBHI MPOAYKTH Ta
OYMILEHHS OTPUMAHMX MPOJYKTIB BiJl HEOAKaHUX JOMIMIOK. 3. 3aleXHO
BiJ Ty HaTH Ta Bix Oa)kaHUX MPOIYKTIB CHpPY Ha(Ty HArpiBarOTh Bif
315 no 400 rpaamycis. 4. ®pakuiliHa pekTuikaLiiiHa KOJIOHA MPEICTABISIE
COOOF0 MWITIHJIPUYHY BeXKY 45 METpIiB 3aBBHIIKH, siKa MiCTUTH Bif 20 10 40
pexTu(diKaliiHUX TapiloK, PO3MIMIEHUX Yepe3 OAHAKOBI MPOMIXKKH. 5.
Pemtkn, mo 3anummaioTeCs Ha JAHI KOJIOHH, BHKOPUCTOBYIOTHCS JUIA
JOAaBaHHS 10 MPOMHCIOBUX NanuB. 6. OCHOBHI NPWHIMIIK BaKyyMHOI
MEPEeroHKy HaraayloTh NpuHOUNU (pakuidHoi meperoHku. 7. Ilpouecu
MOTJINHAHHS BUKOPUCTOBYIOTBCSL sl HOOYBaHHS I[IHHHUX JIETKUX
KOMITOHEHTIB, TaKuX SIK IporaH uu OyTtaH. 8. OcHOBHA (yHKIis OEH301Ty -
e MATPUMYBaHHS TEKYYOCTi NaJUBa 32 HU3bKUX TeMIIepaTyp.

Exercise 12. Match the given descriptions with the main refinery
processes.

1.Hydroforming A) is the oldest? simplest but least effective
(Hydrocracking) method where the molecules are broken down
by the action of heat. When heavy petroleum is
heated above its decomposition temperature,
the molecules are broken down and rearranged.
This results in an increased yield of gasoline.
2. Catalytic reforming Gas and petroleum coke are also formed.

B) is a sophisticated method. Catalysts are
usually natural or artificial clays. More recently
zeolites are used due to higher activity. The
3. Coking catalysts are in the form of pellets, beads or
powder depending on the process.

C) is the process used to crack the remaining
very heavy residues left from the refining
4. Catalytic Cracking process. These substances are very viscous and
are not easily transported. It is possible to
subject the substances to a mild cracking which
breaks down enough of the heavier compounds
5. Visbreaking to lower boiling point, less viscous ones to
greatly reduce the need for gas oil.

D) is undertaken in certain refineries to break
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down the final residuals to coke. Under severe
6. Thermal Cracking temperature conditions of thermal cracking, the
liquid feed is converted to gas, naphtha, fuel oil,
gas oil and coke. Conditions can be adjusted to
either produce gas oil or coke as the main
product.

E) is similar to thermal cracking in principle
and used to improve of octane number.
Temperature and pressure are generally higher
than for thermal cracking. Products of the
process are gasoline, residual oil and gases. The
amount of gasoline is dependent on temperature
but also on the catalyst. Catalyst not only
accelerate the process but increase the yield of
reformate.

F) is the process whereby the reduction in H to
C ratio of a high boiling point product. As the
number of C atoms in the molecule increases so
its hydrogen content falls. Heavy, high boiling
point fractions may be cracked in the presence
of high pressure hydrogen with catalyst to result
in saturated, lower boiling point products.

Exercise 13. Read the text and put ten special questions to its
content.

Crude oil is refined by a process called fractionation or distillation.
The word refining means ‘removing impurities or unwanted substances’.
The various constituents are separated in a fractionating column. The
process starts by heating the crude oil and then collecting the different gas
and vapour fractions as they condense at different levels in the column,
with the heavier fractions being taken off at the bottom. The process is
improved be reflux, that is, feeding some of the light liquids back down the
column, to give more efficient separation. Crude oil is separated into
around eight different fractions comprising hundreds of different
molecules.

The lightest fraction, petroleum gas, contains methane, ethane,
propane, and butane. Propane and butane are eventually stored under
pressure in small cylinders and sold for domestic heating and cooking.
Petroleum gas is also used as the feedstock for plastics and fertilizers.

The next fraction, naphtha, is a volatile liquid processed in the
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refinery to make heavier molecules which are blended with the next
heaviest and most valuable fraction, petrol, also called gasoline.

Heavier fractions are used for jet fuels, diesel fuels, lubricating
oils, and different grades of heating oil. The very heavy materials left are
residuals which are separated as bitumen and coke. They can also be
processed to break up the molecules and to add hydrogen obtained from the
lighter fractions. In this way, the value of the products is optimized to
maximize production of high-grade petrol.

The main impurity separated from oil is sulphur. Sulphur is
processed in the refinery and sold to the chemical industry.

After blending, products are stored in tank farms and distributed
by pipelines, road tankers, and ships to oil depots and by road tankers to
filling stations.

Exercise 14._Complete the sentences according to the text Ex. 13.

1. Fractionation is a ... 2. Fractionating column is a ... 3. Eight
different fractions can be ... 4. Petroleum gas is ... 5. Naphtha is ... 6. Jet
fuels, diesel fuels, lubricating oils are made ... 7. To maximize production
of high-grade petrol it is necessary ... 8. Sulphur is considered to be ... 9. Oil
products are distributed by ...

Exercise 15. Fill in the gaps with the verbs below. Define their

voice.
Bring, is connected, is hidden, is refined, is returned, is stored, manage,
take, travels

1. This is the jetty. Tankers crude oil to the refinery. They
unload the crude oil there. 2. The crude oil along the pipes into the
tanks at the tank farm. 3. The crude oil in the tanks until it is refined.
Some of them are 80 metres high. There are over 200 steps to the top. 4.
The oil in the distillation towers in the main refinery. 5. The pipes
take the products out of the refinery. Some of the pipes kerosene to
the airport. The refinery uses river water for cooling the machinery. The
used water to the salt marsh. It is often cleaner when it is returned
than it was when it was taken from the river. 7. The refinery to the
main road. All of the workers come and go that way. Some of the products
leave that way in tankers. 8. The admin block is where the offices are. The
people who work there the people and the machinery at the refinery.
9. The refinery from the neighbouring village by trees.
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Exercise 16. Retell the text Main_Qil Refinery Processes paying
attention to the following key points:

Three functions of basic processing units;
Fractional distillation;

Vacuum distillation;

Absorption;

Crystallization;

Conversion;

Purification.

Exercise 17. Imagine that you are a worker at the refinery in Asia-
Pacific region and your task is to run a tour for students about main
refinery processes and the whole refinery complex. Use your knowledge of

the lesson.
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UNIT 17
REFINERY INDUSTRY

Exercise 1. Learn the following words and word combinations:
petroleum - HadTa, OeH3UH
to be uniquely configured - OyTH yHiKaJIbHO CIPOEKTOBaHUM
to survey - MPOBOJUTH JOCIIIKECHHS, JOCTIHKyBaTh
available raw material - mocTynHa cupoBUHA
diesel oil — nu3enpHE Macio
fuel oil - manuBHE Macio0
to store - 30epiratu
pipeline - Tpy©onpoBig
to manufacture - BUpOOIATH
next alternation - HacTymHa (oAajibIIa) HepepooKa
remainder - 3aJHIIOK
black oil - HadToBHI 3anMUIIOK, Ma3yT
petroleum ether - HadTOBHII edip
dilutant - po3urHHUK
fabric - TkaHuHA
detonative firmness - geToHaLiliHa CTIUKICTH
octane number - OKTaHOBE YUCIIO
catalytic splitting - kataniTH4HE pO3UCIICHHS
density - rycTuna
heat burning - Ternyora 3ropsSHHS
pitch presence - mpUCyTHICTb CMOJIH
varnish painting industry-nako-¢pap6oBa iHIyCTpis
viscosity - B’SI3KiCTh
flashing temperature - TemrepaTypa 3anaaOBaHHS
estimation - oILiHKa
friction - Tepta
rigid surface - >xopcTka HOBEPXHSI
lubricative - MacTHIBHUIA
to be subjected - OyTu migHaHUM YOMYCh
to out-tune - maggaBaTH
industrial kiln - mpomucioBa miv jyis KanbIHALT

Exercise 2. Read and translate the text. Make the plan of the text.
Refinery Industry
Each petroleum refinery is uniquely configured to process a
specific raw material into desired products. In order to determine which
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configuration is most economical, engineers and planners survey the local
market for petroleum products and assess the available raw materials.

An oil refinery turns crude oil into petroleum gas, petrol/ gasoline,
kerosene, diesel oil, fuel oil, asphalt/ bitumen, and many other products.
First, the crude oil is pumped into the furnace, where it is boiled. Next the
boiling oil enters the bottom of the distillation tower. Boiling separates the
crude oil into fractions. Fraction means part. The fractions of crude oil are
products with different boiling points: petroleum gas, petrol, and so on. The
lightest product, petroleum gas, rises to the top. The heaviest products, like
asphalt, sink to the bottom. After the products are separated, they are piped
out of the tower. The different products are stored in the tanks in the
refinery. Finally, they are taken out of the refinery by tanker lorry, rail
tanker, boat, or pipeline.

Oil refinery complex of Ukraine consists of 6 plants that work due
to two schemes: fuel; fuel-lubricant. They refine 60 - 62 min tons of oil in
one year, and manufacturing more than 50 types of oil products. The most
important fractional components of primary oil refinery that are used as
goods products, or serve as raw materials for next alternation are:

- hydrocarbon gas (propane, butane);

- benzene fraction, temperature of boiling till 200 °C;

- kerosene fraction, temperature of boiling 220 - 275 °C;

- gas oil or diesel fuel, temperature of boiling 200 - 400 °C;

- lubricants, temperature of boiling 300 °C;

- remainder (black oil).

All these fractions are used for obtaining of light oil products.

The petroleum fraction includes so called petroleum ether and
extractional benzene. Petrol that dominantly contains hydrocarbons in
large quantities is used as aviation and automobile fuel or is also used as a
dilutant of oils, caoutchouc, for cleaning oil fabric. The manufacturing of
benzene makes 25 - 50% of all types of all products. The quality of benzene
depends on its detonative firmness and sulfur presence. As a rule for
manufacturing of petroleum with high detonative firmness, a highly octane
benzene fractions are used, that are obtained as a result of secondary
refining processes.

Gas-mixture of hydrocarbons is used as fuel for reactive tractor
engines and also for everyday needs. It is produced on the base of directly
outrunning fractions of oil and gas oils of catalytic splitting. The main
indicators of fuels quality for reactive engines are density, heat burning,
fractional structure, and sulfur and pitch presence. The significant part of
kerosene is listed to lower hydrocarbons. Gas oil is used as fuel for diesel
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engines, and also as a dilutant in varnish painting industry. The basic
exploitational characters of gas oil are speed of burning, fractional
structure, viscosity, flashing temperature, thickening, the content of pitch
like and corrosion active compounds.

Diesel fuels that contain lots of alkanes and small quantity of
arenes have the best speed of burning. The estimation of fuel burning is
realized with the help of octane number. Normal start and smooth work of
diesels is provided by using fuel with octane number being not less than 45.

The lubricants or oil, that include hydrocarbons, are cleaned and
used for lubrication of mechanisms, with the purpose of reducing of
friction between rigid surfaces of moving particles of different engines,
machines. Lubricants are mixtures of liquid highly boiling fractions. Due to
the region of using they are divided into special and lubricative.
Lubricative are divided into industrial, engine, vacuum, energetic,
cylindrical, transmission, axelic, hydraulic.

After outrunning of oil of light products the viscous black liquid
black oil remains. As a rule, black oil is subjected to another alternation by
the way of heating. To avoid decomposition, it is out-tuned under low
pressure, emitting lubricants. Except alternation on lubricant, black oil is
subjected to chemical alternation on petrol, and also is used liquid fuel in
vapor boilers of thermal plants, and different industrial kilns. For
characteristic of exploitational properties of black oil such indicators are
used: density, viscosity, water and carbon containing.

From black oil of some oil types, vaseline and paraffin are
produced. The black oil remain is called oil hydron. Vaseline is used in
medicine. It consists of mixture of liquid and rigid hydrocarbons. Paraffin
is used for producing of higher carbon acids, for producing pencils,
matchers, and candles. It consists of mixture of rigid hydrocarbons.

Exercise 3. Answer the following questions.

1. How is each petroleum refinery configured? 2. What products
do an oil refinery turn crude oil into? 3. How is the crude oil separated into
fractions? 4. What is the lightest oil product? 5. What is the heaviest oil
product? 6. What does oil refinery complex of Ukraine consist of? 7. What
does the petroleum fraction include? 8. What do you know about
lubricants? 9. What indicators are used for characteristic of exploitational
properties? 10. What is black o0il? What is produced from it?

Exercise 4. Translate the following words and word combinations
into English.
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MacnsHa ropioya piIuHa, PO3UMHHMH, MOJIEKYyJspHa Maca,
KHCEHb, CipKa, a30T, cMoia, edip, ra3oiisib, 107 (YacTka), Temreparypa
KWIIHHSL, Ma3yT, 3aJMIIOK, JETKWH Ha(TONpOAyKT, KaydyK, HpOIIaH,
OyTaH, OEH30I, TU3eNIbHE MATMBO, OKTAHOBE YHCIIO, PEAKTUBHUN IBUTYH,
B’SI3KiCTh, TEPTs, napadiH, CApOBHHA, 3a0pyTHEHHS, T1IPaBIIYHUI.

Exercise 5. Fill in the gaps with the following words.

Pitch fraction varnish
Hydrocarbons engines water
Lubricants caoutchouc liquid
Sources dilutant density
Aviation gas oil
Oil is one of the important natural of hydrocarbons. It is a
greasy burning that has dark-brown or black color with
characteristic smell. It is lighter than , practically not dilutable in it.
Oil is the mixture of of different molecular mass. The petroleum
includes ether and extractional benzene. Petrol is used as and
automobile fuel. It is also used as a of oils, , for cleaning oil
fabric. The main indicators of fuel quality for reactive engines are
heat burning, fractional structure, and sulfur and presence. is
used as fuel for diesel , and as a dilutant in painting industry.
Due to the region of using are divided into special and lubricative.

Exercise 6. Complete the sentences.

1. Each petroleum refinery is uniquely ... 2. An oil refinery turns
crude oil into ... 3. First, the crude oil is ... 4. Next the boiling oil enters ... 5.
The fractions of crude oil are ... 6. The different products are stored in ... 7.
Oil refinery complex of Ukraine consists of ... 8. The most important
fractional components of primary oil refinery are ... 9. The petroleum
fraction includes ... 10. The quality of benzene depends on its ... 11. The
main indicators of fuel quality for reactive engines are ... 12. Gas oil is used
... 13. Lubricants are mixtures ... 14. Vaseline and paraffin are produced ...

Exercise 7. Put all types of questions to the following sentences.

1. The oil structure of different deposits is not similar. 2. Oil
refinery complex of Ukraine consists of six plants. 3. Vaseline is used in
medicine. 4. The basic exploitational characteristics of gas oil are speed of
burning, viscosity and so on. 5. Ukrainian 6 plants refine 60 - 62 min tons
of oil per year.
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Exercise 8. Translate the following sentences into Ukrainian in
written form. Pay attention to the constructions with adjectives: (more ...)/-
er ... than, the -er/ more ... the -er/ more ... (wum ...mum ...). Make up your
own sentences with these constructions.

1. The higher density the bigger quantity of fuel will be possible to load
into container of flying vehicle.

2. The higher pressure of vapors, the better fuel evaporation will be.

3. Oil is lighter than water, practically not dilutable in it.

Exercise 9. Fill in the gaps with correct prepositions if they are
necessary (to, by, into, of from, with, for).

1. Vaseline and paraffin are produced ... black oil of some oil
types. 2. Paraffin is used ... producing of higher carbon acids, ... producing
pencils, matches, candles. 3. Black oil is subjected ... another alternation ...
the way of heating. 4. Oil is the mixture ... hydrocarbons of different
molecular mass. 5. Substances ... small molecular mass have low
temperature of boiling. 6. The oil from western Ukraine consists ... more
concentrated hydrocarbons. 7. Except hydrocarbons, oil contains ...
oxygen, sulfur and nitrogen. 8. Lubricative are divided ... industrial,
engine, vacuum, energetic, cylindrical, and hydraulic.

Exercise 10. Rewrite the following sentences in Passive Voice.

1. They refine 60 - 62 min tons of oil in one year. 2. They use these
fractions for obtaining of light oil products. 3. They clean and use
lubricants for lubrication of mechanisms. 4. They divide lubricative
substance into industrial, vacuum, energetic. 5. They produce vaseline and
paraffin from black oil.

Exercise 11. Put the verbs in brackets into correct grammar form.

1. Naphthalenes (to convert) to the corresponding alkanes and
alkenes. 2. Catalyst regeneration (to be) vital to the economics of the
process. 3. The most important fractional components of primary oil
refinery (to use) as goods products or as raw materials for next alternation.
4. Density, heat burning, fractional structure, sulfur and pitch presence (to
be) the main indicators of fuel quality. 5. Hydrocarbons of different
molecular mass (to have) different temperatures of boiling. 6. The quality
of benzene (to depend) on its detonative firmness and sulfur presence. 7.
Care (must/ to take) to minimize the formation of excessive coke. 8. Very
heavy fuel oils (to be) only valuable in power generation where they (to
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compete) with the cheaper alternative coal. 9. In Venezuela, the oil (to be)
relatively close to the surface and hence all the lighter fractions (to
evaporate) off over the years leaving the heavier residue.

Exercise 12. Circle the correct answer choice for each question.
1. Oil is lighter than water, practically not... in it.

a) dilute; b) dilutant; c) dilutable.
2. The rigid and gaseous hydrocarbons ... in oil.
a) dilute; b) dilutant; c) dilutable.
3. Petrol is used as a ... of oils, caoutchouc, for cleaning oil fabric.
a) dilute; b) dilutant; c) dilutable.
4. The ... is a mixture of liquid highly boiling fractions.
a) lubrication; b) lubricant; c) lubricative.

5. These materials are used for ... of mechanisms in order to reduce the
friction between rigid surfaces.

a) lubrication; b) lubricant; c) lubricative.
6. Due to the region of using lubricants are divided into special and ... .
a) lubrication;  b) lubricant; ¢)lubricative.

Exercise 13. Translate into English paying special attention to the
use of Passive Voice.

1. Ac¢anbT BUKOPUCTOBYETHCS Ui TOKpiBIi OyAMHKIB. 2.
3pimkennii HahTOBUH ra3 4acTO BUKOPUCTOBYETHCS AJIsl 3allPaBKH IIEBHUX
BUJIB aBTOMOOLTIB. 3. Heounnena HadTa HaIXOAUTh 3i CBEPJIOBUHH JI0
HagTorepepoOHOr0 3aBOAY, N¢ 1i IMEpPeraHsloTh Ha JIETKI Ta BaxKi
HapTONPOAYKTH, Taki sk OeH3uH Ta achansT. 4. Koxen HapronepepoOHMiA
3aBOJI CKOHCTPYHOBAHMUH TaKUM YWHOM, LIO0 MepepoOsiTH CUPOBHHY Ha
neBHi HadTompoaykTH. 5. HadtonepepoOHuii komiuiekc YxpaiHu
CKIafaeThes 13 6 3aBOIB, sIKi epepodsitoTh 60 - 62 MITH. TOHH HadTH Ha
pik. 6. bensunoBa wactka Bminrye HadToBui edip Ta O6eHzon. 7. benzun
BUKOPHUCTOBYETBCA SIK MaJMBO ISl JIITAaKiB Ta aBTOMOOLUNIB; HUM TaKOX
po30aBislOTE Macia, Kaydyyk. 8. Haiikpally MIBHIKICTH CHANIOBaHHS
MaloTh AU3EJIbHI NaTUBa, SIKi CKJIAAal0THCS 3 BEIUKOT KUTBKOCTI aJKaHiB Ta
HEBENUKOI KIJIBKOCTI apeHiB. 9. JIns XapakTepUCTUKU eKCIUTyaTalliitHuX
BJIACTUBOCTEH Ma3yTy BUKOPHCTOBYIOTHCSI Taki 1HIUKATOpH: TYCTHHA,
B’S3KiCTh, BMICT BOJH 1 ByrJIelto. 10. Bazenin mmpoko BUKOPUCTOBYETHCS
B MEIWIMHI, a napadid BUKOPUCTOBYETHCS I BUTOTOBJICHHS OJIIBLIB,
CIPHUKIB Ta CBIUOK.
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Exercise 14. Read the given paragraphs and arrange them into the
right order to make the text.

What is the oil and gas industry?

(1) Refinery capacities and throughputs in the West have stayed
fairly constant over the past decade, with operations concentrating on
improved efficiency.

(2) The UK oil and gas industry is Britain's greatest industrial
success story in the last 50 years. Oil and gas provide energy and essential
chemicals for the transport, industry and homes, and earn valuable tax and
export revenues to support the British economy.

(3) Refineries employ engineers, designers, technicians, and
administration personnel who maintain and improve the plant.

(4) However, there has been a large increase in refinery capacity in
China, the Asia-Pacific region, and Africa as these producing countries
have begun to build and operate their own refineries.

(5) It is an exciting place to work, even though the environment is
somewhat noisy and smelly. With the high temperatures and pressures, and
the explosive and flammable nature of the materials, a refinery is a
hazardous place and so a great of attention is paid to health, safety, and
protecting the environment.

Exercise 15. Match the names of the positions with the
descriptions of the duties the people who obtain them perform to find out
who are the people in a typical drilling crew.

1. Roustabouts A) work high up on the monkey board about 25
metres above the floor. They guide the top part of the
drill pipe. At other times, they help the mud
2. Roughnecks engineers: they check the mud and maintain the
pump. The mud must not be too thick or too thin, and
the pump must keep working;
3. Dervickmen B) supervise and train the drilling crew, and they
control the drilling equipment. For example, they
operate the motor that lifts the drill pipes. They
4. Drillers control the speed of the drill. On very modem rigs,
they sit in a special chairs that have joystick controls
and display screens;
5. Rig managers or C) are like roustabouts, but they are more skilled.
toolpushers They work on the drilling floor. They connect the
heavy drill pipes and put them into the hole, or they
disconnect the pipes as they come up out of the hole;
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D) the most senior persons in the drilling crew. They
are usually the oldest and most experienced people.
They make sure the crew has all the right equipment
and are responsible for their safety and for
paperwork;

E) are often the youngest people in a drilling crew.
They clean, maintain, and move equipment and help
the other workers. If they want better jobs, they work
hard, listen carefully, and learn fast.

Exercise 16. Answer the questions.
Which person/ people
a) are usually the youngest and the most junior?
b) is usually the oldest and the most senior?
¢) need to be strong? Why?
d) is not afraid of high places?
e) must watch gauges and screens carefully? Why?
f) needs a desk and a telephone? Why?
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UNIT 18
OIL PRODUCTS AND THEIR USES

Exercise 1._Learn the following words and word combinations:
to consume - CIIOKMBAaTH
refinery desulfurization
facilities - ycranoBku 17151 Aecynbdypu3anii HAQTONPOIYKTiB
heating value - TemaoTBOpPHA 34aTHICTD
periodic variability - mepioguyHa MiHIUBICTH
portable fuel - nerke nmanuBo
domestic heating - onanenss Oy IuHKIB
illuminant gkepesno cBiTia, OCBITIIOBAY
to diminish - 3MeHIIyBaTH, 3HKYBaTH
jet engine - peakTUBHUI JBUTYH
flash point specification - Touka ciajgaxy
fire hazard - Hebe3neka moxxexi
handling - moBoKeHHS
high-altitude flight - momnit Ha BucoTi
conventional
freeze-point specification - yMoBHa TOUKa 3aMep3aHHs
to induce - COPUYKHATH, BUKIUKATH
compression - CTUCHEHHSI, THCK
to inject - BIIOPCKyBaTH, BBOAUTH
cetane rating - IUTaHOBA YacTKa
marine diesel oil - Tu3enpHE MaTUBO 11T MOPCHKUX MTOTPEO
to command - KOIITYBaTH, BCTAHOBJIIOBATH
to foul - 3a0pyaHIOBaTH, 3aCMidyBaTH
to restrict - oOMexxyBaTH
high-speed spindle - mBuaKicHui Bax
gear - MiAUITHAKA
multigrade oil - MmacTuna MUPOKOTO CIEKTPY BUKOPUCTAHHS
additive - momimika
detergent - ne3iHdexuiiinuii 3aci6
fine carbon particles - apiOHI YacTOUKH BYyTIEIIO
to suspend - 3aBucaru
friction - Tepta
wear - 3HOILITYBaHHS
axle - Bich
to prevent the seizing - mepemkoKaTH TEPTIO
thickening agent - 3arymyBau
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s0ap - MHJIO
roofing felt - mokpiBenbHUI MaTepian
electrical insulation — enexTpoizomALis

Exercise 2. Read and translate the text. Make the plan of the text.

Oil Products and Their Uses

Gases. Gaseous refinery products include hydrogen, fuel gas,
ethane and propane or LPG. Most of the hydrogen is consumed in refinery
desulfurization facilities; small quantities may be delivered to the refinery
fuel system. Refinery fuel gas usually has a heating value similar to natural
gas and is consumed in plant operations. Periodic variability in heating
value makes it unsuitable for delivery to consumer gas systems. Ethane
may be recovered from the refinery fuel system for use as a petrochemical
feedstock. Liquefied petroleum gas, or LPG, is a convenient, portable fuel
for domestic heating and cooking or light industrial use.

Kerosene. Though its use as an illuminant has greatly diminished,
kerosene is still used extensively throughout the world in cooking and
space heating and is the primary fuel for modem jet engines. When burned
as a domestic fuel, kerosene must produce a flame free of smoke and odour.
Standard laboratory procedures test these properties by burning the oil in
special lamps. All kerosene fuels must satisfy minimum flash point
specifications (49°C) to limit fire hazard in storage and handling. Jet fuels
must bum cleanly and remain fluid and free from wax particles at the low
temperatures experienced in high-altitude flight. The conventional freeze-
point specification for commercial jet fuel is 50°C. The fuel must also be
free of any suspended water particles that might cause blockage of the fuel
system with ice particles.

Diesel oil. The principal end use of gas oil is as diesel fuel for
powering automobile, bus, and railway engines. In a diesel engine,
combustion is induced by the heat of compression of the air in the cylinder
under compression. Detonation, which leads to harmful knocking in a
gasoline engine, is a necessity for the diesel engine. A good diesel fuel
starts to bum at several locations within the cylinder after the fuel is
injected.

High-quality diesel fuels have cetane ratings of about 50, giving
the same combustion characteristics as a 50-50 mixture of standard fuels.
The large, slower engines in ships and stationary power plants can tolerate
even heavier diesel oils. The more viscous marine diesel oils are heated to
permit easy pumping and to give the correct viscosity at the fuel injectors
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for good combustion.

Fuel oils. Furnace oil consists largely of residues from crude oil
refining. These are blended with other suitable gas oil fractions in order to
achieve the viscosity required for convenient handling. As a residue
product, fuel oil is the only refined product of significant quantity that
commands a market price lower than the cost of crude oil. Because the
sulfur contained in the crude oil is concentrated in the residue material, fuel
oil sulfur levels naturally vary from than 1 to as much as 6 percent.
However, residual fuels may contain large quantities of heavy metals such
as nickel and vanadium; this produce ash upon burning and can foul burner
systems. Such contaminants are not easily removed and usually lead to
lower market prices for fuel oils with high metal contents. In order to
reduce air pollution, most industrialized countries now restrict the sulfur
content of fuel oils. Such regulation has to the construction of residual
desulfurization units or cockers in refineries that produce these fuels.

Lubricating oils. Viscosity is the basic property by which
lubricating oils are classified. The requirements vary from very thin oil
needed for the high-speed spindles of textile machinery to the viscous,
tacky materials applied to open gears or wire ropes. Between these
extremes is a wide range of products with special characteristics.
Automotive oils represent the largest segment in the market.

Recently multigrade oils have been developed using long-chain
polymers. Such oil performs well under cold starting conditions in winter
yet will lubricate under high-temperature running conditions in the summer
as well. Other additives that improve the performance of lubricating oils
are antioxidants and detergents, which maintain engine cleanliness and
keep fine carbon particles suspended in the circulating oil.

Gear oils and greases. In gear lubrication the oil separates metal
surfaces, reducing friction and wear. Extreme pressures develop in some
gears, notably those in the rear axles of cars, and special additives must be
employed to prevent the seizing of the metal surfaces. These oils contain
sulfur compounds that form a resistant film on the surfaces, preventing
actual metal-to-metal contact. Greases are lubricating oils to which
thickening agents are added. Soaps of aluminum, calcium, lithium, and
sodium are commonly used, while non-soap thickeners such as carbon,
silica, and polyethylene also are employed for special purposes.

Other petroleum products. Highly purified naphthas are used for
solvents in paints, cosmetics, commercial dry cleaning, and industrial
product manufacture. Petroleum waxes are employed in paper manufacture
and foodstuffs. Asphaltic bitumen is widely used for the construction of
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roads and airfields. Specialized applications of bitumen also include the
manufacture of roofing felts, waterproof papers, pipeline coatings, and
electrical insulation. Carbon black is manufactured by decomposing liquid
hydrocarbon fractions. It is compounded with rubber in tire manufacture
and is a constituent of printing inks and lacquers.

Exercise 3. Answer the following questions.

1. How is kerosene used nowadays? 2. Kerosene must produce a
flame free of smoke and odour, must not it? 3. What characteristics must jet
fuel have? 4. What is the best diesel fuel made of? 5. What engines can
tolerate even heavy diesel oils? 6. Why are the more viscous marine diesel
oils heated? 7. What can you tell about the standards for diesel fuel quality?
8. Does furnace oil consist of residues from crude oil refining? 9. What
may residual fuels contain? 10. What is done to reduce air pollution? 11.
How do requirements for viscosity vary? 12. What can you tell about
automotive oils? 13. How do lubricating properties depend on
temperature? 14. What quality of lubricating oils maintains engine
cleanliness? 15. What are greases?

Exercise 4. Match words with their definitions.

1. Kerosene IA) the white, grey or black gas that is produced by
2. Residue burning something;
3. Friction B) a thick substance made of oils or fats, used forn
4. Wear making things such as candles for polishing things;
5. Odour C) in natural condition;
6. Power plant D) a type of oil that is burned for heat and light;
7. Crude E) very small piece of something;
8. Fuel F) damage caused when something is used over a
0. Grease long period;
10 Particle G) a thick oily substance that is put on the moving
11. Gear parts of something to make it run smoothly;
12. Smoke H) a substance that remains after something else has
13. Wax disappeared or being removed;
14. Detergent I) equipment in a car or other vehicle that turns power|
from the engine into movement;
J) a substance which can be burned to produce heat o
power;
K)a liquid or power containing soap, used for
washing clothes machines;
L)when one surface rubs against another;
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M)a smell, especially an unpleasant one;
IN) a building where electricity is made.

Exercise 5. Fill in the gaps using the list of words or word

combinations below.
Residues, jet fuels, lubrication, jet engines, friction, diesel fuel, greases,
sulfur, antioxidants, kerosene, wax, viscosity

1. ... is still used throughout the world in cooking and space heating and is
the fuel for modem . 2. must bum cleanly and remain fluid and
free from particles at the low temperatures. 3. The principal end use
of gas oil is as for powering automobile, truck, bus, and railway
engines. Furnace oil consists of from crude oil refining. 5. In order to
reduce air pollution, most industrialized countries restrict the
content of fuel oils. 6. is the basic property by which lubricating oils
are classified. 7. Other additives that improve the performance of
lubricating oils are and detergents. 8. In gear the oil separates
metal surfaces, reducing and wear. 9. are lubricating oils to
which thickening agents are added.

Exercise 6. Complete the following sentences.
1. Kerosene is still used extensively throughout the world in ... .
2. When burned as a domestic fuel, kerosene must produce a flame free of
... 3. The principal end use of gas oil is as diesel fuel for powering ... . 4.
Furnace oil consists largely of ... . 5. Residual fuels may contain large
quantities of... 6. Viscosity is the basic property by which ... . 7. Greases are
lubricating oils to which ... . 8. In gear lubrication the oil separates ... .

Exercise 7. Decide whether the following statements are true (T)
or false (F) in relation to the information in the text.

1. Kerosene is still used extensively as an illuminant. 2. All
kerosene fuels must satisfy minimum flash point specifications (49° C) to
limit fire hazard in storage and handling. 3. Furnace oil consists mainly of
residues from crude oil refining. 4. Fuel oils are used for powering
automobile, truck, bus and railway engines. 5. In order to reduce air
pollution, many countries reduce the sulfur content of fuel oils. 6.
Nowadays the suitability of petroleum fractions for use as lubricants
depends on the crude oils from which they are derived. 7. Gear oils separate
metal surfaces and reduce friction and wear.
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Exercise 8. Circle the correct verb form to fill in the gaps in the
sentences.
1. Standard laboratory procedures ... these properties by burning the oil in
special lamps.

a) tests b) test c) are testing

2. Detonation ... to harmful knocking in a gasoline engine.
a) leads b) isleading c) lead

3. Oils ... to permit easy pumping.
a) heat b) are heated c) is heated

4. Most industrialized countries now ... the sulfur content of fuel oils.
a) is restricting b) restricted c) restrict

Exercise 9. Rewrite the following sentences in Passive Voice.

1. Straight-chain hydrocarbons make the best diesel fuel. 2. We
use kerosene extensively throughout the world in cooking and space
heating. 3. We heat the more viscous marine diesel oils to permit easy
pumping. 4. Industrialized countries restrict the sulfur content of fuel oils.
5. The Society of Automotive Engineers defined specifications for
automobile oils. 6. In gear lubrication the oil separates metal surfaces. 7.
We employ nonsoap thickeners for special purposes.

Exercise 10. Put special questions to the underlined words.

1. Kerosene is used in cooking and space heating. 2. In gears
lubrication the oil separates metal surfaces. 3. Residual fuels may contain
large quantities of heavy metals. 4. Kerosene must produce a flame free of
smoke and odour. 5. Automotive oils represent the largest segment in the
market.

Exercise 11. Choose the correct word to complete each sentence.
Define their part of speech. You can change the words slightly,
lubrication - lubricant - lubricating - lubricate
1. Such an oil under high-temperature running conditions in
the summer. 2. Earlier the suitability of petroleum fractions for use as
depended entirely on the crude oil. 3. Greases are oils to
which thickening agents are added. 4. The purpose of engine is to
prevent metal-to-metal contact between parts.
viscous — viscosity
1. is the basic property by which lubricating oils are
classified 2. More marine diesel oils are heated to permit easy pumping and
to give the correct at the fuel injectors for good combustion.
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contaminant - contamination - to contaminate

1. Chemical waste had the water supply. 2. Such _ are
not easily removed and usually lead to lower market prices for fuel oils. 3.
In order to reduce many countries restrict the sulfur content of fuel
oils.

Exercise 12. Look back in the text and find words that have a
similar meaning to the given words.

Up-to-date, smell, danger, contamination, to divide, to lower,
remainder, to use, to allow, to produce.

Exercise 13. Use the information in the text to complete the
dialogue in your own words.
A: What oil products do you know?

B:....

A: Where is kerosene used nowadays?

B:....

A: What are the main characteristics of kerosene?

B:...

A:...?

B: Diesel fuel is used for powering automobile, truck, bus and railway
engines.

A:...?

B: It starts to burn at several locations within the cylinder after the fuel
is injected.
A: What is the purpose of oil in gear lubrication?

B: These oils contain sulfur compounds.

Exercise 14. Translate into English.

1. T'ac Bce 1m1e MMPOKO BUKOPUCTOBYETHCS MPH MPUTOTYBaHHI X,
1 € OCHOBHUM MaJIMBOM JJIsl Cy4YaCHUX PEaKTHUBHUX ABUTYHIB. 2. PeakTuBHI
MaJMBa MOBUHHI 3rOPSATH YHCTO i 3JIMIIATH PiIMHY 0€3 4acTOYOK BOCKY
Opd HU3BKUX TeMmmeparypax. 3. BiiicbkoBi peakTuBHI nanuBa
CHELiaIbHOTO TPU3HAYCHHS! MAIOTh HaBiTh Oilblle CYyBOPHUX BHMOT. 4.
[TanmBHE Mac0 CKIANAETHCS 3 BETUKOI KUTBKOCTI 3aJTUILIKIB B/l OUHIIEHHS
Haptu. 5. llpuponHiii ra3 3gaTHUA 3MeEHIIyBaTh O0’€M NIpH HOTO
HU3BKOTEMIIEpaTypHOMY 3pimxkeHHi. 6. [IpomgykTamMu MOBHOTO 3TOpSHHS
METaHy € HEIIKiJIMBI PEYOBHHU - BYIJIeKUCINH a3 1 Boga. 7. LLinbHICTH
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MPUPOAHBOTO Ta3y B TUCSUY Pa3 HIKYE MIIJIBHOCTI OCH3UHY.

Exercise 15. Translate the text in written form and put ten
questions to it.

Petrochemicals

Petrochemicals are chemicals derived from petroleum, that is, oil
and gas formed from the decayed remains of marine plants and animals
millions of years ago. Coal was formed from land-based organisms and is a
hard, brittle rock composed mainly of carbon, whereas oil is a liquid. Coal,
oil, and gas are known as fossil fuels. Oil and gas contain mainly carbon
and hydrogen, and so they are called hydrocarbons. Carbon is twelve times
heavier than hydrogen and one carbon atom combines with up to four
atoms of hydrogen. As more carbon atoms combine together and with
hydrogen, the resulting compounds become heavier. The lightest, simplest
hydrocarbon is methane, which has the chemical formula CH4. Heavier
gases are ethane (C;Hg), propane (CsHs), and butane (C4Hio). The next
compound in the series, pentane (CsHiz), is a volatile liquid at room
temperature.

A simple chemical with a double carbon bond is the gas ethylene
(C2Hy) which is produced by steam cracking in the refinery. It is used in
chemical plants to make polyethylene by joining the ethylene molecules
together under pressure in the presence of a catalyst. It is the most widely
used plastic, mainly produced in sheets for packaging. The names of many
other useful polymers begin with the prefix 'poly'. Polyester, polystyrene,
polyamide (nylon), polycarbonate, and polyvinyl chloride are examples.
Many of these polymers can be extruded to produce pipes and fibers. The
fibers can be made into fabrics. Plastics can be moulded into complex
shapes or made with air bubbles to produce foam. Certain polymers
combined with carbon black are substitute for natural rubber and are used
to make car tyres.

Synthetic resins are petrochemical liquids that are capable of
hardening. They are used for paints, adhesives, and varnishes. Epoxy resin
is used with a hardener in conjunction with a strong fiber such as glass or
carbon. Such materials are stiff, strong, and light. They are replacing
aluminum as a structural material in aircraft. The properties of
petrochemicals are superior and more consistent than natural materials.
They are also cheap to produce and relatively expensive to recycle so they
create problems in disposal and pollution.
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Exercise 16. Choose the products made of oil or natural gas from
the list and make a short presentation about its production and use.

Petrol, plastic bags, propane, some chemicals in detergents,
asphalt, some chemicals in fertilizers, tyres, rubber, medications,
cosmetics, paints, clothes.

Exercise 17. A) Choose the correct definition for each word.
carbon black - a) a fuel; b) a colouring;
in prehistoric times - a) a very long time ago; b) recently;
plentiful - a) dangerous; b) easy to find;
inexpensive - a) cheap; b) hard to get;
crayon - a) a type of tyre; b) a drawing tool;
by-product - a) an extra, unneeded product; b) a flammable product;
. hydrocarbon molecule - a) petrochemicals; b) pieces of hydrogen and
carbon;
8. familiar - a) known by many people; b) useful;
9. synthetic - a) manmade; b) natural.

B) Read the text and check whether your choises are correct.

Before oil and gas were freely available, people made everyday
things from natural materials. Clothes were made from cotton, wool, and
leather. Containers, for example bottles and cups, were made from metal,
glass, and clay. Paints and cosmetics were made from plants and minerals.
One example of a natural product is carbon black. It's a colouring used in
ink for writing and drawing and for paint. It is made by burning wood, oil,
or other natural materials. It was discovered in prehistoric times, and it's
commonly used today.

The first petrochemical factory was built in 1872, and it made
carbon black from natural gas. Carbon black wasn't a new product, but
using a factory was a new way of making it. It became possible to make
large amounts of it cheaply because natural gas was plentiful and
inexpensive. At that time, carbon black was used to make ink, paint, and
crayons. It is now used mostly to make car tyres.

In the early 1900, the petrochemical business began to grow. There
were a lot of oil refineries, and they created chemical by-products. Oil
companies wanted to find ways to use these chemicals. Soon scientists and
engineers learned to change the hydrocarbon molecules in coal, petroleum,
and refinery by-products. From the 1920s to the 1940s, familiar man-made
products like nylon, polystyrene, and polyvinyl chloride were developed.
Synthetic dyes, paints, and medicines were invented.

Today, petrochemical products are everywhere. They are very
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useful, but they also have some problems. People throw away a lot of
plastic products because they are inexpensive. One problem with plastics is
that generally they do not rot or break up like natural materials. Plastic bags
are already polluting oceans and killing wildlife. They cannot easily be
remelted and reused. Scientists and petrochemical manufacturers continue
their work to develop safe and useful products.

Exercise 18. Develop the ideas below.

1. Gas is more difficult to store than oil mainly because its volume
at normal temperature and pressure is 1.000 times that of oil for the same
amount of energy content. In small densely populated countries like the
United Kingdom, when coal was the main source of fuel in the early
twentieth century, an infrastructure was built to distribute gas from coal
throughout the country using a pipeline system from the gas plants to
homes in major towns and cities.

2. Where pipeline systems are not available, gas is distributed for
domestic use in pressurized containers as propane or butane, known as
liquefied petroleum gas (LPG). The liquefied gas is stored in cylindrical or
spherical containers at refineries and terminals and can be transported by
road to residential storage tanks or in smaller exchangeable cylinders.

3. Russia has the largest reserves of natural gas in the world and
transports most of its gas by pipeline. It supplies one quarter of Europe's
gas requirements and 80% of this is by pipeline through Ukraine. The risk
to supplies was highlighted by a dispute between Ukraine and Russia in
2009 which affected supplies to Ukraine and Europe.

4. The top producers of petrochemicals are countries in North
America and Europe. But this is changing. Now many countries in Asia and
the Middle East are building new petrochemical plants, and petrochemical
production is going up fast in these countries.

5. Oil and gas companies are planning to increase world gas
production by 50% before 2030. Big gas producers like Russia, Saudi
Arabia, Qatar, Iran, and the UAE are increasing their production fast. Gas
production in Africa, Europe. Asia and the Americas is growing too.
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